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Preface

This book collects the final scientific reports of the students, who took part in the obser-
vational training periods organized in February 2011 at the Asiago Astrophysical Observatory
in the frame of the X Edition of The Sky as a Laboratory, the educational project of the De-
partment of Astronomy of Padova University, addressed to the Secondary Schools of the Veneto
Region (Italy). Created by Prof. Piero Rafanelli, currently Head of the Dept., and carried out
by means of a close cooperation between the scientific and technical staff of the Dept., and the
teachers of the participating schools, every year this project involves about 300-350 Secondary
School students, 40-45 teachers and 35 institutes.
The main aim of The Sky as a Laboratory is to introduce a new approach in teaching and learn-
ing astronomy, through the interpretation of the observed celestial phenomena and the use of
the physical and mathematical tools available to the students. This project allows the students
to deepen the issues studied at school and makes a link among astronomy, physics, mathematics,
and chemistry. In addition it guides the students to the university choice, since it allows them
to be exposed to the university environment and scientific research.
The first part of the project consists of 7 lectures of fundamentals of astrophysics given by the
teachers of the 10 reference schools and by the scientific staff of the Dept. Then, a competitive
test allows to select the 50 most eligible and motivated students, who will attend a training
period of 3 days and 3 nights at the 122 cm Galileo Telescope of the Asiago Astrophysical Ob-
servatory. This training gives the students a chance to deepen the knowledge they acquired
during astronomy classes both at school and during the project. In addition, they receive 1 or
2 ECTS from the Science Faculty of Padova University.
The project ended on April 8th, 2011 with the official presentation of the scientific reports by
the students at the Dept. of Astronomy.
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Photometric analysis of the open cluster NGC 6791

Francesco Battaglini, Pier Paolo Brollo, Lorenzo Casarin, Pietro Sabbadin

Liceo G. Berto, PNI, Mogliano Veneto

Abstract. We performed the photometric analysis of the open cluster NGC 6791 in the g and r bands of the ugriz
photometric system. Through this process we estimated the parameters of the cluster, i.e., age, metallicity, distance,
and reddening, by fitting Padova isochrones to the color-magnitude diagram.

1. Introduction

The aim of our analysis was to obtain information about
the age, metallicity, reddening, and distance of the open
cluster NGC 6791 by fitting its color-magnitude dia-
gram with the Padova isochrones.

An open cluster is a group of gravitationally bound
stars which originate from the same molecular cloud,
and have approximately the same chemical composi-
tion and age. Besides, the open clusters are usually lo-
cated in the Galactic disk, and are less populated than
the globular clusters. Studying open clusters is useful
to describe, study, and analyze a wide variety of as-
pects related to the structure, composition, dynamics,
formation, and evolution of the Milky Way. Young open
clusters are used to determine the spiral-arms structure,
to map the rotation curve of the Galaxy, to investigate
the mechanisms of star formation, and to constrain the
initial luminosity and mass functions in aggregates of
stars. Old open clusters are probes of the early disk
evolution. They can be identified up to large distances
because their brightest stars are strong-lined red giants
that are excellent for the measurement of the radial ve-
locity and composition. They are also tracers of the
chemical and physical structure of the Galactic disk.
The main advantage of studying open clusters, rather
than single stars, lies in the precision with which it is
possible to get data about their reddening, distance, age,
and metallicity values. NGC 6791, in the Lyra constel-
lation, is a peculiar cluster, since it is one of the old-
est, richest of heavy elements, and most populated open
clusters in the Milky Way.

2. Observational data

We used the data taken from the archive of the Sloan
Digital Sky Survey (SDSS), data release 7 (dr7).
Celestial coordinates of the open cluster NGC 6791:
Photometric parameters:

Fig. 1. Cluster position in the Galaxy.

RA 19h20m53s*
Dec 37◦46′18.8′′*

Cluster type I 2 r
*(J2000)

– airmass

Band Airmass
g 1.033
r 1.029

– atmospheric absorption coefficient

Band k
g 0.233
r 0.151

– exposure time: 53.9 sec
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Fig. 2. Cluster position in the Galactic disk.

Fig. 3. Image of the NGC 6791 open cluster.

– photometric zeropoint (m0)

Band m0

g 24.4305
r 24.0325

3. Work description

In order to carry out the photometric analysis of
this open cluster, we used the IRAF software (Image
Reduction and Analysis Facility - tasks: daofind, phot,
psf, seepsf, allstar). The aim of our work was the cre-
ation of a color-magnitude diagram of the cluster which
enabled us to find its age, metallicity, reddening, and
distance. We decided to consider the g and r bands of
the ugriz photometric system. By means of the software
we analyzed the photometry of the open cluster and, af-

ter having created the diagram, we inferred information
regarding its physical and chemical characteristics. The
first step of the process was the determination of the
instrumental magnitude:

m = −2.5 log
Istar − (npix × Isky)

texp

through the aperture photometry of twelve stars. This
first step had correctly identified many of the light
sources clearly visible in the image. Afterwards, we
performed a second scan of the image by means of a
PSF photometry. We repeated the whole process on the
residual image resulted from the previous analysis us-
ing the same PSF model, so as to increase the number
of identified stars. This analysis was performed in the

Fig. 4. Surface plot of our PSF model.

Fig. 5. Radial profile of our PSF model.

g- and r- bands. The final result was the identification of
about 5000 stars in both the bands. The data collected
in the two bands were compared by using the TOPCAT
software, which allowed us to detect the common light
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sources. We then performed the calibration of the mag-
nitudes according to the formula:

mcal = m0 + m − km × airmass

Using the calibrated magnitudes we created the color-
magnitude diagram g − r versus g. We then performed
the conversion from the ugriz to the Johnson photomet-
ric system through these formulas:

B = g + 0.349 × (g–r) + 0.245

V = g − 0.569 × (g–r) + 0.021

which enabled us to derive the B−V versus V diagram.
This resulted to be consistent with other ones found in
literature through on-line catalogues. Finally, in order to
obtain information regarding the age, distance, metal-
licity, and reddening of the open cluster, we compared
the diagram we created with a sample of isochrones.
They are theoretical curves describing the evolution of
stars characterized by the same age and different initial
mass.

Fig. 6. Color-magnitude diagram in the Johnson photo-
metric system.

Fig. 7. Estimate of the distance and reddening of the
open cluster, derived from the color-magnitude dia-
gram.

4. Results

According to the B − V versus V diagram and the fit-
ting with different isochrones, the open cluster NGC
6791 has a metallicity Z ≈ 0.04 (twice as much that
of the Sun), an age of 8-9 Gyr, a reddening value
E(B − V) = 0.09, and a distance modulus V − MV =
5 log(d) − 5 + A(V) = 13.4. We obtained a distance of
about 4.2 kpc. Our results seem to agree with the sug-
gestion that the metallicity of a cluster does not only
depend on its age but also on its position in the Galactic
disk. The metallicity, the position with respect to the
Galactic centre (8 kpc), and the estimated age, indicate
that NGC 6791 does not well agree with the empirical
age-metallicity relation (AMR) of the Galactic disk.

Fig. 8. Comparison between the color-magnitude dia-
gram and the best-fit isochrones.
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Stellar temperature inferred from blackbody radiation

Barbara Penzo1, Valeria Ardizzon2, Davide Bellemo3

1Liceo G. Veronese, sez. Classico, Chioggia
2Liceo G. Veronese, sez. Scientifico Brocca, Chioggia

3Liceo G. Veronese, sez. Scientifico Pni, Chioggia

Abstract. We measured the temperature of a sample of stars by fitting their spectra with the Planck’s curve. Then,
knowing the color indexes, we were able to verify that this sample obeys the color-temperature relation.

1. Introduction

Through our research we achieved the following goal:
analyzing the color-temperature diagram of a sample
of 60 stars we verified that there is a linear relation;
then we applied the derived relation to a larger sam-
ple of 105 stars to obtain their temperature. The color
index of a star is the difference between two magni-
tudes obtained with two different photometric filters.
We used theugriz photometric system. The equation of
the color-temperature relation we needed to verify is:

y = ax + b (1)

where y is the color index andx is the reciprocal
of the temperature,1T . A black body is a theoretical
object which absorbs 100% of the incident radiation.
Therefore, it does not reflect any radiation and it ap-
pears completely black. A black body emits a contin-
uum spectrum, with some energy at all wavelengths,
which depends only on the body’s temperature, not on
its shape or material. The radiation it emits is called
blackbody radiation.

2. Observational Data

We used a sample of 5000 stars, whose spectra were
downloaded from the public archive of the Sloan
Digital Sky Survey (SDSS). SDSS is a survey that pro-
vides images and spectra covering more than a quarter
of the sky and a tridimensional map containing about
one million galaxies and 120 thousands quasars. SDSS
used a 2.5 m telescope, at the Apache Point Observatory
in New Mexico. For the photometric survey, five fil-
ters were used; each filter can select only a specific
range of the electromagnetic spectrum. The five filters,
u, g, r, i, z, and their average wavelengths are:

u g r i z
3551 Å 4686 Å 6165 Å 7481 Å 8931 Å

Fig. 1. Spectrum of the star SDSS J152518.55+381749.

Object SDSS J152518.55+381749
Right Ascension 15:25:18

Declination +38:17:49

3. Work description

We put the data of the 5000 stars previously selected,
with a maximum value of the PSFg-band magnitude
of 19 mag, in a table. The table contained the values
of the magnitudes of theg, r, andu filters. We used
them to create the values of theg − r andu − g color
indexes, calculating the differences between the magni-
tude of theg and r filters and the magnitude of theu
andg filters, respectively. Then, we built a color−color
diagram, putting theg − r color index on the abscissa
axis and theu − g color index on the ordinate axis.
We selected 60 stars out of the 5000, taken from dif-
ferent parts of the diagram, which correspond to differ-
ent temperatures. We used the software IRAF (Image
Reduction and Analysis Facility) to extract and pro-
cess the spectra of the 60 stars. Then, we normalized
the spectra, that is, the intensity of each spectrum was
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normalized to 1 at wavelengthλ0 = 5500 Å, in order
to be able to compare them with the normalized Planck
function (Fig. 2).

B(λ,T) =
λ5

0

[

exp
(

1.439×108

λ0T

)

− 1
]

λ5
[

exp
(

1.439×108

λT

)

− 1
] erg cm−3 sec−1 (2)

Fig. 2. Blackbody spectrum (Planck function).

We included the values of the wavelength and the
intensity of the normalized spectra in a TOPCAT table
and then, we calculated the corresponding maximum
blackbody intensity for each star. After that, we built
two superposed graphs: the former was the spectrum of
the star and the latter was the blackbody spectrum, with
the wavelength of the star on the abscissa axis and the
blackbody intensity on the ordinate axis. We compared
the two graphs, modifying the temperature of the black-
body until its curve reached the best fit, trying to find
the best approximation (Figg. 3, 4, 5). We built a table
with the data of the 60 stars obtained from the archive,
in which we added the temperatures found by our fit.
Then, we matched this table with the previously con-
structed one in which we recorded the data of the 5000
stars. We calculated the following values, adding two
new columns to the resulting table:

1. g − r
2. 1

T

We prepared the final plot by using TOPCAT, inserting
these data respectively in the x- and y-axis. We obtained
a distribution of points, each of them identifying a star,
on the graph. We modeled the data with a linear regres-
sion, i.e., by fitting a linear function (Fig. 6). We found
the line that best fits the distribution of data. We ob-
tained a correlation coefficient r = 0.93, which is very
close to 1, therefore we can consider the fit good. The
equation of the regression line is:

g− r =
m
T
+ c (3)

m=7988 c=-0.84.
Then, we calculated the temperature of a sample of

105 stars, using the previously-derived values. We used
the relation:

T =
m

(g− r) − c
(4)

O B A F
3 · 104-6 · 104 K 104-3 · 104 K 7500-104 6000-7500

G K M
5000-6000 K 3500-5000 K <3500

Fig. 3. Comparison between the star spectrum (red line)
and the blackbody curve at 4250 K (blue line).

Fig. 4. Comparison between the star spectrum (red line)
and the blackbody curve at 18500 K (blue line).

Fig. 5. Comparison between the star spectrum (red line)
and the blackbody curve at 250000 K (blue line).

4. Results

We verified that the sample of stars obeys the color-
temperature relation and derived the regression line. We
built a histogram (Fig. 7), to show the distribution of the
temperatures of the stars. It is evident that most of the
stars in the sample, about the 76%, have temperatures
between 3000 K and 10000 K. We can generalize that
within the Galaxy it is possible to find the same dis-
tribution of temperatures. The greatest part of the stars
belongs to the A, F, G, and K spectral classes.
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Fig. 6. g − r color index as a function ofT−1. The con-
tinuous line shows our best fit with a linear regression.

Fig. 7. Histogram showing the distribution of the tem-
peratures of the stars. In blue the stars with tempera-
tures between 3000 K and 10000 K.
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Relation between temperature and equivalent width
in stellar spectra

Morgana Beccegato1, Eva Bertosin2, Mirco Bragagnolo3, Silvia Ceccato3, Giovanni Pierobon3

1Liceo T. L. Caro, sez. Classico, Cittadella
2Liceo T. L. Caro, sez. Scientifico Linguistico, Cittadella

3Liceo T. L. Caro, sez. Scientifico Tradizionale, Cittadella

Abstract. We studied the spectra of 50 stars in order to measure the equivalent width (EqW) of three absorption
lines (MgI, CaK, and Hα) and to determine the stellar surface temperature. We analyzed these data by plotting them
in a graph.

1. Introduction

Stars are classified in different classes (O, B, A, F, G,
K, and M) depending on the absorption lines in their
spectra. In fact, a stellar spectrum contains absorption
lines superimposed on a bright continuum spectrum be-
cause the radiation coming from the inner hot layers
of the star passes through its cooler atmosphere. The
absorption lines, at specific wavelengths, correspond to
the different chemical elements. A lot of information
about stars can be obtained by the spectral analysis,
such as the temperature and composition of the atmo-
sphere. We analyzed the spectra of 50 stars obtaining
their temperature, and the equivalent width (EqW) of
the Hα, CaK, and MgI lines. Our aim was to study the
relation between temperature and EqW.

Fig. 1. Example of star spectrum where are visible the
absorption lines.

2. Observational Data

We used 50 spectra downloaded from the public archive
of the Sloan Digital Sky Survey (SDSS), which is
a multi-filter imaging and spectroscopic survey us-
ing a dedicated 2.5-m wide-angle optical telescope at
the Apache Point Observatory in New Mexico, United
States.

3. Work description

In order to analyze the stellar spectra, we used the pro-
gram IRAF (Image Reduction and Analysis Facility).
Our first step was to measure the strength of the fol-
lowing spectral lines: Hα 6563 Å, CaK 3994 Å, and
the MgI triplet 5169, 5174, and 5185 Å. The EqW is a
measure of the strength of a spectral line. It is obtained
by the ratio between the area of the line and the mean
intensity of the continuum and it is measured in Å. It
corresponds to the area of a rectangle with height equal
to the continuum intensity and width equal to EqW.

We plotted the star spectrum by using IRAF and we
identified each line by its wavelength. We measured the
EqW by selecting the extremes of the absorption line
and the program gave us the value as it is shown in
Figure 3. At the beginning we had to:

– identify the absorption lines;
– recognize the average trend of the continuum;
– avoid taking the noise as a real absorption line;
– correctly manage the Mg triplet lines.

After that, we measured the EqW of the three absorp-
tion lines we wanted to study in the spectra of 50 stars.

Our second task was to estimate the stellar surface
temperature. It can be obtained by comparing the stel-
lar spectrum with different Planck curves in order to
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Fig. 2.Definition of equivalent width (EqW).

Fig. 3.Measurement of the EqW.

find the best fit. First of all, it was necessary to normal-
ize each spectrum dividing its intensity by the average
value at 5500 Å. This step was performed with IRAF.
We imported in TOPCAT the normalized spectrum of
every star. The file had two columns containing the val-
ues of wavelengths versus the normalized intensity.

We added a third column with the values calculated
with the Planck formula:

B(λ, T ) =
2πhc2

λ5

1

e
hc

kλT − 1
erg cm−3s−1

.

Finally, we compared Planck functions of differ-
ent temperatures with each normalized spectrum to find
which one best fitted the observational data. In this way,
we could estimate the surface temperature of each star.

Star Hα MgI CaK Temp
359 3.0619 1.9361 4.1538 8200
354 3.6682 0.9352 4.2199 7200
376 5.3558 0.482 2.5248 8200
394 7.2009 0.5439 2.8301 8500
249 2.3298 4.7906 13.4643 5900
336 1.776 17.7412 10.9787 3700
177 5.9089 3.0132 1.9839 15000
384 0.9973 10.4127 11.4679 4000
456 5.6037 1.2424 6.1368 7900
186 9.4123 0.2992 13.1835 19000
304 1.8155 6.8328 9.6957 5500
372 8.9406 0.1053 0.7179 13400
626 1.8406 10.057 7.1497 3650
53 2.6942 0.308 0.2735 40000
344 2.4588 7.6999 9.225 6200
158 5.6102 1.3561 3.5472 8200
380 7.8779 1.1923 6.4471 8300
55 2.7169 1.6001 1.1931 24000
168 0.7917 5.2902 0.6077 5500
86 4.2811 1.7285 1.9967 8100
397 5.1529 0.142 0.2071 32000
336 4.1334 2.1584 4.2648 8200
476 0.8235 9.5701 10.8895 4000
62 5.7181 0.6104 2.3796 9000
137 1.0728 7.0005 7.0947 4000
156 0.8588 8.1279 7.1872 4300
145 1.0518 6.7176 10.8595 4500
224 1.2243 10.5444 13.0317 4000
272 3.3576 2.4689 10.3778 6000
20 6.7547 1.0706 2.5972 7000
461 6.0099 0.8986 2.8028 8500
4 6.65 1.4018 5.008 8000

307 2.4157 5.2729 5.3514 6200
609 1.9629 7.265 8.5807 4900
593 14.7136 4.7784 1.4659 110000
152 5.8382 0.8064 1.7931 10000
204 9.618 1.1159 2.597 20000
19 14.6104 1.9292 1.5238 10000
393 14.2057 0.5352 0.2 9500
202 4.3555 0.8101 2.2181 8500
400 2.4656 5.3171 12.525 5500
434 2.9359 5.9551 4900
46 2.9406 4.4861 11.7843 6500
5 2.0827 8.8934 4100

615 1.3017 9.6384 4300
316 2.1029 6.0157 14.5466 4300
545 2.2587 0.095 100000
175 3.983 0.135 35000
371 8.5596 0.3127 0.6545 14500
196 0.0989 0.1314 35000

We reported all the data (temperature and EqW of
the three absorption lines) on a table, and we used
TOPCAT to plot the EqW (on the y-axis) versus the
temperature in logarithmic scale (on the x-axis). We
obtained three plots, one for each element, Hα, MgI,
and CaK, respectively. As shown in Fig. 4, the plots
appear to define three different and almost continuous
functions. There are only a few outliers probably due to
peculiar stars or measurement errors.
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Fig. 4.From top to bottom: EqW of each sample star versus its temperature, for Hα, Mg I and CaK, respectively.

4. Results

According to the literature, there is a relation between
the absorption lines and the surface temperature of a
star on which the spectral classification is based. We
obtained three plots showing a trend whose maximum
is at different temperatures.
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Spectroscopic analysis of the planetary nebula NGC 1501

Cecilia Claudi, Fabio Pivetta, Carlo Poggi, Elisa Romandini

Liceo Scientifico StataleEnrico Fermi, Padova

Abstract. The spectrum of the planetary nebula NGC 1501 is reported. Itwas divided into different regions in
order to point out the variations in the measured temperature, density, and chemical abundances. The data were
corrected for extinction with the purpose of obtaining the intrinsic values.

1. Introduction

A planetary nebula is the expanding shell of gas around
a white dwarf progenitor, with a mass lower than 5 so-
lar masses. Its formation is due to the fact that the star is
not heavy enough to ignite the carbon fusion. The star
contracts in order to maintain its hydrostatic equilib-
rium; its temperature increases making the surrounding
gas expand. The planetary nebula NGC 1501 surrounds
a Wolf-Rayet star at a distance of 1500 pc.

2. Observational Data

The spectra were taken with the Boller & Chivens spec-
trograph mounted at the 1.22-m telescope of the Asiago
Astrophysical Observatory. Three images with expo-
sure time of 300, 900 and 900 s were processed and
combined together.

3. Work Description

Using the software ds9, the spectrum of the nebula was
divided along the spatial-axis into 8 sections of 10 pix-
els each plus a central one of 8 pixels containing the
continuum of the star.

By using the software IRAF, the flux of the gas
emission lines necessary to analyze NGC 1501 was
measured for each one-dimensional spectrum (see
Table 1). The plot of the intensity versus the wavelength
shows the peak of each emission line. We calculated
the flux fitting a Gaussian function. This measurement
allowed us to derive the average temperature, density,
and chemical abundances. In the external regions of the
nebula there are weaker fluxes that are more difficult to
detect; because of this, many important emission lines
could not be measured.

Table 1. Measured fluxes of the emission lines

Region flux Hα flux Hβ flux HeI5876
erg cm−2 s−1 erg cm−2 s−1 erg cm−2 s−1

4n 1.33e-15 1.9e-16 —
3n 2.46e-14 4.01e-15 8.29e-16
2n 4.55e-14 7.98e-15 1.44e-15
1n 3.46e-14 5.98e-15 9.46e-16
1s 3.75e-14 6.69e-15 1.04e-15
2s 4.19e-14 7.18e-15 1.2e-15
3s 1.78e-14 3.48e-15 5.3e-16
4s 6.9e-16 1.51e-16 —

Region flux HeII4686 flux [NII]6548 flux [NII]6584
erg cm−2 s−1 erg cm−2 s−1 erg cm−2 s−1

4n — 3.48e-17 3.77e-17
3n 1.11e-15 4.11e-16 1.28e-15
2n 2.98e-15 6.42e-16 2.12e-15
1n 4.19e-15 6.76e-16 1.28e-15
1s 3.73e-15 5.57e-16 1.23e-15
2s 2.61e-15 6.12e-16 1.83e-15
3s 1.0e-15 2.94e-16 9.07e-16
4s — 3.39e-17 4.06e-17

Region flux [SII]6716 flux [SII]6731 flux [OII]3727
erg cm−2 s−1 erg cm−2 s−1 erg cm−2 s−1

4n — — —
3n 2.4e-16 2.62e-16 6.93e-16
2n 3.57e-16 3.62e-16 1.33e-15
1n 1.7e-16 2.15e-16 7.88e-16
1s 2.38e-16 2.36e-16 9.35e-16
2s 3.45e-16 3.46e-16 1.1e-15
3s 1.89e-16 1.85e-16 7.34e-16
4s — — —

Region flux [OIII]4959 flux [OIII]5007 flux [OIII]4363
erg cm−2 s−1 erg cm−2 s−1 erg cm−2 s−1

4n 8.44e-16 2.63e-15 —
3n 1.74e-14 5.36e-14 2.84e-16
2n 3.38e-14 1.04e-13 5.24e-16
1n 2.43e-14 7.49e-14 5.31e-16
1s 2.74e-14 8.36e-14 3.92e-16
2s 3.07e-14 9.37e-14 6.22e-16
3s 1.51e-14 4.53e-14 2.23e-16
4s 6.38e-16 1.81e-15 —
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Fig. 1. Spectrum of the planetary nebula NGC 1501.

Fig. 2. Example of an emission line fitted with a
Gaussian curve.

We corrected our measurements for interstellar ex-
tinction by using Cardelli’s equation:

I(Hα)int

I(Hβ)int
=

I(Hα)obs

I(Hβ)obs
10−0.1386Av (1)

Knowing that the value of the intrinsic ratio corre-
sponds to 2.86, it was possible to calculateAv. Using
this value each line could be corrected:

I(λ)int = I(λ)obs · 100.4Av c(λ) (2)

There is a specificc(λ) coefficient for each line:

Ion Wavelength (Å) c(λ)
[OII] 3727 1.53917
[OIII] 4363 1.33812
[HeII] 4686 1.22194
[Hβ] 4861 1.16427
[OIII] 4959 1.13427
[OIII] 5007 1.12022
[HeI] 5876 0.92773
[NII] 6548 0.82006
[Hα] 6563 0.81775
[NII] 6584 0.81451
[SII] 6716 0.79417
[SII] 6731 0.79183

In particular [OIII] and [SII] were used to find out
the effective temperature and density of the analyzed
region respectively.

Using the [SII] I(6716Å)
I(6731Å)

ratio for a set of tempera-
tures, the density can be obtained, and using the [OIII]
I(5007Å)+I(4959Å)

I(4363Å)
ratio for a set of densities, the tempera-

ture can be measured. Therefore, by using an iterative
method, a temperature around 104K was chosen to get
an approximate density. The obtained density was then
used to have an approximate temperature. This method
was applied until the values converged, giving the cor-
rect result.

Region’s name Temperature Density [e cm−3]
4n — —
3n 11000K 900
2n 10700K 650
1n 12000K 150
1s 10400K 600
2s 11800K 600
3s 10400K 550
4s — —

In the external regions the emission was too weak to
be detected, so it was not possible to obtain temperature
and density values in those regions. By using TOPCAT,
plots were created in order to show the radial profiles of
the temperature and density of NGC 1501. The positive
values correspond to the upper regions and the negative
ones to the lower regions. The distance was converted
from pixels to pc applying the following formula:

r[′′] = r[px] · scale

[

′′

px

]

(3)

r[pc] =
r[′′]d[pc]
206265

(4)
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Fig. 3. Radial density profile.

Fig. 4. Radial temperature profile.

It is possible to determine Oxygen and Nitrogen
abundances by using the following formulas:

12+ log
(OI

HI

)

= log

(

I3727

IHβ

)

+ 5.89+ (5)

+
1.676

t2
− 0.40 log(t2) + log(1+ 1.35x)

12+ log
(OII

HI

)

= log

(

I4959+ I5007

IHβ

)

+ 6.174+ (6)

+
1.251

t
− 0.55 log(t2) + log(t)

OIII
OII + OI

=

(

I4686

I5876

)

0.111t−0.13 (7)

t =
Te[OIII]

104K
(8)

t2 = Te[OII] = 0.243+ t(1.031− 0.184t) (9)

x =
Ne
√

t2104
(10)

O
H
=

OI + OII + OIII
HI

(11)

log
(O

N

)

= log

(

I3727

I6548+ I6583

)

− 0.307+
0.726

t2
+ (12)

+0.02 logt2 + log

(

1+ 1.35x
1+ 0.116x

)

N
H
=

( O
H

) (N
O

)

(13)

Region O/H O/N N/H
4n — — —
3n 4.4148e-4 5.1599 8.5559e-5
2n 5.0698e-4 5.2926 9.5790e-5
1n 5.1585e-4 5.2869 9.7571e-5
1s 6.2080e-4 6.1897 1.0029e-4
2s 4.2792e-4 4.8208 8.8765e-5
3s 5.2487e-4 5.3840 9.7485e-5
4s — — —

4. Results

According to the experimental data, it is possible to in-
fer that variations of temperature and density are nei-
ther uniform nor regularly changing. It can only be ob-
served that there are high temperatures where there are
high densities. From the analysis of the chemical abun-
dances, it is detected a higher presence of Hydrogen
than Oxygen and Nitrogen. It can be deduced that the
planetary nebula NGC 1501 is not symmetrical.
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Abstract. Our task consisted in selecting a certain amount of stars from a catalog in order to identify which spectral
type they belong to. Our work was divided into two main phases: at first, we created a graph with the spectrum for
each star and then compared them with the spectra taken from alist of stars of known spectral type to find the one
that best matches our stars. After this, we were able to assign a spectral type to all the stars we examined.

1. Introduction

Stars are characterized by many physical and chemical
parameters such as temperature, colour, luminosity and
chemical composition.

A stellar spectrum shows the energy flow emitted
by a star at different wavelengths. Thanks to the work
of some physicists like Planck and Wien, today we are
aware that the shape of the spectral curve is related to
the temperature of the star, while the negative peaks,
that represent the absorption lines, are due to the ele-
ments in its atmosphere. Thanks to this, analysing the
spectrum of a star, its temperature and the chemical
composition of its atmosphere can be inferred.

Regarding the classification of the stars according
to their spectral characteristics, it is generally used in
astronomy the Harvard classification, which divides the
stars into seven main classes, from the hottest ones to
the coldest ones:

O: blue stars with a temperature between 50000K and
25000K;

B: blue stars with a temperature between 25000K and
12000K;

A: white stars with a temperature between 12000K and
7500K;

F: white stars with a temperature between 7500K and
6000K;

G: yellow stars with a temperature between 6000K and
5000K (like the Sun);

K: red stars with a temperature between 5000K and
3000K;

M: red stars with a temperature of about 3000K.

Moreover each class is divided into other ten
groups, from 0 to 9, with decreasing temperature.

2. Observational Data

The stars we chose for our project were selected from
the Sloan Digital Sky Survey (SDSS) archive, which
contains photometric observations and spectra of ob-
jects in more than 35% of the sky. This survey is based
on observations made with the 2.5-m wide-angle opti-
cal telescope and 0.5-m Photometric Telescope at the
Apache Point Observatory in New Mexico.

We started selecting 5000 stars, among the point-
like sources, having different right ascension (RA)
and declination (DEC), and high quality in the SDSS
archive.

3. Work description

The first phase of our work consisted in selecting the
stars to be processed. Our purpose was to get as many
spectral types as possible, therefore we searched for
stars with different characteristics. In order to do this,
we created a two colours plot by using the TOPCAT
software (an interactive graphical viewer and editor for
tabular data).

We tried to combine different colour indexes in or-
der to have the best linear distribution. At the end we
obtained the relation in Fig. 1, which shows the distri-
bution of the stars with different colours and therefore
different temperatures.

Then we proceeded choosing 60 objects in the
graph, trying to cover up the best distribution of stars
on the diagram. After this, we downloaded the spectra
for the selected objects from the SDSS catalogue. We
elaborated the spectra using the package IRAF (Image
Reduction and Analysis Facility). We obtained all the
information connected with each star’s spectrum we
analysed. This was necessary to find the average value
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Fig. 1. Graph obtained selecting 5000 stars from the
SDSS catalogue. On the x-axis there is the colour in-
dexg − r, on the y-axis the colour indexi − r, and on
the third axis (the color bar) the colour indexu − g.

of the spectra at a certain wavelength (5500 Å), that
was used to normalize the spectra and therefore make
them comparable with the spectra of the library. This
was done using IRAF again and dividing the spectra by
the above mentioned value.

After that, using TOPCAT, we compared our spec-
tra with those of known spectral type taken from the
Jacoby catalogue, trying to overlap the graph as best as
we could. This allowed us to identify the spectral type
that best fitted the stars we had selected and to create a
list of all the 60 stars, with the corresponding spectral
type. The list of all the 60 stars with the corresponding
spectral type is given in Table 1. In Figs. 2-7 are shown
some of the comparisons we made.

Fig. 2. This is a star (red line) that was classified as B1.5
after the comparison with the corresponding spectrum
taken from the Jacoby catalogue (blue line).

In the last phase of our work we assigned a progres-
sive number to every spectral type, from O0= 1 to M9
=70. In Fig. 8 we plotted the number of the spectral
type versus the colour index (g − r), for all the stars we
had examinated. This plot allowed us to link the colour
with the spectral type of the stars.

Fig. 3. The same as Fig. 2 for a star classified as A7.

Fig. 4. The same as Fig. 2 for a star classified as A2.

Fig. 5. The same as Fig. 2 for a star classified as K0.

4. Results

We identified 59 spectral types out of 60 (see Table 1)
with good approximation for stars of B, A, F, and G
type. On the other hand, we found more difficulties to
identify K and M type stars, and this is probably due
to the fact that these stars are cooler and therefore their
spectra have lower quality. We can notice that most of
the stars (15 out of 59) belong to the spectral class A,
11 to the class M, 10 to the class K, 8 to the class G
and 8 to the class F. We did not find any star belong-
ing to the spectral type O and we found only 7 stars
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Fig. 8. The final diagram shows the linear relation (dashed line) between the colour (g− r), on y-axis, and the spectral
type code of the stars, on the x-axis. The spectral classification is also reported in the plot.

Fig. 6. The same as Fig. 2 for a star classified as K5.

Fig. 7. The same as Fig. 2 for a star classified as M0.

of class B, probably because these kinds of stars are
very hot and thus quite uncommon. Regarding the star
whose spectral type was not determined, we might con-
sider the hypothesis of some error in the data process-
ing. In fact, its spectrum appears almost flat, therefore
we can suppose that this is the combination of two dif-
ferent spectra. As for the last graph (Fig. 8), we found
a relation between the colour and the spectral type. In
fact, by tracing the linear regression using the ordinary
least squares method, we obtained a linear relation. We
can also notice that for “cool” spectral types the values

are slightly positive and the colour of the stars verges
to red, as stated by the Harvard classification, while for
“hot” spectral types the values are slightly negative and
the colour of the stars verges to yellow.
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Table 1. Summary results

No Object name RA DEC Spectral Mag Mag color
SDSS Catalog Type g r (g − r)

1 J151817.20+573142.5 229.572 57.528 B8 19.13 19.49 -0.355
2 J085713.70+215705.5 134.307 21.952 A2 17.42 17.60 -0.182
3 J123224.37+411237.4 188.102 41.210 A3 20.13 20.32 -0.197
4 J111711.31+293419.2 169.297 29.572 G3 17.72 17.13 0.589
5 J142343.56+024801.0 215.932 2.800 M1 17.60 16.31 1.284
6 J021500.27+135748.1 33.751 13.963 K4 18.85 18.00 0.858
7 J173853.68+545255.2 264.724 54.882 M1 18.23 17.78 0.455
8 J205835.61-051558.4 314.648 -5.266 A8 17.61 17.60 0.011
9 J171246.87+300608.6 258.195 30.102 F4 25.10 24.80 0.296

10 J083528.55+540347.6 128.869 54.063 K4 17.71 16.86 0.853
11 J075305.22+460538.4 118.272 46.094 F8 16.39 15.95 0.436
12 J130514.46+030221.7 196.310 3.039 G4 17.53 22.75 -5.216
13 J105711.59+321313.3 164.298 32.220 B4 19.24 19.59 -0.348
14 J150212.12-024557.7 225.551 -2.766 A7 14.87 14.86 0.007
15 J163809.33+345046.6 249.539 34.846 F0 18.44 18.25 0.191
16 J215840.78+003334.6 329.670 0.560 M1 19.82 18.61 1.211
17 J134723.64+013541.6 206.848 1.595 M1 17.44 16.17 1.265
18 J160104.31+551305.1 240.268 55.218 F3 18.58 17.63 0.948
19 J084118.27+274627.1 130.326 27.774 A6 15.53 15.58 -0.048
20 J085422.39+013650.9 133.593 1.614 A5 15.98 16.13 -0.149
21 J073925.43+341845.2 114.856 34.313 M1 18.34 16.88 1.457
22 J160810.63+103211.6 242.044 10.537 B8 17.09 17.45 -0.356
23 J215227.25+115726.6 328.114 11.957 B1.5 17.44 17.83 -0.396
24 J082428.16+175213.3 126.117 17.870 A7 18.94 18.97 -0.028
25 J090123.05+075037.2 135.346 7.844 K0 17.83 17.32 0.519
26 J141028.63+024424.3 212.619 2.740 M1 17.10 15.80 1.299
27 J113836.32+475510.0 174.651 47.919 B1.5 17.52 18.05 -0.524
28 J002649.20-091145.6 6.705 -9.196 K5 25.09 19.76 5.330
29 J153920.68+022057.6 234.836 2.349 M1 16.48 18.39 -1.910
30 J223404.42-081218.8 338.518 -8.205 K0 17.66 17.09 0.566
31 J145929.25+003320.3 224.872 0.556 B4 18.97 19.37 -0.398
32 J084818.90+185314.1 132.079 18.887 A3 15.89 15.99 -0.107
33 J170028.23+635037.2 255.118 63.844 K5 20.57 19.39 1.183
34 J150348.50+005403.7 225.952 0.901 F5 17.66 17.19 0.468
35 J013347.55-090812.1 23.448 -9.137 A9 17.52 17.45 0.069
36 J095253.47+550957.4 148.223 55.166 F8 17.89 17.53 0.364
37 J131721.60+610700.7 199.340 61.117 K4 19.20 18.35 0.846
38 J171837.36+534623.9 259.656 53.773 A8 19.71 19.59 0.124
39 J173147.94+581619.0 262.950 58.272 A3 19.59 19.72 -0.134
40 J162010.12+191258.1 245.042 19.216 A6 17.97 18.11 -0.137
41 J123657.67+262449.9 189.240 26.414 A6 17.72 17.86 -0.143
42 J100707.23+232301.4 151.780 23.384 A7 17.56 17.59 -0.033
43 J144040.54+000806.2 220.169 0.135 F7 15.28 15.06 0.224
44 J223439.76+143614.6 338.666 14.604 G4 18.03 17.49 0.539
45 J224734.23-011007.0 341.893 -1.169 G4 18.17 17.58 0.583
46 J152355.90+022826.6 230.982 2.474 G3 17.11 17.87 -0.759
47 J161210.54+114535.7 243.044 11.760 B8 18.08 18.40 -0.321
48 J093404.58+304739.6 143.519 30.794 G2 15.68 15.38 0.303
49 J235157.31+135731.9 357.989 13.959 G3 18.27 17.81 0.454
50 J145800.15-004509.3 224.501 -0.753 A7 19.34 19.30 0.044
51 J154949.75+460012.9 237.457 46.004 F8 17.67 17.28 0.395
52 J161334.19+114944.2 243.392 11.829 G3 17.64 17.15 0.493
53 J093911.44+175540.9 144.798 17.928 M1 19.23 17.92 1.307
54 J134723.64+013541.6 206.849 1.595 M1 17.44 16.17 1.265
55 J163135.42+162509.0 247.898 16.419 K4 17.74 16.80 0.941
56 J032334.20-073404.7 50.893 -7.568 M0 21.24 19.76 1.482
57 J221213.32+132928.1 333.056 13.491 K0 25.11 18.64 6.473
58 J135640.16+014719.9 209.167 1.789 M0 20.78 19.26 1.522
59 J082255.27+440317.6 125.730 44.055 G7 18.05 17.56 0.487
60 J230929.85+142724.1 347.374 14.457 K0 17.98 17.34 0.617
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Abstract. We analysed the globular cluster NGC5466 in two different bands,g andr of the SLOAN photometric
system, and then converted them in the UBVRI system by Johnson-Cousins to obtain an HR-diagram from which
we determined the significant parameters: metallicity, distance and age. We successively compared the results about
the age with those obtained using the method of RR-Lyrae.

1. Introduction

Star clusters are collections of stars kept together by
their gravitational force. We can distinguish between
open clusters and globular clusters. Open clusters do
not have a regular shape and have from few tens to 103

stars, losely bound to each others, which are spread in
a very large space; therefore, their density is low. The
population of open clusters is quite young and some
bright blue stars are identified. Most of the open clus-
ters lay in the Galactic disc and have a large quantity
of interstellar medium. Globular clusters, instead, are
characterized by a spherical shape, due to tight gravita-
tional bounds. They present a high star density, which
decreases as the distance from the centre raises, and
count from 104 to 106 stars. They are generally very
old, so that their stars are mainly weak and red. They
also have low values of metallicity, which is a verifi-
cation that they are very old objects (the universe, in
its primaeval existence, was mostly made of hydro-
gen and helium; then, the percentage of metals rose
as the time passed by, because of their formation in
the nucleus of stars). Thanks to their lack of gas and
dust, we can measure the stellar density and study the-
oretically the dynamical evolution in presence of tidal
forces, due to the Milky Way, and calculate their re-
laxation time. Globular clusters can be found through-
out the galactic halo of our galaxy; so they can be
distinguished into two categories: bulge/disk clusters
and halo clusters. The latters have even lower val-
ues of metallicity than the others. This is the case of
NGC5466 (Fig. 1). It is a halo cluster and has one of
the lowest known values of metallicity. We took a cou-
ple of images from the free software “WhereIsM13?”
(http://www.thinkastronomy.com/M13) in order to
show clearly the position of NGC5466 (Fig. 2).
NGC5466 is also one of the least dense known glob-

ular clusters. It belongs to the XII class, according to
the Shapley and Sawyer classification. All the stars of
a cluster have the same origin. This implies that they
have approximately the same age and similar chemical
composition. Thus, they play an important role in astro-
nomical studies because the evolution of each star only
depends on its initial mass. Such as in all stellar clus-
ters, all the members have the same distance, this gives
the possibility to use apparent instead of absolute mag-
nitude, in order to build the HR-diagram.

Fig. 1. Digitized Sky Survey image of NGC5466.
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Fig. 2. Position of NGC5466 with respect to the Milky
Way and the Sun.

2. Observational Data

The globular cluster NGC5466 is situated in the con-
stellation of Bootes, at RA 14h 05m 27.36s and DEC
+28o 32’ 4.2”. Its angular size is about 11’. We took
the images from the Sloan Digital Sky Survey (SDSS)
Data Release 7, a survey conducted with the 120Mpx
CCD of the 2.5-meters telescope at Apache Point (New
Mexico, USA), in the filters g and r of the ugriz pho-
tometric system. We had to convert magnitudes into the

more common UBVRI photometric system by Johnson-
Cousins.

3. Work description

We used IRAF (Image Reduction and Analysis Facility)
and DS9 to visualize images and Topcat to manipu-
late data tables. As first step, we examined 10-15 stars
spread in the whole image, to acquire information about
the average FWHM (Full With at Half Maximum) of
the image. This value was then used to allow IRAF
to recognize stars and save their coordinates, by using
the DAOFIND task. Then we calculated the instrumen-
tal magnitude of each star, using the PHOT task. This
task applies a technique called aperture photometry (see
Fig. 3). It calculates the flux of each star by summing
the pixel values within a circle with a given aperture,
centred on the star, and subtracting the average lumi-
nosity of the sky, calculated within a wider ring around
the star. Then, the flux is converted in instrumental mag-
nitude by applying the following equation:

minstr = −2.5× log

(

I∗ − npx × Isky

texp

)

where I∗ is the sum of the values contained in the
circle centred on the star, npx is the number of pixels
contained in that circle, Isky is the average intensity of
the sky per pixel calculated within the ring, and texp
is the exposition time of the image. As output, we ob-
tained a text file with the coordinates of every star and
its correspondent instrumental magnitude.

Fig. 3. An example of aperture photometry.

The same technique cannot be applied to the globu-
lar clusters, because the star density is too high. This
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means that, in the image, there are no empty spaces
around the stars to calculate the luminosity of the
sky. We had to use another technique. The PSF (Point
Spread Function) photometry (see Fig. 4), allowed us
to discriminate one star from another in case they were
too close or overlapped. This can be done using a PSF
model based on the stars of our cluster. Using the PSF
task, we selected about 20 isolated stars. This task use
the selected stars to create a mathematical model of the
PSF, using the function that best fitted the stellar pro-
files. The PSF model represents the light distribution
of a point-like source modified by the seeing, due to
the atmosphere. Then, using the ALLSTAR task, IRAF
applied the PSF model to distinguish each star from
the others and calculated their instrumental magnitudes.
Again, we obtained a text file with the coordinates of
each star and its corresponding instrumental magnitude.

Fig. 4. PSF model.

We repeated the whole procedure twice for each fil-
ter, to obtain a larger sample of stars. At the end, we got
data for more than 7000 stars. These data were elab-
orated with Topcat. At first, we transformed the instru-
mental magnitudes into the calibrated ones applying the
following equations:

gcal = 24.3897+ ginstr− 0.212× 1.185

rcal = 23.96+ rinstr − 0.124× 1.172

Secondly, we calculated the magnitudes in theB
andV bands using the equations:

B = g + 0.349× (g − r) + 0.245

V = g − 0.569× (g − r) + 0.021

We used these data to build an HR-diagram.
To calculate the age of our cluster, we downloaded

isochrones with low metallicity, as we know that gen-
erally globular clusters have low values of metallicity.

Fig. 5. The HR-diagram of NGC5466, with the (B − V)
colour index in the x axis, andV (apparent visual mag-
nitude) in the y axis.

We found them on the Padova database of stellar evolu-
tionary tracks and isochrones.

An isochrone is a mathematical model representing
an HR diagram at fixed age and metallicity. We over-
lapped different isochrones on our observed diagram to
find the one that best fitted in particular turn-off region,
which represents the most important point for the age
determination.

We also calculated the age of the cluster adopting
the method of the RR Lyrae. This metohd is based on
the difference,∆V, between the magnitude at the turn-
off and that at the horizontal branch for a given colour
index (see fig. 5). We used the following equations:

∆V = mV (TO)−mV (HB)

log t = 0.37× ∆V − 0.03

Finally, we calculated the distance of the cluster us-
ing the following equation:

d = 10
(MV−mV )+5−A(V)

5

where MV−mV is the distance modulus, which cor-
responds to the shift, along the y axis, that we had to
apply to the isochrone to match our HR-diagram. This
is due to the gap between the apparent magnitude we
obtained from the observation and the absolute magni-
tude of the given isochrone.A(V), the visual absorption,
is a function of the colour excess E(B-V) (i.e. the shift
along the x axis) according to the following relation:

A(V) = 3.1× E(B − V)
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Fig. 6. Isochrone fits. From left to right: fit with 14.1 Gyr, 15.8 Gyr and 17.8 Gyr isochrones with Z=0.0004

4. Results

At first, we selected the data of the stars and built a
(B − V) vs V diagram combining the aperture and the
PSF photometry techniques. Then, we analysed the di-
agram adopting two different procedures: the first con-
sisted in comparing our diagram with the theoretical
isochrones, the second was the RR-Lyrae method; both
methods gave us an estimation of the age. Using the
method of the isochrones, we obtained an age of ap-
proximately 15.8 Gyr, which is not very different from
the age calculated with the RR Lyrae method, which
results between 13.0 Gyr and 15.5 Gyr, having used∆V
between 3.1 and 3.3. The globular cluster NGC5466 re-
sults to be at a distance of 14.7 Kpc and to have metal-
licity Z=0.0004. The very low value of metallicity re-
flects some characteristics of the HR-diagram, such as
the remarkable length of the horizontal branch and the
marked slope of the giant branch (see fig. 5). Distance
and metallicity values can be compared within the er-
rors to the ones we can find in literature. Nevertheless,
the results achieved for the age (at least the one obtained
with the isochrone method) strongly disagree with the
age of Universe, currently about 13.7 Gyr. We can find
this incongruence in literature older studies. We have
to say that there is a gap between the mathematical
model provided by the isochrones and the empirical ev-
idences, adding the errors that can affect our measure-
ments. We can conclude that the origin of the globu-
lar cluster NGC5466 is to be placed in the primaeval
Universe.
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Abstract Our goal was to determine the total mass of the cluster Abell 779 through the photometric and spec-
troscopic analysis of some of its galaxies. We used a dynamicapproach to perform the analysis. The photometric
analysis, realized on R-band images taken at the Asiago Schmidt telescope, allowed us to determine the luminosity
of each galaxy. On the other hand, the analysis of the spectrataken at the 1.22m Galileo telescope allowed us to
determine the redshift of each object. We could, therefore,select the galaxies belonging to the cluster, and by using
the measurement of the radial velocities, we calculated theaverage velocity dispersion. This parameters allowed us
to calculate, together with the harmonic radius through thephotometric measurements, the total mass of the cluster.

1. Introduction

Galaxy clusters are among the most massive and largest
known objects in the universe (they are second only
to super-clusters) with a diameter of about 8-9 Mpc.
They contain a minimum of 50 galaxies and an enor-
mous quantity of intergalactic gas, which can have a
mass twice the total mass of the galaxies, and very high
temperatures, around ten millions Kelvin, which make
the gas emit X-rays and therefore become observable.
In addition, gas and galaxies interact gravitationally.

Figure 1. r-band image of Abell 779. The red circles
indicate the galaxies with available spectrum.

2. Observational Data

For the photometric analysis, we used anR-band image
taken with the Asiago Schmidt telescope (OAPd/INAF)
which uses the SBIG STL-11000M CCD. TheR filter
was used to select a region of the electromagnetic spec-
trum centred on the average wavelength of 6165Å. For
the spectroscopic analysis, we used the spectra taken
with the 1.2-m Galileo telescope (Padova University).
The object we considered was the galaxy cluster Abell
779; we also examined the spectrum of twenty of its
galaxies. The coordinates are:

Object Abell 779
Right ascension 09h 19m 52s

Declination +33◦ 45m 22s
Constellation Lynx

3. Work Description

We analyzed the Abell cluster 779 using a dynamic
method, which consisted in taking into account the var-
ious typologies of energy found in the cluster. This pro-
cedure allowed us to manage the data without referring
to one single galaxy at a time. The relation between the
different forms of energy is expressed by the application
of the Virial Theorem, which implies the use of the stel-
lar velocity dispersion and harmonic radius of the clus-
ter. The harmonic radius is an estimate of the radius of
the cluster. The photometric analysis had the purpose of
determining the morphological parameters of the galax-
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ies, and the creation of a model representing the surface
brightness distribution of each galaxy. The program we
used is GIM2D, which works in IRAF. First, we had
to obtain the Point Spread Function (PSF), which is a
model describing the image of a point source. We used
the IRAF package DAOPHOT to perform the photome-
try of 20 stars and calculate the average PSF. Finally, we
created an image of the PSF. The program SExtractor
allowed us to recognize and deblend the sources in the
image; the result was a mask in which all the sources
were detected and represented by different colors to dis-
tinguish them. By using the mask and the output cat-
alogue produced by SExtractor, we could identify the
galaxies belonging to the cluster to be studied, extract-
ing all the needed data.

The data were processed using GIM2D, which pro-
vided us with morphological parameters and 4 images
for each object: a thumbnail of the object from the orig-
inal image, its mask, its mathematical model, and the
residual image. Then, we analyzed some outputs, such
as: the total luminosity of the galaxy,Ltot, the ratio be-
tween the bulge luminosity and the total luminosity of
the galaxy, B/T, and the Sérsic index, which is one of
the parameters of the Sérsic function that control the
surface-brightness radial profile of the galaxy. The two
last outputs are useful to identify the morphology of the
galaxies. In fact, the B/T ratio refers to the prominence
of the bulge in relation to the rest of the galaxy: if this
parameter is equal to 1, the galaxy is elliptical. When
the Sérsic index, that is approximately within the range
0.5-10, is equal to 4, the de Vaucouleurs law is repro-
duced: it describes the surface-brightness distribution
of the elliptical galaxies. When the index is equal to 1
the exponential profile is reproduced: it describes the
surface-brightness distribution of the disk of the spiral
and lenticular galaxies. In Fig. 2 we show how the B/T
values of the examined galaxies are distributed in the
field of view.

Figure 2. Distribution of the B/T values of the sample
galaxies in the field of view.

Statistically, the elliptical galaxies in clusters are
distributed more towards the centre; even in this case,

as shown in Fig.2, it is noticeable that the majority of
the elliptical galaxies and the ones with the B/T value
close to 1 is concentrated in the centre of the cluster.

Figure 3. B/T values of the sample galaxies versus their
distances from the centre of the cluster.

Name Ltot redshift(z) B/T
A 797951 0.017 1.0
BB 292332 0.024 0.3
C 57296 0.024 0.4
DD 192316 0.024 0.4
E 302931 0.024 0.5
EE 276973 0.022 0.5
F 468843 0.027 0.7
G 171676 0.019 0.5
H 15512 0.019 0.6
I 14380 0.021 0.4
M 272212 0.025 0.2
N 204227 0.022 0.5
O 404271 0.025 0.6
Q 367106 0.024 0.5
S 41492 0.023 0.5
T 30929 0.023 0.8
U 196360 0.022 0.2
V 611605 0.028 0.5
X 70987 0.024 0.5
Y 715272 0.021 0.4

Table 1. Total luminosities, redshifts, and ratios be-
tween the luminosity of the bulge and the total lumi-
nosity of the sample galaxies.

Afterwards, we started determining the magnitudes.
Ltot was converted in counts/s dividing it by the expo-
sure time (texp), and so it was possible to calculate the
calibrated magnitude in the R band with the formula:

mcal = mo − kx − 2.5 log(Ltot/texp)

wheremo = 23.32, k = 0.12 is the extinction coeffi-
cient in magnitudes per airmass, and x is the airmass.
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Moreover, the calibrated magnitudes of the bulge and
disk were obtained through the formulas:

mbulge
cal = m0 − kx − 2.5 log

(

Ltot

texp
B/T

)

mdisk
cal = m0 − kx − 2.5 log

[

Ltot

texp
(1− B/T )

]

Then, we analyzed the spectra of the galaxies, taken at
the 1.2m Galileo telescope. We compared the profile of
each spectrum with the one of a generic star to iden-
tify the absorption and emission lines of specific ele-
ments. At this point, we calculated the redshift,z, of
each galaxy. We considered theHα, CaK, G-band, Mg,
and Na lines, and we applied the formula:

z =
λ − λ0

λ0
=

v
c

whereλ is the observed wavelength andλ0 is the rest-
frame one;c is the speed of light, andv is the radial
velocity, which is positive if the object is moving away
from the observer, and negative if it moves towards the
observer. Only the objects withz included in a certain
range, whose centre is the averagez of the cluster, are
part of the cluster itself. The redshift was useful to de-
termine the distance,D, between the object and Earth,
with the formula:

D =
cz
H0

whereH0 is the Hubble constant, equal to 72 km s−1

Mpc−1.
OnceD was determined, we could obtain the abso-

lute magnitude of each galaxy by using the equation:

M = m + 5− 5 log(D)

whereD is in units of pc. Afterwards, to obtain the lu-
minosity in units of solar luminosities, we applied the
formula:

L = 10−0.4(M−M⊙) L⊙.

With the luminosity of each galaxy we could proceed
determining the harmonic radius through the formula:

Rh =
ΣL2

i

2Σ LiL j

Ri j

= 0.037 Mpc

Finally, we used the Virial Theorem to calculate the
mass of the cluster,M, using the following formula:

M =
3π
G

Rhσ
2

whereσ is the velocity dispersion. The result wasM =
2.24× 1044 kg, equivalent to approximately 1014M⊙.

Table 2 describes the data we collected during the
experience. We included the principal properties of the
analyzed galaxies.

Name Coordx Coord y Lum
A 1950 1210 9.3×1045

BB 3207 434 4.5×1045

C 1915 1305 1.1×1044

DD 2961 1730 1.7×1045

E 1705 1064 4.4×1045

EE 3120 1729 2.7×1045

F 2283 1202 2.2×1046

G 2211 1402 4.9×1044

H 1830 1022 1.8×1042

I 1998 996 2.4×1042

M 2329 1778 4.4×1045

N 2100 1807 1.2×1045

O 1767 1970 1.1×1046

Q 2348 2310 7.0×1045

S 1046 933 3.6×1043

T 1205 1044 1.9×1043

U 1077 1037 1.5×1045

V 1216 813 4.9×1046

X 1364 250 1.6×1044

Y 2261 706 2.0×1046

Table 2. Coordinates in pixel and luminosities (erg s−1)
of the sample galaxies.

4. Conclusions

We performed a photometric and spectroscopic analysis
of the galaxy cluster Abell 779. Our sample consisted
of 20 galaxies. We performed a two-dimensional photo-
metric decomposition of each galaxy surface-brightness
distribution using the GIM2D fitting algorithm. Then,
we classified the morphology of the galaxies and de-
rived their luminosities. The spectroscopic analysis al-
lowed us to measure an averagez = 0.023± 0.003,
proving that the whole sample belongs to the cluster.
We derived the radial velocities of the galaxies and the
velocity dispersion. At the end, we applied the Virial
Theorem to calculate the mass of the cluster, which re-
sulted to beM = 1014M⊙. The result, which was ob-
tained through a dynamical method, accounts for both
the luminous and dark matter components.
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Abstract. The purpose of this experience is to calculate the Star Formation Rate (SFR), which represents the
number of solar masses created per year (M⊙/yr), for the galaxy M51. We also calculated the number of ionizing
photons emitted each second, and the theoretical number of stars needed to ionize the whole gas if all of them
belonged to the spectral classes O5 or B1.

1. Introduction

The Whirlpool galaxy was discovered on October, 13th

1773 by the French astronomer Charles Messier and
classified in his catalogue as M51 (see Fig. 1). This is a
face-on spiral galaxy of type Sc, which forms an inter-
acting pair of galaxies with its neighbour, NGC5195.

In elliptical galaxies, the higher density of the proto-
galaxy let the galaxy form stars roughly at the same
time. Instead, spiral galaxies are characterized by an on-
going star formation. This is due to the fact that the den-
sity of the proto-galaxy is low, and the gas cools down
slowly and concentrates in the centre of the galaxy. The
disk cools down even slower, and therefore it keeps
forming new stars continously. As a consequence, to
determine the SFR in spiral galaxies can be made by
looking for regions where stars are forming, that are
characterized by strongly visible Hα and Hβ lines.

2. Observational data

In the night of February, 23rd 2011, we observed M51
with the Asiago Galileo Telescope (122-cm), which has
a Newton-Cassegrain configuration. The spectra were
acquired usgin the B&C spectrograph with the slit po-
sitioned in two different ways: the first one along the
direction E-W (PA= 90o), the second one along the
major axis of the galaxy (PA= 45o), see Fig. 2.

The astronomic coordinates of the galaxy are:
R.A.=13h 29m 54s, dec=47o 11’ 60”; the Whirlpool
galaxy is in the costellation of Canes Venatici.

3. Work description

The software IRAF (Image Reduction and Analysis
Facility) was used to analyse the spectra of our galaxy,
(Fig. 3). The Hα line had to be identified among the
emission lines, to select the regions to be studied. In

Fig. 1. The galaxy M51, or Whirlpool galaxy. Image
from National Optical Astronomy Observatory, NOAO.

spiral galaxies, like our galaxy, these regiones are lo-
cated in the arms and in the bulge. The bulge has the
highest peak, while the left and right regions represents
the arms of M51 (see Fig. 4). The second peak from the
left might correspond to a star located between us and
the galaxy.

For each region we need to calculate the flux of the
Hα and Hβ emission lines. Through the ratio of the two
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Fig. 2. Image of the position of the slit along the ma-
jor axis of the galaxy, taken with the telescope-guiding-
CCD camera.

Fig. 3. Spectrum of M51 along the major axis, taken
with the B&C spectrograph of the Galileo telescope.
Image elaborated by DS9.

Fig. 4. Hα regions of the spectrum directed E-W. The
peaks correspond to the arms of the galaxy. Image ob-
tained with the IRAF package.

fluxes it is possible to obtain the reddening (AV), which
is the visual absorption of electromagnetic radiation by
the gas.

AV =
log

[

2.86× F(Hβ)
F(Hα)

]

−0.1386

Fig. 5.Correlation between the Hα regions of the spec-
trum and the image of the galaxy.

where 2.86 is the theoretical value of the Hα to Hβ in-
tensity ratio. The mean reddening isAV=1.42; and it
was used to find the real Hα flux:

I(Hα) = I(Hαobs) × 100.4×A(Hα) (1)

The redshift was calculated for the bulge only, since it
is not effected by the galactic rotation:

z =
λobs− λe

λe

where asλobs we used the wavelength of the Hα line
of the bulge, andλe is the rest-frame wavelength of the
same line,λe = 6563 Å. From the redshift, we evaluated
the distance by adopting Hubble’s law, where Hubble
constant (H0) is considered equal to 75 km s−1 Mpc−1.

D =
c · z
H0

[ Mpc] (2)

To derive the luminosity of the Hα line we applied the
following equation:

L(Hα) = 4πD2
· I(Hα) [ erg s−1]

where D is the distance calculated from eqn. (2), and
I(Hα) is the intensity obtained from eqn. (1).

The SFR in each region was estimated through the
Kennicutt’s law:

S FR = 7.9x10−42L(Hα) [ erg s−1]

where D is the distance calculated from eqn. (2), and
I(Hα) is the intensity obtained from eqn. (1).

The SFR in each region was estimated through the
Kennicutt’s law:

S FR = 7.9x10−42L(Hα) [ M⊙ yr−1]

Approximatly, each region has an area given by the
rectangle with base (b) corresponding to the slit’s width
and the height (h) given by the its linear size along
the slit. These can be converted in kpc by adopting the
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following equation and knowing that the CCD scale is
1”/px:

b =
k · D

206265
[ kpc]

where k is the slit width and is equal to 4.25”

h =
px · D

206265
[ kpc]

where px=region’s width in arcsec

Arectangle= b · h

The total area of the galaxy was approximated to a cir-
cle:

ATOT =

(

〈D〉 · r
206265

)2

· π

Last, the total SFR was computed multiplying the
total area by the mean density of the local SFR.

SFRTOT =

(

SFR
〈Arec〉

)

· ATOT

The second part of our work was focused on cal-
culating how many ionizing photons are emitted every
second from our galaxy. To do this, we used the follow-
ing relation:

Qion = 7.3× 1011L(Hα) (3)

Calculated this values, we estimated how many
stars belonging to the spectral type O5 should be in the
galaxy to produce the amount of ionizing photons cal-
culated.

O5stars=
Qion

QO5
; QO5 ≈ 5× 1049 [ph/s]

In the same way we estimated the number of B1 stars
needed to achieve the same result:

B1stars=
Qion

QB1
; QB1 ≈ 3× 1045 [ph/s]

4. Results

This experience had the aim to estimate the Star
Formation Rate (number of solar masses per year,
M⊙/yr) of the galaxy M51. We used spectra obtained
from the Galileo Telescope of the Asiago Astrophysical
Observatory. As second step of this work, we calculated
how many ionizing photons are emitted every second
from the galaxy, and the theoretical number of stars
necessary to ionize the gas if all the stars belonged to
the spectral classes O5 or B1.

The Star Formation Rate we estimated for M51 is
∼7 M⊙/yr, which means that, in the warmest regions of

Fig. 6.The spectrum of the Whirlpool Galaxy, along di-
rection E-W, in which the gas emission spectrum is su-
perposed to the stellar continuum.

Fig. 7.The emission spectrum of the Whirlpool Galaxy,
along direction E-W. The underlying stellar spectrum
was subtracted by the STARLIGHT task.

the arms and in the bulge, every year could be created,
on average 7, stars as big as our Sun. The mean SFR in
spiral galaxy is about 5 M⊙/yr.

The mean quantity of ionizing photons is 8× 1049

ph/s. The number of stars belonging to the O5 spec-
tral class, needed to ionize all the gas is nearly 12.
In the same way, the number of stars belonging to
the B1 spectral class is nearly 2× 105. The second
value is higher than the first one because B1 stars
are cooler (12000K<T<25000K) and smaller than O5
stars (25000K<T<50000K); therefore more B1 stars
are needed to heat the same quantity of gas.

From the other relations it is possible to derive that:

– the redshift of the galactic centre is z= 0.001545;
– M51’s distance is D= 6.1794 Mpc equivalent to

about 20 millions light year (1pc= 3.26 ly);
– the mean value of the reddening isAV = 1.419.

In the bulge, the star density is very high, therefore
the observed spectrum is the result of the contribution
of the underlying stellar spectrum and of the gas emis-
sion spectrum. In order to retrieve the emission spec-
trum, we had to subtract the modelying stellar spectrum



32 Cattapan, Pegoraro and Zhu: SFR in Galaxy M51

Table 1.The summary results for each regions of M51.

z D Av L SFR Qion Stars O5 Stars B1
Left Region 1 0.00167 668.603 0.302 1.384x1038 0.00109 1.010x1050 2.021 3.368x104

Left Region 2 0.00160 639.348 1.984 9.262x1038 0.00732 6.761x1050 13.523 2.254x105

Left Region 3 0.00156 624.736 1.974 8.551x1038 0.00676 6.242x1050 12.484 2.081x105

Bulge 0.00163 653.991 1.278 1.890x1038 0.00149 1.379x1050 2.759 4.598x104

Right Region 2 0.00161 645.450 3.238 4.141x1039 0.03271 3.023x1051 60.458 1.008x106

Right Region 1 0.00149 597.297 1.443 3.620x1038 0.00286 2.642x1050 5.285 8.808x104

Star 0.00162 649.735 0.667 2.888x1038 0.00228 2.108x1050 4.216 7.026x104

from the observed one, using the STARLIGHT task.
Without this subtraction, the Hα line intensity would
result lower than in reality due to the stellar absorption
(see Figs. 6 and 7).

The galaxy’s spectrum shoes a weird peak, the sec-
ond from the left, that might not correspond to a galactic
arm. It could be the Hα emission of a star located be-
tween us and the galaxy. Although, this peak was con-
sidered in the calculations. All the results obtained for
our galaxy are summarized in Table 1.

References
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Abstract. We studied the galaxy group HCG 61 through a photometric and spectroscopic analysis which allowed
us to determine the morphological classification and recessional velocity of each galaxy, and the distance and mass
of the group.

1. Introduction

Galaxy groups are the smallest aggregates of galaxies in
the Universe and, with clusters, the largest known grav-
itationally bound systems. They are usually composed
by less than fifty galaxies, in a diameter of a few million
light-years and a mass value of approximately 1013 M⊙.

The objects identified with HCG (Hickson Compact
Group) are an ensemble of a hundred groups, classified
by Paul Hickson in 1982, and characterized by a rela-
tively small number of galaxies, very close to one an-
other (distances are comparable to galaxy sizes), bound
by a gravitational field.

The object we analyzed is HCG 61, also known as
The Box.

Object HCG 61
RA 12h12m 29.3s
Dec +29d 10m 40s

Constellation Coma Berenices
Angular size 228 arcsec

Our work included a photometric and spectro-
scopic analysis of the four main galaxies of the group:
NGC 4169, NGC 4173, NGC 4174, and NGC 4175.
Photometry, through the study of the flux we receive
from the objects, allows the determination of the mor-
phological class (according to the Hubble’s classifica-
tion) and the values of the apparent magnitude of each
galaxy. Spectroscopy instead provides plenty of physi-
cal parameters, e.g., redshift, distance, and mass, firstly
of the single galaxies and then of the whole group.

Fig. 1. Galaxy group HCG 61.

2. Observational Data

For our work, we used data taken both from the online
archive of the Sloan Digital Sky Survey (SDSS) and the
telescope of the Asiago Astrophysical Observatory.

The SDSS used a dedicated 2.5 m telescope at the
Apache Point Observatory, New Mexico, equipped with
two powerful special-purpose instruments. The CCD,
constituted by 120 megapixels, has a field of view of 1.5
square degrees. From the online archive we downloaded
the FITS images of the whole group and the spectra of
the galaxies NGC 4173, NGC 4174, and NGC 4175 in
FITS format.

The reflector telescope Galileo of the Astrophysical
Observatory of Asiago mounts a primary mirror with a
diameter of 1.2 m and it is used to provide spectra. The
spectrum of the last galaxy, NGC 4169, was obtained
with it.
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3. Work description

We started the photometric analysis, in ther-band, dis-
playing the FITS image of the group using the software
DS9, and drawing an ellipse around the outskirts of
each galaxy. After that, we created the isophotes with
the IRAF task ellipse.
The isophotes are the lines that join the points of the
galaxy with the same surface brightness.

Fig. 2. Isophotes on NGC 4169 displayed with DS9.

We set up the task parameters (e.g., centre, elliptic-
ity, and maximum semi-major axis) and we masked the
stars interposed between us and the galaxy that could
affect the isophotes.

With the isophotal parameters we were able to de-
rive the surface-brightness radial profile of the galaxy.
We displayed the profile in a cartesian plot, using the
software TOPCAT.

Fig. 3. Surface-brightness profile of NGC 4175 pro-
duced with TOPCAT.

The surface-brightness profile can be used to es-
timate the galaxy morphological classification, since
from its analysis it is possible to classify the galaxy as
an elliptical, spiral, or irregular one. To determine the

exact classification it is necessary to measure the ratio
between the total luminosity of the bulge (the central
spheroid) and the disk. Therefore, we fitted the surface-
brightness profile with the de Vaucouleurs’ empirical
law and the exponential-disk function, to find out the
parameters needed to calculate the luminosities of the
two components: the effective radius, re, the effective
surface brightness, Ie, the scale length, h, and the cen-
tral surface brightness, I0. At this point we were able to
calculate the total luminosity of the bulge and the disk
using the following expressions:

Lbulge= 7.22 · π · Ie · re
2 (1)

Ldisk = 2 · π · I0 · h2 (2)

The ratio between the two luminosities, which we
converted into a difference in magnitudes through the
Pogson’s formula, allows to determine the morphologi-
cal class of the galaxy using the T-type scale.
We repeated this procedure for each galaxy.

For the spectroscopic analysis we displayed the
galaxy spectra using the task SPLOT of IRAF.

Fig. 4. Spectrum of NGC 4169 displayed with splot.

To calculate the redshift, due to the expansion of
the Universe, we estimated the difference between the
wavelengths of the observed lines and the laboratory
ones. The examined lines were:

Line Rest-frame wavelenght
CaK 3934 Å

G-band 4304 Å
Hβ 4861 Å
Mg 5175 Å
Na 5891 Å
Hα 6562 Å
CaII 8498 Å- 8542 Å- 8662 Å

We calculated the redshift,z = ∆λ/λ0, for each line
and then we considered the average value. Measuring
the Doppler shift, we found the recessional velocity,v =
zc, and, applying Hubble’s law, the distance,d = v/H0.
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To determine the mass it was necessary to calculate
the standard deviation of the velocity, the luminosity of
each galaxy, and the harmonic radius.

We calculated the standard deviation through the
formula:

σ =

√

∑

i(vi − v̄)2

n − 1
(3)

For the luminosity values we used the ones obtained
with the photometric analysis, which we changed into
calibrated magnitudes:

magcal = m0 − kX − 2.5 log
(

Ibulge+ Idisco

)

(4)

where m0 is a constant depending on the filter, k
is the atmospheric extinction coefficient, and X is the
airmass. Through the distance it was possible to derive
the absolute magnitude:

Mag= magcal+ 5− 5log(d) (5)

We obtained the luminosities in unit of L⊙:

L = L⊙ · 10−0.4(Mag−Mag⊙) (6)

The harmonic radius was calculated from the lumi-
nosities of the galaxies and their reciprocal distances,
by applying the formula:

RH =
2
∑

i L i
2

∑

i,j
L iL j

Rij

(7)

Finally, applying the Virial theorem, we determined
the mass of the group:

M =
3π
G
· σ2
· RH (8)

4. Results

We report in the following table the results of the mor-
phological classification:

Galaxy Lbulge/Ldisk ∆mag Class
NGC 4169 0.4864 0.7824 S0/a
NGC 4173 0.0266 3.9361 Sb-c
NGC 4174 0.3697 1.0802 Sa
NGC 4175 0.2127 1.6804 Sa

The classes we established for NGC 4169, NGC
4174, and NGC 4175 are in agreement with those found
in literature. NGC 4173 was particularly hard to clas-
sify because of its irregular surface-brightness profile:
in fact, the strong asymmetry and the disturbed central
region led us to consider the object as the possible prod-
uct of an interaction between two galaxies.

The next table contains the results of the spectro-
scopic analysis of the group:

Redshift 0.013
Recessional velocity 3.88× 103 km s−1

Distance 53 Mpc
Velocity dispersion 274 km s−1

Luminosity 2.1× 1010 L⊙
Mass 7.2× 1012 M⊙

These results are in agreement with the values tabu-
lated in other catalogues, and, in particular, the velocity
dispersion, luminosity, and mass values are consistent
with those derived by Hickson 1982, demonstrating the
accuracy of our work.
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Abstract. In this work, we classified morphologically four galaxies (M85, NGC2336, NGC2841 and NGC4394) by
studying their isophotal parameters, comparing the brightness profiles with empirical laws. In particular, we adopted
the de Vaucouleur’s profile for the bulge and an exponential law for the disk. We also modelled the brightness
distribution, fitting the isophotes with ellipses. The observations were performed by the 67/92 Schmidt Telescope
of the Asiago Astrophysical Observatory, in R-band filter. The results obtained show a reasonable agreement with
the literature.

1. Introduction

Galaxies are morphologically classified, in agreement
with the Hubble sequence, in ellipticals, lenticulars, spi-
rals and irregulars (Fig. 1). Elliptical galaxies have reg-
ular shape, smooth and featureless light distribution and
appear as ellipses. They are denoted by the letter E, fol-
lowed by a number from 1 to 7 representing their ap-
parent ellipticity. Lenticulars are denoted by S0. Spirals
have a central concentration of stars, called bulge, and a
flattened disk, with stars disposed in a spiral structure.
They are divided in spirals and barred spirals, which
have a bar-like structure across the bulge. These are
denoted by letter S (spiral) or SB (barred spiral) fol-
lowed by “a”, “b”, or “c” (Sa is a spiral with tightly-
wounded arms and with a bright central bulge; Sc has
less wounded spiral arms and a weak bulge.

Our work aimed to classify the observed galaxies in
three ways: a) using the isophotes, approximated by el-
lipses, b) creating a model to be subtracted from the
original images and analysing the residual image, c)
analysing their brightness profiles.

Isophotes are defined as the lines that link the points
of same brightness. Once the isophotes are approxi-
mated by ellipses, it is possible to analyse their ellip-
ticity, position angle and the coordinates of the centre
as a function of the semi-major axis. All these parame-
ters give information about the morphology of a galaxy.

The second method is based on the modelling of the
galaxy brightness, assuming the isophotes as ellipses,
this time with fixed centre. Using the difference be-
tween the original image and the model, called residual
image, it is possible to infer the morphology.

Fig. 1. Hubble’s classification (wikipedia).

Finally, we can classify galaxies by calculating
their T-Type, a number obtained from the differ-
ence between the bulge and the disk brightness. The
T-Type is related to a class of galaxies according
to the Simien & de Vaucouleurs (1986) classification
(Table 1).

2. Observational data

The data we used were taken with the 67/92 Schmidt
Telescope, of the Asiago Astrophysical Observatory.
This telescope is equipped with a CCD system, SBIG
STL-11000M, KAI-11000M detector with 4008 x 2672
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Table 1. T-Type and Hubble’s classification

T Type Hubble
−5 E
−2 S0
+1 Sa
+3 Sb
+5 Sc

active pixels. Each pixel has a surface of 9µm2 and the
scale factor is 0.86arcsec/pixel. The images were taken
using the R-band filter (Fig. 2). In Table 2 are shown the
observational data.

The images were corrected by dark, which is the
emission of the CCD due to its own temperature, and by
flat field, in order to correct the non-uniform response
of the CCD.

3. Work description

In our work we approximated isophotes to ellipses
(with the taskellipse of the IRAF package). Then, using
ds9, we created the first ellipse which represented the
first guess of the galaxy limit brightness. Before setting
the program to create the other ellipses, we had to mask
the stars that, with their brightness, could disturb the
isophotes determination. After that, the program was
able to calculate the other isophotes (see Fig. 3 as an
example). Some ellipses were clearly not representative
of the galaxy and we deleted them.

We extracted some parameters from the ellipses
such as: semi-major axis, internal flux, number of pix-
els restrained, coordinates of the centre, position angle,
intensity, ellipticity. There were some ellipses in the ta-
ble with the same number of pixels, thus we deleted
all of them except one, trying to keep the increasing of
the semi-major axis linear. We had to do this because
those ellipses, describing the same isophotes, are use-
less. Then, we arranged a table in ascii format in order
to build the diagrams with the programTOPCAT.

We applied the same procedure again, but this time
fixing the coordinates of the centre. We created the el-
lipses representing the isophotes of the galaxies, now
all concentric. At this point, we rejected all the ellipses
that were too different from the structure of our galax-
ies and obtained a table containing all the parameters
needed to build the diagrams (semi-major axis, internal
flux, number of pixels restrained). The table must be re-
vised, in this case as well, deleting the ellipses with the
same number of pixels and trying to keep the increasing
of the semi-major axis linear.

Method 1: Isophotes analysis

The first way to analyse the morphological structure
is examining the isophotes with unfixed centre of our
galaxies. WithTOPCAT we created few graphs, which

Fig. 2. Observed galaxies. Top: NGC4394 (on the left)
and M85 (on the right); middle: NGC2336; bottom:
NGC2841. 67/92 Schmidt Telescope+ R filter, Asiago
Observatory.

gave us a first identification of the galaxies morphologi-
cal structure. For each galaxy, we plotted the ellipticity,
position angle (P.A.), and the coordinates of the centre
(x, y) versus the semi-major axis (see Fig. 4).

If ellipticity, position angle and coordinates are con-
stant along the semi-major axis the galaxy is probably
an elliptical. If there are variations, these suggest the
presence of structures: the galaxy is probably a spiral.
In particular, when the ellipticity changes while the po-
sition angle remains constant, can be inferred the pres-
ence of a bar.



Bazerla, Cristofoli, Delibori, Fraizzoli, Susca: Morphological classification of galaxies 39

Table 2. Galaxies and observational data

Galaxy NGC2336 NGC2841 NGC4394 M85
Date 06/02/11 06/02/11 06/02/11 06/02/11
Hour 19:18:17 19:11:51 22:00:36 22:00:36
Exp.time 600 300 300 300
R.A. 07h 26m 58s 09h 22m 08s 12h 25m 33s 12h 25m 33s
Dec +80o 11’ 15” +50o 58’ 49” +06o 11’ 43” 06o 11’ 43”

Fig. 4. Morphological parameters for all the galaxies as a functionof the semi-major axes (SMA,pixels) of the ellipse.
From the top to the bottom of each plot there are: ellipticity, P.A. (degree), coordinates of the centre in pixels (x, y).

Method 2: Residuals analysis

Using thebmodel task of IRAF on the isophotes with
unfixed centre, we created an image that approximates
the galaxy. Successively, we subtracted, pixel by pixel,
the modelled image from the original one of the galaxy
and we obtained a third image with the residuals (see
Figs. 5 and 6). Isophotes approximation is regular and
so will be the model: any irregular structure will be
shown in the residual image. If in these images struc-
tures, such as bars or spiral arms are noticed, the galaxy
is a spiral. If no structure is seen the galaxy is an ellip-
tical.

Method 3: Brightness profile

A third way to analyse the morphological structure
of our galaxies is based on building their brightness

profile. We had to derive new parameters from the
isophotes with fixed centre using the packageTOPCAT.

These parameters were: the semi-major axes (kpc)
and the surface brightness (mag/arcsec2). The sky-
subtracted flux (counts/s) within each ellipse was given
by:

flux =
(tfluxe − (npix× < Isky >))

texp
(1)

where tfluxe andnpix are the total counts and the number
of pixels inside each ellipse, respectively,< Isky > is
the mean sky intensity per pixel, and finally texp is the
exposure time.

The surface intensity between two consecutive el-
lipses was obtained using the following formula:

Isup= (flux2 − flux1)/(area2 − area1) (2)
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Fig. 3. Isophotes approximated by ellipses (ingreen)
overlapped to M85 (the galaxy on the right). The el-
lipses has been obtained using the IRAF’s taskellipse.
The squares and clusters of squares (ingreen) are the
masked stars (see text).

Fig. 5. The images show respectively the models (top)
and residuals (bottom) of NGC4294 and M85. The
models were created based on the ellipses that ap-
proximate the isophotes. The residual image was found
through the subtraction of the model from the original
image.

Fig. 6. The images show respectively the models (on the
left) and residuals (on the right) for NGC2336 (top) and
NGC2841 (bottom).

where area is the the number of pixel in each el-
lipse multiplied by the pixel area in arcsec2 (0.4 × 0.4
arcsec2).

At this point, it was possible to determine the instru-
mental surface brightness (µ) through the classical rela-
tion between intensity and magnitude (Karttunen et al. ,
1996):

µ = −2.5 logIsup (3)

This value had to be calibrated taking into account
the atmospheric extinction (given byk x, wherek is the
extinction coefficient andx the airmass) and the zero-
point magnitude (m0)

mobs
cal = µ + m0 + k x (4)

In our case,m0 + k x ≈ 5 and we adopted this value
as calibration coefficient.

Finally, we built the surface brightness profile
graphs, placing on the abscissa the semi-major axis
and on the ordinate the observed calibrated brightness.
At this point, we studied the surface brightness profile
of each galaxy using two different laws. We described
the brightness profile of the bulge (µbulge) using the de
Vaucouleurs’ law (Simien & de Vaucouleurs , 1986):

µbulge = µe + 8.325 ((r/re)
1/4
− 1) (5)
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Table 3. Bulge and disk parameters

Object µe re (”) µ0 h (”)
NGC2336 26.0 35 23.8 45
NGC2841 24.0 40 23.2 75
M85 23.7 35 23.5 65
NGC4394 24.4 20 23.5 30

Table 4. Bulge and disk intensities

Object Ie B I0 D
NGC2336 2.5x10−11 3.7x10−7 3.0x10−10 4.0x10−6

NGC2841 2.5x10−10 4.8x10−6 5.0x10−10 1.8x10−5

M85 3.3x10−10 4.8x10−6 4.0x10−10 1.1x10−5

NGC4394 1.7x10−10 8.1x10−7 4.0x10−10 2.3x10−6

wherere is the distance from the centre in which we
find half of the light of the bulge, andµe is the surface
brightness withinre. The disk can be described by an
exponential law:

µdisk = µ0 + 1.085 (r/h) (6)

whereµ0 is the surface brightness in the centre andh
represents the distance at which

I = I0/e (7)

For an elliptical galaxy, the brightness profile is entirely
described by the first law (eqn. 5), while in the case of
a spiral galaxy one law is not sufficient to describe the
whole galaxy. In particular, it is needed a law describing
the component of the disk (eqn. 6).

We found the parameters empirically in order to re-
produce the surface brightness profiles shown in Fig. 7,
the values are given in Table 3. After this, by using
eqn. (3), we obtained the surface brightness of each
component.

The bulge and disk total intensities were calculated
by means of the following equations and are summa-
rized in Table 4:

Itot
bulge = 11.93Ie r2

e = B (8)

Itot
disk = 2π I0 h2 = D (9)

We found the morphological type using the T-Type
scale (Simien & de Vaucouleurs , 1986). From the ratio
B/(B+D) we found∆m using the following equation:

∆m = −2.5 log [B/(B+ D)] (10)

With ∆m it is possible to obtain the pa-
rameter T by exploiting the graph reported in
Simien & de Vaucouleurs (1986). See Table 5.

Table 5. T-Type Classification

Object B/(B+ D) ∆m T
NGC2336 0.08 2.74 ∼5
NGC2841 0.21 1.69 ∼3
M85 0.31 1.27 ∼1.5
NGC4394 0.26 1.46 ∼3

4. Results

In this work, we classified the morphological type
of four galaxies, NGC2336, NGC2841, M85 and
NGC4394, adopting three different methods: a)
isophote analysis, b) residual analysis, c) brightness
profile. The isophotes, approximated by ellipses, were
obtained in two ways, with free and fixed centres. The
ellipses with free centres were used to analyse the
isophote parameters (ellipticity, position angle, and the
coordinates of the centre (x,y) as a function of the semi-
major axis), and to built the models of the galaxies in
order to find the residual maps subtracting the model
from the original images. Ellipses with fixed centre
were used to obtain the brightness profile and then we
fitted it through the composition of two models, one
for the bulge and the other for the disk. Concerning
the first method we gave only an approximate classi-
fication, whether the galaxy is an elliptical or a spiral,
with or without a bar. With the residuals method, pe-
culiar structures become evident, obviously the results
depended on the quality of the model. Finally, from the
brightness profile analysis it was not possible to repro-
duce bars or other peculiar structures because the mod-
els we built were based on two components: bulge and
disk.

With the first method, we found a well defined
trend, with sometimes some variations, both in ellip-
ticity and position angle up to 40 arcsec from the cen-
tre. In NGC2841 the variations affect the centre coordi-
nates too. In the case of M85, we found a variation of
the centre coordinates and ellipticity between 50 and 60
arcsec, where the position angle shows a regular trend.
This could be due to a not corrected determination of
the ellipses. If we remove these points, the trend be-
comes regular for all the parameters excluding the inner
parts of the galaxy (< 10 arcsec), where a variation in
position angle and ellipticity is however seen. Finally,
M85 is an S type galaxy with probably inner substruc-
tures. The presence of substructures, on the other hand,
is clear in the other three objects, therefore we can con-
clude that the morphological type is S. The residual im-
ages show substructures indicative of spiral arms in all
the objects but M85. In this case, the residuals show
a cross shape feature, typical of elliptical galaxies, al-
though it appears weakly distorted like spiral arms, in-
dicating that the morphological type could be interme-
diate between E and S (an S0), but the presence of a disk
is undoubted. Furthermore, the residuals of NGC2336
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Fig. 7. For each galaxy are indicated: the brightness profile, mag/arcsec2 (dotted-solid-red line, the isophotes were
approximated by ellipses with fixed centre); the bulge (blue circles) and disk (green diamonds) model profiles, and the
composition of both models (black-solid line) versus the major semi-axes, in kpc.

Table 6. Classification results

Object methods SIMBAD
1 2 3

NGC2336 S SB Sc SBc
NGC2841 S S Sb Sb
M85 S E/S Sa S0
NGC4394 S SB Sb SBb

and NGC4294 show a clear evidence of bars. Finally,
from the brightness profile we confirmed the S type for
all the galaxies.

As final step, we compared our results with the
official data (SIMBAD). The results are summarized
in Table 6. Concerning NGC2336, NGC2841 and
NGC4394, our findings are in agreement with the pub-
lished morphological types. M85 is classified as an S0
galaxy. With the third method we obtained a later mor-
phological type, Sa, which means that the disk compo-
nent was overestimated. This could be due to an incor-
rect model used to fit the profiles, in fact we applied
only the de Vaucouleurs’ law. The presence of possible
substructures in the inner parts of the galaxy pointed out
with the first method could be real, because this galaxy
is a product of a recent merger (Lauer et al., 2005).
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Karttunen H., Kröger P., Oja H., Poutanen M.,
& Donner K.J., 1996, Fundamental Astronomy,
Springer-Verlag Berlin Heidelberg New York

Lauer T.R., Faber S.M., Gebhardt K., et al., 2005, AJ,
129, 2138L

Simien F., de Vaucouleurs G., 1986, ApJ, 302, 574-578
SIMBAD, http://simbad.u-strasbg.fr/simbad/
wikipedia, http://en.wikipedia.org/wiki



Il Cielo come Laboratorio 43
A.S. 2010-2011

Stellar population synthesis of the galaxies NGC2336 and
NGC2841
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Abstract. We examined the spectra of the galaxies NGC2336 and NGC2841 in order to determine a model of the
stellar population for different regions of the galaxies. The two-dimensional spectrawere divided into regions along
the slit and the obtained monodimensional spectrum of each region was compared with a linear combination of
stellar spectra of different types, from O to M. We also examined the influence of intrinsic reddening, considering
one of the analysed spectra.

1. Introduction

The observed spectrum of a given galaxy is the combi-
nation of the flux emitted from the stars and eventually
from the ionized gas. As a consequence, the total spec-
trum depends on the percentage different type of stars.
Stellar population synthesis is a method that attemps to
reproduce the observed spectrum of a galaxy with a lin-
ear combination of stellar spectra of various types. This
studies are crucial in understanding the formation and
evolution of galaxies.

A galaxy does not have an uniform composition of
stars: the amount of young and old stars changes in its
substructures. In the center of the galaxy (bulge) there
are older and colder stars than in the disk and arms,
where the stars are younger and hotter. Moreover, in
the outer regions of spiral galaxies the amount of gas is
greater than in the bulge. The interstellar gas and dust
have consequences on the spectra as well, through an
effect called “galactic extinction”, which occurs when
the light undergoes an absorption and a scattering as a
function of the wavelength. Since the size of the dust
granes is similar to the blue light wavelength (400 nm),
the intensity of the blue light is more attenuated than the
red light, resulting in a spectrum redder than expected
(reddening). This phenomenon can lead to an underes-
timation of the blue star component in the galaxy pop-
ulation.

2. Observational Data

We analysed the spectra of the two galaxies, NGC2336
and NGC2841 (images in Figs. 1 and 2), taken with the
1.22-m Galileo telescope at the Asiago Astrophysical
Observatory, equipped with a B&C spectrograph, 300

Table 1. Observational parameters.

Object exp. time (s) P.A.()
NGC 2336 1800 75
NGC 2841 900 60

Table 2. Characteristics of our galaxies, data source:
NED archive.

Object NGC2336 NGC2841
R.A. 07h 27m 04.05s 09h 22m 02.634s
Dec. +80d 10m 41.1s +50d 58m 35.47s
Morph. Type SAB(r)bc SA(r)b
V mag 10.43 9.22
d (Mpc) 33.617 17.823
z (in 10−3) 7.35 2.128

gr/mm grating and 200µm slit width. The telescope
scale is 10.78 arcsec/mm, while the CCD scale is
0.63 arcsec/pixel. Exposure time and slit position angle
(P.A.) are reported in Table 1, whereas the main features
of the galaxies are reported in Table 2.

3. Work description

Using the IRAF (Image Reduction and Analysis
Facility - NOAO) package, we started extracting the
monodimensional spectra from the two-dimensional
spectra. We selected few regions examining the Hα
emission line, obtaining the intensity profile from the
center to the edge of our galaxies (see Figs. 3 and 4).
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Fig. 1. Digitized Sky Survey image of NGC 2336.

Fig. 2. Digitized Sky Survey image of NGC 2841.

We have examined 6 regions in NGC2841 and 6 in
NGC2336. For each spectrum we made various correc-
tions.

The first step was to correct the reddening of the
spectrum due to the interstellar medium of our galaxy,
the Milky Way, using the task DEREDDEN of the pack-
age ONEDSPEC. We used the value A(V), taken from
the Nasa/Ipac extragalactic database, which is 0.052
mag for NCG2841 and 0.109 mag for NGC2336. A(V)
is the total extinction in the visual band of 5550 Å. For

Fig. 3. Intensity profile of the Hα line in NGC 2841.
The yellow arrow indicates the peak corresponding to a
field star.

Fig. 4. Intensity profile of the Hα line in NGC 2336.
Can be noticed the presence of several regions where
the Hα emission is enhanced.

Table 3. Redshiftz (in units of 10−3) measurements for
the selected spectral lines.

lines NGC2336 NGC2841
Hβ – 2.50
[NII] 7.22 1.97
Na 7.42 –
CaK 7.45 –
CaH 7.22 –
z 7.33 2.23

one region of NGC2336, we also applied the reddening
correction due to intrinsic extinction. We assumed three
different values for A(V): 0.25 - 0.75 - 1.50.

The next step was to correct the redshift (z), proce-
dure done with the task NEWREDSHIFT of the pack-
age TOOLS. The redshift was measured on the central
region, to avoid the galaxy rotation effect. We calcu-
lated the redshift using the following equation:

z =
v
c
=
∆λ

λ0

In Table 3 are shown the redshift measurements for
different spectral lines (in units of 10−3). Our measure-
ments are in good agreement with those found in the
Nasa/Ipac extragalactic database.
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Table 4. Best stellar population for the different regions
of NGC2841.

region stellar population
a 55% G 40% K 5% M
b 50% G 45% K 5% M
c 30% G 70% K
d 55% G 45% K
e 60% G 40% K
f 80% F 15% G 5% K

Table 5. Best stellar population for the different regions
of NGC2336.

region stellar population
a 10% B 60% F 30% G
b 70% F 10% G 20% K
c 80% F 15% G 5% K
d 15% F 25% G 55% K 5% M
e 20% G 80% K
f 20% F 10% G 60% K 10% M

Table 6. Effects of changing the intrinsic extinction on
the stellar population, case of NGC2336 (a).

A(V) stellar population
0.11 10% B 60% F 30% M
0.25 25% B 50% F 25% G
0.75 40% B 30% F 30% G
1.50 80% B 10% F 10% G

In order to compare library stellar spectra with the
our observed ones, we normalized them, so that at
5500Å the intensity value was 1 (arbitrary units). We
have smoothed each spectrum (keys of SPLOT; pixel
number: 5.) to reduce the noise.

The last step was to convert the spectra from FITS
format to ASCII tables (task WSPECTEXT), in order
to use the software TOPCAT to continue the analysis.

3.1. Analysis

Library spectra of different stellar types (from O to M),
were used to obtain the model spectra of our galaxies.
We considered a mean spectrum for any different spec-
tral type (O, B, A, F, G, K, M), taking the mean value
of the various subclasses (e.g.: B1, B2, B3....B9).

Using TOPCAT, we tried many different linear
combinations of the standard stellar spectra in order
to fit our galaxies spectra as good as possible. The
best models we obtained for each galaxy region are de-
scribed in Tables 4 and 5. In Table 6 we show the effects
of different assumptions for A(V), the intrinsic extinc-
tion, on the stellar population of the galaxy.

In Figs. 5 and 6 we show some examples of the ob-
tained fit.

Table 7. Residuals computed for galaxy NGC2841.

region mean σ min max
a 0.0235 0.1144 -0.2579 1.4896
b 0.0292 0.0976 -0.2165 1.0238
c 0.0044 0.0639 -0.2350 0.2018
d 0.0436 0.1080 -0.4373 1.2786
e 0.0496 0.1474 -0.6732 1.8546
f 0.0718 0.4706 -2.1342 6.6196

Table 8. Residuals computed for galaxy NGC2336.

region mean σ min max
a 0.0520 0.2206 -0.6962 2.3296
b 0.2542 0.1761 -0.5991 1.3066
c 0.0411 0.1975 -0.5005 2.0669
d 0.0446 0.1167 -0.5596 0.7848
e 0.0175 0.0679 -0.2593 0.2351
f 0.0499 0.1931 -1.2014 0.9319

We also analyzed the residual (O-C) that is the dif-
ference between the observed galaxy spectrum and the
syntetic one (the model). We computed the mean value,
the standard deviationσ and the minimum and maxi-
mum values of the model, in order to evaluate the ob-
tained fit (see Tables 7 and 8). As can be seen, be-
sides the region “f ” of NGC2841 and region “a” of
NGC2336, these values support the reliability of our fit,
although the fitting was made “by eye”.

4. Results

As expected, the galaxies show a different stellar dis-
tribution from the center to the edge. The bulge has
more stars of the late spectral types, while on the edge
we found hot and young stars. In fact, the disk and
the spiral arms are the areas where the star formation
is more active. For galaxy NGC2336 the fit was more
difficult and, in the end, the results were less satisfac-
tory than the ones for galaxy NGC2841. We found a
quite good simmetry in our models with respect to the
galactic center. Only for regiona of galaxy NGC2336
we tried to consider three different values of the in-
trinsic extinction. We showed that this parameter has
a great influence on the stellar composition models: in
fact, the hot and cold star percentages vary from 25%
vs. 25% to 80% vs. 10% when A(V) changes from 0.25
to 1.5. Unfortunately, the intrinsic reddening for a given
galaxy is not known and rigorous models consider A(V)
as a free parameter to be fitted by the model itself.
NGC2336 shows a few percentage of M star, compared
with NGC2841 that seems dominated by G, K and M
stars.
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Fig. 5. Top: fit for NGC2336e region. Observed and theoretical spectra are indicated with the red and the blue line
respectively. The green line shows the contribution of K stars (80%), whereas the magenta line that of G stars (20%).
Bottom: the spectrum of the same region. Here the green line shows the residuals.

Fig. 6. Top: fit for NGC2841d region. Observed and theoretical spectra are indicated with the red and the blue line
respectively. The green line shows the contribution of K stars (45%) whereas the gray line that of G stars (55%).
Bottom: the spectrum of the same region. Here the green line shows the residuals.
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Abstract. We studied the kinematics of two spiral galaxies: NGC2336 and NGC2841. We calculated the rotation
curve, which describes how the velocity changes along the galactic radius, and from this the corresponding mass of
each galaxy.

1. Introduction

The motion of a spiral galaxy is due to two contribu-
tions: the bulge, which moves as a rigid body and the
disk, which follows a Keplerian motion. The purpose
of our research was to obtain experimentally the ro-
tation curve of a spiral galaxy. The rotation curve de-
scribes how the velocity changes as a function of the
distance from the galactic centre. Therefore, the model
that we want to develop has to describe the uniform cir-
cular motion of a rigid body near the centre. This means
that the model should reproduce the linear law v= ωr,
whereω is the angular velocity andr the distance from
the centre. On the other side, far from the centre, the
model has to follow the Keplerian motion plus the con-
tribution due to the dark matter. This is described by the
law v2r = constant, i.e. v∝ 1/

√
r: the trend of the veloc-

ity, at increasing distance from the centre, is inversely
proportional to the radius.

Our second purpose was to determine the total
mass of the galaxy by applying the Virial Theorem:
U+2K=0.

In order to determine the recessional and the rota-
tion velocity of the galaxies as a function of the dis-
tance from the centre, we adopted the Doppler effect.
The Doppler effect is observed whenever the emitting
source is moving with respect to an observer. The wave-
length emitted by a moving source is different from that
emitted by the same source at rest.

2. Observational data

Our analysis was carried out starting from the spectra
of the two galaxies, NGC2336 and NGC2841, observed
with the telescope Galileo at the Asiago Astrophysical
Observatory, with an exposure time of 300 seconds. To
analyse the data we used the following packages:IRAF,
TOPCAT andds9.

The observed spectra are shown in Figs. 1 and 2 for
NGC2336 and NGC2841, respectively.

Fig. 1. Spectrum of NGC2336.

Fig. 2. Spectrum of NGC 2841.

3. Work description

First of all we had to determine the position of the cen-
tre of our galaxies, because in the centre the rotational
velocity is zero. To estimate the position of the centre,
we took into account the region of the spectrum where
we saw the continuum, by using the task implot of the
IRAF software and displaying the spectrum perpendic-
ular to the dispersion, that is along the slit. We con-
sidered the maximum intensity of the continuum as the
centre of the nucleus and we associated to its coordi-
nates r= 0. Then, we plotted only the Hα region of the
spectrum and calculated the Hα emission line position
at different distances from the nucleus.
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Fig. 3. Top: Spectrum of NGC 2336. The red rectangle
indicates the position along the spectrum used to deter-
mine the centre of the galaxy. Bottom: plot of the region
in the rectangle, orthogonal to the dispersion. The posi-
tion of the peak is the position of the centre.

Table 1. Coordinates of the centre for our galaxies in
pixels

X Y

NGC2336 1542 243
NGC2841 1468 241

Table 2. Intervals of wavelengths for [NII] emission

NGC2336 NGC2841

λmin 6597 6563
λmax 6621 6583

We noticed that theHα line is not always well vis-
ible in the central regions because it is often absorbed
by the underlying stellar absorption. To overcome this
problem, we decided to base our calculations on the
forbidden line [N II]6584 Åfor both galaxies. With the
software DS9 we identified the range of wavelengths in
which we detected this emission line (see Table 2).

In Fig. 4 we showed the emission peaks.
Overlapped, in red, there is the Gaussian fit, applied to
measure the peak positions.

Fig. 4. Emission lines fitted with a Gaussian function
(red dashed line).

Table 3. Main results for the two galaxies

NGC2336 NGC2841

Redshift 0.0072 0.0021
Recessional velocity [km s−1] 2142 630
Distance [Mpc] 28.6 8.4
Conversion factor [pc/′′] 138.44 40.65

Data elaboration

Knowing that the emission wavelength of [N II] rest
frame isλ = 6584Å, and considering that the rotational
velocity is zero in the galactic centre, we calculates the
recessional velocity for the whole galaxy using the fol-
lowing equation:

v =
λoss − λ0

λ0
· c (1)

whereλoss andλ0 are the observed wavelength and the
laboratory wavelength, respectively. As an example we
applied eqn. (1) to NGC2841:

v =
6597.85− 6584

6584
· c = 630

km
s
. (2)

Dividing the recessional velocity by Hubble’s con-
stant (H0 =75 km/s/Mpc) we obtained the distance of
the two galaxies, expressed in Mpc. This is necessary
to calculate the conversion factor from pixels to parsecs.
The scale of the CCD we used to obtain the spectra is
1′′/px. This means that one pixel corresponds to one
arcsecond, therefore we did not need to transform pix-
els into arcseconds before converting them to parsecs.

In order to calculate the conversion factor, we di-
vided the distance by 206265

′′
:

scale factor=
d

206265

[

Mpc
′′

]

= 40.66

[

Mpc
′′

]

(3)

All the results are summarized in Table 3.
We obtained the distance from the galactic centre

expressed inpc by using the relation:

r(pc)= r(′′)d(pc)/206265′′.
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Fig. 5. NGC2336: velocity of each point of the galaxy
along the slit as a function of their distance from the
centre.

Fig. 6. NGC2841: velocity of each point of the galaxy
along the slit as a function of their distance from the
centre

In this way we calculated the velocity of each region
of the galaxy along the major axis, referred to the cen-
tre, by applying the redshift formula (eqn. 1) to the ob-
served wavelength of [NII], and by subtracting the cen-
tral recessional velocity. The relations between the ob-
served velocity and the distance from the centre for the
two galaxies are shown in Figs. 5 and 6.

Correction to the velocities

Until this point, we did not take into account the fact
that the observed galaxies are inclined. For this reason,
the measured redshift of the [N II] emission is only the
component along the line of sight of the rotation veloc-
ity.

In order to calculate the inclination angle, we consid-
ered the triangleOAB (see Fig. 7), and we applied the
properties of the right triangle:

b
2
=

a
2

sinα, b = a cosi, i = cos−1 b
a

Fig. 7. Components of the rotation velocity.

The inclination angles of our galaxies are:

iNGC2841 = 1.128rad, and iNGC2336 = 1.046rad

In order to calculate the deprojected velocity, we ap-
plied the right triangle properties to the triangleOAB,
where the observed velocity, voss, is along the cathetus
OB, and the effective velocity, ve f f , along the hy-
potenuseOA (see Fig. 7). In this way we obtained the
relation:

ve f f =
voss

sini
.

Construction of mathematical models

After calculating the real velocities along the major axis
of the galaxy, we wanted to reproduce the observed ro-
tation curve of the two galaxies adopting a mathemati-
cal model, in order to better analyse our results.

Observing the trend of the curves shown in Figs. 5
and 6, we noticed that, in the region near the galactic
centre, the motion can be described by solid body ro-
tation, because the velocity increases proportionally to
the distance from the centre. On the other side, in the
external regions, where we supposed a Keplerian mo-
tion (because the galaxy is not a rigid object), the ve-
locity tends to be constant. This suggests the presence
of dark matter, which cannot be seen, but affects the
most external regions of the galaxy.

The mathematical model we used to fit our curves
was taken from literature:

v(r)model =
ar

(r2 + c2
0)

p
2
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Fig. 8. NGC2336: rotation curve.

Fig. 9. NGC2841: rotation curve.

4. Results

As final step of our work, we calculated the mass
of the galaxies by using the velocities obtained from
the mathematical model and applying the Virial theo-
rem. The Virial theorem states that, for a stable, self-
gravitating, spherical distribution of equal mass objects
(stars, galaxies, etc), twice the total kinetic energy of
the objects plus the total gravitational potential energy
is equal to zero:

U = −2K

G
mm′

r
= 2

1
2

m′v2

m =
rv2

G

By looking at the plot for the masses, Figs. 10 and 11,
we can see an increasing of the mass as function of the

Fig. 10. NGC2336: mass of the galaxy as a function of
distance from the centre.

Fig. 11. NGC2841: mass of the galaxy as a function of
distance from the centre.

radius, since we calculated the mass inside each radius
previously found.
The mass values corresponding to the galactic radii are:

MNGC2841 = 4.0× 1041Kg

MNGC2336 = 4.1× 1041Kg

these values correspond approximately to 2× 1011M⊙.
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