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Summary
We present an experience to bring research closer to people with high school mathematical and
scientific background. We simplified standard star count methods and applied them during an
observational run, with immediate contact with instruments, on-site collection of observational data
and the prompt attainment of results. Differently from exercises, this experience has no
predetermined solution; it can be carried out many times in different small areas of the galactic
plane. It requires few resources in terms of personnel, time consumption and budget, in order to
provide to students or interested citizens the awareness of research and the pride for results.
We describe in detail the first actual application of this method, carried out during a three night
observing run at the 1,5 m Bologna-Loiano telescope.
Keywords: star counts, dark nebulae, photometry, interstellar extinction, research popularization,
public outreach and education, high school students.

Introduction
The dissemination of acquired astronomical knowledge is easy and widely spread, but to get people
informed of the astronomical research is a much harder task. However, some people do wish to do
some sound research for a while: probably they are not scientists nor will they become astronomers,
but this experience can help them know what science is.
Students attending last grades of high school are able to understand the case, because they have an
elementary knowledge of the nature of light, statistics and positional astronomy. Teachers have the
opportunity to have a short research experience whose methods can be conveyed to their students.
A research experience can prove very useful also for the professional training of scientific
journalists. A scientific journalist should have a research experience and what we propose is a
simple way to acquire it with a reasonable time commitment, whatever his or her main field of
scientific interest will be.
These last few years, an increasing number of medium-size (0.6-1.5m) telescopes has become
partially available for didactic programs. Many of them are equipped with still operative CCD
imaging devices and standard UBVRI optical filters that make data collection and reduction a
relatively simple task. On one hand, these instruments and their domes are big enough to be seen as
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a research telescope, on the other they are small enough to be easily operated with a host team. For
instance, in Northern Italy two of these instruments are available for didactic proposals: the Cassini
1.5m Ritchey-Chrétien telescope in Loiano (Bologna University) and the 0.6m Schmidt telescope in
Asiago (Padua University).
Several digital surveys of the sky, as an example the Sloan Digital Sky Survey (Abazajian, 2009),
provide astronomical images potentially usable for star count exercises or other similar studies and
are now easily accessible thanks to the World Wide Web development and diffusion. Many
institutes all around the world give observational time at remote telescopes, at teachers’ and
students’ disposal. Other projects, as Hand On Universe (Ferlet, 2011) and the European Virtual
Observatory (Freistetter, 2010), offer educational material and exercises designed specifically for
students. Such resources are very valuable for teaching astronomy at school, but what we would
like to offer is something different.
We aim at a real research experience, directly carried out with instruments and astronomers. It is
designed for persons that are not scientists, therefore it should be limited in time (one week
approximately), reasonably intense and precisely defined. That is why a short stay in an
astronomical observatory is foreseen: the close contact with observation instruments allows
participants concentrate on the their scientific task better.
As far as the object of this study is concerned, it should be noted that a research experience is not
like an exercise because there is no predetermined solution, no grading is made and no result is
known a priori - it would not be a research activity otherwise. Moreover, the experience should be
applied to real, single, easily detectable celestial objects, whose existence is already known by
participants.
After an intense investigation, we have chosen the obscuring clouds in the Milky Way plane. They
have a patchy and jagged structure, they can be explored hundreds times with different fields of
view, they have not been extensively studied in small scale and they are easy to be chosen on
common classic photographic star atlases.
We have chosen a 10 x 10 arcmin field in the galactic plane far from the ecliptic, plus a comparison
field at high galactic latitude. Once each participant has been informed, the group goes to the
telescope, takes the BVR images and calibrates the BVR magnitudes with a comparison sequence,
so obtaining lists of stellar magnitudes inside and outside the suspected dark nebula. It will then be
easy to draw the histograms of cumulative number of stars (Wolf diagrams) and the histogram of
the B-V colour index. The detection of an obscuring cloud will be proven if the stars in the small
considered area are obscured and reddened at the same time. If no reddening is evident, a local lack
of stars along the line of sight may have been observed.
The table exercise on a similar subject proposed in the book of Minnaert (1969) is perhaps obsolete
and no longer adequate; that problem regards only presumed extinction and has to be done directly
onto photographic plates, estimating the magnitude of stars from the diameter of their images with
the help of a magnifier.

The classic star count method
Measuring distribution, magnitude and colours of stars throughout the sky has been for several
decades an observational method to draw maps of our Galaxy (or, in ancient words, the sidereal
system). Moreover, studying the dark nebulae in detail with the classical star count method is a way
to obtain interesting results with a relatively simple procedure. In this field, research is still based on
the drawings of so-called Wolf diagrams of cumulative number of stars versus their apparent
magnitude (Wolf, 1923). A modern, exhaustive description was provided by Bahcall (1986).
Chapter 15 of the well-known book by Karttunen et al. (2007) gives an insight into the question.
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Data and analysis
We have worked on a small field (approximately 13 x 12 arcmin) centred on the dark nebula B164,
covering the nebula and an apparently not extinguished surrounding area. The dark nebula B164 is
located in the constellation of Cygnus, along the galactic plane, so we have chosen a comparison
field1 at high galactic latitude (constellation of Camelopardalis) in order to have a luminosity
function not affected by extinction.
We have taken images in the BVR Johnson photometric filters with the purpose of evaluating not
only the extinction but also the reddening of the stars inside the dark nebula.
We have reduced the images only for flat field frames, since bias and dark subtraction has not been
necessary due to the good performances of the CCD camera. We have used the IRAF qphot
procedure to compute the instrumental magnitudes from the images; then we have given the
instrumental magnitudes to the participants, which have gone on using a spreadsheet like MS
Excel® or Openoffice Calc® in order to transform the instrumental magnitude values to BVR
standard values.
A major simplification step to make the conversion easily applicable by participants has been the
choice of a linear regression fit between the magnitudes of 7 stars of our IRAF data and the same
stars of a reference catalog. The Nomad – Naval Observatory Merged Astrometric Dataset catalog
(Zacharias, 2004) fits for the purpose, since it provides B, V and R magnitudes of stars in the
magnitude range of our images. We have obtained a correlation coefficient greater than 0.98.
Once the participants have obtained the magnitudes in the standard system, they built the plots and
got the results. We all have discussed together what areas of the images had to be analyzed: we
have chosen three equal circles of 36 arcmin2 inside the suspected dark nebula and in the region
surrounding it (fig. 3a). We have chosen a larger circle (whose area is equal to the sum of the three
smaller circles) in the high galactic latitude field (fig. 3b). Finally we have discarded the non stellar
objects, double and multiple stars with the help of the SIMBAD database.
We have derived the extinction by comparing the cumulative star count distribution (Wolf diagram)
in a region poorly populated by stars (the dark nebula) with that of a presumably dust-free nearby
field (region surrounding the dark nebula). The dust extinction shifts horizontally the distribution of
the extinguished region towards fainter magnitudes.
The Wolf diagrams in B and R photometric bands for the regions inside and outside the dark nebula
B164 are shown in fig. 4a and 4b. Such diagrams show cumulative star count distributions in 0.5
mag intervals2.
The number of stars appears smaller inside (93 counts with limiting magnitude V=20.70) rather
than outside the cloud (192 counts with limiting magnitude V=19.86) in both B and V photometric
bands, as the light of the stars is absorbed and so the faintest stars become not detectable. Looking
at the horizontal shift of the distributions, we notice that the amount of extinction in R band is
smaller than in B band: this means, as we expected, that the starlight is reddened by an obscuring
cloud. A lower extinction in R band is seen also watching the magnitude at which the distributions
inside the nebula start to rise: approximately mag 19 in B and mag 17 in R.
The second plot we have asked students to do is the histogram of the colour index B-V. The
interstellar extinction is lower at long wavelenghts, producing the reddening of the stars inside the
nebula. This phenomenon can be easily seen in fig. 5, where the histograms of the B-V colour index
of the regions inside and outside the nebula are shown. We can notice that the distribution of stars
inside the nebula is horizontally shifted towards larger B-V with respect to stars outside the nebula,
since the redder (cooler) the stars, the larger the colour index is.
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The position of the comparison field center is at A.R.: 7h 57m 12s; Dec.: +59° 55’ 18” (J2000).
The classical Wolf diagram reports the counts in logarithmic scale and normalized to a region of 1 deg2. In order to
make the analysis accessible to high school students, we used a linear scale and the total stellar counts in our regions.
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Comparing the B-V of the two regions outside and inside the nebula with the B-V of the high
galactic latitude field (fig. 6a and 6b) we can see that both distributions outside and inside the
nebula are shifted toward larger B-V with respect to the high galactic latitude field. This means that
we are observing extinction and reddening also outside the nebula, thus the Wolf diagrams in fig. 5
show only the differential extinction between inside and outside the nebula.
The detection of the dark nebula has been confirmed since the stars inside the cloud are obscured
and reddened at the same time.
The team
Two researchers lead the team. They have preferably to work for an observatory, so that the
experience clearly appears as sponsored by a research institution and the application for telescope
time is accordingly undersigned. If they both actually take part to the observations and data analysis
(recommended), they will discuss together each step of the study, giving participants the feeling of
a research team.
For the first round, a small group of high school students has revealed a optimal choice of
participants. We have chosen five students with a good score at the 2011 national students’
astronomy contest (Italian astronomy olympiads), from Northeastern Italy. In fact, this invitation
was a prize for them. One has declined to participate due to illness, the remaining four students
have joined us to the Loiano observatory.
Four people has revealed the suitable number of invited participants. First, because the panel
discussions during the stay at the telescope and the e-mail cannot be productively managed with
either too few or with too many people; second, because a single participant can understand and
compare efficiently his own results with no more than few other ones. Last but not least, both the
guesthouse and the typical control room of a medium-size telescope hardly accommodate
comfortably more than six-seven people at a time.
We suggest that invited participants might also be high school students attending an astronomy
optional course, or high school science teachers, or museums’ personnel or scientific journalists.
Planetarium operators could be interested as well. They can be personally invited or selected in a
scientific contest. Everybody is to be awarded a certificate of participation, useful for their further
career.
The observational round
Six hours of clear sky are sufficient to fulfill our programme. During this three-night observational
run we had only two hours of clear sky, but we had previously asked the observatory staff to take
some images in advance. They had taken nine images that we used together with the images taken
by participants.
Our programme envisages three nights of observations because the experience has to be concluded
before each participant goes back home. It is very difficult to proceed with the analysis and the
discussion of results by e-mail or by phone. Therefore, the whole analysis, that requires a couple of
days, has to be made during the stay at the observatory. After this first run we notice that one more
day in the guesthouse, beside the three nights at the telescope, would be useful for a full
comprehension of data analysis and results, so as to avoid further meetings.
Once the telescope time has been assigned, the leaders have to disclose the research to be made to
invited participants. This can be done with simple words without giving full details of the data
processing. More detailed information about the telescope operation and the images to be recorded
can be given during the preparatory meeting to be called after the participants convening, some
hours before the beginning of the observations. Final explanations of the procedure will be done in
the telescope control room when the participants also get acquainted with the night assistant, or
during telescope pointing or even while BVR files are recorded.
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It is important to stimulate a gradual attention and curiosity among participants, so as to ensure their
willingness to continue. In due proportion, this suspenseful situation is to be somewhat similar to a
well-written movie screenplay.

Understanding the results
First of all, participants should be aware that this is an observational task, different from an
experiment in the sense that here the information is searched by angular pointing and angular
resolution instead of laboratory complex machinery. This is generally well accepted by the
participants which are glad to undertake a cosmic exploration.
As important is to understand that no satisfactory result is assured till the procedure is completed,
even if the work has been carefully and duly carried out. This might be trivial for researchers but
students are often prone to believe that their efforts are worthy. In themselves this is true in school
activity but cannot be sufficient to bring the experience to an end. That is why the leaders have to
make sure that the B-V histograms shall be drawn, adopting the precautions previously described.
The precautions are not hidden to the participants - they will be happy to feel that “we resolutely
wish to obtain a correct result”.
At the conclusion of the observational run participants were able to draw the histograms of star
counts (fig. 7) and to compare different star distributions as well as the effects of interstellar
extinction. The proof of the reddening inside the suspected obscuring cloud closed the research
experience within the time and budget we initially considered.
Other aspects of this research, for instance the distance of the obscuring cloud, the detailed amount
of reddening, the luminosity functions and the mapping of our galaxy aroused the students’ interest.
The discussion of these subjects was not our main purpose, however their wish to learn more about
the matter is an encouraging outcome.
We plan to continue this experience with other participants.
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Figure 1. The participants in the telescope
dome. Credit: G. Iafrate

Figure 2. Learning to analyze the data.
Credit: C. Böhm

(a)
(b)
Figure 3. Area of the analyzed regions. The total area of the three red (inside the nebula) or blue
(outside the nebula) circles in the B164 field (a) is equal to the red circle area in the high galactic
latitude field (b).
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(a)
(b)
Figure 4. Wolf diagrams (cumulative number of stars for each 0.5 mag interval observed in equal
area regions inside and outside the dark cloud b164) in the B (a) and R (b) photometric bands.
Inside the cloud the number of stars appears significantly smaller in both photometric bands
because the light of the stars is absorbed. The horizontal arrows show the extinction. Extinction in
the R band is smaller than in the B band: this means that the starlight is reddened.

Figure 5. Histograms of the colour index B-V outside and inside the dark nebula. The distribution
inside the nebula is shifted towards larger B-V, as a result of reddening.

(a)
(b)
Figure 6. Histograms of the colour index B-V of the stars in the regions outside (a) and inside (b)
the dark nebula compared with the high galactic latitude field in Camelopardalis (cam). Both inside
and outside distributions are shifted towards larger B-V with respect the high galactic latitude field,
meaning that we are observing some extinction also outside the dark nebula.

Figure 7. Histogram of star counts inside the dark nebula drawn by a participant (F.Zadra) during
the observational round.
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