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Abstract.
Margherita Hack observed with the Galileo telescope at the Asiago Astrophysical
Observatory from September 1951 to March 1954. Using the spectroscopic facilities of the
observatory, Margherita contributed to the stellar study of novae, symbiotic stars, and pe-
culiar stars. In the 80th anniversary of the Asiago Astrophysical Observatory and the 100th
year of Margherita, we found her observations in the Asiago Photographic Plate Archive
and we remade some Margherita’s observations with the current capabilities of Asiago tele-
scopes. We present here a summary of the early studies carried out by Margherita with
the Galileo telescope. We underline the importance of maintaining a well-organised plate
archive to allow historical and scientific studies.
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1. Introduction

The aim of this article is to show Margherita
Hack’s early astrophysical observations at the
Asiago Astrophysical Observatory, by using
the Asiago Prism Spectrograph ”A”, see Fig.1,
capable of high resolution in a wide range of
the spectrum, one of the first spectrograph cou-
pled with a large telescope in Italy since 1946.
We will show how information on Margherita’s

observations at Asiago was found in the Asiago
Photographic Plate Archive, emphasising the
important scientific and historical role of as-
tronomical archives. Finally, we will show how
bright Margherita was at guessing some spec-
tral features on the photographic plates, which
are evident today with the instrumental im-
provement adopted by the Galileo telescope.
Margherita investigated the astrophysics of pe-
culiar stars including: stars located in the main
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sequence like hot blue, blue supergiants and
white hypergiants with spectral type O, B, Be,
A. She also studied binary systems composed
of different kinds of stars: hot and massive
stars, eclipsing binaries, subgiants, eclipsing
Algol-type binaries, binary systems composed
of two subgiant stars belonging to the A-type
or stellar systems composed of three stars, or
binary systems composed of a white subgiant
and less massive main-sequence dwarf star.
These observations helped Margherita to con-
duct scientific researches that covered a wide
range of topics. Interpreting the spectroscopic
characteristics of stars became her main area of
expertise, involving the study of the chemical
composition of stars and of their surface tem-
perature and gravity. Margherita improved the
spectroscopic observations by comparing the
capabilities of the Asiago Observatory spectro-
graph with the objective prism applied to the
Schmidt telescope of the Arcetri Observatory
and other spectrograph.

Margherita observed at the 1.22 m Galileo
Telescope from 9 September 1951 to 31 March
1954, collecting over 180 spectra with the
Prism Spectrograph ’A’, reached a cumula-
tive exposure time exceeding 100000 seconds
on 15 different targets. In Fig.2 Margherita is
working with the Mioni plate analyser; a copy
of this instrument is currently available in the
Museum of Astronomical Instruments of the
Asiago Astrophysical Observatory.

Margherita’s experience in spectroscopic
observations, including those carried out in
Asiago, and her interest in the stellar spec-
troscopy of normal and peculiar stars formed
the basis of books Stellar Spectroscopy Hack
& Struve (1969) Hack & Struve (1970) pub-
lished in 1969 and 1970 with coauthor Otto
Struve. The books became a classic reference
text for the study of stellar atmospheres.

2. Margherita’s scientific
achievements from observations in
Asiago

For each object observed by Margherita with
the spectrograph at Asiago, one or more pub-
lications were produced, comparing measure-
ments also obtained with other telescopes. This

Fig. 1. The Asiago Observatory with the Prism
Spectrograph ”A” mounted to the Cassegrain fo-
cus (1946). Credits: Phaidra Digital Collection
University of Padova

Fig. 2. The image shows Margherita working at the
Mioni comparator also present in the Museum of the
Asiago Observatory. Credits: RAI-Documentari.

work gave Margherita scientific information
and knowledge that led to a deep understand-
ing of stellar astrophysics, summarised below.

By taking 16 spectrograms at the Asiago
’Galileo’ telescope in September 1951, Hack

https://phaidra.cab.unipd.it/detail/o:328466?mycoll=o:330194
https://phaidra.cab.unipd.it/detail/o:328466?mycoll=o:330194
https://www.raiplay.it/video/2021/05/la-prima-donna-che-margherita-hack-3c508aa0-73a8-4977-9238-454474877305.html
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measured and reduced the astronomical plates
to derive the quantitative analysis of the atmo-
sphere of 55 Cygni Hack (1953c) and Hack
(1953d), using the curve of growth theory.
She obtained an average velocity of the atmo-
spheric turbulence of 46 km/sec from the H and
He lines. Also she was able to measure a tem-
perature gradient of 55 Cyg w.r.t. α Cyg. Hack
figured out this anomaly due to the presence of
interstellar reddening or to a peculiar constitu-
tion of 55 Cyg.

Hack made a comparison between the
results obtained in the quantitative analysis
of star 55 Cygni, spectrum B2, by compar-
ing Hack (1953a) Hack (1953b) spectrograms
made with an objective prism at Arcetri and
a slit-spectrograph at Asiago with dispersion,
respectively: 185 Å/mm and 40 Å/mm at Hγ.
Hack concluded that the results obtained with
the objective prism are in fairly good agree-
ment with those obtained with the slit spectro-
graph for the determination of the abundance
of hydrogen and helium atoms and the elec-
tronic density.

Hack studied the supergiant star A3 Ia
6 Cassiopeiae from 40 Å/mm at Hγ disper-
sion spectrograms Hack (1954). She found that
the main features of the spectrum were in the
Balmer lines and confirmed the spectral type
A5 Ia. Comparison of the observed profiles of
Hγ and Hδ with the theoretical profiles calcu-
lated by Verweij led to the best agreement for
log(g) = 1 and T = 12600°. She compared the
relative abundances for 6 Cas, the Sun and 55
Cyg and deduced that: 1) there is no essential
difference of chemical composition; 2) the at-
mosphere opacity of 6 Cas is similar to that of
the Sun, and the opacity of 55 Cyg, B3 Ia, is
nearly 40 times greater than 6 Cas.

Using spectrograms taken from the spec-
trograph at the Asiago Observatory, Hack stud-
ied the spectrum of ζ Tauri Hack (1955).
She found, using the two dispersions of 40
Å/mm and 15 Å/mm at Hγ, that the rise of
the central depths of the H lines was consid-
erable. She constructed two branches of the
growth curve with the Fe II and O II lines
regarding, respectively, the shell and the at-
mosphere of the star, obtaining a velocity of
turbulence of 7 km/sec for the shell and 23

km/sec for the star. Hack took several spec-
trograms from November 1965 to March 1966
with the Asiago prism spectrograph (disper-
sion 40 Å/mm at Hγ) Hack & Stenner (1967).
They showed that the asymmetry has com-
pletely disappeared and that Hα and H5 still
had emission wings with R/V > 1.

Hack gave the results of the silicon star HD
34452 evaluating: a) the most probable spectral
type and luminosity class; b) the abundances of
H and He following the Unisiild method; c) the
other element abundances (C, N, Mg, Si, Fe)
and the turbulence velocity (2,6 km/sec) from
the curve of growth; d) the exceptional inten-
sity of the Si II and Mg II lines, which were
the main peculiarity of the HD 34452 spec-
trum, consequently giving an excess for the rel-
ative abundances of these elements. This ex-
cess has been explained by a real difference in
the chemical composition or by the presence of
a stellar magnetic field Casati & Hack (1956).

Hack and T.Tamburini compared the re-
sults of their spectroscopic observations of
March 1954 Hack & Tamburini (1958) for α2

C Ven with the results obtained by Struve &
Swings (1943), Burbidge & Burbidge (1955)
and of Tai (1939). They found good agreement
with the variations in intensity of the lines of Si
II, Cr II, and Ca II; while the results disagreed
with those of the lines of Fe II, Mg II and Sr II.
They compared the spectroscopic data for α2

C Ven, ε U Ma (AOV p) and α Lyrae (AOV)
showing that probably the spectral type of α2

C Ven was B8 V. They found that the main pe-
culiarities of its spectrum are the large number
of weak lines of metals and rare earths, the ex-
ceptional intensity of Si II lines, and the weak
intensity of the K line.

Hack and Aydin studied the variation of the
spectrum as a function of time of Symbiotic
Star CH Cyg from observations made on
Haute Provence Observatory, some spectra ob-
tained at Asiago Copernico telescope by Iijima
between January 1990 and June 1991 and ul-
traviolet observations by IUE Hack & Aydin
(1992). They found an increase in activity in
this binary system between July and December
1990. This increase was confirmed in the UV
range by IUE observations. A more general
discussion of Symbiotic Variables was pro-
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vided Viotti & Hack (1993) and they discussed
a number of individual objects for which the
amount of observational data was large enough
to draw a fairly complete picture of their be-
haviour. Since this was a useful occasion to de-
scribe different diagnostic techniques, they il-
lustrated the steps toward a possible empirical
model.

Hack was also attracted by the spectacular
outbursts of Classical novae and Recurrent
novae, so she decided to review the phe-
nomenology of their complex phenomenon
in a special NASA publication. Due to the
very complicated individual behaviour of each
nova, it was chosen to review the observations
of a few well-observed classical Hack et al.
(1993) and recurrent novae of different bright-
ness and speed classes Hack & Selvelli (1993)
from observations of different observatories,
including Asiago.

3. Asiago Photographic Plate Archive

The Plate Archive in the Asiago Astrophysical
Observatory preserves 83000 plates collected
by the telescopes at the University of Padova
and Istituto Nazionale di Astrofisica - INAF
since the beginning of the observations, as
listed in table 1. The archive also preserves the
observation notebooks and logbooks. Before
the digital age, plates were measured using
optical comparators and densitometers, today
digital scanners are used, e.g. we used Epson
Expression 10000XL and 1640XL profes-
sional scanners. Looking for Margherita’s orig-
inal plates, we discovered in the log book of
observation 141 observations made in Asiago
by Hack, but only one plate was left in the
Asiago Photographic Plate Archive. As was of-
ten the practise, astronomers took the plates of
their observations with them to continue study-
ing them in their observatories. Our experience
shows that the plates kept by the astronomers
at our institute are returned to the archive after
retirement. A note on their relocation is usu-
ally kept in the archive, whereas not in the
case of Margherita’s plates. Margherita’s orig-
inal plates will probably be in the observato-
ries where Margherita worked or in some pri-
vate place. In these cases we recommend re-

Fig. 3. The photographic plate of Margherita pre-
served in Asiago.

turning the plates to our observatory for long-
term preservation, and we give the possibility
of delivering a digitised copy made on site;
refer to the author of this paper. In Fig.3 the
scanned version of the spectra of 55 Cygni and
10 Lacertae taken by Hack during 14 and 15
September 1951 at the Asiago Observatory.

Table 1. Asiago Plates Archive

Telescope Number of plates

Galileo 1.22m 36923
Copernico 1.82m 8171
Schmidt 50/40 17816
Schmidt 92/67 20417

4. ζ Tau re-observed in 2022

Margherita used the Galileo telescope
equipped with the spectrograph ”A”, which
suffers from differential dispersion due by
using two prisms, from 13Å/mm in blue to
150Å/mm in red. In spite of this, she was
able to recognise spectral characteristics that
are only evident today, thanks to the use of
grating spectrographs equipped with digital
sensors. In recent years, the Galileo telescope
was upgraded with a grating spectrograph,
the Boller&Chivens by INAF Rafanelli &

https://doi.org/10.5281/zenodo.7517003
https://doi.org/10.5281/zenodo.7517003
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Siviero (2012) Ciroi et al. (2014). The B&C
spectrograph was coupled with a high quantum
efficiency CCD ANDOR iDus DU440A with
low noise and dark current. We propose here
a comparison between the Hack observation
of ζ Tau made in 1954 and those in 2022 by
using the same Galileo telescope and also the
Copernico telescope. In these observations,
we used 1200 grooves/mm blazed at 6825Å
capable of 44Å/mm. For high-resolution spec-
tra instead, we used the Echelle spectrograph
mounted at the 1.82m Copernico telescope
operated by INAF, in Asiago too. The Echelle
spectrograph is equipped with an Andor iKon
DW436-BV, equipped with a 300 grooves/mm
grating at −8.5◦ capable of a resolution of
8Å/mm.

The observation with the Galileo tele-
scope was carried out on March 6, observing
some targets, including reference spectropho-
tometric stars: HR1544, HD37202, V725 Tau,
Eta Aur, Epsilon UMa, alf02CVn; at the
Copernico telescope on April 19 the targets
were HD37202 and HR3454. Here, we re-
port in Fig.4, Fig.5 & Fig.6 the observation
of ζ Tau (HR 1910, HD 37202, HIP 26451),
a bright Be star with an extensive observa-
tional history that spans photometric, spectro-
scopic, polarimetric, and interferometric tech-
niques. The spectrum of ζ Tau shows the stan-
dard double-peaked Hα profile, indicative of a
disk in Keplerian rotation. The relative heights
of the blue- and red-shifted peaks of the emis-
sion lines (V/R ratios) show cyclic variability
measured on the order of 1429 days. The spec-
tra of ζ Tau also occasionally show more com-
plex triple-peaked and shell profiles. Current
models suggest that the line profile variations
in ζ Tau and other Be stars can be explained by
global one-armed oscillation models Schaefer
et al. (2010).

In Fig.4 Hack had only 150 Å/mm at 6536
Å despite the low dispersion of the prism
spectrograph in the red part of the spectrum,
she recognised that the broadened tip of the
hydrogen spectrum could be associated with
weak absorption. The absorption is evident
in the spectrum obtained from the Echelle
spectrograph of the 182 cm Copernicus tele-

Fig. 4. The Hα profile of ζ Tau at Galileo (1954,
left) and at Copernico (2022, right).

Fig. 5. The Hβ profile of ζ Tau at Galileo (1954,
left) and Copernico (2022, right).

Fig. 6. The H7 profile of ζ Tau at Galileo (1954,
left) and Copernico (2022, right).

scope (right). In Fig.5 Hack shows that for
Hβ the emitting wings have a more intense
blue component than the red one. In 2022, us-
ing the Echelle spectrograph of the 182 cm
Copernicus telescope, this feature appears re-
versed on the star, with the blue wings less in-
tense than the red ones. In Fig.6 Hack recog-
nises the non-rotational profile characteristic of
the stellar shell, and the Echelle spectrogram
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Fig. 7. The spectrum profile of ζ Tau at Galileo
telescope (2022) with overimposed the lines identi-
fied by Hack in the observations of 1954.

of the Copernicus telescope confirms these
features also in 2022. The spectrum in Fig.7
shows the ζ Tau spectrum obtained with the
1.20m ’Galileo’ telescope with overimposed
lines identified by Hack in the observations of
1954. The equipments and measurement tech-
niques used by Margherita Hack were nor as
precise and straightforward as today’s digital
ones, which emphasises even more how much
work was behind the scientific results she ob-
tained some 70 years ago.

5. Conclusions

In this paper, we reviewed the observations of
Margherita Hack carried out in the 1951-54 pe-
riod, at the Asiago Astrophysical Observatory,
and revisited in 2022. We underline the im-
portance of keeping a well-organised plate
archive, useful both for historical studies on as-
tronomical targets and for the cultural heritage
of important astronomers, such as Margherita
was.
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