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1  INTRODUCTION 
“The road to a knowledge of the stars leads through the atom, and important 
knowledge of the atom has been reached through the stars” [1]. 
 This famous statement by Eddington figures out how tightly atomic physics 
and astrophysics were bound at his times. The greatest achievements in 
astrophysics in the first half of the 20th century were made possible by the coeval 
impressive growth of knowledge in the field of atomic physics. 
 Following Eddington’s suggestions, the Istituto di Fisica Generale Applicata 
of Milan University and the “Liceo Ginnasio G. Parini” in Milan have set up a 
laboratory of stellar spectroscopy. The occasion was offered by the restoration of 
the historical dome of Parini school. To endow it with modern equipment, a 
Schmidt-Cassegrain  telescope (28 cm f/10 by Celestron), a spectrograph and a 
CCD camera (SGS and ST-7XE by SBIG) have been purchased. The aim was to 
allow students to take and analyze stellar spectra, and to acquaint themselves with 
stellar astrophysics concepts and techniques. A course named “laboratory of stellar 
spectroscopy” has been held in the school years 2004-05, 2005-06 and 2006-2007. 
The 2007-2008 edition has just begun. 

2  THE LABORATORY OF STELLAR SPECTROSCOPY 
The laboratory of stellar spectroscopy is divided into a theoretical and an 
observative part. It is thought as a self-consistent module: just basic knowledge of 
gravitation and, eventually, waves are required to attend it. The whole theoretical 
background is developed in the first part of the course, a series of 6-8 lessons 
dealing with the main topics of spectroscopy, quantum physics and astrophysics. 
In greater detail, the topics treated in the theoretical part are: 

(1) Introduction to laboratory spectroscopy: different kinds of spectra; 
(2) The black body spectrum; 
(3) Quantum physics: Bohr-Sommerfeld atom, DeBroglie waves, electron 

diffraction, wave-particle duality, indetermination principle, introduction 
to wave functions, Shrödinger equation and Born interpretation; 

(4) Introduction to stellar astrophysics, stellar photometry; 
(5) Stellar spectroscopy: Harvard spectral sequence, measure of surface 

(colour and effective) temperature, H-R diagram, physical interpretation of 
the spectral sequence, Saha-Fowler equation, abundance of H in stars. 
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The connection between astrophysics and the theory of the atom is strongly 
emphasizes. In our opinion, this is an important feature of the whole course as 
both quantum mechanics and stellar astrophysics are often poorly treated in high 
school curricula. The Saha-Fowler equation is thus a major topic of our course [2, 
3]. Although we didn’t use it directly to make measure of chemical composition, 
we showed its meaning and the way in which it can be utilized to work out 
chemical abundances [4]. 
 The observative part followed. Each student spent some evenings in the dome 
and in 10-15 evenings about 100 spectra was taken. In stellar spectra students 
detected the main visible lines and learned how to interpret their occurrence as 
indicators of higher or lower temperature. Moreover, students were invited to 
classify the spectra in the Harvard scheme [5]. 

3  THE OBSERVATIONS: THE HARVARD SPECTRAL SEQUENCE 
The first step in order to observe stellar spectra is setting up the equipment. The 
spectrograph is attached to the telescope, and the CCD camera is put in its focal 
plane. The spectrograph has two lattices: the first allows a low dispersion of 4 
Å/pixel, the second the higher dispersion of 1 Å/pixel. Throughout the 750 pixel 
wide CCD, the first allows the whole visible region to be taken on a single image, 
while the second shows much greater detail on single lines but allows only a 
narrow, 750 Å wide spectral regions to be taken. The CCD has a dynamical range 
of 16 bit. Any spectrum is saved both as a TIFF image and a text file. The latter 
consists of a table that shows the number of photon counts for each pixel. The 
images have a deepness of 8 bit only, while the text files exploit the whole 
dynamical range of 16 bit. Obviously, a wavelength must be associated to each 
pixel, i.e. a wavelength calibration is needed. 
 For this purpose, it is sufficient to assign two lines to a wavelength and 
software calculates the wavelengths of all the others. We used Ne or H lines 
supplied by a lamp. After the calibration, stellar spectra can be taken pointing the 
stars and taking images with exposure times that range from a few seconds to a 
minute, depending on star brightness and sky conditions. As the Parini dome is 
located in the centre of a large city like Milan, it is clear that light pollution is a 
great concern. Thanks to the good quantum efficiency of the CCD, we realized that 
this is not a great issue for bright stars, but it is for dim ones. For the latter, and 
possibly for the former as well, we exploited the best sky conditions we could. 
With average conditions, good spectra were observable up to magnitude 2-3, with 
good conditions up to magnitude 4. We reached good S/N ratios (~ 50) for stars 
like Arcturus and Vega, while for dim stars like Menkib or Tania Australis we 
couldn’t go beyond values around 5-10. Any spectrum whose S/N ratio was below 
these values was discarded. Therefore, we reckon that such a laboratory is feasible 
regardless of light pollution – mainly thanks to the good quality of the equipment – 
provided the best available nights are exploited. 
 Students classified all the spectra in the Harvard scheme. First, they built up a 
sample sequence by comparison with tabulated spectra, and then they exploited 
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their own sequence to classify all the spectra they took. The brightest of all 
observed stars is Sirius with m = −1,46, the faintest is θ CrB with m = 4,20). In 
Figure 1 we can see a “Harvard sequence” made by the students. 
 

 
Figure 1  A Harvard sequence made by the students. For each spectrum the name of the 
star, the spectral class and the luminosity class are given. The main detectable lines are 
indicated. 

4  RADII CALCULATIONS 
After a star is assigned to a spectral class, its surface temperature is immediately 
determined utilizing tabulated values. If its brightness is known, it is possible to 
work out its radius. Thus, students have been given (1) a table in which a surface 
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temperature is assigned to each spectral class, (2) the apparent visual magnitude 
and parallax of the observed stars and (3) the bolometric correction corresponding 
to each temperature [6]. 
 So, they have calculated the visual luminosity of the star, its bolometric 
luminosity via the bolometric correction and finally the radius. Both luminosity 
and radius have been calculated in solar units: this also requires the absolute visual 
magnitude of the sun (= 4,83), its bolometric correction (≈ 1) [7] and surface 
temperature (= 5800 K) to be known. 
The formula to be applied for the radius calculation is: 
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where: 
 RR∗ = radius of the star; 
 RRa = radius of the sun; 
 L∗ = bolometric luminosity of the star; 
 La = bolometric luminosity of the sun; 
 T∗ = surface temperature of the star (derived from spectral class); 
 Ta = surface temperature of the sun = 5800 K; 
 M∗V = absolute visual magnitude of the star (calculated from apparent 

visual magnitude and parallax); 
 MaV = absolute visual magnitude of the sun = 4,83; 
 BC = bolometric correction of the star (tabulated as a function of spectral 

class). 
In Table 1 we can see the spectral class students assigned to some stars and the 
radius they calculated. 
 

Table 1 

 spectral class surface temperature BC radius error 
 (1) (2) (3) (4) (5) (6) (7) (8) 
         
Rigel B5 B8 15000 12000 2,5 57 89 -36,0 
Alhena A0 A0 9500 9200 ≈ 1 4,9 5,2 -5,8 
Megrez A0 A3 9500 8600 ≈ 1 1,9 2,3 -17,4 
Arneb G0 F0 6100 7000 ≈ 1 102 77 +32,5 
Wezen G5 F8 5200 6200 ≈ 1 276 194 +42,3 
Hamal K0 K2 4800 4600 1,3 16 17 -5,9 
μ UMa M0 M0 3900 3900 3 65 65 0,0 
Menkar M0 M1,5 3900 3700 3 74 82 -9,8 

 
Spectral classes and radii of some stars: 

(1) spectral class assigned by students; 
(2) known spectral class; 
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(3) T corresponding to (1) via tabulated data; 
(4) best known value for T; 
(5) bolometric correction, relative to the value of T in column (3); 
(6) radius worked out by students through (3) and (5); 
(7) radius worked out through (4) and (5); 
(8) percentage error of radius = 100 × (6)/(7) − 100. 

We can observe that the students have been able to assign each star to a class (B, A 
etc) and have also tried to decide whether, within a class, a spectrum could be 
considered more similar to “early” (e.g. A0, A1 …) or “late” (e.g. A5, A6 …) 
decimal types. In the first case the spectrum has been considered of type “0” (e.g. 
A0) and in the second of type “5” (e.g. A5). A finer classification in individual 
decimal types is impossible without measuring quantitatively the strength of 
single lines. The classes students assigned to stars are all in all fairly good. 
 Further, the calculated radii are not much different from known values. The 
average error is 18,7%, but the known values are affected themselves by a mean 
error around 10%. 

5  CONCLUSIONS 
The availability of an astronomical dome is the spur that led us to the planning of 
an astronomical laboratory in which a real observative part is present. The idea to 
deal with stellar spectroscopy is mainly due to the importance of that topic in XX 
century astronomy, as well as to the tight connections with atomic physics. 
 We can resume all this pointing out as main didactical issues the following 
ones: 

(1) Introduce themes of modern physics in high school curricula; 
(2) Introduce astrophysical concepts in high school curricula; 
(3) Introduce astrophysical methods, techniques and instrumentation; 
(4) More generally, help the students to acquaint themselves with problems 

typical of experimental physics (e.g. to deal with errors, etc). 
The collaboration between Università di Milano and Parini High Schools aims, 
furthermore, to become an exemplum of connection between university and high 
school contexts. In the meantime, we think that our laboratory led many students 
to develop a clear idea about modern science, its aims and methods, and to decide 
whether to embark on a scientific career in the future. 
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[5] About the Harvard scheme see Hearnshaw J B 1986 The analysis of starlight: one 
hundred and fifty years of astronomical spectroscopy (Cambridge: Cambridge 
University Press), pp. 104-42. 

[6] The known values for spectral class, temperature, apparent visual magnitude, 
bolometric correction and parallax (here and elsewhere in this paper) are 
taken from internet available resources as the site of Jim Kaler (Prof. Emeritus 
of Astronomy, Univerity of Illinois): (http://www.astro.uiuc.edu/~kaler 
/sow/sowlist.html) 

[7] For the precision accessible to us we can consider BC ≈ 1 for all stars of classes 
A, F and G. 


