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Preface

Angelo Secchi is one of the most interesting figures among the scientists of the 
nineteenth century. He is considered a pioneer of spectral classification of stars, a 
founder of modern astrophysics, and an innovator in spectroscopic techniques. 
Recent biographical studies have revealed many hidden aspects of his personality 
and research activities, showing his creative experimental approach, open-minded 
conceptual frame, and enthusiasm for the investigations.

Though Secchi became well-known as an astronomer and astrophysicist, his 
background was in physics and he remained basically a physicist. He was interested 
to explore all natural phenomena, looking for their connections, and, consequently, 
extended his studies from astronomy and astrophysics to meteorology, geomagne-
tism, geophysics, etc. His contributions in these fields are less known, but extremely 
interesting. They show how many innovations he introduced in these disciplines, 
inventing methods and devices that in some cases are still in use or were prototypes 
of modern machineries.

Secchi was convinced that science should be at the service of the public (he con-
tributed to develop and apply fire safety devices, earthquake prevention measures, 
water distribution systems, etc.) and involved the public in collecting data (a fore-
runner of what is today called “citizen science”). At the same time, he was a brilliant 
communicator, disseminating scientific knowledge in all social classes and raising 
interest and enthusiasm for the advancement of sciences and techniques.

Ultimately, Secchi is a model not only for scientists, but also for everyone who 
cares about safeguarding and promoting the commonweal.

For this reason, on the occasion of the bicentenary of his birth, a national com-
mittee has been established and many initiatives has been organized to celebrate this 
anniversary: an international congress, an international workshop, a virtual exhibi-
tion, a stage performance, and many public lectures and conferences.



vi

This book is a spin-off result of that effort and will undoubtedly show to the read-
ers that pioneer and innovator are attributions rightfully applied to Secchi in many 
disciplines.

Nichi D’Amico
President of Istituto Nazionale di Astrofisica (INAF), Rome, Italy
President of the National Committee for the Bicentenary of the Birth of  
Angelo Secchi
Prof. D’Amico died unexpectedly in September 2020. We mourn his loss and dedi-
cate this book in his memory.

Preface
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Angelo Secchi: Biographic Notes (Chinnici 2019)

 

Figure: Drawing from a photographic portrait of Angelo Secchi (by Angelo Adamo; courtesy of 
INAF-OAPa)

1818 – Secchi is born at Reggio Emilia on June 28th into a middle-class family, the 
last son of Giacomo Antonio and Luigia Belgieri.

1833 – He enters the novitiate of the Society of Jesus in Rome; 4 years later, he 
studies philosophy at the Collegio Romano. His teachers of mathematics and 
physics are, respectively, Francesco De Vico and Giovan Battista Pianciani.

1841 – He teaches physics at the Jesuit Collegio Illirico at Loreto.
1844 – He returns to the Collegio Romano to study theology and becomes assistant 

to Pianciani.
1847 – He is ordained as priest.



viii

1848 – After the voluntary exile of the Italian Jesuits, he is a refugee at Stonyhurst 
College, in England, then at Georgetown College, near Washington, D.C., in 
the USA.

1849  – Once back in Rome, he becomes Director of the Collegio Romano 
Observatory, following the untimely death of De Vico.

1852 – He moves the Observatory in a new site on the roof of St. Ignatius church, 
where he installs a new Merz telescope, 22 cm aperture; it becomes the main 
instrument of the Observatory, which is mainly devoted to astrophysics.

1862 – He is appointed Director of the Meteorological Service of the Papal State 
and starts a daily telegraphic correspondence among the stations for weather 
forecast.

1870 – He declines the offer of a chair of astrophysics at La Sapienza, from Italian 
government, as a consequence of the deteriorated relationship between Italian 
and Papal States.

1873 – He risks confiscation of his Observatory due to a law that expropriates all 
properties belonging to the Catholic Church.

1876 – He keeps the directorship of Collegio Romano Observatory thanks to the 
Bonghi decree for the reform of the Italian Observatories, which assigns a spe-
cial status to the Collegio Romano Observatory.

1877 – He is elected President of the National Board for Italian Meteorology.
1878 – Secchi dies in Rome on February 26th due to stomach cancer, which was 

diagnosed a few months earlier.

 Scientific Activity

 Positional Astronomy

His first astronomical works were in the field of astrometry: he revised the measure-
ments of double stars included in the catalogue Mensurae Micrometricae by 
Friedrich Wilhelm Struve; this revision work was completed by Secchi’s assistant, 
G. S. Ferrari S. J. (Chinnici 2019: 63–65)

 Solar Physics

This was his main research field (Chinnici 2019:180–190; Ermolli  and Ferrucci, 
Chap. 7, in this volume). He contributed to the study of solar radiation, photospheric 
features, spectroscopic analysis of chromospheres, and prominences, and wrote Le 
Soleil, one of the main nineteenth-century treatises about the Sun. In 1858, he 
installed a geomagnetic station at the Observatory in order to systematically observe 
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geomagnetic perturbations and study their correlation with solar activity cycles; in 
1863, he designed and built the thermoheliometer, a prototype of the bolometer.

 Stellar Spectroscopy

Between 1863 and 1867, Secchi formulated one of the first spectral classifications 
of stars, dividing them into three classes (α-Lyrae type, α-Herculis type, sunlike 
type) and adding a fourth in 1869 (No. 152 Schjellerup type) and a fifth in 1872 
(γ-Cassiopeiae type). He suggested the use of spectral analysis for measuring radial 
velocities in star proper motions via measurement of the Doppler shift of the spec-
tral lines. In 1872, he extended his classification by using an objective prism 
(Lorenzo Respighi claimed priority in the use of this method). Secchi’s classifica-
tion was the basis for all the later well-known classifications carried out at the 
Harvard College Observatory (USA) at the end of the nineteenth century (Chinnici 
2019: 167–177; Hearnshaw 1987: 57–66).

 Solar System Astronomy

Thanks to the excellent optics of his Merz telescope, Secchi carried out detailed 
observations of planets, satellites, and comets. He paid special attention to planets 
Mars (McKim and Sheehan, Chap. 6, in this volume), Saturn, and Jupiter (trying to 
photograph them), and was the first to observe the spectrum of Uranus, in 1869. In 
1857, Secchi also obtained very detailed photographs of the Moon, which collected 
in the first photographic atlas of the Moon (Chinnici 2019: 61–62). Regarding com-
etary astronomy, in 1852 he recovered the two parts of the periodic comet Biela, 
which split in 1846, and, one year later, he discovered a comet, Secchi (1853-I) 
(Chinnici 2019: 67–69). Secchi was also one of the first astronomers to examine 
cometary spectra: in 1866, he observed the spectrum of the comet Tempel-Tuttle 
(1866-I), confirming the results of the first observation of a cometary spectrum in 
1864, and later carried out other interesting studies on comets (Chinnici 2019: 
164–167).

 Geodesy

In the years 1854–1855, he was charged by Pope Pius IX to measure a geodetic base 
on Via Appia, to be used for linking the triangulation network of the Papal States, a 
work initiated by Ruggiero Boscovich S. J. in the 1840s (Aebischer, Chap. 12, in 
this volume).

Angelo Secchi: Biographic Notes (Chinnici 2019)
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 Meteorology

He established, the first in Italy, a daily telegraphic exchange connecting the main 
towns of the Papal States (Rome, Ancona, Bologna and Ferrara) for weather fore-
casting. He invented the meteorograph, a spectacular device recording meteorologi-
cal data which was awarded at the Universal Exhibition in Paris in 1867. He 
contributed to the dissemination in Italy of the theories of Matthew F. Maury on 
atmospheric currents (Iafrate and Beltrano, Chap. 9, in this volume).

 Physics

His main contribution was the treatise Sull’unità delle forze fisiche (On the Unity of 
Physical Forces), where he disseminated new theories (aether, kinetics of gases, 
etc.) which were not yet found in physics books in Italy. The treatise had a wide 
distribution, with many editions and translations, but provoked a clash with neo- 
Thomists like Giovanni Maria Cornoldi S.  J. (Chinnici 2019: 262–269; Capuzzo 
Dolcetta, Chap. 11, in this volume).

 Other

He invented a method now called the “Secchi disk” to measure water transparency, 
during an oceanographic campaign headed in 1865 by Alessandro Cialdi, com-
mander of the Pontifical Navy (Zielinski, Chap. 13, in this volume).

Amateur of archaeology and paleontology, he published some works in these 
fields (Tuscano, Chap. 15, in this volume).

 Public Works

1852 – Improvement of the time measurement service (Chinnici 2019: 79–81)
1854–55 – Measurement of the geodetic base at Via Appia (Aebischer, Chap. 12, in 

this volume)
1856–1862 – Directorship of the meteorological service of the Papal States (Iafrate 

and Beltrano, Chap. 9, in this volume)
1858 – Improvement of the lighthouses system in the Papal States ports (APUG, 

Fondo Secchi, 110.I; Chinnici 2019: 92–95)
1865–1875 – Improvement of the water distribution pipelines around Rome (APUG, 

Fondo Secchi, 112.II and 3.IV; Chinnici 2019: 90–91)

Angelo Secchi: Biographic Notes (Chinnici 2019)
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1867–1869 – Installation of fire-preventing system in Roma basilicas (see APUG, 
Fondo Secchi, 2.XI; Calzolari and Marsella, Chap. 16, in this volume)

1876  – Installation of lightning rods in Roman main monuments (see APUG 
82A. 12; Calzolari and Marsella, Chap. 16, in this volume)

 Publications of Journals and Treatises

1853 onward – Memorie dell'Osservatorio del Collegio Romano (Collegio Romano 
Observatory Memoirs)

1862 onward  – Bullettino Meteorologico dell'Osservatorio del Collegio Romano 
(Meteorological Bulletin of the Collegio Romano Observatory) (Iafrate- 
Beltrano, Chap. 9, in this volume)

1864 – Sull’unità delle forze fisiche (On the Unity of Physical Forces) (Capuzzo 
Dolcetta, Chap. 11, in this volume)

Other editions: 1869 (in French); 1872 and 1873 (in Russian); 1874 (in Italian and 
in French, revised and extended, in 2 vols.); 1876 (in German, in 2 vols.); post-
humously: 1880 (in Russian); 1885 (in Italian, in 2 vols.); 1884–1885 and 1891 
(in German, in 2 vols.).

1870 – Le Soleil (The Sun), in French
Other editions: 1872 (in German); 1875–77 (revised and extended, in 2 vols.), still 

in French; posthumously: 1879 (in Spanish); 1884 (in Italian)
1877  – Le stelle. Saggio di astronomia siderale (The Stars: Treatise of Sidereal 

Astronomy)
Other editions: 1878 (in German); posthumously: 1879, 1884 and 1895 (in French)
1879 – Lezioni di fisica terrestre (Lessons of terrestrial physics) (Argentieri and 

Parotto, Chap. 14, in this volume)
Other editions: 1885 (in German); 1886 (in Spanish)
Secchi bibliographic production also includes about 770 papers in the most 

renowned scientific journals of his time (Fioravanti 2012)

 International Scientific Expeditions and Commissions

 Total Solar Eclipse, 18 July 1860, Desierto de Las 
Palmas (Spain)

He was among the first astronomers to photograph totality. The comparison of these 
photographs and those taken by Warren De la Rue definitely confirmed that solar 
prominences belong to the sun and are not optical illusions. (Chinnici 2019: 
117–125; 183–186)

Angelo Secchi: Biographic Notes (Chinnici 2019)
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 Universal Exhibition, Paris, 1867

Secchi presented his meteorograph, which achieved a great public success and was 
awarded with the Grand Prix (Brenni, Chap. 10, in this volume; Chinnici 2019: 
125–133; 201–204)

 Total Solar Eclipse, 22 December 1870, Augusta (Sicily)

Secchi’s participation in this scientific expedition, the first organized by the new 
Italian government, provoked diplomatic problems, cleverly solved by 
Pietro Tacchini. Secchi again used photography but the results were poor due to 
unfavorable weather conditions (Chinnici 2019: 147).

 International Conference of the Meter (Paris, 1870–72)

Secchi participated as a delegate of Papal States, and this caused a diplomatic inci-
dent with the Italian delegation. The protests of the latter were not accepted by the 
Commission, and this was an important personal success for Secchi and a proof of 
the high esteem he enjoyed in the international community (Chinnici 2019: 
149–159).

 Congress of the Italian Scientists (Palermo, 1875)

On that occasion, a reform project for the Italian Observatories was discussed; 
Secchi succeeded in avoiding the confiscation of the Collegio Romano Observatory, 
which instead obtained a special status in recognition of the value of the illustrious 
Jesuit scientist (Chinnici 2019: 312–313).

Angelo Secchi: Biographic Notes (Chinnici 2019)
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Introduction

In Dr. Ileana Chinnici’s excellent biography of Angelo Secchi, Decoding the Stars: 
A Biography of Angelo Secchi, Jesuit and Scientist, Secchi’s scientific achievements 
were treated as milestones in his personal life. Now in this volume, a series of 
experts in Secchi’s many different fields of interest expand on the details what he 
accomplished. But in addition to describing his science, the authors of the papers 
that follow have extended this study of Secchi’s activities in three fascinating 
dimensions.

The first is an examination of how Secchi’s philosophy and theology interacted 
with both the Jesuit tradition in which he was educated and the controversial philo-
sophical and theological currents that surrounded the 1860s and 1870s.

This epoch, the period of Secchi’s most intense activity, was also the time sur-
rounding the First Vatican Ecumenical Council. As other historians have described 
(see John W.O’Malley’s 2018 book, Vatican I: The Council and the Making of the 
Ultamontane Church), one might argue that this council in many ways failed spec-
tacularly in responding to the intellectual currents of its time.

The reason behind this failure was fundamentally that the currents themselves 
were not yet mature. But it was exactly out of those first false steps that the progress 
leading to the Second Vatican Council was made possible. And in seeing how they 
played out in Secchi himself, we can appreciate both the causes of those problems 
and the ways that they would eventually be addressed.

The second dimension is to explore how science in Italy developed after Secchi. 
It is fascinating to see how the politics and personalities of those times effectively 
strangled the growth that one might have expected in the fields of spectroscopy and 
astrophysics, in geomagnetism, or in meteorology, in spite of the excellent founda-
tions that Secchi had laid. By contrast, however, his often-neglected contributions to 
science for the public good, from the timekeeping system to public health and envi-
ronmental concerns, did take root in Italy so completely that today they are taken for 
granted, and thus generally unremarked.

The third dimension, reflected in the title of this volume, is the fundamental 
change in the nature of science itself during the quarter century of Secchi’s greatest 
activity, from 1850 to 1875. Though for all that we honor Galileo and Newton as the 
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founders of modern science, actually science as we know it is, for better or worse, a 
nineteenth-century invention. And Secchi was a key figure in how that came about.

Secchi altered the nature of the questions that science would ask: from “how are 
things arranged?” to “what are things made of and how do they work?” This is seen 
most clearly in his pioneering studies of stellar spectroscopy, done in the face of 
opposition from the traditional astronomers who saw only the measurement of star 
positions as their appropriate work.

Secchi embraced the new technologies of electricity and steam to change the 
way that data were collected. He pioneered the use of telegraphy to produce synop-
tic weather maps; and with newly devised batteries, wires, and electrical relays, he 
created his famous device to automatically record climate and weather data. At the 
same time, he took advantage of the ease of travel (and postal delivery) that steam- 
powered ships and trains provided to correspond regularly with scientists from 
Sicily to Paris to Berlin, and to travel routinely across Europe to observe eclipses 
and attend scientific congresses. This began with his own journeys to England and 
the United States in 1848–1850, which transformed his own understanding of the 
scientific enterprise.

Finally, and perhaps most radically, he found ways to integrate his own scientific 
interests with the needs of his national government (the Holy See), providing it with 
the expertise to deal with the challenges of the times. This included the response of 
the government to the growth of urban areas, with its concomitant issues of public 
health, and the systemization of its cartography and timekeeping. He also demon-
strated to his government, and to the Church, how important and useful it was to 
have a visible and credible presence in the world of science.

The natural philosopher of 1801—toiling before even the word scientist had 
been coined—would not recognize the life of a scientist of 1860. By contrast, 
Secchi’s day-to-day activities are not all that unrecognizable to a scientist of today. 
From his time forward, science would be the enterprise of collaborations tied 
together by modern communication technology; the collection of data would depend 
more and more on complex instruments of a sort that would require a team of sup-
porting engineers; and its support would be closely tied to government funding of 
both universities and national observatories.

Because Secchi’s work was so wide-ranging, we can find reflected in his life so 
many of the changes that stormed the intellectual world of the mid-nineteenth cen-
tury. Seeing how Secchi himself was personally touched by these changes, and how 
in turn he affected them, we can help relive and appreciate those developments. In 
him we find the roots of contemporary science.

Director, Vatican Observatory Br Guy Consolmagno SJ
(gjc@specola.va)

Introduction
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Abbreviations

A-GHIS Archivio Ghisalberti
AMF Archivio Museo di Fisica
ANL Accademia Nazionale dei Lincei
APUG Historical Archive of the Pontifical Gregorian University, Rome
ASPEM Historical Archive of the Jesuit Euro-Mediterranean Province
AS Archivio Storico
ASV Historical Archive of Specola Vaticana, Albano Laziale (Rome)
DAUB Department of Astronomy, University of Bologna
FSG Fondazione Sella San Gerolamo
INAF Istituto nazionale di Astrofisica (National Institute for Astrophysics)
OAA Arcetri Astronomical Observatory, Florence
OAB Osservatorio Astronomico di Brera
OAC Osservatorio Astronomico di Capodimonte
OACt Osservatorio Astrofisico di Catania
OAPa Palermo Astronomical Observatory
OAPd Osservatorio Astronomico di Padova
OAR Rome Astronomical Observatory, Monte Porzio Catone (Rome)
MAC Museo Astronomico e Copernicano
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Chapter 1
An Introduction to Angelo Secchi and his 
Collegio Romano Observatory

Aldo Altamore, Matteo Galaverni, and Christopher J. Corbally

1.1  Introduction

Places that have witnessed the development of astronomy and physics since the 
scientific revolution of the seventeenth century are not only important in themselves, 
like any other site of historical interest, but they also provide a vivid and effective 
environment to appreciate the activities and daily life of scientists who have played 
such an important role in the foundation of our modern culture. With its centuries- 
old history, the Roman College is one of these places.

It has a dual distinction. The Collegio Romano was the home of a number of 
important figures in the history of science, such as Christopher Clavius (1538–1650), 
mathematician, principal promoter of the Gregorian Calendar, and friend and advi-
sor of Galileo; Christoph Scheiner (1573–1612), one of the founders of solar astron-
omy; Athanasius Kircher (1602–1680), remembered for the encyclopedic museum 
known by his name, which formed the initial nucleus of numerous scientific, 
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anthropological, and archaeological collections found today in the museums of 
Rome; Francesco Maria Grimaldi (1618–1663), discoverer of the diffraction of 
light and father of modern optics; and Ruggiero Giuseppe Boscovich (1711–1787), 
brilliant physical mathematician and physicist (famous for his theory of atoms).

And then, in the second half of the nineteenth century, it also became the birth-
place of modern astrophysics, thanks to the tireless activity of Angelo Secchi 
(1818–1878). Secchi was thus just the last in a long line of Jesuit scientists who 
taught and worked at the Collegio Romano. But at the same time, he was also the 
first representative there of a new scientific tradition that is still alive today in the 
field of modern astrophysical research, in Italy and around the world. Given the 
multiplicity of his interests and his tireless hard work, it has been said by many 
authors that the scientific results he obtained seem to be the product of a large staff 
of scholars rather than a single individual (Abetti 1960).

1.2  Biographical Sketch of Angelo Secchi

Secchi was born in Reggio Emilia on June 28, 1818. His first studies took place in 
the Jesuit college of his hometown; at the age of 15, he was admitted to the novitiate 
of the Society of Jesus in St. Andrew at the Quirinale in Rome, where he studied 
rhetoric and grammar. In 1837, he began his studies in philosophy at the Collegio 
Romano, distinguishing himself in physics and mathematics. These disciplines 
were taught respectively by Fathers Giovanni Battista Pianciani (1784–1862) and 
Francesco De Vico (1805–1848), who was the director of the Astronomical 
Observatory. Between 1841 and 1844, he taught physics at the Illyricum College of 
Loreto; then he returned Rome as an assistant to Pianciani. When the revolution of 
1848 led to the proclamation of the Roman Republic, Secchi and his Jesuit brethren 
went into voluntary exile; he went first to Stonyhurst College in England and then a 
few months later to Georgetown College in Washington, DC, where Secchi was 
once again engaged in the teaching of mathematics and physics.

The American stay was very important for his scientific training. His friendship 
with James Curley (1796–1889), director of Georgetown’s astronomical observa-
tory, and Matthew F. Maury (1806–1873), director of the US Naval Observatory, 
allowed him to become familiar with the most up-to-date theories concerning atmo-
spheric physics and astronomy. In particular, his contact with Maury introduced him 
to the new method of dynamic meteorology, as discussed in Chap. 9.

At the end of 1849, after the fall of the Roman Republic, the Jesuits returned to 
Rome and Secchi was called to head the Collegio Romano Observatory as successor 
to Father De Vico, who had died in the meantime. In the course of his direction he 
undertook the significant reorganization of the Observatory.

In addition to being interested in the fundamental sciences, he was very attentive 
to the development of practical applications of scientific results, with the explicit 
purpose of improving the lives of ordinary people. Secchi was also very active in the 
dissemination of scientific and technical knowledge with a particular focus on the 
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cultural promotion of the neediest social classes (Chinnici 2019). His constant com-
mitment to the service of his fellow citizens, who often turned to him for advice on 
the most disparate issues, should also be remembered. This topic is explored in 
Chap. 16.

Another important aspect that is certainly worth mentioning was his difficult and 
controversial role working between two cultures, the Catholic and the secular- 
liberal, at a time when there was a clash between the Church and the new state of 
Italy, as discussed in Chaps. 2 and 3. In this regard we remember his friendship with 
the secular scientists Giovanni Virginio Schiaparelli (1835–1910), Quintino Sella 
(1827–1884), and Pietro Tacchini (1838–1905). It was his close scientific partner-
ship with Tacchini that gave rise to the idea of founding the Society of Italian 
Spectroscopists, which is still active today as the Italian Astronomical Society. 
These topics are discussed in Chaps. 14, 18, and 19.

A further analysis of Secchi’s biography is found Chap. 4.

1.3  The History of the Collegio Romano Observatory

The Collegio Romano was founded by St. Ignatius in 1551 in a modest house at the 
foot of the Campidoglio. In 1585, Pope Gregory XIII decided to endow a new mag-
nificent site, and the institution quickly became the most important center of study 
for the Society of Jesus. Its syllabus, while focused on theology, philosophy, and 
other humanities, was always accompanied by scientific subjects, in particular 
mathematics and astronomy.

In the first two centuries of the College’s activity there was no astronomical 
observatory: celestial phenomena were observed from windows and balconies. In 
1787, during the suppression of the Society of Jesus, the Calandrelli Tower was 
constructed; it was named after Giuseppe Calandrelli (1749–1827), astronomer and 
priest of the diocese of Rome, in charge of this new astronomical observatory. The 
tower, with a height of 67 m, was equipped with astronomical instruments and a 
sundial, which still exists.

At about the same time, Ruggiero Boscovich (1711–1787) first came up with the 
idea of erecting an observatory above St. Ignatius Church. The idea was to place a 
set of telescopes on the roof near the area that had been designed to support a dome 
that had never been built. Indeed, the Jesuit architect and painter Andrea Pozzo 
(1642–1709) had produced a remarkable trompe-l’oeil perspective painting on the 
flat ceiling where the dome was to have been. However, with the construction of the 
Calandrelli Tower, Boscovich’s design was shelved.

As noted above, Angelo Secchi was named the director of the observatory in 
1850. In 1852, Secchi revived the idea of creating an astronomical observatory 
above the church, taking advantage of the stability of the four mighty pillars that 
were supposed to support the dome: they would offer an excellent foundation for the 
installation of telescopes. Thanks to funding from Pius IX, in a very short time the 
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“New Observatory” was erected following the design of the architect Angelo 
Vescovali (1826–1895) (Lay 2012).

At the same time, the Observatory obtained a Merz achromatic refractor tele-
scope with an aperture of 24 cm, one of the highest quality instruments of its time. 
The Collegio Romano, equipped with the Merz and Cauchoix telescopes and an 
Ertel meridian circle, soon became one of the first astrophysical observatories 
in Europe.

Secchi also promoted the construction of the geomagnetic observatory, and gave 
new impetus to meteorological observations through the development of his 
Meteorograph, a complex electromechanical machine which was the world’s first 
automatic weather station (as discussed in Chap. 10). The new Collegio Romano 
Observatory (Fig. 1.1) was therefore configured as a state-of-the-art scientific com-
plex consisting of three distinct structures: the astrophysical observatory, the geo-
magnetic observatory, and the meteorological observatory.

This work was part of a larger movement in the development of physical astron-
omy in Europe. At the Astronomical Observatory of Palermo, Pietro Tacchini main-
tained a strong collaboration with Secchi; and Lorenzo Respighi, who directed the 
Campidoglio Observatory Astronomical in Rome, was a contemporary of Secchi. 
But it is worth noting that their activity in Italy began more than 10 years before 
other places took their part in the birth of European astrophysics: the South 
Kensington Solar Physics Observatory was founded by J.N. Lockyer only in 1875, 
while the Observatoire de Meudon was established by P.J.C. Janssen in 1876.

Following the annexation of Rome into the newly unified Italy, the Collegio 
Romano was expropriated by the state in 1873. However, thanks to his great inter-
national scientific prestige, Secchi arranged that the observatory remained under his 
direction (Chinnici 2008). After his death in 1879, the complex finally passed to the 
Italian state, under the direction of Pietro Tacchini. In 1879, the Central Bureau of 
Meteorology was established and the astronomical observatory was annexed as one 
of the structures of this new body. The Meteorological Observatory is presented in 
more detail in Chap. 9.

In 1923, the astronomical observatory was merged with the university observa-
tory of Campidoglio and was later permanently dismantled. In 1938, the new Rome 
Astronomical Observatory was founded and all instruments were transferred to the 
headquarters at Monte Mario.

The Astronomical Observatory in Rome based in Monte Porzio Catone, now a 
part of the Italian National Institute for Astrophysics (INAF), was established by 
Giuseppe Armellini (1887–1958), who became its first director. He died in 1958, 
soon after a devastating fire in the main dome where the Roman College’s Merz 
refractor had been installed, and which was thus lost. More details about Secchi’s 
legacy to Italian astronomy and astrophysics are found in Chaps. 18 and 19; readers 
who want to delve into the history of places of Roman astronomy from antiquity to 
the present day can also consult Buonanno’s essay (2007), Il cielo sopra Roma.

Figure 1.2 shows the domes of the Observatory as they appeared in the early 
1900s; at the bottom near the cross, one can see a rod with the ball that was dropped 
to indicate to a gunner at Castel Sant’Angelo to give the noon signal by firing a 
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blank cannon shot (Chinnici 2019: 79–81). The noon cannon was transferred to the 
Janiculum on January 24, 1904, basically at the time the photograph was taken. The 
tradition of the cannon firing at noon continues to this day.

1.4  The Spectral Classification of Stars and the Birth 
of Astrophysics

Perhaps the best known of his scientific achievements, and the focus of most of his 
astronomical research, was Secchi’s role at the Collegio Romano Observatory in the 
birth of spectroscopy and, with it, what we now know as modern astrophysics. The 
spectral classification of stars is considered the most important scientific achieve-
ment of Secchi’s career and forms the foundation of stellar astrophysics. Secchi was 
aware that he had helped to open a new path of investigation of the universe and 
of  the great potential it contained: “Many things remain to be learned, because 
nature is inexhaustible in its wonders. When one believes that we are coming to an 
end, we are still at the beginning” (Secchi 1884: 433).

Fig. 1.1 Plan of the new Collegio Romano Observatory, drafted by architect Angelo Vescovali. On 
the right, the Merz telescope hall; on the left, the Ertel meridian circle room. Both of these instru-
ments were resting on the pillars that were supposed to support the dome of St. Ignatius Church. 
At the bottom center, section of the vault of the church transept. (Courtesy of ASV)
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As is well known, the scientific process of classical physics that began with 
Galileo and Newton came to a climax in the second half of the nineteenth century 
with the definition of the kinetic theory of gases, the second law of thermodynam-
ics, and the formalization of the equations of electromagnetism. These new ideas, 
coupled with experimental research undertaken over the following years, led to a 
new scientific revolution with the advent of quantum mechanics and relativity.

This era was also characterized by a rapid evolution in the application of scien-
tific knowledge and the introduction of new technologies both in daily life and in the 
field of research, such as major developments in the fields of energy sources and 
materials, telecommunications and transport, machine tools, and precision instru-
ments. The dissemination of photographic techniques played a particularly signifi-
cant role in astronomy. For almost 150 years, until the introduction of modern 
electronic imaging chips, photography was a fundamental tool in astronomical 
observations.

Out of this climate of great scientific and technological vitality came what 
Samuel P. Langley (1834–1906), American astronomer and physicist, called The 
New Astronomy in his 1888 popular book of that name. Other terms, such as Physical 
Astronomy, were applied to this field; today we call it Astrophysics. This new 

Fig. 1.2 An engraving illustrating the new observatory. (From: Secchi 1877a)

A. Altamore et al.
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science was based on the studies of spectroscopy of Gustav Kirchhoff (1824–1887) 
and Robert Bunsen (1811–1899), who had opened up the possibility of learning 
about the physical and chemical nature of matter through the analysis of their light. 
Langley himself contributed the invention of the bolometer, as well as being an 
aviation pioneer.

Before that time, classical astronomy was limited to compiling catalogues of 
celestial objects, the determination of orbits and the calculation of ephemerides 
through the methods of celestial mechanics, and the studies of the shapes of such 
celestial objects as nebulae and planets whose images could be resolved by tele-
scopes. Astrophysics had a very different approach. To give a sense of the magni-
tude of this change, recall that in his Cours de la Philosophie Positive (1835), 
Auguste Comte (1798–1857), the founder of Positivism, had categorically ruled out 
the possibility of measuring the temperature and chemical composition of celestial 
bodies. Less than 30 years later, Secchi’s publication of spectral classification would 
pave the way for the chemical and temperature measurement of stellar atmospheres.

While the new approach struggled to establish itself elsewhere due to the misgiv-
ings of classical astronomers, who mainly had a geometrical approach toward 
astronomy, in Italy the cultural climate was different (despite some criticism from 
academics). Significant astrophysical research was able to be carried out there, 
thanks to the ingenuity of Giovanni Battista Amici (1786–1863) and Giovan Battista 
Donati (1826–1873), in Florence; Pietro Tacchini in Palermo; and Lorenzo Respighi 
(1824–1889) and Secchi, in Rome.

Secchi approached astronomy essentially from the point of view of a physicist. 
He did not ask where the celestial bodies were, but rather what they were. He was 
among the first to grasp the importance of this new technique of spectroscopy for 
the study of the Sun and the other stars:

… just when it seemed that the field of astronomical research had become barren, and that 
the only thing left for us to do was to glean where others had richly reaped, behold a new 
discovery has arrived that opens up an endless horizon that one day will reveal to us the 
physical nature of the stars and thereby show us the kind of matter that composes them. This 
is spectroscopy and its applications, as done by Kirchhoff and Bunsen. (Secchi 1865: 4)

While others had observed the spectra of a few bright stars, Secchi was the first 
to observe thousands of such stars, recognize similarities among them, and begin to 
classify them according to their spectra. Thanks to this pioneering work, Secchi is 
rightly considered the father of the classification of stars based on their spectra, and 
indeed among the founders of astrophysics itself.

Secchi obtained his spectroscopic observations with two achromatic refractor 
telescopes: a Cauchoix 17 cm aperture telescope, which had long been in use at the 
Observatory, and the Merz 24 cm aperture telescope, which had been purchased at 
the time of the founding of the new astrophysical observatory. These instruments 
could be equipped with Amici-type direct-vision prisms (Hoffman spectroscopes), 
with a Merz objective prism or other spectroscopes designed by Secchi (Chinnici 
2019), or similar to those in use in the chemistry and physics labs of the time. See 
Chap. 8 for more details of his work in instrumentation (Figs. 1.3 and 1.4).

1 An Introduction to Angelo Secchi and his Collegio Romano Observatory
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Here we give a brief description of the classification system, using Secchi’s 
description as found in the summary in his treatise Le Soleil (1ª ed.: 1870; 2ª ed. vol. 
I: 1875, vol. II: 1877). (Further details about this classification system can be found 
in Chap. 5)

The first type consists of blue-white stars such as Sirius. “All these stars, which 
are commonly called white although they are actually slightly turquoise, show a 
spectrum that is formed by the ordinary set of 7 colors interrupted by four large 
black lines, the first in red, another in blue-green, and the two latest in violet” 
(Secchi 1884: 400–401). These stars are some three times the mass of our Sun and 
today are known as the A-type stars (Fig. 1.5).

In a second group he included yellowish-white stars such as the Sun. “The spec-
tra of these stars are quite similar to that of our Sun, that is, formed of very fine and 
very tight black lines, occupying the same position as those of the solar spectrum” 
(ibid., 402). These are the modern G- and K-type stars.

In a third type he placed stars with a color that “tends more or less to the red or 
orange” (ibid., 403) like Alpha Orionis. “The spectrum of the third type is quite 
extraordinary; it consists of a double system of nebulous bands and black lines” 

Fig. 1.3 The Merz equatorial telescope of the Collegio Romano Observatory. (Engraving by 
G. Della Longa in Triplice omaggio, 1877)

A. Altamore et al.
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(ibid., 403). The bands are from the titanium oxide molecule and characterize the 
M-type stars.

“The fourth type is even more extraordinary,” he writes (ibid., 403). These rare 
stars, favorites of Secchi from their very red appearance, are not necessarily colder 
than those of the third type, but only rather richer in carbon and so are called car-
bon stars.

Finally, he also added a fifth class of celestial bodies characterized by pronounced 
emission lines in their spectra. “There is a most singular grouping, formed by a fifth 
class of very rare stars, which show us the direct spectrum of hydrogen.” (ibid., 409).

The work begun by Secchi was expanded upon and carried forward by many 
astronomers (Corbally and Gray 2019). In 1872, Henry Draper (1837–1882) man-
aged to make the first photographs of a stellar spectrum; recall that all the classifica-
tions by Secchi were based on simple visual observations of the spectra and their 

Fig. 1.4 Secchi’s objective prism, now preserved at INAF-OAR. The prism is juxtaposed with a 
copy of the book The Stars, open to the page showing the engraving related to the spectral classi-
fication. (Courtesy of INAF-OAR, credit M. Calisi)
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subsequent freehand drawing. The consolidation of the photographic technique 
applied to spectroscopy allowed the astronomer Edward Charles Pickering 
(1846–1919) to begin an accurate classification project; the contribution of Draper’s 
widow, who decided to fund the project in the memory of her husband, was also 
decisive. Pickering published his first catalogue in 1891 (Draper Catalogue of 
Stellar Spectra) based on the observation of 10,351 stars. The work continued in the 
following years, thanks to the efforts of Pickering’s many collaborators and in par-
ticular Annie Jump Cannon (1863–1941). It was Cannon who put the letter- 
classification of stars into the modern sequence corresponding with surface 
temperature: OBAFGKM. This immense work, mostly by women “computers,” as 
they were called, resulted in the Henry Draper Catalogue containing the magnitude, 
position, and classification of 225,300 stars, published in a series of volumes from 
1918 to 1924. Even today, spectral classification remains a primary tool for describ-
ing a star that is in a vast set of stars and for identifying stars with a peculiar 
composition.

The astronomers Ejnar Hertzsprung (1873–1967) and Henry Norris Russell 
(1877–1957) had the happy notion of putting temperature information, from spec-
tral class or from “color,” into a graph plotting color against absolute brightness of 
the various stars (Fig. 1.6). The H-R diagram is a fundamental step toward under-
standing stellar evolution. As stars progress in their lifetime, instead of falling down 
from hot white to warm red on the “Main Sequence,” as first thought, their changing 
temperatures and brightness trace a complex path in the H-R diagram. This starts at 
a point on the Main Sequence that depends on a star’s initial mass, and as the star 
ages, its position moves upwards among the giants toward the supergiants, in accor-
dance with the nature and region of the nuclear “burning” in its interior.

Because more massive stars start higher (hotter) on the Main Sequence and go 
through their changes in temperature and brightness faster than those of lower mass, 

Fig. 1.5 (I) Absorption spectrum characteristic of Secchi’s Type I stars. (Secchi 1877b). (II) 
Absorption spectrum characteristic of Secchi’s Type II stars. (Secchi 1877b). (III) Absorption 
spectrum characteristic of Secchi’s Type III stars. (Secchi 1877b). (IV) Absorption spectrum char-
acteristic of Secchi’s Type IV stars. (Secchi 1877b). (V) Emission spectrum characteristic of 
Secchi’s Type V stars. (Secchi 1877b)

A. Altamore et al.
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the H-R diagram of all the stars in a cluster of stars takes up a form, or curve, that is 
“frozen” at the age of that cluster. The most massive stars have become giants and 
even supergiants, while the least massive stars are still on the Main Sequence. 
Clusters of different ages show different curves. So, a cluster’s curve in the H-R 
diagram can be compared with curves produced theoretically from models of the 
evolution of stars of different initial masses, until a reasonable match occurs for a 
particular age of all the model stars. This is just one way that the comparison of one 
star against another through spectral classification leads both to understanding stars 

Fig. 1.6 Hertzsprung-Russell Diagram, based on 22,000 stars from the Hipparcos mission catalog 
of 1000 stars from the Gliese catalog. (Source: https://upload.wikimedia.org/wikipedia/
commons/6/6b/HRDiagram.png)
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via better models of their evolution and to understanding the ages of clusters and so 
to the evolution of galaxies, starting with our own Milky Way.

In his studies of spectra, Secchi recognized another important potential in their 
analysis: the determination of the motions of stars (Fig. 1.7). “It is the opinion of 
many fellow spectroscopists that spectral measurements can give us a very delicate 
means to know absolute motions in the direction of the line of sight” (Secchi 
1877b:193).

Fig. 1.7 The analysis of spectra allows one to determine the radial velocity of a star with respect 
to the observer (on Earth)

Fig. 1.8 Comparison of the spectrum emitted by a stationary source (v = 0) with the observer 
(Earth) and the same source with a displacement having speed v. Note that the sequence of the lines 
is the same, but where they are located is shifted toward the red part of the spectrum (redshift)

A. Altamore et al.



15

If the light source is in motion toward the observer, the distance between waves 
will be shortened compared to those emitted when the source was at rest; on the 
other hand, if the source is moving away from the observer, the wavelength will be 
greater (Fig. 1.8).

Secchi was well aware of this possibility. However, the tools available at the time 
were not precise enough to measure the effect. Only toward the end of the nine-
teenth century would the first reliable measurements of radial velocities of celestial 
bodies be obtained, thanks to photography becoming sensitive enough to be applied 
to spectroscopy.

Precisely this kind of observations during the 1920s would bring Edwin Hubble 
(1889–1953) and Georges Lemaître (1894–1966) to formulate the well-known law 
of expansion of the universe (Hubble-Lemaître law). This was the first observational 
indication of the need to move from the idea of a static universe to an evolving uni-
verse model.

An expanding universe fits very well with a model for the universe based on 
general relativity. In 1915, Albert Einstein (1879–1955) introduced a new way of 
describing gravitation by changing the common way of thinking about the relation-
ship between matter, space, and time. The universe was no longer described as 
immersed in a three-dimensional space, but in a continuous space–time of which 
time was the fourth coordinate. This new theory, providing a link between the 
geometry of space–time and energy, paved the way for the study of the universe as 
a whole.

The transition from a static to a dynamic universe can be considered as a decisive 
turning point in twentieth-century cosmology. Until the middle of the century, there 
was still strong support for a stationary cosmological model. It was the discovery in 
the early 1960s that the electromagnetic radiation in the region of microwaves is 
spatially isotropic and of cosmic origin (the Cosmic Microwave Background) that 
provided unequivocal evidence of the existence of an era in which the whole uni-
verse had gone through a phase where its density and temperature were very high. 
These are the experimental data, together with the observation of the receding of 
distant galaxies (Hubble- Lemaître law) and of the abundance of light elements in 
the universe (primordial nucleosynthesis), that form the pillars of the Big Bang 
theory (Fig. 1.9, for a schematic view of the main stages of the evolution of the 
universe).

1.5  Solar Physics and the Sun–Earth Connection

In the second half of the nineteenth century, the study of the physical and chemical 
principles of the Sun represented one of the main efforts in the nascent field of astro-
physics (Chinnici 2000). Secchi made important contributions toward understand-
ing the phenomena that occur in the solar photosphere and chromosphere, such as 
spots, flares, and prominences. His observations were obtained both through tradi-
tional visual methodology and through photography, a technique that was just 
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beginning to be applied to astronomy in those years. During the 1860 total solar 
eclipse, observed at the Desierto de Las Palmas in Spain, Secchi obtained photo-
graphic images of the prominences. When these were compared with those col-
lected by the British astronomer Warren de la Rue (1815–1889) at Rivabellosa, it 
was possible to definitively confirm their solar nature and rule out a lunar or instru-
mental origin of the phenomenon.

The application of spectroscopic techniques allowed Secchi and Tacchini (work-
ing simultaneously with almost identical instruments in Rome and Palermo) to 
obtain extremely detailed drawings of solar prominences through eye observations 
with a refined spectroscopic scanning technique in the H-alpha line. These observa-
tions also allowed them to follow the time evolution of the structure of the chromo-
sphere. A detailed description of this work will be found in Chap. 7 (Figs.  1.10 
and 1.11).

With his determination to find correlations between variations of the Earth’s 
magnetic field and solar phenomena, Angelo Secchi can also be considered a pio-
neer in studies of the Sun–Earth Connection, sometimes called Space Weather. This 
is the study of the interactions of solar activity with the Earth’s magnetic field. The 
goal today is to be able to predict these phenomena, because they can pose a serious 
risk to the smooth functioning of modern telecommunications, electricity grids, 

Fig. 1.9 This figure sums up the nearly 14-billion-years history of our universe. It shows the main 
phases that followed from the origin, when all the parameters were nearly uniform with very small 
fluctuations, to the wide variety of structures present today (from planets to stars, from galaxies to 
galaxy clusters). (Source: ESA – C. Carreau)
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and, in general, technologies both on the Earth and in space. In the second half of 
the nineteenth century, this connection was guessed at, but not proved.

In order to study the variations of the Earth’s magnetic field on different temporal 
scales and to highlight the correlations with the auroral and atmospheric phenom-
ena, in 1858, he organized the Magnetic Department of the observatory, which 
housed at least six magnetometers for measuring the components of the geomag-
netic field.

The geomagnetic observatory was built in 1858. It was the first such observatory 
established in the Italian peninsula and was equipped with the most advanced instru-
mentation of the time, similar to that of the most important geomagnetic observato-
ries of Europe (Pitsyna and Altamore 2012). To measure the intensity of the 
horizontal and vertical components of the field it used two declinometers, a Barrow 
inclinometer, and three magnetometers. The laboratory was painstakingly realized 
using the standards developed by the international scientific community, with the 
aim of obtaining absolute measurements of the terrestrial magnetic field and its 
variations, comparable to those collected at other sites around the world.

Near the Geomagnetic Observatory Secchi also established a small Department 
for Electrical Measurements, consisting of a turret, still visible today, which housed 

Fig. 1.10 Picture illustrating how the slit of the spectroscope was placed and progressively shifted 
near the solar limb for visual scanning of solar prominences in the H-alpha line. (Secchi 1875–77)
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Fig. 1.11 Drawings of solar prominences obtained by Secchi and Tacchini via the technique illus-
trated in Fig. 1.4. (Secchi 1875–77)

A. Altamore et al.
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a Palmieri1 electrometer for measuring atmospheric electricity; the electrical section 
also measured terrestrial electrical currents, with instrumentation connected to the 
Rome-Castel Gandolfo and then Roma-Anzio telegraph cables (Fig.1.12).

Thanks to these instruments, in September 1859, Secchi obtained measurements 
of the Carrington event. On September 1, 1859, the English astronomer Richard 
Christopher Carrington (1826–1875) observed an intense solar flare, followed 18 h 
later by what is still considered the most intense geomagnetic storm observed since 
the beginning of recording technologies. The episode shocked the public; it inter-
rupted telegraph communications and produced spectacular northern lights that 
were observable even as far south as the Caribbean (Secchi 1859). The data obtained 
by Secchi at the same time as those collected at the Pulkovo Observatory by Otto 
Wilhelm Struve (1819–1905) are still relevant to the study of the event (Ptitsyna 
et al. 2012; Pitsyna and Altamore 2012). For more details, see Chap. 14.

1.6  Other Scientific Activities

Beyond these achievements, Secchi was noted for a wide variety of other scientific 
achievements, which will be described in greater length in the chapters to follow.

1 https://www.phys.uniroma1.it/DipWeb/museo/Palmierielettr.html

Fig. 1.12 The stone commemorating the establishment of the Magnetic Department in 1858. 
(Credit: A. Altamore)
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Fig. 1.13 Engraving showing the original drawings of Secchi Meteorograph, produced by the firm 
of the Brassart brothers, Emilio and Ermanno. (Courtesy of INAF-OAR)
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Figure 1.13 shows the drawings of the Secchi Meteorograph, which was pro-
duced by the firm of Emilio and Ermanno Brassart. Today the instrument is on dis-
play at INAF-OAR headquarters at Monte Porzio Catone. Later, simpler and cheaper 
versions were put on the market and purchased by several institutions around the 
world, but at present this seems to be the only surviving machine (Udias 2012). 
Secchi’s meteorological observatory is described in detail in Chap. 9.

The famous “Secchi disk” and its use in limnology is described in Chap. 13. 
Secchi’s involvement in nineteenth century advances in timekeeping are outlined in 
Chap. 15. And his larger ideas on the unity of physical forces are described in 
Chap. 11.

1.7  Concluding Remarks

Clearly, Secchi’s Observatory at the Collegio Romano was an extraordinary struc-
ture. It served as a home for interdisciplinary studies including astronomy and astro-
physics, geophysics and geomagnetism, Sun–Earth Relationships, meteorology, 
and even applied sciences such as geodesy and cartography (Chap. 12), and several 
other technical activities that today we would classify as emergency management 
and civil protection (Chap. 16).

Today this structure stands in urgent need of conservation, a restoration that not 
only would safeguard a unique place in the history of science but would also allow 
it to be visited by students and the general public, just as Prandi (1943) had hoped 
almost 80 years ago. Indeed, based on the initiative of the Ministry of Cultural and 
Environmental Heritage, it may be that this hope is on the verge of being realized by 
the Special Superintendent of Archaeology, Fine Arts, and Landscape of Rome. 
Chaps. 17-19 describe the past attempts at honoring Secchi’s legacy, while the final 
section of this book, Chaps. 20-21, note resources that are now available to carry 
this forward.
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Chapter 2
The Scientific Tradition of the Society 
of Jesus and the Formation of Angelo 
Secchi

Ugo Baldini

2.1  The Historical Problem of “Jesuit Science”

To understanding the scientific background of the Jesuit priest Angelo Secchi, we 
must be aware that there is a persistent “black legend” about the Society of Jesus. 
The notion of the Jesuits as a secretive, combative religious order has embroiled the 
Society in controversy and created so many adversaries that its image is inevitably 
colored by religious and ideological prejudice. As far as science is concerned, the 
legend is that, at least until the eighteenth century, the scientific role of the Jesuits 
was to oppose any new direction or new idea that threatened the Aristotelian or 
neoscholastic worldview. With few exceptions, only in recent decades have studies 
in the history of science looked more deeply into various aspects and important 
figures in the Jesuits’ overall contribution to the field, countering the old stereotype.

Some elements of the “legend” originated in the anti-Jesuit polemic which began 
in the sixteenth century, not only among the Protestants and Anglicans, but also 
within some sectors of Catholicism (including the Dominican order). It grew almost 
exponentially during the Enlightenment, assuming a paradigmatic form in L. de 
Jaucourt’s article “Jésuite” in the Encyclopédie, and it was systematized in much of 
positivist historiography. It hardly needs saying that like any deep and widespread 
historical phenomenon, it arose and grew because some grounds for it actually 
existed; however, much recent historiography has shown that the absolutistic ver-
sion that has long been accepted as common wisdom in a large part of Western 
opinion is untenable, at the religious, social, and pedagogic levels as well as at the 
scientific level. Two general assessments can be found in Burke (2001) and 
Nelson (2002).
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Concerning science, the legend took the general form of attributing only a peda-
gogic value to the Jesuits’ scientific activity, describing it as mainly aimed at resist-
ing any basic change of the Aristotelian-scholastic worldview. However, there was 
also a different, if connected, agenda: namely, the marginalization of individual 
Catholic countries (mainly those on the Iberian Peninsula and post-Galilean Italy) 
from the “scientific revolution.” Owing to the prevailing role of the Jesuits in the 
school systems of those countries, and to their (largely fictional) decisive influence 
on the organs of the ecclesiastical censure, the “inquisitorial” explanation of that 
marginalization, which has been nearly a standard among intellectual historians 
until late twentieth century, has largely coincided with a denunciation of the Society. 
On the present state of the debate, see Leitão (2003) and Saraiva (2008) for the situ-
ation in Portugal; Brotóns (2015) for the situation in Spain; and Baldini (1992) for 
the situation in Italy.

2.2  Why Mathematics, and Specifically Astronomy?

The Society of Jesus was not founded to be a teaching order, much less one special-
izing in mathematics. It only gradually became committed to education due to a 
series of unforeseen circumstances, beginning with the schools in Gandía, País 
Valenciano (1545), and Messina, Sicily (1548). But soon after the Roman College 
was founded, in 1551, mathematics was taught there, perhaps as early as 1553 
(Lukács 1960, 1961; Romano 1999).

In the schools of the older religious orders, which were mainly set up to train 
their own members, the official teaching of mathematics was rare. Therefore, its 
inclusion in the curriculum of the Jesuits was a novelty. This occurred in part due to 
the opening of the Jesuit schools to the public, which necessitated a nonreligious 
dimension to the education they offered. But it also came out of the experience of 
Ignatius and his companions at the University of Paris, which made them familiar 
with a University curriculum that was different and broader than that of the schools 
of the older religious orders.

It is useful to recall that from about the middle of the fourteenth century mathe-
matics was taught at the university for two main reasons (Murdoch 1969). One was 
to provide theological and medical students with an aid to understand Aristotle’s 
cosmology; the other was to provide medical students with the elements of astrol-
ogy as it was applied to medicine at that time. As for the schools of religious orders, 
since Canon Law precluded clerics from studying and practicing medicine, philoso-
phy was taught there mainly to prepare the students for theological studies. Thus, 
until the late seventeenth century, mathematics was largely an instrument of astron-
omy (not to say astrology): Euclidean geometry—and some trigonometry—was the 
means used to calculate celestial motions, while other parts of mathematics (mainly 
algebra) were considered unnecessary.

With the birth of the teaching orders, starting with the Jesuits, philosophy courses 
were also attended by many students who intended to study medicine later at the 
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university. This still did not lead to the formal introduction in most schools of disci-
plines like mathematics that were deemed essential only to medicine, as they could 
be left to university courses. However, the Jesuit curriculum placed mathematics in 
the second of 3 years of philosophy, following logic and metaphysics.

One year was sufficient for lay students but not to form the future teachers who 
were needed to cope with the increase in the number of colleges. And so, on the 
initiative of Fr. Christopher Clavius SJ (1538–1612), by around 1570, further educa-
tion courses were started at the Roman College (and later elsewhere) for members 
of the Jesuit order. This course, later formalized as the “Academy of Mathematics,” 
has an important historical significance because it was perhaps the first official spe-
cialized course on mathematics in the world. Similar courses in other provinces for 
teaching future teachers led to the dissemination of the tools of mathematical appli-
cations, provided consultants to the governments, and produced the core of mathe-
matics and mathematicians in Catholic Europe well into the eighteenth century.

However, the placement of mathematics within a year devoted to natural philoso-
phy made it essentially subordinate to philosophy. What mathematics might say 
about various phenomena of nature (planetary motions, optics, etc.) could not dis-
agree with the explanations given by the Aristotelian cosmology and physics; its 
assumptions and results were presumed to have only a descriptive meaning, not an 
explanatory one. For example, eccentric orbits and epicycles described, or “saved,” 
celestial motions better than simple circular orbits, but they could not be “real.” 
Moreover, the ontological status of the mathematical entities was subordinate to two 
philosophical disciplines, metaphysics and logic, whose status was considered 
superior, conceptually and institutionally. Much of the errors and inadequacies 
attributed to “Jesuit science” arose from those aspects, which were hardly the fault 
of the mathematicians, whatever their personal ideas (Baldini 1993).

2.3  The Scientific Role of the Society of Jesus Until 
the Suppression: Quantity and Quality

In 1803, the editors of an English translation of Charles Bossut’s Essai sur l’histoire 
general des mathématiques (1802) added to the text a “Chronological table of the 
most eminent mathematicians from the earliest times,” collecting the names of those 
mentioned in that work. Bossut himself was a former Jesuit, but that does not appear 
to have biased his selection of authors. Of the 92 mathematicians listed for the 
1600s, nine were Jesuits; of the 78 in the 1700s, there were five Jesuits. (Note that 
the Society was suppressed in 1773, so those five should be compared to a similar 
proportion of the 78 in the whole century, or about 60.) Subsequent studies have 
expanded that list, but for seventeenth- and eighteenth-century Europe it remains 
substantially reliable; thus, one can assume that Jesuits made up between 8 and 10% 
of the “eminent” mathematicians. In addition, even though no precise calculation 
exists, it may be assumed that Jesuits were responsible for between 20 and 25% of 
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the total publications in the field between 1570 and 1770 in Europe, and more else-
where (as in missionary lands like China).

As for unpublished papers, the numbers are even more stark. In the Roman 
College alone, mathematics was taught for 220 years (1553–1773); teachers dic-
tated their lessons, which each student was expected to transcribe completely. Given 
an average annual number of 50 students (typical for the seventeenth and eighteenth 
centuries), one can hypothesize that 11,000 student manuscripts were produced in 
Rome alone. In fact, in Rome’s archives and libraries one can find hundreds of 
mathematical works from Jesuits, ranging from simple lessons to mathematical 
treatises. By the time of the suppression, there were about 200 Jesuit schools around 
the world, and perhaps a fifth of them offered math as a philosophy course. So, at 
30–40 colleges—from Europe to Latin America, India, Macau, and in Manila, dat-
ing from the sixteenth century—a number of students at times comparable to that in 
Rome would be producing manuscripts on mathematics at various levels of 
advancement.

The places where knowledge is transmitted should be judged primarily by the 
substance, rather than the quantity, of what they transmit. This, however, does not 
erase the general historical fact that much of the mathematical literacy of Catholic 
Europe between the late 1500s and the mid-1700s came from the schools of the 
Society. Descartes is perhaps the most familiar example of a Jesuit product in math-
ematics. Given the reality of the times, their average standard in the transmission of 
consolidated knowledge was significant even in comparison to that of the universi-
ties. The manuals produced by their teachers could be found even in non-Jesuit and 
non-Catholic schools. They included Clavius’s textbooks (from 1570); those of 
A. Tacquet in the mid-1600s (reprinted into the early 1800s) and J. De Billy’s imme-
diately after; R. J. Boscovich’s Elementa universae matheseos (1752–1754), judged 
to be the best Italian mathematics textbook of the eighteenth century, and one of the 
best in Europe; and the Institutiones analyticae (1765–1767) by V.  Riccati and 
G. Saladini, a reference text for differential and integral calculus throughout the 
second half of the 1700s in Italy, comparable to the best European examples. In the 
whole, therefore, one may conclude that Jesuits produced some of the most wide-
spread mathematical education tools in the ancien régime Europe.

Meanwhile, a handful of Jesuit missionaries mapped large parts of multiple con-
tinents, determining the positions of dozens of localities in India, Indochina, 
Philippines, China (almost the entire Chinese Empire and outer Mongolia), Japan, 
and also in the Americas. Their observations of eclipses allowed tests of the accu-
racy of astronomical tables and ephemerides. Their magnetic declination measure-
ments, carried out over much of the planet (many were collected as early as the 
mid-1600s in works by A. Kircher and G.B. Riccioli) allowed the first attempts at 
isogonic charts for the measurement of longitude, foreshadowing the work of 
Edmund Halley (1700–1702). Add to this the Society’s contribution to the creation 
of astronomical observatories, botanical gardens, and laboratories. Even given the 
relative vagueness of the term “observatory,” in the eighteenth century the Jesuits 
directed about 30 of the 120–130 in existence in Europe; in addition, they created or 
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led almost all those outside Europe, most notably the Imperial Observatory in 
Beijing.

Furthermore, judging the Society’s contribution to science outside Central and 
Western Europe only in terms of the acquisition of data useful to Europeans neglects 
the long-term effect of this work on non-European societies. In the eighteenth cen-
tury, in Latin America (from Mexico and Cuba to Buenos Aires) and in the African 
and Asian colonies (from Goa and Cochin to Macau and Manila), almost the entire 
system of higher secondary education was made up of Jesuit schools. Some later 
became the first universities in those regions, and many of them were the only places 
where one could find regular instruction in mathematics.

And even beyond the schools, science spread through the missionary network. In 
the areas noted above, and in the French colonies in the North America from 
Louisiana to Canada, until the late seventeenth century the missionaries of the 
Society were almost the only ones equipped with a nontrivial mathematical educa-
tion; some used it, in different ways and degrees, as a basis for a “neutral” transcul-
tural and transreligious dialogue with local society. As early as the eighteenth 
century, particularly in India and China, this dialogue led to the direct opening of 
local scholars to European scientific sources, even for themes and concepts that the 
Society had generally neglected or even objected to. Accusations that the missionar-
ies were guilty of ignorance, misunderstanding, or the deliberate suppression of 
local science results and methods are often the exact opposite of the real situation.

Also, one should not forget that the missionary effort of the Society was not only 
outside Europe but also within Europe, venturing into Protestant and Orthodox 
regions. There a similar story of dialogue and outreach can be told, beginning with 
the use of textbooks by Clavius and other Jesuits.

2.4  A Note on Quality

Part of the black legend of Jesuit science identifies the Society with being the prin-
cipal opponent to a number of advances of modern science, such as heliocentrism; 
the transition from the natural Aristotelian philosophy to the mathematization of 
nature found in the new physics; and, on a more abstract plane, the transition from 
the idea of a universe with a guided purpose to a purely deterministic cosmology. 
Some of these recurring accusations are well-founded, but it is important to note 
that they are mainly attributable to the culture of theologians and philosophers and 
sometimes rest on seemingly plausible but in fact questionable inferences.

Frequently the Society has been presented not only as a coherent and combative 
defender of the traditional culture—as it certainly was also for nonreligious issues—
but as the protagonist of the repression of heterodox positions with dramatic conse-
quences. The Enlightenment stereotype, which persists in common opinion, gave 
the Jesuits a prominent role in the activity of the Roman Holy Office (with the 
peripheral inquisitions) and the Index. In fact, every religious order provided coun-
selling to those bodies. The number of Jesuit cardinals who were members of those 
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institutions was much lower than that—for example—of the Dominicans or 
Franciscans. Nothing justifies the view that the Jesuits were the most closed and 
rigorous component of opposition to “progress.” The evidence is quite the opposite.

The role of Cardinal Bellarmine, a Jesuit who was acting on the orders of Pope 
Paul V as the point man in the ecclesiastical conflict with Galileo, has made him 
appear to be the most decisive advocate of a censorious intervention and a drastic 
form of prohibition within science. In fact, given the cultural landscape and the 
limits of the situation at the time, his actions were almost the opposite of that. In 
subsequent interventions on other issues, such as the atomistic view of matter, the 
Society did not have a primary function, although it shared common attitudes.

The above cases allow for a certain clarification. They all relate to fundamental 
issues that carry strong implications for cosmology and philosophy but which were 
only partially decided conclusively at the time of the interventions. Neither Galileo’s 
original theory of planetary motions, which was different from Kepler’s, nor the 
atomic theory, nor Cartesian corpuscolarism, was demonstrably “true.” Meanwhile, 
the usual critics often fail to consider Jesuit contributions on topics that did not carry 
on ontological, cosmological, or epistemological implications: work such as that on 
lunar topography did not depend on specific theories about the origin or actual 
arrangement of the Sun and the planets.

Another criticism of Jesuit science manifests itself on a strictly statistical level: 
there was no Kepler, Newton, Euler, or Linnaeus among the Jesuits. If one defines 
as “great” only that research which brings “paradigmatic” changes (in Kuhn’s 
sense), and only at the greatest scale, it is almost a tautology to assert that a collec-
tive body of scientists who were opposed to changes on that scale should not be 
considered as great scientists.

However, even this definition is dubious. “Quality” should also include opening 
and cultivating new fields of research. During the seventeenth century, in Italy, 
acoustics were almost an exclusive domain of the Jesuits, who also played a role in 
physical optics even before Grimaldi, and in the physics of the atmosphere with 
authors ranging from Cabeo to Lana Terzi. It should also be remembered that even 
very significant scientific results can arise as by-products of research programs that 
did not achieve their stated purpose or which today are viewed as certainly incor-
rect. To give two Jesuit examples: Opus geometricum (1647) by Grégoire de Saint 
Vincent was aimed at an impossible goal, to square the circle; in the process, though, 
it provided a summary of traditional Euclidean geometry interspersed with some 
new results that place it among the preeminent works of geometry of the first half of 
the seventeenth century. In pursuit of another impossible goal, the demonstration of 
Postulate V of Book I of Euclid (the so-called parallel lines postulate), Girolamo 
Saccheri made important steps toward future non-Euclidean geometries.

Another example typically given for the supposed mediocrity of Jesuit science is 
their production of large works encompassing entire fields of knowledge. The usual 
complaint is that these were just cumulative aggregations of heterogeneous curiosi-
ties, rather than deep and authentic research. Thus, Torricelli could write with great 
sarcasm about G.B. Riccioli’s work on astronomy and cosmology some years before 
it was published, ignoring the fact that, actually, Riccioli could be credited among 
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other advances with the first experimental confirmation of Galileo’s law for falling 
masses. Likewise, the works of Villalpando, Cabeo, Kircher, and Lana Terzi—to 
name just a few—are much more than just collages of novelties. Moreover, pre-
cisely because they were written at an accessible level, they attracted the attention 
of the public to issues, and answers, in realms not usually covered in a typical 
school curriculum.

Another criticism, namely that “Jesuit science” might have been important in the 
history of education of science, but it generally stopped from crossing the threshold 
of radically new ideas, neglects Boscovich’s revolutionary matter theory. Boscovich’s 
case does not explain that of Secchi (who in any event did not adopt his ideas); but 
it is another example of the issue of a scientific researcher’s relationship with the 
traditions of his Jesuit order (for a comparison on a strictly scientific level, see 
Abetti 1963).

2.5  The New Ratio and Secchi’s Education

The scientific figure of Angelo Secchi raises an interesting question. His training, 
teaching and research, and his life were entirely internal to the Society of Jesus, an 
institution that at first glance appeared to be wholly self-contained—a fundamental 
reason given for its supposed separation from the profound changes happening in 
science before 1773. In the almost half-century after its suppression in 1773, enor-
mous progress continued to occur in the “hard” scientific disciplines and astronomy 
(such as the birth of analytical mechanics, the birth of modern chemistry, the dis-
covery of galaxies, substantial advances in physical optics). However, after its res-
toration in 1814, all the rules of the order about the teaching of philosophy and the 
nature of the universe remained officially in force. Thus, the division between 
“Jesuit” and “contemporary” science that had opened up well before 1773 should 
also have remained. How could Secchi (and his case was not unique) contribute 
decisively to a fundamental and advanced scientific field, as if that division did 
not exist?

In 1816, soon after the Society’s restoration, Pope Pius VII established a congre-
gation of cardinals to reorganize education in the Papal States. From this came a 
draft General Method of Public Education (1819), which while never executed set 
forward certain important principles including the subordination of religious schools 
to that Congregation. Thus the almost absolute autonomy enjoyed by the old Society 
in the governance of its schools came to an end. In 1818 the same Congregation 
proposed the restitution of the Roman College to the Jesuits (after 1773 it had been 
the seat of the diocesan seminary), but resistance within the Curia and among the 
secular and regular clergy then prevented the implementation of this decision. In 
January 1824, a second Congregation of Cardinals for Studies, established by Leo 
XII in December 1823 as a permanent ministry, again suggested the return of the 
Roman College to the Jesuits. The decree accomplishing this goal confirmed the 
right, granted to the college in the 1500s, to confer academic degrees in arts and 
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theology. It also established two new professorships, in homiletics and physical 
chemistry, and ordered that the Observatory of the college publish periodic reports. 
(The teaching of physical chemistry was an important updating of the old educa-
tional framework; but as it was imposed from the outside, as it were, it was not 
entirely welcomed by traditionalists within the order.)

This decree was followed by Leo XII’s Constitution Quod divina sapientia 
(August 28, 1824), which resumed the proposals of the Congregation on university 
and high school education in the Papal States. Among its hallmarks was the subor-
dination of the schools of religious orders, including the Jesuits, to the control of the 
Congregation itself.

In 1820, Decree 10 of the 20th General Congregation of the Society had called 
for a revision of the Ratio atque institutio studiorum, the curriculum of studies that 
had guided Jesuit schools since the end of the sixteenth century. By the following 
General Congregation of the Society (1829), as we have seen, the education of the 
Society operated within a regulatory framework that was no longer entirely autono-
mous. Decree 15 of that General Congregation reiterated the need for reform of the 
Ratio, while Decree 13 preserved the teaching of scholastic theology, alongside 
those of dogmatic and moral theology. Decree 17 posed the question of whether it 
was appropriate to grant academic degrees to gifted students in physics and mathe-
matics; the answer was negative, because of the need to not undermine the prime 
position of theology and because if degrees in these fields were admitted, this could 
inspire similar demands for other disciplines. Finally, Decree 19 recognized some 
autonomy to the sciences; while it reaffirmed the use of Latin in classes, it granted 
exceptions for physics and mathematics.

The debate over the new Ratio ranged from a “conservative” side, with perhaps 
greater following in the Latin provinces, and a “progressive” side, especially from 
Germany, where mathematics was taught in the entire philosophical 3-year period 
and Aristotle’s physics was no longer taught.

To carry out decrees of the General Congregations, in 1830, Father General J. Ph. 
Roothaan sent a circular to all the provinces of the Society soliciting opinions and 
suggestions for the revision of the Ratio. He also set up a special commission which 
in 1831 presented proposals on the basis of those opinions, and in 1832, the Father 
General published a new Ratio that essentially followed the German model in the 
teaching of mathematics and sciences. The fact that these topics had been used 
against religion was cited as a reason to cultivate them, to “deny the enemy this 
weapon.”

One interesting development was that whereas in the past logic and metaphysics 
were to be taught by the same instructor, now the most cosmological and factual 
parts were entrusted to a separate instructor, who was to treat them in the second 
year. As in the past, mathematics was entrusted to a different instructor. The Ratio 
specified that mathematics was to cover geometry, algebra, plane trigonometry, ele-
ments of spherical trigonometry and conical sections, analytical geometry, and ele-
ments of differential and integral Calculus. The teaching of physics was to begin in 
the second year with statics, dynamics, mechanics, hydrostatics, general hydraulics, 
aerostatics, pneumatics, astronomy, light-heat-electricity-magnetism, and if 
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possible topics about “meteors,” chemistry, and natural history. The area of inor-
ganic and astronomical phenomena maintained its traditional preeminence over bio-
logical studies.

The General asked physics instructors to support the teachers of philosophy in 
apologetics, dwelling on the aspects of design and purpose found in nature. This 
area of discourse might be thought of as a sort of “natural theology,” but one should 
distinguish it from the traditional school discipline of that name which Roothaan 
had reserved for teachers of logic and metaphysics. Of course, finding evidence of 
God’s existence and wisdom in the phenomena of nature was as old as Christianity, 
but this idea had developed into a kind of apologetics, especially beginning in the 
mid-seventeenth century, and particularly in Anglicanism and Calvinism. Its “heret-
ical” origins, its disconnect from traditional theological ways of thinking, and the 
fact that it assumed a familiarity with scientific topics all restricted its adoption by 
the Jesuit philosophers and theologians while it found more acceptance from the 
mathematicians. Therefore, its official introduction was not only a didactic but a 
cultural and religious novelty. The degree to which it was integrated into the scien-
tific courses of the Roman College remains to be ascertained; the manuals and trea-
tises written by the instructors of that time are limited to technical topics, and the 
few manuscripts with the texts of lessons identified so far have not been studied 
extensively. As will be noted below, however, this kind of discourse had a consider-
able influence on the later reflections of G.B. Pianciani and Secchi.

In the instructions of Father General, there was another important novelty: the 
separation of astronomy from mathematics and its assignment to the professor of 
physics. This was an epochal intellectual change, moving beyond the seventeenth 
century “revolution” that had made mathematics the general language of the natural 
sciences and astronomy just one of the disciplines to which it was applied.

Roothaan’s new Ratio, embracing the substance of the educational changes in 
the most advanced provinces, was never officially adopted, however, because there 
were still serious disagreements about it within the Society. It can be assumed to 
reflect the typical teaching situation, but significant variations would have occurred 
from one province to another. Attempts to establish a new Ratio resumed after 1850, 
but with only partial success. Between Secchi’s studies and his full maturity, there-
fore, the schools of the Society functioned in a situation of formal autonomy from a 
given Ratio, although in the area of science the educational pattern adhered closely 
to this outline, as can be seen in the case of the Roman College.

2.6  The Arrangement of Courses and Programs 
in the College of Rome

From the curriculum for the years 1828 and 1829 found in the Archivio di Stato di 
Roma, Congregazione degli studi, “Istituti di istruzione nei Comuni,” file 364; from 
the Catalogs of the Roman Province beginning 1824/25, preserved in the ARSI; and 
from biographies and works of the various instructors, we can deduce the following:
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The presuppression curriculum required 3 years in the study of philosophy: the 
first year covered logic, the second year treated Aristotelian natural philosophy plus 
mathematics, and the third year treated metaphysics. By the end of the seventeenth 
century, however, this pattern underwent a significant alteration with an important, 
if unspoken, doctrinal implication: the move of metaphysics into the first year, with 
logic. This adjustment was the result of the impetus of the pre-Enlightenment new 
rationalism and empiricism, which tended to reduce the typical entities of scholastic 
ontology (substance-accident, material-form, relationships, etc.) to mental con-
structs, psychological structures, or language structures. Such an “ontological 
reduction,” however, also involved reducing much of the basis of traditional 
Aristotelean physics. This was accelerated in the mid-1700s with the increasing 
penetration of Newtonian physics (Baldini 2019).

After 1814, that situation had changed even further. In the eighteenth century, in 
the Society’s schools, parts of scholastic physics (objective reality of qualities or 
forms, finalism, irreducibility of the psychic to the physical, and more) had still 
survived alongside increasing elements of the modern one; but by the nineteenth 
century, given the enormous advances of the natural science, almost every trace of 
the old curriculum was eliminated from second-year physics. In addition, the shift 
from the Aristotelian sense of “physics” as a general science of nature to that of the 
name of a specific field of study eliminated from the curriculum the few geological 
subjects that had been associated with the reading of Meteore, the biological sub-
jects that had been associated in part with the reading of the De Anima, and some-
times the Parva Naturalia  and other writings of Aristotle.

A minimizing response to all this would have been to maintain the traditional 
teaching of physics—albeit revised—linked to a revised metaphysics, giving it a 
role of synthesis and adding in more strictly technical areas of recent science. 
Instead, the program of the philosophical course adopted in the Roman College 
after 1824 broke the traditional link between physics and metaphysics, keeping the 
latter in the curriculum only for pure ontology (for the purposes of speculative the-
ology) and leaving to the teachers of apologetics the task of indicating the manifes-
tation of an Intelligence in nature. However, breaking the links between metaphysics 
and physics carried with it the danger of undermining a fundamental element of the 
Society’s educational enterprise: the sense that every individual discipline could 
serve as a step of a cognitive ladder to God.

In the new curriculum, the first year included the teachings of logic and meta-
physics and elementary mathematics; the second those of pure mathematics (up to 
the rudiments of the Calculus), mathematical physics, and physical chemistry (the 
latter introduced, as mentioned, by a Papal Brief) with laboratory exercises; the 
third those of astronomy and moral philosophy. Astronomy was separated from 
mathematical physics and entrusted to a special teacher—a solution maintained in 
the following decades and decisive for Secchi’s career.

Meanwhile, the most philosophical aspects of the old scholastic physics were 
added to the traditional study of logic and metaphysics. The teaching of logic now 
included not only categories and syllogistics but also epistemology; metaphysics, in 
addition to ontology, now included natural theology, psychology, and a series of 
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“principles of cosmology” (creatio ex nihilo, time and eternity, the nature of space, 
teleology).

This arrangement, taken up by the Ratio of 1832, is not spelled out in any par-
ticular document. However, it can be found in the first philosophical manual pro-
duced at the Roman College after the return of the Jesuits, the Institutiones 
philosophiae (1840) by Jozef Ludwik (Joseph Aloysius) Dmowski, professor of 
logic and metaphysics from about 1830 to 1837. The structure remained in place for 
decades, setting out the general relationship between “philosophical” and “scien-
tific” components in the formation of Secchi’s generation.

It is important to note that the parts of scholastic physics that remained in the 
cosmology part of metaphysics did not consist of questions about specific matters 
covered by scientific research, but in areas such as the alternative between creation 
versus the eternity of the world, or what characteristics of space were “real” or 
“imaginary.” Moreover, natural philosophy now contained  little of the common 
assumptions that had identified Jesuit culture before 1773. Few of the Jesuits of 
1773 were still alive in 1814, and not all of them rejoined the Society; by 1824, their 
numbers had shrunk still further and none of them would have had an active role in 
education.

A simple comparison of the numbers of the pre-1773 and post-1814 Jesuits, 
exhibited in the order’s catalogi, confirms all this. In the case of Rome, the biogra-
phies of the members of the general Curia and of those who taught in the Collegio 
Romano from 1824 prove that none of them had been a member of the old Society.

Thus, the teachers in the Roman College after 1824, both in philosophy and in 
the sciences, had been trained long after the suppression of the Society and outside 
of traditional Jesuit colleges. This had brought them into close contact with multiple 
currents and environments of thought, often clearly alien and in some cases antago-
nistic toward the traditions of the old Jesuit order. These differences were passed on 
to the students, so that until the prevalence of Neo-Thomism in the late nineteenth 
century, students at the Roman College were taught, or found supported, a rather 
diverse set of ideas of natural philosophy and epistemology, even within the com-
mon assumptions of Catholic dogma.

2.7  Closing the Divide

The contents of the scientific courses where Secchi studied are known not only in 
the broad outline described above but in detail, because they can be found in publi-
cations of the teachers from near the same years as his studies. Andrea Caraffa 
(1789–1845), who taught mathematical physics (1824–30, 1836–40) and pure 
mathematics (1833–1844), covered the entire scope of his own teaching in Elementa 
matheseos (1835), the Elementa physicae mathematicae (1840), and the Principia 
calculi differentialis itemque calculi differentiarum finitarum (1845). Giovanni 
Battista Pianciani (1784–1862), who taught physical chemistry from 1824 to 1848, 
wrote his Istituzioni fisico-chimiche (1833–1835; republished in 1840 as Elementi 
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di fisico-chimica). Neither Ėtienne Dumouchel (1773–1840), who taught astronomy 
until 1831, nor his pupil Francesco De Vico (1805–48) produced an astronomy 
manual, but the latter’s writings demonstrate his scope as a researcher and lecturer. 
All these treatises consistently deal with science on an empirical basis, excluding 
any speculative digression into ontology or philosophical cosmology. In all, a dis-
tinction is drawn between the latter and a scientific cosmology obtained by the 
generalization of data. For example, Pianciani (1864) writes:

These two properties, extension and resistance, are therefore (at least to us) the first and 
essential properties of matter. At least I say to us: because if anyone would say that matter 
itself is anything but what it appears to be to us, I would not waste my time with them. The 
physicist is content to study the material substance, such as God makes known to us by 
means of our organs of sense; it is not science if it is not supported by experience. And if 
anyone does not feel obliged to prove the existence of these bodies, he has moved into the 
realm of transcendental research and the essences of things not subject to the senses. For the 
same reason, we will refrain from any investigation of the nature of space—pure extension, 
necessarily unique, necessarily threefold in its dimensions … that ocean in which the inge-
nious speculations of so many have been wrecked.

Statements such as this not only expressed the need to conform to the established 
models for scientific discourse, to maintain credibility in “secular” science, and to 
allow the use of these works in schools other than those of the Society or other reli-
gious orders. In essence they were an interior intellectual garb. Pianciani is a notable 
example of the fact that the teachers of the Roman College adopted it also in strongly 
traditionalist circles: for many years he was a member of the Academy of Catholic 
Religion, an unofficial organ of the Papal States and seat of a traditionalism that was 
more typically contrary to the philosophical implications of modern science. He 
spoke only on historical-antiquarian themes, not taking a position toward the 
repeated attacks in the Academy on atomism (in which he believed) and “mechanis-
tic” physiology, even when it was separated from the question of the existence of 
spiritual substances. (His silence was too systematic to be merely by chance; see 
Baldini 2000.)

This separation of scientific theories from those of the speculative tradition of 
scholastic cosmology underlies the entire development of scientific research in the 
Roman College in the early and middle nineteenth centuries. The most obvious 
example is, of course, Secchi’s L’unità delle forze fisichi (The Unity of Physical 
Forces), which does not treat “unity” in a metaphysical sense but as the reducibility 
of physical forces to the mechanical theory of heat, an internal hypothesis within the 
scope of sensory experience, in line with falsifiable principles (and which was, in 
fact, eventually falsified). Even more emblematic examples can be found in several 
works by Pianciani. His Saggi filosofici (Philosophical Essays, 1855) and the Nuovi 
saggi filosofici (New Philosophical Essays, 1856) dealt with classical themes such 
as first principles, the general notion of truth, or the existence of the soul and its 
relationship with the body. He gave orthodox solutions to these questions, but using 
scientific arguments, not scholastic ones. In Cosmogonia naturale comparata col 
Genesi (Natural Cosmogony Compared with Genesis, 1862), the exegetical part 
often refers to the world of experience following a cosmology substantially differ-
ent from “philosophical” cosmology, based instead on astrophysics and historical 
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geology. (It, too, was soon to be scientifically outdated; in some places it already 
was so when it was published.)

This separation papered over, but did not eliminate, the underlying problem of 
the “gap” between scientific and theological discourse, reinforced by Roothaan’s 
decision to support both science and an adherence to the Thomistic doctrine in the 
Ratio.1 Metaphysics could give up speaking about natural phenomena, and scien-
tists could scrupulously avoid using science to speak of metaphysics; each was con-
ceived as a separate level of reality. However, the silence of scientists might denote 
not only respect for the demarcation between disciplinary areas but also doubts 
about the validity of the traditional discourse as a means for apologetics. When 
Luigi Taparelli D’Azeglio (1793–1862), first rector of the Collegio Romano after its 
return to the Jesuits (1824–1829) and a decided supporter of ontology’s role in the 
structure of learning, founded Civiltà Cattolica in 1850 as a tool for a Thomistic 
restoration of the whole of knowledge, his immediate target was the partial margin-
alization of metaphysics and the reception of “neoteriche” (avant-garde) theses in 
the philosophical teaching of the Roman College. The diverging reactions of those 
college’s philosophers who shared his orientation from those of scientists clearly 
showed that they felt the demarcation ran deeper than a mere convention for teach-
ing purposes.

2.8  Secchi and the Scientific Tradition of the Society

Secchi was able to contribute to the advanced science of his times precisely because 
certain philosophical constraints in ontology, cosmology, physics, and epistemol-
ogy that historically were intrinsic to the Society had been moved into a different 
area of discourse. If, however, the transformation of knowledge had been so pro-
found as to pose problems of irreducibility or “immeasurability” between the for-
mer and the latter, and given that Secchi’s teachers in the individual disciplines had 
been trained in schools with programs and epistemologies quite distinct from the 
historical ones of the Society, a final question should be asked: If “tradition” means 
more than just a biographical or educational connection with other members of the 
order, in what sense can one say that Secchi fit into the scientific tradition of the 
Society of Jesus?

Secchi’s most distinctive accomplishment as a scientist, the original combination 
of physical and astronomical research, appears to be quite untraditional almost by 
definition. In the Society of Jesus, physics and astronomy, and those who pursued 
them, had always been separate, and still were at least partially during the years of 
his studies. The scientific culture in which he was educated, apart from basic 
mathematics and doctrines such as Newtonian dynamics, was immersed in ideas 

1 “Sequantur nostri omnino in scholastica theologia doctrinam S. Thomae, eumque ut doctorem 
proprium habeant”: [Overall, Ours follow the teachings of Saint Thomas in scholastic theology, 
and regard him as their own teacher.] Ratio atque institutio studiorum Societatis Jesu 1832, 
op. cit., p. 44.
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and discoveries that had arisen after the 1773–1814 suppression, which his profes-
sors had learned mostly in non-Jesuit schools and which were foreign to the tradi-
tion of scholastic cosmology.

Moreover, like all the scientists of the new Society, Secchi did not have to resort 
to a gimmick typical of pre-1773 Jesuit mathematical physicists and astronomers, 
that of presenting as mere “hypotheses” any theories that were confirmed by the 
phenomena but irreconcilable with the canonical physical doctrines. In his technical 
writings, he never introduced metaphysical or theological assumptions, either 
explicit or implicit, primary or additional, as a means of validating his theses or 
results. His criteria were always inherent to the field of study, and this allowed them 
to be accepted by the entire scientific community.

Finally, if to some extent the scientific writings of the old Society had a distinc-
tive “style” (or “substyles” characteristic of different disciplines), this was not true 
of those from the post-1814 Society. Philosophical works maintained a certain rec-
ognizable Jesuit style, but the terminology and the modes of exposition of scientists 
like Caraffa, Pianciani, De Vico, and, even more, of Secchi were those of the scien-
tific communication of the period. Those who read their writings would find no 
clues in their content or style that the author was a Jesuit.

Instead, the link between Secchi and the scientific tradition of his order can only 
be found in the substrate of his assumptions and objectives. This went beyond the 
mere conviction that the study of nature can justify faith; and it was more than just 
an attempt to disprove the criticisms of religion derived from the results of science 
(which might be expected from every priest-scientist). To recognize these “Jesuit” 
assumptions and objectives, however, it is necessary to probe Secchi’s peculiar 
apologetic uses of scientific ideas or results; and these are not to be found in his 
technical writings, either research or educational.

The synthesis offered in The Unit of Physical Forces is only a partial exception, 
because the assumptions that underlie the theme of that work rarely appear on the 
surface. For example, in it Secchi expresses his opposition to evolutionism; obvi-
ously that had no antecedents in the seventeenth and eighteenth centuries, but some 
of the arguments he used to justify his views were canonical philosophical theses in 
the Society. While admitting a purely mechanical origin for material and natural 
inorganic processes, he denied it strictly for organic ones, because he believed that 
design was intrinsic to them: “to produce such organization requires the intelligent 
work of the Eternal Machinist whose work and whose Art we name, for brevity, 
with the conventional term Nature.”2 This strong sense that life demanded an infinite 
intelligence as the origin of the phenomena had previously been at the center of the 
Jesuit polemics against classical atomism, and then against Descartes, biological 
mechanism, and the sensist psychologies of the eighteenth century.

The most marked traces of the Jesuit tradition, however, are found in Secchi’s 
later short pieces, which at least outwardly were of a less systematic scope. One 

2 “Per produrre l’organizzazione si esige l’opera intelligente dell’Eterno Macchinista il cui lavoro 
e la cui Arte con termine convenzionale per brevità chiamiamo Natura”: L’unità delle forze fisi-
che, p. 427.
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example is his letter (January 4, 1870), L’uomo nella creazione e il materialismo 
nella scienza moderna, which praised Pietro Giuria for his polemical essay on the 
thesis of the evolutionary origin of the human species. (The letter was published by 
Giuria in his subsequent book, L’uomo, la scienza e la società, Genova 1871.) And, 
above all, one can see this in the two communications to the Tiberina Academy 
which appeared posthumously, La grandezza del creato nello spazio e nel tempo 
(The Greatness of Creation in Space and Time, 1876) and La grandezza del creato 
nelle combinazioni costitutive dell’Universo (The Greatness of Creation in the 
Constitutive Combinations of the Universe, 1877). These were published in the 
appendix to Secchi’s Lezioni elementari di fisica terrestre, Torino-Roma 1879, 
p. 185 ff. Of course, this only regards the published papers and the few unpublished 
notes that have been studied; an investigation into Secchi’s intimate thinking would 
need to take into account his letters and the large set of his manuscripts. The essen-
tial ones are described in I. Chinnici and W. Gramatowski (2001).

These writings showed a growing bewilderment at evolutionism and its applica-
tion to the origin of humans, which he had initially considered simply bizarre. His 
reaction combined a religious repulsion with the defense of a cosmological- 
epistemological framework that combined some of the presuppositions of the pre-
suppression Society with the scientific changes that occurred in those years and 
which he had internalized during his studies. The cosmos described in the courses 
of the Roman College was no longer geocentric. Its connotations were radically dif-
ferent from those of the tradition of scholastic cosmology; the estimates of its antiq-
uity were increasing; the Earth, the other planets, and the stars were no longer 
bodies that changed only on their surfaces but dynamic entities shaped by continu-
ous internal processes. The possibility that living beings, even intelligent beings, 
might be found in regions very far from the Earth had been discussed since the 
Middle Ages, and it was not ruled out by some philosophers of the old Society; it 
had been seriously considered by Boscovich even before it was asserted by Secchi. 
And yet the universe remained ahistorical, in the sense that the immense mutations 
on an astronomical and geological scale, progressively admitted by the physicists of 
the Roman College (and partly by philosophers), remained within the general struc-
ture chosen by the Creator. And in this view, alterations of living species demanded 
specific acts of that Creator: if their organization could not result from physical–
chemical processes but implied a divine design, phylogenesis was excluded and 
there was space only for variations within a species. In essence, therefore, science 
remained—on a large scale—a description of permanent structures and—on a 
smaller scale—of changes produced by permanent laws in a fundamentally stable 
general framework.

Ruling out the necessity of design, not merely within the structure of inanimate 
matter but even extending to life, implied that the same sort of evolution might even 
account for the passage of the human animal from the physical to the spiritual. This 
de-Christianized, and at the same time radicalized, the way one thought of nature. 
Secchi believed one must stop that trend in order to maintain a Christian under-
standing of the universe. As a believer, he considered the intimate encounter in 
prayer with the God found in Scripture an adequate and sufficient justification for 
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his faith. As a scientist (and Jesuit), he was convinced that this faith should also have 
a cognitive basis. His adherence to the new science and the essentially empirical 
epistemology that it demanded made him skeptical of the demonstrative potential of 
the old metaphysics; this is the basis of his polemics against the Neo-Thomists. 
Thus, his defense of the congruence of the Christian vision with the progress of 
knowledge could be based only on a natural theology whose assumptions he saw 
being eroded by evolutionism: hence the nonacademic but personal tone of his reac-
tion against it. In this sense, which is extremely general but still significant, it seems 
fair to say that he continued in the particular rationalism that had been imprinted on 
the Jesuit culture since Loyola (Figs. 2.1, 2.2, and 2.3).

Fig. 2.1 An idealized post canonization portrait of Inácio de Loyola
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Fig. 2.2 Portrait of Christoph Clavius, aged 68 (Francesco Villamena, 1606)
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Chapter 3
Between Science and Religion: Angelo 
Secchi and his Time

Giuseppe Tanzella-Nitti

3.1  Introduction

The idea of a Jesuit priest working as a professional astronomer was not unusual in 
the epoch of Angelo Secchi. There are a number of theological, historical, and intel-
lectual reasons underlying Christianity’s interest in science, endorsed by a huge 
literature, especially concerning historical issues or centered on outstanding scien-
tific figures, believers, and scientists (see, for instance, Lindberg and Numbers 
1986; Brooke 1991; Brooke and Cantor 1998; Grant 2006).

From a practical point of view, the Christian community was interested in the 
study of the celestial motions and the calendar because of need for the exact deter-
mination of the date of Easter, which depends on the lunar phases and the position 
of the Spring equinox. But Sacred Scripture also conveys the idea that nature—the 
starry sky in particular—is the result of the Word of God, so that the beauty and 
order of creatures are able to declare the glory and attributes of their Creator. It was 
in dialogue with the philosophers of the first centuries of the Christian era that the 
Fathers of the Church were persuaded of the consonance between the Logos of 
which those philosophers of nature spoke, and the one and unique God revealed in 
Jesus Christ. In this way, the observation of the sky was kept free from idolatry and 
recognized as a path that leads to knowledge of God. The Greek apologists—Basil 
of Cesarea, Augustine of Hippo, and Leo the Great, to mention a few—were quite 
explicit in this respect.

Beginning in the ninth century, astronomy, arithmetic, and geometry, together 
with music, were the four disciplines of the Quadrivium, a part of the required 
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studies for pupils of those schools associated with Catholic cathedrals. Coupled 
with the three disciplines representing the Trivium, (grammar, rhetoric, and logic) 
they gave rise to the Faculty of Liberal Arts, which were prerequisites of studies of 
the three major Faculties hosted in the universities of the Middle Ages, namely, law, 
medicine, and theology. Within the intellectual climate of the twelfth and thirteenth 
century universities, for the first time an interdisciplinary dialogue took place 
between the discourse on God (theology) and the discourse on man, society, 
and cosmos.

The observation of the sky easily entered into the philosophical reflection on 
human religious experience, and the observation of nature in general soon became 
part of natural theology: a discourse on God starting from nature, not from the 
Scriptures. The natural sciences were practiced in many religious schools and com-
munities of the Renaissance and of the modern age, especially botany, astronomy, 
meteorology, alchemy, and crystallography, and later biology, chemistry, and geol-
ogy. At the beginning of the nineteenth century, the official curriculum taught in 
Catholic seminaries obliged future priests to be examined, among other disciplines, 
in mathematics, astronomy, physics, and chemistry.

That a Catholic priest could be assigned to direct an astronomical observatory of 
national importance was, for all these reasons, a widely accepted occurrence. On the 
other hand, the interest of Christianity for scientific research extended beyond the 
boundary of Catholic Church, as witnessed by many Protestants, ministries, and 
laymen involved in the sciences. In Italy, a close relationship between astronomy 
and the Catholic Church was well in place in the epoch of Secchi, as can be seen by 
the many astronomical observatories supported by religious orders and individual 
priest-scientists (Ministero della Pubblica Istruzione 1956).

These scholars of the starry sky operated, of course, not only in the limited extent 
of the Pontifical States—which in the epoch of Secchi included a small area within 
central Italy—but also across the Italian territory at large, from Lombardy to Sicily. 
Almost all Italian astronomical observatories established from the end of the eigh-
teenth century onward had a religious member or a priest as its founder. They 
often developed from small observatories built on the roofs of seminaries and reli-
gious schools for educational purposes.

The funding for instruments and research was covered by individual benefactors 
or by the scholarly community. In some cases, as occurred in the first university 
observatory in Bologna, both Popes Clemens XI (1700–1721) and Innocent XIII 
(1721–1724) provided the resources necessary to build the Observatory Tower and 
supplied the instruments as that  territory was part of the Pontifical States. The 
Jesuits of the Brera College founded the first astronomical observatory in Milan, 
directed by Luigi La Grange (1711–1783) and then by Ruggiero Boscovich 
(1711–1787); when the Jesuit order was suppressed, a member of the Barnabite 
order, Barnaba Oriani (1752–1832), made the continuation of scientific studies pos-
sible. Theatin  Giuseppe Piazzi (1746–1826), and priests  Giuseppe Cassella 
(1755–1808), and Giuseppe Toaldo (1719–1797) established the astronomical 
observatories in Palermo, Naples, and Padua, respectively.
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Although there were some minority currents in Catholicism that viewed scien-
tific culture with distrust, especially because of the tension between some scientific 
circles and the Church that arose from the historical consequences of the Galileo 
affair, the positive contribution of the Catholic Church to the practice and promotion 
of astronomy in Italy is undoubted. On a smaller scale, something similar happened 
in other European countries and even further, as witnessed by the heritage of Matteo 
Ricci (1552–1610) in China.

The connection between science and the Catholic Church, implicitly rein-
forced by the fact that even a large fraction of nonclergy scientists in the seventeenth 
and eighteenth centuries were believers, becomes highly significant given the num-
ber of priest-scientists active throughout the entire nineteenth century, only declin-
ing in the twentieth century. Among Angelo Secchi’s contemporaries we find a 
number of priests working in sciences other than astronomy: Gregorio Mendel 
(1822–1884), Antonio Stoppani (1824–1891), Francesco Faà di Bruno (1825–1888), 
and Giuseppe Mercalli (1850–1914) are just a few worth recalling here. We know 
that Secchi read the works of the Italian geologist Stoppani, both his strictly scien-
tific ones and his essays on Bible and science, explicitly mentioning him and using 
his thought as a source of inspiration (Secchi 1879: 1, 80, 95). We also possess cor-
respondence between Secchi and Faà di Bruno concerning projects to popularize 
astronomy and concerning how priests and scientists ought to behave before politi-
cal authorities with respect to the autonomy of the Church (Palazzini 1980).

3.2  The Historical and Cultural Context

Consider two major circumstances within the historical and cultural context in 
which Angelo Secchi lived and worked. The first is the new situation that Secchi and 
his Jesuit confreres experienced in Rome after 1870. They had all been citizens of 
the former Pontifical State, which was formally dissolved after the Piedmont troops 
entered the Pope’s city and declared Rome to be the capital of the Kingdom of Italy. 
The second circumstance was the tension between some conservative Catholic cir-
cles and other Catholic scholars, like Secchi, who developed innovative syntheses 
among Biblical exegesis, theology, and science. Threatened by the events that had 
led the papacy to oppose a number of modern European trends, more than a few 
Catholics were inclined to look at all cultural novelties, science included, with a 
sense of suspicion.

Both circumstances affected the way the relationship between science and reli-
gion was understood in Europe for many decades. The political contrasts between 
the Pontifical States and other European countries were seen as paralleling a con-
trast between the contents of Catholic faith and the knowledge brought about by the 
new political and cultural order. It is precisely in these years that in Italy the so- 
called Galileo affair took on a new life, through the publishing of critical essays 
and the building of monuments implicitly denouncing the Church’s role. Meanwhile, 
the suspicions of conservative Catholics hampered the development of a theology 
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able to embrace the results of the natural sciences. As a consequence, this impeded 
the use of scientific knowledge as a positive source of dogmatic progress.

In the nineteenth century, Italian Catholics had different views about the “ques-
tione romana,” that is, the acknowledgement of Rome  as the capital of the new 
Kingdom of Italy. A large number of them, especially in Northern Italy, looked with 
favor at the loss of papal political sovereignty over various geographical regions 
(Rome included) which formed the Papal States, and affirmed that the Pope should 
exert a spiritual authority only. Others preferred that a special political status was 
acknowledged to the city of Rome. Yet other Catholics considered the attitude of the 
Italian government against the Pontifical States as a sort of battle of the forces of 
evil against the truth of faith, and thus a major danger for the future of the papacy in 
Europe. Nevertheless, many Catholics (lay faithful and priests) collaborated with 
the establishment of the Reign of Piedmont, aimed at unifying all Italian territory 
under the same King.

In this respect, it is illustrative that King Vittorio Emanuele II asked parish priests 
to help teach the unified metric system, which was newly established in his realm, 
replacing all the different regional units of measuring land, weights, and liquids. 
Each Sunday after the celebration of the Holy Mass, the parish priest left the Missal 
and came back from the sacristy bringing a textbook issued by the Ministry of 
Agriculture to give a lesson to the people present in the church on the new measur-
ing system.

However, the situation was a bit different in Rome because of the proximity of 
the Pope, who was both the spiritual guide and the “town mayor” for the people liv-
ing in the city.

Within the Pontifical States the papacy had promoted the development of culture 
and arts. At the beginning of the fourteenth century, a Studium Urbis was estab-
lished in Rome by Pope Boniface VIII. During the pontificate of Alexander VII, in 
1660, the Studium moved into the prestigious building of St. Ivo, in Corso 
Rinascimento, beginning its activities as the University “La Sapienza” (from the 
biblical motto Initium Sapientiae timor Domini, carved on the entrance door). 
Scientific studies were encouraged, especially those of medicine, anatomy, and 
surgery.

Astronomy also began to develop in Rome, albeit with instruments that were less 
advanced than those existing in other Italian sites. When Angelo Secchi took over 
the direction of the astronomical observatory of the Roman College in 1850, 
at least two other observatories already existed in the Pope’s city (see Maffeo 1991; 
Chinnici 2018; Buonanno 2008). One was located in the Tower of the Winds in the 
Vatican Gardens, established in 1576 by Pope Gregory XIII, whose meridian line 
was used to demonstrate the reform of the Gregorian calendar in 1582 . At this time 
it was no longer in use, but it would become the future site of the Specola Vaticana 
in 1891.  The other one was  the university observatory built on a roof of the 
Campidoglio (City Hall), equipped with a 13 cm Merz refractor which Pope Pius IX 
provided in 1853. The Roman College Observatory—which Angelo Secchi moved 
from the Calandrelli Tower, adjacent to the College, to the roof of St Ignatius 
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Church—included a 22-cm Merz equatorial refractor, a 16-cm Cauchoix refractor, 
and an Ertel Meridian Circle.

3.3  Secchi’s Chair of Astronomy at the University 
“La Sapienza”

By 1870, when the Piedmont troops conquered Rome, Angelo Secchi was a promi-
nent scientist, well known in Italy and abroad especially for his studies on spectral 
classification of stars and solar physics, but also for his research in the field of 
meteorology. His fame was known to government administrators and bureaucrats of 
the new Italian government, even to the point that the Jesuit astronomer was one of 
the first scholars explicitly and personally contacted by government officers.

This gave rise to the events related  to the chair of physical  astronomy at the 
University of Rome “La Sapienza,” a position which the Kingdom of Italy soon 
offered to Secchi and which he eventually had to refuse. Being a key episode in 
Secchi’s life as a scientist and a faithful Catholic, this subject deserves to be exam-
ined in depth. A detailed report, from which we quote Secchi’s correspondence and 
diary, was published many years ago by Castellani (1944). A more recent account is 
offered by Ileana Chinnici (see Chinnici 2012: 51–54, 2019).

On the evening of September 20, 1870, just after the Piedmont troops gained 
access to the Pope’s city, a letter from Giovanni Cantoni (1818–1897), General 
Secretary of the Ministry of Education of the Kingdom of Italy, was delivered by 
hand to Secchi. The message expressed the government officer’s wish for Secchi to 
remain at the Observatory of the Roman College, reassuring him that the Italian 
government would provide for his needs and would pay him a professor’s salary.

The building of the Roman College was at that time the site of a prestigious high 
school, run by the Jesuits and attended by many Roman schoolboys. Due to the 
seriousness  of the  situation, Secchi did not give a definite answer. However, he 
expressed his willingness to remain in Rome, even though this city was now the 
capital of the new unified Kingdom of Italy, in order to continue his scientific 
research activity and teach as professor in the Jesuit school. From his diary we know 
that Secchi had invested a significant part of his personal patrimony, a sum of about 
9000 scudi (today equivalent to about €250,000), into the equipment of the 
Observatory (APUG 1870: II, 29).

Three days later, on September 23, the mathematician Francesco Brioschi 
(1824–1897), senator of the Kingdom of Italy, visited the Observatory and handed 
Secchi a letter from the Italian Minister of Finance, Quintino Sella (1827–1884). 
Sella too, like Brioschi, was a man of science who had later become a politician, and 
someone who knew Secchi’s scientific reputation. The minister proposed that 
Secchi become part of the teaching staff at the University “La Sapienza,” which had 
just ceased to be under the Pope’s authority and had passed to the Italian government.

Quintino Sella wrote to Secchi (cited by Castellani 1944: 41):
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You occupy a too eminent place in the scientific world, and science occupies too important 
a place in the civil world, not to deal with what is happening. Brioschi [who delivered the 
letter brevi manu] will be able to explain to you verbally, better than in writing, the inten-
tions of the government. These intentions, with the exception of the question of the tempo-
ral power of the papacy, are very favorable to the clergy.

It is remarkable that Angelo Secchi was at the top of the list of Roman intellectuals 
whom the Kingdom of Italy immediately wanted to contact. This demonstrated the 
fame that the scientist, at the age of 52, enjoyed at a national level.

In a written reply, Secchi did not mention directly the university teaching that 
had been proposed to him but instead expressed concern about the dissolution of the 
teaching staff of the Roman College and about the future of the school run by the 
Jesuits. In fact, from September 20, some Piedmont military troops had settled in 
Roman College, reducing the number of rooms available to the religious commu-
nity. In addition, as he noted in his diary, Secchi wanted to make it clear to the new 
governors that he had the right to remain in the rooms of the Observatory; the 
astronomer considered these rooms his own home, having spent much of his per-
sonal patrimony for the construction of the new Observatory location and in the 
purchasing of the new instruments (Castellani 1944: 42–43).

We know that, thanks to the help of many Italian astronomers who were good 
friends of Secchi, particularly Pietro Tacchini (1838–1905) from Palermo, a provi-
sional solution was later reached: in 1873, when the buildings of the Roman College 
were definitively expropriated by the Italian Government, Secchi was able to main-
tain his quarters at the Observatory and obtained independent access for himself and 
his collaborators through a separate entrance.

The governmental reorganization of the Italian Astronomical Observatories 
enacted by the Bonghi decree in 1876 granted a special status to the Observatory of 
the Roman College. However, until his death Secchi had to face the major problem 
of financing his astronomical research. In fact, the Holy See was no longer willing 
to invest in a scientific institution for fear of losing it at any time, as had already 
occurred for many other institutes and buildings in Rome, while the Italian govern-
ment did not support the Observatory because it was not a part of its scientific or 
academic system.

Returning to the events of 1870, during the month of October, the Italian govern-
ment asked Secchi several times to accept the university teaching position at “La 
Sapienza,” (Fig. 3.1) with a chair that would be associated with the directorship of 
the Roman College Observatory.

The Jesuit astronomer replied by asking for some guarantees. First, he did not 
intend to make an oath of fidelity to the new Kingdom of Italy, because he feared 
that it would have had consequences for his condition as a religious faithful to the 
Pope and, in addition, he did not approve of many of the aspects of the new govern-
ment’s activities in Rome. Second, he asked to be free to follow his duties toward 
the Society of Jesus and the Pope. Third, he asked to be free to choose his collabora-
tors for the scientific studies carried out at the Observatory. Cantoni reassured 
Secchi by writing to him on October 18 (Castellani 1944: 43):
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On behalf of the Minister, I renew my confirmation that you will not have to take any oath 
and that you will be treated as the other astronomy professors and directors of top ranked 
observatories on the Italian territory… Please write to me, directly and in all confidence, 
everything that seems useful to you for your studies, in order to unify as soon as possible 
the Jesuits’ expectations and those of the government. We are much more favorable and 
conciliatory than you might think.

As we can notice, the tone of the letter is heartfelt: Cantoni wants to do everything 
to gain Secchi’s affirmative answer.

Fig. 3.1 Courtyard of the Palazzo della Sapienza, where the University of Rome was located until 
1935. (From: Wikipedia)
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On November 2, 1870, during a personal interview, Senator Brioschi renewed 
his invitation to Secchi: “Go and answer me in writing if you want to give lessons 
to ‘La Sapienza’ on your beautiful discoveries” were Brioschi’s words recorded in 
Secchi’s diary. We know from this same diary that, during this interview, the Jesuit 
priest verbally accepted the appointment as Professor of Astronomy at the univer-
sity, indicating also that the title of the chair would be “Physical Astronomy.” This 
was quite a significant title, for it was precisely through spectroscopy and solar 
physics in those years that Secchi had introduced the application of physics and 
chemistry to astronomy and thus laid the foundations of modern astrophysics.

Brioschi promised Secchi that the Jesuits could direct a private and free school in 
the Roman College, just as the Italian government had allowed the Scolopians to do 
in Florence. As Secchi records again in his diary, Brioschi would not specify any 
details about the new legal arrangement for the Jesuit school, notwithstanding the 
fact that the Jesuit astronomer repeatedly insisted on having more information 
(APUG 1870: II, 32–35) (Fig. 3.1).

In those days, Secchi was arranging a trip to Sicily as an invited member of the 
Italian expedition to observe the December 22 solar total eclipse. After consulting 
his religious superiors once again, on November 4 (1 day before leaving for 
Palermo), Secchi accepted the appointment, writing a short note to Brioschi. In that 
same written note, he refines the chair’s title specifying “Physical Astronomy and 
Meteorology,” since a general chair of “Astronomy” already existed at the univer-
sity. Angelo Secchi’s formal nomination was published in the Gazzetta Ufficiale of 
the Italian government on November 13, 1870, less than 2 months after the Jesuit 
scientist was first proposed for this position.

However, in those same hours something unexpected happened. A letter dated 
November 3, sent by Brioschi to the Rector of the Roman College, reveals the rea-
sons why the senator did not want to give Secchi any details in his previous inter-
view on how the Jesuits would maintain their freedom of teaching. Brioschi now 
officially informed the Jesuits that the freedom of teaching in the Roman College 
would be guaranteed only for theological disciplines taught to clerics and members 
of the former Pontifical State. Otherwise, the Italian state would not recognize the 
degrees obtained by Italian students in all other curricula at this school. In short, the 
degrees conferred by the Roman College would no longer have been of any value 
for admittance to schools of higher education and universities in the Kingdom of 
Italy nor would their degrees have been valid for employment in the Italian State.

When the Rector of the Roman College received this letter, Secchi was already 
on his way to Naples, en route to Palermo. A few days later, his Jesuit confreres in 
Rome informed Secchi by letter about the recent government decisions, that degrees 
from Jesuit and Catholic schools in Rome would not be acknowledged and that their 
freedom of teaching was to be significantly restricted.

On November 16, while the Jesuit astronomer was in Sicily, the question of his 
appointment to the Chair of Physical Astronomy at the University “La Sapienza” 
was commented on during a meeting between Pope Pius IX and the Jesuit General 
Superior Fr. Peter Beckx (1795–1887). Pius IX expressed strong reservations about 
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this nomination, as numerous controversies still existed between the papacy and the 
Kingdom of Italy.

Soon after his interview with the Pope, the Jesuit Father General immediately 
wrote to Secchi in Sicily. Beckx did not ask Secchi to give up his chair but to obtain 
more clarification from the Italian government about the ways in which his loyalty 
to the Pope and the Society of Jesus would be respected as a professor in a state 
university. Secchi replied to Beckx that he would ask the Italian government for 
further guarantees, including that the Jesuit community of the Roman College 
would be respected in its own buildings. At the same time, with great humility, 
Secchi affirmed that if his Jesuit superiors were to ask him to renounce the chair, he 
would do so. Moreover, if he could no longer direct the Observatory as a conse-
quence of that, he was ready to leave Rome to be assigned to another role.

It is easy to imagine the inner feelings and suffering of Angelo Secchi, after more 
than 20 years of scientific activity at the Observatory and many internationally rec-
ognized achievements. As a Jesuit he wanted to obey his superiors, and not oppose 
the Pope’s will.

In the following days, two important events took place that had a crucial influ-
ence on Secchi’s final decision.

The first concerned the dismissal of the Jesuit schools, decreed in Rome by the 
Italian government: the official motivation was so that the members of this religious 
order would not warn the families of their pupils about the loss of the legal value of 
their school degrees. Only a month later, on December 3, the new government inau-
gurated a new high school in those same buildings, entitled to Ennio Quirino 
Visconti (a school still active today), entrusting it to lay teachers.

The second episode concerned the speech Science and Freedom delivered by the 
jurist Emidio Pacifici-Mazzoni (1834–1880) on November 20, 1870 at the University 
“La Sapienza” for the opening the new academic year. Various professors who were 
faculty members, thanks to their previous papal nomination, judged that speech as 
an indirect attack on the Pope, as the Catholic Church was accused of having main-
tained an obscurantist attitude toward science. The Jesuit Fr. Johann Bollig 
(1821–1895), distinguished Professor of Oriental Languages, directly informed 
Secchi about the contents of this speech (Castellani 1944: 174) in a letter written on 
November 21.

In light of these events, Angelo Secchi drafted a letter addressed to Senator 
Brioschi from Palermo, dated November 25, formally renouncing the appointment 
of Professor of the Chair of Physical Astronomy. As Secchi himself asked, the letter 
was first read privately by the General Superior Fr. Beckx and then shown to Pope 
Pius IX, on November 29. Soon after, the letter was sealed and delivered to Francesco 
Brioschi.

In this letter, the Jesuit astronomer wrote (Castellani 1944: 175):

However, I must inform you that when I accepted this prestigious position, before the offi-
cial decree [of appointment] was published, the circumstances were very different from the 
present ones. The favorable disposition that V. S. [Your Lordship] assured me towards our 
schools of the Roman College was such that it induced me to accept, and my superiors not 
to oppose, hoping that a mutual agreement could be beneficial to our youth. Now things 
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have changed a lot: the events that took place in Rome, both at the College and at the 
University, and the general course of affairs, require me to be more cautious. I therefore ask 
V.S. to accept my resignation from the above-mentioned prominent position.

Answering Secchi on December 5, from Rome, Brioschi expressed his displeasure 
and astonishment, hoping that the Jesuit astronomer would change his mind and 
withdraw his resignation. After receiving the letter from Brioschi, Secchi sent a new 
longer and more detailed letter, dated December 1870, from Augusta, where he was 
testing instruments for the eclipse observation. In this letter, both significant for its 
clarity and the free expression of his conscience, the astronomer blames the Italian 
government for the anti-Catholic criticism promoted in Rome, for the injustices suf-
fered by the Jesuits and other religious orders, and for the ambiguous conduct that, 
in his opinion, the authorities of the new Italian government had toward him. Here 
are some passages from this second letter, reported, like the previous ones, from the 
archive material published by Castellani (1944: 177–179):

The contents of the opening speech at the University were such that they could not be toler-
ated by all ears. How could one applaud an inauguration that insulted the religion of the 
country? … How could I become part of this University especially after the dissolution of 
the colleges, which in a certain way degraded me after 18 years that I was part of it? The 
hope that Rome would be respected and governed by particular laws compatible with the 
majesty of the Pontiff, has now vanished, and I retire into my nothingness. I am always 
ready to serve my country wherever my gratitude and feelings were not compromised, but 
I cannot take part in its favors.

A few years later, in 1876, priest and scientist Francesco  Faà di Bruno had to 
undergo similar circumstances. Aware of Secchi’s renunciation of the chair and hav-
ing to decide whether or not to continue his career as a professor at the University 
of Turin, Faà di Bruno wrote to the Jesuit astronomer for advice. Secchi exhorted 
Faà di Bruno to continue his academic work at the university, explaining to him that 
the present situation in Turin was different from the one that he had faced years 
earlier in Rome:

You are already an old member of the University—Secchi writes on October 22, 1876—and 
you do not join it in a time of [political] crisis. Thank God that, even if there are people who 
have a too liberal mentality, the University of Turin has not perpetrated those scandals that 
the University of Rome instead had done. Here in Rome it was not decent for a Catholic and 
a priest to stay at the University: so it happened for me and for this reason I resigned. 
(Palazzini 1980: 23)

Angelo Secchi continued to be Director of the Observatory of the Roman College 
until his death on February 26, 1878. His expected successor in the direction, the 
Jesuit Fr. Gaspare Stanislao Ferrari, was not appointed by the Italian government; 
instead, in 1879, the rooms of the Observatory, like the entire building of the Roman 
College, were confiscated by the Kingdom of Italy. Pietro Tacchini was called upon 
to establish the Central Bureau of Meteorology there, and he took over Secchi’s 
observatory (which also had valuable meteorological instruments) in order to con-
tinue its astronomical activities. Tacchini also held the Chair of Astronomy and 
Physics at the University “La Sapienza” that Secchi had renounced.
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In 1891, by the motu proprio Ut mysticam, Pope Leo XIII officially established 
a new Vatican Observatory located in the Tower of the Winds in the Vatican Gardens, 
where the Barnabite Fr. Francesco Denza (1834–1894) installed various instru-
ments (Chinnici 2018). Today the Vatican Observatory headquarters is at Albano 
Laziale, after being at Castel Gandolfo.

3.4  The Intellectual Context of Nineteenth Century 
for Science and Religion

Like other priest-scientists who worked during the eighteenth and nineteenth centu-
ries, Angelo Secchi did not work out a systematic relationship between science and 
faith. However, his epistemological and philosophical views can be deduced from 
the considerations he presented in the last pages of some of his works, in particular 
in the concluding chapters of L’unità delle forze fisiche, Saggio di filosofia naturale 
(1864) and of the book Le stelle, Saggio di astronomia siderale (1877). The appen-
dix of the posthumously published edition of Lezioni di Fisica terrestre (1879) con-
tains the texts of two popular lectures presented in 1876 and 1877 at the Accademia 
Tiberina, which deal with some interdisciplinary issues. References to the Christian 
faith are present in other unpublished talks and, above all, in his letters. Due to the 
fragmented nature of the material available, a complete reconstruction of his think-
ing on the subject has so far been difficult. However, the existing material is suffi-
cient to have an idea of his thought.

It is helpful to associate Secchi with two other important contemporary Italian 
priest-scientists, Antonio Stoppani and Francesco Faà di Bruno. Secchi shared with 
the geologist Stoppani the conviction that a better knowledge of scientific thought 
would benefit the education of the clergy and that a better approach to relevant bibli-
cal or dogmatic issues would be possible only through knowing in depth what sci-
ence says and how it says it. Like the mathematician Faà di Bruno, Secchi too had a 
vision of science as a service. They both saw science as a way for promoting human-
ity, and they thought that scientific popularization should be provided to all social 
classes. All three authors agreed that scientific research should not be seen as an 
obstacle to faith but rather as an adventure of knowledge, capable of fostering a 
deeper understanding of theology and better biblical exegesis.

This same perspective had been adopted centuries earlier by Thomas Aquinas, in 
the spirit of Medieval universities, as shown by his belief, presented in Summa con-
tra gentiles, that a better knowledge of nature leads to a less imperfect knowledge 
of God (Book II, nos. 2–4). Between the eighteenth and nineteenth centuries, how-
ever, the idea that science could play a positive role in theological research remained 
in the shadows. As a result of the hesitations shown in the transition from the geo-
centric to the heliocentric system, some clergymen mistakenly viewed the rapid 
progress of science in contrast to the philosophical-religious framework prevailing 
in their epoch.
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Like Stoppani and Faà di Bruno, Angelo Secchi is part of the tradition of a 
Catholic Church that promoted science. For much of the nineteenth century this still 
represented the majority viewpoint, due to the widespread work in school and uni-
versity education that several religious orders, Jesuits and Barnabites in particular, 
had undertaken over time. As mentioned above, at that time the involvement of the 
Catholic Church in astronomy was quite evident, but it was also significantly 
involved in the fields of mathematics, physics, meteorology, botany, and biology.

It should not be forgotten that at the time of Angelo Secchi the debate between 
scientific thought and Catholic theology was certainly being influenced by positions 
that were on opposite political sides: on one side, the temporal power of papacy and, 
on the other, a good part of Italian and European intellectual culture. This contrast, 
whose primary characteristic was the opposition of views on the mission of the 
Catholic Church and its relationship with the secular power of the papacy in Rome, 
was carried through into an opposition between a religious and a scientific world-
view. The contrast was read ultimately in terms of a conflict between faith and rea-
son, something that should have been dealt with within a more appropriate 
epistemological framework and deeper than what the political circumstances of a 
specific country could dictate.

In Italy, for instance, the nineteenth century reading of the Galileo affair saw it as 
a radical opposition between him and the ecclesiastical authorities. This interpreta-
tion was a way in which the Freemason ruling class of the new Kingdom of Italy 
could strengthen its status after regaining its capital in Rome via the fall of the 
Pontifical States. Political reasons also conditioned the academic life of some 
Catholics in France and Italy, as is shown by some of the vicissitudes experienced 
by Pierre Duhem and Francesco Faà di Bruno.

On a philosophical level, the years in which Angelo Secchi lived and worked 
were characterized by currents of thought that were critical toward Christianity. The 
greatest of these currents was undoubtedly the progressive rise of materialism in 
Germany and (also partly) in France. In the second half of the eighteenth century, 
the widely read Système de la nature (1770) by Paul Heinrich Dietrich von Holbach 
had stated that everything that did not belong to phenomena studied by science 
should be considered pure imagination. In the same years, in his work De la Nature 
(1761), Jean-Baptiste Robinet expressed the idea of a progressive evolution of 
nature as a succession of increasingly complex and sophisticated mechanisms, hav-
ing at the top the human being whose psychic faculties and individual freedom were 
only the mere result of physico-mechanical processes alone.

The idea of a “naturalistic materialism” was thus well established. Its main com-
ponents were, on the one hand, the historicism coming from Hegelian philosophy 
and, on the other hand, the anticipation of a philosophical evolutionism. The latter 
proposed a wholly materialistic reading of the place occupied by the human being 
within the animal world, denying any transcendent causality in the origin of man, 
something well beyond Charles Darwin’s (1809–1882) intentions. Naturalistic 
materialism had a strong anti-spiritualist perspective, seeking support specifically in 
the results of science. It is difficult to establish whether it was a truly majority 
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current in European scientific circles, but its representatives undoubtedly enjoyed 
considerable popularity.

It is not surprising, therefore, that the criticism of materialism was passionate 
and widespread when Secchi discussed the subject of faith and science, forming the 
backdrop to almost all of his reflections. With regard to materialism and its interpre-
tations, it is worth mentioning the peculiar reading that Fredrich Engels (1820–1895) 
gave of Secchi’s work L’unità delle forze fisiche (1864, second edition 1874). Engels 
believed that Secchi’s vision demonstrated the plausibility of the idea of an eternal 
and self-sufficient nature, the basis of nature’s dialectical materialism. It is true that 
starting from the equivalence between mechanical energy and caloric energy, and 
observing the close correspondence between chemistry and light radiation, Secchi 
had affirmed the reducibility of radiation and electricity to motion. Likewise, in 
Secchi’s opinion, the atomic structure of matter, based on attractive and repulsive 
interactions, showed that every form of energy could be reduced to motion. He 
writes in the Preface of his first edition (Secchi 1864: 9):

The great discovery that currently concerns all men of science, and illustrates our time, is 
the mechanical theory of heat, for which this agent is reduced to a simple mode of move-
ment. The purpose of this work is to present the basis of this theory and to extend its appli-
cations to imponderable forces [light and magnetism] and to all other physical forces.

Secchi’s program of proposing a unified theory of motion that included all physi-
cal forces is seen by Engels as a theoretical framework able to justify that the ener-
gies of matter are, by themselves, forces capable of sustaining the physical cosmos 
and determining its evolution in time. In Engels’ Dialectic of Nature Angelo Secchi 
earns 11 different citations; among scientists, only Darwin, Newton, and von 
Helmholtz are cited more often. Engels quotes Secchi more frequently than Galileo.

The German philosopher mistakenly believed that he could attribute to Secchi 
the idea of the indestructibility of motion and matter, thus affirming the eternal dia-
lectical cycle of nature. The epistemological correctness with which Secchi does not 
mix the transcendent First Cause with the secondary causes, and does not invoke 
any mechanical interventions by God Creator to allow the universe to function, is 
taken instead by Engels as a confirmation of the irrelevance of the hypothesis of 
“God” and, therefore, a proof of his nonexistence. Engels joked about this (Engels 
1967: 214–215):

God is nowhere treated worse than in the pages of scientists who believe in him... Father 
Secchi bows Him [the Creator] out of the solar system altogether, with all canonical hon-
ours it is true, but nonetheless categorically for all that, and he only allows Him a creative 
act as regards the primordial nebula.

Actually, Secchi is very clear on this point: reducing the whole structure and energy 
of the cosmos down to motion does not mean that matter is sufficient, by itself, to 
understand the physical universe. When matter is separated from intelligence and 
intentionality, from a principle of creation, then it remains insufficient in itself. The 
reference to a Creator, which Engels considers only a useless appendix, is instead 
for Secchi something substantial, the ultimate reason for the understanding of the 
cosmos, and the origin of all things.
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Secchi’s reflections are part of that tradition of natural theology that developed 
mainly in the eighteenth century but without succumbing to the temptations of con-
cordism and Physico-theology. Secchi’s path is that of a spontaneous philosophy. 
From the observation of nature one can deduce the existence of the Creator: as the 
cause that has drawn all things from nothing, giving them being, but also as 
Intelligence responsible for the existence and coordination of the laws of nature. If 
it is true that in the universe everything depends on matter and motion, it is also true 
that matter and motion do not have the ultimate cause for their being and behaving 
in themselves. Secchi affirms that God’s creative act is continuous and transcendent. 
It is not limited to calling things into existence; creation and conservation in being 
are the same act. The causality of God the Creator transcends the level of natural 
causes, but makes those causes possible, just as an artist transcends the level of 
mechanical causes that give rise to his work, a work, however, also present in his 
mind (Secchi 1874: vol. 2, 369–380).

We know that Secchi’s scientific vision, based on a physics that was progres-
sively understanding the structure and forces of matter, caused incomprehension 
amongst those ecclesiastics who were not familiar with science. Secchi was charged 
with atheism for his use of the atomic theory of elements (Chinnici 2019: 262-267). 
A pamphlet authored by some traditionalist Catholics asked the Fathers of Vatican 
Council I to close the Observatory of the Roman College, because they thought it 
was a place dangerously prone to atheism (Altamore and Lay 2012: 291).

From 1870 onwards, this incomprehension became more acute. Secchi was chal-
lenged from opposite fronts: on the one hand, some Roman clergymen considered 
Secchi a sort of betrayer, a collaborator with the Italian government, and a supporter 
of modernism; on the other, anticlerical representatives of the scientific environ-
ment categorized him as a “retrograde priest.” Moreover, some politicians praised 
Secchi as a free thinker, as Giovanni Bovio (1837–1903) did, who in a public speech 
to the Chamber in January 1877 presented Secchi as an example of autonomy from 
religious authority.

The Jesuit astronomer had to clarify his position. Writing a clear letter to the 
Osservatore Romano’s director, he reaffirmed his fidelity to the Church (Viganò 
1979: 451). In his reply to Bovio, we read:

While some see in my writings incredulity and atheism, others see exalted, instead, a theol-
ogy that falsifies physics to support the Bible... Some complain of not finding in my writ-
ings the discoveries they were waiting for; others do not find there the physics of Thomas 
Aquinas. To the latter complainants I will only say that physics certainly has progressed 
since Aquinas, and that if St. Thomas lived in our time he would not have adopted the phys-
ics he adopted at his time, but would have taken the one now in use in the schools of our 
time... However, notwithstanding its progress, science has not succeeded in denying God; 
those who hoped that science would come to affirm this that have not achieved such a result, 
nor will their successors ever achieve it (APUG 1877: 23, I, 5).

From Secchi’s letters we know that he also confided to Giovanni Virginio 
Schiaparelli, a Catholic scientist and director of the Brera Observatory, some of the 
misunderstandings he was experiencing (Buffoni et al. 1991) (Fig. 3.2).
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3.5  Secchi’s Views on Christian Faith and Scientific Research

During the years in which Secchi directed the Observatory of the Roman College, a 
lively debate was emerging in Europe about the evolutionary vision of life and the 
origin of the human being, following the works published by Charles Darwin. 
Secchi does not tackle explicitly the issue of the origin of man, but he offers a view 
on the confrontation between creation and evolution. As in other issues, he under-
lines the insufficiency of matter to explain the phenomenology of living beings, 
especially that of human thought and freedom. It is not because of an anthropomor-
phic projection that we place thought and intelligence at the origin of all things, he 
says; we do so because, thanks to our experimental knowledge, we are aware of 
matter and its properties and we recognize they are inadequate to provide a com-
plete and exhaustive explanation of reality and of its ultimate causes (Secchi 
1879: 202).

The idea of subsequent transformations, taken with due moderation, is not irreconcilable 
with reason, nor with religion. In fact, if one does not want everything to be caused by the 
brute innate forces of matter, but admits that these forces derive from a First Cause who 

Fig. 3.2 Satirical vignette comparing Secchi, Grassi and Galileo: “Father Grassi from the 
Society of Jesus persecuted Galileo and rendered much troubled his life. A few days ago, Father 
Secchi from the same Society, by attending the inauguration of a new observatory at Arcetri, 
near Florence, with his presence rendered a tribute to the memory of Galileo. Oh, what a force 
in science which transforms Father Grassi into Father Secchi! And there are those who think 
about the Council!. (From: Il Lampione, 1869, no. 50; courtesy of Biblioteca di Storia Moderna 
e Contemporanea, Rome)
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created matter, and endowed matter with the power to produce certain effects, there is no 
difficulty in believing that, as long as no new force intervenes, certain organisms can 
develop in one way rather than another, and thus give rise to different beings. But when you 
pass from a series of living beings to another series of living beings which contains a new 
principle, then things change. From the vegetable, without sensitivity, the animal which 
possesses sensations cannot be produced: we need here a new power that cannot come from 
self- organization, nor from matter alone. And much more must be said when one passes 
from the brute animal to the human being who thinks, reflects and has a conscience. A new 
principle must then be associated with the physical forces of matter to achieve these results. 
(Secchi 1879: 199)

The observation of matter, and above all of the phenomenon of the human being, leads 
the Jesuit astronomer to conclude that at the origin and in the foundation of the world there 
is an immaterial Principle with which he associates the name of God (cf. Secchi 1874: vol. 
2, 363–364).

Writing a few years after the publication of Darwin’s The Origin of Species 
(1859), Secchi argued that such a Creator Principle could embrace from eternity 
with a single glance the succession of biological forms and their development from 
the simplest to the most complex ones, ensuring that the laws of physics were in 
harmony with what life would need. He proposes the image of a parametric function 
in which the same mathematical form, here compared to the Creator’s sight, is able 
over time to gradually give rise to different forms of life through a variation of the 
parameters, thus producing different effects, but all foreseen by that mathematical 
function. Secchi says that recognizing that all morphologies and their development 
are contained in, and intended by, the same creative intelligence—the mathematical 
function that transcends the order of nature, according to the proposed image—
should reassure those who fear that Darwinian ideas would have negative conse-
quences on faith (Secchi 1874: vol. 2, 359–360).

Meanwhile, the progress of geology that had dated the Earth’s formation and the 
origin of life far back in time had led to criticism of the content of Sacred Scripture 
on two fronts. The first was that natural history now argued for a much longer time-
frame than that which a naïve and literal reading of the biblical texts on creation 
would have imagined. The second concerned the origin of animal species and the 
origin of the human being, themes on which biblical teaching was hastily placed in 
conflict with the Darwinian theory of biological evolution. Secchi did not hesitate to 
defend the truth of Scripture. However, avoiding its literal reading, he tried to frame 
its teachings within the results of the sciences, without embarking on an approxi-
mate theology.

In those same years, a number of apologetic writings were authored by certain 
religious people who were committed to countering the danger of atheism, which 
they believed were inherent in the new scientific theories. While praising the good 
intentions of these authors, Secchi also indicated the scientific errors they made. 
According to the Jesuit astronomer, the starting point for this discussion should not 
be questions of principle, which are inevitably subjective, but on experimental data.

Here we find an approach very similar to that followed by Antonio Stoppani, who 
among his “maxims for the Catholic apologist” had placed in first place “fighting 
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science with science.” With this motto, Stoppani meant that when some assertions 
arise within a scientific context that seem to contradict truths of faith, then, first of 
all, one must confirm whether there are scientific reasons capable of clarifying or 
denying those same assertions. It is not by turning to Scripture or theology that the 
meaning and scope of scientific statements should be clarified but, logically, in turn-
ing to science itself. Similarly, when the scientific results are clear and confirmed, 
the sacred Scriptures must be read accordingly (Stoppani 1884: 117–150).

A text from Le stelle, Saggio di astronomia siderale, reflects the same approach 
followed by Antonio Stoppani. In the face of the discovery of the great dimensions 
of the cosmos, which were becoming progressively more accessible by telescopic 
observations, Secchi argued that the vastness of space should not be denied on the 
basis of some superficial understanding of the Bible:

The greatness of creation is one of those ideas that frightens the small human mind. When 
it was first announced that, once the barriers of space, imagined as a material sphere, had 
been broken, and the stars recognized as so many suns, the mind was astonished by the 
vastness of the universe, by the enormous quantity of celestial bodies of which it was now 
made up. The human mind almost tried to escape these consequences, hiding behind misin-
terpreted sacred words! Don’t be surprised by the long history of the past times, because the 
broadening of the horizons of time today also renews what once amazed us with the vast-
ness of space. It is hard to believe the myriad of centuries that must have crossed our globe 
to complete the geological formations that we touch with our hands. If we are convinced 
that the work of the Creator is commensurable only to Him, then one thing [space] will help 
us to understand the other [time]. It is a greatness that we will always be unable to under-
stand entirely, the immensity of space and duration that we observe, and even more in the 
absolute infinity and eternity. (Secchi 1877: 288)

As evidence of Secchi’s open-mindedness to cosmological issues, we should also 
mention his position regarding the possibility of life in the cosmos. As known, con-
temporary interdisciplinary literature on extraterrestrial life is very broad (see, for 
instance, Impey et al. 2012; Thaphagan 2015; Peters 2018). Although susceptible to 
different religious and philosophical views, in the Modern epoch, extraterrestrial 
life had been set in highly critical terms for the Christian faith by Thomas Paine in 
his influential work The Age of Reason (1794). Between the late eighteenth and 
early nineteenth centuries, theology had not developed specific positions in this 
regard. Astronomers who were also believers, William Herschel (1738–1822) for 
instance, endorsed the hypothesis that life was widespread in the universe. Secchi 
touched on the subject soberly but in a sufficiently clear manner, probably influenc-
ing Schiaparelli, also a Catholic, who a few years later would write a popular essay 
on the subject (Schiaparelli 1988). Francesco Denza, a Barnabite and eventually 
director of the Vatican Observatory, shared the same position. Secchi writes in his 
book (Fig. 3.3) Lezioni elementari di fisica terrestre:

Creation, which the astronomer contemplates, is not a simple mass of luminous matter: it is 
a prodigious organism in which, where the burning of matter ceases, life begins. Although 
life is not observable with our telescopes, from the analogy of our globe we can argue its 
general existence in other celestial bodies. The atmospheric constitution of the other plan-
ets, which in some ways is similar to ours, and the structure and composition of the stars 
similar to that of our sun, persuade us that these bodies are in a stage similar to those present 
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Fig. 3.3 Title page of Secchi’s treatise Lezioni di Fisica Terrestre. (Courtesy of INAF-OAPa)

G. Tanzella-Nitti



61

in our solar system, or are in one of the periods already crossed by it, or to be crossed in the 
future. From the immense variety of creatures that were on our planet, and now are present 
on it, we can argue the diversity of life forms that may exist in other planets. If on the Earth 
the air, water and land are populated by so many varieties of living beings, which changed 
over time with the changing circumstances of both climate and matter, how many more 
forms of life can be found in many other systems. And all this, bearing in mind that in vari-
ous stellar systems the planets are illuminated not by one, but by more than one sun, and the 
climatic variations are really extreme, both due to the eccentricity of their orbits, and the 
different intensities of the star radiations…. (Secchi 1879: 214–215)

It is interesting to note that the Jesuit astronomer does not hesitate to hypothesize on 
the possibility of forms of life also very different from what chemistry and terres-
trial biology would suggest, proposing ideas that seem to anticipate some visions of 
contemporary exobiology :

It is true that life on our planet cannot exist except within very limited temperature ranges; 
however, who can know if these are limits only for our organisms? However, even with 
these limits, if life could not exist in the luminous [stellar] bodies, in the global project of 
creation these stars would always have the great task of supplying energy, regulating the 
course of the smaller bodies, through the attraction of their masses, and providing light and 
heat... Life permeates the universe, and intelligence must be associated with life; just as we 
have many beings inferior to us, then, in other conditions, many other living beings can 
exist and have much greater capacities than ours. Between the weak light of the divine ray 
that shines in that fragile compound that we are, thanks to which we are able to know so 
many wonders, and the wisdom of the Author of all things, there is an infinite distance. This 
distance could be covered by the infinite degrees of His creatures. Our mathematical theo-
rems, fruit of arduous studies, could be just simple intuitions for creatures far superior to us. 
(Secchi 1879: 215–216)

3.6  Concluding Remarks: The Religious and Humanistic 
Dimension of Science

For Secchi, scientific work leads to humility and contemplation. As a believer, he 
often associates scientific activity with prayer. Here we find a perspective similar to 
Robert Boyle (1627–1691), as it emerges, for example, from the pages of his The 
Christian Virtuoso (1690). For both Boyle and Secchi, the wonder that science 
arouses is destined to grow with time. In the book presenting the results of his spec-
troscopic studies, Secchi writes: “We are not yet at the end of the wonders: we will 
be at the end only when we cease to study” (Secchi 1877: 312). Faith and science, 
affirms the Jesuit astronomer on the occasion of the inauguration of the new 
Observatory of the Roman College, “are rays of the same Sun directed to illuminate 
our blind and weak minds towards the way of Truth. Without this high purpose, such 
studies would be a mere curiosity, and would often cause only unrewarded pains 
and labors. Thinking how magnificent it is to manifest the Creator’s works to others 
is a stimulus that spurs even when all other enthusiasm is lacking; this raises the 
mind above the materiality of numbers, and transforms the labors of science into a 
sublime and divine work” (Secchi 1856: 157; in Maffeo 2012: 40).
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Finally, science and faith were closely related in the scientific popularization that 
Secchi promoted, especially in Rome. Secchi did not hesitate to use the church of 
St. Ignatius in Rome to repeat the famous Foucault experiment in 1851 (see Chinnici 
2019). He went so far as to suggest, with Faà di Bruno in Turin, the use of churches 
as classrooms for scientific lectures and even as astronomical observatories, for 
example, to show the general public images of the Moon or projections of the solar 
disk through a system of mirrors.

Francesco Faà di Bruno tried to involve Secchi in a series of lectures to be held 
in the Church of Santa Maria del Suffragio in Turin. He wrote to Secchi on December 
31, 1873: “Where V. S. Rev. [Yours Reverend Lordship] has nothing against it, I 
would prefer physical astronomy classes on the sun or the moon, the stars, etc.; I 
would like to combine them with brilliant experiments, aimed at surprising people 
there. One could, for example, project stellar spectra and talking about the composi-
tion of the stars; one could project the moon in front of the audience... Through the 
[bell-tower] dome, which has 16 windows, and with some parallactic apparatus, it 
could be possible with 45° mirrors to bring down the image of the moon on a visible 
screen before the public” (Palazzini 1980: 12).

This is a small window into the popularization of science in the nineteenth cen-
tury, little known today, but one that could serve as an example for us even now. 
For them, knowledge was seen as a right of everyone. Astronomical studies have 
always been nourished by this enthusiasm—an enthusiasm that, with the passing of 
the centuries, must never be lost.
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Chapter 4
Angelo Secchi: Portrait of a “Multi- 
versed” Jesuit Scientist

Ileana Chinnici

4.1  Introduction

Angelo Secchi (1818–1878) is undoubtedly  a complex figure: a Jesuit scientist, 
characterized by both his wide range of scientific interests and his difficult historical 
and political context. His life and activities were influenced by the Italian revolu-
tions of 1848, the subsequent political unification process, the annexation of Rome, 
and the consequent adversarial relationship between the Papal and the Italian gov-
ernments. At the same time, Secchi benefited from the lively philosophical and sci-
entific debates of his century, positioning himself decisively among the pioneers of 
new ideas, theories, and techniques. Many contemporaneous biographies are far 
from being entirely reliable; instead, they are often full of an almost “hagiographic” 
rhetoric. However, recent biographic studies (Chinnici 2019) show us a portrait of 
an open-minded and versatile scientist, talented in many scientific disciplines, sen-
sitive to new ideas and inclined to explore new paths; yet at the same time, a man 
who suffered for his convictions, was faithful to his obligations, and was applauded 
and detested by opposing parties both in politics and in science. (Fig. 4.1).

Secchi is known primarily as the director of the Collegio Romano Observatory and 
one of the founders of astrophysics. His contributions to other sciences, however, can-
not be neglected, and this present volume in particular intends to complement the 
recent biographic studies by focusing on Secchi’s multiple scientific interests.

In all the wide range of Secchi’s research activities, there was a unifying point of 
view that came from his background in physics. His approach to all the sciences was 
consistently that of a physicist, and in particular an experimentalist – even in those 
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Fig. 4.1 A rare full figure photographic portrait of Angelo Secchi; the photograph is datable to 
1859 (Ragona 1859) (Courtesy of INAF-OAPa)
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fields that he cultivated as a hobby, such as paleontology and archaeology. Secchi 
did not care much for theoretical speculations; he preferred theories that were sup-
ported by experimental evidence, gathered through observations, experiences, etc. 
For example, in a dispute about the nature of sunspots in 1872–1873, Secchi’s com-
plaint against his rivals was specifically that their theories were not validated by 
observations (Chinnici and Gasperini 2013: 313 and ff.). For this reason, his works 
are poor in mathematical formulae; rather, he presents descriptions, illustrations, 
drawings, and so forth, trying to reproduce his observational results. Being an excel-
lent observer but only a passable draughtsman, Secchi often turned to carefully 
selected collaborators to help him in this work; their drawing skills were crucial in 
obtaining the detailed pictures of planetary surfaces, solar sunspots and promi-
nences, meteorological charts, etc. that he wanted to reproduce. Sometimes he also 
asked artists to collaborate in making reproductions; an example of this is the case 
of the beautiful picture of the crater Copernicus which Secchi asked to be drawn 
from one of his Moon photographs in 1858 (Chinnici 2019: 61–62). It may be that 
he pioneered the application of photography in astronomy precisely to have an 
accurate reproduction of his observations in order to remedy his poor ability in 
drawing them.

In contrast to his attention to careful descriptions of the phenomena, Secchi was 
often accused by his scientific rivals of never having produced any mathematical 
model of his theories. He usually ignored their mathematical framework and focused 
instead on observations or experiments that could validate them. This led him to 
modify and improve the designs of his instruments (Chinnici 2017; Johnson, here), 
which he basically considered as tools with which the human mind could explore 
nature. Secchi had a very “personal” approach to instruments and materials; he 
would jokingly to ascribe human attitudes to them so that, for example, the collo-
dium was “idle” and “capricious” (Secchi 1856a), the barometer was “sympathetic” 
(Secchi 1860), the rocks had been “tormented” by internal forces (Argentieri and 
Parotto, here), and so forth. This intimate hands-on approach to the physical world 
inspired him to produce three-dimensional representations of weather charts 
(Iafrate-Beltrano, here), colored drawings of planetary surfaces (Sheehan and 
McKim, here), and so forth, handling matter and materials to give physical consis-
tence to his observations.

In this respect, Secchi could be seen to be a scientist who was "playing" with 
nature: he found pleasure and fun in applying physical laws, in inventing and tinker-
ing with instruments, in observing phenomena, in trying to capture their secrets, on 
Earth as in the rest of the universe. Moreover, as a Jesuit, he had the joyful convic-
tion that this intimate process of discovery led him nearer to God (Tanzella-Nitti, 
Chap. 3 in this volume) – and this increased his enthusiasm. He felt that he was a 
part of the universe he was observing, sympathetic with all creation. Consistent with 
the idea that science is also enjoyment, in Secchi’s view machines ought to help 
people to do repetitive, fatiguing, and time-consuming work, with the goal of avoid-
ing stress or boredom. His invention of the meteorograph (Brenni, here), which 
automatically recorded meteorological data, had its origins in the need to solve the 
problem of having to climb up the Calandrelli Tower where the meteorological 
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observatory was located many times per day, at fixed hours, to read the instruments 
and transcribe the data (Iafrate and Beltrano, here). Secchi was strongly in favor of 
technical advancement; he was convinced that the transfer of work from humans to 
machines would really improve the quality of people’s lives.

Likewise, in Secchi’s opinion, science should be aimed not only at extending 
knowledge but also in its applications be for the benefit and service of the public. 
For this reason, he believed that scientific knowledge should be disseminated into 
ordinary society – what is today called “public outreach.” Secchi was very active in 
giving public talks on physics and astronomy, to let ordinary people become more 
familiar with contemporary scientific theories, experiments  and discover-
ies (Chinnici 2019: 96–99).

Many of his books were updated texts for teaching and general education   
(Fig. 4.2), with contents that often challenged the conservative views circulating in 
many Catholic circles (Chinnici 2019: 263–269; Capuzzo Dolcetta, Chap. 11 in this 
volume; Tanzella-Nitti, Chap. 3 in this volume). Moreover, he believed that science 
should be “inclusive”: Secchi was convinced that everyone, whatever their social 
class or gender, had a right to a scientific education. He supported education for 
girls and gave lectures for workers (Chinnici 2019: 98). This inclusive approach was 
certainly shared by his correspondent Francesco Faà di Bruno (Tanzella-Nitti, 
Chap. 3 in this volume), who invented a machine to help blind people read – another 
example of science at the service of the disadvantaged.

Secchi also encouraged the scientific practice of what is today called “citizen 
science,” namely the contribution that nonprofessional people can give to science. 
He often provided scientific instruments to capable amateurs and helped install 
meteorological and geomagnetic stations in convents, schools, public buildings, pri-
vate houses, etc. throughout Italy. His instruction booklet for observers of the 1870 
total solar eclipse (Secchi 1870) is an excellent example of how he promoted citizen 
involvement in scientific practice. This attention to the public led him to design and 
build many sundials, which were important at that time to help people in under-
standing the transition from solar to standard time and from the Italian to the more 
general European system of time measurement (Tuscano, here).

Secchi’s activities in the field of education deserves further investigation. It 
would be interesting to know what kind of books he read and consulted and what 
educational program he adopted. We may infer some elements from his lecture 
notebook, Principii di astronomia compilati per uso delle scuole del Collegio 
Romano (1862), which is well furnished with many instructional diagrams and con-
tains explanations of theorems, corollaries, and lemmas, as well as solutions to 
some problem exercises  (Chinnici 2019: 104–106). He openly taught the Earth’s 
rotation around the Sun and repeated Foucault’s experiment inside the church of St. 
Ignatius in Rome in 1851, a few months after the first pendulum was suspended in 
the Pantheon in Paris (Chinnici 2019: 72–75) . It is important to remark that only in 
1835 (i.e., 2 years after Secchi’s entering the novitiate) the names of Copernicus and 
Galileo were removed from the Index. This means that Secchi was essentially free 
to teach the Copernican theory and contributed to definitely dismantle the anti- 
Copernican tradition of the Collegio Romano, which had been interrupted with the 
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Fig. 4.2 Title page of Quadro fisico del Sistema Solare (Summary of the Physics of the Solar 
System), a booklet by Secchi, published in 1859, for educational and popularizing purposes 
(Courtesy of Specola Vaticana)

4 Angelo Secchi: Portrait of a “Multi-versed” Jesuit Scientist



70

dissolution of the Society of Jesus in 1773 (Baldini, here). Curious about novelties, 
and constantly informed about public scientific events in Italy and abroad (he for-
mulated a hypothesis on hail formation after observing a balloon ascent in Rome; 
Iafrate and Beltrano, here), far from being a scientist isolated in his ivory tower, 
Secchi was fully immersed in the spirit of his time and promoted the dialogue 
between science and society, still an important challenge today.

4.2  A Few Biographical Notes

In order to summarize Secchi’s life and activity, a short biographical appendix is 
added to this volume. In this section, I just provide a few updated data, and some 
comments and explanations to emphasize certain aspects of his life; a detailed biog-
raphy is provided elsewhere (Chinnici 2019).

Angelo Secchi was born in Reggio Emilia on June 28, 1818. Sometimes the date 
of his baptism (June 29) is reported as his birthdate; he himself did so in some docu-
ments regarding his entry into the Society of Jesus. This is not surprising because in 
the Christian society of those times, baptism was considered the true birth to life. 
Secchi was baptized with the name Angelo Francesco Ignazio Baldassarre; nowhere 
appears the name of Pietro, even though this can be found in many biographies 
(especially in English); probably this is due to an erroneous transliteration of 
“P. Angelo Secchi,” meaning “Padre (= Father) Angelo Secchi,” which became mis-
taken for “Pietro Angelo Secchi.” The last son of Giovanni Antonio (1758-1837), 
the owner of a carpentry shop, and Luigia Belgieri (1777–1867), seamstress, he 
lived in a middle-class family. He had an older sister, Anna (1802-?), and a half- 
brother, Tommaso (1791–1844), who was born from a previous marriage of his 
father. Tommaso became a lawyer; this means that the family was wealthy enough 
to support his studies – again, early biographies talking about his large and poor 
family prove to be mere rhetoric, and wrong.

Angelo studied at the local Jesuit college and, at the age of 15, with the permis-
sion of his parents entered the novitiate of the Society of Jesus at St. Andrea al 
Quirinale in Rome. A cousin of Angelo, Giovanni Pietro Secchi (1798–1856) was 
also Jesuit and a renowned archaeologist; it remains to be ascertained whether he 
influenced Secchi’s decision to enter the order. After taking his first vows in 1835, 
Angelo stayed in Rome two more years to study rhetoric; then in 1837 he moved to 
the Collegio Romano to study philosophy. His physics professor, Giovanni Battista 
Pianciani (1784–1862) SJ, remarked that the young Jesuit was gifted in scientific 
studies and he probably proposed to his Superiors that, after some training years at 
the Jesuit college of Loreto, Secchi could became his assistant. From 1841 to 1844 
Secchi taught physics at Loreto (Fig. 4.3); in those years, he provided the college 
with a well-equipped physics teaching lab and prepared many public demonstra-
tions with the students, including the launch of a balloon and some early experi-
ences with telegraphs. Again we see fun and science hand in hand: indeed,  an 
excellent way to teach !
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Upon his return to the Collegio Romano, as expected he became Pianciani’s 
assistant. The latter strongly encouraged Secchi to improve his background and 
provided him an excellent training in physics. In 1847, Secchi was ordained a priest. 
But the following year, the political situation became unstable in all the Italian 
preunification states, and it was especially hostile to the Jesuits, because of their 
presumed political influence. With his confreres, Secchi was forced to leave Italy 
and he spent some months in England at Stonyhurst College. Then, at the end of 
1848, he was called to Georgetown College, in the United States, to teach phys-
ics (Fig. 4.4) (Chinnici 2019: 36-42). There Secchi began to be incorporated into the 
local scientific milieu, probably thanks to Fr. James Curley (1796–1889) SJ, the 
director of the Georgetown College Observatory. Secchi become acquainted with 
important local scientific personalities, especially Commodore Matthew F. Maury 
(1806–1873), from whom Secchi learnt much about new theories of dynamic mete-
orology, and the physicist Joseph Henry (1797–1878), Secretary of the Smithsonian 
Institution. Henry invited Secchi to publish a work about an experiment on electri-
cal rheometry which he had done in Italy to test a theoretical law; it appeared in the 
Smithsonian Contributions to Knowledge (1852) and is the first important interna-
tional scientific publication by Secchi.

Probably the Jesuit scientist from Reggio could have had a brilliant career in the 
United States, where many prospects were open to him, but in 1849, the political 

Fig. 4.3 The Jesuit College at Loreto, known as Collegio Illirico, in a photograph datable to 
around the 1930s (Courtesy of ASPEM)
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situation in Italy changed again. The Papal Government was reestablished and the 
Jesuits could return to Rome. The premature death of Fr. Francesco De Vico 
(1805–1848) had left vacant the directorship of the Collegio Romano Observatory, 
but Fr. Benedetto Sestini (1816–1890), De Vico’s former assistant and presumptive 
successor, preferred to remain at work in the United States. This circumstance 
opened the door to Secchi, who at 30  years old was appointed Director of the 
Collegio Romano Observatory. Assigning a physicist the job of an astronomer 
turned out to be crucial for the future scientific programme of the observatory.

After testing the old instruments and making some restoration of the rooms, 
Secchi became aware of the unsuitability of the observatory’s location. In the years 
following the suppression of the Society of Jesus, the priest astronomer Giuseppe 
Calandrelli (1749–1827) had installed some astronomical instruments in a tower of 
the Collegio Romano; and when the restored Society returned to the Collegio 
Romano, some equipment had been upgraded. But given the flexure and general 
instability of the tower, it had become clear that the tower was unsuitable for accu-
rate measurements of astronomical observations. It was necessary to find a new 
location.

In 1851, while repeating Foucault’s famous experiment by suspending a pendu-
lum from the ceiling of the Jesuit Church of St. Ignatius, which was located at the 
back of the Collegio Romano, Secchi certainly would have explored its roof. This 
circumstance probably recalled to his mind a project by Ruggiero Boscovich SJ 
(1711-1787), who had proposed to build a new observatory atop St. Ignatius Church. 
The astronomical instruments could be very solidly based on the pillars which origi-
nally had been constructed to support a dome that had never been built - a trompe- 
l’oeil design on the flat ceiling of the church by the Jesuit architect and painter 
Andrea Pozzo (1642–1709) had substituted for the original planned dome.

In 1852, Secchi obtained permission from his Superiors and started to build the 
new observatory  (Altamore et  al., here), with the financial help of Pope Pius IX 
(1792–1878), who was an amateur astronomer. There Secchi installed the main pre-
existing instruments and a new Merz telescope, the largest in Italy at that time. He 

Fig. 4.4 A view of Georgetown College, near Washington, in 1857 (Courtesy of INAF-OAR)
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also equipped the observatory with magnetometers, thus building the first geomag-
netic observatory in Italy. However, Secchi left all the meteorological instruments in 
the Calandrelli Tower in order to not interrupt the continuity in the homoge-
neous series of meteorological data. He also installed the meteorograph there. Thus, 
thanks to Secchi’s directorship, the Collegio Romano Observatory became a well- 
equipped astronomical, meteorological, and geomagnetic observatory (Fig. 4.5).

Secchi had clearly in mind that his observatory would be devoted to what he 
called “physical astronomy,” rather than attempting the sort of detailed astrometric 
work that would have required larger instruments, more staff, and work plans that 
would not have fit well with the duties of the religious life. His early studies dealt 
with double stars, planetary and cometary astronomy, early astronomical photogra-
phy, star clusters, and nebulae. However, solar studies and the attempt to find cor-
relations between solar features (hence, solar activity) and meteorological and/or 
geomagnetic trends were probably his favorite topic (Ermolli and Ferrucci, here; 
Meadows 1970: 34–43).

Spectroscopic studies were initiated by Secchi in the autumn of 1862, when he 
hosted a visit from the French astronomer Jules C. Janssen (1824–1907). Janssen 
brought with him a pocket spectroscope to study the telluric lines of the solar spec-
trum (lines that are produced by the absorption of the Earth’s atmosphere), and 
Secchi had the opportunity to observe some spectra of stars. He decided to buy a 
similar spectroscope and thus began his well-known spectral classification work 
(Hearnshaw 2014: 36–41). Secchi’s contributions to astronomy and to other scien-
tific disciplines are extendedly described in this volume.

Secchi was not just a scientist - he was also an advisor to the Papal State and, as 
a Jesuit, a man at the service of the Pope. He dreamed of a modern Papal State with 
telegraphic connections, electric railways, modern lighthouses, lightning rods, and 
every innovation that could improve the life of common people. He is considered a 
forerunner of public safety and civil protection; he developed a telegraphic service 
of weather warning for the Papal ports, designed a fire prevention project for the 
Roman basilicas, and developed a lightning rod system to be installed in the main 
Roman monuments (Chinnici 2019: 85–95; Calzolari and Marsella, here).

In 1864, Secchi produced an important and successful physics treatise (Capuzzo 
Dolcetta, here), Sull’Unità delle Forze Fisiche (On the Unity of Physical Forces), 
which was published in many editions and translations, even into Russian. It treated 
on modern theories, such as gas kinetics and atomism, which had been in circulation 
but not yet found in contemporary physics textbooks. Because of this book, Secchi 
was attacked by the ultraconservative Dominican and Jesuit supporters of neo- 
Thomism, who considered that some of those theories were in conflict with the 
Aristotelian physics found in the writings of St. Thomas Aquinas (Chinnici 2019: 
261–269). Secchi worried very much about this attack, being aware that this kind of 
criticism would give support to the prejudice that Church was opposed to science. 
He soon found himself in a paradoxical situation: the anticlerical and freemason 
political class respected him as a scientist and attacked him as a Jesuit, while the 
ultraconservative clerical class respected him as a Jesuit but attacked him as a sci-
entist. Perhaps to have a break from these stressing  controversies, in 1865, he 
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Fig. 4.5 Section and plan of the new Collegio Romano Observatory (From: Secchi 1856b, pl. 2)
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accepted the invitation of Commander Alessandro Cialdi (1807–1882) to take part 
in an oceanographic campaign onboard the Papal steam corvette “Immacolata 
Concezione.” Secchi was charged with the study of the transparency of water, and 
he devised a method, now known as the “Secchi disk,” which is still in use today 
(Zielinski, here).

He was member of other scientific expeditions. In Spain, he took part in an expe-
dition organized by the Madrid Observatory and observed the total solar eclipse of 
July 18, 1860 at Desierto de las Palmas, obtaining important early photographs of 
totality. Comparing these photographs with those obtained by Warren de la Rue 
(1815–1889) in another station some distance away definitively demonstrated that 
the prominences seen around the Sun during the eclipse where due to the Sun itself 
not a phenomenon local to where the eclipse was observed (Secchi 1863; Chinnici 
2018). (Fig. 4.6).

The year 1870 brought a tragic change to the life of Angelo Secchi. In September, 
Rome was occupied by the Italian army; the Pope lost his temporal power and was 
confined to the Vatican Palaces. From then on, Secchi was in a very delicate posi-
tion, a paw in the highly conflictual diplomatic game between the Italian Government 
and the Vatican. A clear example of this could be seen in the case of the meeting of 
the International Commission for the Meter, held in Paris in 1872, when the Italian 
delegates protested against the presence of Secchi as a representative of the Holy 
See (Chinnici 2019: 149–159).

Faithful to the Pope, but wishing to collaborate with Italian scientists, Secchi had 
to make difficult choices. The most anguishing one concerned the chair of physical 
astronomy at La Sapienza University, which was offered to him in 1870 by the 
Italian Government; when the Government did not respect the previous agreements 
about the freedom of teaching in the Jesuit colleges, he had to decline this appoint-
ment, in obedience to his Superiors (Tanzella-Nitti, Chap.  3  in this volume). 
However, Secchi could take part in the Italian expedition to Sicily to observe the 
total solar eclipse of December 22, 1870 (Olostro Cirella and Gargano 2016; Chinnici 
2019: 140–147) (Fig. 4.7). He was invited to join the Italian party, thanks to the 
mediation of Pietro Tacchini (1838–1905), astronomer at Palermo Observatory. In 
Palermo, Tacchini used a Merz telescope almost identical to the one at the Collegio 
Romano (Chinnici and Brenni 2015). This circumstance led to a fruitful collabora-
tion between the two scientists, especially in the field of solar physics.

The main result of this scientific partnership was the establishment of the Società 
degli Spettroscopisti Italiani (Italian Society of Spectroscopists) in 1871 (Chinnici 
2008a). Its main aim was the monitoring of the solar activity and the study of the 
correlation among different solar features (sunspots, prominences, faculae, etc.). 
The results were published in the Memorie della Società degli Spettroscopisti 
Italiani, which today is considered the world’s first astrophysical journal. In gen-
eral, Secchi was a promoter of scientific cooperation, aware that the complexity of 
the natural phenomena required a cooperative approach. In this case, he proposed 
the establishment of a scientific society not as a mere academy, but as a community, 
sharing a project. Secchi can be considered a “builder” of scientific communities. 
Where did this attitude come from? It may well be that it came from his experience 
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as a Jesuit, from his religious formation in community life. Jesuits, as a religious 
order, live in communities, following common rules and sharing a common project. 
When Secchi first spoke about a “society of spectroscopists” (Chinnici and Gasperini 
2013: 139) we cannot but take into account that he belonged to another society – the 

Fig. 4.6 Manuscript by Secchi about the scientific expedition to Spain in 1860 (Courtesy of 
INAF-OAR)
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Society of Jesus. One can see how he might “export” communitarian rules into a 
scientific milieu. One might say that scheduled prayer times correspond to sched-
uled observation times, the bell to the telegraph, the breviary to the telescope, the 
religious rituals to the observing procedures, the zeal in devotions to the accuracy in 
the observations. Secchi perhaps unconsciously replicated this kind of community 
when he devised the scientific programme of the new scientific society by fixing 
their common rules. Moreover, following his penchant for inclusion, he opened the 
society not only to astronomers but also to meteorologists, physicists, chemists, etc. 
though in reduced number.  

Following the events of 1870, Secchi’s main anxiety was to preserve the Collegio 
Romano Observatory from confiscation and to find adequate financial resources. 
The role of Pietro Tacchini and Quintino Sella (1827–1884) (who was Minister of 
Finance from 1869 to 1873) was crucial in helping him toward both purposes. In 
1873, a law of confiscation of all Church properties was passed; Secchi tried to 
demonstrate that the observatory was Pontifical and therefore it was protected by 
the laws which excluded the Papal properties from confiscation. In fact, he had no 
legal proof, but the Italian Government temporized and Secchi was allowed to con-
tinue his directorship. The following year, Tacchini proposed a reform of the Italian 
observatories and the Minister called a Directors’ meeting to be held in Palermo 
during the 12th Congress of the Italian Scientists. Secchi was formally invited to 

Fig. 4.7 Group photograph of scientists at the astronomical station installed at Augusta, Sicily, in 
1870 (Chinnici 2008b, pl. 9; Secchi is sitting in the middle: courtesy of INAF-OAPa)
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take part in the meeting, and, anxious about the destiny of his observatory, he will-
ingly accepted. The discussion led to a proposed reform (Poppi et al. 2005) from 
which the Collegio Romano was deliberately excluded. However, the reform law, 
promulgated in 1876, was never implemented; the Collegio Romano Observatory 
remained in an unsettled situation, being neither Italian nor Pontifical.

Secchi found some financial resources in publishing treatises. At that time, he 
published one of the most important and beautiful books on solar physics, Le Soleil 
(1870), whose extended two-volume edition of 1875–1877 is considered a publish-
ing masterpiece of those years. In 1877, he also published his book Le Stelle. Saggio 
di Astronomia siderale (The stars: Essay of stellar astronomy) (Fig. 4.8) and pre-
pared the manuscript for Lezioni di fisica terrestre (Lessons on terrestrial physics), 
which was published posthumously in 1879. One important recognition he received 
was his appointment as President of the National Board for Meteorology in 1877; 
Secchi had indeed  collaborated with Tacchini and other Italian scientists in the 
establishment of a national meteorological service, adopting standard methods and 
instruments.

In August of that year, the first symptoms of a stomach cancer appeared. The best 
doctors of the time, who were consulted and visited Secchi, unanimously consid-
ered the prognosis irremediable. His Superiors suggested that he spend some time 
at Fiesole, near Florence, at Villa S. Girolamo, the residence of the Father General 
of the Jesuits. He obeyed, but when he felt that the end was near, he preferred to 
return to the Collegio Romano. He died on February 26, surrounded by the 

Fig. 4.8 Title page of Secchi’s last astronomical treatise, Le Stelle, dated 1877 (Courtesy of 
INAF-OAA)
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respectful affection of his confreres, his friends, his pupils, and also of the common 
people, among which Secchi was very popular.

4.3  Concluding Remarks

After his death, Secchi’s reputation suffered a sort of exile. In Italy, his scientific 
legacy was largely forgotten; due to the lack of development of modern studies in 
astronomical spectroscopy, Italian astronomy quickly went into decline. In spite of 
a remarkable collection of financial resources, every attempt to dedicate a scientific 
monument to Secchi failed (Bonoli and Mandrino, here). The solar telescope in his 
name proposed by Tacchini, as a facility for Italian astronomers, would have repre-
sented very well the spirit of scientific cooperation that Secchi promoted all along 
his career, but it was never built. In England, this black-balling was in operation 
even during his life. None of his treatises were ever translated into English; Norman 
Lockyer (1836–1920), the influential editor of the journal Nature, vetoed the trans-
lations because of unfounded charges of plagiarism fueled by Lorenzo Respighi 
(1824–1889), director of the Roman Observatory at the Campidoglio, who was 
Secchi’s scientific rival.

On the other hand, the optical firms bidding on building the Secchi memorial 
telescope (Bonoli and Mandrino, here) made special discounted offers; this shows 
that Secchi’s scientific reputation was still in high regard abroad, long after his 
death. The name of Secchi was well remembered in France and in the United States, 
two countries where he was very popular. His studies were mentioned in the most 
popular contemporary books of popular astronomy (Flammarion 1880; Clerke 
1890; Newcomb 1878) and even in literature: we find his name among the authors 
of the books in the library of Captain Nemo in Twenty Thousand Leagues Under the 
Sea by Jules Verne (1828–1905) (published in 1870, when Secchi was still alive) … 
and, more recently, as one of the important volumes in the library of the Vatican 
Observatory Library as described in The Da Vinci Code (2003) by Dan Brown 
(b.1964)! Quite surprisingly, we also find a poem dedicated to Secchi by the Russian 
poet Arseny Tarkowsky (1907–1989) in 1983 (Chinnici 2019: 335–336; Altamore 
and Maffeo 2012: 303). 

The disappearance of Secchi in history is probably due to the complexity of his 
figure. He stood in contrast to the traditional anticlerical freemason prejudice: his 
progressive position clearly confuted the traditional charge of obscurantism against 
the Catholic Church, usually (wrongly) considered opponent of scientific advance-
ments. If Galileo was typically taken as an example of this obscurantism, Secchi 
was a bright counterexample (Consolmagno 2019: VIII), a scientist persecuted as a 
Jesuit, who sometimes benefited from and sometimes suffered for his position, 
without recanting his convictions.
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Chapter 5
Angelo Secchi, Stellar Spectroscopy, Solar 
Physics, and Visual Science Culture

Klaus Hentschel

5.1  Angelo Secchi and Stellar Spectroscopy

This volume amply shows that the Jesuit priest Angelo Secchi SJ (1818–1878) was a 
very multifaceted scientist. His range of interests spanned astronomy and physics, 
spectroscopy and optics, geophysics, meteorology, oceanography, and scientific 
instrumentation.1 This contribution will focus on the important role that Secchi played 
in solar and stellar spectroscopy and will also show how it is linked to a pronounced 
visual culture of nineteenth-century science, in which he was deeply embedded.

The study of spectra in general and spectrum analysis in particular has always 
leaned heavily toward the image side of Peter Galison’s image/logic dichotomy. 
Successful research with spectra requires refined pattern recognition skills in order, 
for instance, to distinguish the spectra of different chemical elements or to detect the 
spectrum lines of trace elements in complex spectra. Secchi mastered these skills of 
pattern recognition in various fields: as a spectroscopist, of course, but also in his 
fine observations of planetary and solar features.

Secchi was one of the first to systematically record and compile the spectra of 
stars, in the early 1860s. At first, the emerging field of stellar spectroscopy was 
espoused by only a handful of unabashed enthusiasts, who were often on the mar-
gins of professional astronomy. Besides William Huggins and Secchi, the names 
Giovan Battista Donati and Lewis M. Rutherfurd come to mind as contemporary 
pioneers of stellar spectroscopy. Many of these pioneers were amateurs who mapped 

1 On Secchi see Angot 1878, Manuelli 1881, Bricarelli 1888, Abetti 1975, Brück 1979, and 
McCarthy 1994, Chinnici 2019, and the various contributions to the present volume.
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stellar spectra in relatively peripheral settings. The Jesuit Observatory of the 
Collegio Romano, which was directed by Secchi from 1850 until his death in 1878, 
became one of the internationally renowned centers of astronomical spectroscopy 
and solar physics. It was in a poor state when he took it over, but Secchi relocated it 
to a new facility on top of the Sant’ Ignazio Church (see Altamore et al., Chap. 1, in 
this volume) and equipped it with high-quality instrumentation, some of which he 
had invented or greatly improved, i.e., the heliospectroscope, the star spectroscope, 
and telespectroscope (see Secchi 1870a, 1872; see also Johnson, Chap. 8, in this 
volume).

His objective-prism method with a round 12°-prism (Fig. 5.1c) in front of his 
telescope’s objective lens (a technique first used by Fraunhofer 50 years earlier and 
by Secchi from 1855 on)2 was later also adopted at Harvard, Potsdam, and other 
observatories. Secchi’s superior instrumentation allowed him to reach the highest 
dispersion in the stellar spectroscopy of his day.

At the Collegio Romano Observatory, Secchi examined about 4000 stars, includ-
ing a few very bright stars (about 20 until 1863) with a direct-vision spectroscope 
(Fig. 5.1a), most of the others with the objective prism (Fig. 5.1c) attached to his 
equatorially mounted Merz refractor. With an aperture of 24 cm and a focal length 
of 435 cm, it was an excellent instrument for its time.3 After recording several hun-
dred stellar spectrograms by hand, Secchi realized that stars come in a limited num-
ber of distinct types, which could be distinguished by means of their different 
spectral patterns.4 He thus developed the first stellar classification system. It initially 
distinguished three, later four “Secchi classes” (published between 1863 and 1868). 
More than half of these stars were bluish or white (like Sirius) and displayed little 
besides the hydrogen lines; less than half were yellow (like the Sun), with numerous 
fine dark lines like the Fraunhofer solar spectrum; while the small remainder consti-
tuted orange-to-red and dark red stars, with spectra incorporating both bright and 
dark lines (Figs. 5.2 and 5.3).5

Although the Secchi system was later superseded by the Harvard system (devel-
oped by Edward Pickering, Williamina Fleming, Antonia Maury, and Annie Jump 

2 See McCarthy 1994: 231f. on Secchi’s acknowledgment of Fraunhofer’s priority and on the much 
smaller angle of Secchi’s prism of 12° as opposed to Fraunhofer’s earlier 60° and 38° prisms.
3 On instruments by the Merz company, the successor to Fraunhofer, cf. Kost 2015, Chinnici 2017: 
esp. 39–68 on the instrumentation at the Collegio Romano, on Secchi’s improvements and innova-
tions. In Secchi 1870a and Secchi 1872: chapters II and VI, he himself explains the various instru-
ments in detail.
4 This idea had been originally formulated in 1860 by Donati (see Donati 1862).
5 On the distinction between these four types of stars forming the basis of the Secchi classification 
of stellar spectra (see table below), see Secchi 1863 about the first two types, Secchi 1866a,b for 
the third type, and  Secchi  1868a for the fourth. For summaries, see Secchi 1870b, Vogel and 
Wilsing 1899: 258–329, Brück 1979: 12, Houziaux 1975, Hearnshaw 1986: 57–66, Hentschel 
2002a: 347ff., and Cenadelli 2005 on the various stages of Secchi’s classification. See also Secchi’s 
high-resolution drawing of the spectrum of α Orionis, dated February 9, 1866; it covers the full 
range of the visible spectrum in a detailed pencil drawing of about 50 cm length, sent to Huggins 
and preserved as a loose sheet in Huggins’s notebook 2 (Wellesley College Special Coll).
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Cannon in the 1890s and early 1900s), Secchi remains a major pioneer of stellar 
classification, having developed a method that is still crucial in astrophysics.6

Secchi’s recognition of the absorption bands of carbon in the spectra of some 
stars is of particular importance. He is thus the discoverer of carbon stars, the fourth 

6 See, e.g., Hoffleit 1991, Kaler 1989, and Hearnshaw 1986: 57–66, McCarthy 1950, 1994, espe-
cially on Secchi’s contributions.

Fig. 5.1 (a) The second spectroscope that Secchi used 1863–1866. This direct-vision spectro-
scope has a 5-prism train P of three crown glass and two flint glass prisms, slit s and a collimator 
lens C. Comparison light could be led in by the small prism r from the side S. This prism absorbed 
much light, a disadvantage with faint starlight. From http://www.antique- microscopes.com/chem-
istry/Hofmann_direct_vision_spectroscope.htm; see also Secchi 1872: 413
(b) Secchi’s third spectroscope with three prisms, attached to the Merz refractor of 25 cm aperture. 
Since this optimized instrument absorbed less light, Secchi could observe spectra of stars up to 
seventh and eighth magnitude. Copy of an engraving by Pierre Edelestand Stanislas Dulos 
(1820–74), on Dulos  see Hentschel 2001 and the DSI entry http://www.uni- stuttgart.de/hi/gnt/
dsi2/index.php?table_name=dsi&function=details&where_field=id&where_value=526. From 
Secchi 1875-I: 229; see also Secchi 1872: 228, Chinnici 2017: 58
(c) Secchi’s fourth instrument—an objective prism with a refracting angle of 12° in its mounting 
frame, to be attached to the Merz refractor in front of the objective (25 cm aperture). With this 
instrument, Secchi observed thousands of stellar spectra. From Merz 1870, reproduced with com-
mentary in Chinnici 2017: 55
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of his spectral classes. He observed stellar spectra visually, never photographically. 
Thus, he described what he saw in 1868 as “kinds of rows of columns,” whose shad-
ings diminished toward the blue end of the spectrum, not toward the red end as in 
type 3 spectra.7 In the 1870s, he identified a fifth class of line-emission stars such as 
γ Cassiopeia (Fig. 5.4 and Table 5.1).

It is worth mentioning in passing that Secchi sometimes did miss important dis-
coveries, such as the shift of spectral lines in stellar spectra compared to terrestrial 
spectra. In March 1868 he reported to the Parisian Academy of Sciences a negative 
outcome of a search for relative shifts among stellar spectral lines and laboratory 
emission spectra.8 William Huggins’s (1824–1910) observations 1 month later con-
tradicted this finding. Using a high-resolution multi-prism spectroscope, Huggins 
compared the position of strong lines such as Hb in the spectrum of bright stars like 

7 See McCarthy 1950: 160, 1994. On Secchi’s late discovery of a fifth stellar spectrum class around 
1870, first published in Secchi 1877, see Cenadelli 2005: 111–112.
8 See Secchi 1867: 979, 1868a: 375f. and 401: “for stars of the Sirius type there is, according to my 
measurement instruments, no appreciable displacement.” Nevertheless, Secchi was among the first 
astronomers to suggest to study Doppler shift of stellar spectral lines in order to detect radial 
motions of stars (see Chinnici 2005).

Fig. 5.2 Stellar spectra observed by Secchi in 1863; on the top left, an illustration of Secchi’s 
thermoheliometer (Ermolli  and Ferrucci, Chap.  7,  in this volume). From Secchi 1868d:  
plate  II, online at http://starlight.inaf.it/1871/12/analyses- spectrales- et- observations- des-  
protuberances- solaires/
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Sirius with the hydrogen spectrum generated in a Geissler tube. He noticed a persis-
tent shift in the starlight. On the assumption that this shift was due to a Doppler 
effect, a radial velocity of this bright fixed star relative to the Earth of around 
40 km/s resulted, corresponding to a wavelength shift of 1 Å.

For his contemporaries such velocities were so inconceivably high that, if that 
was the implication, many were ready to dismiss Doppler’s theory, or at least its 
validity for optical radiation. Huggins thus contradicted the common consensus of 
an essentially static universe.9 However, some of Huggins’s early measurements 

9 It is to be remarked that, conversely, in Secchi’s opinion all the universe was in in motion (see 
Tanzella-Nitti and Dolcetta, Chaps. 2 and 11, in this book).

Fig. 5.3 The first three of Secchi’s four classes of stellar spectra, chromolithographic plate by 
Micheletti in Rome, from Secchi 1877: plate III.  Online at http://starlight.inaf.it/1865/02/
limportanza- studi- non- isfugge- nessuno/ and http://starlight.inaf.it/artwork/arcetri- angelo- secchi- 1
818- 1878- 2/?lang=en. Also commented upon in the Giornale di Roma (1865), issue 2, p. 20

Fig. 5.4 A typical spectrum of class 4, from Secchi 1877; see https://malagabay.files.wordpress.
com/2017/10/secchi- class- iv.jpg and https://alchetron.com/Angelo- Secchi#demo
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(including his earliest estimate for the radial motion of Sirius) even had to be cor-
rected in sign, thus effectively inverting his former finding of a recession into an 
approach of the same object. This did not help instill trust in the mindboggling 
results of this new branch of spectroscopy. Therefore, Huggins was particularly 
careful about how he put forward his claim at the meeting of the Royal Society on 
April 23, 1868. He affirmed:

“The observation of the comparison of the lines was made many times, and I am certain that 
the narrow line of hydrogen, though it appeared projected upon the dark line of Sirius, did 
not coincide with the middle of that line, but crossed it at a distance from the middle, which 
may be represented by saying that the want of coincidence was apparently equal to about 
one-third or one-fourth of the interval separating the components of the double line D. […] 
I have not been able to detect any probable source of error in this result, and it may there-
fore, I believe, be received as representing a relative motion of recession between Sirius and 
the Earth”.10

10 Huggins 1868: 547, original emphasis. See Huggins 1872 for an improved estimate, Hearnshaw 
1986: 74, Hentschel 2002a: 343 and on Huggins: Becker 2011, 2014.

Table 5.1 Conversion between the Secchi classification and its differentiation by H.C. Vogel into 
the classification adopted by E.C.  Pickering and colleagues for the Henry Draper Catalogue 
(Harvard System): see Secchi 1868a, Secchi 1870b, Pickering 1891a: 176f., Pickering 1891b for 
class V, Hoffleit 1991: 121, Kaler 1989: 62  ff. From Hentschel 2002a: 349, table 8.3; see also 
Cenadelli 2005

Secchi Vogel HD Remarks

I Ia A Bluish or white stars with little more than strong hydrogen lines
Ib B Like class A, but with added “Orion lines,” later identified as due to neutral 

helium
C Doubled hydrogen lines

Ic D Emission lines present
II IIa E Yellow stars with numerous metallic lines; Fraunhofer H, K, and H- lines 

present
F Similar to class E, but all hydrogen lines present
G Same as F, but additional lines (like the solar spectrum)
H Same as F, but drop in intensity in blue part of the spectrum
I Like class H, but with additional lines
K TiO band visible, G band strongest

IIb L Peculiar variations
III IIIa M Orange stars with prominent Ti bands, each getting darker toward the blue; 

also metallic lines of type H
IV IIIb N Red stars with carbon bands that shade in the other direction
V IIIb’ O Spectra with bright continuum and emission lines (incl. Wolf-Rayet stars, 

later separated as class W)
P Gaseous nebulae

IV – Q All other spectra (later changed to designate novae)
R Stars showing strong CN and CO bands
S Stellar spectra with strong ZrO bands
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As soon as Huggins heard from Secchi about his findings, he and other spectros-
copists who had thought of making such measurements independently carefully 
checked Huggins’s claims. Because Secchi had made his observations by eye 
whereas Huggins had studied his photographs of the stellar spectra, Secchi was not 
able to confirm either the existence or the magnitude of such Doppler effects in stel-
lar spectra.11 The data gradually began to agree after Hermann Carl Vogel in 
Potsdam, William H.M.  Christie in Greenwich, and other specialists at the Lick 
Observatory and elsewhere started taking visual Doppler shift measurements with 
much improved instrumentation.12

Secchi was also highly influential in the establishment of spectroscopic research. 
Together with Pietro Tacchini (1838–1905) from the well-equipped Palermo 
Observatory, he co-founded the Società degli Spettroscopisti Italiani, which was 
mainly devoted to the spectroscopic study of the Sun.13 Until his death in 1878, 
Secchi also largely contributed to the publication of the Memorie della Società degli 
Spettroscopisti Italiani, edited by Tacchini. This journal of the Italian Spectroscopic 
Society, appearing from 1872 to 1919 in print runs of about 300, accepted contribu-
tions from spectroscopists all across Europe, not only from Italy. Secchi also pre-
sided over the Italian Accademia dei Nuovi Lincei for many years. A clear 
demonstration of his international acceptance was also his elections as correspond-
ing member of the Royal Society of London and the Royal Astronomical Society, the 
French Académie des Sciences (in 1857), the Bavarian Academy of Science (1867), 
and the Russian Imperial Academy in St. Petersburg (1877).

5.2  Secchi and Solar Physics

The deep interest that Secchi had in solar physics is intimately linked with his work 
on spectroscopy. This perhaps arose from his stay in the United States of America 
in the late 1840s where he met protagonists of this new field of research, not yet 
popular among European astronomers.14 In 1848, due to the political unrest in Italy 

11 In Huggins’s correspondence, the name Secchi often appears in controversial contexts: see Becker 
2014, esp. letter nos. 39, 765, 897, 1010. On their dispute about these alleged Doppler shifts and 
on priority, see Huggins 1876a,b vs. Secchi 1876a; see also Kayser 1902: 292 and Becker 2011. 
Secchi conceded the existence of Doppler effects in stellar spectra in Secchi 1868b and 1868c: 168.
12 See Secchi 1876b about contradictory estimates, Maunder 1885: 167f., Kayser 1902: 294, 393f. 
on the various sources of error, and Hearnshaw 1986: 147f. on the superiority of Vogel’s photo-
graphic measurements over the Greenwich visual estimates with typical probable errors of c. 
22 km/s.
13 See Chinnici  2008 on the foundation of the Società and its quite international membership 
including leading spectroscopists and astrophysicists from Britain, France, Germany, Sweden, and 
the USA. On the collaboration of Secchi and Tacchini in the creation of astrophysical illustrations, 
see here footnote 15.
14 On the weak status of astrophysics in mid-nineteenth-century science and on its subsequent 
institutionalization, see Lankford 1981, 1997, Chinnici 2008: 394–395, 431–432. I disagree with 
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that led to the temporary exile of the Jesuit order, Secchi traveled to England, where 
he worked in the observatory of Stonyhurst. Then he moved on to Georgetown 
College near Washington D.C., where he taught physics. Motivated by his American 
colleagues and mentors, Secchi began to study interesting features in the solar 
atmosphere, such as the structure and temporal variance of sunspots, solar granula-
tion, the photosphere and chromosphere, and later also the solar corona. Secchi was 
one of the first astrophysicists to suggest that the solar core is in a gaseous state, 
with the temperature steadily decreasing from the center to the surface.

During the 1860 eclipse of the Sun, Secchi participated in an expedition to the 
“Desierto de las Palmas,” near Castellón de la Plana, in Spain, where he photo-
graphed solar prominences that at that time were only examinable during such 
eclipses. Thanks to the comparison of these photographs with those taken by Warren 
de la Rue in a very distant station, he provided the first conclusive demonstration 
that these prominences are features belonging to the Sun. On the occasion of that 
eclipse, he also became one of the first scientists to succeed in photographing the 
solar corona (Fig. 5.5), turning him into a pioneer of scientific photography.15 Ten 
years earlier, during the eclipse of 1851, Secchi also tried to take a daguerreotype of 
the eclipsed Sun, one of the first worldwide, but with poor results.16

Secchi kept a daily record of the numbers of sunspots, their appearance, and 
movement. He drew pictures of the most interesting spots at the eyepiece of his 
telescope. When in 1868 Pierre J.C. Janssen and Joseph N. Lockyer discovered a 
method for observing prominences on the fringes of a solar eclipse by focusing the 
slit of the spectroscope on the range just beyond the bright solar disk, Secchi imme-
diately used this new technique to observe within a limited wavelength range areas 
of the uneclipsed Sun. He then continued to study these solar features  intensely, 
both visually and spectroscopically. Secchi also established the connection between 
prominences and sunspots. Magnificent drawings of the huge red hydrogen jets 
extending from the solar surface in stupendous and ever-changing shapes, published 
in Secchi’s books, have become classics of astronomical literature and prime exam-
ples of superb scientific illustration (see Figs. 5.6 and 5.7).

Chinnici about the disciplinary status, which I think spectroscopy never achieved; see Hentschel 
2002c for a detailed analysis.
15 On pioneers of astronomical photography, see e.g., Hoffleit 1950. In one of the recent articles 
celebrating Secchi’s 200th birthday, he was even called “Fotograf der Sonne” cf. Christ in der 
Gegenwart 23/2018, online available at https://www.herder.de/cig/cig-ausgaben/
archiv/2018/23-2018/der-fotograf-der-sonne/
16 The earliest daguerreotypes and photographs of the Sun, an extremely bright motif and thus very 
difficult to photograph with any surface detail, were taken in 1845 by French physicists Louis 
Fizeau (1819–1896) and Léon Foucault (1819–1868). Also see Darius 1984: 16, 20f., 40f. and 
Hentschel 2002b on John William Draper’s first daguerreotype of the Moon, taken in 1840 with a 
13 cm reflector of long focal length and an exposure time of 20 min.
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5.3  Mastery of Visual Representation of Solar Features

In my book Mapping the Spectrum (Oxford 2002), readers can find very broad evi-
dence and documentation that spectroscopists during the second half of the nine-
teenth century were extraordinarily visually oriented. This visual culture was by no 
means restricted to their main instrument, the spectroscope and spectrograph, and to 
their main representational device, the spectrum map. The instrument maker and 
optician Josef Fraunhofer, the astronomer Charles Piazzi Smyth, the physicist 
Alexander Herschel and his father, the pioneer photographer John Herschel, or the 

Fig. 5.5 Photographs of the solar eclipse of 1860 taken by Angelo Secchi during an expedition to 
Spain. Letters of the alphabet identify the various prominences then visible. In the top left photo-
graph, taken at a longer exposure time, one also sees the solar corona as a bright ring surrounding 
the solar surface. This was, in fact, one of the first successful photographs of the solar corona 
worldwide, available online at http://starlight.inaf.it/1860/07/mas- sobre-  
eclipse- de- sol- del- 18- del- presente/
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Fig. 5.6 Drawings of solar spots observed by Dawes, from Secchi 1872: 52, fig. 20
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Fig. 5.7 Drawings of solar prominences observed by Tacchini in 1871 with his own typology, 
including smoke-, cloud-, and jet-like prominences. From the revised German translation, in 
Secchi 1872: 438, fig. 137
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astrophysicist Samuel Pierpont Langley and dozens of other spectroscopists all 
were interested in many different visual fields at once. Most of these scientists were 
accomplished draftsmen from the outset. Secchi also became famous not only for 
his work in spectroscopy but also for his heavily illustrated, extraordinarily beauti-
ful textbooks on the Sun and the stars with fine drawings of solar prominences and 
sunspots, executed by his Jesuit assistants, especially Fr. Cappelletti and Fr. Ferrari.

His marvelous records of astronomical spectra and of other solar phenomena 
such as prominences (Figs. 5.9 and 5.10), spicules, and sunspots profited from his 
trained eye and the subtle mastery of the pen and brush of his Jesuit assistants and 
of his colleague Tacchini.17

17 According to Ileana Chinnici (in an email to the author, dated Sept 10, 2018), “Secchi was an 
excellent observer but just a passable draughtsman: I think that his assistants helped him very 
much in this work […]. In a letter to Tacchini (July 14, 1874) Secchi clearly states that he could 
passably draw but was unable to reproduce the drawings in copies for printing. Indeed, his archival 
documents are very poor in drawings, as well as his letters: only a small percentage of manuscripts 
shows any drawings, and these drawings are usually not accurate in details, but just qualitative 
sketches. Many of the pictures he published come from other publications. […] The second edition 
of Le Soleil, for example, is illustrated with many pictures by Tacchini who, on the contrary, was 
an excellent draughtsman and perfect scientific partner for him: Tacchini used a similar Merz tele-
scope and was able to reproduce his observations in wonderful drawings.”

Fig. 5.8 A sample from Secchi’s high-resolution chromolithographic plates showing the solar 
prominences in their full beauty and intricate detail. From Secchi 1872: color pl. IX, fig. 4
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Fig. 5.9 Four different visual conceptualizations of solar granulation: top left, interlacing leaf 
pattern - Nasmyth 1860; top right, willow-leaf pattern - Nasmyth and Herschel 1861; bottom left, 
rice grains - Stone and Nasmyth 1864; bottom right, pores - Huggins 1865/66
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Fig. 5.10 Lithographic plate, based on the very plastic, three-dimensional drawing of the lunar 
crater Copernicus, from Secchi 1872: 717, fig. 193
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When Secchi and his assistants started to map these fascinating features on or 
near the solar surface, their chemical composition was already known. The promi-
nences appeared to be ejections from the solar surface at enormous speeds and in 
enormous quantities in the form of hugh jets (sometimes 100,000 km long, 5000 km 
wide, and reaching heights of up to 40,000 km). They emerged from a finer layer of 
matter all around the Sun, the chromosphere. This chromosphere formed the back-
ground of the much more intensely shining prominences. When the observers 
directed their spectroscopes to the rim of the Sun during the few moments of the 
solar eclipse of 1868, they noticed a discontinuous spectrum with a few strong 
hydrogen lines. This meant that gaseous hydrogen was certainly a strong compo-
nent of the matter that was being expelled from the Sun’s surface in these promi-
nences and in the solar chromosphere. The invention of the prominence spectroscope 
(also called telespectroscope18 by Giuseppe Lorenzoni) allowed astronomers to 
observe these fascinating and temporally rapidly changing features in the mono-
chromatic light of hydrogen’s red Hα line.

In the end, Secchi was not content with high-quality black-and-white etchings 
and lithographs as were printed in the first, French edition of his classic textbook on 
the Sun. The expanded and updated German version, which appeared in 1872 and 
which included his latest observations up to the summer of 1871, was more elabo-
rately illustrated. The Braunschweig publisher Westermann—actually a specialist 
in high-quality geographic, geological, and meteorological maps—invested in chro-
molithographed plates made by the superb lithographer Albert Schütze in Berlin 
(Fig. 5.8).19

A controversy developed around how to interpret the fine structure (now called 
granulation) visible under good seeing conditions in the photosphere, especially 
near the penumbra of sunspots. In 1860, the engineer and amateur astronomer James 
Hall Nasmyth (1808–1890), who later became famous for his three-dimensional 
plaster models of the lunar surface, observed “peculiar features in the structure of 
the Sun’s surface,” particularly along the borders of sunspots and during times of 
extraordinarily good seeing.20 A great debate ensued about whether these filaments 
(mostly oblong in shape) were actually present, and if so, what object on Earth was 
most similar to them: did they look like interlacing “willow leaves in an ocean of 
fire,” randomly scattered, as Nasmyth argued, or like “rice grains,” as Stone and his 
assistants at the Greenwich Observatory saw them? Were they “pores,” as William 

18 On the history of the term (with examples of records taken therewith): http://starlight.inaf.it/art-
work/padua-observations-of-solar-prominences-made-at-palermo-astronomical-observatory- 
by-tacchini/?lang=en
19 On Albert Schütze (1827–1908), see my Database of Scientific Illustration 1450–1905 (DSI): 
http://www.uni-stuttgart.de/hi/gnt/dsi2/index.php?table_name=dsi&function=details&where_
field=id&where_value=593. Secchi’s chromolithographic plates became the high standard for 
later reproductions (e.g., in the 4th ed. of Meyers Konversations-Lexikon (1885–1892) and com-
peting textbooks such as in Schellen’s from 1872; see one of the first plates on the Sun, online at 
https://upload.wikimedia.org/wikipedia/commons/a/aa/Meyers_b15_s0020a.jpg)
20 On the following see Bartholomew 1976, Meadows 1972, exp. ed. 2008: 315–321, chap. II and 
postscript, and Hentschel 1999: 21–25.
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Huggins described them, or should they simply be called “granules,” following the 
Reverend William Rutter Dawes?21

What was at issue here is far more than terminology: behind these competing 
“descriptive labels” were mutually exclusive options on how best to see a new fea-
ture, i.e., which Gestalt to assimilate to their visual impressions. An inspection of 
the various published drawings of these surface features, drawn between 1862 and 
1865 (see, for instance, Fig. 5.9), clearly reveals how suggestive these metaphorical 
comparisons were to observers and their woodcutters and engravers. The associated 
visual interpretations swayed beyond sensory data, from seeing something to seeing 
as something—as grains of rice, willow leaves, etc.

In the winter of 1865, right at the height of the debate about the proper concep-
tualization of these peculiar surface features, James Nasmyth visited the observa-
tory at the Collegio Romano and surprised its director Secchi in the act of producing 
a “representation” of Nasmyth’s willow-leaf-shaped constituents of the solar sur-
face. Nasmyth recounts in his Autobiography how Secchi was about to make his 
own, three-dimensional representation of Nasmyth’s willow-leaf-shaped constitu-
ents of the solar surface:

“He (Secchi) then pointed to a large black board, which he had daubed over with glue, and 
was sprinkling over (when we came in) with rice grains. “That”, said he, “is what I feel to 
be a most excellent representation of your discovery as I see it, verified by the aid of my 
telescope”.

It appeared to Father Secchi so singular a circumstance that I should come upon him in 
this sudden manner, while he was for the first time engaged in representing what I had (on 
the spur of the moment when first seeing them) described as willow-leaf shaped objects. I 
thought that his representation of them, by scattering rice grains over his glue-covered black 
board, was apt and admirable; and so did Otto Struve”.22

For Secchi, a two-dimensional depiction of what was viewed appeared not to be 
enough—like Nasmyth and William B. Carpenter with respect to the Moon, Secchi 
also sought a three-dimensional “likeness.”23 His hand-drawn image of a large sun-
spot and its surroundings (Fig. 5.6), as well as the anecdote about his sprinkling 
grains of rice onto a gluey surface, reveals the visual metaphor for granulation that 
Secchi evidently preferred.

Secchi himself seems to have been only a passable draughtsman, but some of his 
assistants and contracted illustrators as well as his colleague Tacchini were excel-
lent draughtsmen. They also exercised this art in illustrations of comets and lunar 
craters, most famously in Secchi’s exact map of the lunar crater Copernicus 
(Fig. 5.10), as an enlarged detail of a photograph from his early Moon photographic 
atlas (see Sheehan and McKim, Chap. 6, in this volume).

21 See Nasmyth 1862a,b, 1883: 382ff., and the texts in the preceding footnote.
22 Quote from Nasmyth and Smiles 1883: 391; see Hentschel 1999: 23–25 and 2014: section 13.1 
on later photographs of solar granulation.
23 On the Victorian distinction between instrumentalized, conventional “model” and “likeness” 
(aiming at verisimilitude), see FitzGerald 1902 and Kargon 1969.
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A crater on Mars was named after Secchi in his honor in 1973.24 In fact, Secchi 
and his assistants drew some of the first color illustrations of Mars and were the first 
to describe and draw alleged “channels” on the Martian surface, which he called 
canali, to describe those long thin dark lines crisscrossing the planet’s northern 
hemisphere.25

Secchi’s published astronomical and spectroscopic drawings and plates already 
show that Secchi was conversant in most of the technical printing repertoire that the 
nineteenth century had to offer; and he selected the most appropriate one for each 
subject in his amply illustrated books. In fact, his monograph of the Sun is one of 
the most beautiful books (and a rare collector’s item) in the history of nineteenth- 
century science, full of high-class illustrations and plates.

For the German translation of Secchi’s standard work on spectroscopy, which 
appeared in 1872, the editor decided to make Rutherfurd’s spectrum map generally 
available in a lithographed rendition of the photograph, measuring 210 cm in length 
on a huge fold-out plate (Fig. 5.11).26

When Secchi observed a bolide on Nov. 14, 1868, he observed that the body was 
brighter than Venus and the two tails changed color in the course of combustion. 
Secchi’s pointillistic painting technique used in his quick depiction of his observa-
tion does not presume a specific drawing talent. The image is available online for 
inspection in a low-resolution color scan at https://fineartamerica.com/featured/
bolide- observed- by- padre- secchi- mary- evans- picture- library.html.

The same pointillistic technique was also used in Secchi’s painting of a solar 
sunspot in 1873, cf. https://fineartamerica.com/featured/secchis- sunspot- 
observation- 1873- detlev- van- ravenswaay.html.

24 See https://planetarynames.wr.usgs.gov/Feature/5402
25 See Hentschel 2014: 297–309, Chinnici 2019: 69–72, and Barbara Becker in https://faculty.
humanities.uci.edu/bjbecker/ExploringtheCosmos/lecture19.html
26 See Schellen’s German edition of Secchi 1870c: 231–233 & pl. VI or Hentschel 2002a: 206–207.

Fig. 5.11 Two segments of Rutherfurd’s photograph of the solar spectrum, c. 1864. Lithographic 
reproduction by Albert Schütze. From Secchi 1870c: foldout pl. VI
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5.4  Secchi and the Visual Culture of Science

In my comparative history of visual cultures in science and technology during the 
last five centuries (Hentschel 2014, Chap. 2), I proposed a set of nine different lay-
ers which all of these visual cultures share—despite the huge differences existing 
between, say, geometrodynamics, stereochemistry and electron microscopy, geol-
ogy, crystallography and botany, etc. From this perspective of mine, spectroscopy is 
yet another good example of such a visual culture of science. It exhibits:

• Highly developed skills of pattern recognition
• A mastery of visual thinking (“anschauliches Denken” in the sense of Rudolf 

Arnheim)
• Practical training in such skills (nicely documented by Eugene Ferguson)
• High prestige awarded to atlases and plates
• Obsessive improving of the quality of representations
• A broader context of specialized establishments or experts in duplicative media 

(draftsmen, engravers, lithographers, photographers, photoprinters, etc.)
• An interest in the physiology of visual perception and in related research 

instruments
• An aesthetic pleasure in the scientific procedure
• A fusion of profession and pastime, of labor and leisure

Secchi’s work and skills certainly exhibit all nine of these criteria. Thus Secchi 
is a vivid proponent of what I call the “visual culture of spectroscopy” during the 
close of the nineteenth century, a culture that spans across several disciplines, 
among them chemistry and astrophysics, physics, chemistry, and photography, even 
ranging into meteorology, medicine, and engineering. For meteorologists, Secchi 
constructed a barometrograph, a thermometrograph, an anemograph, and finally 
even a meteorograph which diagrammetrically recorded all of these weather param-
eters of pressure, temperature, wind strength, and rainfall on a single sheet of paper 
(see Chinnici 2019, 201–204).

By comparing the personal vita, social backgrounds, the training, and everyday 
lives of several dozen spectroscopists (cf. Hentschel 2014, Chap. 4), similar circum-
stances emerged that seem to have created a preference for highly visual fields 
within the sciences:

• A family background in the fine or applied arts or in artisanal crafts
• Schooling at a polytechnic, a trade school, Gewerbeakademie, applied school, or 

military academy (admitting civil engineers or architects), where drawing or 
mapping was emphasized in the curriculum

• Employment as teacher at such a polytechnic, often prior to appointment in 
academia

• Engagement as an instructor of perspectival drawing, descriptive or pure 
geometry
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• Application of specific visual skills (in drawing, engraving, lithography, or pho-
tography) not only to the professional specialty but also to other fields as 
recreation

Many of these points are also present in Secchi’s life and work. He came from a 
socially modest background, as did his father Giacomo Antonio Secchi and his 
mother Luigia Belgieri. His father was a carpenter and cabinet maker and his mother 
a seamstress; thus Secchi definitely had visually oriented artisans in his family. 
However, Secchi attended a normal elementary school and then a Jesuit preparatory 
school. Secchi did not study at a polytechnic or other applied school, but rather went 
to a Jesuit college. Thus, his training since age 15 as a novice in the Jesuit order was 
certainly quite focused on the written word, which might also explain why Secchi 
himself was just a passable draughtsman. I also do not see any connections to archi-
tecture or other visually strong fields of science or technology in his family or train-
ing, aside from a cousin Jesuit archaeologist who possibly motivated Secchi to 
study at the local Jesuit College of Reggio. Archeology was Secchi’s favorite hobby, 
and since 1850 he also was a pioneer of daguerreotype and photography.

Secchi also worked in geodesy (trigonometric measurements of the geodetic 
base line along the Via Appia in 1854/1855; see Aebischer, Chap. 12, in this vol-
ume) and meteorology, which presumes intense training in visual observation and 
precise drawing, most likely obtained during his training in applied science in the 
Jesuit order.

Thus, several of the above prosopographic layers typical of protagonists of visual 
science cultures are fulfilled (especially an artisanal family background), whereas 
others are unclear or missing. With respect to his intense Jesuit training in theology 
and other textual subjects, Secchi is an exceptional case: he became strongly visu-
ally oriented without specific prior training in the visual arts and without extraordi-
nary drawing skills. His training in textual subjects, however, led him also to become 
an extraordinary speaker and an excellent writer of science, able to fascinate every 
kind of audience and reader, both academicians and common people.
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Chapter 6
Planetary Observations by Angelo Secchi

Richard McKim and William Sheehan

6.1  Introduction

Father Angelo Secchi (1818–1878) was responsible for adding the word ‘canal’ to 
the vocabulary of the Martian specialist and the nickname ‘Blue Scorpion’ for the 
feature later to be christened ‘Syrtis Major’ by Giovanni V. Schiaparelli (1835–1910). 
Secchi also referred to it as the ‘canal Atlantique’, and gave names to other mark-
ings. These, together with all other names proposed before 1877, have not stood the 
test of time. But some of Secchi’s observations are still very important to this day. 
For instance, many years after the observations were made, it was noticed that 
Secchi had recorded an early example of a Martian dust storm, and he was the first 
astronomer to associate an increased yellowness of the Martian disk with faintness 
of the markings.

Secchi was an energetic planetary observer for two decades, with much of that 
energy devoted to the Red Planet. Beginning in 1856, Secchi studied Mars up till 
1871. He carried out important spectroscopic research on Mars and the outer plan-
ets, using the 244 mm refractor of the Collegio Romano.

Prior to the opposition of Mars of 1856, Martian studies had been fairly mori-
bund ever since the German astronomers Wilhelm Beer (1797–1850) and Johann 
Heinrich von Mädler (1794–1874) carried out their important studies in the 1830s, 
which had led to the creation of the first maps of the planet.

After the 1845 opposition, which was perihelic, Mars retreated through a series 
of less favourable oppositions. The opposition of 1856 was marginally better than 
the two which had preceded it, with the disk diameter attaining 15.1 arc seconds.  
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It is noteworthy because several new observers turned their attention to the planet 
(Flammarion 1892a). In England, creditable work was done by Captain 
W.  S.  Jacob  (1813–1862), Frederick Brodie (1823–1896)  and in particular by 
Warren de la Rue  (1815–1889). He has been called ‘the quintessential Victorian 
wealthy amateur astronomer’, and in this heyday of the refractor, he was one of the 
first to employ a large (33  cm) silver-on-glass reflector (Le Conte 2011). Their 
drawings agree in showing the very narrow Syrtis Major (as it is known today) and 
its northward extension into the very prominent Nilosyrtis. This was the character-
istic form of these markings at the time.

Then there was Secchi. As described elsewhere in this volume, by 1853 Secchi 
had acquired a first-rate Merz equatorial refractor, and moved it onto the roof of St. 
Ignatius Church, where it was securely supported on one of the four massive pillars 
originally planned to support a dome for the church that was never finished. Secchi 
had been trained as a physicist and did not devote himself to the conventional activi-
ties of his fellow astronomers. At a time when most of his contemporaries were 
interested in where the planets and stars were and how they moved, Secchi was 
more interested in finding out what they were made of. Instead of refining the rota-
tion period of Mars, Secchi wanted to learn what kind of world it was and even 
whether or not it might serve as an abode of life.

Secchi had always been an enthusiastic supporter of the ‘plurality of worlds’, the 
idea that other planets might be inhabited. Moreover, he does not seem to have had 
any difficulty reconciling such facts with the doctrines of the Roman Catholic 
Church, even at a time when, according to Michael J. Crowe, the Church was “in the 
judgement of most” turning “in an increasingly conservative direction in intellectual 
matters.” (Crowe 1986) As early as 1856, Secchi wrote: “It is with a sweet sentiment 
that man thinks of these worlds without number, where each star is a sun which, as 
minister of the divine bounty, distributes life and goodness to the other innumerable 
beings, blessed by the hand of the Omnipotent.” (Secchi 1856) He continued to 
maintain such views until the end of his life.

6.2  Early Studies of the Moon and Planets

Saturn was the first planet that drew the attention of Secchi, and work commenced 
in 1850 (Secchi 1851). ‘The mysterious nature of the ring could not but stimulate 
the scientific curiosity of the Jesuit, who did not miss any opportunity to study it…’ 
(Chinnici 2019). He also had a short correspondence with Lassell, an expert observer 
of the planet, about some observations of the planet’s ring (Secchi 1851).

Secchi was very interested in the idea of changes upon the Moon and in later 
years would enter the debate about the apparent variations in the crater Linné. In 
1855–1856, he spent 6 months peering through the Merz refractor, using magnify-
ing powers of up to x1000  in order to complete a detailed drawing of the crater 
Copernicus. ‘As it was impossible to carry through such a work in a single night’, 
he wrote, ‘on the first night of good opportunity a general outline was taken, and on 
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the other evenings particular drawings were made, and all these … were afterwards 
harmonized together’. The resulting drawing was the most detailed made up to that 
time, and revealed features, as English geologist John Phillips (1800–1874) wrote, 
‘such as only the larger telescopes can command’ (Phillips 1856–1857).

Though an excellent observer, Secchi was not as talented in drawing and often 
turned to his assistants to produce better sketches (Chinnici 2019). This limitation 
probably inspired him to experiment with photography in 1856–1857, using wet 
collodion plates, and led to the creation of the first lunar photographic atlas, contain-
ing eight plates of the different phases (Secchi 1858, 1859a; Chinnici 2019). Copies 
were brought by Secchi to Paris and London and shown to the French Academy of 
Sciences and to the Royal Astronomical Society.

In 1856, Secchi made his first observations of Mars, and 2 years later, at the 
opposition of May 15, 1858, he and a Jesuit colleague, Father Enrico 
Cappelletti  (1831–1899), a skilled draftsman, would make a much closer study. 
Secchi did not observe in 1860 – its declination was too far south – but other obser-
vations would follow. His reputation as a Mars observer primarily rests upon the 
1858 results.

6.3  Mars in 1858

The year 1858 saw a fairly close approach of Mars to Earth, though it was not a 
perihelic one because opposition did not occur within 90 degrees of the longitude of 
perihelion (areocentric longitude (Ls) = 250°). Secchi and Cappelletti obtained an 
impressive series of drawings of Mars from May 7 till August 14. The disk attained 
18.0 arc seconds: still only about a fifth the diameter of the great lunar crater he had 
needed six  months to sketch! At opposition, Ls equalled 150 degrees: just after 
midsummer in the north. Ls varied from 145 to 200°, up till early northern autumn.

At opposition on May 16, the planet’s declination was 19.6° south, making it 
almost prohibitively low in the skies above England. But from Rome (latitude 
41.9°), the planet passed the meridian at a more acceptable altitude of 28.5 degrees. 
Things would deteriorate throughout August as the declination of the receding 
planet became more southerly. The delicate pastels capture fugitive details from the 
quivering telescopic images viewed against the darkening sky, above surrounding 
heated rooftops and towers. The Collegio Romano observers were using their 
244 mm (9-inch) Merz refractor with magnifications of x300–400. The drawings 
were 42 mm in diameter.

Of those drawings that survive today, two sheets (covering the period June 3 till 
August 14) are beautifully finished and executed in chalk pastel, probably upon a 
light pencil sketch or outline (see Fig. 6.1a, b). The drawings represent a team effort, 
but we know they were executed in their finished form by Cappelletti. Originally 
preserved inside glass display frames at Collegio Romano, and after its closure at 
the Rome Astronomical Observatory, fate has been somewhat unkind to this delicate 
artwork, and many drawings have been affected by dampness and by black mould 
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in the intervening century and a half. Nonetheless, the unaffected ones (of which 
Fig. 6.2 gives some examples) remain as illustrations of fine early examples of the 
great European tradition in planetary drawing.

The observing times quoted by Secchi for his observations (in the days before the 
adoption of Greenwich Mean Time) are usefully explained by  Camille 
Flammarion (1842–1925) (Flammarion 1892c).

At the time of these observations only one chart of Mars existed, that of Beer and 
Mädler at the perihelic approach of 1830. Continuing developments in glass tech-
nology (and hence the diameter of achromatic object glasses) meant that the 1850s 
would see a marked improvement in the amount of detail recorded. The work by 
Secchi and Cappelletti in 1858 marks something of a turning point and would be 
followed by a great deal of valuable work in the 1860s, leading to excellent results 
by Frederik Kaiser  (1808–1872), J. Norman Lockyer  (1836–1920), John Phillips 
and William Rutter Dawes (1799–1868), as well as the production of new maps and 
a first attempt at Martian nomenclature (by Richard A. Proctor [1837–1888] in 1867).

The prevailing opinion, based upon comparison with the topography of the Earth, 
was that the dark areas were seas and the light orange regions were continents. 

Fig. 6.1 (a, b) Set of the extant 1858 Mars drawings; as with all telescopic drawings, south is 
uppermost. (Courtesy of INAF-OAR)
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Secchi shows several ‘capes’ and ‘tributaries’ in his work and shares the opinions in 
print, suggesting the influence of this prevailing thought. Some markings later 
labelled as canals appear in the drawings. Protonilus-Deuteronilus would turn out to 
be an objective topographic feature, but some minor streaks could be dismissed as 
illusion, examples of where the eye straining to resolve detail between two maria 
subconsciously prolongs an irregular edge into a non-existent streak connecting 
the two.

The Hydaspes makes a prime example of a temporary albedo feature of the 
canal-like sort, and it appears strikingly in Secchi’s drawings in 1858 as a dark and 
curving streak running from Margaritifer Sinus to the south of Mare Acidalium. Its 
presence implies recent dust activity in the region, though observational proof for 
this assertion has come only recently. In 2002 October (McKim 2010), Hydaspes 
suddenly became prominent after dust excavation in nearby Chryse had darkened 
the Martian surface. Later, the slow surface movement of dust would hide it again.

The Syrtis Major shows up prominently in the Rome drawings, and compared to 
its present-day appearance it sports a long ‘tail’ curving off to the northwest, later 
called the Nilosyrtis. Nilosyrtis is another temporary albedo marking, whose origin 
is dependent upon contemporary dust excavation nearby in Neith Regio or 

Fig. 6.1 (continued)
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Utopia- Casius. On the east side of the Syrtis, another curved albedo streak, 
Nepenthes, is quite prominent. The latter feature owes its origin to dust activity in 
Isidis Regio- Libya. (Today, lack of such activity since the 1970s has caused 
Nepenthes to remain absent for nearly 50 years.)

Secchi nicknamed the Syrtis Major the ‘Blue Scorpion’, and purely in terms of 
form it is quite appropriate. But mere subconscious word association with an inani-
mate object could not raise the chance of life upon this neighbouring world. Nor, 
sadly, could the blue colour be taken to be evidence of water. The Roman drawings 
show most other dark markings to have had a bluish tint, although the colour is 
strongest in the Syrtis.

The apparent blue or blue-green colour of the Martian maria was not a new fea-
ture in 1858, as scientists (and dye-makers) had long been aware that a blue tint 
could arise in a dark, neutral-coloured object from subjective colour contrast with 
yellow or orange surroundings. (And later the application of contrast was used by 
French Impressionists to heighten colour intensity upon the canvas.) Indeed, the 
true colour of the ‘Blue Scorpion’ – like the other dark markings on the surface – is 

Fig. 6.2 Selected enlargements of the 1858 originals from Fig. 6.1. Top left: June 17, 9.36 pm 
(local Rome time); top right: July 16, 9.00 pm; lower left: July 18, 8.15 pm; lower right: July 
23, 9.10 pm
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closer to a neutral grey or reddish grey. The bluish tint is always more pronounced 
with refractors. Furthermore, the degree of blueness in the Syrtis Major is season-
ally increased by a scattering effect from the belt of equatorial white cloud that 
persists from early northern spring till midsummer, from Ls ~ 0 to 145°. It is often 
claimed that Secchi was the first to make out this feature. However, his observing 
period was seasonally too late to have received this short-wavelength bonus.

In July, the drawings reveal some obscuration of albedo markings as well as a 
yellowness (or lack of redness) of the disk. In discussing the work of Secchi, French 
astronomer Camille Flammarion wrote (Flammarion 1892b):

‘On a remarqué que Mars paraissait moins rouge à l’oeil nu lorsque, dans la 
lunette, on ne lui voyait aucune tache azurée notable’.

This association of the faintness of the albedo markings with the degree of yel-
lowness of the disk has been noticed ever since, either telescopically or even with 
the naked eye. To one of us engaged in cataloguing dust storms, there is no doubt 
that this was an early example of activity over Mare Cimmerium and Eridania, as 
shown, for example, in the published versions of the drawings in Fig. 6.3. In his 
catalogue of telescopic storms, McKim wrote (McKim 1999):

On 1858 June 18 (CML = 262°) he first saw a shadowy vertical streak near the p. limb, this 
being a manifestation of the Cyclopia development: in its neighbourhood the planet was 
yellow in contrast to the normal redness elsewhere …. On June 20 (CML = 249°) a dark 
marking that was present towards the Np. limb on the 18th, and which should then have 
been nearer the CM, was covered by a light cloud whose W. end was approximately upon 
the meridian. Further, the dark f. tip of Mare Cimmerium that had been visible on the 18th 
was apparently obscured. On the 24th, with the CML at 215°, the Cyclopia extension is 
recognisable near the CM, but Mare Cimmerium is extremely obscure. Although Secchi 
notes that this latter observation was made through a thick terrestrial atmosphere, the 
strangeness of the drawing is significant (drawings for June 18-20-24 are reproduced 
here). …. On June 27 he writes of a yellow patch preceding the isthmus: presumably the 
Cyclopia development. If this interpretation is correct, dust activity was still apparent. On 
July 1–2 Mars was redder than usual to the naked eye but showed few markings. These later 
drawings are not reproduced in Secchi’s Memoir, but the writer’s examination of colour 
photographs of the original pastels ……. has shown that the markings in the south were 
very pale during June 29–July 5 (CML = 103–162 °), before the Mare Erythraeum-Aurorae 
Sinus regions were placed centrally at the hour of observation, from July 7. But the 
 conditions then were not very good, and Secchi’s delicate (and slightly faded) portrayals of 
the foreshortened Mare Sirenum-Solis Lacus region seem quite conventional under the 
circumstances.

During the next presentation of the longitudes of the possible dust storm, the dark f. end of 
M. Cimmerium was sketched clearly (July 25–27)…….

One has to conclude that there is strong evidence for a regional dust storm during 1858 June 
18–27 over Zephyria/Aeolis which affected the longitudes of Mare Cimmerium at least, and 
probably also the desert regions to the north. Ls read 169° on June 18.

There have been later examples of Martian dust storms that affected the same 
area of the planet. Secchi noticed that the surface markings were not at all well-
defined towards the borders of the disk and correctly attributed this to the presence 

6 Planetary Observations by Angelo Secchi



112

of an atmosphere. There are also some remarks about the fine structure of the mark-
ings. Again on June 18, Secchi wrote:

‘…il pianeta ivi é giallo, e su tutto resto rosso screziato [our italics] di punti più accesi. 
(l’aria è ottima)’.

Fig. 6.3 Four of the 1858 Mars drawings, published as black and white reproductions. These show 
the effects of a dust storm, which veiled some markings (see text for details). Reproduced from 
Flammarion, 1892. The equivalent UT times and CM longitudes (from WinJUPOS) are
Top left: June 17 9.36 p.m. (Rome); 20.47 UT, CM = 271°
Top right: June 18 9.20 p.m. (Rome); 20:31 UT, CM = 258°
Lower left: June 20 9.40 p.m. (Rome); 20:51 UT, CM = 245°
Lower right: June 24 9.50 p.m. (Rome); 21:01 UT, CM = 211°
Compare this reproduction of June 17 with the original in Fig. 6.2
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This can be translated into English as:

‘…the planet at that point is yellow, and the rest of the surface is red and speckled with 
brighter red dots. (Visibility [seeing] is excellent)’.

Secchi mapped the north and south hemispheres in the form of polar projections 
but did not produce a Mercator map with which to facilitate comparison with Beer 
and Mädler. However, as Flammarion noted in 1892, there was evidence of obvi-
ous change:

‘La comparaison de nos dessins avec ceux obtenues par Mädler, de 1830 à 1837, semble 
prouver de changements très notables’.

6.4  Publication, and Later Mars Work

Secchi published his drawings in a paper in a Memoir penned in the Italian language 
(Secchi 1859b). Flammarion had seen the original drawings on a visit to Rome in 
1872 and wrote two decades later that the illustrations – reproduced from copper 
plates – were not particularly faithful, nor were the chromolithographs that appeared 
in several later popular books (see, for example, the versions published by 
George  F. Chambers [1841–1915] [Chambers 1889] in Fig. 6.4). Flammarion, how-
ever, thought highly of the quality of Secchi’s original work, as did François 
Terby  (1846–1911) (Terby 1874). But the fundamental importance of the Rome 
observations was clear. We take the opportunity of publishing the complete extant 
set of drawings, direct from the originals, for the first time (Fig. 6.1a, b).

As for Secchi’s inferences from his 1858 observations, the following, as pre-
sented in his paper and as summarized by Flammarion in 1892, are among the most 
important.

Regarding the polar caps, Secchi believed that the only possible explanation for 
their observed variations was the melting of snow or the disappearance of clouds 
covering these regions. If that were so, then liquid water and seas must exist on 
Mars. The reddish regions, like the bluish ones, seemed permanent. ‘It is probable’, 
he wrote, ‘that the former are solid, the latter liquid. The tone of the former is not 
uniform, but markedly screziato, as though filled with fine detail, about the nature 
of which we have no information’.

Comparing his observations of 1858 with Beer and Mädler’s, Secchi thought that 
changes were likely, though not yet proved. However, at least in some cases he 
believed the changes to be genuinely Martian, and as described above, many of 
them certainly were and can now be explained in terms of windblown movement of 
surface dust.

All in all, Secchi maintained the admirably cautious approach of the scientist and 
did not over interpret his observations. At the conclusion of his studies of 1858, he 
would not go farther than to write: ‘Whether the dark regions represent water and 
the reddish areas continents and the white areas clouds – is … difficult to answer; 
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one must first decide whether the patches are permanent or variable’.1 Though it is 
clear which way he was leaning, he did not yet fall into a specific interpretation. 
Only later, in 1862, would he definitively declare his belief on the subject.

Secchi measured the sidereal rotation period to be 24 h 37 m 35 s: this is 13 s too 
long, but in 1864 Rudolf Wolf (1816–1893) in Zurich would use one of Secchi’s 
drawings to redetermine the period to an accuracy considerably better than 1  s. 

1 P.A. Secchi; quoted in Flammarion, The Planet Mars, p. 117.

Fig. 6.4 Two colour reproductions (June 3 and 14) of Secchi’s Mars drawings, published by 
George F. Chambers (Chambers 1889). Here the seas are bluish, while the disk background – at 
least in the upper illustration – is orange or reddish, but now faded
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Though Secchi could not resist offering a new value for the period, his interest was 
mainly in the physical conditions on the planet – what would later be referred to as 
the ‘physics’ of the planet Mars.

Secchi missed the 1860 opposition (as mentioned earlier), but other drawings 
would follow in 1862 (Secchi 1863a), 1864–1865, and later apparitions. Again 
observing with Cappeletti, Secchi in 1862 had noticed that the tail of his ‘Blue 
Scorpion’ was absent, not (as he had concluded) due to the different perspective but 
due to real change upon the surface. He had his clearest views of the so-called Eye 
of Mars, the Solis Lacus, on October 18, but the drawing looks rather inaccurate. 
Indeed, his remark that it resembled a cyclone was wide of the mark. Flammarion 
handily presents a perfectly normal drawing of it at the same hour by Norman 
Lockyer, who observed from England, pointing out the discrepancy. Clearly, the 
1858 series had been his best Mars work.

At the opposition of 1862, with Mars farther north of the equator than it had been 
in 1860, Secchi succeeded in getting excellent views of the South Polar Cap, which 
was now tilted towards the Earth. From his observations of its perennial summer 
retreat, he concluded:

the variations can be explained only by a melting of the snow or a disappearance of the 
clouds covering the polar regions…. These aspects … prove that liquid water and seas exist 
on Mars; this is a natural result of the behaviour of the snows. This conclusion is confirmed 
by the fact that the blue markings which we see in the equatorial regions do not change 
sensibly in form, whereas the white fields in the neighbourhood of the poles are adjacent to 
reddish fields which can only be continents. Thus, the existence of seas and continents, and 
even the alternations of the seasons and the atmospheric variations, have been today con-
clusively proved. [italics added.]

The idea that the dark areas on Mars were seas and the light areas continents 
would continue to be endorsed by most later astronomers, at least until the 1890s, 
informing ideas about Mars’s Earth-like nature, with which Secchi certainly agreed, 
as well as influencing the nomenclature introduced on maps.

The archives of the Astronomical Observatory of Rome contain a notebook with 
sketches for 1871, and though but rough sketches (one of which we reproduce in 
Fig. 6.5), they accurately show the markings in the longitude of Sinus Sabaeus in 
one case and the longitude of Mare Acidalium in the other. The blues and yellows 
are too strongly marked.

The most noteworthy heir to Secchi’s Mars work was another Italian astronomer, 
Giovanni Virginio Schiaparelli of the Brera Observatory in Milan. The two men 
were close friends for many years, even though their friendship was almost entirely 
carried out through correspondence, and they met only once, in Milan sometime 
before September 1870 (Maffeo 2011). For instance, in the short period August 
1866–February 1867, Schiaparelli had written to Secchi the famous letters showing 
the connection between comets and meteors, which Secchi published in the 
Meteorological Bulletin of the Roman College.

However, despite the fact that Schiaparelli devoted so much attention to the 
planet, there is no mention of Mars in their vast correspondence. The reason for this 
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is that Schiaparelli began his studies of Mars only a few months before Secchi’s 
death. Further, Schiaparelli insisted that the terms introduced on his map of 
1877–1878 for the albedo features on the planet (the basis of what still used) were 
meant to be taken only as conventions and did not imply any particular interpreta-
tions of what the features actually might be – though the sea/continent identification 
is hard to resist. In his own words, Schiaparelli (1878) wrote:

One might wish to restrict oneself to what is seen without making any interpretations at all; 
but this is difficult in practice…. I have found …. that in order to record the things that were 
seen in the telescope, I had to attach names to each of the various shaded areas, lines, and 
points observed on the planet. In general the configurations present such a striking analogy 
to those of the terrestrial map that it is doubtful whether any other class of names would 
have been preferable. And do not brevity and clarity compel us to make use of words such 
as island, isthmus, strait, canale, peninsula, cape, etc.?…. Our map, then, like others already 
published, includes a complete scheme of geographical names which they who wish to 

Fig. 6.5 Secchi’s original 
Mars sketch of 3 May, 
1871 at about 20:30 UT, 
CM approx. 333°, showing 
bluish maria and yellowish 
deserts. (Courtesy of 
INAF-OAR)
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avoid prejudice concerning the nature of the features on the planet may regard as a mere 
artifice to assist the memory and abbreviate the descriptions. After all, we speak in a similar 
way of the maria of the Moon, knowing full well that they do not consist of liquid masses. 
(translation by W. Sheehan).

Thus did the term canale – first used by Secchi (Secchi 1859c: 59) in the sense 
Schiaparelli intended, meaning ‘channel’, but soon to be translated into English as 
‘canal’, implying artificial construction, which would prove so fateful in the subse-
quent history of the planet – rather innocently started to circulate in the literature of 
Mars. Secchi’s contribution to all this is little remembered today. It was significant. 
Perhaps one might paraphrase the words supposedly spoken by Isaac Newton when 
his favourite dog, by upsetting a candle, set fire to some of his manuscripts and say, 
‘O Father Secchi, thou little knowest the mischief thou hast done’!

6.5  Observations of the Outer Planets

Secchi devoted less attention to the outer planets than he did to Mars. When he 
watched Saturn during 1854–1856, Secchi concluded there was a slight ellipticity in 
the ring. Its rotation period seemed to correspond with the theoretical period for a 
particle in ring A, but this and other such impressions of asymmetry have since been 
found to be illusory, due to the presence (except precisely at opposition) of a phase 
effect. However, William F. Denning (1848–1931) found a similar rotation period in 
November 1903 from his observations of brightness differences between the east 
and west ansae (Alexander 1962a). The presence of such a brighter spot could sug-
gest ellipticity in a series of micrometre measurements.

But Secchi could also be commendably cautious. When Otto W.  Struve 
(1819–1905) inferred a spreading of the ring system from past micrometrical data, 
Secchi in 1856 wrote to the Astronomer Royal in England, George Biddell Airy 
(1801–1892), and – while not challenging Struve directly – wisely drew attention to 
the discrepancies between the historical and contemporary measurements. Later, 
further observations caused Struve to abandon the idea (Alexander 1962b).

Secchi was able to observe the thin dark line of ‘Encke’s Division’ upon the open 
south face of ring A in the winter of 1854–1855 and the step-like concentric bands 
of shading on ring B, which we now know correspond to annuli of ring material of 
different spatial densities. (Alexander 1962c).

When the rings were edgewise in 1862, Secchi observed, as have others at such 
times, several fixed bright points upon the unilluminated ring face (Alexander 
1962d; Secchi 1863b). These ‘lucid points’, in the words of the astronomers of the 
day, were later found to be due to light filtering through (and being scattered by) the 
more widely spread particles of such relatively transparent areas as the Cassini 
Division and ring C.  A recent review of the edgewise apparition of the rings in 
1995–1996 (McKim 2015) offers more detailed modern drawings and images which 
portray the evolution of this beautiful – but no longer enigmatic – effect.
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As Thomas Hockey has remarked (Hockey 1999a), the latitudinal asymmetry 
that Secchi (1855) observed in Jupiter’s belts suggested that they might reveal 
something about the nature of the giant planet. Another interesting point is that 
Secchi observed two of the periodic episodes of reddening of the equatorial zone 
(weakly in 1861 and strongly in 1869–70) which we now know form part of a 
sequence of so-called global upheavals that occur from time to time. (Hockey 1999b).

Secchi has left us some of his portrayals of the cloud belts of Jupiter. Two draw-
ings (of 1856 October 10 and 1857 December 6, with the latter showing the location 
of the Red Spot Hollow) appeared in his famous book about the Sun (e.g., in the 
French edition, Le Soleil (tome 2, 1877)). We can also find a contemporary repro-
duction of his detailed drawings of Jupiter in 1863 (Bakich 2000) that shows highly 
irregular cloud belts. They are not dissimilar to the contemporary style of Charles 
Piazzi Smyth (1819–1900).

6.6  Spectroscopic Studies

In 1867, both Secchi in Rome and William Huggins (1824–1910)  in England 
examined the spectrum of Mars. For Secchi this was merely part of a larger spectro-
scopic examination of the planets, and he also studied the gas giants (Secchi 1868 
and 1872). He was interested in whether their spectra were simply that of reflected 
sunlight or whether other features would show up. He could establish the presence 
of absorption bands in the Martian spectrum and concluded from their low intensity 
that its atmosphere must be comparatively thin and different in composition from 
the atmospheres of the gas giants. To quote him precisely on the question of the 
Martian atmosphere:

‘La sua atmosfera è assai piccola e sottile’. (Its atmosphere is very thin and subtle)

In 1863, Secchi had discovered absorption bands in the spectra of Jupiter and 
Saturn, particularly towards the red end. These were not present in our own atmo-
sphere (Secchi 1864; Alexander 1962e). This discovery, made in advance of the 
parallel researches of Huggins in England, led Secchi to conclude that the atmo-
spheres of the giant planets were ‘not yet cleansed’ (or primitive) compared to our 
own; they contained as yet unknown gases.

In 1869, Secchi had been examining the spectrum of the variable star R 
Geminorum when he turned his attention to Uranus, visible in the same field of the 
finder, without expecting to see anything special (‘sans espérer y rien voir de par-
ticulier’) (Secchi 1869). He was surprised to see a bright spectrum, observed for the 
first time, with a pronounced absorption band near one end (Fig. 6.6). The band was 
roughly located in the green part of the visible spectrum near the solar line E; further 
inspection revealed another dark band towards the violet, a considerable gap in the 
yellow, with the red end of the spectrum very faint. Indeed, for Uranus and Neptune, 
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these absorptions are strong enough to render them visually greenish and bluish, 
respectively. This spectroscopic work was Secchi’s most important contribution to 
studies of the outer Solar System. Huggins and others would refine his measure-
ments from 1871 onwards. Only in the 1930s by recording the spectra of gases 
under high pressure would Rupert Wildt be able to identify the absorbing agent as 
methane, or marsh gas (Alexander 1965). Appropriately enough, it was a compo-
nent of our primitive terrestrial atmosphere (Fig. 6.7).

Fig. 6.6 Engraving of planetary observations carried out by Secchi in the years 1855–1856. (From 
Secchi 1856, pl. V (detail))

Fig. 6.7 Secchi’s diagram of the visible spectrum of Uranus. (From Secchi 1869)
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6.7  Conclusions

Secchi was a many-sided scientist whose researches were so wide-ranging that it is 
difficult to assess them. He was, in addition to everything else, a very gifted observer, 
and though making up only a relatively small part of his work, his careful observa-
tions and writings made considerable contributions to the study of the Solar System.

His drawings of Mars showed no sign of bias, and at least in the 1858 series, he 
seems to have been very accurate in terms of both position and form, which have 
made them invaluable to modern students of the planet. He had the advantage of a 
relatively low latitude (for the time) and access to an adequate aperture. He worked 
independently of other observers, though he was well aware of the work done in the 
past. Many observers before and after his time failed to reach the standards of accu-
racy or artistic ability displayed by the team effort of Secchi and Cappelletti.

Secchi also, rather innocently, introduced the term ‘canale’ into the literature on 
Mars and thus played a role, largely forgotten today, in initiating the celebrated 
‘Mars furor’ of the late nineteenth and early twentieth centuries.

Secchi also observed (and photographed) the Moon and studied other worlds 
than Mars. His pioneering work in spectroscopy, though mostly concerned with the 
Sun and the stars, also included the planets, and was extremely important. In par-
ticular, his discovery of the absorption bands in the spectra of the gas giants consti-
tuted a nineteenth century puzzle for twentieth century astronomers to explain.

Acknowledgement We thank Dr. Marco Faccini (Astronomical Observatory of Rome) for sup-
plying photographic copies of the original drawings, reproduced in Figs. 6.1a, b, 6.2 and 6.5.
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Chapter 7
The Legacy of Angelo Secchi 
at the Forefront of Solar Physics Research

Ilaria Ermolli and Marco Ferrucci

7.1  Introduction

Angelo Secchi’s research covered numerous fields, from astronomy to physics, 
from meteorology to geodesy. However, by dedicating himself to the understanding 
of regular solar observations performed with novel instrumentation and methods 
during his entire life, Angelo Secchi has also undoubtedly become known as a lead-
ing figure in the history of solar physics research. Indeed, he studied several struc-
tures and patterns of the solar surface that are still not yet fully understood. In 
addition, he took part in scientific expeditions to observe solar eclipses and identi-
fied novel methods for coordinated observing campaigns. He was also among the 
first astronomers to photograph the eclipsed Sun, contributing to our understanding 
that the prominences observed at the solar limb actually belong to our star. Moreover, 
he was a pioneer in applying spectroscopy to the study of the Sun, producing spec-
troscopic images of solar limb.

Focusing on understanding the processes observed in the solar atmosphere and 
the development of new methods to improve their observation, Secchi opened mod-
ern research into the processes occurring in our star and the whole heliosphere. 
Surprisingly, Secchi’s writings suggest that his daily research on solar physics was 
driven by only a few key questions. These include the understanding of the ultimate 
nature of the different structures observed in the solar atmosphere, the link and 
interaction among them, and the impact of solar activity on life and on Earth. More 
than 150 years later, these questions are still only partially answered. Observations 
that will be performed with next generation 4-meter class ground-based solar tele-
scopes and new space missions such as the European Solar Telescope (EST, 
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Collados et al. 2013) and Solar Orbiter satellite (Mueller et al. 2020) promise a great 
leap in our understanding of these topics.

7.2  The Fundamental Nature of Solar Structures

Secchi’s daily observation of the solar surface revealed intricate patterns and dynam-
ics in sunspots, even at the smallest observable scales (Fig. 7.1).

These observations were mainly conducted by Secchi with a Cauchoix achro-
matic telescope, equipped with a lens of 17 cm aperture, 238 cm focal length, on an 
equatorial fork mount and using a solar projection board. This instrument allowed 
Secchi to obtain a white light–projected solar image with a diameter of 246 mm 
(Secchi 1859; Altamore et al. 2018).

Fig. 7.1 (a) Drawing of a sunspot region observed by Secchi in 1858; (b) detail of the largest 
sunspot of that region; (c) high-resolution spectropolarimetric picture of a sunspot observed at Big 
Bear Solar Observatory. (From: Zhang et al. 2018)
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These observations allowed Secchi to study the structure of sunspots with 
unprecedented detail and accuracy. Indeed, Secchi’s sunspot drawings in Fig. 7.1a 
clearly display the penumbral region consisting of bright and dark spines and the 
light-bridge over the umbra with striking knot-like dark structures within the central 
dark lane. All these features are amazingly reminiscent of the small-scale structural 
details reported from high-resolution spectropolarimetric observations of a sunspot 
taken by the presently largest solar telescope in operation, the 1.6 m Goode Solar 
Telescope at Big Bear Solar Observatory (Zhang et al. 2018, Fig. 7.1c). This dem-
onstrates the excellent quality of Secchi’s observations.

In addition to the complex topology of the sunspot regions, Secchi also described 
the granulation pattern observed on the solar surface. He mentioned that this pattern 
is disturbed in the areas surrounding sunspots, where faint bright regions are also 
seen. These findings are confirmed by current state-of-the-art observations. 
Furthermore, Secchi and his assistants regularly recorded data of the area, position, 
number and composition of the structures observed over the solar disk (Fig. 7.2).

7.3  The Sun–Earth Connection

Secchi also turned his attention to the dynamics of the observed regions. From his 
white light observations performed with the Cauchoix telescope, Secchi recorded 
the characteristics of the many structures that appeared on the solar disk from 
August 25 to September 6, 1859. He also studied in detail a particular sunspot 
region (no. 219 in his register) with a significantly large and complex sunspot group.

Within such a region, Richard Carrington (1826–1875) (Carrington 1859) and 
Richard Hodgson  (1804–1872) (Hodgson  1859) distinctly witnessed the earliest 
white-light flare in observational history on September 1, 1859. This observation 
was followed by one of the most extreme magnetic storms experienced by human-
ity, indicated by a sudden ionospheric disturbance with a consequent increase in 
solar energetic particle flux, solar wind velocity, magnetic disturbance, and an auro-
ral display visible on Earth much closer to the equator than normal (Hayakawa et al. 
2019). Secchi was among the few contemporary astronomers who monitored the 
active region responsible for this extreme space weather storm, today known as the 
Carrington event.

His drawings (Fig. 7.3) display his observations of the solar disk and provide 
information on the position of the solar equator and poles, on the position and area 
of the observed sunspots, faculae, and pores, and various annotations. They record 
the observation time, the weather conditions, the estimated heliographic position of 
the different observed regions, and some of their characteristics, for example, their 
particular brilliance, novel appearance, and fast evolution. In the drawing of his 
August 28, 1859 observation (Fig. 7.3a), Secchi recorded the complex nature and 
twisted shape of sunspot group no. 219 with small-scale details that he investigated 
with a lens inserted into the optics of the telescope to achieve a larger magnification 
than that employed for full-disk observations.

7 The Legacy of Angelo Secchi at the Forefront of Solar Physics Research
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Fig. 7.2 Records of sunspot and facular regions observed in 1871 at the Collegio Romano 
Observatory (INAF-OAR)
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He was also very interested in better understanding those processes occurring on 
the Earth’s atmosphere due to Sun–Earth interactions. In his communications from 
the period, Secchi reported a spectacular aurora seen in Rome on the night of August 
29, 1859, with simultaneous disturbances recorded by his magnetometers measur-
ing the Earth’s magnetic field, and malfunctions of the telegraph network. In par-
ticular, Secchi reported that “it is extremely remarkable that these great perturbations 
should have coincided with a maximum of solar spots and should have happened 
precisely at a moment when an immense spot was visible on the disc of the sun even 
without the aid of the telescope.” In his writings, Secchi cited the theory of a con-
nection between the Sun and the planets of the solar system, introducing the term 
“solar meteorology” to describe phenomena related to the activity of the Sun 
(Secchi 1866).

Fig. 7.3 (a, b) Some examples of the drawings produced by Secchi during his observations of the 
solar surface from August 25 to September 6, 1859, at the time of the Carrington event
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Secchi’s contributions to the advancement of solar physics and knowledge of the 
Sun–Earth connection include the development and daily operation of a thermohe-
liometer. Secchi’s thermoheliometer (Fig.  7.4a, b) was designed to estimate the 
energy radiated by the Sun by means of differential temperature measurements. It 
represents one among the first attempts to measure the total solar irradiance, which 
is the flux of radiative emission from the Sun reaching the Earth’s atmosphere per 
unit time and area, integrated over the whole solar spectrum, at an average distance 
of one astronomical unit. This was achieved about 20 years before the first modern 
bolometer, designed by Samuel P. Langley (1834–1906) (Langley 1881).

The instrument developed by Secchi resembles modern devices (Fig. 7.4c) moni-
toring solar irradiance from space (Kopp et al. 2016; Kopp 2020). In Secchi’s instru-
ment, sunlight enters the instrument through a small circular aperture of 25 mm 
diameter to heat water collected in a small container, which is maintained thermally 
insulated from the surrounding environment. Through two thermometers, one 
exposed to the sunlight and the other immersed into the water container, Secchi 
obtained an estimate of the solar irradiance by the change in temperature of the 
water over a given time interval after its exposure to solar radiation. Modern devices 
monitoring the total radiative emission of our star consist of double active cavity 
radiometers, which are constructed by taking advantage of new materials and mod-
ern electronics in order to obtain high accuracy and high precision measurements of 
total solar irradiance. Like the Secchi thermoheliometer, they estimate this amount 
from the relative changes of the ambient temperature of the two active cavity 
radiometers.

The solar irradiance measurements performed by Secchi with the thermoheliom-
eter were aimed at improving knowledge of solar radiative emission, providing data 
for meteorological studies, and searching for the relation between solar phenomena 
and the Earth’s atmosphere phenomena. The latter constituted a specific thread of 
Secchi’s scientific work.

7.4  Atmosphere Coupling

Starting in 1869, Angelo Secchi made regular observations of the solar chromo-
sphere and prominences to study their nature and their relationship with sunspots 
and faculae appearing on the solar disk. His drawings (Fig. 7.5) were mainly carried 
out in the wavelength of the H-alpha spectral line using the equatorial Merz tele-
scope and observational methods based on projection and spectroscopy. The Merz 
telescope, equipped with a 25 cm aperture lens of 450 cm focal length, an objective 
prism, an equatorial mount, and a solar projection board, was one among the best 
telescopes available to Secchi for his solar spectroscopic studies.

From his observations of the solar prominences, Secchi deduced that “in their 
infinitely bizarre forms” they are “yet susceptible to some classification.” Adopting 
a classification scheme proposed in 1871 by Pietro Tacchini (1838–1905) (another 
active observer of the Sun), he denoted three distinct classes: “those with active, 
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Fig. 7.4 (a) Thermoheliometer built by Secchi in 1863 to estimate the solar radiative emission; (b) 
internal structure of the instrument; (c) for comparison, TSIS (Kopp et al. 2016; Kopp 2020) instru-
ment was launched in 2017 to monitor solar irradiance from space
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short, and thick jets, isolated and low, and mostly divergent; the less active ones 
with a filamentary structure, enormously high, but less shiny; and those with a struc-
ture resembling cumulus clouds.”

Secchi studied in detail the structure of the observed prominences, estimated 
their dimensions, and speculated on their nature. For example, he describes “a very 
high prominence of about 2’ ½, that is about 9 Earth diameters in height, for the 
most part with a nebular appearance, although there were hidden jets. It is actually 
arranged in 3 orders, the lower one is made up of 2 masses, which, having emerged 
vertically, then extend horizontally; the main one under the number 1 rises for three 
orders, and extends above the next one to the right, which is much less energetic. 
This has very much the appearance of the clouds we call stratus, and with its distri-
bution hints at different temperatures dominating different heights above the Sun.”

Moreover, by observing their evolution, Secchi estimated the velocity of the 
plasma jets that form the prominences and understood that for some regions “the 
projection of one over the other, in those that are large enough, produces an inde-
scribable confusion.” He also noticed the helicity of the prominences, reporting that 
“their general trend often has the evident shape of a spiral.”. Moreover, Secchi rec-
ognized the link between spots, faculae, and prominences by mentioning that “it is 
certainly an important fact that there are never spots without faculae. And now we 
know that spots and faculae are accompanied by differences in the photosphere and 
by jets of light,” the prominences.

Fig. 7.5 Drawings of solar prominences observed at the Collegio Romano Observatory in 1871 
(INAF-OAR)
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In 1871, Secchi also analyzed the distribution of the prominences around the 
solar disk and investigated the relation between the different solar regions. He made 
use of the Merz telescope and the spectroscope usually employed to study the nature 
of prominences. Secchi made the observations by positioning the slit of the spectro-
scope tangent to the edge of the solar disk image and then moving the slit parallel 
and along the solar limb to fully explore the inner corona. By aligning the slit per-
pendicular to the solar limb, Secchi also compared the spectrum emitted by the 
prominences with the photospheric spectrum.

The plates in Fig. 7.6 include drawings of the solar disk and inner corona and 
various annotations. The drawings (Fig. 7.6a) show the solar regions observed in the 
photosphere (spots, pores, faculae, and polar regions with an attenuated granular 
structure) and in the chromosphere (prominences observed outside the solar limb). 
The annotations describe the time and duration of the observations, the nature of the 
observed regions, and their characteristics. A panel added in the lower part of the 
plates (Fig. 7.6b) summarizes the data concerning position, shape, and dimensions 
of the various prominences seen beyond the solar limb. In the added panel, together 
with the observed prominences, it is easy to recognize the small-scale and rapidly 
evolving jets of solar plasma protruding from the photosphere that are known today 
as spicules and fibrils.

Indeed, thanks to his accurate solar spectroscopic observations, in 1877, Angelo 
Secchi could identify spicules at the solar limb. These are very narrow and tall jets 
of plasma in the solar atmosphere which have width of about 5000 km, lengths of 
several thousands of kilometers, and lifetimes of only a few minutes. Secchi called 
these features “burning fields” (“prateria ardente”).

Secchi noticed that prominences are not homogeneously distributed in the two 
solar hemispheres and around the solar disk, they are mainly observed in the regions 
between 10 and 40 degrees of latitude and are rare at the poles and at the equator. 
Moreover, Secchi deduced from all this gathered evidence that the appearance of the 
solar corona during eclipses “is closely connected with the prominences and 
faculae.”

7.5  The Quest for Novel Instrumentation and Methods

In order to answer his scientific questions, Secchi developed novel instrumentation 
to achieve higher spatial and spectral resolution observations of the solar atmo-
sphere. In particular, he understood the need to resolve smaller spatial scales by 
improving the instrumental characteristics and observational conditions. In fact, 
while the aperture of the telescope determines its resolving power, the quality of 
optical components and atmospheric seeing during the observations can affect the 
quality of the observations. In addition to employing high-quality optical compo-
nents, Secchi added regular annotations of seeing conditions during his observa-
tional work. He also developed a suite of tools to make it easy to observe the Sun 
simultaneously in various ways.
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Fig. 7.6 (a, b) Examples of the drawings produced during Secchi’s observations of the solar sur-
face and chromospheric prominences (INAF-OAR)
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Moreover, Secchi was undoubtedly a great communicator of his scientific results, 
always interested in presenting and discussing his work in the widest context. For 
example, total solar eclipse expeditions were an important opportunity for the inter-
national astronomical community at that time, as scientists could work together and 
compare their results and thus achieve a better understanding of the nature of the 
prominences and outer solar atmosphere. Secchi took part in two scientific expedi-
tions to observe solar eclipses, in 1860 and 1870. In 1851, he had made an early 
attempt to photograph the eclipsed Sun, which he repeated successfully in 1860 
(Chinnici 2018). A comparison with photographs taken by other astronomers 
allowed them to demonstrate that the prominences observed at the solar limb actu-
ally belong to our star.

With the eclipse of 1870, Secchi established an important scientific partnership 
with Pietro Tacchini. Together they established common rules for coordinated 
observations of the solar phenomena to be carried out by the members of the Società 
degli Spettroscopisti Italiani (Chinnici 2008; Chinnici and Gasperini 2013).

7.6  Concluding Remarks

Thanks to his efforts to develop new methodological ideas to improve observations 
and to understand the processes thus observed on the solar atmosphere, Secchi 
paved the way for modern research on the processes occurring in the Sun and the 
heliosphere. His legacy at the forefront of research in these fields lies in understand-
ing the importance of having regular and uninterrupted monitoring of the solar 
atmosphere and heliosphere. With improvements in the quality and quantity of data 
collection, one can search for connections among the different phenomena.

Solar scientists today continue to build on the full implications of Secchi’s stud-
ies and methods. Observations made over the last two decades have shown that the 
magnetic field of the Sun is the underlying cause of the many diverse phenomena 
taken together under the heading of solar activity (Solanki et al. 2006). There is a 
whole spectrum of magnetic features having very different sizes and properties on 
the solar surface. The magnetic field in the deepest atmospheric layers is concen-
trated in active regions and on a network distributed over the whole Sun. In active 
regions outside sunspots, the magnetic field is concentrated into more or less dis-
crete features that together form faculae and plage regions. In outside active regions 
of the quiet Sun, the magnetic flux elements form a network outlining the borders of 
supergranular cells with a length scale of 20–30 Mm. Other magnetic features in the 
quiet Sun are the internetwork elements, which are located in the interiors of super-
granular cells. On a more localized scale, the magnetic elements forming faculae 
and the network – and very likely also those in the internetwork – are located in the 
downflow lanes between granules. The more we resolve ever-smaller structures in 
the solar atmosphere, the more it become clearer that magnetism is an important 
component of those small structures.
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Moreover, the most recent observations have shown that the solar atmosphere is 
an extremely dynamic environment, generated and permeated by a continuous inter-
play of the plasma and the magnetic field. Such interplay, which drives the solar 
activity at timescales from seconds to centuries, modulates the solar particulate and 
magnetic fluxes that impose electromagnetic forces within the whole heliosphere. 
That same interplay has a fundamental role in hugely diverse astrophysical systems, 
such as the evolution of magnetic features in the solar atmosphere, the heating of 
solar and stellar coronae, the acceleration of jets from active galactic nuclei and 
gamma ray bursts, and the heating of the medium of galaxies.

New instruments able to measure solar magnetic field in high resolution and at 
sufficient cadence to study dynamics, either directly through spectropolarimetry or 
indirectly through proxy-magnetometry, are now available to solar observers. 
However, most recent observations and numerical models show that the magnetic 
field is most likely structured in the solar atmosphere on scales well beyond what 
can be observed or simulated today or in the foreseeable future. This motivates the 
current drive for the construction of the next generation of large aperture telescopes 
and space missions capable of observing and extracting the physical structure of the 
solar atmosphere at fundamental spatial and temporal scales. Examples are the 
ground-based European Solar Telescope (EST, Collados et al. 2013) and the Solar 
Orbiter mission (Mueller et al. 2020).

Indeed, we are still missing critically important elements in our understanding of 
the processes of plasma-field interaction in the solar atmosphere and heliosphere 
due to the lack of proper observations and measurements of solar plasma properties. 
For example, modern observations show that spicules are distributed all over the 
solar surface at any given time; they are believed to channel a lot of energy into the 
solar corona and thus heat it, but their role in the heating of the outer solar atmo-
sphere still remains unexplained due to the lack of instruments capable of measur-
ing magnetic fields in spicules before they disappear.

In the 1850s, Secchi began to study the dynamics of solar structures and their 
relation to phenomena observed on Earth. Space weather events are particularly 
significant threats to modern society, owing to our increased dependency on the 
electric infrastructure (Hapgood 2011; Schrijver et al. 2012). Although we know 
that the plasma-field interplay in the solar atmosphere is responsible for the evolu-
tion of large-scale magnetic features  – which are observed to be the source and 
location of instabilities affecting the space weather – we still lack the knowledge 
needed to predict the evolution of solar magnetic regions. In particular, recent high- 
resolution observations have shown that sunspots consist of dynamically evolving 
small-scale and short-lived features that combined form coherent large and long- 
living sunspots and drive their evolution. Despite the recent breakthrough in solar 
imaging from ground-based and space-born telescopes, it is clear that the funda-
mental scales of the observed processes are still unresolved. Just as it was for 
Secchi’s daily research, the limit of current observations motivates the design and 
construction of larger aperture telescopes and development of new 
instrumentation.
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In this context, Secchi’s regular observations of sunspot groups together with 
concurrent records of magnetic disturbances and aurorae can also help to identify 
the occurrence of space weather events. For example, recent studies (Hayakawa 
et al. 2018, 2019) of the original sunspot drawings by Secchi and other observers 
and of visual auroral reports reveal that the Carrington event is probably not an 
exceptional event but rather just a particularly extreme magnetic storm. While this 
event has been considered to be a once-in-a-century catastrophe, Secchi’s and other 
historical observations warn us that this may be something that occurs more fre-
quently and hence might be a more imminent threat to modern civilization.

Finally, radiative energy from the Sun determines the basic climate of the Earth’s 
surface and atmosphere and defines the terrestrial environment that supports all life 
on our planet. Even given the measurements of the solar radiative energy attempted 
in the nineteenth century by Secchi and other physicists, we still lack fundamental 
knowledge of solar variability at different spectral ranges and over timescales lon-
ger than a solar cycle (Ermolli et al. 2013, Solanki et al. 2013). Hence, following the 
methodologies applied by Secchi in his daily research, future experiments to moni-
tor the total radiation coming from the Sun will need to perform measurements with 
refined accuracy, precision, and continuity for long time intervals. This can help 
scientists to detect possible long-term variations in the Sun’s output and the Earth’s 
climate sensitivity to the natural effects of solar forcing.
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Chapter 8
Angelo Secchi, Instrument Innovator

Kevin L. Johnson

8.1  Introduction

In contrast to modern scientists who work within a narrow field of study, Angelo 
Secchi was interested in the entire range of the physical sciences along with many 
aspects of the emerging electrical technologies, especially telegraphy. He was 
involved with and studied geodesy, meteorology and oceanography along with the 
disciplines of astronomy and physics already outlined. His contributions to a wide 
range of subjects involved both theoretical research, though to a lesser extent 
(Chinnici 2019), and practical observation (Mazzotti 2010: 63–4).

From the examination of surviving instruments used by Secchi, along with his 
writings—both books and papers—one can assess the way he used instruments, 
including his innovations in devising new instruments, or modifying them for more 
effective measurement and easier use. Here we will examine the instruments used 
by Secchi in astronomy, physics, meteorology and oceanography. In particular, we 
will concentrate on his stellar spectroscopes which included direct-vision, com-
pound, object prism and grating types of instruments used for astronomy; Secchi’s 
thermoheliometer (an early form of actinometer); his highly complex universal 
meteorograph; and the Secchi disc used in oceanography to measure water 
transparency.
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8.2  Stellar Spectroscopes

Secchi’s stellar spectroscopes share many design features common to their solar 
counterparts, with a similar layout and interchangeable components. While solar 
spectroscopes owe their origins to progenitors used in the chemical laboratory, their 
stellar counterparts were modified to accommodate the much dimmer starlight col-
lected at the telescope.

8.2.1  Direct-Vision Spectroscope

From Secchi’s own writing in Le stelle (Secchi 1877), we learn how, with 
P. Jules C. Janssen (1824–1907) in 1862 (Barthalot 2007: 588–9), he obtained his 
first stellar observation (α Orionis), using a direct-vision spectroscope:

The arrival in Rome of the news of this spectroscope was almost contemporaneous with that 
of Donati’s own account of it. Immediately the idea was conceived of making use of it on 
the stars by applying it to our great refractor, in the hope of having better results than those 
of Donati, given the high quality of our Merz objective. The spectroscope was ordered 
immediately, but it did not arrive until December in the same year. Meanwhile, Mr. Janssen 
came to Rome to study the solar spectrum, and as he had one of these small spectroscopes 
I asked him to apply it to our refractor for temporary use until mine arrived. He agreed and 
together we made the first observations, which were reported at the Paris Academy. The 
study of solar and chemical spectroscopy was already well progressed, not only looking for 
spectral lines but also looking to understand their nature, and by early evening we were able 
to ascertain the existence of sodium and other metals in the α star of Orion. (Secchi 1877a: 
39; Janssen 1863: 71)1

The type of instrument used is described and illustrated in the same work (see 
Fig. 8.1). It was a form of direct-vision spectroscope devised by the optician Dr. 
J.G. Hofmann in Paris, consisting of five prisms (three crown and two flint) cemented 
together. It produced a large dispersion of the light beam, but without deviation of 
the light-path, in contrast to a simple prism spectroscope that bends it. The idea was 
first devised by Giovanni Battista Amici (1786–1863) and then applied by Giovan 
Battista Donati (1826–1873) to the spectroscope (Pietrolungo 2007; Baum 2007a). 

1 L’arrivo in Roma della notizia di questo spettroscopio fu quasi contemporaneo con quello della 
memoria del Donati. Immediatamente concepì l’idea di farne un uso per le stelle applicandolo al 
nostro grande rifrattore, nella speranza di aver migliori risultati di quelli del Donati, attesa la gran 
perfezione del nostro obbiettivo di Merz. Lo strumento fu ordinato immediatamente, ma esso non 
giunse che al decembre dello stesso anno. Intanto essendosi recato a Roma il signor Janssen per 
istudiare lo spettro solare, e avendo seco uno di questi piccoli strumenti, gli chiesi di applicarlo al 
nostro Refrattore per servircene provvisoriamente finchè arrivasse il mio. Esso condiscese e furono 
insieme con lui fatte le prime ricerche delle quali fu dato notizia all’Accademia di Parigi. Lo studio 
della spettroscopia solare e chimica era già tanto progredito che non solo cercammo l’esistenza 
delle linee spettrali, ma anche la loro natura, e fin dalle prime sere potemmo accertare nella stella 
α di Orione l’esistenza della riga del sodio ed altri metalli.
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In addition to the cemented prisms, the instrument had an adjustable slit (s-s), a 
cylindrical lens (L), a collimating lens (c) and analysing telescope that pivoted to 
examine the full spectral range (F). A small prism covering part of the slit was used 
to introduce a comparison spectrum from a spark or other source.

The spectroscope was supplied by Georg Merz (1793–1867) and Sigmund Merz 
(1824–1908), Munich opticians (Chinnici 2017a, b; 39–41), and it was soon modi-
fied, as Secchi describes in Le stelle:

As soon as my spectroscope arrived, the temporary apparatus was soon transformed into a 
permanent apparatus, to which I applied a lateral light scale reflected on the face of the 
prism to indicate the relative positions of the lines… The advantage was mainly that when 
I saw the intensity of the light was much diminished in the analysing telescope, I could 
remove it and began to observe with the naked eye through the prism, or with only a low 
power eyepiece, and even at times without the cylindrical lens. (Secchi 1877a: 39)2

In other words, when examining faint stars, he removed the small analysing tele-
scope, and at times even the cylindrical lens, observing the spectral lines instead 
with just his naked eye. He also describes the innovation of providing a light scale 
reflected off the last prism to fix the relative position of the spectral lines.

8.2.2  Compound Stellar Spectroscope

Following Secchi’s first observations of stellar spectra with the direct-vision 
spectroscope, he also used instruments employing separate (angular) prisms. In Le 
stelle Secchi provides the reader with the benefits and drawbacks of each type of 
instrument. While Secchi used both types, he indicates that the angular prism type 
was easier to use and was preferred by his fellow pioneer, William Huggins. Secchi 
comments:

2 L’apparato provvisorio fu presto trasformato in un apparato stabile appena giunse il mio 
spettroscopio al quale applicai una scala luminosa laterale riflessa dalla faccia del prisma per fis-
sare le posizioni relative delle righe… Il vantaggio lo ebbi principalmente da ciò che avendo 
veduto come il cannocchialino diminuiva molto l’intensità della luce, lo levai affatto e mi misi ad 
osservare ad occhio nudo attraverso il prisma, o solo con una debole lente oculare e anche talor 
senza lente cilindrica.

Fig. 8.1 Merz’s simple direct-vision spectroscope (Schellen 1872: 390)
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Those with direct vision, built with strong prisms from Hofman (sic) and Merz, were found 
very convenient and comfortable to use. Mr. Huggins has preferred the common form of 
angular prisms such as in chemistry, adapting the dimensions to the eyepieces. We have 
used both systems without finding much of a preference for one over the other, because 
whatever light is lost in the former by absorption is not much different from what you lose 
in the two oblique reflections of the latter. It is true, however, that it is easier to have a good 
spectroscope with angular prisms that one with direct vision. (Secchi 1877a: 39)3

Secchi then describes further the disadvantages of the direct-vision spectroscope 
when used for stellar observation:

Direct-vision spectroscopes are more comfortable, but they lengthen the instrument a lot, 
and in some cases they are unusable due to the space constraints of the observatory dome. 
Moreover, an angular prism can easily be removed, thus diminishing the dispersion and so 
adaptable to dimmer objects, which cannot be done with the direct-vision spectroscope. 
(Secchi 1877a: 39)4

Considering the strengths and weakness of the respective instruments, it is not 
surprising that astronomers soon combined both designs. In all likelihood several 
people probably conceived of the idea around the same time (Fig. 8.2). It is not clear 
who first applied this layout to the spectroscope, but an early example is described 
by William Huggins in 1868:

… I had in my possession two very fine direct-vision prisms on AMICI’S principle, which 
had been made for me by HOFMANN of Paris, induced me to attempt to combine in one 
instrument several simple prisms with one or two compound prisms which give direct 
vision. An instrument constructed in this way, as will be seen from the following descrip-
tion, possesses several not unimportant advantages*. (Huggins 1868: 536)

The footnote (*) attached to this statement reads: “An apparatus in many respects 
superior to the one here described has been constructed since–October 1868”. It is 
interesting to speculate as to the maker’s identity of the superior instrument, and it 
is quite possible that Secchi may have had the same idea as Huggins. Whatever the 
course of events, Secchi describes and illustrates an advanced form of the com-
pound spectroscope in Le stelle.

In the compound instrument illustrated in Fig. 8.3, the adjustable slit with colli-
mating and cylindrical lenses is mounted in the tube (UKB) along with bracket P 
that carries an ebonite mounted clamp used to generate sparks for comparison 
spectra. Attached to the aforementioned tube, at the bottom, is a plate (XYZ) for two 
angular prisms with automatic adjustment for minimum deviation. Light from the 

3 Quelli a visione diretta costruiti con forti prismi da Hofman e da Merz, furono trovati molto utili 
e di comodo servizio. Il signor Huggins preferì la forma comune a prismi angolari come quelli di 
chimica, adattandone le dimensioni agli oculari. Noi abbiamo usato di ambedue i sistemi senza 
trovarci una preponderanza considerabile per questi ultimi; giacchè quello che nei primi si perde 
per assorbimento è compensato dagli altri, per ciò che perdesi in riflessioni troppo oblique. È vero 
però che è più facile avere un buono spettroscopio a prismi angolari che uno a visione diretta.
4 Gli spettroscopii a visione diretta sono più comodi, ma allungando molto lo strumento, in certi 
casi, per la strettezza delle cupole mobili possono divenire inservibili. Di più si può facilmente 
togliere un prisma agli angolari e diminuirne la dispersione il che non può farsi con i diretti, e così 
adattarli agli oggetti i più deboli.
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prisms then passes into tube (EF) containing a 5-prism direct-vision spectroscope. 
Light emerging from the second spectroscope is then examined using an analysing 
telescope (E) which pivots using adjustment knob (G). Like his original stellar spec-
troscope, the compound instrument was fitted with a light scale (K) that reflected off 
the last direct-vision prism to give the relative position of spectral lines. The original 
arrangement introduced too much light when analysing faint nebulae, so the scale 
was replaced with a polished straight edge that was moved using a micrometrical 
screw-adjusting knob (M) (Secchi 1877a: 40).

It is worth noting that Secchi indicates that the cylindrical lens, normally placed 
ahead of the adjustable slit, can be located at the end of the light-path in front of the 
lens of the analysing telescope. The arrangement was in direct conflict with the 
advice given by Huggins in his writing on the subject.

The evolution of the compound stellar spectroscope used by Secchi cannot be 
appreciated without reference to a similar compound instrument he used for observ-
ing the solar spectrum. The instrument is illustrated and described in his work Le 
Soleil, published in 1870, and is shown in a photograph supplied to the 1876 Special 
Loan Exhibition held at the South Kensington Museums, London (Science and Art 
Dept. 1877). The image, which confirms the accuracy of the illustration from Le 
Soleil, indicates that the various components from this spectroscope are shared with 
that of the compound stellar spectroscope. Differences from the stellar instrument 
are the provision of an extra, and larger, angular prism and the positioning of the 

Fig. 8.2 Compound spectroscope by Huggins 1868 (Schellen 1872: 476)
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direct-vision prisms after the slit on the left-hand side rather than on the right side. 
In describing its use, Secchi indicates:

Fig. 87 represents the spectroscope which we habitually use, and whose power can be 
modified by adapting at will a number of prisms varying from one to five... The refracting 
power of these prisms is such that the emergent rays are parallel to the incident rays for 
yellow light. If we want to make the dispersion larger, we need only add two direct-vision 
prisms, with one between the objective of the telescope and the prisms, and the other 
between the prisms and the objective collimator. We usually settle for only one of these 
additional prisms. In order not to complicate the figure too much, the mechanism which 
serves to bring the prisms to the minimum of deviation has been removed. (Secchi 
1870a: 87)5

5 La fig. 87 représente le spectroscope dont nous faisons habituellement usage, et dont on peut 
modifier la puissance en y adaptant à volonté un nombre de prismes variant de un à cinq… Le 
pouvoir réfringent de ces prismes est tel. que le rayon émergent est parallèle au rayon incident pour 
les rayons jaunes. Si l’on veut rendre la dispersion plus considérable, on n’a qu’à ajouter deux 
prismes à vision directe, l’un entre l’objectif de la lunette et les prismes, et l’autre entre les prismes 
et l’objectif du collimateur, Nous nous contentons ordinairement d’un seul de ces prismes addi-
tionnels. Afin de ne pas trop compliquer la figure, on a supprimé le mécanisme qui sert à amener 
les prismes au minimum de déviation.

Fig. 8.3 Secchi’s compound stellar spectroscope (Schellen 1872: 474)
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The somewhat makeshift nature of the bracket, supporting the second plate for third 
and larger angular prism, suggests that this arrangement is an afterthought. It implies 
a later modification, rather than its original layout as designed or built. The similar-
ity of the two instruments infers that they were developed together. Alas, no photo-
graph of the compound stellar spectroscope was sent to the London exhibition. As 
none of this kind of instrument survives, further understanding of its evolution is 
unlikely.

8.2.3  Objective Prism Spectroscope

The idea of using an objective prism spectroscope, a prism in front of the objective 
lens of a telescope to create a spectrum of a star, was first attempted by Joseph 
Fraunhofer (1787–1826) in Munich (DeKosky 2007). The experiment was later 
repeated by Johann Lamont (1805–1879) in 1838 using the same equipment 
(Hockey et al. 2007: 672; Secchi 1872a: 37). Secchi’s use of the objective prism to 
observe stellar spectra is recorded in Le stelle as beginning when he ordered a 6-inch 
objective prism from Merz of Munich around 1870. However, writing in 1896, Hale 
and Wadsworth suggest that Secchi experimented with such a device as early as 
1855, viewing the spectrum of Sirius by attaching a prism to the front objective lens 
of a theodolite (Hale and Wadsworth 1896: 54).

The 6-inch objective prism (15.2 cm) survives and images of it were reproduced 
in numerous contemporary publications, and it is shown in a photograph supplied to 
the 1876 Special Loan Exhibition in London (Science and Art Dept. 1877). The 
prism (P) had a refractive angle of 12°, much smaller than the angles of 60° and 37° 
for the ones used by Fraunhofer and Lamont. The dispersed starlight was examined 
using a cylindrical lens, or an attached eyepiece to widen the stellar spectrum, and 
allowed the separation of the D and b lines in Aldebaran (315′) and the splitting of 
the D line itself. For optimal operation (minimum deviation), the prism was pivoted 
using adjustable screws (a) on the pillars supporting it.

The objective prism was designed for use with either the Cauchoix (15 cm) or the 
Merz telescopes (25 cm); when used with the larger instrument, it was attached 
using an adaptor plate (Fig.  8.4). The larger dispersion produced by the bigger 
instrument (14-feet focal length) produced beautifully resolved spectra for bright 
stars. However, for fainter stars the lower dispersion formed by the smaller tele-
scope (7-feet focal length) produced spectra that were brighter, if less resolved. The 
extant Merz prism is now fitted with a smaller adaptor plate for use with the 
Cauchoix telescope, and this may indicate that it was used more often with the 
smaller instrument.

When using an objective prism to make observations of stellar spectra, an inher-
ent difficulty arises in  locating the stars to be studied. Earlier observers, such 
as Joseph von Fraunhofer (1787–1826), used an offset finder telescope to amelio-
rate the problem. For his larger Merz refractor, Secchi fitted the object prism with 
an auxiliary prism (p) and a viewing hole (c) on opposite edges of the adaptor plate. 
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To make an observation, the star was first located using this aperture, then offset 
using the smaller prism, it having the same refractive power as the main prism 
(Schellen 1872, 464–5). However, this scheme was not satisfactory and was soon 
replaced with a second finder, offset by 13° from the main telescope. The star being 
first located in the original finder then moved in right ascension until it appeared in 
the second “spectral finder” (cercatore spettrale), to bring the spectrum into the field 
of the main telescope (Secchi 1877a, 42).

With respect to the objective prism, Secchi notes that:

… although this instrument is excellent, it is very expensive, and it is unlikely that its use 
will become widespread. Not being very easy to use for ordinary searches, we have looked 
for a much simpler and cheaper spectroscope; we have managed to get one that collects 
enough starlight to allow us to examine a few ninth magnitude stars. (Secchi 1877a; 43)6

This is a reference to a new form of direct-vision spectroscope that he had devel-
oped which was both cheaper and ameliorated the difficulties encountered when 

6 Però, benchè sì eccellente, questo strumento è molto costoso, e non era sperabile che venisse 
molto diffuso, ed essendo non molto comodo per le ricerche ordinarie, abbiamo cercato un mezzo 
molto più semplice ed economico, e siamo riusciti ad ottenere uno spettroscopio che raccogliendo 
interamente la luce delle stelle permette di esaminarne fino talune di nona grandezza.

Fig. 8.4 Secchi’s objective prism fitted into its adaptor plate for the Merz telescope (Schellen 
1872: 463)
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making observations with the objective prism. In operation, an individual spectrum 
was selected using a sliding plate with a screw adjustment that carried a positive 
eyepiece, or cylindrical lens, if more light was needed for faint stars. Alas, the 
instrument no longer exists so it is not clear whether other examples were made. 
With the introduction of more sensitive photographic dry film emulsions in the late 
1870s, one no longer needed to observe with the naked eye. Because multiple star 
spectra could be recorded on each photographic plate, locating the stars became less 
critical.

8.2.4  Grating Spectroscope

Although it is recorded that Secchi used a grating spectroscope—Lewis 
M. Rutherfurd (1816–1892) supplied him with a grating in 1875—it is unlikely that 
it was successfully used for stellar observations (Hearnshaw 1986: 10; Baum 
2007b). The instrument is not described in Le stelle, but two photographs showing 
the spectroscope attached to the Merz telescope were exhibited at the 1876 Special 
Loan Exhibition in London (Science and Art Dept. 1877). Secchi, commenting on 
the instrument, said: “The spectra formed thus by interference possess a clarity and 
certainty which by far surpass those from prisms” (Secchi 1877b: 27). It is almost 
certain that Secchi is describing an observation of the solar spectrum using the setup 
shown in the 1876 photograph of the Merz telescope at the Collegio Romano 
Observatory. The gratings, manufactured by Rutherfurd using his diamond ruling 
engine, were far too inefficient to produce stellar spectra visible to the naked eye, 
due to the low reflectivity of the speculum metal substrate. Hearnshaw comments, 
“their use [gratings] for stellar work at this time was very limited, due their ineffi-
ciency which resulted from the available light being divided between several dif-
fraction orders” (Hearnshaw 1986: 10).

8.3  Thermoheliometer (Actinometer)

Secchi’s attempt to measure the temperature of the Sun is less well known than his 
exploits in the field of spectroscopy and in attempting to measure the solar constant; 
in this, he was following in the footsteps of earlier researchers. Secchi was moti-
vated during his American exile after being shown the work of Joseph Henry 
(1797–1878), who used a thermopile to measure the relative temperature of sun-
spots. After Secchi extended Henry’s work, published in 1851, a contemporary 
account suggests that Secchi gave Henry too little credit for the methods he copied 
(Secchi 1851; Mayer 1880; 503). Such controversy was to plague Secchi through-
out his career (Chinnici 2019: 259–305).

The instrument he developed was based on one conceived by the Scottish physi-
cist, John James Waterson (1811–1883), and was used in India to measure solar 
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output in the early 1860s (Waterson 1861: 60–7). The apparatus used was a prede-
cessor of the modern resistance bolometer, first devised by Samuel  P.  Langley 
(1834–1906) in 1878 (Walsh 2007). Secchi’s instrument, later titled a “thermoheli-
ometer” in various English language periodicals in the 1870s (Webb 1875: 0.436; 
Ericsson 1876: 254–65), was described as an “actinometer” by the physicist 
Charles  A.  Young (1834–1908) in The Sun (Young 1895: 293; Habashi 2007). 
Secchi provides both a description of his instrument and outlines its use in Le Soleil 
(Secchi 1870a: 264–7) (Fig. 8.5).

Figure 99 in Le Soleil provides a cross-section of the apparatus, which was car-
ried on an adjustable stand to follow the movement of the sun—the mount being 
recycled from an old surveying or astronomical instrument. The apparatus consisted 
of an annular cylinder (A−B) through which water, gas or other liquids could be 
circulated, which was penetrated by two thermometers. The uppermost one has its 
bulb (t1) located in the annular gap, while the bulb of the lower thermometer is posi-
tioned at the centre of cylinder. This is positioned so that the Sun’s rays only fall on 
bulb surface, the light being guided through a narrow diaphragm (o) in the plate 
(m-n), which closes the top of the apparatus. The opposite end of the cylinder is 
closed by a thick glass plate (v), while the inside of the annulus is coated with “noir 
de fumée” (lampblack—soot) and the exterior is insulated with mahogany wood. In 
use, the Sun is observed by noting the difference in temperature between the two 
thermometers (t−t1 = θ) over the course of a day and for extended periods across 
seasons. The value (θ) with further corrections (atmospheric absorption, etc.) was 
then used to calculate the Sun’s temperature, based on the square of its distance 
from the Earth (via the inverse square law).

Using these methods, Waterson and later Jacques-Louis Soret (1827–1890), a 
Swiss chemist (Enz 2013), obtained solar temperatures of nearly 4 million K, while 
Secchi’s own observations gave a higher value of 5.3 million K (Secchi 1870a: 

Fig. 8.5 Longitudinal and traverse cross-sections of Secchi’s thermoheliometer (Secchi 
1870a: 267)
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268–9). Results obtained by Secchi were later criticised by the physicist John 
Ericsson (1803–1889) in 1876 (Cavanaugh 1999). His own trials, using similar 
apparatus supplied by Casella, gave values exceeding 10 million K (Ericsson 1876: 
317–26). All these experiments were subsequently overshadowed by the discovery 
of the relationship of black-body radiation against temperature (Stefan-Boltzmann 
law). This theoretical understanding allowed physicist Josef Stefan (1835–1893) to 
calculate a solar surface temperature (5700 K), close to modern values (5778 K), 
using data from Soret (Crepeau 2007; Stefan 1879: 391–428).

8.4  Universal Meteorograph

Secchi’s interest in telegraphy and his understanding of the new technology allowed 
him to apply it to the collecting and recording of meteorological data. When Secchi 
moved the Collegio Romano Observatory to the top of the St. Ignatius church, along 
with installing a new Merz telescope, he established the first magnetic observatory 
in Italy; but he left the meteorological instruments in their previous location nearby. 
Later these measuring instruments were linked by mechanical and electromechani-
cal means to a meteorograph housed in the observatory. The measurements col-
lected were integrated into the new centralised system of information gathering that 
had been  established in the Papal State after the revolutionary upheavals of 
1848–1849 (Mazzotti 2010: 62–3; Beltrano and Iafrate, Chap. 9 in this volume).

Created between 1850 and 1865, Secchi contrived a set of meteorological instru-
ments into a “Meteorografo” (Brenni, Chap. 10 in this volume). The culmination of 
his experimentation was his universal meteorograph, which was displayed and 
awarded a medal at the Paris Exposition of 1867 (Secchi 1870b: 6–10). The immense 
and complex mechanism was very costly, with Pope Pius IX donating 20,000 francs 
for the completion of the instrument (Mazzotti 2010: 64). After its successful opera-
tion in Rome and exhibition in Paris, it was installed at the Collegio Observatory 
where it functioned until the 1880s (Brenni 1992) (Fig. 8.6).

Fed by auxiliary meteorological instruments that were linked by electromechani-
cal means, the immense meteorograph (length 1.5 m; depth 0.6 m; height 2.7 m) 
recorded 5 parameters on 2 drum-driven paper charts with 12 recording pens. The 
meteorological data were provided by a balance barometer, a bimetallic thermom-
eter, a cup anemometer with wind vane, a psychrometer (wet/dry thermometer 
hygrometer) and a pluviometer (rainfall amount/rate). Built in Rome by the instru-
ment maker E.  Brassart, the mechanism contained 11 telegraph transmitters, 6 
counting mechanisms, a pendulum clock by Detouche of Paris and countless levers, 
pulleys and weights. The complexity of the meteorograph can be gathered by con-
temporary accounts (Brassart 1872) and the explanation provided by Paolo Brenni 
after the instrument’s cleaning and overhaul at the Museo di Storia della Scienza in 
Florence (Brenni 1993). Due to its high cost and complexity, not many of Secchi’s 
instruments were ever made (Brenni, Chap. 11 in this volume).
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Fig. 8.6 View of Secchi’s Meteorografo exhibited at the 1867 Paris Exposition (Secchi 
1870b: Fig. 2)
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8.5  Secchi Disc

Although Secchi’s name is now associated with the tool still used to measure water 
transparency, he was not the first to use such a device (Lorenz 1863: 178–85). 
However, his became better known than earlier researchers in the field when in 1865 
he published his results and the systematic method by which he made his measure-
ments (Cialdi and Secchi 1865: 100–4). As knowledge of the Secchi method spread, 
his association with the disc used to make the measurement was assured. Secchi’s 
description of the size of the discs employed, the depth of deployment and the 
recording of solar altitude guaranteed its adoption as the standard process by which 
water transparency measurements were made. Joseph  R.  Lorenz (1825–1911), 
whose similar work predated Secchi’s research by 7 years, commented in 1898 that 
he preferred the technique to be called the “Disc-System” (Lorenz 1898: 69). 
History judges which name prevails.

Secchi undertook his transparency measurements using the papal corvette, 
“Immacolata Concezione” with Captain Alessandro Cialdi (1807–1882), in the 
Tyrrhenian Sea offshore from Civitavecchia to Terracina near Rome (Altamore and 
Maffeo 2012: 243–8). The modern Secchi disc, 20 cm (8 inches) in diameter, with 
a checkerboard pattern, was derived from two circles measuring 43 cm and 237 cm 
made of white painted canvas used by Secchi and Cialdi. Initially described in 
Comptus Rendus in 1864, later works by the same authors in the journal Il Nuovo 
Cimento (Secchi 1864) and a book (Secchi 1866) provided a schematic explanation 
of their methods that was readily accessible to the reader and hence ensured the 
popularity of the technique (Zielinski, Chap. 14 in this volume).

8.6  Concluding Remarks

Secchi’s achievements in relation to the scientific instruments that he used, devel-
oped or designed indicate his broad skill base and interests across the entire range 
of the physical sciences. His extensive knowledge of astrophysics, meteorology, 
geodesy and the electrical sciences allowed him to investigate especially practical 
aspects of these disciplines.

He was keen to exchange ideas with instrument makers to modify and improve 
designs as has been shown by his discourse with the Merzs (Chinnici 2017a, b, 
39–68). He also realised the need for a research team, appointing several assistants 
to ensure observational continuity and that talented observers were used. One of 
these, father Enrico Cappelletti (1831–1899), is probably responsible for the faith-
fully drawings of planetary observations made at the Observatory (Chinnici 2019, 
70; McKim and Sheehan, Chap. 6 in this volume).

While open to discuss his ideas and observations with colleagues, Secchi exhib-
ited traits of academic suspicion when he barred Jules Janssen from the Romano 
Collegio Observatory after his initial visit in 1862 (Chinnici 2019: 160–1). As a 
consequence of unfounded suspicions of plagiarism, his works were never trans-
lated into English (Chinnici 2019: 292–296).
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Chapter 9
Angelo Secchi and Meteorology in Italy

Luigi Iafrate and Maria Carmen Beltrano

9.1  Introduction

The historical context that led Angelo Secchi to study the dynamic and physical 
processes governing Earth’s atmosphere was the Revolution of 1848–1849 (Chinnici 
2019: 25). When Secchi, as a young Jesuit, joined the exile of Jesuits from Rome (at 
the suggestion of Pope Pius IX), he had the opportunity to meet illustrious European 
and American scientists, with whom he had a fruitful scientific exchange not only 
in  astronomy but also in  another science which was of  high  interest for  him: 
meteorology.

After a brief stay in England, he moved to Georgetown College, the oldest school 
of Georgetown University in Washington. There he got to know Matthew Fontaine 
Maury (see below): oceanographer, meteorologist, and astronomer, superintendent 
of the United States Naval Observatory, and head of its Depot of Charts and 
Instruments. Maury introduced Secchi to modern theories of physical and dynamic 
meteorology, which explained how and why air masses move and generate well- 
known atmospheric phenomena. Until then, meteorologists had not been able to 
determine the origin of storms or to forecast their evolution. When Secchi returned 
to Rome in late 1849 and was named director of the Collegio Romano Observatory, 
he continued to deepen his knowledge of the dynamic meteorology theories that he 
had learned in America. He adapted these new methods of analysis to the European 
context, putting into practice the knowledge he had acquired.
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In his dissertation Sui recenti progressi della meteorologia [On recent advances 
in meteorology], Secchi emphasized that meteorology has two distinct purposes: it 
must provide information “to the farmer, the engineer, the sailor, and for public 
safety, while satisfying the curiosity of the educated public through a detailed 
review of the atmospheric phenomena that have occurred”; but in addition, it is also 
necessary “to know the general laws of motions and the intimate structure of this 
great machine that is the atmosphere, on whose functions the planet’s life depends” 
(Secchi 1861: 7).1

The two basic aims of Angelo Secchi’s meteorological research activity were the 
acquisition and transmission of data in real time by means of modern measuring 
instruments and innovative methods of communication and data analysis, by search-
ing for correlations of these data with other observed physical phenomena in order 
to fully understand the laws of physics that controlled atmospheric motions and 
their associated storms.

Up until 1855, the Collegio Romano Observatory had only provided a daily 
monitoring of Rome’s weather conditions, but Secchi’s innovative approach to 
atmospheric sciences transformed this observatory into an operational meteorologi-
cal center, with the task of collecting weather data recorded in the other stations of 
the Papal States to formulate storm forecasts and send them to the competent 
port authorities. This work led the Observatory to the forefront of this discipline, 
and provided the starting point for the great development that meteorology would 
have in Italy and in the world in succeeding years.

9.2  Matthew Fontaine Maury

As noted above, Secchi’s interest in atmospheric sciences began with his acquain-
tance with Matthew Fontaine Maury (1806–1873). Maury had joined the US Navy 
in 1825, and spent several years as a midshipman cruising the oceans and circum-
navigating the globe. In 1839 he broke his leg in a stagecoach accident and was 
forced to give up his active service at sea. He then dedicated his time to the study of 
navigation, meteorology, and oceanography; in 1842 he was appointed superinten-
dent of the Navy’s Depot of Charts and Instruments, in Washington, which two  years 
later was renamed the United States Naval Observatory. In this position, Maury had 
access to thousands of ships’ logs and charts from all over the world, and he used 

1 Lo scopo delle ricerche meteorologiche può esser doppio; uno, locale e parziale, non altro si 
propone che di servire di guida giornaliera all’agricoltore, all’ingegnere, al marinaio, alla pubblica 
igiene o servire alla dotta curiosità: a quest’uso basta una precisa rassegna de’ fatti, e la parte 
osservatrice non può negarsi essere oggidì recata ad alto grado di perfezione. L’altro più vasto e più 
importante, e senza cui è impossibile raggiungere adequatamente[sic]il primo, è il conoscere le 
leggi generali de moti, e l’intima struttura di questa gran macchina che è l’atmosfera, dalle cui 
funzioni dipende l’esistenza di quanto ha vita su questo pianeta; e in questa parte, immenso è il 
progresso fatto in questi ultimi anni (Secchi,1861: 7).
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this material to extrapolate and correlate data about winds and marine currents. In 
so doing, he began his successful career as an oceanographer and meteorologist.

Even though contemporary American meteorological literature rejected Maury’s 
theoretical approach to meteorology, our studies of his specific knowledge in the 
atmospheric sciences suggest that he should be counted among the most influential 
pioneers in the field of dynamic meteorology and its applications to weather 
forecasting.

He carefully studied the many thousands of logbooks received at the Naval 
Observatory, where all the weather phenomena observed onboard each ship, along 
its route, had been systematically annotated, and arrived at some fundamental 
advances, proposing: 

–  the first rigorous meteorological characterization of the prevailing pattern of con-
stant wind known as “trade winds”, the starting point for all other atmospheric 
motions;

– the recognition and identification of the main periodic winds or “monsoons”;
– the definition of the basic characters of the mid-latitude atmospheric circulation.

Maury observed the wide seasonal oscillation in latitude of the northeastern trade 
winds and ascertained that the southeast trade winds blow stronger than the north-
east ones, so that, in their latitudinal shift toward the Northern Hemisphere, they 
cross the equator and change direction, thus turning into southwest monsoons. 
Maury proposed the term “deflected trade winds” for them. Within the tropical con-
vective circulation, he identified the intertropical convergence zone, associated with 
a band of heavy precipitation, and two calm belts near the tropics, respectively, con-
nected to high pressure bands: the “nodes” of the general atmospheric circulation. 
He also studied the circulation pattern at mid-latitudes, concluding that it is charac-
terized by prevailing western winds that originate from the same tropical anticy-
clonic bands from which trade winds blow. Maury also recognized the key role that 
latent heat plays in the thermodynamic processes of the atmosphere.

He correlated winds and other weather phenomena with ocean currents in his 
fundamental works Explanations and Sailing Directions to Accompany the Wind 
and Current Charts (1858–1859) and The Physical Geography of the Sea, and Its 
Meteorology, which boasted 15 editions after it was first published in 1855. This 
book helped the American meteorologist William Ferrel (1817–1891) to develop his 
mathematical theory of general atmospheric circulation and contributed to the ana-
lytical description of the curvature of the air currents around high and low pressure 
centers, postulating the existence of an apparent force which, arising from the 
earth’s rotation, produces a deflecting effect on the motion itself, to the right in the 
Northern Hemisphere and to the left in the Southern one (Ferrel 1860).

Commodore Maury also promoted the first International Maritime Conference, 
held in Brussels in 1853, a meeting where ten governments were represented and 
where he gave a decisive impetus to the development of international cooperation in 
meteorology, starting from observations and measurements carried out at sea, thus 
laying the foundations of the International Meteorological Organization (IMO) that 
will come into being at the 1879 Rome International Meteorological Congress.
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By analyzing the countless logbooks received, he studied in detail the distribu-
tion of atmospheric pressure and winds in the two terrestrial hemispheres, and the 
results he obtained were then verified by his English colleague and friend Robert 
FitzRoy (Secchi 1865a), the founder of what would later be called the Met Office 
(Anderson 2005). His explanations about winds and ocean currents would help 
meteorologists to better understand the main storm trajectories, thus opening the 
way for weather forecasts.

Maury had the honor of introducing Secchi to this nascent sector of studies and 
research, arousing in him an enthusiasm for deepening the main theoretical and 
synoptic aspects of gale and storm dynamics. Maury was held in great esteem by 
Angelo Secchi; this esteem was reciprocated by Maury, who considered Secchi to 
be the greatest of the nineteenth-century physicists (Torelli 1877).

9.3  Secchi’s Theoretical Work in Atmospheric Science

Angelo Secchi conceived of meteorology as “a vast science that embraces all the 
modifications of our atmosphere […] in connection with all the branches of the 
physical sciences.” Although he considered daily weather observations “excellent,” 
he complained that simply recording them was not enough to promote meteorology 
as a science. In order to do this, it was necessary “to monitor the trend in weather 
phenomena and their mutual connection, as well as to compare them with those 
occurring elsewhere.” Therefore, “the publication of meteorological observations 
must be accompanied by appropriate discussions and must […] give an accurate 
idea of   how atmospheric events follow one another,” since average values   are not 
enough to understand the major changes in the weather. According to him, meteo-
rologists should no longer limit themselves to monitoring only the variations in 
pressure, temperature, humidity, and the consequent atmospheric motions, but to 
extend their measurements and research to “variations of terrestrial magnetism in 
close connection with atmospheric electricity” (Secchi 1862, 1, 1: 1).2

2 La meteorologia, come oggidì devesi concepire, è realmente una scienza vastissima, che abbrac-
cia tutte le modificazioni della nostra atmosfera, ed è perciò in connessione con tutti i rami delle 
scienze fisiche e più specialmente con quelle che risguardano il calorico, l’elettricità e il magne-
tismo. Le osservazioni giornaliere sono eccellenti, ma il semplice registro loro non basta a pro-
muoverla, e per ciò è necessario fare rilevare l’andamento de’ fenomeni e la loro connessione 
reciproca, e paragonarli con quelli che accadono negli altri luoghi: quindi la pubblicazione delle 
osservazioni deve esser corredata dalle opportune discussioni, e deve essere o intera, o almeno tale 
da dare una idea esatta del modo con cui si succedono le vicende, essendo i semplici risultati medii 
poco atti a farne conoscere diverse modificazioni importanti. Per ciò che riguarda i soggetti di 
osservazione, fino ad ora i meteorologisti si sono limitati comunemente alle variazioni della pres-
sione, della temperatura e dell’umidità, e de’ movimenti nell’aria da queste cause prodotti; ma 
recenti ricerche hanno dimostrato che un altro ramo visi deve aggiungere, ed è quello delle vari-
azioni del magnetismo terrestre in connessione colla elettricità atmosferica.
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9.3.1  Storm Forecasting Theories

Father Secchi was perhaps the first scientist to apply the dynamic meteorology that 
he had learned from Maury, and from his own study of the physics of the atmo-
sphere based on authoritative scientists’ contributions (Halley 1686; Hadley 1735; 
Bernoulli 1738; Lagrange 1788; Redfield 1831; Clapeyron 1834; Espy 1841; Dove 
1861; FitzRoy 1863), for a highly humanitarian purpose: storm forecast and warn-
ing service.

Two competing models on the genesis and development of cyclonic and non- 
cyclonic storms were in vogue in his time. One conceived them as great atmospheric 
waves, while the other as actual whirlwinds. Secchi considered both valid, although 
with their limits, asserting that in storms the “mere wave structure” would dominate 
on a synoptic scale (on the order of 1000 kilometers and beyond), “without a defi-
nite rotary motion,” while the “vortex motion” would need to be ascertained at a 
mesoscale (from 30–40 to 300 kilometers, approximately). Atmospheric waves 
would regularly propagate “over large tracts of the Earth’s surface,” especially on 
free surfaces such as the sea, while they would not spread as fast on the continents, 
particularly in Europe, because of obstacles such as mountain ranges. Due to the 
formation of secondary undulations, they would assume a typically whirling rotary 
movement (Secchi 1862b). Storms would therefore be violent and irregular distur-
bances of atmospheric motions, characterized by deep depressions or cyclones, with 
spiraling and then ascending motions (in the central region).

In order to study and forecast the evolution of storms, Secchi not only monitored 
regular and irregular variations of the barometric pressure but also measured the 
extraordinary magnetic perturbations induced by electrical discharges in the atmo-
sphere connected with distant storms (Secchi 1862c). In his experience, variations of 
the barometer and of the magnetometer were two useful indicators for providing 
advance warning of storms. Based on studies carried out by the American mathemati-
cian Elias Loomis (1811–1889) concerning storms that occurred in different parts of 
the world and especially in light of the results of his personal observations and research, 
Father Secchi stated that European storms should be independent from American ones, 
which generally did not cross the Atlantic Ocean (Secchi 1862a, 1, 3: 24).

In addition, and very much in advance of his time, Angelo Secchi introduced a 
new subject area that he called “solar meteorology,” known today as “space weather” 
(Altamore et al., Ermolli and Ferrucci, Chaps. 1 and 7 in this volume). By theorizing 
about the Sun’s influence on the atmospheric phenomena, among other things, 
he wrote:

There are long-term phenomena on Earth that are dependent on changes observed on the 
solar surface, such as the ten-year magnetic period, which agrees with the well-known 
sunspot cycle. So, this new field of study is pertinent to physics of imponderable fluids, on 
the one hand, to astronomy, on the other […] to atmospheric physics. (Secchi 1862,1,1: 1)3

3 … vi sono realmente fenomeni a lungo periodo sulla terra che sono dipendenti da modificazioni 
osservate sulla superficie solare, qual è per esempio il periodo magnetico decennale, che è 
d’accordo col periodo delle macchie solari. Talché questo studio nella sua pienezza tocca alla fisica 
degli imponderabili da un lato e alla astronomia dall’altro, e include quanto spetta a tutta la fisica 
dell’atmosfera.
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He well understood that the Earth’s weather and climate are strictly dependent on 
the Sun’s activity (Secchi 1863), as well as bearing a close correlation with the 
nature of the geomagnetic field.

9.3.2  A New Hailstone Formation Theory

Inspired in part by the report of a sudden and very violent “aerial vortex” (Secchi 
1876: 1–2) that the balloonist Madame Louise Poitevin (1819–1908) had experi-
enced at an altitude of about 1200 meters above sea level, so strong that in less than 
five minutes a bowl of water froze, Father Secchi became very interested in the 
formation of hail. As a physicist, Secchi applied the new laws of dynamics and 
thermodynamics to this study.

At that time there were different hypotheses on the subject. The prevailing the-
ory, advanced by the authoritative physicist Alessandro Volta (1745–1827) in the 
early nineteenth century, proposed an electrical origin for hail. But Secchi’s expla-
nation was the first to be based on the laws of atmospheric dynamics and thermody-
namics. For him, the role played by atmospheric electricity in the formation and fall 
of hail was secondary; instead, latent heat played the leading role (Secchi 1876).

He connected the origin of this icy precipitation with the rapid whirling motion 
generated by ascending warm air currents and obliquely descending colder ones 
coming from the upper atmospheric layers. According to him, geographical condi-
tions favorable to the formation of hail would be the presence of a large overheated 
plain and a mountain system immediately adjacent to it. The repeated ascending and 
descending motions within the vortex would lead to the freezing of water vapor in 
the form of ice crystals (in the upper part of the thundercloud) which, transported 
upward and downward by convective motions, would grow by overlapping new lay-
ers, alternately opaque and transparent. Father Secchi pointed out that most grains 
would follow the strongest gusts of wind connected to “whirlwinds” with a pre-
dominately horizontal axis, thus falling on narrow and irregularly distributed bands.

9.3.3  The Urban Heat Island and Climate Change

Angelo Secchi was concerned with the well-being of the citizens of Rome, where he 
spent most of his life. His studies were summarized in two remarkable lectures 
given at the Accademia degli Arcadi, in 1865 and 1866.

In a booklet on the sanitary conditions of Rome (Secchi 1865), he underscored 
how its climate is favorable for its people and for agricultural activity:

The climate of Rome is […] excellent and privileged by nature. The robustness of its citi-
zens, their attractiveness and their very flowery color in winter, is enough to say that it is the 
healthiest in the world. Foreigners know it and they […] spend the cold season there. Its sky 
is proverbially bright, the temperature is moderate, extreme cold is unknown in winter […]. 
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The distance to the mountains is so great that we are little subject to those terrible scourges 
associated with devastating hailstones […] Fog is rare, rains are frequent and generally well 
distributed. […] Fruits are very abundant and exquisite, and beyond every thought, different 
and suitable for all seasons…. (ibid.: 4–5)4

In another booklet dealing with the climate of Rome, Secchi introduced the issue 
of climate change:

A serious question now arises: has our climate been changing for some time now? Such a 
complaint is not uncommon, and if we believed certain people, every year would always be 
the hottest or the coldest or the mildest that ever we had! But the thermometer soon belies 
these sensations, and shows us that variations are held within very discreet limits, certainly 
for the length of time for which we have good and comparable instruments [...]. (Secchi 
1866: 19)5

It’s amazing how the perception of the weather that people have today is so close 
to that of Secchi’s times! But concerning longer trends, he expressed views that are 
surprisingly contemporary:

Going back to the ancient historical ages, it would seem that there have been variations, 
there having been […] unusual frosts, which in our times are almost physically impossible: 
in other ages, floods also took such a proportion that we have not seen for many years. So, 
I would not hesitate to believe in some change due to the different cultivation, the 
 deforestation of mountains, and the introduction of artificial heat sources, which are cer-
tainly not negligible. (Secchi 1866: 19-20)6

Therefore, even at the time of Secchi, extreme events were being described in 
such a way that suggested the possibility of living in a climate that was warmer than 
in the past! What is surprising are the hypotheses that Secchi formulated about the 
possible causes of climate change, mainly those used to explain the heating observed 
in urban and industrial areas:

4 Il clima di Roma di sua natura è eccellente, e privilegiato dalla natura. Basta vedere la robustezza 
de’ cittadini, la loro avvenenza e il colore fioritissimo nei mesi invernali, per dire che non la cede 
al più salubre del mondo. I forestieri lo sanno e vi corrono in copia … a passarvi la rigida stagione. 
Limpido proverbialmente è il suo cielo, la temperatura è moderata, sconosciuti nel verno i freddi 
estremi, … La distanza ai monti è tanta che siamo poco soggetti a que’ tristi flagelli delle grandini 
devastatrici che tanto infestano i luoghi posti sotto di essi. Rara è la nebbia, frequenti e in generale 
ben distribuite le piogge: … Le frutta sono copiosissime e squisite, e oltre ogni credere diverse e 
proprie di tutte le stagioni né mancano mai erbaggi saluberrimi.
5 Una grave questione ora ci si presenta: è il nostro clima cambiato da qualche tempo in qua? Un 
lamento di questo genere non è raro, e se credessimo a certe persone, ogni anno sarebbe sempre il 
più caldo o il più freddo e il più stemperato che siasi mai avuto! Ma il termometro smentisce presto 
queste indicazioni delle sensazioni, e ci mostra che le varietà stanno entro limiti molto discreti, e 
certamente per la durata del tempo dacché abbiamo buoni strumenti e comparabili, nulla può assi-
curarsi di preciso.
6 Rimontando alle epoche storiche antichissime pare che vi sarebbe stata variazione, essendovi 
tradizione nei tempi remotissimi di geli inusitati, che a tempi nostri sono direi quasi fisicamente 
impossibili: le inondazioni pure in altri tempi prendevano una proporzione tale che da molti anni 
non vediamo. Onde non esiterei a credere a qualche cambiamento, dovuto alla differente coltura, 
al disboscamento de monti e all’ introduzione delle sorgenti artificiali di calore, che non sono 
certamente trascurabili.
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When we consider the enormous amount of steam that is now artificially launched into the 
atmosphere, and fuel extracted from the […] Earth […], it will not be difficult to persuade 
oneself that in the large urban and industrial agglomerations the average temperature and 
the degree of humidity cannot remain unchanged. And in fact, Mr. Glaisher [James Glaisher 
(1809-1903), an English astronomer and meteorologist] found that the average temperature 
in London has grown by about 2° in the last 50 years. (Secchi 1866: 20)7

In examining possible local causes of climate change perceived in Rome, he 
proposed a theory about relative heating, observed at his time, based on general 
physical principles, such as heat exchange between the incoming air masses and the 
icy surfaces they traversed, but without entering into why glaciers had retreated:

It is certain that the Alpine glaciers were more extensive in times not far from the present, 
and whatever the cause of this fact, it cannot fail to affect the climate of our Italian region, 
since the northern winds which arrive after crossing those icy peaks are cooled in propor-
tion to the extent of the frozen region that they cross. (ibid.)8

Secchi dealt with topics related to the geological and paleontological evidence 
underlying the theory of glaciations, basing his descriptions on Antonio Stoppani’s 
geological work (Stoppani 1871–1873; Esposito et al. 2015: 21–22), as he himself 
wrote in his Lezioni di fisica terrestre (Secchi 1879). In the light of the geological 
and paleontological proxies observed in Italy that were attributable to warmer and 
colder periods of the past, he took note of the effects of climate change, but without 
going into a theoretical discussion of the related causes. Like other scientists of his 
time, Secchi had anticipated a new research approach regarding earth sciences and 
climatology, today known as “paleoclimatology.” Only in the 1930s would it 
become part of the group of disciplines (such as meteorology, oceanography, geo-
morphology, geography, hydrology, botany, geology, archeology) currently involved 
in the interdisciplinary studies about climate change:

Geology may perhaps teach us on this point where history speaks very obscurely, […], as 
while on the one hand it shows us the remains of tropical animals in our regions, on the 
other one it present us those of frozen regions, and it is very difficult to distinguish the 
respective eras […]. But […] the climate of Italy has certainly changed even after the 
appearance of man. But this alteration seems to have been made apparently for the better, 
that is, turning into a higher and milder temperature. (Secchi 1866: 20-21)9

7 Quando consideriamo l’enorme quantità di vapore che ora artificialmente si lancia nell’atmosfera, 
e del combustibile che estratto dalle viscere della terra torna alla luce per restituire la forza viva 
immagazzinata dal sole per secoli e secoli in quei depositi, non sarà difficile a persuadersi che nei 
grandi centri di popolazione e d’industria la media temperatura e il grado di umidità non possono 
restare invariabili. E infatti il sig. Glaisher ha trovato che la media temperatura di Londra è cresciuta 
di circa 2° in questi ultimi 50 anni.
8 È certo che i ghiacciai delle Alpi erano ad epoche non remote molto più estesi che non sono attu-
almente, e qualunque sia la causa di questo fatto, esso non può [fare] a meno di non influire sul 
clima della nostra zona italica, poiché i venti settentrionali ci arrivano dopo esser passati per quelle 
gelide cime, e concepiranno temperatura proporzionale alla estensione gelata che devono 
attraversare.
9 La geologia forse potrà istruirci su questo punto in cui la storia parla assai oscuramente, ma essa 
finora è troppo incerta nei suoi dettati, giacché mentre da un lato ci mostra nelle nostre regioni 
avanzi di animali tropicali, dall’altro ce ne mostra di quelli delle regioni gelate, e il distinguere le 
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Secchi’s words suggest that the climate change issue was already focused and stud-
ied in his time. The modernity of his vision and approach to this topic appears sur-
prising: the observation of nature and the discernment of signals coming from the 
environment are the only way to understand climate change! In his monograph, with 
simple and understandable language, he summarized personal considerations, 
opened new perspectives, and suggested new approaches, providing new insights 
and formulating hypotheses that in retrospect appear far ahead of their time.

9.4  The Meteorograph

Between 1857 and 1867, Angelo Secchi devised his meteorograph, an innovative 
apparatus for recording over time variations of air temperature, humidity, atmo-
spheric pressure, precipitation, wind direction and speed, air electricity, and terres-
trial magnetism, representing them graphically on a single page (Fig. 9.1). It allowed 
a direct and immediate comparison among these different measurements, recorded 
continuously, thus making it possible to correlate the evolution of the monitored 
phenomena (Secchi 1866a). This instrument, a true technological jewel of that era, 
is considered the “prototype of modern automatic meteorological stations” (Beltrano 
1996: 14).

Secchi presented his device at the Paris Universal Exhibition of 1867 (Carraro 
1868), where the international jury of the exhibition awarded Father Secchi the 
highest honor: the Grand Prix gold medal (Secchi 1867; Chinnici 2019: 125–133), 
a sum of 6000 francs, and high honorary titles by the emperors Napoleon III of 
France and Pedro II of Brazil (Altamore and Maffeo 2012). The meteorograph 
exhibited in Paris was then set up at the Collegio Romano Observatory. Removed 
from its inventory in 1880, the apparatus has been completely restored 
(see Brenni, Chap. 10  in this volume) and is now kept at the Astronomical Museum 
of INAF-Rome Astronomical Observatory at Monte Porzio Catone (near Rome).

In 2015, thanks to the detailed description that Secchi gives about the tempera-
ture sensor (Kreil apparatus) of the meteorograph used at the Collegio Romano, we 
have identified on the external wall of the eastern transept of Saint Ignatius’ church 
the anchor used for fixing the bottom of the copper wire, the cables that supported 
the sail designed to protect this sensor from solar radiation and, in the upper cornice, 
the holes through which the wire and cables passed (Fig. 9.2).

relative epoche in cui essi hanno vissuto sulle nostre rive, è cosa assai difficile. Ma se è certo che 
la renna abitava nelle vicinanze dei depositi delle terremare trovati nell’Emilia all’età della pietra 
e del bronzo, come sembrano mostrare gli avanzi colà trovati, il clima d’Italia anche dopo la com-
parsa dell’uomo ha certamente mutato. Ma tale mutazione sembra essersi fatta a quanto pare in 
meglio, cioè volgendo a una più alta e mite temperatura.
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Fig. 9.1 An example of diagrams drawn by the Secchi meteorograph (From Bullettino meteoro-
logico dell’Osservatorio del Collegio Romano, 1866, Table  4; courtesy of CREA  – Biblioteca 
Storica della Meteorologia Italiana, Rome)

Fig. 9.2 Remnants of the Kreil thermometric apparatus found on the north wall of the eastern 
transept of Saint Ignatius’ church: (a) the anchor for the copper wire; (b) the cables that supported 
the sail put to protect the thermometric sensor from solar radiation and the holes in the upper cor-
nice (Credit: Maria Carmen Beltrano)
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9.5  The World’s First Severe Weather Warning Service

In order to satisfy the ever-increasing requests for weather forecasting, motivated by 
the aim of saving lives especially at sea, and to minimize the economic damage 
associated with the most severe and extreme weather phenomena, Angelo Secchi 
organized the first governmental meteorological network in history: the “Telegraphic 
Meteorological Exchange” of the Papal States. He drew inspiration from two dis-
tinct meteorological projects conceived by two American high-level scientists, the 
aforesaid Maury and Joseph Henry (1797–1878), as Secchi himself stated in 
his  manuscript  Notizie meteorologiche adattate all’uso comune, (APUG  Angelo 
Secchi S. I., 4, V (b): [21]) (see below, paragraph 9.7). Maury and Henry were two 
protagonists of the 1840s debate over the nature and causes of storms that was to 
lead to a real “meteorological crusade” (Fleming 2000).

The time was ripe for scientists to begin to set up modern meteorological ser-
vices, both nationally and internationally. In fact, the obvious awareness that atmo-
spheric perturbations move beyond national borders stimulated scientists’ interest 
in organizing coordinated meteorological services, to allow the unambiguous 
understanding of the movement of air masses and storms (Iafrate 2011). For this 
purpose, in 1847 the Smithsonian Institution in the USA, at the urging of its secre-
tary Joseph Henry, had organized a daily collection of weather information pro-
vided by volunteer observers scattered across the country, whose number grew to 
about 600. They were equipped with standardized forms and instruments and every 
month submitted their weather reports to the Smithsonian Institution. These included 
temperature, humidity, wind and cloud cover, and rain and snow measurements. The 
aim of this project was to help scientists better understand storms, weather patterns, 
and climate differences across the country. Although the Smithsonian had recom-
mended using telegraph for gathering data and forecasting, this was not part of the 
initial program, as it was deemed too expensive! During the late 1840s, there were 
various informal telegraph companies in the USA that exchanged meteorological 
information, but these were not connected to the Smithsonian Institution. It began 
systematically gathering telegraphic information for forecasting in 1856. Weather 
forecasting was another part of Henry’s plan. He set up a network of telegraph sta-
tions around the country to transmit weather data to the Smithsonian once a day. 
Telegraph operators simply communicated whether the sky was clear or cloudy, 
whether it was raining or snowing, and the wind direction.

In the early 1850s, independent of Henry, Maury also planned the creation of a 
US “telegraphic meteorological bureau” within the Naval Observatory and 
Hydrographical Office under his direction, in order to receive and analyze meteoro-
logical reports and then formulate weather forecasts. Unfortunately, Congress did 
not approve his plan and he had to put aside this important goal (DuVal 2017).

In Europe, the first idea of a meteorological service aimed at modern weather 
forecasting is generally attributed to the famous astronomer Urbain Jean Joseph Le 
Verrier (1811–1877), director of the Imperial Observatory of Paris. His plan envis-
aged a vast meteorological network whose central office would be responsible for 
telegraphing warnings of the imminent arrival of storms to French and other 
European port authorities, as well as to sailors (Le Verrier 1855). The project was 
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based on an original idea by the physicist Edme Hippolyte Marié Davy (1820–1893), 
the future head of the International Meteorological Service, at the Paris Observatory. 
On February 16, 1855, Le Verrier submitted such a plan to Napoleon III; however, 
even though the Emperor granted his approval for its realization, the authorization 
by the French Ministry of Navy was a few years late in coming.

9.5.1  The “Telegraphic Meteorological Correspondence” 
of the Papal States

Given that the papal territory was bounded by two seas, a rapid exchange of meteo-
rological data from one coast to another was extremely important to prevent possi-
ble damage associated with severe weather such as gales and storms. Drawing 
inspiration from Le Verrier’s plan and following up on an idea presented to the papal 
government by Erasmo Fabbri Scarpellini (active in Rome at the Campidoglio 
Observatory), Angelo Secchi organized a coordinated system of synchronous daily 
observations to be transmitted by telegraph within the Papal States, aimed at storm 
forecasting and warning service. Giuseppe Milesi Pironi Ferretti (1817–1873), 
Minister of the Commerce and Public Works, authorized Fabbri Scarpellini’s request 
and gave Secchi the task of founding and directing a telegraphic meteorological 
exchange, as stated in the ministerial communications dated May 2 and 31, 1855, 
February 25, 1856, and other encouragement dispatches (Fabbri Scarpellini 1857). 
Pope Pius IX personally financed the enterprise.

And thus on June 20, 1855, the daily exchange by telegraph of weather observa-
tions among the observatories in Rome, Ancona, Bologna, and Ferrara (Manzi 
1857) began operation. This service, named “Telegraphic Meteorological 
Correspondence” (Fig. 9.3), was the first governmental weather service in the world 
aimed at formulating storm warnings. Secchi had produced a prototype for modern 
meteorological services.

These four meteorological observatories were equipped with standardized instru-
ments, the best available at that time. Observations of barometric pressure, air tem-
perature, atmospheric humidity, wind speed and wind direction, state of the sky, and 
precipitation were measured every day at 12 o’clock, and then the four observato-
ries exchanged the synchronous measurements among themselves. The Collegio 
Romano Observatory served as the data collection and operations center. There 
Secchi elaborated weather forecasts for alerting the arrival of storms and promptly 
transmitted them to the other Correspondence stations, where they were reformu-
lated into more accurate local forecasts (Secchi 1855).

Secchi based his forecasts on the nascent science of dynamic meteorology: the 
most probable evolution of weather conditions in the Papal States was extrapolated 
on the basis of pressure and temperature trends in Europe, mainly derived from the 
data acquired by Le Verrier’s international network, which the Collegio Romano 
Observatory has joined in 1857 (see below, section 9.5.2). Secchi himself explained 
his approach in a book on astronomy in Rome during the reign of Pius IX:
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In recent years meteorology has entered a new phase; it is not only concerned with climatol-
ogy, but with the general atmospheric physics and air currents and storm path. I was in 
America at the time of Maury’s great discoveries. I saw his methods [of study], and from 
his own mouth I learned his [modern] ideas [on dynamic meteorology], and it was my care 
to inform my compatriots when I returned [to Italy], through the Memories by Tortolini 
[Secchi 1853]. About at the same time, Maury came to Europe, and in Brussels he held a 
conference where a draft of general studies on atmospheric movements was discussed. The 
States [that attended] then planned a telegraphic coalition for studying storms. The Collegio 
Romano Observatory took an active part in this study, and in 1855, as already mentioned, 
the authorization to set up a [daily] telegraphic communication was granted by the Pontifical 
Government […]. (Secchi 1877: 44)10

10 Ma la meteorologia in questi ultimi anni è entrata in una fase novella; essa non si occupa solo 
della climatologia, ma della fisica generale dell’atmosfera e delle correnti aeree e del giro delle 
burrasche. Lo scrivente si trovava in America all’epoca delle grandi scoperte di Maury. Egli vide i 
suoi metodi, e dalla sua bocca stessa raccolse le sue idee, e fu sua cura informarne al ritorno i suoi 
compratioti in una memoria inserita negli annali di Tortolini, Tom. 4. 1853. Circa il medesimo 
tempo il Maury si recava in Europa, e a Brusselles faceva una conferenza ove discutevasi un pro-
getto di studii generali sui movimenti dell’atmosfera. Gli Stati non concorrevano ancora ufficial-
mente, ma progettavasi fin d’allora la coalizione telegrafica per lo studio delle burrasche. 
All’osservatorio del Collegio Romano si prese parte attiva a questo studio e, nel 1855si otteneva 
dal Governo Pontificio l’istituzione di una comunicazione telegrafica quotidiana tra le principali 
città dello Stato, Roma, Ancona, Bologna, Ferrara, che continuò parecchi anni.

Fig. 9.3 Map showing the geographical position of the main stations belonging to the “Telegraphic 
Meteorological Correspondence” in the Papal States (from Giornale delle strade ferrate, 1857, 1, 
10: 159; courtesy of Biblioteca Casanatense, Rome)
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Secchi was aware of how important it was to have many observation points on 
the territory for continuous weather  monitoring over long periods (Secchi 1858: 
102) and therefore for the study of climate change. Such a system, which today we 
call a “weather network,” represents the reliable information base necessary to rec-
ognize indications of climate change in the very long-term trends of atmospheric 
phenomena:

We will know the general physical causes that are changing our climate, as well as the local 
ones […].It is desirable that the number of observatories increase and instead of being all in 
the same place, […], they are also located in neighboring countries where there is a real 
need for data. […] Secondary observatories, cooperating with a primary one, would make 
an immense service for the knowledge of climate changes dependent on the local causes, of 
which we are still very deficient in knowledge. (Secchi 1866: 21)11

Thus, the original concept of the “Telegraphic Meteorological Exchange” involved 
the inclusion of additional meteorological observatories located in the Papal States 
(Manzi 1857). However, this Exchange ceased operations in January 1859, when 
the second war of Italian Independence led to the fall of the Papal States.

But even after the “Correspondence” had ceased to function, Angelo Secchi 
maintained a local network that included the meteorological stations  of Rome 
Campidoglio, Frascati (Villa Mondragone), Grottaferrata (Monte Cavo), and Tivoli 
and an exchange with the meteorological  observatories of Subiaco (directed by 
engineer  Angelo Alvarez), Urbino (directed by Father Alessandro 
Serpieri [1823–1885]), and Velletri (directed by priest Ignazio Galli [1841–1920]), 
as well as with foreign Jesuit ones (Secchi 1862).

9.5.2  The Paris International Meteorological Correspondence

In 1857 the Collegio Romano Observatory joined the “International 
Meteorological Correspondence” that Urbain Le Verrier was launching at the Paris 
Impérial Observatory to produce weather forecasts and issue appropriate storm 
warnings for the French Navy and the main European ports. Le Verrier’s Telegraphic 
Meteorological Correspondence was based on the approach that Father Secchi had 
already introduced in his “Weather Service” (Secchi 1861). Thus, Secchi wrote:

Every morning we send a telegram to Paris containing the observations made at 7 am [at the 
Collegio Romano and regarding temperature, humidity and precipitation] and other infor-

11 Checché ne sia di ciò, se si seguiterà a studiare i fenomeni atmosferici con quell’ardore che si fa 
da qualche anno a questa parte, certamente non si andrà molto che meglio, si conosceranno quelle 
cause generali di ordine fisico che modificano il nostro clima, e le locali che ci circondano […] 
sarebbe desiderabile che si estendessero i centri di osservazione e che … venissero estesi ai paesi 
limitrofi ove è un reale bisogno di dati. […]Questi osservatorii secondarii osservando di concerto 
con uno primario, renderebbero un immenso servizio per conoscere la modificazione del clima 
dipendente dalle cause locali, sulle quali siamo ancora assai deficienti in cognizioni.
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mation, and not only to Paris but to Florence and Petersburg, in addition to the dissemina-
tion of such meteorological data through the newspapers […]. (Secchi 1877: 45)12

At the same time, Secchi received from Paris the corresponding values measured in 
the other observation points of Le Verrier’s European international network. “The 
observations collected by Le Verrier were then lithographed and sent back to the 
observatories in the form of bulletins. Based on these bulletins the laws of storms 
were studied at the Observatory” (ibid.).13

Although Secchi knew well that basing storm forecasts on observations “recorded 
in the bulletins […] only once a day, namely at 7 am,” limited their success, he tried 
to use all the information he received to thoroughly investigate atmospheric pertur-
bations and their main trajectories (Secchi 1858: 97–98). It was for this purpose that 
he introduced the graphic method, which he considered as the “only one useful in 
this matter.”

9.5.3  Isobars and Isotherms for Weather Forecasting

Angelo Secchi was a pioneer in introducing isobars and isotherms in the nascent 
field of storm forecasting. Drawing on data recorded in the European stations of the 
“International Meteorological Exchange,” he would record atmospheric pressure 
and thermometric values measured simultaneously on unlabeled European maps 
and connect the values of equal pressure and temperature by isobars and isotherms, 
respectively. These constituted the first charts of surface pressure and temperature 
to be used for weather forecasting; today they are the foundation of the entire edifice 
of synoptic meteorology.14

As soon as the pressure, temperature, and wind data recorded at the various 
European observatories at the established synoptic time (7 or 8  in the morning, 
depending on the season) and reported in Le Verrier’s international Bulletins arrived 
at the Collegio Romano Observatory, they were represented on a large map of 
Europe, 1 meter high and 1.25 meters wide, with 20 cm long rods protruding from 
the location of each station. So, for instance, the base level of barometric pressure 
was arbitrarily fixed at 730 mm of mercury (corresponding to 973.1 hPa). Each rod 
was made to protrude by half a centimeter for each mm of pressure above this level, 
so that its maximum protrusion would be 20 cm, corresponding to a value of 770 mm 

12 Ogni mattina si spediva a Parigi il telegramma delle osservazioni fatte alle 7 antimeridiane colle 
altre informazioni richieste, e si continua anche oggidì a spedirlo non sola a Parigi, ma a Firenze e 
Pietroburgo, oltre alla diffusione dei listini meteorologici nei giornali, come si disse.
13 Le osservazioni raccolte dal Leverrier venivano poscia litografate e rinviate così raccolte agli 
osservatorii. Fu su questi bullettini che all’osservatorio si studiarono da principio le leggi delle 
burrasche.
14 The branch of meteorology that analyses meteorological observations carried out simultaneously 
over a large area of the globe in order to forecast the short, medium, and long-term evolution of 
weather.
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(1026.4 hPa). In this way, Angelo Secchi produced the first three-dimensional car-
tographic representation applied to meteorology, which then served as the basis for 
the construction of isobaric maps that could be used for weather forecasts.

While Secchi was a pioneer in introducing isobars and isotherms in storm fore-
casting, the person responsible for their tracing was the engineer Giuseppe Serra- 
Carpi (active in the second half of the nineteenth century) (Fig. 9.4):

Beginning with[…] unlabeled maps of Europe, young Mr. Giuseppe Serra-Carpi traced on 
them isobaric and isothermal curves and so it was possible to recognize the generally well- 
defined direction of the well-circumscribed cyclonic storms, from NW to SE, and thus 
identify marked trajectories, so that when a “well”, i.e. a deep depression was located in 
Scotland, it generally crossed over to Italy taking two or three days before arriving there 
[Rome]: but if it had been higher or lower [compared to Scotland], Rome would have been 
affected only indirectly and marginally. These results perhaps contributed to the fact that 
later similar maps were systematically constructed and published in Paris by Leverrier, 
who, with the means that a wealthy nation [like France] possesses, could disseminate them; 
and thus was born the method of weather forecasting and storm warnings as it is currently 
used. (Secchi 1877: 45)15

15 Avendo noi fatto costruire delle carte mute d’Europa, su di esse si fecero tracciare dal giovane 
signor Serra-Carpi le curve isobariche ed isotermiche, si riuscì a riconoscere la direzione ben 
definita che hanno ingenerale le burrasche ben circoscritte di natura ciclonica, da N-W verso S-E 
e si riconobbero queste linee di corso così marcate, che quando un pozzo, ossia una notabile 
depressione si presentava nella Scozia, essa generalmente veniva difilata sull’Italia impiegando 

Fig. 9.4 The first isobaric map drawn for weather forecasting (from Bulletin International de 
l’Observatoire Impérial de Paris, 1863, 11 Septembre. Supplement; courtesy of CREA – Biblioteca 
Storica della Meteorologia Italiana, Rome). We are still searching for isobaric maps introduced for 
the first time in synoptic meteorology by Angelo Secchi
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Thus, Secchi’s isobaric charts served as a model for Le Verrier’s international storm 
warning Exchange. With the help of isobar maps, appropriately annotated with 
arrows indicating the wind direction, Secchi was able to extrapolate the main direc-
tions of motion for different identified storms, mainly of cyclonic nature. In particu-
lar, a barometric depression on Scotland or Ireland did not bode well for Rome and 
neighboring regions, as, within 2 or 3 days, they would be hit with severe weather, 
especially at sea (Secchi 1858).

9.6  Dissemination and Publication of Meteorological 
Research Findings

An important aspect of Angelo Secchi’s work was the scientific dissemination of his 
research in meteorology and atmospheric sciences. His vast bibliographic produc-
tion – readings, speeches, pamphlets, memoirs, monographs, notes, and articles – is 
truly amazing. Extraordinary was his ability to communicate new theories with 
strictly scientific language yet at the same time in a simple and accessible way, in 
order to reach the general public. Secchi was a great popularizer. His goal was 
always to bring the reader closer to the science.

As soon as he became the director of the Collegio Romano Observatory, he 
resumed publishing the Memoirs of this “Specula” and, in addition to the results of 
astronomical observations, summarized the weather data recorded therein from the 
time of the Jesuit exile (Memorie, 1850–1863).

In 1862, Secchi began to publish a “Meteorological Bulletin of the Collegio 
Romano Observatory” (Bullettino, 1862–1879), which represented the principle 
medium for a systematic dissemination of observations and research in the fields of 
astronomy, meteorology, solar and terrestrial physics, and geomagnetism, carried 
out both in this Observatory and in many other ones that were in contact with the 
well-known Jesuit. In each issue of the Bulletin, including the last one published 
posthumously in 1879, an overview of meteorological measurements taken at the 
Collegio Romano was published, completed by brief notes on the weather and ter-
restrial magnetism.

These scientific and popularizing activities continued unabated at the Collegio 
Romano Observatory even at the most difficult moments in the history of the Papal 
States… so much so that, on September 20, 1870, while the Italian army was strik-
ing at the heart of the Papal States, it continued to operate without interruption. 
Father Secchi could not refrain from being a witness of what was happening in 
Rome that day, and so he added some very colorful historical information to the 

due o tre giorni ad arrivarvi: ma se essa erasi presentata più alta or più bassa, Roma non sentiva che 
gli effetti indiretti dei suoi contorni. Questi risultati forse contribuirono a fare che simili carte 
venissero poscia fatte costruire sistematicamente e pubblicate a Parigi dal Leverrier, che con quei 
mezzi che possiede una ricca nazione poté diffonderle, donde nacque la teoria de’ preavvisi delle 
burrasche come ora si usa.
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meteorological notes page of the aforesaid Bulletin: “Nice weather. Cannon shots in 
the morning, villainy until evening. North and weak south-west [winds]. The barom-
eter is rising slightly. Not very regular magnetic field” (Secchi 1870, 10 (10): 80).16

The Observatory Bulletin also published the notable scientific correspondence 
that many scholars carried on with Secchi, evidence of the need for scientists to col-
laborate with each other, to exchange ideas, knowledge, and results useful for the 
progress of science. The subjects involved were many: astronomy, astrophysics, 
atmospheric sciences, geomagnetism, and space weather. Noteworthy is the corre-
spondence published in the Bulletin between Angelo Secchi and the Barnabite 
priest Francesco Denza, who will later go on to found the Vatican Observatory. The 
main topics treated by them, with a surprising unity of views, concerned the need to 
have close-knit observation networks, to install observatories in every territorial 
context, and to equip them with comparable instruments so as to standardize obser-
vation methods and thus allow comparison among their measurements. Weather 
data recorded within the Papal Weather Warning Service were also published daily 
in the Roman newspapers, for example, the Giornale di Roma.

9.7  The Unpublished Manuscript “on the Complicated 
Question of Weather Forecasts”

The complex question of weather forecasts is one of the topics discussed in a frag-
ment of an unpublished manuscript, Notizie meteorologiche adattate all’uso comune 
[Meteorological news adapted for common use] outlined by Father Secchi but left 
unfinished due to his premature death. It has been discovered in the Secchi Fund 
(Chinnici and Gramatowski 2001) preserved at the Historical Archives of the 
Pontifical Gregorian University (APUG, Angelo Secchi S. I., 4, V(b), 23 ff.). This 
manuscript is in the form of a booklet containing, in the words of the author, “very 
beautiful, practical, and useful aspects.”

It consists of only 16 pages, divided into 2 parts. The first part has an Introduction 
and three chapters: “General notions of meteorology and the atmosphere” (Chap. I); 
“Air weight and density, Barometer” (Chap. II); and “Practical advice on the 
Barometer” (Chap.  III). Its second part consists of a single chapter, “The use of 
telegraphic dispatches to forecast the weather.” Reading this document, one of 
Secchi’s comments is particularly striking for being true even today: “Some people 
believe that all the science [of meteorology] consists only in predicting the weather 
for several days, or months, or years in advance. This is a serious mistake […].” The 
manuscript is presently examined by us, in order to be published shortly.

16 Bello. Cannonale al mattino, furfanterie fina a sera. Nord e Sud-Ovest leggero. Cresce poco il 
barometro. Magneti poco regolari.
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9.8  Secchi’s Role in the Birth of the National 
Meteorological Service

At the Congress of Italian Scientists held in Pisa in 1839, the first step was taken 
toward an awareness of the need to give meteorology in Italy a centralized organiza-
tion, in order to observe, study, and forecast atmospheric phenomena in a systematic 
way. In subsequent congresses, scientists worked to define a coordinated program 
for Italy even before its political unification. The establishment of the “Archivio 
Meteorologico Centrale Italiano” [Italian Central Meteorological Archive] in 1844 
was the first attempt to set up a common center for collecting national weather data. 
Its headquarter was in Florence at the Royal Museum of Physics and Natural 
History. The Collegio Romano Observatory, then directed by Father Francesco De 
Vico, joined the initiative. However, the lack of a modern appreciation of meteorol-
ogy in Italy and the historical events of that era prevented the accomplishment of 
this planned coordination, so that observatories continued to operate in a completely 
autonomous way.

Even in the aftermath of the political unification of Italy, the national organiza-
tion of meteorology continued to have strongly sectoral divisions, so much so that 
in the early 1870s four different governmental organizations, independent of each 
other, were responsible for various aspects of this work:

–  Statistical Meteorological Service: established by Senator Luigi Torelli at the 
Ministry of Agriculture, Industry and Commerce to coordinate the meteorologi-
cal activity in Italy;

–  Maritime Weather Service: founded by the physicist Carlo Matteucci at the 
Ministry of Navy, to issue weather warnings for mariners and port authorities;

– Hydro-pluviometric Service: dependent on the Ministry of Public Works, respon-
sible for issuing flood warnings;

– Ministry of Public Education Network: observatories in schools and university 
institutes.

The national work of meteorology was therefore fragmented and uncoordinated. 
However, the Statistical Meteorological Service was the only one to follow the 
operating standards defined by the International Meteorological Organization 
(Wien, 1873) and to represent the Italian Meteorology internationally. Therefore, 
this Service was given the institutional role of a meteorological coordination body 
in Italy and, by Royal Decree No. 3534 dated November 26, 1876, changed its name 
to “Regio Ufficio Centrale di Meteorologia” [Central Meteorological Office] 
(Iafrate 2008).

The new institution consisted of a National Board, responsible for overseeing the 
organization of the new Meteorological Service, and a Central Office, which acted 
on the Board’s deliberations. The National Board met for the first time in March 
1877 and elected Angelo Secchi as its first president. This is attested to by an 
inscription found behind a bookshelf in the CREA meteorological library at the 
Collegio Romano (Fig.  9.5). It was in this vast building that the Central Office 
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began operation in 1879, one year after Secchi’s death. Thus, the meteorological 
legacy of Angelo Secchi remained at the Collegio Romano and ended up creating 
the first Central Meteorological Service in the country.

9.9  Conclusions

Credit must be given to Secchi for his original and innovative contributions to mete-
orology. His pioneering studies and research opened a modern way for making 
weather forecasts. Thanks to him, meteorology entered a truly new phase, and the 
first modern government service for weather forecasts was born. Alas, his scientific 
achievements are still little known in Italy, while abroad he is given consideration 
and recognition mainly for his notable contribution to the development of astro-
physics. Father Secchi’s contribution to atmospheric sciences is sadly unknown!

But in this field, his greatness lies in his modern vision of meteorology and in the 
firm conviction that this science is of great utility and benefit for economic and 
human activities. His awareness of the importance and utility of climatological 
series to interpret and understand climate variations and trends is particularly nota-
ble and was in advance of his times.
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Fig. 9.5 Inscription found on the wall behind a bookshelf in the CREA meteorological library, 
celebrating Angelo Secchi as the first president of the National Board of Italian Meteorology 
(courtesy of CREA – Biblioteca Storica della Meteorologia Italiana, Rome)
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Chapter 10
Secchi’s Meteorographs Outside of Italy

Paolo Brenni

10.1  Introduction

Several years ago, I had the opportunity to carefully restore and study the meteoro-
graph developed in Rome beginning in the 1850s by the famous Italian scientist and 
Jesuit Father, Angelo Secchi (1818–1878) (Altamore and Maffeo 2012; Chinnici 
2019). This instrument is preserved today in the historical collections of INAF- 
Rome Astronomical Observatory, at Monte Porzio Catone, near Rome. As a follow-
 up of that work, I published a series of articles concerning its technical characteristics 
as well as the history of this apparatus and its restoration (Brenni 1992a, b; Brenni 
1993a, b). There, I focused my attention on three meteorographs: the first one modi-
fied and improved by Secchi, the second one presented to the Paris Universal 
Exhibition of 1867 (and later returned to Rome), and the third one made for the 
Palermo Observatory. Recent research allows now me to report on seven other 
meteorographs that had been installed and used outside Italy.

10.2  The Meteorograph of Father Secchi

Due to the increasing importance of meteorology and weather forecasting from the 
beginning of the nineteenth century, several types of meteorographs were proposed 
by scientists, inventors, and instrument makers (Multhauf 1961; Knowles Middleton 
1969). These machines were able to measure and record simultaneously several 
atmospheric parameters such as temperature, barometric pressure, wind speed, 
quantity of rain, etc. Certainly among them the one conceived and developed by 
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Secchi between 1855 and 1867 at the Collegio Romano Observatory, in Rome, was 
one of the most complex and probably the most spectacular one.

At the beginning, Secchi just developed a recording balance barometer; but over 
the years he added to it a metallic wire thermometer, a wind vane with an anemom-
eter, a pluviometer, an indicator of the hour and duration of rain, and finally a psy-
chrometer. The psychrometer, with two moveable contacts periodically touching the 
mercury columns of the wet and dry thermometer and with a recording trolley, was 
one of the most delicate and complex organs of the meteorograph. The data from 
these instruments were recorded by a series of articulated arms with pens on two 
sheets of paper fixed to a pair of moveable boards. On one of them, the data were 
recorded for 2 days, on the other for 10 days. A large clockwork mechanism moved 
the board as well as the recording trolley of the psychrometer. Exploiting well- 
known telegraphic technology, the indications of the wind vane and of the anemom-
eter (which were installed on the roof of the observatory) were transmitted via an 
electric circuit to a series of electromagnets counters and the recording apparatus of 
the meteorograph; likewise, the rain indicator and the psychrometer worked via an 
electrical system.

The original meteorograph, which was continuously improved, was installed at 
the new Collegio Romano Observatory on the roof of St. Ignatius Church in Rome 
(see Altamore et al., Chap. 1, in this volume). Having obtained the support of Pope 
Pius IX, Secchi decided to present a final and lavishly constructed version of the 
apparatus to the 1867 Paris Universal Exhibition. It became an emblem of Church’s 
interest in modern science. The instrument was made by the Roman instrument 
maker Brassart; Emilio Brassart and his brother, Ermanno, were active in Rome in 
the second half of the nineteenth century and specialized in the construction of 
meteorological and seismological apparatus. The clockwork came from the work-
shop of the famous Parisian clock maker Constantin Louis Detouche (1810–1889).

The meteorograph was considered a technical marvel and enjoyed a great suc-
cess in Paris. Secchi was awarded a gold medal by the specialized jury and he also 
received a monetary prize (Chinnici 2019: 125–133) (Fig. 10.1)

This apparatus was described and illustrated in many scientific treatises, book-
lets, and articles (Brenni 1993a). Secchi hoped that his meteorograph could be 
installed in a network of meteorological observatories, all recording the same 
parameters in the same way. But in spite of the ingenuity of the meteorograph, a 
major obstacle hindered its wider distribution: it was very expensive. The model 
displayed in Paris cost 18,000 gold francs (about $3460 US), certainly a huge sum 
of money in those days.

In order to remedy this problem, in 1872 Ermanno Brassart made various cheaper 
versions of the apparatus, encouraged by Secchi himself. Certainly Secchi and 
Brassart hoped that the lower price could convince more potential clients to acquire 
a meteorograph. A booklet published by Brassart described the modifications and 
proposed the following models (Brassart 1872) (Fig. 10.2):

 (a) A first meteorograph almost identical to the one of the 1867 exhibition and with 
the same recorders (11,500 lire; because of the convention called the Latin 
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Fig. 10.1 The Secchi meteorograph which was originally displayed at the Paris Universal 
Exhibition of 1867 and was later installed in the Collegio Romano Observatory. Today it is pre-
served in the Astronomical Museum of Monte Porzio. (Credit: Franca Principe)
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Fig. 10.2 The simplified version of the meteorograph (without the recording psychrometer), 
which was proposed by Ermanno Brassart. (Brassart 1872)
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Monetary Union, signed in 1865, the values of French, Belgian, and Swiss franc 
and the Italian lira were equivalent). This price did not include electric cells and 
cables, nor the mercury for the barometer. While still expensive, this version 
was cheaper than the original.

 (b) A meteorograph similar to the previous one, but made in a more economical 
way (8000 lire).

 (c) A simpler meteorograph without the psychrometer (5000 lire).
 (d) Similar to (c) but made in a more economical way (3000 lire).

After the exhibition, the meteorograph remained in Paris for a certain time, but 
no buyer was found for it and it finally returned to Rome, where it was installed at 
the Collegio Romano. There, it replaced the first original apparatus. In Italy, a sec-
ond meteorograph was installed in 1869 at Palermo Astronomical Observatory, 
where it was probably scrapped in the 1950s (Brenni 1992a, b).

10.3  Secchi’s Meteorographs Installed Outside of Italy

As far as we know, seven other apparatus of this kind were sold and used outside 
Italy. Five of them were installed in Jesuit observatories. Starting in the middle of 
the nineteenth century, Jesuits had founded an important number of observatories 
throughout the world, dedicated to astronomical and geophysical research; and 
many of them had meteorological stations, which often laid the foundation for 
future national weather services (Vregille 1906; Udias 1966, 2003).

10.3.1  Madrid (1860)

The origin of the Royal Observatory of Madrid goes back to the late eighteenth 
century. The construction of an elegant neoclassic building began in 1790 in the area 
of Buen Retiro. Because of several political and logistical reasons, it was completed 
only in 1848. Finally, in the 1860s and 1870s, the observatory was equipped with 
several important astronomical and meteorological instruments (Giménez de la 
Cuadra 1992; Guijarro Bueno 1998). Among them was the first of Secchi’s mete-
orographs sold abroad. Secchi was working on it in 1859 (Memorie dell’Osservatorio 
del Collegio Romano 1859: 148), and the meteorograph was able to be installed in 
the observatory in 1860, where it was placed in the small round temple at the top of 
the main observatory building. Obviously, the apparatus was not yet the definitive 
version, and it was quite different from the one presented in Paris seven years later. 
In particular, it did not yet include the complicated recording psychrometer, while 
some other elements still needed to be modified and perfected. Perhaps for this 
reason, this meteorograph was troublesome from the beginning. Because of defec-
tive construction, the electric anemometer and the wind vane never worked properly 
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and it was impossible to repair them (Anuario del Real Observatorio de Madrid 
1867: 262). It seems that the meteorograph was disassembled and removed from its 
original emplacement around 1868; in 1890 it still existed but it did not function 
(Observatorio Real de Madrid 1890: 38–39). Today nothing of this meteorograph 
survives.

10.3.2  Manila (1869)

The Manila Observatory was one of the most important of the Far East (Vregille 
1906: 55–72; Repetti 1948; Hennessey 1960, Udías 2003: 269–281; The Manila 
Observatory 2007; Alvarez 2016). The first meteorological observations were made 
there in 1865 by Father Francesco Colina (1837–1893) in the pigeon house of the 
Ateneo de Municipal, which was the local Jesuit school founded in 1860. That same 
year a violent typhoon hit Manila resulting in heavy damage.

The observations set up by Colina on this occasion attracted the attention of 
Father Jaime Nonell y Mas (1844–1922), who plotted some curves from them. 
These were published in the Diario de Manila and aroused the interest of mer-
chants, mariners, and businessmen, who were ready to financially support the acqui-
sition of new and better instruments in order to obtain regular and systematic 
observations.

Meanwhile, in 1866 Father Jesuit Federico Faura (1840–1897) arrived in Manila 
to teach science and to take care of the observatory. Under Faura’s long direction, 
the observatory became one of the most important in the Far East and one of the 
pioneering centers for the study of tropical typhoons. Nonell was convinced of the 
necessity of having a continuous recording apparatus, and in 1866 the Secchi mete-
orograph represented the state of the art in this field. The local businessmen col-
lected 6000 pesos to buy one.

In 1867, when Father Colina left Manila to complete his studies, he first went to 
Paris to consult Father Secchi in order to acquire the apparatus. The meteorograph 
arrived at the beginning of 1869, without any instructions. Faura did not lose heart; 
after having said, “Leave me here alone for three days and with God’s help I hope 
to solve it” (Repetti 1948: 13), he began to assemble it. In a few days, having sur-
mounted a few difficulties, the meteorograph was operational; and after a short 
time, Faura could send the first recorded tables to Secchi. From a photograph of the 
late nineteenth century, it appears that the apparatus was the most expensive one, 
complete with the humidity recording system (Fig. 10.3).

At first it was installed in the building of the Ateneo de Municipal, and then in 
1877 it was moved (together with the other instruments) to another building facing 
the former. In 1886 the observatory moved to a better location in the new Jesuit 
school south of Manila; in 1884 the observatory officially became the headquarters 
of the Meteorological Service of the Philippines. It appears that the meteorograph 
remained operational for about 20 years, and later it was preserved as a museum piece.
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Fig. 10.3 The Manila meteorograph. It was the most sophisticated version of the instrument. It is 
possible to see the recording trolley of the psychrometer. It appears that the instrument was pro-
tected by a lavish cupboard. (The Manila Observatory Photo Gallery 2007: 405)
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Unfortunately, most of the observatory including the meteorograph was destroyed 
during the Japanese occupation of World War II. On February 9, 1945, four Japanese 
soldiers burned the observatory along with the instruments and the library, where 
thousands of books and documents concerning the observations had been kept. In a 
few hours, everything was reduced to ash and smoking wreckage (Repetti 1948: 42).

10.3.3  Calcutta (1871)

Saint Xavier’s College in Calcutta was founded in 1860, and its aim was to provide 
a course of studies similar to the ones of European colleges (Udías 2003: 275–276). 
Several of the Jesuit teachers were accomplished scientists. Among them, the 
Belgian Father Eugène Lafont (1837–1908) was probably the most outstanding fig-
ure (Biswas 1994). After having studied physics and natural sciences in Namur, he 
arrived in Calcutta in 1865 and he soon installed a physics laboratory. For more than 
four decades, he was a great science popularizer and a pioneer in the promotion of 
science studies in Calcutta. His many public presentations, enriched with demon-
strations and projections, were highly appreciated. With the encouragement and the 
support of the astronomer Pietro Tacchini (1838–1905), he also established an 
astronomical observatory in the college, to carry out solar spectroscopic observa-
tions (Chinnici 1995–96).

In the morning of November 1, 1867, after having noted a sharp fall of the baro-
metric reading, he managed to broadcast immediately a public warning of an 
oncoming storm. The typhoon arrived as predicted during the evening, and, in spite 
of the fury of the event, Lafont managed to collect a series of meteorological data 
which were subsequently published. In the same year, he organized the first meteo-
rological observatory in Calcutta, which was installed on the terrace of the college 
near the astronomical observatory.

In 1870 Lafont ordered a meteorograph in Rome, which arrived one year later. 
The instrument worked well and was in operation between July 1871 and January 
1884. After this date, until 1906, only the recording balance barometer was used.

Some interesting observations were made with the Calcutta meteorograph. For 
example, in 1884 during the tremendous eruption of the Krakatoa volcano in the 
west of Java, the balance barometer clearly recorded the pressure changes caused by 
the destructive event. And in 1897, during an earthquake in Assam, the instrument 
acted as a kind of rudimentary seismograph: violent displacements of the barograph 
pen indicated two main and distinct events. As far as we know, the observatory was 
shut down in the 1930s and the instrument does not exist anymore.
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10.3.4  Washington-Cleveland (1871)

Only one Secchi meteorograph was installed in the USA; it was acquired by the 
surgeon and army general Albert James Myer (1828–1880). The US Signal Corps, 
a brainchild of Myers, was officially founded in 1863 by the Congress in order to 
manage communications and information for the command and control of the armed 
forces. In 1870 Congress also established a Weather Bureau, and, three years later, 
Myer acquired a series of meteorological recording instruments which represented 
the state of the art at that time. Among them was also a Secchi meteorograph (Abbe 
1893). These instruments were installed in the instrument room where they “consti-
tuted a fascinating show to the thousands of curious visitors, while to the mechani-
cians and observers of the Signal Service they served as a stimulus to the invention 
on many other forms of apparatus” (Abbe 1893: 33) (Fig. 10.4).

In 1890 the meteorological service was entrusted to the Department of 
Agriculture. At about the same time, Adolphus Washington Greely (1844–1935), an 
officer and explorer, then chief of the US Signal Office, deposited the meteorograph 
into the collections of the Smithsonian Institution (Annual Report 1889: 139). 
According to Odenbach (1900), it seems that the Smithsonian Institution had helped 
pay for the acquisition of the meteorological instruments for the US Signal Corps. 
Therefore, the meteorograph was claimed by the Smithsonian when the apparatus 

Fig. 10.4 The “instrument room” of the Weather Signal Service Bureau in the early 1870s. The 
engraver was not very accurate, but the large clock, the electric wires (probably connected with the 
anemometer and the wind wane), as well as various other details suggest that the apparatus in the 
background is Secchi’s meteorograph. (Ames (1873), non-numbered page between 492 and 493)
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was discharged from the US Signal Corps. In 1899 the astronomer and physicist 
Samuel Pierpont Langley (1834–1906), who was the secretary of the Smithsonian, 
wrote a letter to the meteorologist Father Frederick L.  Odenbach (1857–1933) 
(Odenbach 1900), professor of physics at St. Ignatius College in Cleveland, which 
today is John Carrol University (Kenely 1901; Vregilles: 550–554; Udias 2003: 
230–231) offering the meteorograph to the college under the condition that it would 
be preserved there. Odenbach, who was fond of mechanics, was enthusiastic about 
the proposal:

I often gazed at the illustration of this grand instrument as it may be found at the end of 
Ganot’s Physics, and ached to see the original. As I child I was a great analyser of dolls, 
clocks and such like complications, but never did I dream that I would one day get the 
chance at so worthy and interesting an object. My answer to the Hon. Secretary, therefore, 
was immediate and short: That I would be delighted to offer the venerable relic a safe and 
congenial resting place. (Odenbach 1900: 29)

The instrument arrived about a week later “…in a thousand and one pieces…” and 
after having spread them over the floor “…in neat soldier-like order…” Odenbach 
started to assemble it. Three days later, the meteorograph was in working order, and 
Father Odenbach imagined that “...the great Secchi look down from realms above in 
satisfaction at the idea, that this child of his imagination had again found a home 
within the Society of which he was so devoted and we may say illustrious a mem-
ber.” Furthermore, he could not refrain his excitement and added, “The Meteorograph 
is a musical instrument to anyone who delights in complicated scientific appara-
tus…” (Odenbach 1900: 29). Unfortunately, the recording psychrometer could not 
be used in Cleveland, because in winter the wet bulb of the thermometer could not 
be kept free from excess ice.

For several years Father Odenbach carefully looked after the apparatus. From his 
description, as well as from two photographs of the instruments published at the 
beginning of the twentieth century, the meteorograph of St. Ignatius College appears 
to be identical to the one preserved in Rome (The catalogue of St. Ignatius College 
1905: 32 and table).

We do not know when the meteorograph was disposed of, but it probably 
occurred around the middle of the twentieth century. A series of inquiries showed 
that it does not exist anymore, but the large clockwork mechanism which was 
installed at the top of the meteorograph survives in the collection of the National 
Watch and Clock Museum (catalogue number 73.1.1) (Fig. 10.5).

10.3.5  Havana (1873)

In 1854 Jesuits founded the college of Belén in Havana, Cuba (Album Commemorativo 
1904; Vregille 1906: 38–55; Udías 2003: 245–248). Meteorological observations 
were started there around 1857 and, a year later, became regular. The first director, 
Father Antonio Cabré (1829–1883), and his successors had to struggle to assure the 
publication of the observations, given the chronic lack of personnel. In 1870, Father 
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Fig. 10.5 The clockwork of the meteorograph installed in Washington and later in Cleveland. This 
is the only surviving part of the apparatus, and it is preserved in the collection of the National 
Watch and Clock Museum (NWCM), Columbia, Pennsylvania. (Courtesy of The National Watch 
and Clock Museum)
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Benito Viñes Martorell (1837–1893) became director of the observatory and he 
maintained this position for 23 years. From the beginning he strove to improve the 
equipment as well as the meteorological observations. Viñes was an internationally 
renowned scholar and a pioneer in the study of cyclones. He was the first to be able 
to forecast the arrival of a particularly violent cyclone in 1875. To improve his 
observations, he acquired a Secchi meteorograph which began to be used in May 
1873 (Ramos Gadalupe 2007) (Fig. 10.6).

It was the simplified (and more economical) model proposed by Brassart, labeled 
as No. 6. The instrument, unlike other meteorographs, worked very well for several 
decades until 1925.

The college was moved to Miami, Florida, in 1961 when religious teaching was 
abolished in Cuba, and the instruments were distributed (with no written record) to 
other institutions. It appears that at that time the meteorograph, which was totally 
obsolete, was stored in a warehouse where its metallic mechanical parts were 
removed and disappeared; only the original wooden enclosure was reused (Prof. 
Louis Enrique Ramos, private communication).

Recently a group of experts and passionate scholars have been able to reconstruct 
a replica of the instrument used by Padre Vines, based on significant research exam-
ining historical documents and the meteorograph in Rome. This is now on display 
in the Observatorio del Convento di Belén which was inaugurated in 2017, thanks 
to the Oficina del Historiador de la Ciudad de La Habana. Because of technical 
reasons, the apparatus is only partially functional (Fig. 10.7).1

10.3.6  Zi-Ka-Wei (1874)

In Zi-Ka-Wei (today Xujiahui, a historic area of commerce and culture administra-
tively within Xuhui District of Shanghai), Father Augustin Colombel (1833–1905) 
started meteorological observations in 1872 (Deschevrens 1876; Vregilles 1906: 
493–503; Udias 2003: 276–281). A year later, a meteorological observatory was 
erected and, in 1874, a Secchi meteorograph arrived in Zi-Ka-Wei. The apparatus 
was Brassart’s simplified version, without the recording psychrometer (Fig. 10.8).

In 1906, Vregilles asserted that this meteorograph was the one which had been 
originally exhibited in Paris in 1867 (Vregilles 1906: 501). He argued that the appa-
ratus, after the exhibition, was given to the Collège St. Geneviève in Paris, and a few 
years later, the latter donated it to the Zi-Ka-Wei Observatory. That is not correct: 
though it is true that the Paris meteorograph was installed for a certain time at St. 
Geneviève, it was ultimately returned to Secchi at the Collegio Romano and today 
is displayed in the Museum of INAF-Rome Astronomical Observatory at Monte 

1 See http://www.eusebioleal.cu/noticia/la-restauracion-es-para-el-ser-humano/; http://www.
opushabana.cu/index.php/2014-06-05-21-29-20/28-articulos/1719- and http://www.habanaradio.
cu/patrimonio/una-obra-monumental-el-museo-observatorio-del-convento-de-belen/ (accessed 
20.3.2020).
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Fig. 10.6 Father Viñes looking after the meteorograph in the Observatorio del Colegio de Belén. 
The photograph was probably taken in the 1880s. (Courtesy of Prof. Luis Enrique Ramos)
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Fig. 10.7 The replica of Secchi’s meteorograph in the Museo Observatorio del Convento de 
Belén. (Courtesy of Prof. Luis Enrique Ramos)
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Porzio. The surviving photographs of the Zi-Ka-Wei meteorograph clearly show 
that this was the simpler version conceived by Brassart (Shu Jiaxin 1997: 513).

In 1879 the observatory, which had been directed by Father Jesuit Marc 
Dechevrens (1845–1923) since 1876, began to studying and forecasting typhoons. 
At about the same time, it acquired what Vregille (and Udías, who probably relied 
on him) called Secchi’s second meteorograph. Vregille also asserted that the second 

Fig. 10.8 The meteorograph of the Zi-Ka-Wei Observatory. (Shu Jiaxin 1997: 513)
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meteorograph was modified in 1903 in order to measure pressure with more preci-
sion, but from an old picture, it is clear that the instrument was just a large Secchi 
balance barograph enclosed in a wooden showcase (Shu Jiaxin 1997: 513); the 
barograph does not seem to be derived from a modified meteorograph. On it, a large 
brass plate had the inscription: E. BRASSART ROMA (Fig. 10.9).

In spite of a long investigation, it has been impossible to determine the fate of 
these two instruments, which were probably removed in the twentieth century. The 
historical building of the Zi-Ka-Wei Observatory, which has been modified several 
times, was recently refurbished and today hosts the Shanghai meteorological muse-
um.2 In its display there is a framed engraving illustrating the Secchi meteorograph 
of the 1867 exhibition (and not the one of the observatory) with the quite incorrect 
caption: “…One of these devices was delivered to the Zikawei observatory. It was 
never fully used, and served more as a display piece.”

10.3.7  Mexico City (1878)

The Observatorio Meteorológico y Astronomico of Mexico City was founded in 
1877 (Comisión National de Agua 2012).3 For a very short time, the observatory 
was installed in the Palacio National; in 1878 it was moved to the Castillo de 
Chapultepec. Here a meteorograph made under the supervision of Father Secchi 
was installed. The apparatus, which was identical to the one installed at Collegio 
Romano Observatory, was ordered in the same year by the secretary of the Ministry 
of Development from the Brassart brothers in Rome. On November 28, Secchi 
wrote a letter where he affirmed that he had examined the meteorograph and found 
it completed and in perfect working order (Báracena 1878: 436). The machine 
arrived in 1878 in Mexico City and was officially presented on March 5. Almost at 
the same time, an interoceanic cablegram also arrived, announcing the death 
of Secchi.

In 1880 the instrument was installed in the center of a large hall of the observa-
tory, while the elements, such as the anemometer, the pluviometer, etc. which had 
to be installed outside, were on a terrace adjacent to it (Báracena 1880: 34, 75–76). 
Two persons (a certain engineer Perezu and his assistant Davis), who assembled the 
apparatus, were in charge of it and solved some problems related to its functioning. 
Up until 1880 this meteorograph, probably the last to be made, was essentially 
tested by comparing its indications with the standard instruments of the observatory.

2 See https://theplan.it/eng/award-2017-renovation/refurbishment-of-lobservatoire-de-zi-kaweix-
uhui-shanghai-1 and http://www.xjh.sh.cn/index.php?option=com_content&view=article&id=44:
xjhgxt&catid=11&Itemid=116&lang=en (accessed 20.03.2020).
3 See also http://www.senado.gob.mx/comisiones/recursos_hidraulicos/docs/doc22.pdf) and 
https://historiadelaastronomia.files.wordpress.com/2010/08/la-fundacic3b3n-oan.pdf (accessed 
20.03.2020).
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Fig. 10.9 The Secchi-Brassart barograph of the Zi-Ka-Wei Observatory. The instrument was 
essentially a large recording balance barometer similar to the ones installed in the meteorographs. 
(Shu Jiaxin 1997: 513)
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It is not possible to know how long the meteorograph was in use and when it was 
scrapped. In 1883 the observatory was moved to the building of the Archbishop’s 
Palace in Tacubaya.

10.4  Conclusions

It is not surprising that most of the meteorographs were installed in Jesuit observa-
tories. Secchi’s connections and influence among Jesuits, his international renown, 
as well as his popularity, certainly played an important role in the diffusion of his 
apparatus.

Undoubtedly the Secchi meteorograph marked an important phase of the evolu-
tion of meteorological instruments. It certainly facilitated the task of meteorologists 
by recording automatically all the series of fundamental weather parameters. 
Furthermore, the possibility of having graphs of these parameters, traced side by 
side on the same chart, would have facilitated the understanding of their correlation. 
Finally, the symbolic impact of such an instrument, which was considered a techno-
logical marvel, certainly conferred prestige to a meteorological observatory in the 
same way that a large and powerful refractor did for an astronomical observatory. 
Even if it did not mark any substantial progress in the development of meteorology, 
the success of the meteorograph at the 1867 Exhibition also contributed to increase 
the popularity of meteorology and its techniques.

However, the Secchi meteorograph also had several drawbacks. As we men-
tioned before, the price of the apparatus (especially of the “grand” one) was very 
high, out of reach for many observatories. Furthermore, the mechanisms of the 
meteorograph were delicate, requiring constant attention; the electric cells had to be 
periodically looked after; and various problems, such as the friction of the mechani-
cal recording arms and pens and other sorts of technical solutions adopted by Secchi 
and Brassart, limited the accuracy of the graphs. Often its data had to be calibrated 
against other instruments, such as standard barometers and thermometers.

Finally, in the last decades of the nineteenth century, a series of new recording 
instruments (such as the barographs, thermographs, hygrographs, and anemographs 
made by the firm Richard in Paris) became available. They were simple, reliable, 
portable, easy to repair, and much less expensive. Inevitably, by the late nineteenth 
century, Secchi meteorographs were obsolete. In spite of the fact that a few of them 
were still operational, they were kept more as splendid and impressive relics, wit-
nessing the ingenuity of their inventor and one of the most important steps in the 
evolution of instrumental meteorology.
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Chapter 11
Secchi’s Book on “The Unity of Physical 
Forces”

Roberto Capuzzo-Dolcetta

11.1  Introduction

One of the main challenges of modern physics is finding a complete unification 
theory  for the four fundamental forces: (1) gravitational, which is long range with-
out any possible shield; (2) electromagnetic, which is  long range and can be 
shielded; (3) “weak” nuclear force, which is short range; and (4) “strong” nuclear 
force, with a very short range of action. The dream of finding a unique theory able 
to explain all the above physical forces puzzled Albert Einstein (1879–1955) during 
his final period of scientific activity, up to the middle of the last century.

In Secchi’s time the unification of physical forces did not constitute a topic under 
debate. But in fact, the first theoretical unification has already been done 200 
years earlier by Isaac Newton (in his Principia Mathematica Philosophiae Naturalis) 
who clarified that the gravity acting at the surface of the Earth – the classic falling 
apple – is the same force that makes the Moon revolve around the Earth and the 
planets around the Sun. Another profound unifying theory was included in the work 
of James C. Maxwell (1831–1879) in 1865 (one year after the publication of the 
Secchi’s L’Unità delle forze fisiche book) where he presented his famous set of dif-
ferential equations coupling the electric and magnetic properties of matter and the 
speed of light.

Interest in the topic of the unification of physical forces has grown significantly 
in more recent times. In the second half of the last century, the unification of the 
electromagnetic and weak nuclear forces was accomplished, thanks to the efforts of 
scientists like Sheldon Glashow (b. 1932), Abdus Salam (1926–1996), and Steven 
Weinberg (b. 1933), who were awarded the 1979 Nobel Prize in physics for their 
work. Their theory says that these two forces are but different aspects of the same 
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force: the electroweak force. In particular, the electromagnetic force is mediated by 
massless particles (photons) while the weak force by the W and Z bosons, which 
have a very small mass. Moreover, it was shown in the 1970s by Sheldon Glashow 
and Howard Georgi (b. 1947) that the electroweak force is unified with the strong 
nuclear force at energies higher than 1014 GeV. This has opened the door to “Grand 
Unification” theories which, however, are as yet unproven. A fortiori, no convincing 
theory which includes the fourth (gravitational) force has been proposed so far.

This is,  more or less, the current situation. But what was the situation in 
Secchi’s time?

During his time, essentially no effort was really dedicated to such a topic because 
knowledge of physical forces and their intrinsic differences was poor. Back then, 
only gravitational and electromagnetic forces were considered as fundamental 
forces; of course, nothing was known about nuclear forces. Moreover, thermody-
namics was developing as a kinetic theory, and this was leading to some misconcep-
tions related to the nature of heat and heat transfer, as if it were another 
fundamental force.

In this context, mainly motivated by the goal of providing a synthetic view in 
which the concept of kinetics was the unifying thread joining different aspects of 
the physical world, Secchi wrote his book L’Unità delle forze fisiche: Saggio di 
filosofia naturale. He published it in Rome in 1864. The book met with great interest 
and success in Italy and in Europe. Two other editions were printed in Italy in 1874 
and 1885, while two editions were published in France (Paris, 1869 and 1874), three 
in Germany (Leipzig, 1876, 1884/1885; Braunschweig, 1891), and three in Russia 
(St. Petersburg, 1872 and 1880; Vyatka, 1873) (Fig. 11.1).

11.2  Controversies (Old and New)

The book was divided into four chapters:

Capo I – Del Calorico (About Heat)
Capo II – Della Luce (About Light)
Capo III – Della Elettricità (About CAPITAL= Electricity)
Capo IV – Costituzione della Materia (Structure of Matter)

Secchi himself declared in the preface that, in writing that book, he had “not the 
ambition to provide a new Philosophia Naturalis, but just to present a synthesis of 
what nowadays is known about the study of physical phenomena...”. In the same 
preface, he continues, “I have always had a particular predilection for such a synthe-
sis and, already in 1858 at a meeting of the Academia Tiberina, I presented and later 
published in a short note my ideas on this topic” (Giornale Arcadico, vol. IX, new 
series, “Sulla correlazione delle forze fisiche ec.”).

His book was published in Rome by Tipografia Forense in 1864; it is a 510-page 
volume, written in Italian, which does not contain any mathematical formula! In this 
regard, he writes in the preface (translation by the author of this note):
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Fig. 11.1 Front page of the first edition of Secchi’s treatise L’Unità delle forze fisiche. (Courtesy 
of Vatican Observatory)
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I have to admit that the difficulty in treating the complexity of the content of this book in 
such a way as to make it easy to understand to the largest possible audience has been much 
harder than I thought. With such a goal it was necessary to keep myself from making any 
statements and demonstrations using formulas and mathematical computations, while at the 
same time avoiding having them lose their power of conviction. Moreover, when dealing 
with first principles, such could not actually be proven by mathematics, which is a powerful 
tool but cannot itself be the theoretical basis of phenomena ….

We find here a modern work of science popularization, which he wrote “in the 
scraps of time allowed by all my other duties.” Only a highly talented person with 
an enormous ability to synthesis could have done this.

It was Secchi’s intention that the book would be, simply, a summation of the 
knowledge of physics at that time. But even with this approach, he was not able to 
avoid touching on controversy. Although the book was widely appreciated, espe-
cially by those who were looking to inspire the teaching of philosophy in a way that 
could progress with scientific research, at the same time a lot of criticism came from 
the ecclesiastical side and in particular from Secchi’s own Society of Jesus.

As a matter of fact, all during his life Secchi was under attack on both sides by 
lay and religious people (see Tanzella-Nitti, Chap.  3, in this volume). When L’Unità 
delle forze fisiche was published, the neo-Thomist Jesuit, Father Giovanni Maria 
Cornoldi  (1822–1892), wrote an explicit accusation in the Jesuit journal Civiltà 
Cattolica that Secchi was a supporter of mechanistic theories, contrary to the 
Thomistic view (see Chinnici 2019: 263–269). He was accused of “having adhered 
to the Democritus’ Atomism and to the Cartesian theory of vortices in astronomy.” 
An embittered Secchi replied: “I can only say that physics has progressed a bit after 
St. Thomas and I believe that, were St. Thomas living at our time, he would have 
adopted the physics of nowadays, like he adopted the physics of his time.”

Later the book also drew the attention of Friedrich Engels  (1820–1895), who 
mentioned it in his Dialectics of Nature (see Chinnici 2019: 271–272 and Tanzella-
Nitti, Chap. 3, in this volume.)

11.3  A Modern Appraisal

In Secchi’s time, the only known fundamental forces were the gravitational force 
and the electric (and magnetic) force:  Newton,  in his Philosophiae Naturalis 
Principia Mathematica he clarified that terrestrial and celestial gravity are nothing 
but different manifestations of the same force. Moreover, as it is above mentioned, 
by Secchi’s time electricity and magnetism had also been unified in Maxwell’s the-
ory, which is described by his famous set of equations governing and linking the 
electric and magnetic fields.

In his book Secchi deeply acknowledged Newton and other scientists of the 
past (Kepler, Galileo, Halley, Hooke, etc.), for their work, while he cited Maxwell 
just in a footnote on page 11 of Chap. III: “besides the known attempts by Lamé, 
Cauchy and Verdet in optics we can see those by Maxwell to join magnetism and the 
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theory of small vortices [teoria de’ vorticetti]: anyway, this author seems to use-
lessly complicate the hypothesis with the assumption of the existence of certain 
structures in the fluid....”

The reason for this lack of acknowledgment of Maxwell for his theory, which is 
nowadays recognized as one of the milestones of physics, is that Secchi’s “unify-
ing” concept was kinetic. In his view, every (microscopic or macroscopic) physical 
phenomenon, including gravity, could be explained by the motion of its constitu-
ents. In this regard, in Chap. IV, page 5, he says: “In any event, gravity should not 
be confused with light or heat because, although both arise from molecular agita-
tion, they behave differently in the modification of the environment.” Appealing; 
but wrong.

Secchi’s theory was not much different from Descartes’ theory of vortices. In 
fact, Secchi’s reduction of gravity to kinetic theory required (as for the other forces) 
a physical medium, i.e., the existence of a “luminiferous aether”, which would be 
shown not to exist only in 1887, nine years after Secchi’s death, by the Michelson - 
Morley experiment.

Another mistake lies in the statement that Secchi makes still in Chap. IV, page 5: 
“…adding forza viva (i.e. kinetic energy) to a material system, corresponds to 
increasing relative distances of its elements, by which we obtain as its sole effect a 
reduction of gravity in a given space volume.” Why does he assert this? “Because, 
if we heat a cube of dimension one meter, its volume will increase and a fraction of 
its matter will be moved out of its original one meter size and so in that one meter 
cube the mass (and gravity) will diminish.”

This is true on the Earth, where pressure is held constant, but not generally true. 
However, in this case, he was not fully responsible for this error. It was only in 1870 
(eight years before Secchi’s death) that Rudolf Clausius (1822–1888) proved the 
virial theorem, which shows that a self-gravitating system in equilibrium (like our 
Sun or a cluster of stars) can have a negative thermal capacity. This means that add-
ing forza viva into the system, i.e., increasing its total energy, can have the result of 
increasing potential energy but decreasing kinetic energy within the system. This 
can be seen in the example of a satellite in orbit around a planet, where an addition 
of energy brings it to a higher orbit, with more potential energy, but at a lower 
speed – hence, kinetically speaking, a lower “temperature.”

Without going further into the details, we conclude this short note by admiring 
the goal, if not the final conclusions, of this remarkable book from this great scien-
tist. Even if some of the statements and theories therein were later shown to be 
inadequate or incomplete, Secchi’s book nonetheless represented a formidable 
attempt at a synthesis of the physical theories of his time.
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Chapter 12
The Measurement of the Geodetic 
Baselines Along the Via Appia Antica

Tullio Aebischer

12.1  Introduction

Secchi’s scientific activities covered many diverse fields of study. One of them is 
geodesy, the study of the shape and measure of the Earth. During his long scientific 
career, his interest in geodesy was not only theoretical but also practical. This work 
arose at two very separate occasions: the measurement of the geodetic baseline 
along the Via Appia Antica (1854–1855) and the measure of the Central Europe 
Meridian Arc (1862–1870). In this latter work, Secchi laid the foundations of what 
would later be called Primo Meridiano d’Italia, the origin line for the longitudes 
mapped in the Carta Topografica d’Italia (1875) (Aebischer 2011) in use until 
1995, until the IGM95 network based on the GPS (Global Positioning System) was 
adopted.

On these two occasions, Secchi showed a singular capacity for organization, 
taking responsibility not only of the measurement itself but also for the choice of 
instruments and the on-site work plan with a team of people and then overseeing the 
publication of the results. Not only did he demonstrate a deep knowledge of the 
state of the art of geodesy of his time, but he contributed several original practical 
improvements, especially in measuring the geodetic baseline.
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12.2  Geodetic Baselines at the Via Appia Antica (1751 
and 1854–1855)

In 1751, at the instruction of Pope Benedict XIV (1675–1758), the Jesuit priests 
Roger Boscovich (1711–1789) and Christopher Maire (1697–1767) measured a 
geodetic baseline along the Via Appia Antica for the calculation of the Rome-Rimini 
meridian arc (Maire and Boscovich 1755). The baseline on the Via Appia Antica 
that Boscovich established began in the middle of the inscription (titulus) of the 
mausoleum in Cecilia Metella (Endpoint α) and ended at a simple stone buried in an 
old tomb at Frattocchie (in the municipality of Marino) called Endpoint β.

French engineers who reviewed this work at the beginning of the nineteenth 
century placed a marble plaque on Cecilia Metella, right under the titulus, to indicate 
Endpoint α (Filippi and Aebischer 2011):

[LES] OFFI. DU CORPS IMPÉ.
DES INGÉ. GÉOG. FRAN.
ONT RETROUVÉ ET RETAB.
CE TERM. OCCI. DE LA BASE
MESUR. EN 1751. PAR LES
P.P. MAIRE ET BOSCOVICH
POUR LA DÉTERMIN. D’UN
DEGRÉ DU MERID. DE
ROME.
MDCCCIX. AN. V. DU REG.
DE NAPOLEON EMPER.
DES FRAN. R. D’ITA. ET
PROTEC. DE LA CONFÉD.
DU RHIN, ET DUC DE
FELTRE ETANT MINISTRE
DE LA GUERRE ET LE
COMTE DE MIOLLIS
GOUVERNEUR DES
ETATS ROMAI.

Over time, however, Endpoint β was lost, and French engineers were unable to 
recover it. Instead, they found a buried parallelepiped granite stone with an engraved 
cross and, assuming it to be Endpoint β, raised a pyramid or pillar there (probably 
with a commemorative inscription, though this too was soon lost). Using this stone, 
the French measured the length of the baseline with a series of triangulations and 
claimed that Boscovich had been in error by 10 m (Coraboeuf 1853). Such an error 
was considered excessive, so much so that the astronomers of the Roman College 
wanted to verify it starting from the small baseline measured immediately outside 
the Angelica door (Ricchebach 1846; Calandrelli 1855?-1858?). The result was that 
these baselines agreed well, so they concluded that the stone found at Frattocchie by 
the French was not the actual endpoint of the Boscovich baseline.

The occasion for a new measurement in the mid-nineteenth century was due to 
the excavations by Luigi Canina (1795–1856) between 1850 and 1853, which 
brought to light the route and the monuments of the Via Appia Antica from Mile IV 
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to Mile XI. During Canina’s excavation works, a large peperino stone was found 
that seemed to have been placed there by human hands, but it did not bear any sign 
that could identify it as the Boscovich endpoint. Canina concluded that this rock 
was, instead, the base of the pillar erected by the French. Unfortunately, this boulder 
was torn up and demolished due to the work needed to open the street to the public.

Faced with this task, Secchi decided to remeasure the Boscovich baseline 
(Chinnici 2019: 81–85) in order to directly disprove the French criticism. The 
results of this immense work were collected, together with the description of the 
preparations, in his book Misura della base trigonometrica eseguita sulla via Appia, 
published in 1858 (Fig. 12.1).

Secchi attempted to begin his measurement work  in the spring of 1854, but 
delays and failures in the arrival of the instruments from Paris caused the start of the 
measurement operations (to avoid the unbearable summer heat) to be postponed to 
the winter season. Further delay was caused by the trial period necessary to learn the 
use of the instruments and by some modifications that Secchi did not hesitate to 
make on them. However, on October 6, 1854, the instruments were brought to 
Frattocchie for the first measurement attempts. Unfortunately, within a few days, 
the weather conditions worsened to such an extent that it was necessary to aban-
don  this first attempt. The measurements were restarted  on November 2, 1854, 
and continued on favorable days until April 26, 1855, for a total of 73 days (includ-
ing leveling, alignment, determining the size of the baseline, plus the remeasure-
ment of a first stretch of about 2040 m). The tasks were performed by a group of ten 

Fig. 12.1 Engraving illustrating the start of the baseline measurement operations. (Secchi 1858; 
courtesy of Vatican Observatory)
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workers and proceeded slowly over the first days to allow for the necessary coordi-
nation between the workers. At the beginning they measured about 250 m per day, 
while in spring they had reached 400 m per day, thanks to the lengthening of the 
hours of light (Fig. 12.2).

Two endpoints, A and B, were inserted into the ground before the measurement 
was performed. To avoid the possible disappearance of the endpoints (the initial and 
final points) of the baseline, as had happened with the one of Boscovich, large 
stones were built to be buried at depth. Endpoint A (41°51′07.4″N; 12°31′14.5″E 
datum WGS84/ETRF89) was demarcated by digging into the ground down to the 
layer of the lava flow in order to be sure of its stability (Fig. 12.3). At the base of the 
excavation, a square masonry frame of 1.25 m on the side was built, within which a 
large travertine stone of 0.84 m on the side and 0.33 m thick was embedded. Around 
the brass knob, the following was engraved, reading from the direction of the base-
line clockwise: TERMIN. / BASE / 1855 / A.  A similar process was done for 
Endpoint B (41°46′08.2″N; 12°36′49.5″E datum WGS84/ETRF89) at Frattocchie 
(Fig. 12.4), with the foresight of using a larger stone and making a deeper excava-
tion. Unlike the Endpoint A, no writing was engraved on the Endpoint B.

The instrument used by Secchi to measure the length of the baseline, called tesa, 
was a beam of fir wood 4.22 m long, 6 cm wide, and 3 cm thick. It was buttressed 
to prevent bending in any direction: a rectangular recess 1.6 cm wide, 1.5 cm deep, 

Fig. 12.2 Manhole above Endpoint A at the center of the Via Appia Antica in front of the 
Mausoleum of Cecilia Metella. (Credit: the Author)
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and 4.15 m long was carved along the beam, into which two metal rods, one of brass 
and one of iron, were housed. Two thermometers were inserted horizontally at the 
ends of the tesa to calculate the expansion of the metal rods. A bubble level was 
placed at the center of the tesa. The ends of the tesa were placed on two tripods 
which could be moved with worm screws.

To allow the measurements to be taken along the (average) sea level geoid, it was 
necessary to find the altitude of the road. As a reference they used the Cloaca 
Maxima, whose altitude had been measured in 1822 by the pontifical engineers to 
be 5.907 m above sea level. With these measured levels and knowing the leveling 

Fig. 12.3 Endpoint B, discovered in 2013. (Credit: the Author)
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Fig. 12.4 The ruins of Capo di Bove with the plaque (lower center). On the top, a small brick pillar 
marks the trigonometric point of the Istituto Geografico Militare. (Credit: the Author)
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sites, one can determine how much the ground has changed or not in the last century 
and a half.

The measurement consisted of placing a series of surveying telescopes along the 
straight line connecting the Endpoints A and B. Next, the distance between the tele-
scopes was measured with the tesa, making sure that the end point of a measure 
matched the starting point of the next. For this reason, graduated silver tabs were 
placed at the ends of the metal rods. The precision in positioning the tesa after mov-
ing forward was entrusted to the meroscope, a telescope positioned vertically on an 
independent stand which allowed one to maintain the position of the ends during the 
movement of the tesa itself. Graduated vertical rods placed on the tesa allowed one 
to keep it horizontal.

By chance, Endpoint A was uncovered during excavations in front of Cecilia 
Metella in July 1999 (Marcelli 2000). The manhole (which is visible today at the 
level and at the center of the roadway) is the original one and requires permanent 
maintenance given the continuous passage of vehicles.

Endpoint B was discovered in January 2013 using ground-penetrating radar 
measurements (Aebischer 2013). It has been reburied in order to preserve it.

Once the two main endpoints were defined, at the end of each day of measurement, 
the stopping points were determined for which partial termini or points were 
inserted into the ground. The following day, measurement operations would start 
again from the partial terminus. In total, 50 partial termini were built; however, 
none of them have yet been found.

It is good to remember that this is one of the longest geodetic baselines ever 
measured. It involved 6 months of measurements on the ground (with the repetition 
of the first 2 km) and 3 years of calculations. Ultimately, taking into account all the 
corrections of horizontality, alignment, and temperature, the length of the baseline 
is 12043.139 m with an error that Secchi estimated to be less than 1 cm (Secchi 1858).

12.3  The Problem of the Earth’s Shape and the Prime 
Meridian of Italy

The geodetic baseline established by Boscovich in 1751 and remeasured by Secchi 
in the mid-nineteenth century was not an isolated scientific operation but grew out 
of work that began in the late seventeenth century. Isaac Newton (1643–1727)’s 
Philosophiae Naturalis Principia Mathematica (1687) had noted that, because of its 
rotation, the Earth should assume an oblate ellipsoidal shape, and Newton tried to 
calculate the flattening at the poles by supposing the Earth to be fluid and homoge-
neous. By contrast, J. D. Cassini (1625–1712) had proposed that the ellipsoid of the 
Earth was prolate, i.e., lemon-shaped, narrower at the equator than at the poles. To 
resolve this dispute, the French Academy of Sciences (Greenberg 1995) supported 
two epic expeditions: one to Lapland organized by P.  L. Moreau de Maupertuis 
(1698–1759) and A.-C.  Clairaut (1713–1765) and the other one to Peru (today 
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Ecuador) organized by C.M. de la Condamine (1703–1774). These measures con-
firmed Newton’s polar flattening (Boccaletti 2019).

However, the measurements of global meridian arcs did not account for total 
north-south extension of Central Europe. Thus in 1862 the Prussian general 
J.J. Baeyer (1794–1885) decided to organize an international conference (1864) to 
which both Italy and the Papal States were invited (Torge 2005, 2012). The Papal 
States held off taking up their membership given the friction with the Kingdom of 
Italy due to the Roman Question; eventually, however, at the end of 1869, the Holy 
See decided to join the project.

Despite this, Secchi was invited to take part in the sessions of the Italian 
Commission for the Measure of Degrees (which became the Italian Geodetic 
Commission in 1880) to describe the geodetic activities that had been carried out by 
the Papal government. In his report he described the problems and the extent of the 
geodetic baseline along the Via Appia Antica that had been measured 15 years ear-
lier. Following the report, Italy decided to officially invite the Papal government, 
since a long stretch of that the meridian lay in papal territory.

In December 1869 the Holy See set up a mixed commission of astronomers and 
military engineers, with Secchi as president, to deal with the international geodetic 
operation. The official announcement of the triangulation work in the Papal States 
was published in February 1870, with instructions to individuals not to hinder geo-
detic operations. The first tasks of the Pontifical Commission were to choose the 
places where the geodesic stations would be placed and to obtain the necessary 
instruments (Aebischer 2016).

Rome, of course, remained at the center of the triangulation. Around it a closed 
polygon was drawn joining the points of Pratica, Mount Virginio, Mount Soratte, 
Mount Gennaro, Mount Cavo, and, again, Pratica. Within this polygon was the geo-
detic baseline measured in 1855. Rather than keeping the main station centered on 
the cross of the dome of the basilica of Saint Peter, the cartographic reference 
meridian of the Papal States, the top of the highest mountain in Rome, Monte Mario, 
was chosen instead, from which all the measurement stations could be seen. After 
inspecting various sites, the Pontifical Commission chose a point within the vine-
yard of Prince Barberini, Duke of Castelvecchio. An agreement was signed with the 
prince, and, following the directions of Major Oberholtzer, the first stone of the 
square-based tower was laid in May 1870.

The base of the tower measured 4.66 m on the side, and the total height was 
12.85 m. At the base of the northern side of the tower was an entrance door, and the 
tower included three windows for astronomical observations, including a small bal-
cony protected by a railing. Inside the tower a spiral staircase led up to the rooftop. 
A small pillar was built at the center of the rooftop: this was the fundamental trigo-
nometric point. To indicate this point and make it more permanent, at this spot a 
stone of 60 × 60 cm, 50 cm thick, was placed at a depth of 4 m below the threshold 
of the entrance door, supported by the underlying layer of volcanic tuff. A hole 
through the center was aligned with the axis of the tower and the summit pillar, and 
it bore the inscription: 1870 SEGNALE / TRIGONOMETRICO / PIUS IX P.M.
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The war and the political events of September 1870 interrupted the work and use 
of this tower. Following the arrival of the Italians, however, the geodetic work was 
resumed. Secchi was again invited to oversee the work, even though his state of 
health did not allow him more active participation.

Being the new fundamental point for the calculation of longitudes given by the 
small tower, it became necessary to connect it with the papal geodetic network as 
determined from the geodetic baseline of 1855. To do this, by triangulation Mount 
Mario was connected with a geodetic baseline about 510 m shorter than the original 
one determined by Secchi. As Secchi himself pointed out during the measurement, 
Endpoint A at Cecilia Metella was not a good fundamental trigonometric point due 
to the absence of a good horizon, so he proposed an alternative point at the ruins of 
Capo di Bove (41°50′54.5″N; 12°31′28.7″E datum WGS84/ETRF89) from which 
the lap along the horizon was complete.

At this point the following memorial plaque was affixed (Fig. 12.4):

CAPO DI BOVE
NELL’ANNO MDCCCLV P. A. SECCHI
SULLA TRACCIA DEL P. BOSCOWICH
RIGOROSAMENTE MISURAVA LUNGO LA
VIA APPIA UNA BASE GEODETICA
E NELL’ANNO MDCCCLXX COLLO STABILIRE
PRESSO I DUE ESTREMI DI ESSA
QUESTO PUNTO TRIGONOMETRICO
E L’ALTRO ALLE FRATTOCCHIE COSTITUIVA
UNA NUOVA BASE SULLA QUALE FU
VERIFICATA LA RETE GEODETICA ITALIANA
ORDITA NELL’ANNO MDCCCLXXI DAGLI UFFICIALI
DEL CORPO DI STATO MAGGIORE PER LA
MISURA DEL GRADO EUROPEO

It should be noted that with this plaque the entire geodetic history of the Via Appia 
Antica is recapitulated, recalling the measurements of the Jesuit fathers Boscovich 
and Secchi, continuing through the measurement of the European Meridian Arc, 
and ending in the first National Geodetic Network (1919).

The original tower was demolished shortly after 1878  in order to allow the 
construction of a military fort (Campo Trincerato) as a part of the defense plan of 
the city of Rome, moving the trigonometric point to the terrace of the nearby Villa 
Manzi (today Villa Mellini, site of the Rome Observatory in the 20th century and 
now the headquarters of the Istituto Nazionale di Astrofisica [INAF]). At the end of 
the construction of the fort, the trigonometric point was reinstalled on the ground in 
1882, and a tower was rebuilt in the same place that year. The new truncated conical 
tower, made of brick, is only 7 m high. The entrance door is sited on the west side 
with an internal spiral staircase that, immediately below the top floor, passes out-
side. Above the door is a travertine plaque with the inscription:

Osservatorio Astronomico
di Roma
PRIMO MERIDIANO
D’ITALIA
origine delle longitudini italiane
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The upper balcony is protected by an iron railing, in the middle of which is a 
masonry pillar set on a GPS center. In alignment with the axis of the tower, a marble 
plaque (40 × 40 cm) is affixed on the ground floor with a 4 cm diameter zinc center 
and two orthogonal grooves in the center, engraved with the following inscription:

PUNTO GEODETICO FONDAMENTALE
MONTE MARIO
⊗
Origine
delle longitudini italiane

Today the tower can only be seen from the outside through a double fence that pro-
tects the military area in front of the fort.

The measure of the Central European Arc was also the reason for the construction 
of the little tower above the tomb located just after Mile XI in Frattocchie, today 
called Secchi’s tower.

12.4  Chronology of Geodetical Activities

In order to better understand the importance of the Via Appia Antica as a geodetic 
site, it may be useful to outline the main events up to the present day:

• 1749–1750: Benedict XIV (1675–1758; Pope since 1740) orders the measurement 
of the Rome-Rimini meridian.

• 1751: between April and May, Boscovich and Maire measure a geodetic baseline 
along the Via Appia Antica for the calculation of the Rome-Rimini meridian arc.

• 1755: Maire designs the New Geographical Map of the Ecclesiastical State 
(1:37500, 3 sheets), the first geodetically referenced map of the peninsula.

• 1809–1810: French engineers redo the measurements of Boscovich and Maire, 
believing that they had identified the final endpoint in Frattocchie (Endpoint β), 
and build a pillar there. Endpoint α (Cecilia Metella) is highlighted with a mar-
ble plaque.

• Around 1815: the French marker indicating Endpoint α is removed, leaving only 
the two metal support spikes, still visible today.

• 1824: A. Conti and G. Ricchebach, astronomers of the Roman College, make 
measurements using a baseline in Rome along today’s Via Ottaviano, Via 
Barletta, and Viale Angelico to refute the French conclusions.

• 1836: G. Ricchebach builds the pillar with a little pyramid at the top between the 
merlons of the Cecilia Metella mausoleum, on the south-west side.

• 1846: G. Ricchebach’s brother posthumously publishes the work Examination of 
the triangulation of P. G. Ruggero Boscovich. Posthumous memory, Rome.

• 1850–1853: the archaeologist L.  Canina performs the excavations of the Via 
Appia Antica from Miles III to XI, bringing to light what is probably the base of 
the French pillar at Frattocchie (Canina 1853).
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• 1853: Col. J.B. Coraboeuf (1777–1859), the French geographer engineer who 
took part in the measurements of 1809–1810, writes two articles in response to 
the criticisms of the astronomers of the Collegio Romano.

• 1854–1855: to study the relationship between the meter and Roman mile and to 
reevaluate the French measurements, Secchi measures a new geodetic baseline 
along the Via Appia Antica.

• 1870: after several years of waiting, the Papal States officially enter into the 
measurement of the Meridian Arc of Central Europe, for which a little tower 
(called now Secchi tower) is built on the Roman tomb at Frattocchie (Fig. 12.5; 
Zonetti et al. 2016).

• 1871–1878?: a plaque on the ruins of Capo di Bove (about 510 m from Cecilia 
Metella, in the direction of Albano) is erected as a memorial to the Jesuits’ mea-
surements and the work of the Italian Corps of Topographers.

• 1906: the Italian geodetic network is connected to the Capo di Bove Relic joining 
the tower of the Primo Meridiano d’Italia built on Mount Mario.

• 1997: a plaque in French is cataloged at the Vatican Museums, which describes 
the measurements of Boscovich and Maire.

• 1999: in July Endpoint A of the Secchi’s baseline is discovered in front of the 
mausoleum of Cecilia Metella.

• 2011: the plaque in French preserved in the Vatican Museums (since 1997) is 
identified (by the Author) as the one on Cecilia Metella by French geographers 
to indicate Endpoint α.

• 2012: the manhole and part of the frame of Endpoint B is identified (Aebischer 
et al. 2012).

• 2013: in January Endpoint B of Secchi’s baseline is discovered (by the author). 
GPS and topographical surveys of the area begin.

• 2013: in March the discovery of Endpoint B is presented at an extraordinary 
conference at the headquarters of the Via Appia Antica Regional Park.

• 2013: in September the Leica Geosystem performs a laser-scan survey of the 
sepulcher, of Secchi tower, and of Endpoint B at Frattocchie.

• 2014: the Author publishes a collection of literary and online sources concerning 
geodetic measurements along the Via Appia Antica.

• 2018: the National Committee for the Bicentenary of the Birth of Secchi is 
established.

• 2019: the project to place a facsimile of the French plaque on the mausoleum of 
Cecilia Metella is begun.

12.5  Final Considerations

Secchi’s interest in geodesy can be seen by his diligence in dealing with the 
demanding tasks entrusted to him by the Papacy. But his interest was limited to the 
two events described above, without giving him scope to pursue methodical studies 
in this branch of knowledge. And furthermore, his interest, at least on paper, was in 
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the project of redesigning the map of his confrere Jesuit Christopher Maire after 
more than a century, using the triangulation of Marieni; but this goal was immediately 
frustrated by a lack of funds. The remeasurement of the baseline along the Via 
Appia Antica can also be seen as a “scientific duty” toward his fellow Jesuits, who 
had been heavily criticized by the French.

Fig. 12.5 The Secchi tower at the Frattocchie (Marino) (credit: the Author)
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Obviously, Secchi’s operational technique is no longer in use anymore, but all 
the measurements and points identified on the ground, some of which are still used 
today, can be a motivation for the enhancement of the Regional Park of Via Appia 
Antica. In addition to being an archaeological site, one can very well add that it is 
also of geodetic significance (Aebischer 2014a, b).

A problem that still remains is the present-day location of the wooden apparatus 
(tesa) and its metal. One hypothesis is that at least the wooden part was preserved in 
the rooms of the Magnetic Department of the Osservatorio del Collegio Romano 
(Secchi 1855), but that seems unlikely. On another occasion, Secchi mentioned that 
the Observatory kept geodetic instruments and in particular Porro’s great apparatus 
for the measurement of the Boscovich baseline on the Via Appia Antica, which was 
later taken over by the Italian government for the University’s geodetic school.

To coordinate this reevaluation and use of the geodetic heritage of the Via Appia 
Antica and more generally that of Rome, since many years the Author has promoted 
the Geodetic Itinerary For Rome project, which includes a segment called A Century 
of Geodesy Along the Appia Antica. This includes educational proposals, exhibi-
tions, seminars, publications, and guided tours. The basic idea is to propose a new 
type of monument, a geodetic one, with all its particular characteristics of descrip-
tion, site locations, and conservation.
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Chapter 13
The History and Future of the Secchi Disk

Oliver Zielinski

13.1  Secchi Disk Depth: A Parameter of Global Relevance

Climate change and anthropogenic activities affect freshwater and oceanic ecosys-
tems worldwide. However, to identify and quantify trends and variabilities, the 
availability of standardized long-term observations is of key relevance. Considering 
timescales of decades to centuries, only a few aquatic observables are available in 
sufficient number and spatial spread; these include observations of water tempera-
ture, color, and clarity (also denoted as transparency).

For many reasons – safety, fish finding, navigation around icebergs, and even the 
recovery of goods lost at sea – sailors and scientists are interested in the determina-
tion of water transparency. One can define the intuitive idea of transparency as a 
measure of the depth of light penetration into the water. Water transparency depends 
on the abundance of particles and dissolved substances in the water (Watson and 
Zielinski 2013). Particles can be inorganic (e.g., sediment from erosion) or organic 
(such as algae, phytoplankton); these are called optically active components. During 
its propagation in the water, the light is attenuated by absorption and dispersion of 
these particles, combined with absorption from dissolved substances, until it com-
pletely disappears.

Water transparency is a key factor in ocean ecology, as the sun is the primary 
source of energy for all biological phenomena (Dickey et  al. 2011). When light 
attenuates, it alters or limits the capacity of life of some marine biological commu-
nities and it reduces the possibility of photosynthesis (a process that produces the 
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oxygen vital to the ecosystem). Light attenuation also has implications for the 
reduction of visibility, which prevents fish and zooplankton from seeing prey and 
predators (Aksnes et al. 2009). Light availability also has some considerable effects 
on human perception of recreational water bodies, fishing, and even health. Water 
transparency or clarity is therefore often used as an indicator of water quality, with 
an important economic impact.

Transparency is commonly represented as the depth where a white disk lowered 
into the water is no longer visible to an observer at the surface. That depth is named 
the Secchi disk depth and the device used to measure it, accordingly, is called the 
Secchi disk.

The Secchi disk method itself has been widely adopted due to its ease of use and 
cost-effectiveness compared to other instrumentation. Millions of Secchi disk depth 
readings in aquatic ecosystems, covering a time span of more than 150 years, are 
accessible in global databases (Lee et al. 2015), and it can be assumed that many 
more are hidden or lost in handwritten or printed documentation. The Secchi disk 
method provides remarkably stable results, given the fact that sea state and meteo-
rological conditions typically can vary widely, as does the observer technique itself. 
For that reason, it has been adopted by various scientific and governmental pro-
grams, as well as citizen science initiatives (see, for instance, Secchi Dip-In, a vol-
unteer program started in 1994: http://www.secchidipin.org). Hence, Secchi disk 
depth can be considered a popular as well as a successful indicator of water quality 
and ecosystem health (Arnone et al. 1985; Burns et al. 2005; Olmanson et al. 2008; 
Flemming-Lehtinen and Laamanen 2012; Aas et al. 2014; Garaba et al. 2014).

To show the importance of Secchi disk data, consider a few global and regional 
studies.

A global decline of phytoplankton (algae, the primary producer of biomass in 
aquatic environments) in the world oceans was investigated by Boyce et al. (2010), 
based on the relation of a global ocean dataset of Secchi disk depth data from 1899 
to 2008 to marine surface chlorophyll, a common means to measure phytoplankton 
abundance. They analyzed Secchi disk depth data from the United States National 
Oceanographic Data Centre (NOAA-NODC), containing more than 400,000 Secchi 
disk depth observations. Based on this long-term time series, they concluded that 
global phytoplankton concentration has declined unequivocally over the past cen-
tury, a process of great relevance to understand processes of climate change evolv-
ing from human influence.

Focusing on coastal and shelf seas, many Secchi disk depth readings are avail-
able around Japan, in the Mediterranean, around the Arctic, as well as in the North 
Sea and Baltic Sea. A global dataset of marine Secchi disk depth information is 
illustrated in Fig. 13.1, available from http://www.eyeonwater.org. The North Sea 
and Baltic Sea have been the subjects of a study of Aarup (2002), who compiled 
40,829 Secchi disk depth measurements dating back to 1902, with the bulk of them 
measured after 1970. Dupont and Aksnes (2013) used this dataset to extract trends 
for different water bodies, identifying a centennial shoaling of Secchi disk depth 
between 3.2 to 5.8 m for the Baltic Sea and 1.8 to 5.2 m for the North Sea, depend-
ing on distance to coast as well as bottom depth. These optical water clarity shifts 
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can be potentially associated to human activities, such as bottom trawling fisheries 
or increased use of fertilizers (Capuzzo et al. 2015).

Secchi disk depth changes can also indicate marine regime shifts, like the 
increase in water clarity that was observed by Wiltshire et al. (2008) over the period 
1975–2005 for the Helgoland Roads time series (in the German Bight, southern 
North Sea).

The aforementioned examples all have in common their use of Secchi’s method 
of determining water clarity based on the simple lowering of a white disk, which 
provides the fundamental data covering large time spans at satisfiable spatial den-
sity. All studies dealing with these kinds of data must take care in applying quality 
checks and appropriate statistical methods, as observations were performed mostly 
at different locations, under different conditions, and by different observers. These 
circumstances were already evident to Secchi and, as we will see, he addressed 
them with due diligence. The theory of the Secchi disk visibility itself, based on 
physical principles and human perception, has been subject of a number of publica-
tions (Duntley 1952; Tyler 1968; Preisendorfer 1986; Zaneveld and Pegau 2003) 
and recently revised by Lee et al. (2015).

Fig. 13.1 Dataset of marine Secchi disk depth information from 1895 to the present, based on the 
water clarity visualization of the http://www.eyeonwater.org website. (Extracted on July 2019)
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The academic relevance of the Secchi disk can be assessed by searching scien-
tific publication databases. Through a Google Scholar search (July 2019) applying 
the search terms “Secchi disk” or “Secchi disc” or “Secchi depth,” a total of 31,500 
entries were identified between 1865 and the present. Looking at the temporal dis-
tribution, one can see that 11% of these publications were published before 1980, 
35% between 1980 and 1999, and 54% from 2000 until the present, indicating an 
actual increase in relevance in recent years.

13.2  Secchi’s Achievements in Measuring 
Water Transparency

It can be assumed that variability of the clarity of natural waters was recognized by 
humankind from earliest times as an indicator of varying water quality in navigated 
areas of the sea. Ships’ logs of ocean explorations regularly refer to the transparency 
and color of seawater. In his work on historical subsea optics observational meth-
ods, Wernand records:

One of the oldest records describing the transparency of the ocean water was the one made 
around Nova Zembla by the Captain J. Wood and dates back to 1676. He could see mussel 
banks (possibly Mya-truncata, a marine bivalve mollusc) on a dark bottom, at a depth of 
146 meters (Wernand et al. 2013).

Throughout the seventeenth, eighteenth, and nineteenth centuries, European 
researchers documented the clarity of water using different approaches, including 
glass vases (Luigi Ferdinando Marsigli, 1658–1730), red cloths (Otto von Kotzebue, 
1787–1846), or white earthen plates (Adelbert von Chamisso, 1781–1838) (Wernand 
2010). The first records of regular, tabulated measurements of the clarity or trans-
parency of natural waters are those performed by the German naturalist Adelbert 
von Chamisso during the Russian “Rurik” Expedition, in 1815–1818, under the 
command of Otto von Kotzebue (1787–1846) (see Krümmel 1886). The Austrian 
scientist Josef Roman Lorenz von Liburnau (1825–1911) experimented with sub-
mersible objects like white disks in the Gulf of Quarnero (Croatia) in the 1850s (see 
Lorenz 1863). Two years later, an article on the same topic appeared in a weekly 
publication of the French Academy of Science.

Alessandro Cialdi and Angelo Secchi performed transparency measurements in 
the Tyrrhenian Sea offshore of Civitavecchia near Rome (Fig. 13.2; Chinnici 2019: 
205–207). In an article merely three pages long, they described observations 
onboard the papal corvette “Immacolata Concezione” and methods to establish the 
water transparency (Cialdi and Secchi 1865) with a brief description of the size, 
material, and color of the disks employed for that purpose.

According to Tyler (1968), the idea to investigate transparency of marine waters 
systematically with a submersed disk originated in 1865 with the head of the Papal 
Navy, Commander Alessandro Cialdi. Inspired by François Arago’s (1786–1853) 
mention of Captain Béard’s observations of a dish in a net being visible at 40 m 
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depth during a passage from Wallis Island to the Mulgraves, he prepared several 
disks of different diameter and color. Cialdi invited the astronomer Secchi to partici-
pate in an expedition onboard of the corvette “Immacolata Concezione” under the 
papal flag and conduct a scientific program of clarity measurements in the 
Tyrrhenian Sea.

The results from these experiments were first published in the abovementioned 
brief report of Cialdi and Secchi (1865). In the same year, Secchi published a more 
extended chapter in the Italian scientific journal Il Nuovo Cimento (Secchi 1865). A 
year later, the same chapter was also published in Cialdi’s book Sul Moto Ondoso 
del Mare (Secchi 1866). Over 32 pages, Secchi described every aspect of using a 
disk to measure the clarity of the sea. He investigated dependencies on the disk’s 

Fig. 13.2 Around 1864 the Jesuit scientist and astronomer at the Collegio Romano Observatory, 
Angelo Secchi, and the commander of the papal steam corvette “Immacolata Concezione,” 
Alessandro Cialdi, sailed the Tyrrhenian Sea near Civitavecchia to investigate different methods to 
determine the transparency of the sea. (Note the misidentification in this figure of Father Secchi as 
“Pietro,” a common confusion of the “P.” for “Pater” used for Fr. Secchi). (Courtesy of M. Wernand)
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diameter, its color, the sun’s angle, observations from different positions onboard 
the corvette and from one of his sloops, as well as other factors as they affected the 
disappearance of the disk at a given depth.

It is evident that the general method of lowering a disk marked with either col-
ored or white paint, sometimes even porcelain dinner plates or other objects of 
bright reflectance, had been known before Secchi and had frequently been applied 
in different forms. But the experiments performed by Secchi and Cialdi in 1864 on 
such an intensive scale were unprecedented. It was the rigorous and detailed inves-
tigation of Father Angelo Secchi that led to this method being called the Secchi disk 
depth measurement.

The method was first named for Secchi by Alphonse Forel (1841–1912), the 
founder of limnology (Chinnici 2019: 207). By the beginning of the twentieth cen-
tury, water transparency observations by means of a 30 cm white disk (Fig. 13.3a) 
were commonly referred to as the Secchi disk method (even though disks with 
diameters from 40 cm up to 2 m were also used, especially when the water was 
extremely clear). The basic design has remained unchanged since its development, 
although disks with black and white sectors are commonly used in freshwater envi-
ronments, and a variety of other minor adaptations exist (Fig. 13.3b).

Fig. 13.3 (a) The Secchi disk as used by Josef Luksch around 1900 during the Pola expedition in 
the Mediterranean and Red Sea (Luksch 1901). (b) A white 40 cm Secchi disk with openings to 
reduce water drag (together with the modern version of a Forel-Ule scale; credit: O. Zielinski). (c) 
Adaptation of a Secchi disk for operation in strong currents. Note the black and white sections on 
the disk, a modification common in limnology to enhance contrast. (Credit: O. Zielinski)
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13.3  The Future of Secchi’s Disk

From today’s perspective, Secchi’s scientific distillation of the white disk method 
can be considered as the first cornerstone of the discipline of ocean optics. This 
discipline is driven nowadays by sophisticated optical sensors operated from 
research vessels, ships of opportunity, and onboard autonomous vehicles (Moore 
et  al. 2009). Beyond these advances in submersible instrumentation, spaceborne 
satellite radiometry has identified the Secchi disk depth as a particularly useful 
product that can be derived on global scales from spectral radiometric observations. 
It is easy to communicate to the broader public, as it is linked to human perception 
of water clarity; and it can be linked to a database of Secchi disk depth readings that 
span more than a century, thus enabling one to address global and regional changes 
on relevant timescales (Kratzer et al. 2003; Morel et al. 2007a, b; Sørensen et al. 
2007; Lee et al. 2016).

With the advent of mobile devices (such as smartphones) incorporating cameras, 
positioning information, computing power, and telemetry options, Secchi disk depth 
observations have entered a new era. Citizen science – the involvement of members 
of the general public, typically in collaboration with professional scientists, to par-
ticipate in data gathering and/or analysis – is taking hold in marine sciences espe-
cially in coastal areas, thanks to smartphone software applications (Garcia-Soto 
et al. 2017).

Secchi’s method has transitioned into “app-space,” most prominently with the 
www.secchidisk.org initiative. This provides a structured software environment to 
record Secchi disk depth readings, along with other marine observables. The www.
eyeonwater.org website offers a digitalized version of the historic Forel-Ule color 
comparison scale (Wernand et al. 2013; Busch et al. 2016) along with the possibility 
of recording one’s own Secchi disk depth readings and allows one to place both of 
these in the context of historical datasets reaching back to the late nineteenth cen-
tury (Fig. 13.1). It is noteworthy that this app has a slightly larger userbase in the 
limnological community (the science of rivers and lakes) and is integrated into coor-
dinated sampling initiatives (similar to the abovementioned Secchi Dip-In).

A peculiar yet good example for the combination of water transparency observa-
tions by nonprofessionals with satellite oceanography is Fowler’s Sneaker Depth 
index of water clarity (Crooke et al. 2017), which originated in 1988. Citizens with 
white sneakers wade into a section of the Patuxent River (Chesapeake Bay, USA) 
and measure the depth of the water where the sneakers are no longer visible, analo-
gous to Secchi’s clarity measurements with a white disk. There are obvious short-
comings of this method, such as its limited depth range and the potential influence 
of stirred up sediment, yet it is another successful example of how to involve and 
engage the general public. Its easy-to-understand concept along with its strength in 
communicating long-term trends in water clarity is the very asset of Secchi’s method 
and in dire need for today’s global climate challenges.

Secchi’s scientific investigation of the visibility of a white disk lowered into the 
water, published in 1865, laid the foundation for a fundamental method to assess 
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water clarity on a global scale. The resulting Secchi disk depth is an established 
observable of monitoring programs, derivable both from field measurements and 
satellite observations of water color, bridging scales in time and space.

The recent increase of electro-optical sensors measuring inherent and apparent 
optical properties means a reduction of field measurements with the Secchi disk 
method. Lee et al. (2018) as well as the author of this chapter advocate for continue 
monitoring of the Secchi disk depth in freshwater and marine environments to 
bridge the past and the future. The combination of historic and modern Secchi disk 
depth measurements along with products derived from satellite observations could 
be used to generate a unique, century-long dataset of water clarity and its changes 
in relation to natural and anthropogenic influences.

Acknowledgments This manuscript is dedicated to Marcel R. Wernand, who passed away in the 
early concept phase of this work. Marcel (re)discovered historical approaches for investigating the 
color and clarity of the sea, shedding light on the individuals behind it, and he transformed their 
findings into modern methodologies and devices. Proof reading support of Claudia Thölen is grate-
fully acknowledged. Part of the work was carried out as part of the Coastal Ocean Darkening 
project, funded by the Ministry for Science and Culture of Lower Saxony, Germany (VWZN3175).

References

Aarup, T. (2002). Transparency of the North Sea and Baltic Sea – A Secchi depth data mining 
study. Oceanologia, 44, 323–337.

Aas, E., Høkedal, J., & Sørensen, K. (2014). Secchi depth in the Oslofjord-Skagerrak area: Theory, 
experiments and relationships to other quantities. Ocean Science, 10, 177–199.

Aksnes, D. L., Dupont, N., Staby, A., Fiksen, Ø., Kaartvedt, S., & Aure, J. (2009). Coastal water 
darkening and implications for mesopelagic regime shifts in Norwegian fjords. Marine Ecology 
Progress Series, 387, 39–49.

Arnone, R. A., Tucker, S. P., & Hilder, F. A. (1985). Secchi depth atlas of the world coastlines. 
Proceedings of SPIE, 489, 195–201.

Boyce, D. G., Lewis, M. R., & Worm, B. (2010). Global phytoplankton decline over the past cen-
tury. Nature, 466, 591–596.

Burns, N. M., Rockwell, D. C., Bertram, P. E., Dolan, D. M., & Ciborowski, J. J. (2005). Trends 
in temperature, Secchi depth, and dissolved oxygen depletion rates in the central basin of Lake 
Erie, 1983–2002. Journal of Great Lakes Research, 31, 35–49.

Busch, J. A., Bardaji, R., Ceccaroni, L., Friedrichs, A., Piera, J., Simon, C., Thijsse, P., Wernand, 
M., Woerd, H. J., & Zielinski, O. (2016). Citizen bio-optical observations from coast- and ocean 
and their compatibility with ocean colour satellite measurements. Remote Sensing, 8, 879.

Capuzzo, E., Stephens, D., Silva, T., Barry, J., & Forster, R. M. (2015). Decrease in water clarity 
of the southern and Central North Sea during the 20th century. Global Change Biology, 21(6), 
2206–2214.

Chinnici, I. (2019). Decoding the stars. A biography of Angelo Secchi, Jesuit and scientist. 
Leiden: Brill.

Cialdi, A., & Secchi, A. (1865). Sur la transparence de la mer. Comptes rendus de l’Académie des 
Sciences, 61, 100–104.

Crooke, B., McKinna, L. I., & Cetinić, I. (2017). From toes to top-of-atmosphere: Fowler’s sneaker 
depth index of water clarity for the Chesapeake Bay. Optics Express, 25(8), A361–A374.

O. Zielinski



223

Dickey, T. D., Kattawar, G. W., & Voss, J. (2011). Shedding new light on light in the ocean. Physics 
Today, 64(4), 44–49.

Duntley, S. Q. (1952). The visibility of submerged objects, 74, visibility lab. Massachusetts Institute 
of Technology, Scripps Institution of Oceanography, San Diego.

Fleming-Lehtinen, V., & Laamanen, M. (2012). Long-term changes in Secchi depth and the role 
of phytoplankton in explaining light attenuation in the Baltic Sea. Estuarine Coastal and Shelf 
Science, 102–103, 1–10.

Garaba, S. P., Voß, D., & Zielinski, O. (2014). Physical, bio-optical state and correlations in North–
Western European Shelf Seas. Remote Sensing, 6(6), 5042–5066.

Garcia-Soto, C., van der Meeren, G. I., Busch, J. A., Delany, J., Domegan, C., Dubsky, K., Fauville, 
G. Gorsky, G., von Juterzenka, K., Malfatti, F., Mannaerts, G., McHugh, P., Monestiez, P., 
Seys, J., Weslawski, J. M., & Zielinski, O. (2017). Advancing citizen science for coastal and 
ocean research. In V. French, P. Kellett, J. Delany, & N. McDonough (Eds.), Position paper 23 
of the European Marine Board. Ostend: European Marine Board.

Kratzer, S., Håkansson, B., & Sahlin, C. (2003). Assessing Secchi and photic zone depth in the 
Baltic Sea from satellite data. Ambio, 32, 577–585.

Krümmel, O. (1886). Der Ozean, Eine Einführung in die allgemeine Meereskunde. Prague: 
G. Freytag, Leipzig, F. Tempsky.

Lee, Z., Shang, S., Hu, C., Du, K., Weidemann, A., Hou, W., Lin, J., & Lin, G. (2015). Secchi 
disk depth: A new theory and mechanistic model for underwater visibility. Remote Sensing of 
Environment, 169, 139–149.

Lee, Z., Shang, S., Qi, L., Yan, J., & Lin, G. (2016). A semi-analytical scheme to estimate Secchi- 
disk depth from Landsat-8 measurements. Remote Sensing of the Environment, 177, 101–106.

Lee, Z., Arnone, R., Boyce, D., Franz, B., Greb, S., Hu, C., Lavender, S., Lewis, M., Schaeffer, B., 
Shang, S., Wang, M., Wernand, M. R., & Wison, C. (2018). Global water clarity: Continuing a 
century-long monitoring. Eos, 99.

Lorenz, J. R. (1863). Physicalische Verhältnisse und Vertheilung der Organismen im Quarnerischen 
Golfe. In Kaiserlich-Königlichen, 379. Wien: Hof-und Staatsdruckerei.

Luksch, J. (1901). Untersuchungen über die Transparenz und Farbe des Seewassers. 
Wissenschaftliche Ergebnisse XIX.  Expeditionen SM Schiff “Pola” im Mittelindischen, 
gischen und Rothen Meere in den Jahren 1890–1898. In Berichte der Commission für 
Oceanographische Forschungen. Collectiv-Ausgabe aus dem LXIX Bande der Denkschriften 
Kaiserlichen Akademie der Wissenschafte. A. Forschungen im Rothen Meere. B. Forschungen 
im Östlichen Mittelmeere. Wien, Hof- und Staatsdruckerei.

Moore, C., Barnand, A., Fietzek, P., Lewis, M., Sosik, H., White, S., & Zielinski, O. (2009). 
Optical tools for ocean monitoring and research. Ocean Science, 5, 661–684.

Morel, A., Gentili, B., Claustre, H., Babin, M., Bricaud, A., Ras, J., & Tièche, F. (2007a). Optical 
properties of the “clearest” natural waters. Limnology and Oceanography, 52, 217–229.

Morel, A., Huot, Y., Gentili, B., Werdell, P. J., Hooker, S. B., & Franz, B. A. (2007b). Examining 
the consistency of products derived in open ocean (case 1) waters in the perspective of a multi- 
sensor approach. Remote Sensing of Environment, 111, 69–88.

Olmanson, L. G., Bauer, M. E., & Brezonik, P. L. (2008). A 20-year Landsat water clarity census 
of Minnesota’s 10,000 lakes. Remote Sensing of Environment, 112(11), 4086–4097.

Preisendorfer, R. W. (1986). Secchi disk science: Visual optics of natural waters. Limnology and 
Oceanography, 31, 909–926.

Secchi, A. (1865). Relazione delle esperienze fatte a bordo della pontificia pirocorvetta Imacolata 
Concezione per determinare la trasparenza del mare. Il Nuovo Cimento, 20, 205–237.

Secchi, A. (1866). Relazione delle esperienze fatte a bordo della pontificia pirocorvetta Imacolata 
Concezione per determinare la trasparenza del mare. In Cialdi, A. Sul moto ondoso del mare e 
su le correnti di esso specialmente su quelle littorali, Rome, pp. 258–288.

Sørensen, K., Aas, E., & Høkedal, J. (2007). Validation of MERIS water products and bio-optical 
relationships in the Skagerrak. International Journal of Remote Sensing, 28, 555–568.

Tyler, J. E. (1968). The Secchi disc. Limnology and Oceanography, 13, 1–6.

13 The History and Future of the Secchi Disk



224

Watson, J., & Zielinski, O. (Eds.). (2013). Subsea optics and imaging. Woodhead Publishing: 
Cambridge.

Wernand, M. R. (2010). On the history of the Secchi disc. Journal of the European Optical Society, 
5, 10013s.

Wernand, M. R., van der Woerd, H. J., & Gieskes, W. W. C. (2013). Trends in ocean colour and 
chlorophyll concentration from 1889 to 2000, worldwide. PLoS One, 8(6), e63766.

Wiltshire, K.  H., Malzahn, A.  M., Wirtz, K., Greve, W., Janisch, S., Mangelsdorf, P., Manly, 
B. F. J., & Boersma, M. (2008). Resilience of North Sea phytoplankton spring bloom dynam-
ics: An analysis of long-term data at Helgoland Roads. Limnology and Oceanography, 53(4), 
1294–1302.

Zaneveld, J. R., & Pegau, W. S. (2003). Robust underwater visibility parameter. Optics Express, 
11, 2997–3009.

O. Zielinski



225© Springer Nature Switzerland AG 2021
I. Chinnici, G. Consolmagno (eds.), Angelo Secchi and Nineteenth Century Science, 
Historical & Cultural Astronomy, https://doi.org/10.1007/978-3-030-58384-2_14

Chapter 14
Angelo Secchi and the Development 
of Geophysics in Italy

Alessio Argentieri and Maurizio Parotto

14.1  Introduction: Geological Disciplines in Rome 
in the Nineteenth Century

In order to understand Secchi’s role in the progress of modern Earth Sciences, it is 
useful to first outline the cultural framework in Rome and in the Papal States during 
the age he lived in.

Since the early nineteenth century, the Papal States had supported the study of 
mineralogy. In 1804, during the pontificate of Pope Pius VII, the general treasurer 
Cardinal Alessandro Lante Montefeltro Della Rovere (1762–1818) appointed Father 
Carlo Giuseppe Gismondi (1762–1824), belonging to the Scolopian (Piarist) order 
and teacher at the Nazareno College, as the first chair of mineralogy at La Sapienza 
University (Studium Urbis). Gismondi had scientific relationships with important 
scholars of his time, like Gian Battista Brocchi, René Just Haüy, Étienne Borson, 
and Ruggero Monticelli  (Morichini 1825). After his death, his successors were, 
consecutively: Pietro Carpi (1792–1861), appointed in 1824; Vincenzo Sanguinetti, 
appointed in 1861; Giuseppe Ponzi (1805–1885), from 1864; and then the German 
geologist Johann Strüver, from 1873 (Grubessi 2004; Matteucci 2012). Geology 
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and paleontology became autonomous disciplines a few decades later; in 1864, 
Pope Pius IX established a new chair of geology at La Sapienza, and Giuseppe 
Ponzi was appointed to teaching positions in both geology and mineralogy.

Ponzi was a physician, a naturalist, and a geologist; besides being professor of 
zoology and comparative anatomy, he also taught mineralogy, geology, and geog-
nosy at the Applied Engineering School (“Scuola d’applicazione degli Ingegneri”) 
of Rome. In 1873 he established a geological laboratory and a geological museum 
at La Sapienza University. He had become a member of the Accademia dei Lincei 
in 1848; from 1871 to 1874 he served as its president. He was also a senator of the 
Kingdom of Italy after 1870 and, in 1875, was appointed a member of the Accademia 
Nazionale delle Scienze (Argentieri 2015). Ponzi can be thus considered the father 
of the “Roman geological school” which developed modern geological research in 
the Eternal City and its surroundings. This work was carried forward by his succes-
sors Romolo Meli (from 1885 to 1888) and Alessandro Portis (from 1888 to 1927) 
and continued to grow during the twentieth century. Ponzi lived in Via della Gatta, 
a few tens of meters from the Collegio Romano where Father Secchi directed the 
Observatory. The two scientists, both members of the Accademia delle Scienze, 
could have visited each other on occasion to discuss about geological matters.

Another important contemporary of Secchi in the geological community was 
Quintino Sella (1827–1884) who would become the founder of the Italian Geological 
Society in 1881. Sella sincerely admired and respected Secchi, and soon after the 
religious died, he presented, as president of the Accademia dei Lincei, an obituary 
and a first systematic bibliography of Secchi’s works during the session on March 
3, 1878. These are Quintino’s words (Sella 1878):

In these days, Italy and science have suffered a serious loss. On 26 February, Angelo Secchi 
died in Rome. His departure cannot fail to be commemorated in this hall, where the voice 
of the illustrious deceased was heard for so many years. Angelo Secchi was born in Reggio 
Emilia in 1818; he joined the Society of Jesus in 1833 and went to America in 1847. 
Returning to Rome, he was called to succeed Fr. Francesco De Vico as director of the 
Observatory of the Roman College and professor of astronomy. In 1852 he founded the 
current Observatory atop the Church of St. Ignatius. From that year onward began an unin-
terrupted series of numerous works and discoveries whose importance cannot be overstated, 
with which he rendered great service to physical astronomy.1

1 L’Italia e la scienza in questi giorni hanno fatto una grave perdita. Il 26 febbraio morì in Roma 
Angelo Secchi. La sua dipartita non può non essere commemorata in quest’aula nella quale fu 
udita per tanti anni la voce dell’illustre estinto. Angelo Secchi era nato a Reggio Emilia nel 1818. 
Entrato nel 1883 nella Compagnia di Gesù andò in America nel 1847. Rientrato a Roma fu chiam-
ato a succedere al P. Francesco De Vico nella carica di direttore dell’Osservatorio del Collegio 
Romano e di professore di Astronomia. Nel 1852 fondò l’attuale Osservatorio della Chiesa di 
S. Ignazio; da quell’anno cominciò una serie non interrotta di lavori numerosissimi e di scoperte 
non prive d’importanza con cui rese grandi servigi all’Astronomia fisica.
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14.2  Angelo Secchi and Geology

14.2.1  “Lezioni elementari di fisica terrestre”

Without any doubt, Father Secchi’s main contribution to geology is his book Lezioni 
elementari di fisica terrestre (Elementary Lessons of Terrestrial Physics), published 
posthumously in 1879 by his assistant, Father Stanislao Ferrari (Fig. 14.1). From 
this book we can learn much about the scientist, the Jesuit, and the man.

In the foreword, Secchi modestly declares that the source book for his lessons 
was the Corso di geologia by Abbot Antonio Stoppani (1824–1891), author of a 
famous book published a few years earlier, Il Bel Paese, which was a wonderful 
synthesis about what was then known about the geological history and structure of 
Italy (Stoppani 1876).

Elementary  Lessons of Terrestrial Physics collected the lectures prepared by 
Father Secchi for the students of “a college of worthy youth” (“istituto di nobile 
gioventù”) about the application of what he called “global physics” (“fisica mondi-
ale”), which today we would call physical geography. Secchi stated that the book 
was aimed at introducing pupils to the study of the Earth as the “home where we 
live,” emphasizing the practical advantages of scientific progress (“la Scienza 
utile”).

Secchi wrote this about global physics: “it is an extremely important application 
of physics. (...) How beautiful is the study of celestial bodies, of the sun, of planets, 
of stars (...), but to know these things is only an ornament of our science if no benefit 
arises from it. But this is not the case with global physics: from it we can learn the 
best places to live, the healthiness of the climate, the abundance of food...”2

According to Secchi, the study of terrestrial physics (geophysics, as it is called 
nowadays) has a practical benefit (“è d’un utile pratico”). This discipline is more 
than merely describing and representing the Earth’s surface; rather, it treats of natu-
ral phenomena ruled by physical laws – their physical arrangement, the laws of the 
phenomena that produce what we see, and connections between causes and effects 
(“le loro distribuzioni fisiche, le leggi dei fenomeni che ne produssero gli aspetti, i 
legami tra cause ed effetti”) – a vision well suited to the basic concepts of a boom-
ing young science. Such attention and endorsement of new ideas can be clearly 
found in the chapters of the book, where Secchi focused on concepts that only later 
would become fundamental to modern geology.

In Secchi’s vision, the term terrestrial physics seems closely related to the origi-
nal meaning of the Greek word φύσις, namely, “nature,” thus including the study of 
all natural phenomena observed on planet Earth, above and below its surface. 

2 ”Un’applicazione della fisica estremamente importante. (...) Bello è lo studio de’ corpi celesti, del 
sole, de’ pianeti, delle stelle (...), ma la cognizione loro non è che ornamento della nostra scienza, 
senza trarne pratica utilità. Ma ben diversa è la condizione per il globo terrestre: dal suo studio 
possiamo trarre informazione per la scelta più vantaggiosa nell’abitazione, per la salubrità del 
clima, l’abbondanza degli alimenti...”.
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Fig. 14.1 Cover of Secchi’s book Lezioni elementari di fisica terrestre, published by Ermanno 
Loescher in 1879. (Credit: M. Parotto)
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Consistent with this multidisciplinary vision, Secchi considered the Earth in the 
framework of the immensity of the universe. The study of the material and mechani-
cal development of the planet belongs to astronomers who, discovering it in space, 
can help the geologist, who studies our little planet through time. Thus, the study of 
astronomy and geology works together for the comprehension of nature, created by 
the Supreme Being. The ultimate goal is to be found in the Jesuit motto “to find God 
in all things.”

Contemporary progress in paleontology and its consequent achievements con-
cerning the enormous extent of geological time noticeably influenced Secchi’s 
vision about the evolution of the universe and presence of life (Altamore 2012; 
Chinnici 2019: 302–304). This was a surprising insight of Father Secchi, which 
anticipated the solution of the “dating game” of determining the age of Earth that 
would occur in the twentieth century by means of radiometric methods (Lewis 
2000; Rudwick 2014). This vision of considering the space-time dimension as a 
whole, so in advance of its time, is clearly exhibited by Secchi in his book Le Stelle 
(1877) and in two dissertations titled “La grandezza del creato nello spazio e nel 
tempo” and “La grandezza del Creato nelle combinazioni constitutive dell’Universo” 
which are published as appendices to the Lessons.

Lessons of Terrestrial Physics contains 13 lectures3:
Lesson I - General appearance of the globe
Lesson II - Behavior of water on the Earth’s surface
Lesson III - Water circulation in the air
Lesson IV - Water circulation in the oceans
Lesson V - Water circulation in the Earth’s interior
Lesson VI - Volcanoes and volcanism
Lesson VII - Sedimentary strata; general principles of stratigraphic geology
Lesson VIII - Azoic and Protozoic eras
Lesson IX - Paleozoic era
Lesson X - Mesozoic or secondary era
Lesson XI - Neozoic or tertiary era
Lesson XII - Ice Age or quaternary era
Lesson XIII - Anthropic or human epoch

It is worth noting that Secchi had an excellent grasp of the geological literature, 
mentioning previous work from pioneer scientists like Antonio Vallisneri 
(1661–1730) and Lazzaro Spallanzani (1729–1799) up to his contemporaries like 
Antonio Stoppani, above mentioned, and Leopold von Buch (1774–1853).

3 Lezione I Aspetto generale del globo; Lezione II Lavorìo dell’acqua sulla superficie della Terra; 
Lezione III Circolazione dell’acqua nell’aria; Lezione IV Circolazione dell’acqua negli oceani; 
Lezione V Circolazione dell’acqua nell’interno della Terra; Lezione VI I vulcani e il vulcanismo; 
Lezione VII I terreni sedimentari. Principi generali di geologia stratigrafica; Lezione VIII Dei ter-
reni Azoici e Protozoici; Lezione IX Era Paleozoica; Lezione X Era Mesozoica o secondaria; 
Lezione XI Era Neozoica o terziaria; Lezione XII Era glaciale o Quaternaria; Lezione XIII Epoca 
antropica o umana.
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14.2.2  Concerning Water on Earth

The first lesson concerns general features and dimensions of the globe, reviewing 
how the human race, in moving beyond a geocentric vision of the universe, progres-
sively discovered new lands and oceans and determined how to represent them on 
maps. Secchi points out how the continents are disproportionately smaller than the 
oceans (“sproporzione della terra coi mari”) and speculates on their shapes, such as 
the “pointed edges” in their southern parts.

One can find in this lesson several examples of his surprisingly good intuition. 
For example, relying only on contemporary information about bathymetry and 
almost a century before the theory of plate tectonics, he perceived the importance of 
the mid-Atlantic ridge (the underwater mountain range that divides the Atlantic 
Ocean, emerging only occasionally such as at the Cape Verde archipelago). The 
same can be seen in his discussion of the deep crustal roots of mountain chains, 
which he compared to obelisks standing above high pedestals, long before modern 
theories of isostatic compensation. “The cause is unknown,” he concludes, adding 
with sharp insight: “the explanation of these facts lies in the history of those events 
that for centuries led up to the state of current affairs, and which need further study.”4 
As we know, only in the mid-twentieth century did geology find a solution to those 
“puzzles” by gradually reconstructing the long geological evolution of continents 
and using modern technologies to explore the ocean bottom.

The next four lessons concern terrestrial water. In the second lecture, Secchi 
describes the geomorphological action of rainwater on the Earth’s surface (Fig. 14.2), 
namely how water in its different physical forms destroys continents and, driven by 
gravity, transports and accumulates material to the ocean bottom.

His method of describing this action is another instance of Secchi’s creative 
mind and his capacity to go further than the ordinary concepts of his time and cul-
tural environment. In order to explain the lithogenic cycle (or at least, the part of the 
cycle that science at that time could understand), Secchi chose a practical example: 
a journey along the Val d’Ossola, in the Piedmont sector of Western Alps. Describing 
runoff into a catchment basin, he notes how erosion of Alpine granites brings peb-
bles and sand downstream to Lake Maggiore and then, carried along the Po River, 
the sediments eventually reach the Adriatic and finally the Mediterranean Sea. In 
this way the ultimate fate of mountains is sealed: “all the great mountain ranges will 
be leveled and will disappear into the sea as so much mud” ("tutte le grandi catene 
montuose saranno livellate e spariranno in tanta fanghiglia in seno al mare"). The 
lesson ends with a discussion of our dynamic Earth, a system changing continu-
ously through geological eras: “This gives us an impressive idea of nature’s action: 
slow, but constant and continuous (...) which, just as the precession of the equinoxes 
changes the face of the heavens over the centuries, so does the face of the Earth 

4 La causa è ignota … la spiegazione di questi fatti risiede nella storia di quelli eventi che da secoli 
prepararono lo stato delle cose attuali, e che dobbiamo investigare.
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change, while the Eternal Motor is all that remains motionless in this whirlwind of 
variability.”5

In the third lesson, Secchi describes water circulation in the atmosphere as a 
continuous process of transformation: like a thermal machine powered by solar 
energy, air works both mechanical and chemical changes on geology.

The fourth chapter is dedicated to ocean water circulation and its influence on 
global climate. It is worth noting how Secchi stressed the practical service that sci-
entific knowledge can accomplish: how weather forecasts, based on probability 
analysis, can be disseminated worldwide by means of the modern “electric 
telegraph.”

The fifth lesson concerns water circulation inside the Earth. Recalling the prin-
ciple of uniformitarianism, he concludes, “The forces of nature that are in operation 
are the same that acted in ages past ...” (Le forze della natura che sono in opera sono 
le stesse che agirono nelle epoche scorse …).

5 ”Questo ci dà un’imponente idea delle azioni della natura: lente, ma costanti, ma continue (...) 
che, come la precessione degli equinozi muta coi secoli la faccia dei cieli, così muta la faccia della 
terra, solo immobile in questo turbine di variabilità restando l’Eterno Motore”.

Fig. 14.2 A comparative prospect of the main rivers and mountains on Earth. (From: Secchi 
1879, pl. II)
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14.2.3  Volcanism

The sixth chapter describes volcanism, which Secchi considered a fundamental fea-
ture of Earth’s structure and history (Fig. 14.3).

Consistent with the state of knowledge at that time, Secchi describes volcanic 
activity as the driving force of all geodynamic processes. Still, some of his insights 
are worth noting. He understood that volcanic relief has a different origin than 
mountain belts. The distribution of volcanoes in Italy led him to recognize that they 
form great alignments, following the orientation of mountain belts and coastal areas 
(“grandi linee sono disposte sull’angolo inclinale de’ sollevamenti delle montagne 
e vanno costeggiando i mari”). This happens in other parts of the globe as well, and 
he notes the presence of volcanoes in coral isles and in the sea. He concludes that 
the power of volcanoes influences the whole planet, producing impressive effects. 
Moreover, volcanism can reveal its presence in different ways, as in emissions of 
gases, steam and boiling water, or as earthquakes.

The worldwide presence of volcanoes led Secchi to hypothesize about their ori-
gin: he suggests that the general cause is the internal heat of the Earth, progressively 
increasing with depth, with water acting as the transmission medium of thermal 
energy (“l’acqua è l’elemento che al contatto delle calde regioni e de’ materiali 
incandescenti serve di mezzo per la forza delle esplosioni vulcaniche”). Furthermore, 

Fig. 14.3 A schematic geological map of Italy with a theoretical cross section of the Earth’s crust. 
(From: Secchi 1879, pl. III)
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he observes that geologists are aware that volcanoes are not local or isolated phe-
nomena (“la generalità del vulcanismo (...) ha persuaso i geologi che la sede di 
questi fenomeni non è locale o particolare, ma è generale”) and that the incandes-
cent lava is not watery but highly viscous (“...la massa incandescente deve essere 
non fluida, ma sommamente vischiosa”).

Another sign of Secchi’s belief in science supported by experimental evidence is 
shown in the “Carta geologica della Campagna Romana” by Paolo Mantovani at 
1:400.000 scale (Mantovani 1870; Fig. 14.4), which is appended to the lessons. It 
was one of the first geological maps of Rome and its surroundings, containing 
details about the structure of Sabatini Mounts and the Alban Hills, the two large 
volcanic areas located, respectively, to the north and south of the Eternal City. 
Secchi knew those environs well, having carried out several field observations there 
(see Calzolari-Marsella, Chap. 16, in this volume).

Mantovani was a teacher of natural history in the “Ennio Quirino Visconti” 
Lyceum and of geology and mineralogy in the Royal Technical Institute of Rome 
and an amateur geologist; his geological map, affected by serious errors of inter-
pretation, was poorly considered by academicians and subsequent scholars  
(Congi et  al. 2015), probably because of the fierce opposition of Ruggero 

Fig. 14.4 “Carta geologica ed idrografica della Campagna romana”. (Geologic and hydrographic 
chart of the Roman country) by Paolo Mantovani (1870), reduced at 1:400,000 scale, from the 
original at 1:210,000 scale. (From: Secchi 1879, pl. VII)
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Panebianco  (1848–1930), professor of mineralogy at Padua University 
(Pantaloni 2014).

Finally, the lesson ends with another prophetic intuition: in the future, Secchi 
predicts, the human race will unravel the internal structure of the Earth by studying 
earthquakes. He predicted a new discipline, seismology, which he was perfectly 
aware was entering into a new phase in those years (“dallo studio dei terremoti, 
entrato in questi tempi in una nuova fase”). Undeniably, Secchi and other seismolo-
gists of his time deserve great credit for this development, as discussed below.

14.2.4  Time and Space: Basic Principles of Stratigraphy

The other lessons (from VI to XIII) give an introduction to the principles of stratig-
raphy, and a description of the geological ages, from the Azoic and the Protozoic to 
the Anthropic epoch, focusing on story of life on Earth. Even though he often cites 
Charles Lyell (1797–1875)’s works, Secchi refuses to accept any atheistic implica-
tions of evolutionary theories and considers the extinction of species and appear-
ance of new life forms as a sort of guided evolutionism (Chinnici 2019: 304), with 
each consecutive stage directed by God in a divine project displaying the overall 
order of the universe.

In Lesson VII Secchi discusses the origin of granites, reviewing Stoppani’s 
explanation of the lithogenic cycle, derived from von Buch’s theories.

In this part of the book, Secchi shows his extraordinary ability to pass quickly 
from the immensity of the universe to the continuous transformation of our little 
planet, through the abyss of “deep time” that geology – side by side with astron-
omy – was introducing into scientific knowledge (Rudwick 2014).

14.3  Father Secchi, Field Geologist

Lessons of Terrestrial Physics reveals the particular sensitivity of its author to geo-
logical matters and his ability to summarize issues concerning the structure and 
evolution of planet Earth. In his scientific publications, one can see how Father 
Secchi dealt with issues of concern in nineteenth-century geology. In this we can 
recognize a specific geological competence to his versatile and multifaceted scien-
tific activity, such that he can legitimately be included in the “Pantheon” of Italian 
geoscientists.

Father Secchi’s contribution to practical geology can be seen in his reports on the 
seismic sequence of 1859 in the area of Norcia, in the Umbro-Marchean Apennines 
(Secchi 1859, 1860). A strong earthquake occurred there on August 22, 1859, shak-
ing Saint Benedict’s hometown and its surroundings. After the seismic event, the 
papal deputy of Spoleto and the Judicial Council of Norcia invited an engineer, an 

A. Argentieri and M. Parotto



235

architect, and another expert of “physical phenomena” (“una persona istruita dei 
fenomeni fisici,” what today we would call a geologist) to visit the area. The advi-
sors were expected to evaluate if and how the damage could undermine the rebuild-
ing of the town and to determine if the rumors about an imminent volcanic eruption 
were plausible.

Father Secchi was a renowned scientist and thus the local authorities consulted 
him. In his final report (Secchi 1860), which represents a summary of geology of 
Umbria and central Italy, he stressed the importance of field observations, the basis 
of modern science.6

In his trip to the area of the epicenter, Secchi brought his scientific instruments 
(Console et al. 2017) and all the contemporary geological books that defined the 
sedimentary sequence of rocks forming the Central Apennines. The trip to Norcia 
was not a simple journey; moving from Spoleto along the Nera, Corno and Sordo 
Rivers valleys, he made several geological surveys of the outcrops he saw. He iden-
tified the soils and rocks, and drew the folded strata geometries, describing them as 
twisted by internal forces (“molto tormentati”). It is important to remark on how 
accurately and systematically Father Secchi verified the continuity of strata on both 
sides of the valleys, in order to determine if their origin depended only on fluvial 
erosion or if their morphology instead corresponded to major faults.

In the town of Norcia he inspected the buildings, looking for evidence of damage 
made by previous earthquakes in the older houses, and the subsequent restoration, 
which often had not been carried out in accordance with best practices (“non sempre 
a regola d’arte”). He also made macroseismic studies, interviewing the local popu-
lation about their perception of the events, from foreshocks (ignored or understated 
by the majority of the people) to the main shock and aftershocks in the follow-
ing months.

He correlated the building damage with the foundation soils, highlighting the 
importance of local geological conditions in controlling the effect of ground move-
ment and consequent shaking of those establishments. Consequently, he specified 
that waste deposits, the backfill of excavation, or alluvial sediments were “mobile 
soils,” a critical substratum of the sites where severe damage occurred, whereas 
buildings resting on cemented conglomerates experienced minor effects. In other 
words, more than a century ago, Secchi was already using the methods which nowa-
days are called “site effects” to identify the critical local conditions in seismic 
microzonation studies.

Finally, there is another confirmation that Father Secchi was undoubtedly a pio-
neer: at the end of his field trip to Norcia in 1859, he also fought popular misbeliefs, 
disproving the “fake news” about a volcanic risk in Umbria-Marche Apennines. No 
evidence of volcanic activity, either ancient or recent, was found in that sector of the 
mountain belt, taking also into account the magnetic measurements he made. Secchi 

6 “Sulla parte geologica dirò solo quel poco che può essere accessibile (...); spero che altri, più 
periti, attualmente non reperibili perché lontani, vorranno colà portarsi (...); si vedrà la grande 
importanza di studiare quei siti col lume della moderna scienza”.
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concluded that the force of “underground fires” was still acting under the Apennines 
after their uplift, as testified by frequent seismicity in the whole central Italy, but in 
his opinion no magma effusion could occur in Norcia, because of the lack of a great 
“tectonic fracture.”

The local population was thus reassured after Secchi’s final report, and his obser-
vations provided useful indications for land planning and management in seismic 
zones. This was a positive example of the “useful science” of terrestrial physics, a 
tool that could prevent damage and loss of life (Altamore et al. 2015).

14.4  Angelo Secchi and Geophysics

14.4.1  A New Phase: Birth of Seismology in Italy

Secchi’s contribution to geophysics was consistent with Jesuit scientific studies in 
colleges and universities worldwide. After its restoration in 1814, the Society of 
Jesus established numerous scientific observatories in Europe and around the world 
(Udìas 2009). Beyond astronomy, the Jesuits promoted meteorological, geomag-
netic, seismological, and geodetical measurements as well, in order to achieve 
quantitative data on natural phenomena and to assure the safety and welfare of the 
local population.

Secchi’s work in geomagnetism and geodesy has been widely analyzed by previ-
ous studies (Aebischer et al. 2012) and in other chapters of this volume. Recall that 
in 1858, under his guidance, the first Italian geomagnetic observatory was estab-
lished at the Collegio Romano (Altamore and Ptitsyna 2012). Secchi also briefly 
dealt with this topic in Lessons of Terrestrial Physics: one of his excellent tables 
shows contours of the magnetic declinations of 1840, mapped onto a planisphere 
(Secchi 1879).

If Rome can be considered the “moral capital” of Italian geophysics between the 
end of the nineteenth century and the first decades of the twentieth century, it is 
probably because a significant impetus toward the development of this science came 
from Angelo Secchi. The first seismograph to be installed in Europe by the Jesuits 
(in 1868) was in fact near Rome, in the Alban Hills (Fig. 14.5). The instrument, a 
seismoscope made by the Jesuit Giovanni Egidi (1835–1897), was located at the 
Tuscolano Observatory of Frascati (Udìas 2009). In 1877, Egidi, director of the 
Tuscolano Observatory and former assistant of Father Secchi at the Collegio 
Romano, began to collaborate with Michele Stefano de Rossi (1834–1898), one of 
the pioneers of seismological research in Italy. Secchi sometimes criticized de 
Rossi, but he appreciated his efforts to install as many seismological stations as pos-
sible (Chinnici 2019).
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14.4.2  Secchi’s Legacy: Rome, the “Moral Capital” 
of Italian Geophysics

After these first steps in seismology, the development of a national seismic survey 
began, as described by Beltrano (1996a, b), Beltrano et  al. (2003), and Foresta 
Martin & Calcara (2010). Following the lead of Secchi and other pioneer scientists, 
Rome progressively became the center of development of the new discipline. The 
“Ufficio Centrale di Meteorologia,” (Central Bureau for Meteorology) established 
in 1876 and beginning operation in 1879, was directed by Pietro Tacchini 
(1838–1905), former astronomer in Palermo and one of Secchi’s main scientific 
collaborators (Mangianti 1996; Chinnici and Gasperini 2013). After Secchi’s death, 
the Collegio Romano Observatory was annexed to the new office, passing into 
Italian state control.

Shortly after the unification of Italy, the new Kingdom had to deal with two 
strong earthquakes: first, the Casamicciola event on the island of Ischia in 1883 (IX 
degree MCS), and then that of Diano Marina in Liguria (IX–X degree MCS) in 
1887. After these two natural disasters, the need became clear for a national seismic 
survey, building on the already existing weather forecasting network (Beltrano and 
Esposito 1996;  Iafrate 2011). Thus in 1887, following the proposal of Pietro 
Blaserna  (1836–1918), president of the Royal Geodynamic Committee, the 
Bureau took on new responsibilities (annexing the seismological observatories of 
Salò, Casamicciola, Rocca di Papa, and Catania) and became the “Ufficio Centrale 
di Meteorologia e Geodinamica,” (Central Bureau for Meteorology and 
Geodynamics) still under the direction of Tacchini. The utility of this Bureau as a 
center for seismological studies, arising from the need to embody private and public 

Fig. 14.5 Locations of Jesuits’ seismographic stations in the world. (From: Udìas 2009)
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seismological observatories  in Italy, probably came from pioneering example of 
Father Secchi and coworkers. For instance, in 1873 de  Rossi, as director of the 
observatory of Rocca di Papa in the Alban Hills volcanic area, had created the first 
network of private seismic observatories; it relied on the contributions of scholars 
and volunteers, without public funding.

After this reorganization, in the first decades of the new century, the two stron-
gest earthquakes ever to occur in historical times struck Italy: in Reggio Calabria 
and Messina, between Calabria and Eastern Sicily, in 1908 (XI–XII degree MCS), 
and then in Avezzano (Abruzzi; XI degree MCS) in 1915.

In 1923 the Bureau, which had been directed by Luigi Palazzo (1861–1933) since 
1900, was renamed “Ufficio Centrale di Meteorologia e Geofisica” (Central Bureau 
for Meteorology and Geophysics) (Beltrano 1996 a, b; Beltrano et  al. 2003; 
Argentieri 2014). Later, in 1930, the Irpinia earthquake (X degree MCS) occurred; 
this led to a significant debate about the inadequacy of the existing national seismic 
survey. Finally, in 1936, under the proposal of Guglielmo Marconi (1874–1937) as 
director of the CNR (National Research Council), the ING (“Istituto Nazionale di 
Geofisica”) was created, and Antonino Lo Surdo (1880–1949) was appointed direc-
tor (Foresta Martin & Calcara 2010). In 1937, the Bureau was then renamed “Ufficio 
Centrale di Meteorologia e Climatologia,” (Central Bureau for Meteorology and 
Climatology) and progressively the ING acquired all responsibilities for earthquake 
measurements and studies, confirming after many decades the definitive separation 
between meteorology and seismology.

At the same time that Enrico Fermi (1901–1954) and his young colleagues (the 
so-called Ragazzi di Via Panisperna) were starting their discoveries on nuclear 
physics at the Institute of Physics in Rome, a new generation of seismologists was 
coming of age in Rome. In the 1930s, under the direction of Pietro Caloi (1907–1978), 
a group of researchers was gathering at the ING whom we might call the “Ragazzi 
della Geofisica romana,” among them Francesco Peronaci, Enrico Medi, Guido 
Pannocchia, and Ezio Rosini (Foresta Martin & Calcara 2010; Fig. 14.6). While the 
Fascist regime was pushing Italy toward the Second World War, Caloi and cowork-
ers were providing their important contribution to the development of geophysics, 
following the legacy of Father Angelo Secchi.

14.5  Concluding Remarks: Useful Science

Angelo Secchi is undoubtedly one of the founders of several modern scientific dis-
ciplines. His contribution to the birth of modern astrophysics, meteorology, geod-
esy, limnology, and other applied sciences has been widely studied by historians of 
science and scholars of those disciplines. But in addition, his impetus was funda-
mental for both the dissemination of modern geological concepts in the nineteenth 
century and the development of geophysics, especially seismological observations. 
His intellectual legacy allowed disciples and followers, decades after his death, to 
give birth to the Italian seismic survey, making Rome its “moral capital.”
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Fig. 14.6 Young roman geophysicists in the 1930s; from left to right: Pietro Caloi, Guido 
Pannocchia, Enrico Medi, and Ezio Rosini. (From: Foresta Martin & Calcara 2010)
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In these concluding remarks, we want to enlarge on how Secchi applied his idea 
of “useful science,” following to the Jesuit motto Religioni et bonis artibus, to all 
the different disciplines he encountered, starting of course from meteorology and 
weather forecasting. It is worth remarking that the journal Bullettino meteorologico 
dell’Osservatorio del Collegio Romano, established by Secchi in 1862 and mainly 
devoted to contributions concerning meteorology, geomagnetism, astronomy, or 
astrophysics, also hosted reports about environmental phenomena such volcanic 
eruptions, floods, or sandy rains (Calisi and Mangianti 2012; Beltrano and Iafrate, 
Chap. 9, in this volume). This approach of forecast and prevention, aimed at saving 
people’s lives, can be considered a prelude of the modern institution of emergency 
management and civil protection. Moreover, Secchi was aware of the importance of 
the dissemination of scientific ideas in society, and thus he often held public semi-
nars to promote modern science (Chinnici 2019).

For this reason as well, Secchi’s work can be seen as a perfect example of com-
patibility of Christian faith and science during a phase of opposition between reli-
gion and the rationalistic approach that characterized the nineteenth century (Cortie 
1923; Udìas 2009; Rudwick 2014).

One important example of applied science comes from Secchi’s involvement in 
the aftermath of the 1859 earthquake of Norcia, described above. It is worth remark-
ing that Father Angelo provided his guidance and advice for free. Moreover, he 
generously refused to be refunded for travel expenses, as is attested to by a letter of 
thanks sent to him from Norcia’s citizens in November 1859 (Altamore et al. 2015). 
After examining geological and hydrogeological features of Norcia’s area (Secchi 
1859, 1860; Console et  al. 2017), Father Secchi cooperated with architect Luigi 
Poletti in writing a report containing useful suggestions for a new building code for 
seismic risk prevention (Calzolari and Marsella, Chap. 16, in this volume). 
Unfortunately, the code, completed in 1860, was never approved by the town coun-
cil (Altamore et al. 2015). Strong earthquakes once again shook Norcia and its sur-
roundings in the twentieth century: first in 1979, about one century after Secchi’s 
death, and then again in 1997, with the epicenter near Assisi but felt in the whole of 
the Umbro-Marchean Apennines. Ultimately, though, the farsightedness of Father 
Secchi was destined to be fully confirmed: in 2016, when a new strong earthquake 
shook in central Italy, affecting the Norcia area particularly, the benefits of the 
appropriate rebuilding carried out after previous earthquakes finally became evi-
dent. The recent reconstruction took into account the nature of foundation soils, the 
local geological setting, seismic energy propagation mechanisms, and so on. 
Obviously, damage to buildings occurred at that time, locally quite serious; but 
there were no casualties. This is a precious legacy of the “useful science” of Father 
Angelo Secchi.
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Chapter 15
Angelo Secchi and the Measurement 
of Time

Maria Luisa Tuscano

15.1  Introduction

The sundials and meridian lines devised by Fr. Angelo Secchi, still existing in Italy 
in some locations where he went for his many cultural activities, prove his interest 
in the measurement of time. Though it was perhaps only a small part of his limitless 
thirst for knowledge, nonetheless it has interesting connections with his profes-
sional and public work.

“An exact measure of Time is the foundation of all astronomy: it is inferred from 
the rotation of the celestial sphere, which is uniform.” With this sentence, Secchi 
opened his Principi di Astronomia (Principles of Astronomy), compiled in 1862 for 
the schools of the Roman College. It confirms the primary role that he attributed to 
this subject for the proper formation of the students. From some of the items in 
Secchi’s papers (Chinnici and Gramatowski 2001) which are held in the archives of 
the Pontifical Gregorian University, one can see that he saw this work as a part of 
his service to the territory of the Holy See.1

1 The identification of these papers was made possible thanks to information found in: Chinnici, 
Ileana - Gramatowski, Wiktor, 2001. “Le carte di Angelo Secchi conservate presso l’archivio della 
P. Università Gregoriana. Un inventario inedito rivisitato”, Nuncius, XVI, 2, pp. 571–627.
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15.2  The Reform of Mean Time in Europe

In 1846, at the behest of Pope Pius IX, the Roman College Observatory began to 
provide a civil time service. The initiative was part of the first social reforms initi-
ated by the pontiff in the year of his election, with the goal of adapting the Pontifical 
State to modern timekeeping. Francesco De Vico  (1805–1848), director of the 
Observatory of the Roman College, was entrusted with this reform. Upon his death 
in 1849, he was replaced by the young Angelo Secchi, newly returned from his stay 
in the United States. The reform provided for the adoption of mean time with the 
standard hour calculated according to the European system, to replace the Italian 
time system. This was also motivated by the expansion of the railway network under 
Pius IX.2

The first initiative concerned the city’s public clocks. Starting in November, 
1846, the Quirinale’s clock was the first to tell the hours according to the European 
rules, followed gradually by other public clocks. This system was called European 
because it had already been adopted in other European countries, notably France 
and Spain. It numbered the day with twenty-four hours starting from midnight, 
divided into twelve hours before noon and twelve after noon. This system had actu-
ally been adopted in the Pontifical States during the brief interlude of the Roman 
Republic of 1798–1799, but with the departure of the French troops, the Romans 
had gone back to measuring their days according to the traditional Italian method, 
numbering the hours starting from half an hour after the sunset, following the recita-
tion of the Ave Maria (as marked by church bells3).

The Italian timetable, which followed the natural rhythm of the day, had been the 
rule in the Italian states since the Renaissance, but during the Enlightenment in the 
eighteenth century, it was replaced in some cities by the French system while still 
remaining in effect elsewhere.4 Many astronomers advocated the adoption of the 
European system with the introduction of mean time, which had been in effect in 
Geneva since 1780 and in London since 1792. Italian time was hard to represent 
with mechanical clocks, which cannot calculate the exact time of Vespers at twi-
light. Moreover, it was impractical for travel, as the length and time of the hours 
changed not only with longitude but also with latitude. Particularly incisive was a 
pamphlet,5 written in 1798 by Giuseppe Piazzi (1746–1826) in Palermo, to promote 
the construction of a new European clock for the Royal Palace. In the same year that 
he discovered asteroid Ceres, he designed a camera obscura meridian line in the 
Cathedral of Palermo, similar to the one made by the astronomers of Brera for the 

2 The railway network of the papal state, however, did not develop as the Pontiff had wished.
3 In Rome one could already find pairs of clocks, one with Italian numbering and the other with the 
European one; the best known was situated on the face of the Vatican Basilica.
4 The French or European system was introduced in Florence in 1749, in Parma in 1755, in Genoa 
in 1772, in Milan 1786, and Bologna in 1796.
5 Piazzi G., “Sull’Orologio Italiano ed. Europeo. (On the Italian and European Clock),” Riflessioni, 
Palermo 1798.
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Cathedral of Milan, in order to gradually educate the population to the new time 
system while awaiting the introduction of mean time.

Fr. Secchi, in his 1877 account L’Astronomia in Roma nel Pontificato di Pio IX 
(Astronomy in Rome in the Pontificate of Pius IX), outlined the history of the time 
service in the city, taking care to clarify various aspects of the situation6:

Soon after Pope Pius IX had taken the throne, he wanted to relieve Rome of this anomaly 
of counting the time by the Italian method, marking 24 hours beginning at half an hour after 
sunset, which was very inconvenient especially for visitors from abroad and which had no 
reason to exist any longer, given the current rapid movement of communication between 
nations. (...) The Pontiff therefore wished to replace this system, and he established the 
common European usage of counting the hours from midnight.

The main difficulty of this hourly reform was to engage and bring along the pub-
lic, for whom the official time signal had to be given every day. So it was decided 
that, starting on December 1, 1847, the local midday time, as inferred from the regu-
latory pendulum of the Observatory of the Roman College, would be communicated 
visually to Castel San Angelo, where it would be marked with the firing of a can-
non (Secchi 1877).7

When he began his directorship of the Roman College Observatory, Secchi took 
care to maintain and perfect this time service for the city, as he described in his 1850 
report Restauri fatti all’Osservatorio (Renovations made to the Observatory):

Among the notable improvements made at the observatory one would not want to neglect 
mentioning the erection of a new device to give the public an indication of the mean noon-
time (...) The signal first tentatively adopted was a large black flag with a white star in the 
center that was raised on top of the tower 5 minutes before the midday, and then lowered at 
the precise instant of noon. But after a strong wind last year (1850) toppled the flagpole that 
held it, with grave danger to those who were standing nearby, it was determined to replace 
it with a sphere that was raised to the top of an long pole some time beforehand, and then 
lowered instantly at noon. The height of the pole is 48 Roman palms or 10.72 meters, and 
the diameter of the sphere 7 palms or 1.56 meters. This sphere is made of an iron shell 
covered with canvas, and impaled on the pole as is done at the Royal Observatory in 
Greenwich in order to avoid it shaking in the wind. A small electric telegraph connects the 
clock to the chamber with the machine that drops the ball: 6 seconds before noon the tele-
graph gives the signal to drop the ball to the person stationed there, who drops it immedi-
ately, and if the cannoneer is ready to fire his piece, the gunshot reaches the Observatory at 
exactly the middle of the day, and thus strikes the first stroke of the public clock.

The signal was first transmitted from the Calandrelli Tower, but after the con-
struction of the new observatory, it originated from the gable of the facade of St. 
Ignatius Church (Secchi 1856). Thus the Roman College became the new time ref-
erence for the City, taking over from Bianchini’s monumental meridian line in the 
Basilica of Santa Maria degli Angeli, where the solar transit indicated the true 

6 This publication was described and graciously provided by Mr. Renzo Lai, a former official of the 
Library of the Pontifical Gregorian University, who is very much thanked.
7 The ritual of firing of the Castel San Angelo cannon created a certain fascination on the part of 
many Romans who would gather at various places in the city, clocks in hand, to wait for it.
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(solar) noon. Similarly, in the following years, other Italian cities introduced mean 
local time for civil use.

Later, this system was affected by further developments, both political and tech-
nological (Mantovani 1996). With the formation of the Italian state came a network 
of railways, postal services, astronomical observatories, meteorological stations, 
and seismic observatories. The measurement of mean time was largely managed by 
electric clocks connected by telegraph, a system that tied together both locations 
and human events. For example, once the railway line from Eboli to Udine was 
completed, one might travel within Italy through to as many as five different calcu-
lations of mean time (Napoli, Rome, Florence, Turin, and Verona).8

In line with what was happening in the other European countries, which used the 
timetables of their respective capitals, a unitary timetable had to be introduced in 
Italy. With Regional Decree 3224 of 22 September 1866, all Italian railway, tele-
graphic, and postal lines adopted the mean time of Rome, calculated on the merid-
ian of the Roman College. The Minister of Public Works, in the introductory report 
to the decree, explained Rome’s preference over other Italian cities as resulting from 
its peculiar geographical position:

The meridian of Rome is almost equidistant from the two opposite latitude ends of the 
peninsula, which ranges from 24′ 47″ to the east (Otranto) to 21′ 46“ to the west (Susa), 
giving a difference of 3′ 1” between the two extremes. The meridian of no other major city 
on the Peninsula has this same advantage.9

The same timetable was immediately adopted by Milan and later by other Italian 
cities. In this way, Rome became the capital of the time of Italy, even before it was 
the capital politically. Sicily and Sardinia, however, used the Palermo and Cagliari 
mean times, respectively.10

Gradually Italy moved towards the finish line of time zones, which were defined 
in 1884 at the International Conference in Washington where the meridian passing 
through Greenwich was chosen as the Prime Meridian. The adoption of this new 
time convention took place at different times by the various nations. In Italy, King 
Umberto I decided by decree No. 490 of 23 August 1893 that, as of 1 November of 
the same year: The service of the railway roads throughout the Kingdom of Italy will 
be regulated according to the average solar time from the meridian located at 15 

8 On the Eboli-Udine line, the legal mean time would have been that of Naples for the Eboli-Napoli 
segment, of Rome for the Naples-Roma-Foligno segment, Florence for Foligno-Firenze-Pistoia, 
Turin for Pistoia-Ferrara-Po, and Verona for Po-Rovigo-Udine.
9 “Relazione fatta dal Ministro dei Lavori Pubblici a S. A. R. il Luogotenente Generale del Re in 
udienza del 22 settembre 1866, per proporgli l’adozione del tempo medio di Roma nel servizio dei 
convogli ferroviari, dei telegrafi, delle poste,” in Collezione Celerifera delle leggi, decreti, istruzi-
oni e circolari pubblicate nell’anno 1866. (“Report made by the Minister of Public Works to 
S. A. R. the Lieutenant General of the King at the hearing of 22 September 1866, to propose the 
adoption of mean time Rome in the service of railways, telegraphs, post offices,” in the Celerifera 
Collection of laws, decrees, instructions and circulars published in 1866.)
10 The development of the railway roads in Sicily was modest and without a continuity with the 
peninsula due to the lack of the southernmost section of the railway network. Under these condi-
tions, there would have been no advantage to adopt the Roman timetable.
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degrees East Greenwich, which will be named Central European time. The decree 
also stipulated that the timetable for each day’s rail service will be set to run from 
midnight to midnight.

The new timetable rules for the railways gradually entered into civil use, and in 
this way, Italy no longer referenced the average time of Rome but that of the merid-
ian that crosses the crater of Etna and Termoli. For this reason, Central European 
time is sometimes referred to as Mount Etna time. However, Father Angelo Secchi, 
who died in 1878, would not witness these last stages of mean time reform.11

15.3  The Study of “Gnomonics” in the Society of Jesus

Among the Jesuit scholars interested in the study of sundials or “gnomonics” – or 
Scioterica, to give it its ancient name – there are so many figures of great impor-
tance that it is difficult to do justice to the issue in this short space. It’s worth taking 
a brief look at three, Clavius, Kircher, and Ximenes, because they are emblematic 
of the three centuries (sixteenth–eighteenth) that preceded the activities of Father 
Secchi. One should acknowledge, however, figures such as Matteo Ricci, Prospero 
Intorcetta, Mario Bettini, Ruggiero Giovanni Boscovich, and others who also played 
a significant role in the topic.

The use of sundials was practiced in the Middle Ages by monastic orders for the 
observance of the Divine Office and for the ordering of their ministries. It subse-
quently entered into the curriculum of study of other religious orders, as a kind of 
applied mathematics; in Jesuit colleges, the teaching of mathematics became a part 
of the Ratio Studiorum in 1599 (Baldini, Chap. 2  in this volume). The theory of 
sundials evolved from the sixteenth to the eighteenth century, during which time the 
geometric method was replaced by trigonometric calculations with the use of 
logarithms.

For the German Christoph Klau (1537–1612) – better known as Clavius – gno-
monics was a discipline in which geometry opened up formulations of articulated 
projections, starting from the Analemma of Ptolemy. Starting in 1564, Clavius 
taught mathematics at the Roman College, writing the monumental and complex 
work Gnomonices Libri Octo, published in 1581, as well as two supplementary 
texts which presented new methods and described some tools for making sundials.12 
This combination of theoretical and practical texts took on a particular educational 
significance, because it anticipated a type of experimental teaching that would be 

11 Given his experience with geomagnetism, however, Secchi had lived experience of time on a 
global scale. By convention, these observers had adopted the mean time of Gottinga for the com-
munication of experimental data (Tuscano 2020).
12 Fabrica Et Usus Instrumenti Ad Horologiorum Descriptionem (The Construction and Use of 
Instruments to Describe Time) (1586) and Horologiorum nova descriptio (New Description of 
Time) (1599).
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validated in later years. Moreover, Clavius’s work was significant for the care with 
which the works of other scholars were cited.

Clavius played a central role in the Gregorian Calendar Reform: he chaired the 
commission chosen by Gregory XIII and shaped the way in which Luigi 
Lilio (1510–1576)’s proposals were implemented. Matteo Ricci (1552–1610), his 
student, would bring this tradition to the Far East, giving the missions there an 
added cultural purpose in which gnomonics played a role.

Athanasius Kircher (1602–1680), like Clavius originally from Germany, moved 
to Rome in 1633. There he continued the development of sundial science that 
Clavius had begun, employing the works of the Roman architect Vitruvius and 
drawing multiple connections to physical phenomena, in a triumph of Baroque cre-
ativity that is still amazing today. His interest in optics was shown with the design 
of sundials using reflected and refracted light. He studied the movements of the 
shadows due to the Earth’s periodic motion as cast on various objects, providing an 
opportunity to meditate on the different circumstances in which the same phenom-
enon might be observed. Hour lines were mapped out onto the unusual surfaces of 
the curious instruments that he devised, which became part of the collection in the 
museum that bore his name. Kircher would assemble the results of his studies on 
gnomonics in his seminal work, the Ars Magna Lucis et Umbrae: In Decem Libros 
Digesta (The Great Art of Light and Shadow: A Summary in Ten Books) published 
in 1645, and four splendid slate tables, which are kept today in the astronomical 
museum of INAF - Rome Observatory at Monte Porzio Catone.

Leonardo Ximenes (1716–1786), from Trapani, Sicily, joined the Society of 
Jesus in 1750. As an engineer and a professor of mathematics and geography (at his 
request) at the University of Florence, his name remains indelibly linked to his 
remarkable scientific undertaking of determining the secular variation of the eclip-
tic. To this end, he restored the ancient gnomon situated in the dome of the Cathedral 
of Santa Maria Del Fiore in 1475 by Paolo dal Pozzo Toscanelli and laid out a 
meridian in the transept there. Taking very precise measurements with these instru-
ments, Ximenes managed to calculate a secular variation of 29“ per century; his 
value is in fact lower than the actual value of 47” per century, but this work demon-
strated the great sensitivity of this gnomonic instrument. He wrote a book on the 
subject, Del vecchio e nuovo Gnomone fiorentino (On the Old and New Gnomons of 
Florence), considered of great importance for the extensive general treatment of the 
subject and as a notable achievement in the scientific history of Tuscany.

By the time of Angelo Secchi, advances in optical instruments had increased the 
precision of the observation of the phenomena. In his Discorso sui recenti progressi 
dell’Astronomia (Discourse on Recent Progress in Astronomy) (Secchi  1859), 
Secchi wrote: “Today, the use of optical means gives thousands of times better pre-
cision with a comparatively small sized instrument. So, for example, a telescope 
half a meter long will give a more accurate observation of the Sun than the enor-
mous meridian line of Santa Maria degli Angeli in Rome or Santa Maria del Fiore 
in Florence.”

Though one cannot be certain that Secchi’s scientific education and his interest 
in the history of this topic were influenced by this particular work, we note that 
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some of the gnomonic instruments and some written traces of these historical stud-
ies can still be found in the Roman College.13

15.4  Angelo Secchi’s Sundials 

A scholar attentive to tradition, Angelo Secchi devoted himself to the history of time 
systems and in particular to Italian time, which he saw as an evolution of the system 
in use in ancient Rome, following the natural period of daylight but neglecting the 
variability of the hours.

He wrote about it in L’Astronomia in Roma nel Pontificato di Pio IX (Astronomy 
in Rome during the Pontificate of Pope Pius IX), detailing the reasons why the sea-
sonal hours of solar time were ill-matched to the constant rhythms of a precision 
clock. His interest in this subject is confirmed by five papers Sulla divisione del 
Tempo (On the Divisions of Time) preserved in the archives of the Pontifical 
Gregorian University, in which Secchi deals with the subject following a logical 
method and with reference to documentary sources14:

(...) We must note two things about Italian Time: first, the day began in the evening; second, 
the day was divided into twenty-four hours.

The first point dates back to the Romans; their civil day actually began at midnight but 
in practice their hours were counted beginning in the evening, because they divided the day 
into two periods, day and night, each of 12 hours (...) these hours were unequal in duration, 
changing according to the seasons. Back then they numbered them from 1 to 12 like we do 
now, but the difference was that the hours were not of the same duration, varying from day 
to night with the seasons, so that the hours of the day were longer in the summer and shorter 
in the winter and vice versa [for hours of the night]; and they began counting them at sunset 
and at sunrise. For the second point, it is not possible to establish when this 12 and 12 divi-
sion was replaced with 24 hours; I believe that it was a consequence of the introduction of 
geared machines to count and strike the hours. The point is, these machines could not mea-
sure hours of unequal time(...). As a result, the machines had to abandon the division of 12 
and 12, and go to a numbering ... up to 24 hours. In fact, we find that the old machines 
struck 24 hours, indicating the first at one o’clock at night (...). Then it was decided to start 
the day from the hour of sunset, which was very natural since everyone would be awake at 
that time and able to see the actual moment of the phenomenon of sunset, and adjust the 
clockworks accordingly; that is not always the case for sunrise. If one could specify when 
such machines were introduced, it could be known within certain limits when the use of 
twenty four hours began, but this will be hard to do.

13 Some sundials can still be seen on the facade; there is a darkroom meridian line in St. Luigi’s 
rooms and another in the Calandrelli tower. Francesco Carlini in 1843 recalled: “There was no 
shortage of transit instruments at the Roman College Observatory then; in order to adjust the 
clocks, every day at midday we used to observe a small meridian line inscribed on the floor and the 
wall of a room.”
14 APUG, Secchi Archive, II n, Sulla divisione del Tempo (Tuscano 2012a). Thanks are given to 
Prof. Martin Maria Morales SJ and the officials of the Archive of the Pontifical Gregorian 
University for their great courtesy in allowing access to consult the manuscripts.
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Secchi saw a teaching opportunity in gnomonics, so much so that he dedicated 
an appendix to it in his Principi di Astronomia (Principles of Astronomy). For him, 
sundials and solar clocks were a means to promote astronomy, and with this in 
mind, he built a number of them near educational facilities. In addition, to promote 
the acceptance of a national mean time, he augmented some of them with an ana-
lemma, the curve shaped like a figure “8” that is the graphical expression of the 
equation of time.15 Making these educational instruments provided a diversion for 
him during breaks and holidays.

Noting that in the future we may well discover additional sundials attributed to 
Secchi, in the meantime let us examine those already identified:

15.4.1  Sezze Sundial (1852)

Secchi went to Sezze (in the province of Latina) on September 20, 1852 to make a 
sundial in the De Magistris palace. He recorded this in the Annual Report of the 
Roman College Observatory in 1856, as a part of the report of observations of 
Comet Biela, which he had followed with the Cauchoix telescope on 16 August.16 
Secchi wrote:

I could not follow [the comet] until the end of its apparition, because on the 20th of 
September I left for Sezze where I been invited by the kindness of Professor Regnani. It is 
important to note that the city’s latitude and longitude have now been determined with a 
greater precision than had been done up until now.

In the note, Secchi reports the outcome of his measurements:

Here are the results of this little scientific expedition. The observation site was the interior 
terrace of the courtyard of the Valletta de Magistris family estate in the aforementioned city 
of Sezze. Latitude is 41° 29′ 38“ Longitude 2′ 18.4” east of the Obs. Coll. Roma, sea level 
height 330.9 meters. Magnetic decl. is about 13°0.40 west.

This sundial was created for an educational purpose, in connection with the new 
physics teaching lab or “cabinet.” The will of Superio De Magistris had, in fact, 
provided for the De Magistris Charity by allocating funds for the establishment of 
three new professorships in the seminary to which eight young people supported by 
the institution were assigned. The chair of philosophy was provided with a physics 
cabinet equipped with instruments, and for this reason, Francesco Regnani, priest 

15 Solar time has a variable rhythm throughout the year as a result of the eccentricity of the Earth’s 
orbit and the tilt of its axis on the orbital plane. Mean time moves at a constant rate. The two times 
differ at most by 16 min, agreeing on 4 days of the year: April 16, June 14, September 2, and 
December 26.
16 Angelo Secchi, Memoria sopra alcuni lavori fatti al nuovo osservatorio del Collegio Romano 
durante il primo anno della sua erezione fino al 31 dicembre del 1855. (A record of some work 
done at the new observatory of the Roman College from the first year of its construction up to 31 
December 1855.) This reference was identified by Maria Luisa Tuscano.

M. L. Tuscano



251

and professor of physics, had asked Secchi to design a sundial. According to Moroni, 
there the astronomer “created a small observatory with a beautiful sundial.”17

Today there is no trace of the instrument in the De Magistris building, the current 
seat of the Town Hall; this is perhaps due to the restoration work to which the build-
ing has been subjected.18

15.4.2  Boville Ernica Sundial (1865)

In Piazza San Angelo di Bauco, now Boville Ernica (in the province of Frosinone), 
one can see a sundial on the ancient bell tower of the church of San Sebastiano, 
adjacent to the college of San Michele Arcangelo. The hour lines on the dial plate, 
made directly on the plaster, are partially faded; these are what remains following a 
restoration carried out in 199619 aimed at recovering the original lines calculated in 
1865 by Fr. Secchi and on which the astronomer Giuseppe Armellini, who was fond 
of the place, would have made some adjustments about a century later.

Confirmation of the attribution of the instrument to the Jesuit astronomer can be 
found in a publication on the Benedictine monastery of St. John the Baptist:

The chronicles of the time that were found there [in the castle Filonardi, now a monastery], 
although sporadic, make note of eminent scholars of the Society of Jesus such as Fr. Secchi, 
the famous astronomer, who made the sundial, which was touched up around 1950 by 
another famous astronomer, Prof. Giuseppe Armellini.20

Post-restoration photos show two morning and six afternoon time lines, in accord 
with its setting on the southwest wall. The sundial marks the local solar time accord-
ing to the European system, with a gnomon parallel to the Earth’s (polar) axis. 
Calendar lines are limited to solstices and equinoxes.

The 1996 restoration involved some additions: daylight saving time marked 
along the line of the summer solstice, a graph of the equation of the time under the 
path of the shadow, a motto, and the inscription: “P. A. Secchi fecit A.D. 1865 – 
G. Armellini correxit A.D. 1950 – N. Severino restauravit A.D. 1996. (Fr. A. Secchi 
made it, AD 1865 – G. Armellini corrected it AD 1950 – N. Severino restored it 
AD 1996).”

17 Gaetano Moroni, Dizionario di erudizione storico-ecclesiastica (Dictionary of Ecclesiastical 
History Studies), 1854.
18 This recent information was provided by Mrs. Anna Rita Pernasili and Dr. Giuseppe Anelli, 
officials of the Library and the Historical Archive of Sezze, respectively; great thanks to each.
19 The restoration was carried out by Mr. Nicola Severino, scholar of the history of gnomonics.
20 G. Straw, Il monastero benedettino di S. Giovanni Battista in Bovill e Ernica e i suoi 350 anni di 
vita, (The First 350 Years of the Benedictine Monastery of St. John the Baptist in Bovill and Ernica) 
Casamari 1980, p. 98. We sincerely thank Fr. Giovanni Magnante, pastor-archpriest of Boville 
Ernica, for having kindly identified and made available the documentary reference.
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15.4.3  Alatri Sundial (1867–1875)

Of all the gnomonic instruments devised by Secchi, the Alatri (Frosinone) sundial 
in solar and mean time is the best known,21 both for its privileged position and for 
its graphic significance.

The dial is of considerable size (4.60 × 4.80 meters), and is well highlighted on 
the facade of a noble palace of medieval origin, home since 1870 of the Conti- 
Gentili High School and, before that, of the Collegio delle Scuole Pie, founded in 
1729 by the will of the couple Giuseppe Conti and Innocenza Gentili.22

The dial face, exposed to the southwest, is made on plaster, marking the shadows 
of the sun over the hours ranging from 10 am to 4 pm. The system adopted is the 
European one, and all time lines are accompanied by an analemma for the calcula-
tion of mean time. There are also calendar lines related to the passage of the sun 
through the twelve zodiac signs, each depicted with its own graphic symbol. The 
gnomon is a 42 cm iron style, perpendicular to the wall (“orthostylus”), and at its 
node is a disk pierced by a hole in the shape of a star. Sunlight entering the hole 
generates a small spot of light that touches the inscriptions of the disk at the point 
indicating the time of day, similar to what happens in darkroom sundials (Fig. 15.1).23

There are three inscriptions: the first two indicate the geographical coordinates, 
parameters necessary for determining the local solar time, with reference to the bell 
tower of the Cathedral of Alatri; the third is Long. Roma (Oss° Collegio Romano) 
which indicates that the mean time has been calculated based on the time at the 
Roman College. Finally, we read the signatures “P. A. Secchi,” as designer, and 
“Olivieri pince 1875,” for the graphic execution of the project. The engineer 
Giuseppe Olivieri, from Rome, had previously collaborated with Secchi in 1865 
during the construction of the new Alatri aqueduct (Secchi 1865).24

Although the instrument is dated 1875, there is a record of it in historical docu-
ments, unfortunately now scattered, in which it was reported that Secchi worked on 
the calculations of this dial as early as 1867. The sundial was restored in 1938 
(P. Carinci) and 1989 (by the Sovrintendenza alle Gallerie del Lazio [Superintendent 
of Museums of Lazio]).25

21 Nicola Severino (www.nicolaseverino.it), Renzo Righi (Luci e Ombre, sulle ali del Tempo), 
Tuscano M.L. 2012b and 2020.
22 G. Baptist, Mantovani, “Il Liceo Conti Gentili, Introduzione storica” in Il filo del Tempo: l’antico 
lab fisico Instrumenta selecta. (Mantovani R.ed.). Alatri 1996 (II rist.). We would like to thank 
Prof. Roberto Mantovani, Scientific Curator of Physics Cabinet: Urbinate Museum of Science and 
Technology, University of Urbino, for the courtesy of the providing this text.
23  Andrewes,W.  J. H.  , Mantovani  R., “La meridiana del Palazzo Conti Gentili,” in Il filo del 
Tempo: l’antico lab fisico instrumenta selecta. (Roberto Mantovani, ed.), op. cit.
24 Analemmas refer to time lines that are not drawn but calculated for the longitude of Rome.
25 Ibid.
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15.4.4  Augusta Sundial (1870)

On the facade of the Palazzo Municipale of Augusta (in the province of Syracuse, 
Sicily), on the first floor and opposite the emblem of the city, two large inscriptions 
in the wall recall a very significant event for the territory: the observation of the 
solar eclipse of December 22, 1870 and the related scientific expedition of which 
Secchi was a participant. Engraved on one of them are the hour lines of a local solar 
time sundial,26 with the insertion of an analemma on the noon line for the calcula-
tion of mean time. The project was the work of Giovanni Battista Donati and Angelo 
Secchi (Fig. 15.2).

As already noted, in 1866 Sicily had no intention of adopting Roman mean time, 
given that the only railway in the territory was the Palermo-Bagheria line, which did 
not connect up with the national network. In the second inscription, we read the fol-
lowing: “The year MDCCCLXX/22 December/obscured by a total eclipse/the light 
of the sun/distinguished stargazers/came here/from various regions of Europe/to 
study the phenomenon/they requested this meridian line/designed by/G. B. Donati 
and P. A. Secchi/entrusting its memory/to the future.”

26 Chinnici Ileana (ed.), The total eclipse of the Sun of 1870 in Sicily, Letters of Pietro Tacchini to 
Gaetano Hunter. INAF- Astronomical Observatory of Palermo, 2008

Fig. 15.1 Secchi’s Sundial at Alatri (Credit: R. Lay)
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15.4.5  Grottaferrata Sundials (1873 and 1876)

During visits to Grottaferrata for his meteorology studies, Secchi made two noon 
dials in solar and mean time (Guerrieri 2014). The first was built in 1873 on a wall 
located in a courtyard of the Santovetti Palace which served as the home of the 
weather station.27 Lines inscribed on a marble slab are now very faded, but photos 
testify to the presence of the local noon line and the analemma on which the names 
of the months are written, used to correct for mean time. At the bottom one can read 
the author’s name and date.

Secchi’s second sundial in Grottaferrata is located in a private courtyard of the 
Greek Abbey of St. Nile, and for this reason it would be almost unknown if it had 
not already been studied, like that of the aforementioned Santovetti Palace. In fact, 
the noon dial in solar and mean time that is seen there today is a faithful replica of 
the historic design of Father Secchi, set up in 2004 by the Sovraintendenza ai Beni 
Culturali (Superintendent of Cultural Heritage) during the general restoration of the 
Abbey. This was possible thanks to an original life-size sketch kept in the archives 

27 The history of these instruments has been preserved thanks to the work of Prof. M. Antonietta 
Guerrieri as part of the activities of the Tuscolana Association of Astronomy. Guerrieri A. 2014.

Fig. 15.2 Sundial by Donati and Secchi at Augusta (Credit: M. L. Tuscano)
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of the monks. The noon dial is made on a marble slab located on the corner of two 
walls of the courtyard, about 10 meters high. The midday line is accompanied by 
lines marking the hourly divisions and an analemma for mean time (Fig. 15.3).28

This identification is possible thanks to its reference in Secchi’s Meridiana man-
uscript, containing the calculations of a sundial in Grottaferrata for the year 1876.29

The marble slab is not perfectly exposed to the south, but it is turned 3°47′ to the 
east. It is also not perfectly vertical but tilted backwards by 9′ 30″. Secchi compen-
sated for the tilt of the slab by calculating a secondary latitude. The gnomon is a 
1.073 meter long iron style with a diameter at the base of 19.72 mm,30 while the 
angle of the substyle height is 4° 12′. The difference in longitude from the Roman 
College, expressed in time, is 45 seconds, a minimal difference, so the solar time of 
Grottaferrata is very similar to that of Rome. Secchi calculated the location of the 
quarter hour on both sides of the meridian line.

15.4.6  Cosenza Sundial (1875)

The sundial is a noon dial, located on the facade of the Palazzo Campagna, a stately 
home, opposite the recently restored Cosenza Cathedral. There was no record of this 
sundial until Ileana Chinnici identified a reference to it in a document in the Secchi 
Papers at APUG: “Finally, (the Cosentine authorities) wanted a sundial and this was 
made ex tempore” (Fig. 15.4).31

The sundial marks the true solar noon thanks to a polar gnomon still in place but 
presents neither an indication of the maker nor a signature.

Further evidence of the attribution of the instrument to Fr. Secchi comes from a 
short article in the Cronaca di Calabria (Chronicles of Calabria) of 15 July, 1898 
which reads:

A gift to the library. Tito Secchi – nephew of the illustrious Father Secchi – gave a gracious 
gift to our library by donating the notes that that scientist used to mark the data and calcula-
tions necessary to install the sundial on the facade of the Campagna Palazzo. The gift was 
accompanied by a beautiful letter from dearest Titus, who is a diligent official and a gentle-
man of high and noble sentiment.32

28  Guerrieri, A, 2014.
29 APUG, Secchi Archive, 82A.13 - Meridiana - notes (33 f.). The manuscript was identified and 
consulted in 2005 and 2011 by Maria Luisa Tuscano.
30 The sundial was calculated for a latitude of 41° 47′ 5″; the secondary latitude is 41° 56′ 35″.
31 APUG, 23.II.  D, 64v. We thank Dr. Ileana Chinnici, historian of astronomy at the Palermo 
Astronomical Observatory, for graciously providing the documentary reference.
32 Michael Chiodo, L’Accademia Cosentina e la sua Biblioteca, Cosenza, 2002, p. 112. The tran-
script of the Chronicle of Calabria was kindly made available by Dr. Michele Chiodo, whom we 
also thank for the search of the manuscript mentioned.
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Fig. 15.3 The Sundial 
made by Secchi on a wall 
of St. Nile Abbey at 
Grottaferrata (From: 
Tuscano 2012a)

Unfortunately, a search has not yet succeeded in recovering those documents, 
which may have been lost during the war. Secchi was in Cosenza in 1875, and on 
October 18, he gave a lecture at the Telesio High School, “Sulla meteorologia e sul 
magnetismo (On Meteorology and Magnetism).”33

33 Op. cit., p. 45.
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15.4.7  Gallicano Sundial (Undated)

In the Villa San Pastore of the German-Hungarian College in Gallicano, Lazio, there 
is a sundial designed in a roundel attributed to Angelo Secchi. The current design is 
probably the result of restoration work, which makes study of the elements of the 
hour lines uncertain.34

The dial is exposed to the southwest, and the tilt of the equinox line suggests an 
azimuth of about 210 degrees. It is therefore believed that the original winter sol-
stice line has been replaced over time. The vertical time line is not that of noon, 
which suggests that the clock does not show solar hours. If the numbering is not 
merely due to alterations, it leads one to suggest (with reservation) the hypothesis 
that the dial might have been used at night, in the weeks before and after the 
full Moon.

34 The late Prof. Edmund Marianeschi, known for gnomonic studies, reported this to the gnomonist 
Renzo Righi, who included a photo of the sundial in his Calendar for the Year 2003.

Fig. 15.4 The Cosenza Sundial (Credit: M. Chiodo)
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15.5  Gnomonics and Archaeology

Angelo Secchi found a particular resonance in the study of the ancient sundials with 
another of his interests, archeology: a cultural symbiosis that anticipated the meth-
ods of modern archaeoastronomy. Evidence of his commitment to this work can be 
seen from a brief handwritten note concerning the Obelisk of Augustus and in par-
ticular from the mathematical illustration he made of the sundial of Emperor 
Commodus (Altamore and Tuscano 2014).35

The archaeological excavations of the time were uncovering ancient sundials 
(among other things), and it was necessary to go back to first principles to interpret 
how they worked. Sometimes, at the request of the museum institutions themselves, 
astronomers who were cognizant of archaeological issues became involved in this 
study. Ruggiero Boscovich had made a significant contribution to this topic; Secchi 
refers to it briefly in his reflections on the gnomon of Campo Marzio36: (“(...) I find 
Boscovich’s idea more probable, that the length of the days and nights were marked 
by the lines and not by the numbers”) assuming that the inconsistencies of the mark-
ings “(...) could have come from the inaccuracy of the Julian rule (…)”.37

If additional documents on this topic can be discovered, this may establish 
whether Secchi had a wider interest of this issue, to be explored at some future time.

The Jesuit periodical Civiltà Cattolica of 1857 contains an article in the supple-
ment on natural sciences about an ancient sundial, a gift of Cavaliere Luigi Vescovali 
to the Kircher Museum.38 The dial, which still exists, was reproduced at life-size 
and consists of a disc circumscribed by a thin edge similar to a hollow cylinder. On 
the contour band, you can see a slit for the passage of sunlight and the trace of a 
weld with an original suspension ring that made the object usable as a portable 
watch. On the back of the disc is engraved the effigy of the emperor Commodus39,40 
surrounded by the inscription M.  COMMODUS.  ANTONINUS.  PIUS.  Felix. 
AUG. Brit. which thanks to the notation Britannicus allows one to infer that the 
object dates from after 189 A.D. On the other side is engraved the drawing of a 
sundial, which was accompanied by a small alidade, and the inscription ROME, 
being the calculated path for a latitude of 42 degrees (Fig. 15.5).

35 APUG, Secchi Archive, 25.I - Note on the gnomon found in the excavations of Campomarzio (3 ff.)
36 “(Boscovich) scrisse dotte illustrazioni intorno all’ obelisco di Cesare Augusto e ad un orologio 
solare trovato in un’antica villa scopertasi sul dosso del Tuscolo,” ([Boscovich] wrote learned 
illustrations concerning Caesar Augustus’s obelisk and a sundial found in an old villa discovered 
on the Tuscolo), Corniani G.B. – Ticozzi S., I secoli della Letteratura italiana, 1833.
37 “(…) stimo più probabile l’idea di Boscovich che la lunghezza dei giorni e delle notti vi fossero 
indicate con le linee e non con i numeri (…) potevansi derivare dalla inesattezza della convenzione 
giuliana (…)” APUG, Secchi Archive, 25.I - Nota sul gnomone trovato negli scavi di Campomarzio 
(3 ff.). (Tuscano M.L. 2012a, Auber Alberi P.-Tuscano M.L. 2014).
38 Luigi Vescovali, a well-known scholar of Archeology, was a member of the Pontifical Roman 
Academy of Archaeology.
39 The dial is currently kept in Rome in the Collection of the National Roman Museum.
40 Vitruvius in his treatise De Architectura names these instruments Viatoria pensilia».
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Secchi submitted a report on this instrument to the Accademia Pontificia dei Nuovi 
Lincei (Pontifical Academy of New Lynxes, forerunner to the Pontifical Academy of 
Sciences) on January 27, 1856, explaining the principles of its construction and giving 
the basis of its design. In a footnote he references the Civiltà Cattolica article. It is an 
altitude-based sundial, “esteemed unique by archaeologists of this type, and you really 
do not find anything like this described by any of the [ancient] authors dealing with 
sundials”.41 In the drawing we observe seven fan- shaped lines that delimit six sectors 
for the months of the year, written in abbreviated form, divided into two semesters. 
The instrument had to be oriented with the slit towards the sun, taking care to keep it 
in a vertical plane and moving the alidade to the appropriate month. The indication of 
the hour was provided by the point of light that was created by the alidade, and, as the 
height of the sun changed during the day, it moved along the monthly line. The hours 
during the year were read on six concentric time curves, corresponding to the six basic 
hours of the Roman common day. Secchi also delved into the method of construction 
of the sundial, elaborating a geometric construction on the basis of the Analemma of 
Ptolemy42 and thus generalizing this method.43

15.6  Conclusions

Even if it did not constitute a sizable part of his work as a scientist, this minor excur-
sion in the life of Angelo Secchi allows one to gain a deeper insight into the atten-
tion that he gave to the education of the community and the spread of astronomical 

41 Atti dell’Accademia Pontificia dei Nuovi Lincei (Proceedings of the Pontifical Academy of New 
Lynxes), vol. IX, p. 37.
42 A similar dial was made in Aiello del Friuli by Paolo Alberi and Roberto Pantanali.
43 This method was useful for measuring the equinoctial time, used in Rome by astronomers and 
jurists (Nelle Antichità di Ercolano, Prefazione al vol, III, Note).

Fig. 15.5 Commodus’ Sundial From: Civiltà Cattolica (Pianciani 1857) in Tuscano 2012a 
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understanding. Significantly, he found the time to take a break from his busy days 
of study and work to take the time to calculate and draw sundials and solar clocks. 
This activity shows us a pleasant side of this astronomer and one that carries its own 
particular educational significance, not unlike the significance that Secchi imbued to 
the study of sundials.
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Chapter 16
Secchi’s Science in the Service of the Public

Monica Calzolari and Stefano Marsella

16.1  Introduction

The importance of Father Secchi’s work in the field of astronomical studies and the 
foundation of Italian astrophysics has finally re-emerged from the oblivion to which 
it had been relegated (Chinnici 2019). But his work in the field of risk prevention 
and the protection of people, goods, and territory from the consequences of natural 
disasters and catastrophic events is less known, and still needs to be investigated, 
both in terms of his technical innovations and in his administrative, organizational, 
and procedural innovations. Such activity anticipates elements of what today is 
called emergency management and civil defense (Chinnici and Gramatowski 2001; 
Altamore and Maffeo 2012; Altamore et al. 2015).

Given Secchi’s application of science in so many different sectors, his collabora-
tion with so many scientists, technicians, and artisans – even at the local level – and 
his dealings with such a large number of administrations and public and private 
institutions, central and peripheral to the Papal States, the nature and distribution of 
the available archival sources is still largely unexplored or even unknown (Gasperini 
and Gargano, Chap. 20, in this volume; Morales and Mancini, Chap. 21,, in this 
volume). The picture that has been possible to reconstruct so far, and to which we 
will refer in the following text, does not claim to be complete, and it is certainly 
open to further fruitful discoveries (Fioravanti 2012: 283–285).
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16.2  The Norcia Earthquake and the Seismic Building 
Regulation (1859–1860)

An earthquake on August 22, 1859 destroyed the city of Norcia in the Apostolic 
Delegation of Spoleto (Gazzetta Universale di Foligno 1859; Descrizione 1859; 
Manocchi 1860; Piermarini 1860). Soon after, on August 29, Angelo Secchi was 
called in by the municipal authorities to reassure the population, among whom had 
spread the false information that the disaster was due to the birth of a volcano 
(Secchi 1860; Altamore et  al. 2015; Argentieri and Parotto, Chap. 14, in this 
 volume). This request demonstrates the popularity and scientific authority recog-
nized in Secchi (Chinnici 2019: 96–97; 158) (Fig. 16.1).

On October 2, when Father Secchi was completing his investigation, the archi-
tect Luigi Poletti (1792–1869), professor of theoretical architecture at the Academy 
of San Luca and member inspector of the Art Council, joined him in that city to 
provide his professional skills (Giacchè 2018). After an inspection on October 7, 
they went together to Spoleto, where they wrote a report in which they argued that 
the damage suffered by the city was not due to the strength of the seismic event, but 
rather to the choice of building in inappropriate areas and to an incorrect construc-
tion system, so that the buildings were inherently unstable because of the low qual-
ity of the cement, the way they were constructed, and the excessive elevation of the 
buildings.

Given the physical and economic conditions and the topography of the country, 
Secchi and Poletti established that it was appropriate for the reconstruction to main-
tain its settlement on the site where it set. But the restoration and rebuilding, along 
with significant improvements in the road system and the sewer structure, should be 
regulated by new specific provisions. They recommended that once the work was 
completed and the people had returned to their homes, a barracks should be 

Fig. 16.1 Robert Turnbull Macpherson. “Norcia, Piazza San Benedetto. 9 dicembre 1859.” 
Collodion. cm 22,4 × 39,2 (The Picture Art Collection/Alamy Foto Stock)
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maintained together with a supply of timber so as to be immediately prepared in the 
event of future seismic events.1 They also proposed the construction of a new town-
ship whose houses be assigned to the poorest, on payment of a modest annual rent, 
as their wretched dwellings had been found to be of the lowest architectural quality 
and completely unrecoverable (Giacchè 2018).

The physicist and the architect then continued collaborating to draft a new 
municipal building code which, after being discussed in the Council of Ministers, 
was approved by decree of the sovereign pontiff Pius IX on April 18, 1860. The new 
code and project were never implemented, however, due to the annexation of 
Umbria to the Kingdom of Italy, which took place during the summer of that same 
year2 (Fig. 16.2).

16.3  The Protection of Monuments from Lightning 
(1860–1875)

Luigi Poletti, who had been directing the reconstruction of the Basilica of St. Paul 
Outside the Walls since 1833, met Father Secchi in Norcia during the final phases of 
the construction of the new bell tower of the basilica. He needed to design a light-
ning rod system to protect the entire building and, of course, he turned to Father 
Secchi, with whom he had established a reciprocal relationship of great esteem and 
trust.3 The system designed by Secchi consisted of five metal bars, and it was built 
between November 1860 and February 1861 in the Luswergh workshops, at Porta 
Pia, in Rome.

After the successful completion of the installation of these lightning rods, on 
May 8, 1862, Father Secchi received a request from Pier Domenico 
Costantini- Baldini, Minister of Public Works, Industry, Agriculture, Commerce and 
Fine Arts, to express an opinion about protecting the pyramid of Caius Cestius with 
an electrical conductor; it had been damaged by lightning in 1861. Father Secchi 
agreed to the proposed solution of a lightning rod which could be installed without 
damaging the monument. He described a system by which the rod could be anchored 
to the top of the pyramid and outlined the path of the electrical conductor with a 

1 (ASRm, Ministero dell’Interno, b. 462, fasc. “Terremoto di Norcia 1859”)
2 (ASPg, Commissariato generale straordinario delle province dell’Umbria, Corrispondenza, b. 1: 
“Relazione sul terremoto di Norcia,” 22 agosto 1859. “Sui più urgenti bisogni dei Comuni,” rap-
porto del vice-commissariato di Norcia. 4 novembre-19 dicembre 1860; Abbondanza 1962: 26)
3 (ASRm, Commissione speciale deputata alla ricostruzione della Basilica di San Paolo, b. 55, 
fasc. L: “Rapporto sulle spranghe elettriche per la Basilica di S. Paolo” [“Report on electric bars 
for the Basilica of St. Paul”], 23 settembre 1860. Modena, Biblioteca Luigi Poletti, Fondo Poletti, 
C/109  – LP.  XII-6, doc. n. 107: project and contract for the installation of lightning rods, 20 
nov.1860. Thanks to Maria Elisa Della Casa for reporting documents. Calzolari and Marsella 
2018a: 32–33. Calzolari and Marsella 2018b: 443).
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Fig. 16.2 Approval of the building regulation proposed by Secchi and Poletti by the municipal 
council of Norcia. November, 17 1859 (ASRm, Ministero dell’Interno, b. 462, fasc. “Terremoto di 
Norcia”)
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small sketch.4 Thanks to the authority of Father Secchi and his friendship with the 
architect Poletti, the project overcame the objections raised by archaeologists within 
the Commission of Fine Arts and the metal bar was built and installed by Luswergh 
(Fig. 16.3).

At the bottom of the same letter, Father Secchi also proposed to protect the 
Antonina and Traiana columns:

And with this occasion I ask forgiveness from Y[our] E[xcellency] if I dare to remind you 
that the Antonine column has also been struck by lightning in my time and that such a 
disaster could occur again, and that … it seems to me that not to take advantage of the lights 
and profits of science would be leaving such precious monuments in manifest danger. Art 
can achieve its purpose by properly masking the course of the conductor, but safety must 
always come first.5

This proposal was also implemented. In addition, in 1865, Father Secchi was 
commissioned by Bishop Gaetano Rodilossi to install a lightning rod on the cathe-
dral of Alatri, near Frosinone.

Ten years later, he put this experience in the field of lightning rods to good use; 
when Rome had become the capital of the Kingdom of Italy and the pope had 
retreated beyond the Tiber, Secchi devised and installed a network of lightning rods 
to protect the Papal Palace and the Vatican Basilica.6

16.4  The Distribution of Drinking Water in the Countries 
of Lazio (1861–1865)

The lack of drinking water in the urban areas under Papal rule had reached a state of 
emergency by 1861, with serious consequences for the health of the population. 
Pope Pius IX, urged by the supplications of the population, asked the municipal 
architects to start a program of hydraulic works aimed at solving this problem, and 
he commissioned Angelo Secchi to supervise their design and construction.

Secchi made numerous journeys to inspect the springs of Cacume (which served 
Patrica), of Trovalle (for Alatri and Ferentino), of the Mola (for Maenza and 
Piperno), of St. Angel (for Sezze), of Carpineto, Montefortino, Ceciliano, Castel 

4 (APUG, Carte A. Secchi, cart. 113, fasc. 1 “Incarichi dati al p. Angelo Secchi” [“Assignments to 
the Father Angelo Secchi”], cc. 17–25. ASRm, Ministero dei lavori pubblici, industria, agricol-
tura, commercio e belle arti, b. 362, fasc. “Restauri alla Piramide di Cajo Cestio” [“Restoration of 
the Pyramid of Caius Cestius”], 29 ott. 1861–1862; Ragguaglio 1864: 7).
5 E con questa occasione domando perdono all’E [ccellenza] V[ostra] se ardisco ricordarle che a 
tempo mio è stata pure fulminata la colonna Antonina e che simile disastro potrebbe rinnovarsi, e 
che … sembrami un non profittare dei lumi e degli utili della scienza il lasciare in pericolo mani-
festo così preziosi monumenti. L’arte può ottenere il suo scopo mascherando opportunamente il 
corso del conduttore, ma sempre la sicurezza deve essere il primo pensiero (ASRm, Ministero dei 
lavori pubblici, industria, agricoltura, commercio e belle arti, b. 362, fasc. “Restauri alla Piramide 
di Cajo Cestio”).
6 (Secchi 1876: 58–59. Mercati 1929: 237. Vian 2016)
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Fig. 16.3 Autograph sketch by Angelo Secchi representing the lightning rod to be installed on the 
top of the pyramid of Caius Cestius, 1862 (ASRm, Ministero dei lavori pubblici, industria, agricol-
tura, commercio e belle arti, b. 362, fasc. “Restauri alla Piramide di Cajo Cestio”)
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Madama, Monte Rotondo, St. Orestes, and many other places (Secchi 1877: 74; 
Buonora 1992: 102–103). These inspections examined the reliability of the springs 
over time, determining whether their elevation made them suitable for use, identify-
ing the most convenient locations for pipelines, and eventually setting up a service 
for pumps to be built as was actually done in Anagni, Frosinone, and Terracina.7

For both economic and scientific reasons, he was opposed to the use of steam- 
powered pumps, whose emission into the atmosphere was already causing negative 
effects on the climate (Secchi 1866: 57). He always preferred to exploit gravity to 
power the flow of water.

Between 1861 and 1865, Father Secchi and the engineer Giuseppe Olivieri 
planned and supervised the construction of the plant that would bring drinking 
water from the top of Mount Cacume to the fountain in Patrica’s square. Patrica was 
the birthplace of his faithful assistant and dear friend, Brother Francesco Marchetti 
(1823–1898); Marchetti took care of all the administrative phases of the procedure, 
maintaining a close correspondence with the municipal, provincial, and central 
authorities.8 A water wheel was built at Anagni in 1862 that powered four pumps to 
lift water up to the city. Drawbacks encountered in the first construction were solved 
after Secchi’s intervention, who suggested the modification of some parts of the 
mechanism. The subsequent reliability of their operation persuaded everyone of the 
real usefulness of these devices. The scientist seized that opportunity for a first test 
of modern pipelines made of tubes joined with elastic rubber gaskets, learning from 
them for further applications (Secchi 1865a: 5–7).

Also in 1862, during a trip to the mountains of Subiaco, he traveled through the 
nearby plains of Arcinazzo and Guarcino. After visiting the famous Chartreuse of 
Trisulti, he met Bishop Gaetano Rodilossi in Alatri, who told him of the suffering of 

7 (APUG, Carte A. Secchi, cart. 3 “Memorie sulla derivazione dell’Aniene; sopra i fiumi; sulle 
acque potabili” [“Memories on the derivation of the Aniene; above the rivers; on drinking water”]; 
cart. 112 “Domande di Municipi al P.  Secchi per le acque” [Requests from Municipalities to 
P. Secchi for the waters]. ASRm, Collezioni disegni e mappe - Collezione I, cart. 1, ff. 1–8 “Alatri. 
Condotti delle acque di Trovalle e di S.  Aniello” [“Alatri. Water pipelines of Trovalle and 
S. Aniello”]; cart. 101, 95–1 “S. Oreste. Serbatojo di acqua potabile e conduttura” [“S. Oreste. The 
reservoir of drinking water and pipeline]. 1869. Ferentino, Archivio storico comunale, b. 142, fasc. 
403 “Piano di esecuzione per la condotta di derivazione dell’acqua potabile dalla acropoli di Alatri 
alla piazza del seminario in Ferentino …” [“Plan of execution for the pipeline for the derivation of 
drinking water from the acropolis of Alatri to the square of the seminary in Ferentino …”], 
1866–1867. Patrica, Archivio storico comunale, b. 3, fasc. 5 “Costruzione acquedotto di Cacume” 
[“Construction of the Cacume aqueduct”], 1835–1870; fasc. 6 “Conciliazione con il principe 
Colonna” [“Conciliation with Prince Colonna”], 1864. Priverno, Archivio storico comunale, b. 88, 
fascc. 688 “Fontane e acquedotti” [“Fountains and aqueducts”], 692 “Acquedotti” [“Aqueducts”], 
1852–1872; b. 22 “Palazzo vecchio, prigioni, acquedotto” [“Old palace, prisons, aqueduct”], 
1868–1872. “S.  Oreste, Archivio storico comunale, b. 3, fasc. 1 “Storia acquedotto  – Progetto 
Secchi” [“History of the aqueduct – Secchi Project], 1864–1925)
8 (Patrica, Archivio storico comunale, b. 3, fasc. 5 “Costruzione acquedotto di Cacume, 1835–1870; 
fasc. 6” Conciliazione con il principe Colonna, 1864. Roma, Archivio Provinciale dei Missionari 
del Preziosissimo Sangue, Archivio Moretti, cart. 10; Una stanza per Refice, Dialoghi. Colagiovanni 
2015. Thanks to Gioacchino Giammaria for reporting documents and the brochure).
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the local population due to the lack of drinking water. Secchi measured the elevation 
of the town with an excellent aneroid barometer, which he carried with him, and he 
believed that the problem could be solved by using a forced pipeline, suggesting its 
path. The idea was submitted to the Pontiff, who, in 1863, agreed to finance the 
project and commissioned the geologist Giuseppe Ponzi (1805–1885) and the engi-
neer Osea Brauzzi to research sources of water and the path of the pipeline.

In the autumn of 1865, when these studies were quite advanced, Father Secchi 
returned to Alatri to oversee the installation of a lightning rod on the cathedral. 
During his stay he learned of the existence of the remains of an ancient aqueduct; 
upon his return to Rome, he informed the Minister Costantini-Baldini. A new 
archaeological survey was financed by the Pontiff, which Father Secchi conducted 
with great enthusiasm and historical expertise (Secchi 1865a).

16.5  Environment, Climate Change, and Public Health 
(1862–1866)

 Following his studies of meteorology and geodesy, Angelo Secchi laid the scientific 
foundation for practical means to safeguard the territory and the population from 
extreme climatic events (Secchi 1877; Aebischer 2012; Calisi and Mangianti 2012: 
200; Chinnici 2012: 45). His approach to the issue of climate change, which he 
recognized and attributed to human actions such as deforestation and the introduc-
tion of artificial heat sources, is really remarkable (Secchi 1866; Calisi and Mangianti 
2012: 209).

Aware of the importance of science literacy among the people to successfully 
protect the territory and population, Secchi held two lectures at the Academy of 
Arcadia, which he had joined in 1862, on the climate of Rome and on public sanita-
tion, on May 24, 1863 and June 11, 1865, respectively.9 At the beginning of the first 
lecture, Secchi defined climate as the set of permanent or variable conditions of 
temperature, humidity, winds, and rains that constitute the state of the atmosphere 
in which we live and which affect the plant and animal life of the globe (Secchi 
1866: 44). He then reported that the average temperature was undergoing a rise and 
pointed to its causes in the modern transformation of agriculture and 
industrialization:

I would not hesitate to believe in any change due to the different cultivation and deforesta-
tion of the mountains, and the introduction of artificial heat sources, which are certainly not 
negligible. When we consider the enormous amount of steam that is now artificially 
launched into the atmosphere, and the fuel that is extracted from the bowels of the earth 
which, when it burns, emits the energy accumulated by the sun for centuries in those depos-

9 Roma, Archivio storico dell’Accademia dell’Arcadia: liste di presenze e verbali 1863–1870. 
Thanks to Sarah Malfatti for reporting documents (Secchi 1865b, 1866).
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its, it should not be difficult to persuade anyone that in the large centers of population and 
industry the average temperature and the degree of humidity cannot remain invariable.10

In his conclusion, he stressed the importance of beginning a climate monitoring 
service in the Papal States, as had been done already for some time in other European 
countries.

In his second lecture, Secchi focused particularly on two important aspects of 
public health that had not yet attracted enough attention from scholars, but deserved 
great consideration: the relationship between the passage of the seasons and the 
arrival of disease, and some geological circumstances that were increasingly alter-
ing the wholesomeness of the climate over time. Consistent with his ethical and 
pragmatic vision of science, after he had explained the causes of climate change and 
its consequences on the life of the population, he illustrated how science and mod-
ern industry could allow one to take precautions in time to avoid the disastrous 
effects of climate change and, over time, also remove its causes (Secchi 1865b: 4).

First, he insisted on the importance of following up the detection and public 
communication of the meteorological service he had created by establishing a simi-
lar system for the detection and public communication of the epidemiological situ-
ation, so that the institutions and the population could adopt timely preventive 
sanitary measures (Secchi 1865b: 6–10). In that regard, he explained that the sani-
tary conditions were heavily influenced by the worsening of climate in the 
Agro Romano and especially in the Agro Pontino, following the abandonment of 
the territory and the senseless deforestation of the mountains:

… Much has been said against deforestation, but the reasons why have not been identified 
enough. Cutting down trees in our stony and almost barren mountains is not just imprudent; 
it’s senseless, it’s almost a crime. That wretched desire for profit kills the goose that lays the 
golden egg, and the lowlands are deprived of their springs, the air of its regular beneficial 
rains, soil is lost because the little quantity that can be found is soon carried away by the 
waters and only bare stone remains. Deforestation is healthy where the mountains meet the 
lowlands, whenever the regular growth is replaced, because the waters are drained in this 
way and the deposits of rotting materials are removed. The rehabilitation of America’s cli-
mate with the cutting of the forests is manifest. But what we have done is just the opposite: 
there are still woods on the bottomlands while the mountains are stripped, and therefore we 
now have bare rocks that form our mountains, so that streams inundate us with full floods 
at the slightest rain; springs are lost because the earth and the roots that held back the water 
have gone; obstinate droughts torment us because we lack the plants that provide slow 
evaporation.11

10 Non esiterei a credere a qualche cambiamento dovuto alla differente coltura e al disboscamento 
de’ monti, e all’introduzione delle sorgenti artificiali di calore, che non sono certamente trascur-
abili. Quando consideriamo l’enorme quantità di vapore che ora artificialmente si lancia 
nell’atmosfera, e del combustibile che estratto dalle viscere della terra torna alla luce, per restituire 
forza viva accumulata dal sole per secoli e secoli in que’ depositi non sarà difficile a persuadersi 
che nei grandi centri di popolazione e d’industria la media temperatura e il grado di umidità non 
può restare invariabile (Secchi 1866: 57).
11 .… Si è molto declamato contro il disboscamento; ma non si sono distinte abbastanza le con-
dizioni di farlo. Il tagliare le selve ne’ nostri monti sassosi, e nudi quasi affatto di terra, non è una 
imprudenza; è un’insensatezza, è quasi dissi un delitto. Quel misero guadagno uccide la gallina 
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He then argued that an improvement in the hydrogeological management of the 
territory should make it possible to remove the main causes of mortality due to 
malarial fevers affecting the workers in the Agro Pontino. In those swampy and 
unhealthy areas, machines could be a source of happiness and prosperity (Secchi 
1865a, b: 16). Far from depriving the poor of work, they could make up for the lack 
of laborers and in time serve to dredge natural and artificial channels, providing 
drainage so that the fields could be worked without the air becoming infected. With 
this, people could plow and reap. The workers could be transported by railways (via 
ferrata) to the workplaces, places unfit for habitation, so that they could use the time 
that otherwise would be wasted in slow, unnecessary journeys for the benefit of the 
work in the fields. In this way, they would not lose their jobs but would have work 
in the healthy season and in places that in the long run would become healthy if 
worked and maintained (Secchi 1865a, b: 16–17).

Of course, Father Secchi spoke with full knowledge of the technological prog-
ress in the Papal States as he was, among other things, the scientific advisor of the 
Ministry of Public Works, Industry, Agriculture, Commerce and Fine Arts for the 
issuance of industrial property declarations and patents of new inventions (ASRm, 
Ministero dei lavori pubblici, industria, agricoltura, commercio e belle arti, b. 453, 
fasc. 33; b. 454, fasc. 39; b. 457, fasc. 9; b. 464, fascc. 23–24; b. 469, fasc. 16; b. 
475, fasc. 23).

For such rehabilitation, it would also be necessary for the municipal authorities 
to administer environmental resources with rigor, free from the pressures exerted by 
the owners:

I saw in Guarcino that a vast mountain had become covered with the most luxurious vegeta-
tion in only a few years, because grazing the herds was forbidden there. If this example 
were to be practiced everywhere, then in a short time we could renew the face of our land. 
But the greed of the owners, who are mostly the same ones who ought to be making laws to 
protect the land, ensures that municipalities (said with no disrespect) keep the pastureland 
in private hands, and so these wise projects are rejected.12

che fa l’uovo d’oro, e si privano i piani di sorgenti, 1’aria di piogge benefiche a periodi regolari, 
non si ottiene la terra, perché quel poco che là vi si trova è ben presto portato via dalle acque, e 
rimane nudo sasso. All’incontro nel piano il disboscamento è salubre, ogni qualvolta vi si sosti-
tuisca la coltura regolare; perché così si dà scolo alle acque e si tolgono i depositi di materie in 
putrefazione. I1 risanamento del clima di America col taglio delle selve è cosa manifesta. Ma noi 
abbiamo fatto tutto il rovescio: si hanno ancora delle selve al piano, e sono spogliati i monti, e 
perciò abbiamo ora scogli nudi che formano le nostre montagne, onde i torrenti ci innondano colle 
piene ad ogni minima pioggia; mancarono le sorgenti, perché mancò la terra e le radici che tratte-
nessero le acque: ci travagliano le siccità ostinate, perché manca la evaporazione lenta delle piante 
(Secchi 1865b: 18).
12 Ho veduto in quel di Guarcino una vasta montagna che si è rivestita in pochi anni della più vig-
orosa vegetazione, solo perché si è proibito di mandarvi a pascolare gli armenti. Se tale esempio si 
praticasse per tutto, allora in breve tempo avremmo rinnovata la faccia della nostra terra. Ma 1’ 
avidità dei proprietarii che sono per lo più quelli stessi che dovrebbero fare la legge di protezione, 
fa che nelle decisioni de’ municipii (sia detto senza riguardi) per mantenere il pascolo a privati 
armenti, questi sì savi progetti siano rigettati (Secchi 1865b: 18).
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Secchi concluded his reading with an exhortation that is still relevant nowadays:

Such, oh gentlemen, are the thoughts that have repeatedly come to me traveling around our 
region and talking to the most educated people. I cannot directly contribute to this work, but 
many of you can, and we must all try to make it happen with our advice and our words, for 
the common good and the health of the public is the ultimate law; and although sometimes 
it is necessary to play an unwelcome part to those who are lazy, or slothful, or poorly edu-
cated, or blind to their best interests, one must take risks with courage to do what is right.13

16.6  The Fire Prevention System of the Basilica of St. Paul 
Outside the Walls (1868–1878)

At the beginning of 1868, Secretary of State Cardinal Giacomo Antonelli, president 
of the Special Commission appointed for the rebuilding of the Basilica of St. Paul, 
asked the architect Luigi Poletti to present a proposal for the protection of the build-
ing against the risk of fire. Poletti took advantage of the knowledge of Father Secchi, 
and that February he presented a project for an integrated fire prevention system 
(Calzolari and Marsella 2018a, b).

The archival papers and various publications reveal how Father Secchi took to 
heart the protection of that edifice, an example of contemporary art which he con-
sidered to be just as valuable as an ancient monument14 (Fig. 16.4).

Having just returned to Rome from his trip to Paris, where he had presented his 
meteorograph at the Universal Exposition of 1867 (Calisi and Mangianti 2012: 
211–219), Secchi decided to apply himself to the problem of prevention and protec-
tion against fire. His interest grew out of his experience in the field of hydraulic 
pumps and forced pipelines which he had developed in the previous years, and some 
technological innovations that he had seen in Paris, which he reported in “La sci-
enza all’Esposizione Universale di Parigi.”15 His idea was to apply the same prin-
ciples and innovative technologies that had been invented to secure property and 
people in the economic and social sectors, to the protection of the artistic good.

To that end he installed a telegraph system, powered by the manganese batteries 
just invented by the French engineer Georges Leclanché (Paris, 1839–1882). 
Connected to this system, electric thermometers (like those installed in warehouses) 

13 Tali, o signori, sono i pensieri che più volte mi si sono presentati viaggiando pei nostri dintorni e 
parlando colle persone più istruite. Io non posso direttamente contribuire a tali operazioni, ma 
molti di voi lo possono coll’opera, e tutti dobbiamo procurare di farlo col consiglio e colla parola, 
perché si tratta di bene comune, e la salute del pubblico è la somma legge; e quantunque talora 
occorra prendersi una qualche parte odiosa presso chi è pigro, o infingardo, o male istrutto, o cieca 
mente interessato, pure bisogna arrischiarsi all’opera buona con coraggio (Secchi 1865b: 19).
14 (APUG, Carte A. Secchi, cart. 2, fasc. XI [Padre Angelo Secchi. “P(adr)e Angelo Secchi S. J 
Memoria per tutelare dagl’incendi la nuova Basilica di S. Paolo”). [“Father Angelo Secchi S. J 
Memory to protect the new Basilica of St. Paul from fire”]).
15 (APUG, Carte A.  Secchi, cart. 9, fasc. VI “Articoli, Comunicazioni, Riviste etc” [“Articles, 
Communications, Magazines etc”], cc. 28–45: minute of the report; Secchi 1867). (APUG, Carte 
A.  Secchi, cart. 9, fasc. VI “Articoli, Comunicazioni, Riviste etc” [“Articles, Communications, 
Magazines etc”], cc. 28–45: minute of the report; Secchi 1867).
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would ring bells (like those already in use on railways to communicate among the 
carriages of a train) to warn if the temperature of a given area ranged beyond certain 
limits, and in this way detect the early phase of a fire (Telegrafi 1866). The thermo-
electric fire alarm device consisted of twenty-one safety thermometers, two 
Leclanché electric batteries, and the telegraph. This was integrated with a complete 

Fig. 16.4 Autograph sketch by Father Angelo Secchi depicting the arrangement of water tanks 
and the pipeline system in the Basilica of St. Paul Outside the Walls [1870] (APUG, Carte 
A. Secchi, cart. 2, fasc. XI)
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Fig. 16.5 Autograph sketch by Father Angelo Secchi depicting the disposition of thermometers 
and the system of copper wires [1870] (APUG, Carte A. Secchi, cart. 2, fasc. XI “P(adr)e Angelo 
Secchi S. J Memoria per tutelare dagl’incendi la nuova Basilica di S. Paolo”)

set of pumps with water reservoirs positioned at various points in the building 
(Fig. 16.5).

The system, called apparecchio di salvamento in caso di incendio (apparatus for 
rescue in case of fire), was built between 1869 and 1875 by the firm of Giacomo 
Luswergh and remained in operation until 1890. At that time it was abandoned and 
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ultimately forgotten until the project was discovered in 2008 during the reorganiza-
tion of the archive of the Special Commission appointed to rebuild the Basilica of 
St. Paul, whose documents are preserved in the State Archives of Rome.

16.7  Concluding Remarks

Father Angelo Secchi’s experience covered a wide range of fields in physics. The 
tasks that were conferred on him by the Papal States before 1870, and by that of the 
Kingdom of Italy afterwards, allowed him to apply this scientific knowledge to 
solve many practical problems; indeed, the fragmentation and heterogeneity of bib-
liographic sources make it difficult to reconstruct a complete picture of the extraor-
dinary variety of sectors to which he devoted himself.

Among the most important applications in his service to the general public were 
his projects concerning the drinking water supply and to the considerations on the 
need to follow prudent policies to safeguard the territory against hydrogeological 
instability. His attention to the effects of industrial emissions on the climate can be 
considered particularly prescient, and his suggestions on the post-seismic recon-
struction of Norcia after the earthquake of 1859 and on the construction of safe 
dwellings for the poorest sections of the population take on a significance that goes 
beyond the boundaries of science and engineering. His work on the protection of 
cultural heritage sites from the risks associated with lightning and fire is also one of 
the first examples anywhere in the world of a scientific approach to the problem. All 
of this allows us to appreciate how fruitful were Father Secchi’s exchanges with the 
European and US scientific community in the mid-nineteenth century.
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Chapter 17
The Unfulfilled “Secchi Monument” 
at Reggio Emilia

Fabrizio Bònoli and Agnese Mandrino

17.1  Introduction

A spectre haunted Italian astronomy between the end of the nineteenth century and 
the first decades of the twentieth century: the “Monument to Angelo Secchi.” It was 
to have been not a real monument (as the name might suggest) but a “scientific 
monument.” Thanks to archival documents, many of them unpublished,1 we can 
trace the little known history of what the promoters of the Secchi Monument had 

1 Most of the documents here discussed are kept in the Archivio di Stato di Reggio Emilia, in the 
section “Monumento Secchi” (hence ASRe-MS). At the time we accessed the documents relating 
to the events of the Secchi Monument – taken over by Archivio di Stato di Reggio Emilia in 1927 
at the closing of the Committee – they were not ordered and it is therefore impossible to identify 
them except by their dates or with rare original signatures; only very recently is that resource is 
near to be completely organized. The following archives and libraries have also been consulted: 
Biblioteca Antonio Panizzi in Reggio Emilia (BPRe); Archivio Storico della Provincia di Reggio 
Emilia (ASPRe); Archivio della Provincia di Reggio Emilia (APRe); Archivio storico 
dell’Osservatorio Astrofisico di Arcetri-INAF (AAFi); Archivio storico dell’Osservatorio 
Astronomico di Brera-INAF (AOB); Archivio storico dell’Osservatorio Astronomico di 
Capodimonte-INAF (ASOC); Archivio storico del Dipartimento di Astronomia, Università di 
Bologna (AABo; most of the documents in this archive are digitized and can be accessed online at 
http://archiviostoricoastronomia.unibo.it/).
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hoped would become a great astronomical station in Italy, equipped with one of the 
largest telescopes in the world, but which never saw the light of day – or of night.2

17.2  The Original Proposal

In July 1879, members of the Reggio Emilia “Enza Section” of the Italian Alpine 
Club, returning from a trip to Sicily, stopped in Rome to meet Pietro Tacchini 
(1838–1905), who had just succeeded Father Angelo Secchi (1818–1878) as the 
director of the Observatory of the Collegio Romano and director of the Central 
Bureau of Meteorology as of March of the same year (Beltrano and Iafrate; Calzolari 
and Marsella, Chaps. 9  and 16  in this volume). Tacchini, who was born in Modena 
and thus almost countryman of Secchi, spoke with one of the members, the lawyer 
Carlo Caraffa (1851–1890), about the recent death of Secchi and suggested that:

(…) it would be important that Italy and especially Reggio honor the dear departed with a 
monument concerning the nature of his studies, and because Italy lacked a great equatorial 
[telescope] (…) nothing seemed more appropriate than this to perpetuate his memory. 
(Relazione (1a) 1897: 8 et seq.)3

This conversation is clearly where our story begins.
The idea was enthusiastically welcomed4 and in December of the same year, on 

the occasion of a trip to Reggio to inspect the local meteorological observatory, 
Tacchini met with some citizens in order to define the project better. In a letter to 
Caraffa of February 1880, its essential structure is already outlined. A sketch in this 
letter illustrates a building with a large dome to house the telescope, as a sort of 
mausoleum (Fig. 17.1).5

Essentially, Tacchini proposed that:

• the Municipality and the Province were to allocate in their budgets the expenditure 
for the purchase of a 60/70-cm diameter objective lens, whose cost was about 60,000 
lire, to be constructed in about 2 years;

• a large (10-m diameter) dome was to be built to house it;
• the Government was to employ an astronomer, an assistant, and a caretaker, with an 

annual expenditure of about 15,500 lire. (Relazione (1a) 1897: 9–10)

It is important to remember that the largest refractors in Italy at that time were two 
24-cm diameter Merz telescopes, installed by Secchi at the Collegio Romano and 
by Tacchini in Palermo in 1854 and 1865, respectively, followed by the 22-cm Merz 
installed at Brera Observatory in 1875.

2 The only reconstructions of this story that, as far as we know, have ever been published are Finzi 
1971 and Lugli 2001: 203–210.
3 Where other documents are not explicitly mentioned, a large part of our reconstruction, up to 
1897, is from this Relazione, which is the first of the four printed Reports of the Committee.
4 Twelve letters by P. Tacchini to C. Caraffa in BPRe between January 15, 1880, and June 16, 1881, 
illustrate the project and the initiatives in Reggio Emilia (ASRe-MS).
5 P. Tacchini to C. Caraffa, Rome, Feb 6, 1880 (ASRe-MS).
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Fig. 17.1 Page from the letter by P. Tacchini to C. Caraffa of February 6, 1880, showing the sketch 
made by Tacchini himself to illustrate his proposal for the Secchi Monument. (ASRe-MS, on 
authorization No. 541.X.1, 12/04/2019 by the Ministry for Cultural Heritage and Activities; any 
reproduction is prohibited)
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This apparently simple but ambitious proposal by Tacchini for a 60/70-cm 
refracting telescope at the disposal of the national community would have moved 
the observational capacity of astronomers in Italy to the highest international level:6 
this would indeed have been a “scientific monument” in memory of Secchi, and 
what a monument!7

The project seemed to proceed very quickly. In April, Tacchini was invited by the 
local Alpine Club to officially present “a detailed report of the financial, architec-
tural and scientific project” and to visit some places in the city that could host the 
monument: “the bastion of the icehouse, formerly of Porta S. Nazario” was chosen 
for the purpose. While a “publicity campaign” with newspaper articles was started 
locally, Tacchini asked Sigmund Merz (1824–1908) for a quotation for a 70-cm 
refractor, which would have been the largest in the world.8 He then proposed to one 
of the most renowned astronomers in Italy, Giovanni Virginio Schiaparelli 
(1835–1910),9 director of Brera Observatory, that the planned Reggio Observatory 
could become “a branch of the Brera Observatory” under his “high direction.”10

17.3  First Delays

But by October 1880, still “nothing positive” had happened at Reggio despite many 
solicitations by Tacchini. Some objections had arisen in the town, mainly from one 
of its most influential citizens, Ulderico Levi (1842–1922). Levi, who would be a 
Liberal deputy from 1882 to 1895 and Senator from 1898, was asked to participate 
in the Monument Promoting Committee. Since he did not want to burden the 
Municipality with “an unjustified expense,” at the beginning of 1881 he proposed a 
public subscription, directed to Italians and foreigners, to collect the money for the 
telescope. The primary promoters gathered at Levi’s house on April 24, 1881,11 and 
on May 22 the “Provisional Committee to collect donations in favor of the Monument 
to Father Angelo Secchi in Reggio Emilia” was established. Its president, Levi 

6 Abroad, in fact, the largest telescopes were two 69-cm telescopes of Washington US Naval 
Observatory (1873) and Wien Observatory (1878). Both would be exceeded only in 1887 by the 
large 76-cm refractor of the Observatoire de la Côte d’Azur in Nice, whose dome was made by 
Gustave Eiffel.
7 In addition, such a kind of “shared” telescope would have well represented the spirit of scientific 
cooperation that Secchi promoted all during his career (Chinnici 2019: 228–250).
8 P. Tacchini to S. Merz, Rome Jan 28, 1880; S. Merz to P. Tacchini, Munich Feb 2 and 28, 1880 
(ASRe-MS).
9 G.V. Schiaparelli to P. Tacchini, Milan Oct 2 and 18, 1880 (ASRe-MS), in which he applauds the 
initiative in Reggio.
10 P. Tacchini to G.V. Schiaparelli, Rome Oct 10, 1880 (AOB, Corrispondenza scientifica, cart. 152, 
n. 77); the proposal is also explained in a letter by Tacchini (n.d.) in BPRe.
11 Comitato Provvisorio. Copia di Verbali, N. 1. Quaderno di Adunanza dei primi promotori 24 Apr 
1881. The minutes of the “permanent” Committee from No. 1 of Jun 27, 1897, to No. 19 of Apr 2, 
1907, are in ASRe-MS, collected in Filza 1, Quaderno 4.
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 himself, had already obtained several donations so that engineer Pio Casoli 
(1848–1885) could be commissioned to develop an architectural project and 
Giuseppe Ferrari to draft a Manifesto. The Provisional Committee decided to trans-
late this Manifesto into various languages and have it printed and circulated.12

In an undated note, but just prior to the distribution of the Manifesto, Tacchini 
recommended:

(…) to our friend Levi that it be well clarified in the Manifesto that this is not a question of 
constructing a new and complete astronomical observatory at Reggio, but solely a monu-
mental stand-alone structure to contain only a glorious equatorial that will be titled the 
Secchi Equatorial.13

To his dying days, Tacchini insisted that the project was not to be regarded as the 
establishment of a new institution, but “exclusively” a facility, a large instrument 
available to astronomers. This certainly stemmed from his belief that the enterprise 
was achievable only with a simple project like he had proposed, without more ambi-
tious operations. The ambiguities that arose about this point, be it in good faith or 
bad, were one of the reasons for the failure of the project.

A Proposal, dated May 8, 1881, and also published in the Memorie della Società 
degli Spettroscopisti Italiani (Monumento scientifico 1881), presented the project as 
“a 70-cm refractor to be built in Reggio for studies in physical astronomy” and initi-
ated the collection of donations with a “minimum value of one lira.” A long list of 
promoters and subscribers followed, strictly (and interestingly) subdivided into 
“astronomers,” “meteorologists,” “other scientists,” “senators,” and “deputies.”

17.4  The Input of Other Astronomers

But things did not go smoothly as further objections arose, this time even from the 
main Italian astronomers of that time such as Lorenzo Respighi (1824–1889), direc-
tor of the Campidoglio Observatory in Rome; Wilhelm Tempel (1821–1889), direc-
tor of Arcetri Observatory in Florence; Annibale De Gasparis (1819–1892), director 
of Naples Observatory; and Emanuele Fergola  (1830–1915), from Naples. In 
essence, they questioned the possibility of raising sufficient funds to build a struc-
ture of that size.14

12 Proposta di un Monumento scientifico al P. Angelo Secchi in Reggio dell’Emilia, in Reggio, May 
8, 1881 (AABo, Serie Storica Specola, B29.3.1).
13 P. Tacchini to U. Levi (Apr-May 1881) (ASRe-MS; here as elsewhere the underlining in the 
quotes are in the originals). It is noted that 213 letters by P. Tacchini to several members of the 
Committee, from Jan 29, 1881, to Sep 9, 1896, are in ASRe-MS (Filza 1, Quaderno 3).
14 A Committee member to E. Fergola, and U. Levi to L. Respighi, Reggio Emilia May 18 e 26, 
1881 (ASRe-MS); E. Fergola to U. Levi, Naples Jul 3, 1881, and U. Levi to E. Fergola, Reggio 
Emilia Jul 6, 1881 (ASRe-MS). Many letters to Tacchini by Italian astronomers to join the sub-
scription are in ASRe-MS, Filza 4. The indication of the objections of astronomers is mentioned in 
the Minutes of the Committee of June 2, 1882.

17 The Unfulfilled “Secchi Monument” at Reggio Emilia



284

A controversy ensued among the local architects as well. In June 1881, Achille 
Grimaldi sent Carlo Caraffa two proposals for the Monument, faithfully inspired by 
Tacchini’s sketch as already mentioned (Figs. 17.2 and 17.3).15 The next day, Pio 
Casoli, an architect whom Levi knew and trusted (he had made a monumental villa 
for Levi in Reggio in 1878), wrote to Caraffa complaining of being “knocked down” 
and asking that there be an international competition of proposals for the 
Monument.16

In the meantime, other firms besides Merz were being solicited for building the 
large equatorial.17 The Committee received competitive tenders from American firm 
Alvan Clark & Sons (later builder of the Yerkes refractor, the largest astronomical 
refractor ever made) and the French Henry brothers (who built the Meudon 

15 A. Grimaldi to C. Caraffa, Reggio Emilia Jun 17, 1881 (BPRe, Manoscritti Reggiani c. 145); two 
pairs of period photos of the two projects are in BPRe, Fotografie, Bib. 91, colloc. 39278, 39279 
and 15645, 15646. The first two photos carry the pen lettering, respectively: “Project of the 
A. Secchi monumental observatory made for the illustrious astronomer P. Tacchini (1881)” and 
“Another project of the Secchi monumental observatory.” Two more period photos of the same 
projects, albeit slightly dissimilar, are in ASRe-MS (Figs. 17.2 and 17.3).
16 P. Casoli to C. Caraffa, Reggio Emilia Jun 18, 1881 (BPRe).
17 U. Levi to S. Merz, Reggio Emilia Nov 8, 1883 (ASRe-MS).

Fig. 17.2  Original photograph of one of the two proposals for the Secchi Monument made by 
architect Achille Grimaldi shows the dedication “to the noble Commendatore Ulderico Levi, hom-
age of the Arch. Achille Grimaldi”. (ASRe-MS, on authorization No. 541.X.1, 12/04/2019 by the 
Ministry for Cultural Heritage and Activities; any reproduction is prohibited)
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Fig. 17.3  Original photograph of a different proposal for the Secchi Monument made by architect 
Achille Grimaldi: the dedication is the same as in Fig. 17.2. (ASRe-MS, on authorization No. 
541.X.1, 12/04/2019 by the Ministry for Cultural Heritage and Activities; any reproduction is 
prohibited)
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refractor), as well as by “Mr. Breda of the Società di Costruzioni Veneta” who pro-
posed to build the instrument mount and present it at the 1884 “Esposizione generale 
italiana” in Turin.18 However, as stated in the Minutes of April 19, 1884, the 
Committee “did not accept the tender” because the funds collected were not yet 
sufficient.

The path forward was fraught with obstacles and only Ulderico Levi’s persever-
ance was able to carry out the fundraising, whose procedure was extremely com-
plex. The results of the collection were also amply publicized through the press, 
highlighting major donors such as the Pope and the King, the Duke of Aosta, the 
Foreign Minister, the Bishop of Reggio, and, most of all, Levi himself, who donated 
3000 lire, as well as many organizations of all sorts. Theatrical performances and 
artistic exhibitions were organized whose proceeds were donated to the Committee, 
as well as the royalties that Tacchini himself obtained from the sale of his book 
Eclissi totali di Sole del dicembre 1870, del maggio 1882 e 1883, e dell’agosto 1886 
e 1887 (Roma, Tipografia Eredi Botta, 1888). Everything was rigorously listed in 
the “Notes and Documents” Appendix to the 1897 Report, compiled by the accoun-
tant Leopoldo Bertolini. Revenue and expenditure of the Committee in the 16 years 
since it had been set up, and the annuities derived from judicious investments, 
together with the inventory of “documents kept in a separate archive, arranged with 
complete care and perfect order” were also enclosed in the Report.19

17.5  The Permanent Committee

In the meeting of June 3, 1897  – almost 20  years after the first proposal  – the 
“Provisional Committee” decided to become “Permanent,” under the title of 
“Committee for the Scientific Monument to Fr Angelo Secchi at Reggio Emilia,” 
and Ulderico Levi was confirmed as its president.

Although donations fell off very much after 1890 – this was certainly due at least 
in part to the lack of any result with respect to the announced purposes – its capital 
had almost doubled, thanks to careful financial management, and the Permanent 
Committee inherited 77,493.28 lire (today corresponding to about 350,000 euro, a 
significant amount for those times; see Table 17.1).

From 1895 on, new interruptions gave rise to frustrations within (and beyond) the 
astronomical community, who had been anxiously waiting for the laying of the 
foundation stone for some time. A letter sent to Levi in September 1897 by Francesco 
Porro de’ Somenzi (1861–1937), director of the Astronomical Observatory of the 
University of Turin, clearly shows the problems:

This reflects a bit on the reputation of our Country among foreigners. It is a project scientifi-
cally formulated under the aegis of the name of Pietro Tacchini and which cannot undergo 

18 Minutes of the Committee of Apr 19, 1884 (ASRe-MS).
19 The documents are now kept in the “Monumento Secchi” folders in ASRe-MS.
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modifications, reductions or transformations without failing to honor our solemn pledges. 
(…) All of these (objections, criticisms, investigations) should have been cleared up before 
requesting donations from the admirers of Secchi all over the world. (…) But you preferred 
to say that you wanted to build a large telescope under the aegis of Pietro Tacchini: consis-
tency demands that we do not fall back on our commitment to subscribers. (…) Therefore, 
sursum corda and let’s just think about doing what is worthy (…) because otherwise our 
posture towards the subscribers and the scientific world would not be proper.20

In other words, you asked for donations to build a large telescope and it is time you 
did it. Otherwise we besmirch the good name of Tacchini, and all of us are going to 
make a very bad impression to the rest of the world!

Moreover, at the same time that the Committee was changing its name from 
“provisional” to “permanent,” it also planned to become an independent nonprofit 
organization, which would have:

A wide, liberal statute that claims its full autonomy, and removes all those bureaucratic 
constraints that mostly increase expenses and merely creates the illusion of managerial 
responsibility and government oversight of our administration. (Relazione (1a) 1897, 
pp. 28–29)

However, due to “all those constraints” (and others), the Committee could only be 
officially established as a nonprofit organization 12 years later (Royal Decree No. 
296, Oct 17, 1909) after having drawn up its Statute in 1908 (Statuto 1908), with its 
capital raised to 123,118.56 lire.

The new Committee was now composed of nine members, who had to appoint a 
Commission of three members “to formulate a draft for the building of the 

20 F. Porro to U. Levi, Turin Sep 30, 1897 (ASRe-MS).

Table 17.1 For each year, the first two columns indicate the funds available to the Committee; the 
last two columns indicate expenditure estimates relative to that year

Year

Committee’s funds Expenditure forecast

Lire
Euro  
(2018) Lire Euro (2018)

1879 60,000 + 15,500 (Merz + staff) 250,000 + 65,000
1897 77,500 350,000
1904 53,250 (Steinheil) 235,000
1910 132,000 550,000
1916 165,000 + 127,000 (Bologna telescope 

and dome + building)
497,000 + 383,000

1918 147,000 225,000
1920 153,000 175,000
1921 159,000 154,000
1925 185,000 156,000
1970 900,000 8000

The conversion of lira into present-day euro (obviously approximate) has been calculated by using 
historical revaluation coefficients from different websites available online, after  verifying their 
consistency
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monument,” which had to be “an institute of heliophysics having its location in the 
native province of Fr. Angelo Secchi” (Statuto 1908, Relazione accompagnatoria, 
p. 4). This orientation of the Committee (to establish a local institution, not a “sim-
ple” telescope entrusted to the management of astronomers from existing observa-
tories) was one of the relevant barriers to the realization of the project. Tacchini 
himself had foreseen this; in 1897, he continued to insist that:

The Committee will not deviate at all from the fundamental concept originally established, 
(although) some phrases and proposals suggest that the Committee itself is willing to do 
something different from the 1881 project. (…) All this can be very harmful to the project. 
(…) On the other hand, long experience has shown me that, even with limited means, you 
can start a big project and carry it out in good time.21

17.6  Two Commissions

During this continuous vacillation between doing and not doing, deciding and not 
deciding, the Committee had appointed two other Commissions even before the 
establishment of the Commission according to the 1909 Statute (Relazione 
(2a) 1910).

The first Commission dated back to June 27, 1897, “to study the realization of 
the monument.” Its membership included Professor Giacomo Manuelli22 and the 
engineer Pellegrino Spallanzani, joined by the engineer Giovanni Ramusani a year 
later. Meeting from year to year, by January 1900 the members of the Committee 
were convinced that they were doing well “not to rush” and, indeed, “to have lead 
feet.” Thus three more years passed uselessly.

On June 18, 1903, marking the 85th anniversary of Secchi’s birth,23 Tacchini’s 
successor as director of Collegio Romano Observatory, Elia Millosevich 
(1848–1919), was invited to Reggio for a conference. On that occasion he asserted 
that an astronomical observatory could never be built and, supported by Schiaparelli, 
proposed to turn the project into one of “an observatory for meteorology and ter-
restrial physics” (Relazione (2a) 1910: 12–16).

His suggestion was so convincing that, a couple of weeks later, the Committee 
dismissed the first Commission and charged Manuelli to contact Ciro Chistoni 
(1852–1927), professor of experimental physics at the University of Modena, to 

21 P.  Tacchini to President of the Committee (U.  Levi), Rome Jul 22, 1897. In the same letter, 
Tacchini mentions, as an example of the success he achieved by proceeding in small steps, the 
Catania Astrophysical Observatory on Mount Etna; the meteorological observatories at Ischia, 
Mount Cimone, Sestola, and Pavia; and the one under construction on Mount Rosa. This pragmatic 
approach was one of Tacchini’s best organizational qualities (Chinnici 2006).
22 Giacomo Manuelli, professor of chemistry and later of physics at the R.  Istituto Tecnico in 
Modena, inventor of the “Pila Manuelli,” was the author of a controversial biography of Secchi: 
Manuelli 1881; a long and very critical anonymous review is in “La civiltà cattolica,” 11, 7 (749), 
1881, pp. 580–589.
23 Actually, the correct date of Secchi’s birth was June 28 (Chinnici 2019: 11–13).
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discuss the new project. This, of course, triggered the wrath of Tacchini, who per-
suaded the Committee at its November 29 meeting to appoint a second “Executive 
Commission” to solicit and collect donations for an instrument “in accordance with 
the original program.” The second Commission was composed of Manuelli, 
Ramusani, the lawyer Andrea Balletti, and Tacchini himself (Relazione (2a) 1910: 
12–16).24

In January 1904, after having examined the bids that Tacchini had solicited from 
“the gentlemen P. Henry of Paris, Cook of York, Zeiss of Jena, and Steinheil of 
Munich,” the new Commission proposed the immediate acceptance of the most 
advantageous one, from Steinheil. They had submitted a bid of 53,250 lire for a 
70-cm objective lens, which was widely discounted by the company “because of the 
purpose” of the lens (i.e., as a memorial monument to the famous astrophysicist 
Secchi).25 For the telescope mounting, Tacchini had contacted “Engr. Salmoiraghi 
in Milan, the mechanician Cavignato at Padua Observatory26 and Engr. Villiger at 
Zeiss,” hoping to discuss their tenders as soon as possible. They even looked into the 
possibility of exhibiting the mounting at the 1906 Milan International Exposition.

It was finally done!

17.7  Further Delays

No… it wasn’t.
The documents reveal that the relationship between Committee and Commission 

was rather stormy. In a letter dated February 8, 1904 to Senator Levi, Manuelli 
expressed his indignation at the discussions held in the previous day’s Committee 
meeting. He strongly reiterated that “the Commission is able to prove that the com-
plete Equatorial can be made with the available means” but a new obstacle was that 
some Committee members claimed “to have a written guarantee from the 
Government for the management of the Monument” as they considered it unclear if 
the project was to be that of “a Telescope and not of an Observatory.”

Once again, things came to a stop. Nevertheless, negotiations had already been 
undertaken with some firms, resulting in a heavy correspondence with the referents 
of both Committee and Commission.27 This correspondence lasted almost a year, 

24 It is worthwhile noting that Tacchini, the main proposer of the project, had to struggle over the 
years to defend his original idea.
25 Monumento Secchi. Commissione esecutiva. Adunanza del 26 gennaio 1904, annexed to Minutes 
No. 15 of the Committee (ASRe-MS).
26 It may be interesting to note that in 1898 the firm “Cavignato Giuseppe” had been proposed to 
the Committee as the only one able in Italy to build the mount for a big equatorial, having already 
achieved those for Florence, Turin, Rome, and Catania: G. Cavignato to U. Levi, Padua Apr 11, 
1898 (ASRe-MS).
27 The correspondence between Steinheil, Salmoiraghi, Zeiss, Cavignato, and Martini, on the one 
hand, and Manuelli, Tacchini, and Levi, on the other, goes from Mar 27, 1904, to Jul 8, 1905 
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showing a situation of puzzling confusion at Reggio, especially because some firms 
had been informed that the assignments of the work were actually to have been 
deliberated at the session of the Committee of April 25, 1904.

Some firms complained that they had received a request to define a “regular proj-
ect” and that they had submitted such without obtaining any answer; others, 
excluded from the assignment, denounced the methods of awarding contracts with-
out a regular notice to put the building firms involved “in competition”; others 
immediately requested that their proposals be returned, threatening appropriate 
actions for the expenses they had already incurred; others stated that they had imme-
diately responded to the confirmation of the assignment and had waited in vain for 
any answer. Finally, on October 26, 1904, the Commission members sent an official 
letter to the Chairman of the Committee representing the “abnormal conditions” in 
which they had found themselves for months, “because of the delay in concluding 
the contracts,” while “the rightful complaints of the firms were growing from day to 
day.” The Commission therefore urged the Committee to proceed, threatening to 
resign otherwise.28

Faced with such an embarrassing situation, Tacchini was forced to go back on his 
promise of “no longer interfering in the matter of contracts” and, on February 15, 
1905, wrote a long missive, probably addressed to Carlo Morandi (1840–1922), 
vice president of the Committee.29 Tacchini wrote from Villa Poggioli, in Spilamberto 
near Modena, where he laid severely ill, having tendered his resignation from the 
direction of the Central Office of Meteorology in 1899 and the Collegio Romano 
Observatory in 1902. He denounced “the treatment of President Senator Levi 
towards the Commission, Steinheil and Cavignato” and regretted that the failure to 
sign contracts had been attributed to his absence by sickness. He asked, however, 
that contracts be sent to him, which would be immediately returned approved, in the 
hope that he would recover soon. Alas, this was a vain hope: the astronomer died 
just over a month later, on March 24, without seeing the completion of the project 
he had proposed 25 years earlier, and to which he had devoted his final energies.

Levi had also been ill for some time. In a letter to Morandi, he attempted to jus-
tify himself by pointing out that he would have accepted every decision by the 
Committee and letting it be known as well that he intended to resign as president of 
the Committee.30

(ASRe-MS).
28 G.  Manuelli, G.  Ramusani, A.  Balletti to the President of the Committee (U.  Levi), Reggio 
Emilia Oct 26, 1904 (ASRe-MS).
29 P. Tacchini to “Ill.mo S. Comm.re,” Poggioli di Spilamberto Feb 15, 1905 (ASRe-MS); see also 
the correspondence cited in Lugli 2001, op. cit., pp. 207–208.
30 U. Levi to C. Morandi, Rome Mar 7, 1905 (ASRe-MS).
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17.8  Other Proposals

Tacchini’s death and Levi’s senatorial commitments in Rome were good pretexts to 
call a halt to the project that once had seemed well advanced. The second Report (in 
1910, 30 years after the Manifesto of the first proposal and 5 years after Tacchini’s 
death) summarized some of those “constraints” that had slowed down “the simple 
idea (Tacchini’s) for whose execution the means would perhaps have been ade-
quate” – i.e., a telescope and a dome paid with the funds raised and the staff pro-
vided by the Government (Relazione (2a) 1910).

According to the historical revaluation index, the value of the lira had remained 
almost unchanged (about 0.96) from 1879 (the year of Tacchini’s estimate of 60,000 
lire) to 1910 (date of the second Report); therefore, the collected amount of 130,000 
lire should have been sufficient for purchasing the telescope and erecting a large 
part of the building (see Table 17.1). However, in addition to the 1903 idea of “an 
observatory for meteorology and terrestrial physics” proposed by Millosevich and 
Schiaparelli, someone suggested allocating part of the funds to create awards for 
outstanding scientific papers, while others proposed to use it to reprint Secchi’s works.

And then in April 1907 “a proposal popped up” that seemed certain to succeed. 
Carlo Bonacini (1867–1944), newly appointed director of Modena Planetarium and 
professor of terrestrial physics at Modena University, presented extensive documen-
tation for “establishing an Institute of Cosmic Physics dedicated to Secchi, and an 
observatory for astrophysical and geodetic observations with the contribution of the 
Royal University of Modena,” both connected to the already existing Geophysical 
Observatory.31 However, the uncertain behavior of the Committee postponed every 
decision until it was transformed into a nonprofit organization in October 1909.

Meanwhile, Antonio Abetti (1846–1928), director of Arcetri Observatory, 
showed his interest in the Modena proposal. Together with his son Giorgio 
(1882–1982), he suggested replacing the large refractor proposed by Tacchini with 
a more modern solar tower, similar to one under construction in the United States 
(Relazione (2a) 1910: 20–21). In this regard, it is interesting to report a passage of a 
letter written in 1909 to Antonio Abetti by George Ellery Hale (1868–1938),32 one 
of the leading astrophysicists of the time, the designer of solar towers, founder and 
director of Mount Wilson Observatory, and later promoter of the large 200-inch 
telescope on Mount Palomar:

Probably he (Giorgio Abetti, then a guest at Hale’s institute) has written to you regarding 
our discussions on the question of a tower telescope (that Giorgio was planning to build in 
Italy). I have been in correspondence with Professor Riccò on this subject, and hope to talk 

31 Minutes of the Committee No. 19 of Apr 2, 1907 (ASRe-MS), and the annexed 
correspondence.
32 G.E.  Hale to A.  Abetti, Pasadena, Mount Wilson Solar Observatory Mar 19, 1909 (AAFi, 
FA.1.1.92.(L)).
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with him both in Paris and Rome.33 He understands that the sum of 120,000 lire, collected 
for the Secchi monument, should be available for the purchase of a telescope for solar 
research.

An exchange of letters from March 11, 1909, to February 5, 1910, among Giorgio 
Abetti, Annibale Riccò (1844–1919; director of Osservatorio Astrofisico di Catania, 
founded by Tacchini), the physician Gaetano Tacchini (brother of Pietro), and the 
rector of Modena University, shows that they discussed the possibility of using the 
Secchi Monument funds to build a solar tower at Reggio or elsewhere, even in 
Catania (as proposed by Riccò). Among other things, Gaetano Tacchini proposed to 
the Committee that Riccò replace his deceased brother Pietro, in the hope of rousing 
an institution that appeared to him to be “asleep” (Cristaldi and Mangano 1997).

Moreover, as he wrote to Riccò on November 4, 1909 (Ivi: 658), soon after the 
establishment of the Committee as nonprofit organization, it seemed to him unlikely 
that a “Jewish-freemason president,” Ulderico Levi, could lead a project for a monu-
ment to a Jesuit. If the project had been entrusted to the Church instead – Gaetano 
Tacchini wrote  – the Catholic banks of San Prospero at Reggio Emilia and San 
Geminiano at Modena and the Jesuits themselves would have certainly contributed 
to the expenses. He concluded that “so long as a Jew presides over the Committee, 
nothing will be concluded.” Notice that Tacchini’s brother here accused Levi of 
being “a Jewish-freemason.” These were the years when the negative myth of 
“Jewish-Masonic” conspiracies was spreading throughout Europe. But we have 
found no other example of such anti-Semitism in any of the examined documents, 
so it is our opinion that this case was just Tacchini’s outburst over the lengthiness of 
the project.

The last known letter of this correspondence was written by Hale to Riccò on 
February 5, 1910: in it, the idea of moving the still nonexistent Monument from 
Reggio to Catania is repeated (Ivi: 659):

It is not possible to induce them (i.e. the Committee) to erect the telescope in Catania, or are 
they convinced that it must be in Modena?

Alas, not even Modena was good enough: it had to be in Reggio! In 1914, Gaetano 
Tacchini published his letter of October 10, 1913 (Tacchini 1914),34 where he 
recalled the appeal of the International Union for Cooperation in Solar Research 
(established in 1905 by Hale) and insisted on building a solar tower 35-m high in 
Reggio; his letter provided an estimate and some construction details, enclosing a 
beautiful color painting in an eclectic style somewhere between Art Nouveau and 
Neo-Baroque (Fig. 17.4).

To make matters worse, the Committee got in touch with Senator Giovanni 
Celoria (1842–1920), the successor of Schiaparelli as director of Brera Observatory, 

33 Hale was in Paris to inspect the Mount Wilson 2.5 m (100″) telescope works at Saint-Gobain and 
in Rome to attend the Meeting of the Executive Committee of the Solar Union (General 
Notes 1909).
34 Gaetano Tacchini’s letter is informally addressed “Signore” and by the text one understands that 
it is an astronomer, perhaps the same Abetti.
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Fig. 17.4 Project by Gaetano Tacchini, brother of Pietro, of a solar tower to be built in Reggio 
Emilia. (Tacchini 1914)
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who proposed that “a magnetic observatory ought to be founded, which is lacking 
in Italy and could provide useful service to Science” (Relazione (3a) 1918: 6–7). 
This proposal was also supported by Senator Augusto Righi (1850–1920), an emi-
nent professor of physics at Bologna University. The physicist Antonino Lo Surdo 
(1880–1949), director of the Royal Geophysical Observatory in Florence, was pro-
posed as one who could be responsible for the magnetic observatory, and he was 
invited to Reggio in 1913 to present the new scientific project and the business plan 
to the Committee.

17.9  The First World War

The outbreak of the First World War cooled off this accumulation of ideas, projects, 
and criticisms; and the large devaluation of the lira did not favor the expected 
increase of capital, which consisted almost entirely of Italian Government securi-
ties. The third Committee Report, in 1918 (the centenary of Secchi’s birth), declared 
its value to be 146,974.55 lire. This was double that of the first Report of 1897, and 
an increase from 1910; but given  the devaluation of the lira in the meantime, its 
actual value had fallen almost by a half (see Table 17.1).

The same Report mentioned a new prospect (or a new hindrance!) for the 
Monument. Michele Rajna (1854–1920), director of Bologna University 
Astronomical Observatory, intended to move the Observatory from the center of the 
city to a more suitable site. Among various possibilities, he contacted the Secchi 
Monument Committee and proposed to build the scientific monument on the hills 
near Bologna, keeping it named for the Jesuit astronomer. However, in a letter of 
April 1907 by Millosevich, he was informed of the Committee’s refusal to give its 
funds to an institution set in Bologna.35

In the summer of 1912, contacts resumed among Guido Horn d’Arturo 
(1879–1967), assistant to Rajna, and people related to the Secchi Monument 
affaire:36 the poet Naborre Campanini (1850–1925) from Reggio, Carlo Bonacini 
from Modena University, and the lawyer Carlo Morandi, who replaced Levi as pres-
ident of the Committee. The situation had substantially changed, thanks to Adolfo 
Merlani (1856–1924), assistant professor of mathematical analysis and honorary 
assistant to the chairs of astronomy and infinitesimal calculus at the University; 
Merlani had donated some property located in the hills nearby Bologna to build the 
new observatory.37 On April 18, 1916, after an inspection of the site at Mount 
Grifone, there was a meeting at the Bologna University Rectorate; the rector, Leone 
Pesci (1852–1917), Righi, Merlani, and Rajna, for the University, and Morandi and 

35 E. Millosevich to M. Rajna, Rome Apr 4, 1907 (AABo, Serie Storica Specola, B46.1.77) and 
Relazione (2a) (1910: 17–18).
36 AABo, Serie Storica Specola, B29.3 “Monumento al Padre Angelo Secchi.”
37 AABo, Serie Storica Specola, B29.6.1 “Stazione astronomica sul Monte Grifone.”
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Campanini, for the Reggio Committee, came to an agreement. A month later, Rajna 
presented to the rector a report with a detailed economic plan and a detailed pro-
posal for the scientific use of the “New Astronomical Observatory ‘Fr. Angelo 
Secchi’ on Mount Grifone.”38

Rajna’s scientific plan for the new Observatory was:

(…) a different kind of astronomical work, in which photography has recently given a vast 
wealth of important results even with relatively modest instruments, is research and photo-
graphic observations of asteroids or small planets … [to collect] the observational material 
indispensable for calculating their orbits. [The results could be published] first in the 
Reports of some of our main scientific Academies (…) and would then be distributed as 
extracts or separate booklets with a special cover, such as, “Publications of the Astrophysical 
Observatory ‘Fr. Angelo Secchi’ annexed to the Specola of the Royal University of 
Bologna.”

A budget of 292,000 lire was to be used for acquiring a “photographic equatorial 
having a 40-cm aperture objective lens” (the size was almost half that of the 70-cm 
telescope proposed by Tacchini) “and 180-cm focal length,” equipped with an 
appropriate spectroscope, precision timepieces, accessories, dome, transport, books 
and furnishings, land closure, custody building, guesthouse, director’s home, heat-
ing, water, light, etc. The staff would be supported by the Government.

The cost had already grown but, considering the commitment of the Bologna 
University and the munificence of Merlani, the operation was still affordable. In 
fact, the minutes of a meeting held in Bologna Rectorate on December 27, 1916 and 
signed by the Committee president, Morandi, and the Bologna rector, Pesci, reported 
that all the representatives in toto concurred on Rajna’s project. The Committee was 
committed to communicate to the rector the amount available, the University was 
“obliged to make sure that the Observatory itself would be developed, through the 
funds provided by Reggio Committee,” and both institutions would complete the 
necessary arrangements at the relevant Ministries.39 The whole project could be 
accomplished, thanks to “the generous initiative (of Merlani) and the enlightened 
intervention of the meritorious Reggio Emilia’s Committee.”

17.10  The Postwar Situation

But the ongoing war and then postwar problems diverted attention from the 
building of an astronomical station. The matter came back up in 1920, four years 
later, in a document which is here reprinted in its entirety:40

June (or July) 1920

38 Ivi, B.29.6.2.
39 Ivi, B.29.6.3.
40 Ivi, B.29.6.4.

17 The Unfulfilled “Secchi Monument” at Reggio Emilia



296

The elected Executive Committee to erect in Reggio a scientific monument to Father 
Angelo Secchi;

whereas in the long years since its establishment, the possibility has changed of creating 
and managing in Reggio, immediately or in a near future, a scientific monument useful 
to astronomical studies with the funds the Committee has at its disposal, given the 
industrial and economic conditions for the construction of Equatorials and Observatories 
according to the requirements of Science;

whereas the many attempts made by the Committee to replace a Specola with minor insti-
tutes for solar physics, astronomy, or meteorology, following suggestions and advice of 
illustrious scientists such as Schiaparelli, Millosevich, Celoria and Righi, have all failed 
and the events are shown in the reports already published;

whereas its clear obligation to honor with a scientific monument the memory of Father 
Angelo Secchi, giving effect to the intention and willingness of the subscribers who 
with this single intent collected donations from all nations;

whereas, moreover, that is not enough to just build the monument, since for it to add to the 
progress to the science it must be fruitfully used;

the Committee, with regret renouncing the early purpose to institute it in Reggio because it 
is impracticable, decides not to delay more in fulfilling its task, by erecting an 
Astronomical Observatory named for Father Angelo Secchi on Mount Griffone, near 
Bologna, with the contribution of the Royal University of Bologna. It yields the funds it 
has collected, which is minimal in comparison to the large expenditure, to the University, 
and it entrusts to the University the construction of the building and the operation of the 
Observatory, reserving the right to make the procedures and guarantees of the contract 
and to establish the rules to ensure the scientific aspects of the monument in the future.

A later sentence at the bottom of the manuscript explained what the outcome was:

Agenda presented to the Committee by Commendatore Naborre Campanini, concerning 
which the Committee voted to suspend the motion.

It was a proposal for an official resolution that could finally have concluded a proj-
ect started more than 40 years earlier; but the Committee did not put it to the vote, 
for all the usual hesitations.

The fourth (and last) Report, dated 1921 (Relazione (4a) 1921: 7), said that “the 
problems of the war and the troubled times that followed, and further reasons of the 
special competence of the Committee, have left and still leave on the carpet” the 
proposal for an Astronomical Observatory “Angelo Secchi” on Mount Grifone near 
Bologna, and the Genoa proposal by Porro about the use of solar energy (of which 
see below). After reiterating the two fundamental points of the 1908 Statute – the 
funds collected had to be used for a “Scientific Monument” and nothing else, and it 
ought to been constructed in Reggio Emilia – it recalled how in 1897 the Committee 
had made contact with the Merz and Clark firms41 and later, in 1903–1904, with 
other firms, and it had finally tried to:

temper the rigor (of the Statute …) by means of negotiations with Modena University, 
which unfortunately failed, and with Bologna University (those still open), which had taken 
on the appearance and strength of moral commitments but which are perhaps destined to 
fail, due to the economic conditions of the present time. (Relazione (4a) 1921: 8)

41 The text shows “Metz e Cholck.”
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After a long and severe illness, Rajna died in September 1920, without knowing the 
outcome. Guido Horn d’Arturo, named to succeed him, tried again in 1921, in vain, 
to resume contact with the Committee,42 before turning in a different direction and 
in 1936 building the observational station at Loiano with a 60-cm Zeiss reflector 
telescope, thanks to the legacy of Bianca Montanari, Merlani’s widow.

The proposal “by Porro of Genoa,” mentioned in the Report, had been made in 
1918 by Francesco Porro de’ Somenzi (1861–1937), professor of astronomy in the 
Royal University of Genoa and director of the local meteorological observatory. He 
had proposed to use the funds to “implement the direct use of solar energy,” arguing 
that “science must adopt a utilitarian role to address the needs of the public” 
(Relazione (3a) 1918: 8–9): this proposal also went unheeded.

Forty years had passed and, going back to the fourth Report, it is clear that the 
economic aspect was the prevailing factor in the lack of decision: in 1920 the capital 
had grown to 152,995.27 lire but (as shown in Table 17.1) its purchasing power was 
largely decreased. Hence, the Committee had no choice but “to reduce the scientific 
Monument to a minimum, or wait for the lira to recover its value, or convey it to 
another purpose, or donate it to another Institute.”

17.11  Still Other Proposals and Delays

A bitter controversy arose during the Conference of the Italian Society for the 
Advancement of Sciences (SIPS), held in Trieste in September 1921. According to 
the secretary-rapporteur of the Secchi Committee, the participants wanted to drop 
the previous work of the Committee itself; in fact, a motion proposed by Luigi 
Carnera (1875–1962), director of Trieste Astronomical Observatory, and approved 
during the Astronomy and Geodesy Session, essentially requested that the 
Committee “be recomposed with competent technical persons and that it contribute 
economically to the solar tower in Arcetri” (Almagià 1922). The SIPS intervention 
was rejected with indignation by the Committee (Relazione (4a) 1921: 9–10):

Due to limited resources of our universities, we understand how those who direct them try 
to bring grist to their own mill at the cost of letting their neighbor die of thirst, but we 
believe that these resolutions are not supported either by the Government or by public opin-
ion, and that the Committee has the right to retain full freedom to decide, without indulging 
in special interests and the clamor of people who ignore or pretend to ignore the true state 
of affairs.

They explicitly claimed, therefore, that the only option was to establish “a modest 
Institute that recalls Secchi to his fellow citizens.” But even this could not be 
achieved.

42 Letters by G.  Horn d’Arturo to Triglia (unidentified) in Rome, Apr 23 and May 9, 1921, in 
AABo, Fondo Guido Horn d’Arturo, Epistolario privato, B02.68 e B02.82.
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On November 1921, polemical article in the widespread weekly journal La 
giustizia, entitled “What can we do for Secchi Monument?”, still argued for donat-
ing the funds to the solar tower in Arcetri (G.A.A. 1921):

The centenary of Secchi’s birth […] has passed almost unnoticed and the worthy men in the 
Committee – which is appropriately called ‘permanent’– look as if they serenely want to 
wait until the centenary year from Secchi’s death, namely 1978. All this appears to be scan-
dalous. (…) Evidently, they are in no hurry to decide and then disband.

Probably under the impetus of another long article, “Is the Scientific Monument to 
Angelo Secchi an urgent duty?”, published in January 1925 in the monthly maga-
zine La Provincia di Reggio (Reina 1925), the Committee finally appeared to 
approve building in Reggio not a solar tower, but “the first popular astronomical 
observatory with exhibits of astrophysical subjects and with some of Secchi’s 
instruments, original drawings, and manuscripts,” according to what had been pro-
posed by Antonio Abetti in a city conference. There was also an illustration of the 
proposal by the architect Achille Grimaldi for the restoration of the Palace of 
Museums and Fine Arts, which beautifully displayed a large dome for the 
Meteorological Observatory (Fig. 17.5).

A few months later, the Committee’s president Igino Bacchi presented the details 
of the financial situation, concluding that:43

43 I. Bacchi to Committee, Reggio Emilia Apr 14, 1925 (ASRe-MS).

Fig. 17.5 Project by architect Achille Grimaldi showing a large dome for the Meteorological 
Observatory on the Palace of Museums and Fine Arts in Reggio Emilia. (Courtesy: Istituto 
d’istruzione superiore “Angelo Secchi,” Reggio Emilia)
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Up to the point that we have now reached, forty-four years after launching the proposal for 
the monument, we find ourselves without any other solution that the automatic compound-
ing of the interest of the patrimony and therefore the discomforting but absolute certainty 
that an amount sufficient to implement the original idea could only be attained after a very 
long time, the length of which cannot be established.

There were therefore only two options: “to continue to accumulate the interest up to 
a conspicuous amount” or “to use the patrimony immediately, passing it on to a 
modest city institution where it could be put to use right away.” The Committee 
reached an agreement on the second option, and on July 3, 1925, Bacchi sent a letter 
of intent to the president of the Provincial Deputation of Reggio Emilia with the 
proposal to donate to the Province “the entire amount of its patrimony,” equal to 
184,500.81 lire, in order to build an “Osservatorio Meteorico Agrario [i.e. an insti-
tute to determine the weather for farmers] with annexed a Seismic Observatory, 
named for and dedicated to Father Angelo Secchi.”44 With unusual efficiency, the 
Committee had already instructed the engineer Enzo Toscano to draft a proposal.45

17.12  “Not Even a Hut…”

The purpose of honoring Angelo Secchi with a telescope, or with any other kind of 
astronomical institution, had passed away. But the national astronomical commu-
nity still remembered those unspent funds, and the “Monument to Angelo Secchi in 
Reggio Emilia” should have been discussed during the Meeting of the National 
Astronomical Committee of May 22, 1926.46 Unfortunately, we are not aware of the 
content of the discussion; we can only rule out that it was something related to the 
solar tower in Arcetri, which had been in operation since 1925 (Abetti 1921; 
Gasperini et al. 2004).

Even the action of devolving the funds to the Province did not occur right away, 
and only on June 20, 1927, was the deed of donation finally drawn up. The deed 
stated that “the Committee remains fully exempt from all interference and all obli-
gations, and its members are freed from all commitments and responsibilities.”47 
The donation was destined “to pay out the funds collected for the benefit of public 
education (and) to construct and activate an observatory to study weather for farm-
ers with an annexed seismic observatory (…) at the Agricultural Middle School of 
Zootechny and Dairy.”

44 I. Bacchi to President of the Provincial Deputation, Reggio Emilia Jul 3, 1925 (ASRe-MS).
45 I. Bacchi to E. Toscano, Reggio Emilia Jun 10, 1925; E. Toscano to I. Bacchi, Reggio Emilia Jul 
7, 1925, in which he charges recipe of 2000 lire for the project (ASRe-MS).
46 V. Cerulli, Rome May 10, 1926, Convening of the Comitato Astronomico Nazionale of the CNR 
in Trieste for May 22, 1926 (ASOC, Attività scientifica, Corrispondenza scientifica, B.1, f.4).
47 Folder “Rogito 20 giugno 1927 di consegna del patrimonio alla Provincia ed altre carte del 
Comitato” (ASRe-MS); the letters of May 3 and 14, and Sep 11, 1927, confirm the passage of 
documents from Committee to Province (ASRe-MS); see also Finzi (1971: 145–147).
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However, the Province Administration did not appear to be able to “put [the pat-
rimony] to use right away,” as the Committee’s members had hoped, and things only 
got more complicated as the acceptance of the donation was deliberated. In the 
minutes of the public sitting of the Provincial Board of July 8, 1926, annexed to the 
notary deed, we read, “negotiations (started) with the Presidency of the School’s 
Administrative Commission in order to be sure that the building would be built on 
the property of the province assigned to School, and that the observatory would be 
operated under the School’s care and expense.” In turn, the School Committee had 
begun “negotiations with the Ministry of the National Economy in order to obtain 
financial assistance from the same Ministry. (…) If the Ministry, as it seems, wants 
to support the initiative of the School’s Administrative Commission, one could have 
an Institution of great scientific usefulness in Reggio (…) without any cost on the 
Province’s budget.”

From one resolution to another, from one institution to another, matters went on 
for many decades – years that included another war, the postwar reconstruction, and 
the Italian economic boom.

The last mention we can find (Finzi 1971: 147) about this unachieved and phan-
tasmal “Secchi Monument” is that, in 1970, 43  years after its donation to the 
Province and 90 years after the publication of the Manifesto with the original pro-
posal, the sum had grown to 900,000 lire – about 8000 euro at today’s value, from a 
value of half a million euro that it had reached just before the Great War. This was:

just barely enough to build a meteorological hut. But not even a hut was built, not even in a 
flowerbed of the public gardens.

Our search for any post-1970 information about the unused funds (if any) of the 
Secchi Monument in the Historical Archives of the Polo Archivistico del Comune di 
Reggio Emilia and in the Archives of the Provincia di Reggio Emilia have been 
without result.

17.13  Why Did the Committee Fail?

Undoubtedly, the economic and social difficulties connected with the Great War, in 
addition to the meddling of a scientific community that sometimes saw that “nest 
egg” more as a chance to develop their personal facilities than to exalt the memory 
of the great astrophysicist, did not help the work of a Committee that in any event 
showed itself to be slow, confused, undecided, and certainly overwhelmed by the 
many proposals with so many disparate interests that came from every direction.

The other insuperable obstacle was the statutory constraint that the Monument 
had to be set up in Reggio Emilia. In fact, a large telescope placed almost at the sea 
level and in the middle of the misty Po Valley would have been almost useless. 
Moreover, the development of instrumental technology in the following years turned 
quickly to the reflecting telescope – the last large refractor built was the 102-cm of 
Yerkes Observatory in 1897 – and to sites at high altitudes, far away from cities. The 
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inappropriateness of the site, the developments in instrumentation, and the new 
directions of astronomical research certainly favored some of the proposals to move 
Secchi Monument elsewhere or to direct it towards purposes other than celestial 
observations. This only contributed to the indecisiveness of a Committee that 
appeared increasingly unprepared and unfit to decide.

While the four official Reports (1897, 1910, 1918, and 1921) present quite a 
sugar-coated view of the difficulties that gradually emerged, with embarrassing jus-
tifications for the delays in taking over the responsibilities of the monument, the 
archival correspondence reveals a very different situation. Some people (Tacchini 
and Manuelli first) continually insisted on a quick decision, providing estimates and 
asserting the simplicity and viability of the initial project – a large refractor in a 
dome, entrusted to the scientific management of astronomers, and with economic 
support from the Government. But the Committee, or some of its members, appeared 
to be increasingly oriented towards establishing a completely independent institu-
tion at Reggio: an astronomical observatory, or a meteorological one, or an agrarian 
or a popular one, or an institute of astrophysics, or of cosmic or terrestrial physics, 
or a solar tower, and so on. Every time the matter seemed to be close to a solution, 
snags arose that made the Committee put off any decision. Under the leadership of 
Senator Ulderico Levi, the Committee was extremely efficient at obtaining a large 
amount of funding; but otherwise, the Committee appeared to be paralyzed in every 
decision.

Almost 50 years passed from the beginning of its history in 1879 to the closing 
of the Committee with the passage of the project to the Province in 1927. But to the 
protagonists this slow progress was seen to be a feature, and even a deliberate 
choice – a sort of festina lente – as can be read in the second Report of 1910:

If the Committee (…) stops and looks back to contemplate the path it has traveled, there 
will be no complaint about its delays, its uncertainties, its prudence, if all this contributes to 
make it more confident in the way forward. Nor, working silently and with reflection, need 
it ever have to indulge in an unhealthy craving for popularity and notoriety, even while the 
unknowing crowd insists, with raised voice and sometimes not without a hint of irony, that 
something ought to be done, no matter what it is, no matter what it does! If one can be 
allowed to compare our small selves to the greats, if we modest people can raise our eyes to 
those who are high, we must say that the examples from the vault of history of Fabius 
Maximus the Cunctator [“the Delayer”] and William the Taciturn were for us neither idle 
nor unreachable models.

… this, after 30 years had passed since the beginning of the story. What more can 
we say? “The Cunctator and the Taciturn” were amateurs in comparison to this 
Committee.

17.14  The Final Monument

Despite this long and endless story, a “scientific monument to Father Angelo Secchi” 
does actually exist.

17 The Unfulfilled “Secchi Monument” at Reggio Emilia
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On October 26, 2006, NASA launched the “Solar Terrestrial Relations 
Observatory” (STEREO) mission with two twin spacecraft on slightly different 
orbits for a “stereoscopic” study of the Sun (https://stereo- ssc.nascom.nasa.gov/). 
The two probes carry identical instrumental packages consisting of an extreme 
ultraviolet imager, two white light coronagraphs, and a heliospheric imager dedi-
cated to the study of solar physics and sun-earth interactions. This is all a part of the 
“Sun Earth Connection Coronal and Heliospheric Investigation” program, or, to use 
its acronym: SECCHI (https://stereo.gsfc.nasa.gov/instruments/instruments.shtml).

Indeed, here is the “Scientific Monument” dedicated to the renowned astrophysi-
cist! At last, Secchi has his scientific monument, orbiting far above the chaos of 
human frailties. Alas, it is sad to see that not even one Italian institution appears 
among the 29 involved in the development of the instruments on SECCHI.

But one can wonder: how would the Committee have reacted upon learning of 
the construction of a Secchi Monument that was not in Reggio Emilia, or nearby, 
but rather in space?
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Chapter 18
The Ups and Downs (and Ups Again!) 
of Astrophysics in Italy After Secchi

Simone Bianchi

18.1  Introduction

The Italian astronomical community has always been aware of the role of Secchi 
and other national pioneers in the birth and development of astrophysics. This is 
evident, for example, in a 1939 review of the achievements of Italian astronomers in 
the previous 100 years, written by the director of Rome Astronomical Observatory, 
Giuseppe Armellini (1887–1958). At a time when astronomical spectroscopy had 
become a minor topic in Italy, striving to regain its importance over decades in 
which most Italian astronomers had been devoted to classical astronomy and geod-
esy, Armellini (a classical astronomer himself, with interests in theoretical astro-
physics; Masani 1998) could not but stress the Italian contribution to solar and 
stellar spectroscopy:

Italian science … left a truly magnificent trail in solar astronomy with the illustrious names 
of Secchi, Respighi and Riccò … the start [of daily monitoring of solar prominences] has 
to be credited exclusively to Italian astronomy … [Concerning stellar astrophysics] we can 
say, with full historical fairness, that our astronomy has the great pride of having been really 
at the forefront of this problem, and of having indeed laid the foundations of this chapter of 
the science of the heavens. In fact, Italy has the merit of having: (1) founded stellar spec-
troscopy, with Donati; (2) established the spectral types of the stars, with Secchi; (3) inau-
gurated the use of the best-suited instrument for stellar spectroscopy observations (the 
objective prism), with Respighi. … It would be useless to add further considerations, since 
the facts are obvious. In the 1860s, Italian scientists created stellar spectroscopy […] 
(Armellini 1939: 469,480,484; original Italian, author’s translation).

Looking past the bombastic style, typical of texts written during the Italian fascist 
regime, one can feel in Armellini’s words the urge to establish once again a foothold 
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in a field that, after the initial burst of activity by Secchi and his colleagues, had 
largely developed elsewhere.

This chapter will follow the varying fortunes of astrophysics in Italy: from the 
work of the pioneers; to the decline of spectroscopic studies at the turn of the nine-
teenth century; through their resurgence around the 1920s, especially thanks to the 
exchange between George Ellery Hale (1868–1938) and Giorgio Abetti (1882–1982); 
until the definitive affirmation of astrophysics in modern times.

18.2  The Italian Forerunners

The “founder of stellar spectroscopy” (at least according to Armellini 1939) was 
Giovanni Battista Donati (1826–1873), assistant and, as of the end of 1859, director 
of Florence Observatory. By 1856 Donati thought of using a prism to observe the 
spectra of stars of different colors, in order to study their effects on scintillation and 
stellar position but also to compare their dark lines with those observed in the Sun 
(Galli et  al. 2013). Using a single-prism spectroscope attached to a seventeenth- 
century burning lens, Donati observed the spectra of 15 stars and made a prelimi-
nary classification, noting that “the stellar striae have a certain relation to the star’s 
colours. Thus the white stars seem to have a family likeness; and so the yellow, 
orange and red ones” (Donati 1863: 101).

Donati’s article, dated August 1860, lacks any discussion of the physical origin 
of the “striae.” In fact, the astronomer could not have been aware of the concurrent 
work by Kirchhoff on the identification of the sodium absorption lines in the solar 
spectrum  (Bianchi et  al. 2016). When the paper was finally printed (in Italian, 
French, and English, between 1862 and 1863), it encountered wide attention and 
caused a rush of publications on stellar spectroscopy (Hearnshaw 2014). Among 
them, there is the 1863 paper by Secchi, the first of the series that eventually led to 
his classification of stellar spectra in five types (Chinnici 2019: 167–177; Altamore 
et al., Chap. 1, in this volume). In turn, Secchi stimulated the interest of Lorenzo 
Respighi (1824–1889), director of the Campidoglio Observatory in Rome, in spec-
troscopic studies. As Armellini (1939) stated, Respighi was the first to use an objec-
tive prism, a low-dispersion (small angle) prism in front of a telescope objective. 
Together with photography, the use of the objective prism proved to be essential in 
subsequent work on the classification of stellar spectra (for instance, the Henry 
Draper Catalogue), since it allowed one to analyze several stellar spectra in the 
telescope’s view field. The objective prism was also used by Secchi almost at the 
same time as Respighi; a bitter dispute on the priority of this invention precluded 
any collaboration between the two astronomers and, as a consequence, affected col-
laborations with other fellow spectroscopists (Chinnici and Gasperini 2013).

Besides stars, the early Italian spectroscopists also turned their attention to auro-
rae, zodiacal light, comets, planets, and, obviously, to the Sun. Donati and Secchi 
had an interest in solar phenomena even before they made spectroscopic studies: 
both observed the 1860 solar eclipse from Spain and concluded that the reddish 
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prominences seen at the border of the eclipsed disk were solar, rather than lunar or 
atmospheric phenomena. After the discovery by Lockyer and Janssen that promi-
nences could be seen even without an eclipse by putting a spectroscope’s slit tan-
gential to the solar limb, in 1869 Respighi started the first series of systematic daily 
observations of the whole limb, the only ones available until 1871 (Armellini 1939).

The solar eclipse of December 22, 1870, whose totality path passed through 
Sicily, gave further opportunity for the community to grow. A program of observa-
tions was set up, including specific spectroscopic studies of the chromosphere, 
prominences, and corona (Olostro Cirella and Gargano 2016). The organizing 
Committee met in September 1869 in Florence, where the attendees participated in 
the inauguration of the new astronomical Observatory on Arcetri hill (Fig. 18.1). An 
important role in the organization of the expedition to Sicily was played by Pietro 
Tacchini (1838–1905), an astronomer at Palermo Observatory. Tacchini had long 
been in contact by letter with Secchi, thanks to their common interest in observa-
tions of solar photospheric features, but he had not yet used a spectroscope by him-
self. On the day of the eclipse, he collaborated in the spectroscopic observations 
carried out by another young astronomer, Giuseppe Lorenzoni (1843–1914) from 
Padua Observatory, who learned how to use the spectroscope specifically for 
that event.

Fig. 18.1 The inauguration of the Arcetri Observatory on September 26, 1869. Among the partici-
pants are A. Secchi (number 4), G. B. Donati (n. 12), and G. Lorenzoni (n. 3). Photographic archive 
of the Arcetri Astrophysical Observatory, detail. (See Bianchi et al. 2013 for the full picture and 
identification list)
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In June 1871, Tacchini proposed to Lorenzoni and Secchi a program of joint 
spectroscopic observations of the solar limb, to determine the influence of the tele-
scope, weather, and observer on the shapes of the observed prominences. The exper-
iment was successful and Secchi suggested the collaboration be extended to other 
Italian observatories. The scientific program of a daily monitoring of prominences 
became the basis of the Società degli Spettroscopisti Italiani, established in October 
1871. Soon after, Tacchini managed to obtain funding to publish the Memorie della 
Società degli Spettroscopisti Italiani, whose first issue appeared in January 1872 
and which he edited until his death (Chinnici 2008).

18.3  The Memorie as the First Astrophysical Journal

The program of the Società was not as successful as Tacchini and Secchi had hoped 
because of a lack of participants and rivalries between astronomers. Only the obser-
vatories of Collegio Romano and Palermo (later replaced by Catania) contributed to 
produce systematic solar limb drawings; Padua provided drawings only up to 1872, 
while Respighi never sent the series he had started in 1869. Nevertheless, all avail-
able observations were later combined and completed with the contribution of for-
eign observatories, constituting an invaluable dataset of solar activity over 40 years 
(Chinnici 2008).

By contrast, the success of the Memorie was immediate: Tacchini soon started to 
receive requests for copies from abroad, and in 1873 the journal was awarded a 
medal and certificate at the Universal Exhibition in Vienna. Later in 1893, the entire 
collection of the Memorie was on exhibit at the World Congress on Astronomy and 
Astro-Physics in Chicago. As expected from the objective of the Società, the major 
focus of the Memorie was on solar physics, though the journal also contained arti-
cles on other branches of astronomical spectroscopy and, to a lesser extent, on spec-
troscopic studies unrelated to astronomy. The Memorie also accepted papers on 
non-spectroscopic astronomy and other topics traditionally studied in astronomical 
observatories, such as meteorology and geodesy. Despite these contributions, for 
several decades the journal kept its character as a publication mainly dedicated to 
spectroscopy. Though the main language of the Memorie was Italian, a sizeable 
fraction of papers (about 20%) were from foreign authors, among whom were sev-
eral of the leading astrophysicists in Europe and America (Chinnici 2008). For these 
reasons, the Memorie can be considered the first international journal devoted to 
astrophysics (Meadows 1984).

Among the contributors of the Memorie was the American astrophysicist George 
Ellery Hale. In the USA, astrophysics was having an enormous development, thanks 
not only to the availability of private funding but also due to the lack of an estab-
lished tradition in classical astronomy (and its cultural burden). The rapid advance 
of Hale’s academic career, fostered by his wide-ranging interests, mechanical skills, 
and entrepreneurial spirit, serves as an example of the possibilities offered to spec-
troscopists in America (for a biography, see Wright 1966). At the beginning of the 
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1890s, Hale invented and built the spectroheliograph, an instrument to photograph 
the Sun in monochromatic light, which he used from his own private observatory. 
Soon he secured funds for building the Yerkes Observatory of the University of 
Chicago, to which he was appointed director.

At the same time Hale worked to establish an international scientific journal of 
astrophysics. During a trip to Europe, Hale searched for support for this new publi-
cation among the astrophysicists he encountered. In spring 1894 he visited several 
Italian members of the Società and met Tacchini, who directed the Collegio Romano 
Observatory following Secchi’s death. Hale returned to the USA with a promise of 
cooperation from Tacchini and other prominent spectroscopists. “The Astrophysical 
Journal - An international review of spectroscopy and astronomical physics” started 
its publication in January 1895. The list of associated editors of the journal included 
five Americans and five Europeans, Tacchini being among them; eight out of ten 
were members of the Società degli Spettroscopisti (Chinnici 1997, 2008).

The legacy of the Società and its Memorie is evident in Hale’s activity: “The 
volumes of the Memorie […] stand in a case near my table and are used almost 
every day. I have good reasons to know how much I’m indebted to Tacchini, Secchi, 
Respighi, Lorenzoni and Riccò, not to mention the other members of the Society,” 
he wrote to Tacchini in March 1896. In July 1897 he invited the Italian astronomer 
to give an informal talk at the incoming inauguration of the Yerkes Observatory, “as 
a representative of the Italian Society of Spectroscopists,” then adding “it seems to 
us very desirable that the investigations be inaugurated, to some extent at least, 
under the Society’s auspices.” But Tacchini could not attend (Chinnici 1997). Hale 
was later elected as a foreign member of the Società in 1901.

18.4  The Decline of the Italian Spectroscopists

Under Tacchini’s tireless activity, Italian astrophysics achieved several other suc-
cesses. A high-altitude observatory was inaugurated on Mount Etna in 1880. This 
was followed by the foundation of the Catania Observatory, the first astrophysical 
observatory in Italy. The first permanent chair in astrophysics in the world was 
established at Catania University in 1890 (Chinnici 2008); it was given to Annibale 
Riccò (1844–1919), director of Catania Observatory, who had been a collaborator 
and later a scientific heir of Tacchini.

Riccò contributed greatly to the monitoring of solar activity. During Hale’s visit 
of 1894, the two of them attempted (in vain) to observe the solar corona outside of 
an eclipse by using a spectrograph from Mount Etna. Riccò installed the first of such 
instruments in Italy at Catania in 1908. He succeeded Tacchini as the director of the 
Società and in editing the Memorie (Abetti 1920).

Nevertheless, spectroscopic studies in Italy rapidly declined. The main reasons 
were probably the lack of financial means to obtain the newer instruments required 
by the progress of science and, more importantly, the lack of practitioners: Tacchini 
and Riccò did not create a school that continued their studies (Chinnici 2008). In 
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1909, a young Giorgio Abetti claimed Riccò to be “the sole astrophysicist in Italy” 
(Cristaldi and Mangano 1997).

Beyond these reasons, Italian participation in two international enterprises may 
have worked against the development of astrophysics in that country.

The first was the Carte du Ciel, an international collaboration to produce a pho-
tographic atlas of the sky and its associated high-precision astrometric catalog. The 
involvement of European astronomy in this long and demanding program is cred-
ited for the decline of astrophysics in the whole continent, as compared to the USA, 
where no observatory participated (Lankford 1984). Tacchini enrolled Catania 
Observatory into the collaboration (Chinnici 2009), probably hoping to obtain addi-
tional resources from the Government – it was the only Italian observatory partici-
pating in the project – but in fact diverting part of the resources of an astrophysical 
institute in favor of an activity that was related to classical astronomy.

The second collaboration was the International Latitude Service, a program born 
from an Italian proposal and intended to study the motion of the Earth’s rotation 
axis. The Service started in 1899 and consisted of six astronomical stations which 
were required to make daily measurements of the zenithal distances between pairs 
of stars. The Italian station was installed at Carloforte, in Sardinia, and initially was 
manned through a turnover of personnel from universities and astronomical obser-
vatories (Calledda 2005). Because of a tradition of geodetic studies and the pres-
ence of this station in Italy, a considerable fraction of Italian astronomers in the first 
part of the twentieth century devoted themselves to geodetic astronomy (Rosino 
1986; Proverbio 1998).

The Memorie of this period (particularly, the second series, 1911–1919) reflected 
these trends, with a reduction of articles on spectroscopy, and an increase of those 
related to positional astronomy (Chinnici 2008).

18.5  Passing on the Spectroscopists’ Baton: Giorgio Abetti 
Meets George E. Hale

During his Italian journey in 1894, Hale visited the Arcetri Astronomical Observatory 
together with Tacchini and its recently appointed director Antonio Abetti 
(1846–1928). Most likely, the visit took place on April 29 (Tacchini 1894). Both 
Hale (Abetti 1960) and A. Abetti (1908) retained vivid memories of that meeting. 
As A. Abetti (1908) recalled, “On that occasion I mentioned my wish to establish 
astrophysical solar studies here […] but I have been prevented by lack of means and 
of a proper staff.” Despite these good intentions, Antonio had been trained in classi-
cal astronomy and mostly pursued observations of asteroids and comets. Moreover, 
the directorship of Arcetri Observatory had been left vacant for 20  years after 
Donati’s death, and it had no modern spectroscopic instrument.

It has been said that during this visit in Arcetri, Hale met Giorgio Abetti, the 
12-year-old son of Antonio (Fracastoro 1983), though the event is not mentioned in 

S. Bianchi



311

Giorgio’s recollections of his memories and correspondence with the “Maestro” 
Hale (Abetti 1960). However, Giorgio soon showed an interest in astronomy, help-
ing his father with observations and seeking advice from his father’s colleague, 
Lorenzoni, director of Padua Observatory, where Abetti senior had started his career.

Lorenzoni, after an initial interest in spectroscopy, mainly worked in geodesy 
and gravimetry. He frequently discussed Giorgio’s future with Antonio Abetti, hop-
ing he would pursue a career in more modern fields of astronomy. In 1901, at the 
start of Giorgio’s academic studies, Antonio worried about his son’s interest in 
Galileo and the history of astronomy (which continued for the rest of his life); he 
commented to Lorenzoni: “I dream of seeing him as an observer, experimenter, 
alive more than ever among the living in this dizzying race of electricity, photogra-
phy, spectroscopy (a.t.).” In 1909, when Giorgio was already visiting the USA, an 
aging Lorenzoni wrote not without a touch of melancholia: “Lucky is he who is 
given the power to acquire with relative ease a heap of practical knowledge, which 
will allow him to cultivate astrophysics, or better solar physics, with a success wor-
thy of our best local traditions (a.t.)” (Bianchi and Gasperini 2017).

During his studies at Padua University, where he got a degree in physics in 1904, 
Giorgio Abetti “read with deep admiration and interest about the work Hale was 
doing in the field of solar physics” (Abetti 1960). In 1905 he wrote Hale to ask if 
there was any position opening in US observatories “to see the marvellous strides 
made by the astronomers in the States in Astrophysics.” Hale replied that he was 
aware of none, particularly not at that moment at Mount Wilson in California, the 
new high-altitude observatory he had established a year earlier (Foderà Serio 2005).

Nevertheless, Abetti managed to achieve his “American dream.” On an Italian 
grant, in July 1908 he arrived at Yerkes Observatory, where he observed solar prom-
inences with a Rumford spectroheliograph, together with the assistant Philip Fox 
(1878–1944) (Fig. 18.2). These observations were presented in the first astrophysi-
cal paper by Abetti (Fox and Abetti 1908), which was published in the Memorie. 
During his residence at Yerkes, Abetti studied the progress of astrophysics in the 
USA (a couple of reviews of works by Hale were published that year in the 
Memorie). He was particularly impressed by the “tower telescope” (Abetti called it 
“solar tower”; Abetti 1909), a vertical telescope of large focal length for solar spec-
troscopic studies, installed at Mount Wilson that year. Even before having seen it in 
operation, he conceived the idea of building one in Italy, possibly using the funds 
collected for Secchi Monument (Foderà Serio 2005; Bònoli and Mandrino, Chap. 
17 in this volume).

Eager to visit Mount Wilson, Abetti wrote to Hale from Yerkes and, at the end of 
1908, received an invitation to that Observatory (Foderà Serio 2005). For the young 
astronomer “nothing else was required to make him wing-footed. It seemed to him 
he was reaching Paradise, when immediately after [on January 11, 1909] he was 
able to accompany Hale” to the mountain (Abetti 1960). Abetti was first assigned to 
work at the 60-inch reflector, the largest telescope in operation in the world at that 
time, which had just seen first light. He also studied solar prominences, observed 
with the spectroheliograph of the Snow horizontal telescope, and monitored the 
activities at the 60-foot solar tower and the plans for the 150-foot tower (Abetti 1909).
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The enthusiasm of the young astronomer working with state-of-the-art instru-
mentation must have been evident. Just a couple of weeks after Abetti’s arrival, Hale 
wrote to Riccò: “We are enjoying a visit from Dr. Abetti, who seems to me one of 
the brightest and most promising of all the younger men now at work in astronomy. 
It is a pleasure to think that the splendid pioneer work of the Italian spectroscopists 
is to be carried forward by a man of such ability and training” (Hale 1908).

Abetti left Mount Wilson in May 1909. He passed some time in Pasadena at the 
physics laboratory and workshop of the Observatory; on his way back to Italy, he 
also visited other institutes, including the Harvard College Observatory, the place 
where stellar spectral classification was further developed after Secchi’s initial work 
(Abetti 1909).

Hale, who strongly believed in international cooperation, saw in Abetti’s interest 
in solar towers the possibility of reviving a project for a solar observatory in Italy 
that he had discussed with Tacchini in 1894. However, plans for an Italian solar 
tower remained dormant for a while. Abetti took a position as assistant at the 
Collegio Romano Observatory, complaining that he had to “do much more astrom-
etry than astrophysics” (Foderà Serio 2005).

Fig. 18.2 G. Abetti (left) and P. Fox (right), pictured in front of the Rumford spectroheliograph 
attached to the 40-inch refractor. (November 28, 1908; courtesy of Northwestern University 
Archives)
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18.6  The Resurgence of Astrophysics at Arcetri

New hope for the development of astrophysics in Italy arose when an Institute of 
Physics was proposed, to be built on Arcetri hill near the Observatory (Foderà Serio 
2005). But the project had to be postponed because of the onset of the First World 
War. At least the war offered Abetti an opportunity to strengthen his links with the 
US astrophysical community and Hale: a lieutenant of the Italian Army, he was sent 
as a military attaché to the Italian Embassy in Washington. At that time, he met with 
astrophysicists in Chicago and went again to California (Gasperini et al. 2004).

Finally, a decision was made to build a solar tower in Arcetri. In 1919, the Faculty 
of Science of the Istituto di Studi Superiori (later University) of Florence suggested 
the transfer of Abetti to Arcetri, because “his studies and the experience acquired 
with Hale at Mount Wilson and Pasadena ensured that he could give valuable help 
to [his father] the Director of Arcetri Observatory for installing and using the tower 
telescope (a.t.)” (Fracastoro 1983: 89). Abetti moved to Arcetri in 1920 and, at the 
retirement of his father Antonio in 1921, was charged with the direction of the 
Observatory (later confirmed, in 1925). This new direction was ratified in 1921 
when Arcetri became an Astrophysical Observatory.

The work on the tower (Fig. 18.3) proceeded slowly. This was in part due to the 
fact that Abetti completely relied on the technical advice of the far-distant Hale, 
who practically directed the construction by letter from California (Gasperini et al. 
2004). In the meanwhile, the Observatory was being equipped with other instru-
ments for astrophysical observations. A 30-cm reflector with a set of objective 
prisms was installed in 1921, allowing Abetti to continue his studies in stellar spec-
troscopy, which he had started at Collegio Romano Observatory with the same 
instrumentation used by Secchi. Also a direct vision prism began to be used to 
monitor solar prominences jointly with the Amici refractor, the main telescope of 
the Observatory (Fracastoro 1983). A year later, at the first meeting of the 
International Astronomical Union in Rome, Arcetri Observatory was selected to be 
the collection center for solar observations obtained from other observatories in the 
world, replacing Catania Observatory in this task. At the second IAU meeting in 
Cambridge in 1925, it was decided that Arcetri Observatory should publish the 
drawings of solar limbs “as it was done in the past in the Memorie degli 
Spettroscopisti” (Abetti 1926). Definitely, the Spettroscopisti’s baton had been 
passed on!

The building of the solar tower at Arcetri largely benefited from private patron-
age, one of the reasons for the growth of astrophysics in the USA. The major con-
tribution to the budget came from William Ellery Hale Foundation, administering 
the funds left by George’s father. The second contribution was from the industrialist 
James William Ellsworth (1849–1925), an eccentric American living in Florence, 
who was interested in Galileo and his instruments preserved in Florence. In May 
1923 (Fig. 18.4), Abetti arranged to have Galileo’s spyglasses attached to the Amici 
telescope so that Ellsworth, Hale, and his friend Egyptologist James Henry Breasted 
(1865–1935) could use them to observe the sky. The further gift of an old watch 
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Fig. 18.3 Project of the Arcetri Solar Tower, December 6, 1920. (inverted blueprint; Historical 
Archive, INAF-Arcetri Astrophysical Observatory)
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from the Observatory finally convinced Ellsworth to finance the tower, whose work 
had been at an impasse due to the rising prices of postwar inflation (Abetti 1960; 
Gasperini et al. 2004). The solar tower was eventually inaugurated in 1925. Although 
it was already an aged instrument (essentially, a copy of the one built by Hale in 
1908) and located in a place with poor atmospheric and meteorological conditions, 
the tower was essential to the development of solar physics studies in Italy 
(Righini 2003).

A major achievement of Abetti’s directorship (which lasted until 1952) was the 
formation of a school of astrophysicists. Limiting the list to the collaborators of 
Abetti who later became directors of Italian observatories, we can find Guglielmo 
Righini (1908–1978), a solar physicist who succeeded Abetti as director of Arcetri; 
Attilio Colacevich (1906–1953) interested in stellar spectroscopy and optics; Mario 
Girolamo Fracastoro (1914–1994) and Margherita Hack (1922–2013), stellar spec-
troscopists; and Mario Rigutti (b. 1926) and Giovanni Godoli (1927–2006), solar 
physicists (Fracastoro 1983). As late as 1974, five of the nine directors of Italian 
observatories were from the school of Arcetri (Castellani 2005).

18.7  A Renewed Interest in Italy

At the beginning of 1920, the Società degli Spettroscopisti Italiani was transformed 
into Società Astronomica Italiana. As the new president Vincenzo Cerulli 
(1859–1927) wrote in the preface of the first volume of the Memorie della Società 
Astronomica Italiana, the renaming resulted from the “Società having once been 
just a gathering of spectroscopists only, but [now] having extended its activity to all 
branches of astronomy (a.t.)” (Cerulli 1920). Moreover, there was hope of getting 
new funding and eventually expanding the Society into public outreach, following 
the model of other societies abroad. The new Memorie was open “to sciences akin 
to astronomy, such as geodesy, celestial mechanics and radiation physics (a.t.)” but 
also to the history of astronomy (Cerulli 1920). The change, which transformed 

Fig. 18.4 Visitors’ album of the Arcetri Observatory, recording the visit on May 24, 1923 of 
George Ellery Hale, James William Ellsworth, and James Henry Breasted. (Historical Archive, 
INAF-Arcetri Astrophysical Observatory)
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what initially was an international journal into an Italian bulletin, does not seem to 
have met with hostility from the astrophysicists; Hale himself approved it and “was 
glad to read of the organization of the new Astronomical Society on the solid foun-
dation provided by the Spettroscopisti, which played such an important part also in 
the firm establishment of the science of astrophysics” (Abetti 1960). After the initial 
few volumes (published erratically), mainly dedicated to critical reviews and theo-
retical studies, the Memorie was opened to observational papers; and beginning 
with volume 4 (1927–1929) it started to include spectroscopic works, mainly from 
Arcetri.

Soon another astrophysics center opened: Brera Observatory, directed by Emilio 
Bianchi (1875–1941). Bianchi could be considered one of renovators of Italian 
astronomy, though his role has been overshadowed by Abetti’s, probably because of 
his uncritical support of fascism and the lack of a direct visible contribution to astro-
physics (Braccesi 2005). Before becoming director at Brera in 1922, Bianchi had 
mainly worked in positional astronomy, first at Carloforte, then at the Collegio 
Romano. In 1926 he obtained a 102-cm Zeiss reflector equipped with a spectro-
graph for Merate Observatory, a new observational annex located far from the city 
of Milan where Brera Observatory is located.

Lacking personnel with any background in astrophysics, the instrumentation was 
first used for the determination of trigonometric and spectroscopic parallaxes, 
reflecting Bianchi’s interests in positional astronomy. The situation changed in 
1934, when young Livio Gratton (1910–1991), fresh from studies abroad, arrived at 
Merate, and nova DQ Herculis exploded. Spectroscopic studies of this event (and of 
nova CP Lacertae in 1936) helped to establish an expertise in stellar spectroscopy 
and atmosphere models in Milan that attracted a new generation of physicists and 
lasted until the departure of Gratton for Argentina in 1949 (Rosino 1986; Masani 
1998; Braccesi 2005).

The astronomy practiced in other Italian observatories, however, was not as 
exciting as the latest discoveries in physics. A young, astrophysicist-to-be, Leonida 
Rosino (1915–1997) remembered a visit to Padua Observatory in 1933, where he 
was given a boring introduction to the use of the transit instrument. Later at 
University, he compared the “scientific excitement that animated the modern 
Institute of Physics […] with the somewhat inactive atmosphere at the Observatory 
(a.t.)” (Rosino 1986: 3). Most directors still believed that classical astronomy was a 
necessary knowledge for all astronomers: “Astronomers are formed at Carloforte,” 
they used to say (Masani 1998). However, for astrophysicists like Fracastoro (1983: 
98–99), working at Carloforte was a sort of persecution: “Righini […] was unex-
pectedly assigned to Carloforte (16/2/1937), according to a practice that dates from 
decades past and insists that astronomers from all observatories make an almost 
compulsory stay there […] Everything seemed to be going well, when the lightning 
of Carloforte strikes the hill of Arcetri yet again. The designated victim this time is 
Colacevich (1/10/1939) (a.t.).”
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18.8  Italian Astrophysics After WWII

An astronomical conference was held at Merate in September 1946 to reorganize 
Italian astronomy after the Second World War. That meeting, organized by Gratton 
in collaboration with the Società Astronomica Italiana, is generally considered the 
turning point of Italian astrophysics (Rosino 1986; Masani 1998). During the pro-
gram, the hope arose of a change of attitude among Italian astronomers who up to 
then had not cared much to promote within the scientific faculties of universities, 
“the new currents of modern astrophysics, that nevertheless has among its pioneers 
Donati and Secchi (a.t.)” (Castellani 2005).

Soon after the meeting, the Italian National Research Council (CNR) agreed to 
finance the development of astrophysical research. In 1947 a center for solar physics 
was established at Arcetri and a joint one on stellar physics was set up at Merate and 
Asiago (an annex of Padua Observatory inaugurated in 1942). In 1951 they were 
merged into a single center for astrophysics. The choice of these three Observatories 
was dictated by the presence of skilled personnel and modern instrumentation 
(Masani 1998). Asiago Observatory was equipped with a 122-cm reflector, com-
pleted around 1950 with the arrival of a new spectroscope. A program on stellar 
spectroscopy was soon started by Righini. From 1953 the directorship of Asiago 
(and later of the joint Padua/Asiago sites) passed to Rosino, who extended the 
expertise of its astronomers to galactic and extragalactic astrophysics (Rosino 
1986). Towards the end of the 1950s, other observatories started to benefit from the 
CNR support (Masani 1998).

At the turn of the decade, Italian astrophysics expanded to include developments 
in radio astronomy and X- and γ-ray astronomy. At Arcetri, transformed by Righini 
into a purely solar observatory, the Sun was studied in the radio domain with dedi-
cated radio telescopes, and in X-rays using data from the series of Solrad satellites 
(Fig. 18.5).

Other observatories tied to optical astronomy were not so interested in these new 
developments. Instead, the greatest interest came from physicists at Italian universi-
ties. In Bologna, Giampietro Puppi (1917–2006) promoted the development of 
radio astronomy, leading to the inauguration of the “Northern Cross” radio tele-
scope of Medicina in 1964. Research in high-energy astronomy sprung up in several 
Institutes of Physics, including that of Milan University led by Giuseppe Occhialini 
(1907–1993). Cosmic-ray studies were also pursued, revitalizing a sector that had 
greatly suffered after the departure of Bruno Rossi (1905–1993), forced to leave 
Italy by the fascist racial laws.

A new generation of astrophysicists emerged around Gratton. In 1962 he had 
returned to Italy to become a professor at Rome University, and he created the CNR 
Center for Astrophysics at Frascati. The CNR further consolidated these activities at 
the end of the 1960s and the beginning of the 1970s, creating new laboratories (later 
Institutes) such as that of radio astronomy in Bologna and space astrophysics in 
Frascati, taking the lead in research in nonoptical wavelength domains and space 
astronomy. Eventually, in 1999 all Observatories and CNR Astrophysics Institutes 
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merged into the current National Institute of Astrophysics, INAF (for a more 
extended account of the developments from the 1960s up to recent times, see 
Setti 2005).

In the 1960s, a couple of choices hampered the participation of Italian astrono-
mers in projects of the international community, and might have retarded the full 
development of astrophysics. The first was the proposal of a large reflector for a 
National Astronomical Observatory to be installed in Italy, which was never com-
pleted (Fig. 18.6; see also Chap. 17). Because of this project, Italy did not join the 
European Southern Observatory at its foundation in 1962, but only later, in 1983. A 
second snag might have been the refusal to merge the Memorie into the new 
European journal Astronomy & Astrophysics (A&A), which started its publication in 
1969. Nevertheless, thanks in part to A&A, Italian astronomers grew confident in 
their research, and the 1970s saw a rapid increase of their international publications 
both there and also in the American Astrophysical Journal (ApJ). As astrophysicist 
Vittorio Castellani (1937–2006) recalled, “in the mid-1960s, American astronomy, 
as attested by ApJ, looked to us far and unreachable [but later] almost to our sur-
prise, this feeling slowly transformed into the consciousness that even we, Italians, 
had something new to say and, not unfrequently, something important” (Castellani 
2005: 402, a.t.).

Fig. 18.5 The Arcetri Observatory seen from the solar tower in 1968. The image shows, from the 
right, the 10-m radio telescope (installed in 1963); behind it, the 5-m radio telescope (1962); next 
to the east (right) dome, the first Italian radio telescope (1956); at the center, an antenna for satellite 
telemetry. (Historical Archive, INAF-Arcetri Astrophysical Observatory)

S. Bianchi



319

The Merate meeting in 1946 marked a turning point for classical astronomy as 
well, leading to its decline (Proverbio 1998). Even though most funds were invested 
in astrophysical studies, research groups of classical astronomy still were present in 
many observatories until the end of the 1960s, and a few continued in the 1970s (the 
observational program at Carloforte stopped in 1979). In those years, the rift 
between the two communities was apparent, with astrophysicists referring to posi-
tional astronomy as “Round” Astronomy (“Astronomia rotonda”; Masani 1998; 
Rigutti 2017). A trace of this division can be found in the draft of a proposal for a 
reorganization of the Italian Observatories, circulated in 1970. The authors (Hack, 
Rigutti, and Godoli, all from the Arcetri school) asked for the suppression of the 
Brera, Torino, and Teramo Observatories in order to create a center for astrometry 
in Sardinia, near Cagliari. The response of the director of Brera Observatory, 
Francesco Zagar (1900–1976), was indignant: “[The proposal] deals with issues of 
classical astronomy, of which the three proponents, astrophysicists by nature and 
culture, cannot have the minimal competence” (Zagar 1970; the draft itself is yet to 
be located; see Mandrino and Bònoli 2015).

Fig. 18.6 G. Righini (center) standing on the blank of the mirror for the National Observatory. 
Corning Glass Works, Canton, NY, August 31, 1971 (Historical Archive, INAF-Arcetri 
Astrophysical Observatory). The blank was never polished into a mirror and remained in Florence 
until 2010, when it was sold to amateur astronomers
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18.9  Concluding Remarks: Abetti’s “History 
of Astrophysics”

As shown in this chapter, Secchi and the other pioneering spectroscopists were con-
stantly mentioned in the works of Italian astrophysicists. Their names can also be 
found in the earliest accounts of the development of astrophysics, such as Agnes 
Clerke’s A Popular History of Astronomy During the Nineteenth Century (Clerke 
1902), which cites Donati, Secchi, Respighi, Tacchini, and Riccò. They are cited as 
well in modern historical reviews: Secchi, Respighi, Tacchini, and Riccò are remem-
bered in Early Solar Physics (Meadows 1970); Donati and Secchi in The Analysis 
of Starlight (Hearnshaw 2014). More difficult is to track the impact of Italian astro-
physics in the twentieth century. According to Righini (2003), in the first half of the 
twentieth century, only Italian solar physicists gave any significant contribution to 
astrophysics. In fact, in Hearnshaw’s account (2014), the work of Italian observato-
ries in the field of stellar spectroscopy only appears in the 1960s.

One can evaluate the impact of the early Italian astrophysicists by looking at 
Abetti’s publications on the history of astronomy. Among his earliest ones is a life 
of Secchi which the author, as “a grateful and devout disciple (a.t.),” dedicated to 
Hale (Abetti 1928). Another successful book was Abetti’s The History of Astronomy, 
published in Italian, Spanish, and English (Abetti 1952).

After publishing a second Italian edition of the book in 1962, the astronomer 
started to work on the draft of a Storia dell’Astrofisica, which Abetti intended to 
publish in collaboration with Hack. A typescript of 171 pages (about 65,000 words) 
was ready by the end of 1966. The text, divided into 16 chapters, spans from the first 
studies of the physical characteristics of celestial bodies by Galileo to the discovery 
of the first quasars at the beginning of the 1960s. The work of the pioneers in astro-
nomical spectroscopy is described in Chap. 4, with a note on the early observations 
by Donati and an extended description of the activity of Secchi; brief references to 
Respighi and Riccò are made, while a paragraph is dedicated to Tacchini’s role in 
the establishment of the Società degli Spettroscopisti Italiani and to the Memorie, 
stating its primacy as the first periodical dedicated to astrophysics. But the lack of 
direct disciples of those pioneers is evident in the lack of Italian names in the fol-
lowing chapters, except for a very brief reference to Abetti’s work and his pupil’s, 
Righini.

The original typescript, preserved in the Arcetri Historical Archive, was never 
published, though a 90-year-old Abetti had an abridged version produced in 1973. 
In this final text, reduced to about one sixth of its original length, only references to 
Donati and Secchi survived (Abetti 1973).

Acknowledgment I am grateful to Daniele Galli for reading an earlier version of the manuscript.
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Chapter 19
Astronomy in Rome After Secchi and His 
Legacy at the Astronomical Observatory 
of Rome

Lucio Angelo Antonelli

19.1  Introduction

Rome’s artistic, architectural, and cultural history is well known and has influenced 
the whole world for almost 3000 years. Much less known but no less significant is 
the importance of astronomy in Rome over the centuries.

Astronomical studies have been carried out in the city since the time of Ancient 
Rome, producing important contributions such as the Julian Calendar promulgated 
by Julius Caesar in 46 B.C.E. Astronomical studies were also carried out in the 
“Eternal City” during the Medieval Age. But the greatest development began during 
the Renaissance when mathematicians and other scientists, along with artists and 
philosophers, arrived at the Court of the Popes (Fig. 19.1).

In 1475 Pope Sixtus IV called the mathematician and astronomer Johannes 
Müller von Königsberg (1436–1476), better known as Regiomontanus, to Rome to 
work on the reform of the calendar. The final calendar reform took place under Pope 
Gregory XIII, who gave a great impetus to this project by calling astronomers and 
mathematicians to Rome to work on it, including Christopher Clavius (1538–1612), 
Aloysius Lilius (1510–1576), Egnazio Danti (1536–1586), and many others 
(Monaco 2000). Gregory XIII also built an observatory in the Vatican called the 
Torre dei Venti. This building was contemporaneous with Brahe’s observatory at 
Uraniborg in Denmark; it is now part of the Vatican Library. In those same years, the 
Collegio Romano was established in Rome and Christopher Clavius joined it in 
1564, teaching mathematics and astronomy.

In the seventeenth century, Rome was home to two of the most important lens 
factories in Europe: one run by Eustachio Divini (1610–1685) and the other one by 
Giuseppe Campani (1635–1715) (Monaco 2000; Buonanno 2008). Giuseppe 
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Campani provided Giovanni Domenico Cassini (1625–1712) with his telescopes for 
the  Paris Observatory  and probably influenced Christiaan Huygens (1629–1695) 
with his innovative optical solutions (e.g., an eyepiece with three lenses).

Between 1600 and 1800, several astronomical observatories were established in 
Rome, most of them as part of religious institutes devoted to educational activities 
but also including private observatories built by rich and cultured members of the 
Roman nobility. Among these were the Observatory of St. Maria in Vallicella (con-
nected to the Vallicelliana Library); the Loggia on top of Palazzo Chigi where 
Cassini made astronomical observations; the tower of Palazzo del Quirinale also 
used by Anders Celsius (1701–1744) for his observations; the Observatory of 
Minimi’s Convent in Trinità dei Monti by Francesco Jacquier (1711–1788) and 
Tommaso Leseur (1703–1770); and the Observatory of the Domenicani Convent at 
St. Maria Sopra Minerva created by Giovanni Battista Audiffredi (1714–1794) 
(Secchi 1877; Monaco 2000).

Special mention should be made of the Specola Caetani. This observatory was 
set up in 1777 by the nobleman Francesco Caetani on the roof of Palazzo Caetani 
and equipped with many modern instruments for astronomy, meteorology, and 
physics. The direction of the observatory was entrusted to professional astronomers: 
first to Audiffredi from 1777 to 1780; then to Luigi De Cesaris (1750–1784); and 
after his death to Eusebio Vega (1718–1798); and after Vega’s death to Feliciano 
Scarpellini (1762–1840) until 1804, when the observatory was closed (Monaco 
2000). The scientific activity of the observatory was very intense, with systematic 

Fig. 19.1 The Medieval Astronomer represented in the “Tavole Sciateriche” by Athanasius 
Kircher in 1636 at the Collegio Romano (Astronomical and Copernican Museum, INAF-OAR)
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observations and regular publication of ephemerides, meteorological bulletins, etc. 
Many famous astronomers of that time visited the observatory (e.g., Joseph 
Jérôme de Lalande and Ruggero Boscovich).

Another important observatory in Rome is the Vatican Observatory. It was 
founded in 1891 to install a national observatory in the Vatican after the conquest of 
Rome by the new Italian state, and it is still in operation (Chinnici 2018).

19.2  The Observatory at Collegio Romano

The origin of the observatory of Collegio Romano can be identified with the arrival 
of Christopher Clavius in 1564 when he started to teach astronomy and to observe 
the sky systematically, leading to the famous observation of Nova Cassiopeia in 
1572. Many astronomers studied and taught at Collegio Romano: Odo Van Maelcote 
(1572–1615) reported on Nova Sagittarii in a public speech on December 23, 1604 
(Baldini 1981); Cristoforo Grienberger (1564–1636) published the first Star Catalog 
realized using a telescope in 1612, containing 1225 stars between first and sixth 
magnitude (Grienberger 1612); Orazio Grassi (1583–1654) observed and studied 
the nature of comets; and Cristoforo Scheiner (1573–1650) studied in detail the 
Sun, leading to a conflict with Galileo about the discovery and the nature of sun-
spots (Scheiner 1630).

Astronomers of the Collegio Romano acted as consultants during Galileo 
Galilei’s trial by the Roman Inquisition and confirmed Galileo’s observations. In the 
eighteenth century, first Orazio Borgondio (1675–1741) and then Ruggero 
Boscovich (1711–1787) carried out astronomical studies at the Collegio Romano. 
They also proposed to Pope Benedict XIV to build a true astronomical observatory 
there. Unfortunately, their project was too expensive for that time and could not be 
realized (Monaco 2000). Boscovich, one of the greatest scientists of that century, 
continued to work and teach at the Collegio Romano until 1754, when he moved to 
Milan, joining the Brera Astronomical Observatory.

In 1773, Pope Clement XIV suppressed the Society of Jesus, and the Collegio 
Romano was handed over to secular clergy. Giuseppe Calandrelli (1749–1827) 
arrived to teach mathematics and astronomy. Calandrelli was an enthusiastic astron-
omer and with the support of Cardinal Francesco Saverio de Zelada (1717–1801) 
attempted to build an astronomical observatory in the Torre dei Venti, in the Vatican. 
After 1783 Ruggero Boscovich returned to Rome and, together with Calandrelli, 
returned to his original idea of building an observatory close to the Collegio 
Romano. In particular they proposed to use the roof of the nearby Church of 
S.  Ignazio to host such an observatory (Secchi 1877). The project was still too 
expensive to be realized, and in 1787 Boscovich passed away. Instead, Calandrelli 
built a 67-m-high tower at the Collegio Romano; this can be considered to be the 
first real astronomical observatory of that institution. With the financial support of 
Pope Pius VII, Calandrelli equipped the observatory with professional instruments 
acquired in Paris (Calandrelli 1806).
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In 1824, the Jesuits returned to the Collegio Romano, and Dominique Dumouchel 
(1773–1840) was appointed director of the observatory. He immediately looked for 
funds for new instruments and was able to obtain a Cauchoix telescope, an incred-
ibly good instrument (Cauchoix 1836) that would be used for scientific observations 
for more than a century. In 1838 Francesco De Vico (1805–1848) became the new 
director of the observatory, and in 1841 he acquired a new meridian circle by Ertel. 
He discovered many comets, and under his direction, the astronomer Benedetto 
Sestini (1816–1890) cataloged 2540 stars based on their colors.

With the revolution of 1848 establishing the Roman Republic, the Papal Court 
and all of the Jesuits, including the astronomers of the Collegio Romano, had to 
leave the city. The Collegio Romano astronomers brought some of their instruments 
with them to the USA, but De Vico died in London. In 1849, the Jesuits were able 
to come back to Rome, and Angelo Secchi (1818–1878) became the new director of 
the observatory. He finally succeeded in moving the observatory to a new site on the 
roof of S. Ignazio (Fig. 19.2), as Boscovich had proposed (Secchi 1877). Secchi has 
been widely considered as a founder of modern astrophysics  (Chinnici 2012; 
Chinnici 2019).

Fig. 19.2 The Observatory of Collegio Romano in a photograph taken in 1904 from Calandrelli’s 
tower, showing the original signature of Elia Millosevich. (© Astronomical and Copernican 
Museum, INAF-OAR)
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On September 20, 1870, Rome became part of the Kingdom of Italy, and the 
observatory was maintained as an independent institution. Following the death of 
Secchi, in 1879 a new Ufficio Centrale di Meteorologia (Argentieri and Parotto, 
Chap. 14 in this volume) was established at the Collegio Romano, and the observa-
tory became part of it, under the direction of Pietro Tacchini (1838–1905).

Pietro Tacchini was a friend and collaborator of Secchi and co-founder with him 
and Respighi of the Società degli Spettroscopisti Italiani. Tacchini was a bright 
astronomer and he worked hard to keep the activities of the Observatory of Collegio 
Romano alive (Riccò 1905). He issued daily meteorological bulletins and founded 
a seismologic observatory. In 1891 he also managed to restore it as an independent 
institution. Tacchini asked Elia Millosevich (1848–1919) to come to Rome and to 
continue the work of the observatory as vice-director.

In 1886 Tacchini also founded the Museo Astronomico e Copernicano in which 
he collected many astronomical instruments from the Collegio Romano and other 
Roman observatories that were no longer in use, as well as objects from Kircher’s 
Museum (Calisi 2000). Tacchini himself used part of the budget of the observatory 
to buy old books and old astronomical instruments, increasing the collection up to 
744 books, 633 booklets, and 206 rare objects (Tacchini 1901; Armellini 1939). 
From Arturo Wolinsky he acquired an important collection of artifacts and books 
related to Copernicus. All this was located in the fifth floor of the Collegio Romano, 
just below Calandrelli Tower. From Guido Baccelli, the Ministry of the National 
Education of that time, he got permission to rename the institution as “Collegio 
Romano Observatory with the Astronomical and Copernican Museum.”

Tacchini also acquired new instrumentation, such as a meridian circle made by 
Salmoiraghi in Milan to replace the old Ertel meridian circle obtained by De Vico, 
a new refractor made by Cavignato, and a new mounting for the Cauchoix tele-
scope. Finally, in 1902 he obtained a 38-cm-diameter lens from the Steinheil factory 
to equip the Cavignato telescope. Thanks to this new instrumentation, Millosevich 
obtained important scientific results on minor bodies of the solar system, leading to 
the discovery of several new minor planets, asteroids, and comets, and completed a 
new star catalog containing 1291 stars down to 9.1 mag.

At the beginning of the twentieth century, new astronomers joined the Collegio 
Romano: Emanuele Tringali (1867–1916), Emilio Bianchi (1875–1941), Giovanni 
Zappa (1884–1923), Giorgio Abetti (1882–1982), and Eugenio Padova (1885–1925). 
In 1902 Millosevich succeeded Tacchini as the director of the observatory, and in 
1919 Emilio Bianchi succeeded him. In 1922 Emilio Bianchi became the director of 
Brera Observatory in Milan, Giuseppe Armellini (1887–1958) became the director 
of the Observatory of Campidoglio (see below), and Giovanni Zappa was appointed 
director of the Collegio Romano Observatory. When Zappa became the director of 
Collegio Romano, he was already the director of the Astronomical Observatory of 
Teramo, and he also kept that position, preferring to stay mainly in Teramo. He 
committed suicide on September 14, 1923, drinking the mercury of the Troughton 
artificial horizon (Cerulli 1923). On December 31, 1923, a Royal Decree merged 
the observatories of the Collegio Romano and Campidoglio (Fig. 19.2).
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19.3  The Observatory at Campidoglio

In 1303 Pope Boniface VIII (1294–1303) established the University of Rome 
Studium Urbis that would later become La Sapienza. Since its founding, the 
University of Rome has hosted mathematicians and astronomers, but, unlike the 
Collegio Romano, it did not have any observatory to support astronomical studies. 
In 1824, by the Papal Edict Quod Divina Sapientia, Pope Leo XII (1823–1829) 
funded the Astronomical Observatory of La Sapienza and decreed that it should be 
directed by the full professor in astronomy at this University. The first director of the 
observatory was Feliciano Scarpellini (former director of Specola Caetani). In 
1827, he obtained a tower on the roof of Campidoglio from Cardinal Zelada and 
equipped it with a meridian and many other scientific instruments. Scarpellini was 
mainly devoted to study celestial mechanics as applied to stars, planets, and minor 
bodies of the solar system. In his scientific activity, he was supported by his niece, 
Caterina Scarpellini (1808–1873), whose brilliance as a scientist can be seen in that 
she was one of the very first Italian women to belong to scientific academies in Italy 
and abroad.

In 1840, Ignazio Calandrelli (1792–1866), nephew of Giuseppe Calandrelli, suc-
ceeded Scarpellini as director of the observatory. But due to political pressures 
against the location of the observatory (in the Palazzo Senatorio in Campidoglio, 
close to the seat of the city government), in 1842 he moved to Bologna and took 
over as director of the local observatory. When Pius IX came back to Rome in 1849, 
he asked Calandrelli to come back and restart observations at Campidoglio (Secchi 
1877) and provided him with a new Ertel meridian circle (Fig. 19.3) (Calandrelli 
1852). In 1860 Calandrelli was able to equip the observatory with a new Merz tele-
scope (4.5″ aperture) with an equatorial mounting.

He retired in 1865 and was succeeded as director of the observatory by Lorenzo 
Respighi (1824–1889), former director of Bologna Observatory, which he had left 
for political reasons as Bologna had just become part of the new Kingdom of Italy. 
Respighi immediately invited three bright young collaborators to serve at the obser-
vatory: Alfonso Di Legge (1847–1938), Francesco Giacomelli (1849–1936), and 
Antonio Prosperi (1841–1921).

Respighi was an excellent scientist and among the first to appreciate the enor-
mous potential of spectroscopy as applied to astronomy. He asked Merz to build a 
large prism with a 12° refracting angle (Fig. 19.6) and used it to obtain stellar spec-
tra, spectra of solar flares, and spectra of sunspots (Respighi 1869). He was the first 
to understand that the characteristic scintillation observed in stars is due to atmo-
spheric dispersion of starlight (Respighi 1868). From 1869 to 1895, Respighi and 
his collaborators systematically observed the Sun, regularly measuring its diameter 
and reporting on the evolution of solar flares.

After the arrival of the Kingdom of Italy in 1870, the Campidoglio Observatory 
remained in operation, and Respighi was allowed to maintain his status as professor 
and director of the observatory. Another important project started by Respighi at 
Campidoglio was the completion of a huge star catalog based on more than 80,000 
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Fig. 19.3 Photograph of the Ertel meridian circle at Campidoglio Observatory (datable around 
1900; INAF-OAR, historical archive); the instrument was provided to Ignazio Calandrelli by Pope 
Pius IX in 1849. Today the Ertel meridian circle is kept in the collections of the Astronomical and 
Copernican Museum at INAF-OAR
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observations over 35 years. The final catalog was published in 1911 by Alfonso Di 
Legge and Francesco Giacomelli (Di Legge et  al. 1911). Di Legge succeeded 
Respighi as the director of the observatory in 1889, and under his guidance, all the 
work started by Respighi were completed and published. He retired in 1922 at age 
75, and Giuseppe Armellini (1887–1958) became the new director. When the 
Collegio Romano Observatory was merged with the Campidoglio, Armellini also 
took its directorship.

19.4  Astronomy in Rome Between the Two World Wars: 
The Astronomical Observatory of Rome

The merging of the two Roman observatories into a single one was not a new idea. 
Ever since the Italians conquered Rome, the Italian government had tried to close 
the Collegio Romano Observatory, and only the respect for two great scientists like 
Angelo Secchi and Pietro Tacchini kept the observatory alive.

At the beginning of the twentieth century, Elia Millosevich and Alfonso Di Legge 
tried to find a common solution in a new, modern observatory to be built at 
Montemario (an idea originally proposed by Respighi and supported by Secchi as 
reported in the minutes of the fifth meeting of the Commission for the rearrange-
ment of Italian Astronomical Observatories on 1875) but Montemario was under the 
control of the Italian army and the military authorities strongly opposed such a 
request (Monaco 2000). In 1919 the Accademia dei Lincei also strongly supported 
the need to provide Rome with a large observatory at Montemario, but without 
success.

After 1923, Armellini had to move both the astronomical instrumentation of the 
Collegio Romano and, most importantly, the collections of the Museum Astronomico 
e Copernicano. Armellini acquired new instrumentation – an Askania horizontal 
telescope for solar observations (obtained as a war reparation) – but, even though 
the sky was still quite dark at that time, it was definitely clear that the Campidoglio 
location was no longer suitable for an observatory. Armellini began again to ask 
military authorities for permission to build an observatory at Montemario (Armellini 
1930). In 1925 he signed an agreement with the Municipality of Rome, and in 1929 
the military authorities gave him Villa Mellini, a fifteenth-century countryside villa 
built by Cardinal Mario Mellini. Villa Mellini was just outside the military fortress 
and close to the Tower of the Prime Meridian of Italy (Aebischer, Chap. 12, in this 
volume). It had been part of the military establishment of the Montemario Fortress 
and had been used by the Italian army as the site of the first center for specialists in 
aerophotogrammetry.

However, the way forward toward the achievement of a new astronomical obser-
vatory for Rome was not smooth. Many Italian astronomers, including Vincenzo 
Cerulli, Pio Emanuelli, and Emilio Bianchi, spoke strongly against this project and 
against Armellini himself (Buonanno 2008). The Campidoglio Observatory was 
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finally closed on August 13, 1937, and it was immediately torn down to create new 
space in the Palazzo Senatorio. On October 28, 1938, in the presence of many dig-
nitaries both political and scientific, the Ministry of National Education, Giuseppe 
Bottai (1895–1959), inaugurated the Astronomical Observatory of Rome.

Armellini had finally gotten his observatory, and he described it enthusiastically: 
“the new Institute is located close to the prime meridian of Italy and is home to the 
finest instruments produced by Italian industry” (Armellini 1939). Nevertheless, it 
is important to note that the astronomical instruments were more or less the same 
ones that had been installed at the Observatories of Campidoglio and Collegio 
Romano in the previous century.

The new site, however, provided an appropriate location for the Museo 
Astronomico-Copernicano created by Tacchini 50 years earlier. This collection of 
precious historical astronomical instruments as well as rare books and many other 
objects related to astronomy was finally able to be put on display in several rooms 
of the new observatory (Armellini 1939).

Scientific activities carried out at the Rome Observatory were well within the 
tradition of both former observatories, even if quite far from the outstanding and 
original research of Secchi and Respighi. In those years, the staff of the observatory 
consisted of Armellini and the assistant astronomers Gabriella Conti (1891–1974), 
Giovanni Andrissi (1901–1964), and Nino Squillace, who was replaced in 1933 by 
Lucio Gialanella (1905–1954). They continued their traditional solar and planetary 
observations, calculated the orbits of asteroids and minor planets, and performed 
some photometric studies. The astrophysicist Livio Gratton (1910–1991), who fre-
quented the observatory as an undergraduate student in 1931, has given a caustic 
description of the poor scientific environment he found in the observatory in those 
years (Gratton 1981). In those years the whole Italian astronomical community was 
mainly involved on classical astronomy and celestial mechanics-related activi-
ties (Bianchi, Chap. 18, in this volume), and it can be easily understood when we 
look at the fact that seven directors (out of nine) of Italian observatories were math-
ematicians (see, e.g., Castellani 2005). Astronomy in Rome was in the same condi-
tions, and only for a very few astrophysical topics (e.g., solar observations), the 
legacy of Secchi, Respighi, and Tacchini was taken over.

In 1938, something else happened in Rome: Adolf Hitler visited Italy in May. At 
the end of his visit, he decided to donate a Zeiss telescope and a fully equipped 
modern astronomical observatory “to the people who gave the birth to the great 
scientist and inventor Galileo Galilei” (Bianchi 1939). Mussolini immediately 
appointed Emilio Bianchi to set up a new observatory within 5 years, in order to 
have it ready for the celebration of 300th anniversary of Galilei’s death.

Emilio Bianchi was the most influential astronomer in Italy during that time, and 
he immediately started to build the new astronomical observatory that would host a 
large refractor (66-cm-diameter lens), a 1.25 m Schmidt telescope, a double astro-
graph (44 cm per lens), and a precise coronagraph for solar observations, plus sev-
eral ancillary instruments (Bianchi 1939). This would finally be the modern 
world-class observatory that was still lacking in Italy.
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Bianchi was pushed by Mussolini himself to locate the new observatory outside 
of Rome, but not too far away so that it could be reached quickly and easily. He 
chose Monte Porzio Catone, a small town in the Colli Albani area, just below the 
peak of Mount Tuscolo (Fig. 19.4). Bianchi had been a main detractor of the obser-
vatory at Montemario, and he worked to keep Armellini as far away as possible 
from the new observatory. In the minutes of the meeting of the National Council for 
Astronomy and Geodesy of November 6, 1938, all the directors of Italian astro-
nomical observatories except Armellini approved the location proposed by Bianchi 
as the site of the national observatory. They downgraded the Montemario site as an 
astronomical observatory and strongly recommended that the new modern observa-
tory be kept completely separated from the astronomical instrumentation of the old 
observatories present in Rome (Bianchi 1939).

When Italy entered the war, the construction of the observatory slowed down and 
in 1941 Bianchi died, just a few months after he had resigned from his position. The 
building was still under construction when Giorgio Abetti (1882–1982), at that time 
director of Arcetri Observatory, took on the responsibility of finishing the project. 
Unfortunately, because of the war, the promised instruments never arrived in Rome. 
At the end of the war, a huge, empty building, partly damaged and partly still under 
construction, could be found at Monte Porzio Catone. Meanwhile, Hitler’s tele-
scopes were taken by Soviet Union to equip three observatories in that country: the 

Fig. 19.4 The original project of the national observatory in Tuscolo as defined by E. Bianchi in 
1939 and the final arrangement of the institute realized by R. Buonanno in 2002
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large refractor was installed at Pulkovo Observatory, the double astrograph at 
Simeiz Observatory in Crimea, and the Schmidt telescope at Byurakan Observatory 
in Armenia (Altamore and Ptitsyna 2016).

19.5  Astronomy in Rome After World War II

In 1946 the Astronomical Observatory of Tuscolo was merged into the Astronomical 
Observatory of Rome. Armellini obtained funds to repair the war damage and finish 
the construction. Thanks to the funds available for the European Recovery Program, 
Armellini asked the new government of the Italian Republic for funds to increase 
the scientific capabilities of the observatory. He began by building a solar tower on 
Montemario and a new astronomical station at Campo Imperatore, a glacial plain at 
2.200  m above sea level, near the summit of Gran Sasso d’Italia in the central 
Apennines.

Massimo Cimino (1908–1991) had joined the Astronomical Observatory of 
Rome in 1943, and in 1949 he obtained a Fulbright and National Research Council 
(CNR) scholarship to be a guest researcher at the Mount Wilson and Palomar 
Observatories. When he returned to Rome, he was appointed by Armellini to select 
and design the instruments to equip both the solar tower and Campo Imperatore sta-
tion and to supervise their construction.

At Campo Imperatore, he decided to install a Schmidt-type telescope of 36″ 
aperture and 24″ correcting plate, f = 3, to be equipped with a 4° objective prism. 
The complete optics were constructed in California, and the fork-type mounting 
was constructed in Italy, following the design of the Schmidt telescopes at Palomar 
Observatory (Cimino 1951). In those years Schmidt telescopes represented a very 
good choice for contemporary astronomy, and this was in line with the most 
advanced astronomical observatories in the world at that time. Nevertheless, eco-
nomic problems slowed down the completion of the astronomical station, which 
was only inaugurated in late 1965 (Tempesti 1965).

The construction of the solar tower at Montemario was finished in 1952, but its 
full scientific operability was only achieved around 1960. The Rome solar tower 
was for many years the tallest in Europe, thanks to its 52 m focal length (34 m in 
elevation plus a 18-m-deep well). Equipped with a double spectrograph, it was con-
ceived mainly for studying solar magnetic fields and their evolution in time (Cimino 
1966). It represented a significant boost to solar physics research in Rome, follow-
ing the path of Respighi and Secchi, and it was dedicated to these illustrious scien-
tists in recognition of their pioneering studies on this topic.

In 1957 Armellini retired and Massimo Cimino took over as director of the Rome 
Observatory. Armellini was still living at the observatory at Montemario when, on 
the night between July 15 and 16, 1958, a fire destroyed the main dome of the obser-
vatory and the Steinheil-Cavignato telescope within, including the Secchi  Merz 
telescope, which was being used as its finderscope. The next day, when Armellini 
saw the disaster, he had a heart attack and suddenly died.
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Armellini had been an expert of celestial mechanics, and his scientific activity 
was mainly devoted to this topic, obtaining and publishing important results in the 
field. And clearly, he was a good organizer and manager.

Massimo Cimino took on the role of directing an observatory with three different 
sites: Montemario, Monte Porzio Catone, and Campo Imperatore. He worked hard 
to make all sites operational: he obtained funds for finishing the building at Monte 
Porzio and initiated new research on the ionosphere there. At Monte Porzio he also 
created a workshop for the restoration of historical instrumentation, and he stored 
part of the collection of the museum there. Cimino made an agreement with the 
Royal Observatory of Edinburgh to install and operate a 16/24-inch (0.4/0.6  m) 
Schmidt camera – matching the one in Edinburgh – in one of the small domes at 
Monte Porzio Catone. He also completed the installation of scientific equipment in 
the solar tower at Montemario and designed and installed a new instrument on equa-
torial mounting for the Sun Patrol camera which would monitor the Sun with a 
movie camera (Cimino 1967). The new instruments complemented the older (but 
still in operation) Askania telescope.

Taking into account the research on the ionosphere carried out at Monte Porzio, 
solar research was the most important activity at Astronomical Observatory of 
Rome in those years still in the path initiated by Fr. Secchi. Nevertheless, astro-
physical research in Rome had a new renaissance not at the observatory but in the 
Department of Physics of La Sapienza. In those years, Edoardo Amaldi (1908–1989) 
was working hard to rebuild physics research in Rome, and in 1960 he invited Livio 
Gratton to come back to Italy to become full professor of astrophysics at La 
Sapienza. Gratton was very active, and, in about 20 years, he both created the Space 
Laboratories and assembled a group of bright astrophysicists (e.g., Vittorio 
Castellani (1937–2006), Vittoria Caloi, Alfonso Cavaliere, Francesca D’Antona, 
Marcello Fulchignoni, Paolo Maffei, Italo Mazzitelli, Antonella Natta, Roberto 
Nesci, Franco Occhionero, Franco Pacini (1939–2012), Andrea Preite Martinez, 
Alvio Renzini, Duccio Macchetto, Nino Panagia, Giancarlo Setti, Gianfranco 
Spada, Roberto Viotti, and many others) who brought Italian astrophysics to the 
highest level of international astrophysical research.

Cimino retired in 1978 and Pietro Giannone (1937–2016) became the new direc-
tor of the Astronomical Observatory of Rome. Giannone was the last director who 
was also full professor of Astronomy at La Sapienza, going back to Scarpellini. In 
1982, a new reform of the astronomical observatories in Italy made them indepen-
dent from local universities. The reform also created the Council for Astronomical 
Research (CRA), chaired by the Ministry of Public Instruction, and it provided 
astronomical observatories with funds and the opportunity to create several posi-
tions for the new generation of Italian astronomers.

Giannone served as  director  of the Astronomical Observatory of Rome until 
1986, when Alfonso Cavaliere was appointed director. Giannone was a close col-
laborator of both Cimino and Gratton, and an expert on stellar evolution. Cavaliere 
studied with Gratton and was considered worldwide as a pioneer in the research on 
active galactic nuclei, clusters of galaxies, and observational cosmology. Cavaliere 
remained director until 1992, when Roberto Buonanno became the new director.
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Buonanno had joined the observatory as an astronomer in 1974, working on stel-
lar evolution and spending a period of time at ESO. He contributed to develop new 
computing techniques for data analysis of both astronomical plates and then 
CCD. He had continued his career at OAR until 1991, when he became full profes-
sor at the University of Rome “Tor Vergata.” During his directorship the observatory 
underwent significant development, opening many new lines of research and trans-
forming the observatory into a modern institute at an international level. During this 
period, the scientific personnel of the observatory more than doubled, and many 
scientific activities were moved to Monte Porzio.

Buonanno also completed the arrangement of the infrastructure at Monte Porzio. 
This included a guest house to host visiting scientists and students and a monumen-
tal staircase to access the main building. In the big dome (left empty after the war), 
he placed the library of the  Observatory. He set up an infrastructure dedicated 
entirely to public outreach activities and supported the archaeological park 
(Fig. 20.4). He made a scientific agreement with Pulkovo Observatory (S. Petersburg), 
where “Mussolini’s telescope” had been located after World War II, and in this con-
text the Russian institute provided a new 1.1 m telescope (AZT-24) dedicated to 
near-infrared observations, to be installed at Campo Imperatore (Buonanno 
2008, 2018).

By 1999 the Astronomical Observatory of Rome was employing 37 researchers 
covering almost all the fields of modern astrophysical research, from solar observa-
tions (following the long tradition since Secchi and Respighi), observation and 
physical characterization of minor bodies of solar system, star formation, stellar 
evolution (always a part of the observatory’s scientific heritage), high-energy astro-
physics, relativistic astrophysics, observational cosmology, and theoretical cosmol-
ogy. OAR scientists had been also coordinating or participating to the realization of 
many instruments for both space- and ground-based observatories (Amendola et al. 
1999). About one century after Secchi and Respighi, OAR researchers finally 
entered in the footprint of these great scientists and started to contribute at high level 
to worldwide astrophysical researches. We can find in Rome a new generation of 
astrophysicists distinguished in the field of spectroscopy, in the development of 
theoretical models, in the development of advanced astronomical instrumentation, 
and in managing and handling of astronomical images and catalogs.

19.6  INAF and the Astronomy in Rome 
in the New Millennium

In 1999 a new law again reformed Italian astronomical observatories, merging them 
into a national institution (National Institute for Astrophysics – INAF) whose head-
quarters was established at Montemario, sharing the site with OAR. The main site 
of OAR was moved to Monte Porzio Catone (Fig. 19.4) at that time, but the Museo 
Astronomico-Copernicano, containing all the history and tradition of OAR, 
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remained at Montemario, as well as the solar tower which also remained under the 
responsibility of OAR. The reform of 1999 was completed in 2003 when the Italian 
government also folded seven institutes of CNR related to astrophysics (two of them 
in Rome) into INAF. The observatories no longer had their previous autonomy, and 
from that point, their directors were appointed by the president of INAF. At the end 
of 2005, Buonanno stepped down, and Emanuele Giallongo was nominated as new 
director of OAR for the following 6 years; then Fabrizio Fiore became director for 
the next 6 years.

In 2004, Italian research (and consequently INAF) was reformed again. At the 
same time, due to the general economic situation of the country, it suffered a signifi-
cant reduction in budget. The economic situation also negatively influenced recruit-
ment and career policies. In Rome, the two former CNR institutes were merged in 
one larger institute fully dedicated to space astrophysics and planetology: Istituto di 
Astrofisica e Planetologia Spaziale (IAPS).

In spite of these difficulties, OAR maintained at a high level the scientific activity 
(Fig.  19.6): OAR scientists were named principal investigators and realized the 
Large Binocular Camera to equip the Large Binocular Telescope (LBT) in Arizona; 
they started a close collaboration with the Italian Space Agency (ASI) for participat-
ing in the scientific management of the ASI Space Data Center (ASDC); they estab-
lished the Center for Studying the Solar Variability (CSV) at Monte Porzio; they 
coordinated the Italian participation in the LBT, also establishing the LBC Survey 
Center at Monte Porzio; they participated in the installation of new instruments 
within ESO; they coordinated INAF participation in the international experiment 
MAGIC for very-high-energy astronomy; and they coordinated and/or participated 
in the development of several astronomical satellites (e.g., BeppoSAX, Swift, 
NuSTAR, AGILE, Gaia, Euclid, Hermes, etc.). For many years OAR scientists have 
been playing an important role in a number of fields of astrophysics, scoring at top 
among INAF institutes for scientific production in the Nature Index1 (Fig. 19.5).

Furthermore, a close collaboration among the three universities in Rome has 
offered students new opportunities to study and work within an active research insti-
tute. Since 2015, OAR has put a great effort into renewing the observing facilities at 
Campo Imperatore – in particular the Schmidt telescope, which, thanks to its large 
corrected field of view, is a very suitable instrument for looking for optical counter-
parts of gravitational wave events.

However, in spite of all efforts spent by OAR and the very promising prospects 
for successful observations, in 2017 INAF accepted a request from Roberto 
Buonanno (at that time director of Teramo Observatory) and agreed to separate 
Campo Imperatore from OAR and put it under the responsibility of Teramo 
Observatory. Buonanno renamed the joint institute as the Astronomical Observatory 
of Abruzzo and decided against its possible merging with OAR (Buonanno 2018), 

1 http://www.natureindex.com/institution-outputs/italy/national-institute-for-astrophysics-inaf/ 
5139073d34d6b65e6a00226f
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hence OAR lost the opportunity to use Campo Imperatore for both science and edu-
cational purposes.

In 2018 INAF appointed Lucio Angelo Antonelli (astronomer at OAR since 
1998) as the new director. He returned to OAR after a previous experience at 
ASI (Italian Space Agency), where he was first director of the new Space Science 
Data Center in 2017. In 2018, thanks to a specific law dedicated to solving the long- 
lasting problem of the lack of recruitment in public research, more than 20 new 
researchers joined OAR. The celebration of the 80th anniversary of Astronomical 
Observatory of Rome, organized by the new director at Monte Porzio on November 
2018, counted 60 researchers on the staff team.

Younger scientists are of fundamental importance for engaging new and chal-
lenging projects and research in the coming years. Nevertheless, we cannot not 

Fig. 19.5 The Astronomical Observatory of Rome is involved in many new instruments in both 
space- and ground-based modern observatories. In this composed picture, the following are shown 
from the top and moving clockwise: Gaia, the ESA mission aimed to map a part of our galaxy; 
European Solar Telescope (EST), the next-generation solar observatory; Large Binocular Telescope 
(LBT), a binocular telescope (2 × 8 m mirrors) in operation in Arizona; Mars rover, exploration of 
the solar system; Extremely Large Telescope (ELT), the new generation of ground-based optical 
telescope; and MAGIC in Canary Islands to observe the sky at very high energies
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forget our tradition, and the heritage of Roman astronomy is carefully preserved in 
our institution.

Collections in the OAR library go back over five centuries and include more than 
8000 monographs and a thousand historic and modern periodicals. The historical 
section of the library, made up of collections from the historical Observatories of 
Collegio Romano and Campidoglio collected by Tacchini together with books 
donated by Arthur Wolynski, represents a unique treasure. It counts over 4000 vol-
umes: among many rare editions, there is a manuscript dating back to the fourteenth 
century which summarizes the main astronomical texts of that time; a digital copy 
of it can already be admired at the INAF web portal. The collection also includes 5 
incunabula, over 270 sixteenth-century editions, and 450 seventeenth-century edi-
tions. In particular, among various books of ancient astronomy, there are remarkable 
first editions of Copernicus’ works, Ptolemy’s Almagest, the Sphaera by Sacrobosco, 
the Theatrum Cometarum by Hevel, Scheiner’s Rosa Ursina, as well as 
Galileo’s works.

The historical-modern section in Monte Porzio Catone is constituted of a histori-
cal core (post 1830) of about 1000 volumes, a modern section of about 3000 spe-
cialist monographs, and a remarkable number of astronomical periodicals and 
publications coming from the main observatories of the whole world. The collec-
tions of the Museo Astronomico and Copernicano are partly still located at 
Montemario, in fully refurbished rooms, and partly at Monte Porzio Catone, in 
dedicated rooms. The collection includes very well-preserved ancient Arabic astro-
labes, mural quadrants, sundials, compasses, rare and precious globes, telescopes 
from the seventeenth century, and, of course, a huge amount of astronomical instru-
ments from Observatories of Collegio Romano and Campidoglio (Cimino 1966; 
Calisi 2000) (Fig.  19.6). A collection of instruments used by Angelo Secchi for 
astronomical, meteorological, and geomagnetic studies, including the original 

Fig. 19.6 (a, b) Astronomical instruments from both Observatories of Collegio Romano and 
Campidoglio are now collected in the Astronomical and Copernican Museum of INAF-OAR: (a) 
on the left, objective prism ordered by Lorenzo Respighi from Ertel in 1862; (b) on the right, 
objective prism ordered by Angelo Secchi from Merz in 1864 (© Astronomical and Copernican 
Museum, INAF-OAR)
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Secchi-Brassart Meteorograph from Collegio Romano, are also on display at Monte 
Porzio, together with the gold medal awarded to Secchi for it at the Universal 
Exhibition of Paris of 1867.

19.7  Conclusions

The Astronomical Observatory of Rome is still the repository of both the heritage 
and the tradition of ancient astronomical observatories that had been present in 
Rome since Renaissance. In particular, the scientific and cultural heritage of the 
Observatories of Collegio Romano and Campidoglio were merged 80 years ago, 
and they can be found today at the Astronomical Observatory of Rome, which is 
now part of the Istituto Nazionale di Astrofisica (INAF). Down the centuries, astro-
nomical research in Rome has experienced many high points; one of the brightest 
was Angelo Secchi, who initiated modern astrophysics. Current scientific research 
at OAR continues on the road initiated by those scientists and represents excellence 
in almost all fields of contemporary astrophysics.
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Chapter 20
Secchi’s Diffuse Correspondence in Italian 
Archives

Antonella Gasperini and Mauro Gargano

20.1  The Main Documentary Archives

The study of Angelo Secchi’s papers is an exercise that can both excite and confuse 
or even dismay the occasional researcher. The multifaceted nature of his scientific 
interests, his passionate participation in the political events of his time, and the wide 
range of his correspondence not surprisingly have produced a vast array of docu-
mentary material which is presently stored in a wide range of locations.

It is not an exaggeration to say that evidence of Angelo Secchi’s tireless activity 
can be found throughout Italy, from Moncalieri to Palermo. Two institutions in par-
ticular, however, contain the major fraction of the archived material: the Pontifical 
Gregorian University and the Astronomical Observatory of Rome.

A study by Ileana Chinnici and Wiktor Gramatowski, published in the journal 
Nuncius in 2001 (Chinnici and Gramatowski 2001), has analyzed the Secchi archive 
stored at the Pontifical Gregorian University (PUG). Here, researchers can find writ-
ings (astronomy lessons, lectures, scientific memoirs, draft publications, etc.), cor-
respondence with his Jesuit brothers, travel diaries, and scientific correspondence 
representing a corpus of about 7000 letters received by more than 1500 correspon-
dents. In 2017 the creation of the GATE web platform (Mancini and Morales, Chap. 
21, in this volume) was a major development in the program to enhance PUG’s 
historical archives, including the Secchi collections; this aims to carry out a com-
plete digital transcription of the texts and annotations.
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A preliminary examination of the archives of astronomers at the Osservatorio 
Astronomico di Roma (Astronomical Observatory of Rome) was carried out by 
A. De Simone and G. Monaco in 1996–1997 (De Simone 1996–1997), but a com-
plete reordering and integral inventory of the historical archive of the Rome 
Observatory only occurred in 2016, making available the 3313 pages of documents 
that they had previously described1. This patrimony consists of material from vari-
ous sources and linked to two main documentary cores: the archive of the Roman 
College and the archive of the Astronomical Observatory of Rome. Within these 
documentary funds, a complete sub-archive dedicated to Angelo Secchi can be 
found, consisting of 246 files covering a chronological arc that goes from 1842 to 
1878, and sorted into Personal Documents, Correspondence, and Scientific 
Writings.2 The correspondence sub-series contains more than 480 letters exchanged 
with 260 correspondents over a period from 1844 to 1889. Additionally, in the 
Lorenzo Respighi sub-archive of the Capitolium Observatory are preserved 54 let-
ters of A. Secchi to L. Respighi.

Following the inventory and as part of the multi-year project of the Istituto 
Nazionale di Astrofisica (INAF) for the enhancement of its historical heritage, INAF 
has begun to digitize archival documents relating to astronomical observations 
made by Italian astronomers in the second half of the nineteenth century. In recent 
years, the INAF project has produced digital versions of some rare and valuable 
volumes placed in the libraries of Italian observatories and the digital reproduction 
of various archival data, such as meteorological observations from Padua made dur-
ing the years 1725–1804 and the extended time series of solar observations from 
Catania and Rome.

These materials are available online at the web site Polvere di stelle: i beni cul-
turali dell’astronomia italiana (Stardust: The Cultural Heritage of Italian 
Astronomy)3. This web portal presents the INAF’s cultural heritage databases 
including collections of archives, libraries, and museums. Stardust allows scholars 
to search across the different types of material that make up the historical and scien-
tific collections of INAF, and with digital technology, it is possible to consult the 
complete texts of particularly relevant historical volumes. To date, the portal con-
tains the scans and archival descriptions of drawings of sunspots, solar prominences, 
solar faculae, and solar spectra obtained between1865 and 1880 by Pietro Tacchini 
and held at the Osservatorio astrofisico di Catania (Astrophysical Observatory of 
Catania) and the long-period series of solar observations made by Angelo Secchi at 
the Osservatorio del Collegio Romano (Roman College Observatory), held today at 

1 The inventory of the historical archive of the Astronomical Observatory of Rome, edited by 
Monica Grossi and Silvia Trani, was completed in its final version in 2016, thanks also to the col-
laboration of Francesca Perrone and Susanna Orefice.
2 Fondo Osservatorio del Collegio Romano. Archivi personali dei direttori del Collegio Romano. 
Angelo Secchi. http://www.beniculturali.inaf.it/sicap/Opac.aspx?WEB=INAFS&Opac=AD&Sr
cMode=SGER
3 http://www.beniculturali.inaf.it/
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the Osservatorio Astronomico di Roma. INAF chose to digitize these materials both 
to make these documents accessible for the studies in the field of history of astron-
omy and the solar physics and to pay a tribute to Angelo Secchi in the bicentenary 
of his birth. This is a very appropriate way to honor the astronomer who changed the 
point of view on the research in astronomy by turning it into the modern science we 
know and practice today.

20.2  Between Heaven and Earth: The Bicentenary 
of Angelo Secchi

The year 2018, the bicentenary of Secchi’s birth, saw a series of cultural and scien-
tific initiatives that paid tribute to aspects of his private life and scientific endeavors 
that previously were not widely known. These tributes were especially important to 
the younger generation, who are so bombarded with instant information that they 
may find little space to reflect on the contributions that even the recent past have 
given to the progress and development of contemporary society. Among the many 
in-depth studies and celebratory activities, the exhibition Tra Cielo e Terra: 
l’avventura scientifica di Angelo Secchi (Between Heaven and Earth: the scientific 
adventure of Angelo Secchi) curated by Ileana Chinnici and Mauro Gargano played 
a special role. This virtual exhibition, with a strong multidisciplinary bent contain-
ing a wide collection of writings and ideas, offered an insight into the rich historical 
and scientific heritage of the astronomer from Reggio Emilia, highlighting various 
biographical aspects and noting his important contributions in a multiplicity of sci-
entific fields from astrophysics to meteorology, from geophysics to solar physics, 
from oceanography to geodesy and technology.4 The virtual tour allows the visitor 
to navigate through documentary sources such as reproductions of historical docu-
ments and photos of the original tools used by Secchi. While the exhibition certainly 
does not pretend to exhaust the many biographical and scientific aspects that remain 
to be explored, it serves as a window into the rich historical and scientific heritage 
of Angelo Secchi and the various sides of his multifaceted figure as a scientist. Its 
goal is to be an instrument that arouses interest and curiosity in scholars of the his-
tory of science and astronomy enthusiasts and which contributes to the dissemina-
tion of knowledge about the challenges of science, both historical and modern, 
aimed at students as well as educated adults and the wider Italian and international 
audience.

4 https://tracieloeterra.bicentenarioangelosecchi.it/
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20.3  Minor Documentary Archives

This survey of the scattered traces of Angelo Secchi to be found in libraries, archives, 
private repositories, religious institutions, and so forth can only be provisional and 
subject to further investigation. The work presented at this time thus should be 
thought of as a partial result and open to subsequent improvement. In addition to the 
two large archives mentioned above, Secchi’s letters and documentation are present 
in almost every corner of Italy. For this reason, the survey we made so far is incom-
plete, and anything more that may come to light will constitute another piece in this 
geographically scattered puzzle.

The research inside the Italian astronomical historical archives of the National 
Institute for Astrophysics has led to the identification of correspondence of Angelo 
Secchi with almost all of his contemporaries, but in particular important documen-
tation has been preserved in the archives of the observatories of Arcetri, Brera, and 
Palermo. The Arcetri Observatory in Florence has 135 letters by Angelo Secchi to 
Pietro Tacchini, sent between 1865 and 1877 (Chinnici and Gasperini 2013), which 
along with the corresponding letters of Tacchini to Secchi preserved at the Pontifical 
Gregorian University constitute one of the most important narratives of the transi-
tion from classical astronomy, based on the determination of accurate positions of 
stars and calculation of orbits, to a new science, “astrophysics,” aimed at the study 
of constitution, formation, and evolution of celestial bodies. In addition, in the his-
torical archive of that Observatory, in the Biblioteca Nazionale Centrale, and in the 
Biblioteca Marucelliana in Florence are a number of letters addressed to Giovanni 
Battista Donati (1826–1873), who was director of the Observatory in Florence from 
1859 and who carried out various fundamental stellar spectroscopy experiments 
from 1857, immediately carried forward by Secchi in the following years (Figs. 20.1 
and 20.2).

Also in Florence, the Archivio Provinciale delle Scuole Pie Fiorentine (Provincial 
Archives of the Fiorentine Piarist Schools) preserves 32 letters by Angelo Secchi to 
Alessandro Serpieri (1823–1885), a Piarist priest who was a physicist, seismologist, 
meteorologist, and astronomer (Mantovani and Vetrano 1991). Even more than by 
their studies of astronomy, these two scientists were bonded by their common inter-
est in meteorology. In 1850 Serpieri founded a meteorological observatory in the 
Italian region of Marche with the idea of applying the telegraph to the service of 
meteorology. It was Secchi who achieved this aim in 1856 by creating a network of 
telegraph stations in the Pontifical States.

Giovanni Virginio Schiaparelli (1835–1910) was another important astronomer 
of the second half of the nineteenth century with whom Secchi was in correspon-
dence. He was director of the Brera Observatory from 1862 until his death in 1910, 
and he was famous for his studies of Mars. Letters between these astronomers are 
kept at the Brera Astronomical Observatory (68) and at the Domus Galileiana in 
Pisa (9).

Secchi’s relations with Padua were also close, especially with Giovanni Santini 
(1787–1877) and Giuseppe Lorenzoni (1843–1914), as evidenced by the 
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correspondence preserved at the archive  of the Observatory in Padua and at the 
Lorenzoni fund in the archive of Arcetri Observatory.5

The organization of the expedition to Sicily on the occasion of the total eclipse 
of the Sun on 22 December 1870, the first scientific expedition after the unification 
of Italy, constitutes a moment of close exchange among Italian astronomers (Chinnici 
2008). Giovanni Santini, chairman of the commission created for the organization 
of the expedition, formally invited Secchi to participate. In this circumstance Secchi 
was at the center of a controversy; despite being recognized for his very high scien-
tific competence, his being a Jesuit put him in a position of difficulty at a time of 
great tension in the relations between the new Italian state and the Church. The 
Archive of the Observatory of Palermo is the custodian of all the documentation 
related to the 1870 expedition, including about 50 letters by Angelo Secchi, almost 
all addressed to Gaetano Cacciatore (1814–1889), director of the Observatory.

5 On the Lorenzoni Archive held in Arcetri, see Bianchi, S. Gasperini, A. 2017.

Fig. 20.1 Box containing the letters by Secchi to Tacchini, concealed for decades among the 
books of INAF-OAA library (credit: A. Gasperini)
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The Panizzi Library of Reggio Emilia, the birthplace of Secchi, keeps a small 
collection of letters (28) of Secchi to various correspondents among which stands 
out Father Crispino Della Passione with whom Secchi corresponded from 1875 
concerning the creation of the Osservatorio di Grottaferrata. (The letters of Della 
Passione to Secchi are kept in the historical archive of the Roman College.) Nearby, 
the Biblioteca Estense in Modena and the archive of Parma University possess the 
correspondence with Giovanni Battista Amici (1786–1863) and Antonio Colla 
(1806–1857), respectively, the first especially famous for his studies of optics, the 
second director of the Meteorological Observatory of Parma.

An important archive of all the correspondence of Angelo Secchi to Francesco 
Denza (1834–1894) in the period 1858–1877 is preserved in the Historical Archive 
of the Barnabite Fathers of Moncalieri, where Denza established a meteorological 
station.6

In this research it is also worth noting the important collection of letters (48) by 
Angelo Secchi to the mathematician Paolo Volpicelli (1804–1879) present in the 

6 Fr. Sabino Maffeo prepared the list of Angelo Secchi’s letters to Francesco Denza and Fr. 
Giuseppe Koch, librarian at the Specola Vaticana, has kindly made it available for this 
publication.

Fig. 20.2 The collection of letters by Secchi to Tacchini, preserved at INAF-OAA (credit: 
A. Gasperini)
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Accademia dei Lincei; Volpicelli was secretary of that Academy for more than 
30 years.

A recent study on the correspondence of Annibale de Gasparis (1819–1892)7, in 
the year of the 200th anniversary of his birth, has brought out a new core of letters 
exchanged between Secchi and de Gasparis. The 41 documents found in the archives 
of Naples Observatory and PUG have been described, digitized, and published on 
the INAF web portal. The main topics discussed by the two astronomers are the 
observations and computation of the orbital elements of new asteroids discovered 
by de Gasparis and the longitude and latitude measurement program between Rome 
and Naples using the telegraph (Fig. 20.3).

For a more complete picture of the survey of Angelo Secchi’s correspondence, 
we publish in appendixes, in alphabetical order, the list of letters preserved in some 
Italian archives, excluding the huge archival fond preserved at the Pontifical 
Gregorian University which has been analytically described in the inventory by 
Chinnici and Gramatowski, where a list of about 1500 correspondents is also given 
(Chinnici and Gramatowski 2001). In both appendixes A and B (containing, respec-
tively, the list of recipients and that of senders), more than 200 correspondents 
(astronomers, scientists, priests, ordinary citizens, etc.) have been identified; the 
letters, covering the years 1839–1878, are preserved in more than 20 scientific and 

7 Annibale de Gasparis was the director of Astronomical Observatory of Capodimonte in Naples 
from 1864 to 1889. He discovered nine asteroids and was awarded the gold medal of the Royal 
Astronomical Society and the Prix Lalande of the Science Academy of Paris among a lot of inter-
national recognitions.

Fig. 20.3 Letter by Secchi to de Gasparis, preserved at INAF-OAC (credit: M. Gargano)
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cultural institutions. Finally, it is to be remarked that about 32 letters to unidentified 
recipients and 11 from unidentified senders are kept in the archives of OAR, imply-
ing that Secchi’s correspondence still needs to be explored in detail.

 Appendix A: List of Recipients (Letters from Secchi)

Recipient Years Letters Archives (place, institution, and location)
Abetti Antonio 1875 1 Florence INAF-OAA. AS. Fondo Antonio Abetti
Amici Giovanni 
Battista

1854
1857
1860

3
3
2

Modena Biblioteca Estense. Fondo Amici

Antinori Vincenzo 1858 1 Florence Museo Galileo. AMF. Carteggio della 
Direzione

Antonelli Giacomo 1859
s.d.

1
5

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Arago François 1852 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Bertarelli P. 1875 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Bertelli Timoteo 1873 1 Rome Padri Barnabiti. AS. Fondo Bertelli. 
Corrispondenza

Blondel Angelo 1854
s.d

1
2

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Boncompagni 
Baldassarre

1862 1 Reggio 
Emilia

Biblioteca Panizzi. Angelo Secchi. 
Corrispondenza

Cacciatore Gaetano 1867
1868
1869

3
3
8

Palermo INAF-OAPa. AS. Fondi degli Astronomi. 
Gaetano Cacciatore

1870
1871

13
3

Palermo INAF-OAPa. AS. Fondo Eclisse 1870

Calandrelli, Ignazio 1862 1 Rome INAF-OAR. Osservatorio del 
Campidoglio

Cavalieri San Bertolo 
Nicola

1852 6 Rome ANL. Archivio Nicola Cavalieri San 
Bertolo

1863 3 Rome ANL. Archivio Paolo Volpicelli
Colla Antonio 1850

1851
1852
1853
1854
1855
1856

s.d

1
1
2
3
1
1
2
2

Parma Università di Parma. AS. Fondo Colla. 
Carteggio dei corrispondenti

Corte di Assise di 
Roma, Presidenza

1877 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano
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Cremona Luigi 1877 1 Genoa Istituto Mazziniano di Genova. Archivio 
Luigi Cremona

Crispino della 
Passione (Padre)

1875 18 Reggio 
Emilia

Biblioteca Panizzi. Angelo Secchi. 
Corrispondenza

De Beaumont Elie 1868 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

De Gasparis Annibale 1850
1851

2
1

Naples INAF-OAC. AS. Corrispondenza. De 
Gasparis

De Nunzio F. 1876 1 Rome Museo del Risorgimento. Fondo Perazzi
Denza Francesco 1858

1861
1862
1863
1864
1865
1866
1867
1868
1869
1870
1871
1872
1873
1874
1875
1876
1877
s. d.

1
2
1
1
2
2
5
1
2
3
4

12
8
5
4
2
5
1
1

Moncalieri 
(Turin)

Padri Barnabiti. Archivio Storico

Donati Giovanni 
Battista

1854
1855
1857
1864
1865

1
1
1
1
1

Florence Biblioteca Nazionale Centrale

1865 1 Reggio 
Emilia

Biblioteca Panizzi. Angelo Secchi. 
Corrispondenza

1868 2 Florence Biblioteca Nazionale Centrale
1868 1 Florence INAF-OAA. AS. Fondo Donati
1869 3 Florence Biblioteca Nazionale Centrale
1870
1871

1
1

Florence INAF-OAA. AS. Fondo Donati

1871 3 Florence Biblioteca Nazionale Centrale
1872 1 Florence Biblioteca Marucelliana. Carteggio 

Generale
1872 2 Florence Biblioteca Nazionale Centrale
187? 1 Florence INAF-OAA. AS. Fondo Donati

Dumolard Fratelli 1876 3 Milan INAF-OAB. AS. Corrispondenza 
scientifica

Ferrari Desiderio s.d 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano
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Flammarion Camille 1866 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Greggio Pietro 1875 1 Pordenone Archivio storico comunale
Iacobini Camillo 1853 1 Rome INAF-OAR. AS. Osservatorio del 

Collegio Romano
Larcher Narcisse 1874 1 Rome INAF-OAR. AS. Osservatorio del 

Collegio Romano
Lorenzoni Giuseppe 1869

1870
1871
1872
1873

1
3
4
1
5

Florence INAF-OAA. AS. Fondo Lorenzoni

1874 1 Padua INAF-OAPd. AS. Atti vari di carattere 
scientifico

Marchetti Francesco 1873 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Matteucci Carlo 1861
1865

3
1

Reggio 
Emilia

Biblioteca Panizzi. Angelo Secchi. 
Corrispondenza

Melloni Macedonio 1852 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Moro Giovanni 1870 1 Florence Biblioteca Marucelliana. Carteggio 
Generale

Odelscalchi [Pietro] 1856 1 Rome ANL. Archivio Paolo Volpicelli
Pittei Costantino 1877 3 Florence Museo Galileo. Carteggio Pittei I: 

Meteorologia e altro
Porro Ignazio 1853

1854
4
5

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

1857
1870
1871

2
1
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Respighi Lorenzo 1851
1855
1856
1860
1861
1864
1865
1866
1867
1868
1869
1870
1871
1875
1876

2
4
4
1
1
1
2
5
2
1
1

12
2
1

14

Rome INAF-OAR. AS. Osservatorio 
astronomico del Campidoglio

Ricasoli Angelo 1869 1 Rome Biblioteca Angelica. Manoscritti
Rosa Pietro 1862 1 Reggio 

Emilia
Biblioteca Panizzi. Angelo Secchi. 
Corrispondenza

Rossignani G. 1867 1 Florence Biblioteca Nazionale Centrale
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s.n. 1870 1 Rome Museo del Risorgimento. 
A-GHIS. Carteggio - Mittenti

Salimbeni Leonardo 1870 1 Reggio 
Emilia

Biblioteca Panizzi. Angelo Secchi. 
Corrispondenza

Salvatori F. 1858 1 Florence Biblioteca Nazionale Centrale
Sandri Bartolomeo 1872 1 Reggio 

Emilia
Biblioteca Panizzi. Angelo Secchi. 
Corrispondenza

Santini Giovanni 1869
1870
1871
1872

5
13
5
1

Padua INAF-OAPd. AS. Atti vari di carattere 
scientifico

Schiaparelli Giovanni 
Virginio

1861 5 Milan INAF-OAB. AS. Corrispondenza 
Scientifica

1863
1864

7
1

Pisa Domus Galilaeana. Fondo G. V. 
Schiaparelli

1865
1866
1867
1868

1
16
7
8

Milan INAF-OAB. AS. Corrispondenza 
scientifica

1868 1 Pisa Domus Galilaeana. Fondo G. V. 
Schiaparelli

1869 1 Milan INAF-OAB. AS. Corrispondenza 
scientifica

Schiaparelli, 
Giovanni Virginio

1870
1872
1873
1874
1875
1876
1877

6
5
6
2
2
3
6

Milan INAF-OAB. AS. Corrispondenza 
scientifica

Sclopis Federico 1870 1 Turin Accademia delle Scienze. AS. Carteggi
Secchi Tommaso 1839 1 Reggio 

Emilia
Biblioteca Panizzi. Angelo Secchi. 
Corrispondenza

Serpieri Alessandro 1850 1 Florence Biblioteca Nazionale Centrale
1851
1852
1853
1854
1855
1863
1864
1866
1867
1868
1869
1870
1871
1873
1874
1876

5
2
4
1
1
1
1
2
1
2
6
1
2
1
1
1

Florence Scuole Pie Fiorentine. Archivio 
Provinciale

20 Secchi’s Diffuse Correspondence in Italian Archives



354

Sismonda Eugenio 1854 1 Turin Accademia delle Scienze. AS. Carteggi
Tacchini Pietro 1865

1866
1868

2
7
3

Florence INAF-OAA. AS. Corrispondenza Secchi

1868 2 Palermo INAF-OAPa. AS. Fondi degli Astronomi. 
Gaetano Cacciatore

1869
1870

3
3

Florence INAF-OAA. AS. Corrispondenza Secchi

1870 1 Catania INAF-OACt. Corrispondenza
1871
1872
1873

15
21
33

Florence INAF-OAA. AS. Corrispondenza Secchi

1873 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

1874
1875
1876
1877

16
8

13
11

Florence INAF-OAA. AS. Corrispondenza Secchi

Volpicelli Paolo 1850
1851
1852
1853
1854
1855
1856
1858
1860
1861
1863
1866
s. d.

1
1
3
5
1
5

16
1
2
2
1
1
4

Rome ANL. Archivio Paolo Volpicelli

 Appendix B: List of Senders (Letters to Secchi)

Sender Years Letters Archives (place, institution, and location)
Aguilar Antonio 1860

1861
s.d

5
1
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Airy George Biddell 1858
1861

1
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

1861 1 Rome ANL. Archivio Paolo Volpicelli
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Alvarez Angelo 1864
1866
1872
1873
1874

1
6
2
3
3

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Amici Giovanni Battista 1854
1857

s.d

1
2
2

Modena Biblioteca estense. Fondo Amici

Arcimis Augusto 1874
1875

1
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Armellini Tito 1872 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Beckx Pietro 1874 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Bellucci Giuseppe 1871
1872
1874

1
1
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Bertelli Timoteo 1872
1873
1876

2
1
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Bianchi Achille 1859 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Biblioteca Civica di Bergamo 1874 2 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Billi Alessandro 1866
s.d

3
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Birmingham John 1876 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Blaserna Pietro 1875 2 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Bodio Luigi s.d 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Borgnini Secondo 1877 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Botta Giuseppe 1872 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Branzolfo B. 1872 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Bruno Carlo 1872 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Buti Giuseppe 1878 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Cacciatore Gaetano 1866
1867

1
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Carlini Francesco (nipote) 1870 1 Palermo INAF-OAPa. AS. Fondi degli 
Astronomi. Gaetano Cacciatore

Caffè Giuseppe 1873 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano
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Callier ? 1866 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Cantoni Giovanni 1869 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Capello Ioão Carlos de Brito 1875 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Cappelletti Enrico 1862
1866

2
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Cardella Valeriano 1876
s.d.

1
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Catelli Luigi 1872 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Cavalleri Giovanni 1858 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Ciampi Felice 1872 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Colombel Augusto 1873 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Collegio di Musica di Palermo 1875 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Cornoldi Giovanni Maria 1864 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Corbeschi Benedetto 1876 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Corte di Assise di Roma, 
Presidente

1877 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Costa A. 1873 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Costantini Baldini Pier 
Domenico

1866 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Coumbary Aristide 1866 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Coyteux Fernand 1866 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Cozza Giuseppe 1876 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Crispino della Passione (Padre) 1875
1876
1877

1
5
4

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Cuyar Francisco 1874 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Da Silva Francesco 1878 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

De Andreis Angelo 1873 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

De Boer F. 1875 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

De Cepeda Antonio Rodriguez 1860 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano
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De la Rue Warren 1860 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

De Paula Francisco 1860 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

De Rossi Michele 1873 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Dechevrens Marc 1876 4 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Del Monte Bourbon Pompeo 1873 4 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Del Monte Bourbon Pompeo s.d 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Del Nome di Maria D. 1875 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Del Re Leopoldo 1850 1 Naples INAF-OAC. Corrispondenza. De 
Gasparis

Delegazione Apostolica 1859 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Dent Edward John 1866 2 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Denza Francesco 1871
1872
1873
1874
1877

s.d

1
3
5
1
1
4

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Di San Giuseppe B. 1877
s.d

4
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Drago M. 1873 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Duca di Reitano (Francesco 
Colonna)

1875 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Ellner Benedict 1857 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Escandon Ramon 1871 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Eugenio Vito 1872 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Ezekiel M. s.d 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Federici Federico 1873 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Fergola Emmanuele 1869
1870
1871

1
2
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Ferrari Gaspare Stanislao 1875
s.d

1
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Fosher Budges 1862 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano
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Gai Germano 1874 2 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Galli Ignazio 1872
1876
1877

1
1
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Garavaglia ? 1876 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Gaudin Louis 1876 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Gazan A. 1876 2 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Ghezzi Giuseppe 1877 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Giunta liquidatrice in Roma 1875
1876

1
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Gloesener Antonio 1877 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Hipp Matthäus 1867 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Huguerns F. 1868 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Hydrograph der kaiserlichen 
Admiralität, Hamburg (Georg 
Balthasar von Neumayer)

1875 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Iannuccelli Gregorio 1871 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Jeannel C. 1873 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Kupffen Adolph Theodor 1857 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

La Cordier Paul 1877 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Larcher Narcisse 1874 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Lavazzi C. 1874
s.d

1
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Layour E. 1869 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Le Ricque de Monchy Adolphe 1860 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Lorenzoni Giuseppe 1870
1871
1873

3
6
5

Florence INAF-OAA. AS. Fondo Lorenzoni

1874 1 Padua INAF-OAPd. AS. Fondi degli 
Astronomi. Giuseppe Lorenzoni

1879 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

s.d. 1 Florence INAF-OAA. AS. Fondo Lorenzoni
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Lovisato Domenico 1872 2 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Lucangeli Giuseppe 1873 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Macchi L. 1877 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Maggi Pietro 1873 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Mangini Francesco s.d 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Marchetti Francesco 1874
1875
1876

4
8
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Mariotti Enrico 1872
1875

1
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Marsh George 1875
1876

4
6

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Martinez Francisco 1860 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Masenello Antonio 1872 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Massena José Franklin s.d 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Mathieu L. 1871 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Medichini Simone 1875 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Merino Miguel 1860 2 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Michez Jacopo s.d. 1 Bologna DAUB. AS. Serie storica. Specola 
XVII-XIX secolo

Ministero dell’Agricoltura 1875
1876
1877
1878

2
4
9
2

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Ministero dell’Interno 1878 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Ministero dell’Istruzione 
Pubblica

1874
1875
1876
1877

4
9
4
6

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Ministero della Marina 1873 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Ministero di Grazia e Giustizia 1875 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Minzioni Agostino 1859 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Mohn H. 1866 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano
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Monte Rotondo, Vicario 1873 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Moro Giovanni 1874 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Museo Nazionale di Palermo 1875 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Oppolzer Theodor 1873 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Pacinotti Antonio 1870 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Papini Roberto 1877 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Parnisetti Pietro 1873 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Patrizi-Forti Feliciano 1859 2 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Pernet J. 1878 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Perry Stephen Joseph 1871 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Peters Christian Heinrich 
Friedrich

1855 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Petrucci ? 1873 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Pittei Costantino 1875
1876

1
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

1877 1 Firenze Museo Galileo. Carteggio Pittei I: 
Meteorologia e altro

Placido Vincenzo 1874
1875
1876
1877

s.d.

1
2
8
7
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Plantamour Emile 1860 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Poletti Luigi 1859 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Ponga G. L. 1873 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Ragona Domenico 1872 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Remiddi Romolo 1876 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Respighi Lorenzo 1855
1856

1
1

Bologna DAUB. AS. Serie storica. Specola 
XVII-XIX secolo

1868 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Riccardi Salvatore 1873 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano
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Ritzu Francesco s.d 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Roche Edouard 1877 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Rossi Girolamo 1871 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Rusconi Carlo 1866
1867

s.d

3
2
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Sabine Elisabeth 1878 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Saccheri Girolamo 1872 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Santini Giovanni 1869
1871

1
1

Padua INAF-OAPd. Fondi degli 
Astronomi. Giovanni Santini, 
Corrispondenza, Minute

Santovetti Francesco 1876 3 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Scacchi Arcangelo 1878 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Scalia Luigi 1875 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Schellen Thomas Joseph 
Heinrich

1871
1872

20
9

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Schiaparelli Giovanni Virginio 1866
1867
1873
1877

s.d

4
2
1
2
2

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Schmidt Johann Friedrich 
Julius

1876 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Schoenfeld Edward 1869 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Sedlmayer ? 1874 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Sella Quintino 1870 1 Biella FSG. Carte Quintino Sella. Serie 
Carteggio

Serpieri Alessandro 1866
1871
1873
1877

6
1
1
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Società Filodrammatica di 
Catania

s.d 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Société de Photographie de 
Paris

1876 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Statuti Augusto 1874
s.d

6
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Stas Jean Servais 1874 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano
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Stinarech Gustavus 1877 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Tacchini Pietro 1866
1867

s.d

1
2
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Tarry Henry 1872
1873

s.d

1
1
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Tupputi A. 1873 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Velletri, Sindaco 1877 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Vinader Juan 1860 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Viale Benedetto 1868
1869

1
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Villarceau Antoine-Joseph 
Yvon

1861 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Violle Jules 1875
1876

2
2

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Volante Giovanni 1872
1873

4
5

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Volante Giovanni 1874
s.d

1
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Wagner Tobias 1860 1 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Webb William 1877
1878

1
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Westermann George 1871
1872

1
1

Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

Wolf Rudolf 1878 2 Rome INAF-OAR. AS. Osservatorio del 
Collegio Romano

References

Bianchi, S., & Gasperini, A. (2017). Tutta colpa della radio ovvero Giuseppe Lorenzoni a Arcetri. 
Giornale di Astronomia, 43(4), 64–66.

Chinnici, I. (a cura di) (2008). L’eclisse totale di sole del 1870 in Sicilia. Lettere di Pietro Tacchini 
a Gaetano Cacciatore. Palermo, INAF Osservatorio astronomico di Palermo.

Chinnici, I., & Gasperini, A. (2013). Alle origini dell’astrofisica italiana: il carteggio Secchi- 
Tacchini 1861–1877. Fondazione Giorgio Ronchi: Firenze.

Chinnici, I., & Gramatowski, W. (2001). Le carte di Angelo Secchi S.J. (1818–1878) conservate 
presso la Pontificia Università Gregoriana. Un inventario inedito rivisitato. Nuncius, XVI(2), 
571–627.

De Simone, A., & Monaco, G. (1996–1997). La corrispondenza degli astronomi. 3 voll. Roma: 
Osservatorio astronomico di Roma.

Mantovani, R., & Vetrano, F. (1991). Inventario del carteggio scientifico inviato allo scolopio 
Alessandro Serpieri. Nuncius, 6(1), 135–160.

A. Gasperini and M. Gargano



363© Springer Nature Switzerland AG 2021
I. Chinnici, G. Consolmagno (eds.), Angelo Secchi and Nineteenth Century Science, 
Historical & Cultural Astronomy, https://doi.org/10.1007/978-3-030-58384-2_21

Chapter 21
GATE (Gregorian Archives Texts Editing): 
An Online Resource of Angelo Secchi 
Correspondence

Lorenzo Mancini and Martín M. Morales

21.1  Angelo Secchi Observed in His Societal Context

Nowadays, Angelo Secchi’s contribution to science is widely appreciated (Chinnici 
2019). However, no scientist today would cite Secchi’s scientific work except per-
haps for a publication which used a historical series of data such as the solar obser-
vations, meteorology or climatology that Secchi collected during his life 
(Sommervogel 1896, coll. 993–1031). Secchi’s publications are no longer a part of 
current scientific discourse; not because they don’t use theories and methods tradi-
tionally used in science, but because of the nature of the scientific system.

The reason for this can be found in the primary function of science itself: to cre-
ate new knowledge, knowledge always resulting from an observation starting with 
a binary true/false (Corsi 2003). A piece of knowledge is true and it is a reference 
point for those who do science as long as it is not contradicted or falsified. However, 
it may happen at any time – and this seems to happen more and more rapidly nowa-
days – that a piece of knowledge can become untrue or no longer usable and is to be 
replaced by another piece of knowledge. Truth is the means of communication 
through which the system of science reproduces and legitimizes its existence. 
Secchi’s publications cannot find a place within current scientific discourse because 
they are no longer able to ‘make a difference’, to generate new knowledge. Today, 
the Jesuit astronomer’s work can be only conceived of as an object for the study of 
history and no longer of science. (The fact that those who deal with it are mostly 
scientists with historical interests is another issue that will not be addressed here.)

Thus, today, publications about Secchi are part of the field of study called ‘his-
tory of science’, where the historical evolution of theories and the scientific method 
is studied (Russo 1983). The ‘history of science’ – as with many other ‘history of’ 
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fields – is an illustration of the fact that, in recent decades, history has become a 
narrative open to anyone, even to those without any particular skill who are only 
motivated to promote their alleged ‘historical truth’ for many different purposes – 
not the least, for political purposes (Canfora 2010). In addition, history may also be 
considered as an opportunity to reduce the complexity that has constantly grown up 
during modern times as a consequence of the increase of contingency. In this situa-
tion, the work of the historian is challenged, following an era in which the positivist 
assumption seemed to have elevated history to the rank of a science and the histo-
rian to that of a ‘scientist of the past’. What made history a ‘science’ was the idea 
that documents of the past were carriers of truth. This view was called into question 
decades ago (Le Goff 1978) and is even more in crisis now, because today, the very 
possibility of the existence of archives  – containers of the documents  – may be 
challenged.

The Historical Archives of the Pontifical Gregorian University (APUG) can be 
taken as example. Here most of the Angelo Secchi personal archive is preserved. In 
1878, after his death, this archive and part of Secchi’s scientific instruments were 
moved by Father Gaspare Stanislao Ferrari from the Roman College – which had 
become the property of the Italian State in 1873 – to a Jesuit house, Villa Cecchina. 
After several vicissitudes, today, almost all the papers are kept at the APUG, while 
the instruments are held by other institutions within and outside Rome. Secchi’s 
archive is filed under about 50 call numbers, containing very different materials: 
draft copies of his printed works, manuscripts of conference presentations, admin-
istration papers of the Roman College observatory, travel diaries and a huge corre-
spondence containing about 8000 letters, mostly sent to Secchi by relatives, other 
Jesuits and colleagues from all over the world. Since 2001, these documents have 
been accessible, thanks to the preparation of a guide published in a well-known 
international journal specializing in history of science (Chinnici and 
Gramatowski 2001).

Despite the availability of this useful tool, during the last 10 years, these docu-
ments have only been consulted occasionally by a few researchers. Among other 
factors, this arises from the difficulty of adapting the slow response time of the 
archives with the speed of our modern times. Unlike the society of the ancien régime 
that praised the art of prudence, which presupposed a slow and active perception of 
time, our highly complex society has a growing desire for acceleration. This speed-
ing- up, while generating shock and stress, is often seen as a value (and thus a neces-
sity) of decision-making processes, in the establishment of diagnoses, in obtaining 
results and in getting things done. Given the long times required for an archive to 
achieve results and to produce new information, the chance for an archive to play a 
role in our times, to make a ‘difference which makes a difference’, is diminishing 
(Bateson 1972, p. 453).

Besides the aforementioned conditions of our times, in the case of Angelo 
Secchi’s papers, there is a huge amount of documentation that requires a process of 
information selection in order to be fully understood. For example, consider the 
‘Science/Religion’ debate (sometimes wrongly described as ‘Faith/Science’) not as 
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a simple opposition between alternatives of where the truth might dwell, but as 
functional positions within the same social system. No historiographical operation, 
not even one intended for the ‘history of science’, could be achieved if it is detached 
from a theory of society (Luhmann 1990), because documentation is always a con-
textualized documentation, produced by a society, not by single actors, in a given 
age. The problem is often that the description of the society, and therefore also the 
historiography that the same produces, focuses on categories that come from the 
classic European tradition, generated and outfitted by the eighteenth-century 
Enlightenment. Being made in an era of reduced complexity, these categories do not 
respond to the needs and urgencies of a social system as ours, which is enormously 
specialized and differentiated.

This research approach starts from a theory of differentiation which considers 
the documentation as a communication of a given social system, rather than of an 
individual.1 This starting point assumes that society is created by information and 
not by individuals, which is why the goal is to observe communication. More 
deeply, the research project intends to perform an observation of this communica-
tion, in essence, a second-order observation. From this, it should be possible to 
locate latencies that contemporaries were unable to observe.

A careful selection of documentation may help to describe the social system with 
which the individual, Angelo Secchi, interacted. That society was evolving from a 
society based on a hierarchical differentiation towards a society where the primary 
differentiation became functional. In this kind of social system, several subsystems 
interact – science, law, art and religion – and they refer to the society only through 
their function in relation to it.

The individual, in principle, is included in all these subsystems, but one’s inter-
action (and communication) depends on the specific features of each one of them. 
This process is called ‘structural combination’. For instance, what works in the 
religion system may not work in the science system (nor that of science in the reli-
gious or moral systems), because the binary choice from which its demarcation 
(operational closure) is carried out is different. In the religion system, it is transcen-
dence/immanence, while, as has already been said, in the science system, it is 
true/false.

Secchi’s documentation is particularly interesting because it was produced at a 
time when, within the general shift from a hierarchical social system to a functional 
one, the traits of the science and religion systems were also taking form. Since the 
structure of the system was changing, the communication structure (i.e. the ‘seman-
tics’) also changed. These changes may be observed within Secchi’s documentation 
and so this also is the goal of the project presented below.

1 The difference between the individual and the person is that the former is intended as a psychic 
system and as such can’t be observed; the person is instead the social role of an individual that can 
be observed through its communications and interactions with the social system.
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21.2  Gregorian Archives Texts Editing (GATE) and Angelo 
Secchi Papers

GATE, a collaborative web platform launched by APUG in 2016,2 has been utilized 
to develop our project on the Secchi papers. GATE was created to respond to some 
of the needs of APUG regarding digitalization and access to digitalized documents. 
Like many archives, in the past 10–15 years, APUG has had to deal with numerous 
digital reproductions of documents requested by researchers. While it was relatively 
easy to produce this large number of digital images, there was never a chance to 
make them available to the entire research community.

In recent years, however, many very remarkable ‘browsing of images’ websites 
have been launched, such as the Polonsky Foundation Digitization Project,3 
DigiVatLib4 and Gallica.5 These projects allow one to access millions of images, but 
they don’t provide an ‘active’ environment where scholars can contribute to the 
addition and improvement of information. The APUG goal is different, and it 
attempts to promote a kind of scholarly research in which the archive is not seen 
merely as an ‘information supermarket’ and thus a contributor to the so-called infor-
mation overload; such an approach does not create knowledge, but an indefinite 
amount of information that cannot be managed by anyone. Instead, with GATE, 
APUG aims to create a digital tool open to the scholarly (and sometime also non- 
scholarly) collaboration in which each person can contribute with his/her expertise 
to the enrichment of the content, metadata and transcriptions of its documentation 
(Fig. 21.1).

From a technical point of view, GATE is a collaborative online web platform 
based on MediaWiki,6 a software developed by Wikimedia Foundation and used in 
all its projects, such as Wikipedia, Wikisource and Wikiversity.7 MediaWiki is open 
source and maintained by a very active community of volunteer developers. It has 
several features that are worth citing here:

• A highly customizable environment. Beyond the core code, hundreds of exten-
sions8 may be added to increase the MediaWiki functions, and the core code 
itself also has many settings that allow one to easily create the most suitable 
environment for any kind of project. For example, one of the possibilities that 
GATE offers (not found in all MediaWiki websites) is to provide a transcription 
tool that allows users to transcribe documents while having their digital 

2 https://gate.unigre.it
3 http://bav.bodleian.ox.ac.uk
4 https://digi.vatlib.it
5 https://gallica.bnf.fr
6 https://www.mediawiki.org
7 https://wikimediafoundation.org
8 https://www.mediawiki.org/wiki/Category:Extensions
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 reproduction on the same page. This is possible, thanks to an extension that also 
helps to trace and address users’ contributions.9

• A collaborative environment. Famously, the subheading of Wikipedia is ‘The 
Free Encyclopedia’. This refers not only to its lack of a required payment but 
also to the ability for anyone to freely edit any article, according to the rules 
stated by the user community. This goal led to the development of MediaWiki as 
software where every user can contribute to the editing of the articles and also to 
discuss with other users the best possible ways to improve the contents of 
each entry.

• Traceability and reversibility of any contribution. A collaborative environment 
gives everyone the right to edit any content, and this requires not only that each 
change must be attributed to the user who did it but also that it can be reversed in 
case it is not considered by the community to be an improvement.

9 https://www.mediawiki.org/wiki/Extension:Proofread_Page. This extension was originally 
developed for the Wikimedia project Wikisource.

Fig. 21.1 The GATE logo, with an outlined detail of Saint Ignatius church façade (Rome)
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All these features describe some of the basic principles of any wiki project, and 
furthermore almost any of them can be limited or empowered. For instance, one of 
the most successful MediaWiki projects in the humanities is the Transcribe Bentham 
Project,10 developed by University College London, where thousands of non-scholar 
users have been involved in the crowdsourced transcription of Jeremy Bentham’s 
manuscripts (Causet et al. 2018). In this project, all users must be registered in order 
to contribute to the transcription, whereas in Wikipedia users who are not registered 
can also edit pages.

With regard to GATE, all of its contents can be browsed, read and queried by 
anyone without any kind of registration. But things get interesting when someone 
requests an account and logs onto the platform. Anyone can ask for an account, but 
to activate an account, there is a short form to fill out. This procedure is slower than 
usual, but it allows one to make direct contact with other users, to get to know them 
better and also to address their collaboration according to their research interests. 
Users with an account can contribute to the transcription, edit and annotate the 
documents, create pages about the content of the texts, add new records to bibliog-
raphies and create and contribute to discussions.

The Angelo Secchi Project,11 as one of the eight ongoing projects currently 
hosted on GATE, also has all of this functionality. Its structure is divided into three 
sections: ‘Correspondence’, ‘Works’ and ‘Bibliography’. The long-term plan is to 
make the whole Angelo Secchi documentation held by APUG available on GATE, 
giving priority to correspondence and bibliography.

To achieve this ambitious goal, there are some issues that must be addressed. 
First of all, a general physical rearrangement of the papers needs to be done, espe-
cially of the almost 8000 letters in the correspondence. In addition, there is a need 
for a preservation plan for the physical documents, since sometimes they may need 
to be restored and they normally need to be filed in acid-free folders to guarantee 
long-term preservation. Finally, because users will work on the documentation 
online, all papers need to be digitalized.

21.3  Angelo Secchi Correspondence

The ‘Correspondence’ section has its own homepage with a brief introduction and 
the option to do a full-text and metadata search. Currently, only a few letters from 
the correspondence between Secchi and Pietro Tacchini (Chinnici and Gasperini 
2013) have been uploaded; these are to show GATE features to researchers inter-
ested in working on it. Each letter has a metadata page, which usually indicates the 
following: names of sender and recipient, date of the letter, places of origin and 
destination, dimensions, source and additional information. In the metadata page, 

10 https://blogs.ucl.ac.uk/transcribe-bentham
11 https://gate.unigre.it/mediawiki/index.php/Angelo_Secchi_Project
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there is also a field named ‘Transcription’, with links to every page of a letter. By 
clicking on one of them, users are linked to a page where, on the left, there is the 
transcription of the letter and, on the right, the image of the manuscript. Registered 
users can create new transcriptions or edit the already existing ones.

Once entered into edit mode, a user will be able to edit the text as source code, 
using a mix between Wiki syntax12 and XML-like tags. Many actions are available 
at this stage, e.g. the image of the manuscript can be moved to the top or to the right 
side of the page and can also be zoomed in or out. It is also possible to add footnotes 
and to do something regarding the edition of the text, using the ‘Edition’ toolbar. 
Here each button corresponds to a specific markup that follows the Text Encoding 
Initiative guidelines,13 a kind of standard for any project of digital scholarly edition: 
this allows one to add tags to mark some text phenomena, such as a gap or a deletion 
in the original text.

At the bottom of the page, there is another toolbar where users can set the status 
of the transcription. ‘Not proofread’ is the default value and means that the tran-
scription has to be reviewed; it is possible to select ‘Proofread’, ‘Without text’ in 
case of blank pages and ‘Problematic’, to be used when a text presents some par-
ticular problems in the transcription (e.g. unknown alphabets). There is also the 
status ‘Validated’ which can be selected only when two or more users have contrib-
uted to the transcription. Each one of these states is marked by a specific colour that 
helps users to orient themselves and allows administrators to trace the progress of 
the work and address the users’ contribution.

Another feature available in GATE is annotation: this function allows one to link 
a portion of the text to other pages, giving a specific meaning to that link. Annotation 
is possible, thanks to the use of the MediaWiki extension Semantic MediaWiki and 
to the creation of a specific toolbar available in the edit mode. In this toolbar, there 
are several buttons that allow one to annotate several categories: Names, Places, 
Works, Objects, Terms and Languages. For instance, if the name ‘Angelo’ without 
any other specification occurs in the text and a user is sure that this ‘Angelo’ is 
‘Angelo Secchi’, he/she can select the word ‘Angelo’ and annotate it as a Name by 
clicking on the corresponding button in the Annotation toolbar and then stating that 
this name refers to Angelo Secchi. After this action, the word ‘Angelo’ will appear 
edited with a syntax like this: ‘[[citesName::Angelo Secchi|Angelo]]’, where:

• The text ‘[[citesName::]]’ is added after clicking on the button ‘Annotate Names’ 
and technically is a property, a text that connects the letter in use and the entity 
cited in it.

• ‘Angelo Secchi’ is the actual annotation, added manually by the user.
• ‘Angelo’ is the original text transcribed.

12 https://en.wikipedia.org/wiki/Help:Wikitext
13 https://tei-c.org/
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Annotation does not affect the visualization of the transcription, but simply adds 
information in the background and allows one to link the portion of the annotated 
text to another page, where, for example, a user can add a biography of a person.

Users may also want to use the collaborative functionalities offered by 
MediaWiki, which are also fully operative on GATE. Each page on GATE is associ-
ated with a ‘Discussion’ or ‘Talk’ page where users can open threads as in a forum, 
where they might give their interpretation about the text of a document, or ask for 
help during a transcription, or simply ask for assistance about the use of GATE. This 
might well be considered one of the most powerful features of GATE, because it 
fosters discussion among users and allows them to actually work as a research 
community.

21.4  Angelo Secchi Bibliography

The goal of the Angelo Secchi bibliography is to record all the publications about 
Angelo Secchi and his contribution to science. The starting points for this collection 
of bibliographical information are the bibliography by the Jesuit László Polgár 
(1990) and the annual bibliography published in the journal Archivum Historicum 
Societatis Iesu since 1980. This work is still ongoing and up to now only 39 entries 
have been recorded.

The bibliography can be queried by anyone, and all entries are listed in a table 
available on the homepage of the bibliography section.14 Each entry also has its own 
page, with some additional data including, when available, a link to a digital version 
and the possibility of opening discussions about it.

Users with an account can also contribute to the bibliography by adding new 
entries. Thus, after checking that an entry has not yet been recorded, a user who is 
logged into the homepage of the Angelo Secchi bibliography can click on ‘Angelo 
Secchi bibliography form’ link15 and on ‘To create a new entry click here’. This will 
open the bibliography form to be filled in with bibliographical data such as author(s), 
title, year and type of publication, language,16 etc. As for any other contribution on 
GATE, all records can be edited without limit if someone should notice a mistake in 
the bibliography.

14 https://gate.unigre.it/mediawiki/index.php/Angelo_Secchi_Bibliography
15 https://gate.unigre.it/mediawiki/index.php/Form:ASP_Bibliography_entries
16 All the following choices are available: monography, exhibition catalogue, paper in journal, 
paper in conference proceedings, conference proceedings, encyclopaedia or dictionary article, dis-
sertation or thesis, book chapter, exhibition catalogue contribution, review in journal, draft paper, 
newspaper article, manuscript, typescript and printed (pre-1830).
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21.5  Some Final Remarks

This chapter has highlighted some of theoretical issues that arise when approaching 
the huge documentation contained in the Angelo Secchi archive. With GATE, 
APUG is attempting to provide a solution to some of these issues via a web platform 
where researchers can collaborate in the edition of the documents. This represents a 
first step towards addressing more complex reflections in the future.

As with other APUG and GATE projects, a valuable contribution to the transcrip-
tion has been the work of high school students (Mancini and Pedretti 2017) 
employed in the project of the ‘Alternanza Scuola-Lavoro’ (School-Work Rotation). 
This is a project of the Italian Ministry of Education, University and Research. In 
these projects, tens of students have participated in the crowdsourced transcription 
of letters, providing an important contribution to the advancement of these projects 
while learning the basics of wiki markup, text edition and of course the historical 
context in which the correspondence was exchanged. This approach could be also 
repeated for the Secchi archive. It would allow researchers to concentrate on study-
ing the Secchi documents themselves following the social historical approach out-
lined above empowered by the discussion and collaboration features provided 
by GATE.
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