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ABSTRACT
Galactic Astronomy Studies in İstanbul University began with a doctorate study at the Department of Astronomy
and Space Sciences of this university in 1963, and developed by collaborations with the Basel Astronomical
Institute and the Cambridge Astronomical Institute. The first topics were about estimations of the space densities
at different directions of our Galaxy, while the further ones were spectroscopic and kinematics.

1. Introduction
I shall speak about the history of the Galactic Research at the Department of the Astronomy and
Space Sciences, İstanbul University.
2. Colour – Index and Photometry
After I had graduated from the Science Faculty of the Istanbul University, in 1963, I began to
a doctorate programme and my subject was “Estimation of the colour indices of the cluster
stars by extra-focal spectra”. We had an astrograph at our department, aperture 30 cm and focal
length 150 cm, which could be used for this purpose. But first of all I should have improve my
background. According to the advice of my tutor (Professor Gökdoğan), I began to read the
papers published in the last ten years related to “colour index”. I did not have any difficulty to
read the papers which covered different colour indices such as B-V instead of mpg - mV which
was familiar to me. However, the case was not the same when the subject index in Astrophysical
Journal pointed to me the paper of Johnson & Morgan (1953). This paper consisted of more
pages than I used to read and it covered some terms, such as reddening line, colour excess etc.,
which were new for me. Then, I thought that, that paper was for the professors not for a young
student like me, and I did not read it. Instead, I looked for papers with small pages in number.
However, the next day I chained my mind. I realized that “colour index” was a definition, and
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that I should have concentrate on “photometry”. I read the related papers published either in
journals or in books, the main ones were the followings: UBV (Johnson & Morgan, 1953), RGU
(Becker, 1938), UBVGRI (Stebbins & Whiteford, 1943), PV (Eggen, 1955), RI (Kron & Smith,
1951), and C1 (Stebbins & Huffer, 1934).
For the application of the doctorate thesis, I took extra-focal spectra of the Pleiades cluster stars.
The plates were replaced at a distance of 2.7 mm relative to the focal length of the astrograph (f =
150 cm). The spectrum of a star at this position consists of two nodes (Figure 1), and the difference
between their intensities can be adopted as a colour index. The spectra of about two dozen of
stars were taken in this way and they were measured by myself. During the measurements, I
had the difficulty to determine the wavelengths of the nodes, i.e. λ3730 ± 7 Å and λ5578 ± 53
Å, due to absence of Balmer absorption lines on the extra-focal spectra of the stars. However, it
could be carried out by an extrapolation procedure applied to a series of spectra taken at different
focal lengths and by using the Cornu - Hartmann formula (for detail see Karaali, 1967). A good
correlation noticed between the colour indices so estimated (IF1 - IF2) and the (V-I) ones.

Figure 1. An artificial extra-focal spectrum (upper panel) and the spectrum of a star taken at different focal lengths
(lower panel).

In 1965, one of the members of our department (Yılmaz Esin) had been granted a scholarship
to make research at abroad, and the research centre was Basel Astronomical Institute where
Professor Becker was the director. In that years the main research area in Basel was the Basel
Halo Programme founded by Professor Becker and it was based on the space density functions
obtained for a series of selected areas in our Galaxy. These functions were estimated for stars
with different absolute magnitudes and population types (Disc, Halo, and late type giants), and
the researchers were using the RGU photometry for this purpose. Yılmaz Esin contributed to the
Basel Halo Programme by measuring a field at the Basel Astronomical Institute and returned
back to İstanbul. In 1966, Professor Becker was invited to our department to give some lectures
for a period of three months. Also, he was tolerant to listen the translation of my thesis into
2

Galaktik Astronomi Çalıştayı Bildiriler Kitabı
Galactic Astronomy Workshop Proceedings Book

12-13 Eylül 2019
September 12-13, 2019

English. After the oral positive report of Professor Becker, my adviser Professor Gökdoğan
decided to examine me in a near future. It was the time to return back to Basel, hence Professor
Becker could not be take place in my examination jury.
The academic personel of my department was very glad from Professor Becker. Hence, our
director Professor Gökdoğan decided to collaborate in research with the Basel Astronomical
Institute. In 1967, we bought a photometer similar to the one in Basel and began to measure
the plates in İstanbul as well. Thus, four students (Topaktaş, Marşoğlu, Kandemir, and Boydağ)
joined to the group in the following years which consisted of Yılmaz Esin and myself up to
1967. We were measuring five plates for each magnitude, i.e. R, G, and U, and the mean of
the measurements for a star, which were called as iris readings (IR) were transformed to the
corresponding magnitudes by means of calibration curves. These curves were drawn by the
standard R, G, and U magnitudes and IR for a set of standard stars taken from a cluster close
to the measured field. Contrary to the UBV, the RGU photometry is defined photographically,
i.e. the standard R, G, and U magnitudes were transformed from the U, B, and V photoelectric
magnitudes by using the Steinlin’s formulae (Steinlin, 1968) as in the following:

For red stars (B-V) > 1 mag) additional corrections were applied to G and R magnitudes as
follows: ∆G = -0.22 and ∆R = -0.15 mag. Where E(B-V) = (B-V) - (B-V)0 is the colour excess of
a star in question. The R, G, and U magnitudes of the field stars were estimated by means of the
corresponding calibration curves, i.e. R × (IR)R, G × (IR)G, and U × (IR)U diagrams.
2.1. De-Reddening the Magnitudes/Colours, Separation of the Population Types, and
		 Absolute Magnitude Estimation
The two-colour diagrams were carried out for a set of apparent G magnitudes. This procedure
was simplifying the separation of the stars into different populations, for apparently bright
stars are usually adopted as disc stars, while the faint ones are halo stars. The positions of the
observed stars onto the (U-G)0 × (G-R)0 two-colour diagram were determined by shifting them
from their observed positions to the de-reddened two colour diagram along the reddening line,
E(U-G) = 0.70 × E(G-R), (Figure 2):

Three population types of stars were identified in the intrinsic two-colour diagram: late type
giants were separated by the “gap criterion” and a mean absolute magnitude of 〈M(G)〉 = 1.0
mag was adopted for them (Figure 3). From the remaining stars, the ones with symmetrical
distribution along the (U-G)0 × (G-R)0 standard curve were adopted as disc stars, while the bluer
stars were separated to the halo population. Dwarf stars were attributed to the nearest absolute
M(G) magnitude calibrated on the diagram (Figure 4 and Figure 5).
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Figure 2. Two-colour diagram for stars in the field A5 (Fenkart & Karaali, 1984). Solid line: unreddened main
sequence; dashed line: reddened main sequence according to E(G-R) = 0.28 mag of screen 1; dotted line: reddened
main sequence according to E(G-R) = 1.15 mag of screens 1+2.

Figure 3. Two-colour diagrams for stars with apparent magnitudes G < 13 mag (left panel) and 13 ≤ G < 14 mag
(right panel). Gap in both diagrams separates the dwarfs (the bluer objects) and the late type giants (the redder
objects).
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Figure 4. The standard two-colour diagram (the curve) used for estimation of the absolute magnitudes of the disc
stars and the blanketing vectors used for estimation of the absolute magnitudes of the halo stars.

Figure 5. Positions of the stars of different populations in the two-colour diagram, for 14 < G ≤ 15 mag (left) and
15 < G ≤ 16 mag (right). Symbols: Full circles: disc main-sequence stars, open circles: halo main-sequence stars,
crosses: late-type giants, and equilateral quandrangles: stars with M > 8 mag.

3. The Density and Luminosity Functions
D* = log D + 10, D = N/∆V, N: number of stars in the partial volume
, □: the field size in square degrees.
(centroid distance of the partial volume).
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The density functions were given in the form of histograms whose sections with ordinates
D*(r1, r2) covered the distance-intervals (r1, r2), and their accurateness were tested with their
comparison with the Gliese’s (1969) luminosity function (Table 1). An example is given in
Figure 6 and Figure 7.
Table 1. Luminosity function of Gliese (1969) for z = 0 pc.
M(G)

[0, 2]

(2, 3]

(3, 4]

(4, 5]

(5, 6]

(6, 7]

(7, 8]

1 (giants)

log D + 10

6.63

6.78

7.18

7.41

7.52

7.48

7.42

6.64

Figure 6. Histograms for the absolute magnitude intervals M(G): [4, 5), [5,6), [6, 7), and [7,8), for the disc stars
in the field NGC 7006, and the luminosity function of Gliese (1969). The agreement is only for short distances.

Figure 7. The luminosity function for the field NGC 7006 in the distance interval 400 and 800 pc, corresponding
to z from 130 pc to 260 pc, compared with the one of Gliese (1969) for z = 0 and 200 pc (z = r sin b).

Now, we have a question. How can we test the densities for stars at large distances?
4. Galactic Models
After 1986, the researchers who worked in the programme of Basel Astronomical Institute,
namely the Basel Halo Programme, began to compare the space density functions with the
Galactic models. During this period, the Turkish astronomers except me, did not continue their

6

Galaktik Astronomi Çalıştayı Bildiriler Kitabı
Galactic Astronomy Workshop Proceedings Book

12-13 Eylül 2019
September 12-13, 2019

collaborations in this programme. However, there were young candidates for this programme.
Additionally, they could using the computers quite well. Three types of models were considered
at the beginning of this period:
(A) Bahcall & Soneira (1980) two component model (BSII) consisting of:
a) a double exponential thin disc, and
b) a moderately flattened (κ = 0.85) de Vaucouleurs spheroid. Three alternative scale-heights
(Hi, i = 1, 2, 3) were considered in the comparison of this model.
(B) Gilmore & Wyse (1985) three-component model (GWIII) consisting of:
a) a thin young disc, and
b) a thin old disc, both double-exponential differing in their scale-heights, and
c) the same de Vaucouleurs spheroid as in BS.
(C) Gilmore & Wyse (1985) four-component model (GWIV) consisting of the same components
(a), (b) and (c) as in (B) plus,
d) a double-exponential thick disc.
The density contribution of the disc components were estimated by the following formulae:

where x and z are the galactocentric cylindrical coordinates of the given point, ni is the solar
normalization factor, R0 the solar distance from the Galactic centre, Hi and h are the scale-height
and the scale-length, respectively. The formulae used for estimation of the density contribution
of the spheroid is as follows:

where R is the distance from the Galactic centre of the given point and n is the solar normalization
factor (see Figure 8 for the definition of mentioned parameters).

Figure 8. Parameters used in the Eqs. (3) and (4).
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If l and b are the Galactic coordinates of the field in question and r is the solar distance of the
given point in the direction (l, b),

The data which were necessary for the calculation of the total densities are given in Table 2, and
Figure 9 puts together the relative logarithmic gradients:
calculated for the field M101 (Fenkart & Karaali, 1987).
Table 2. Parameters used for the calculation of the total densities for the field M101. Parameters which are common
to all models: h = 4 kpc, R0 = 8.5 kpc, κ = 0.85. All distances in kpc.
Model
BSII

Defined
according to
(A)

Total density D(r, l ,b)

Parameters
ni = 1 (i=1,2,3)
n= 0.002
H1=0.1, H2=0.2,
H3 = 0.3

Total solar
density
1.002

GWIII

(B)

n1=0.2, n2=1, n=0.001
H1=0.1, H2=0.3

1.201

GWIV

(C)

n1=0.2, n2=1,
n3=0.02, n = 0.001
H1=0.1, H2=0.3, H3=1.0

1.221

Figure 9. Relative logarithmic gradients:
(Fenkart & Karaali, 1987).

calculated for the field M101
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The total density functions estimated in two fields (del Rio & Fenkart, 1987; Fenkart & Karaali,
1987) fitted to the four-component model of Gilmore & Wyse (1985) better than the other
ones. The same result was obtained in other fields (cf. Fenkart, 1989a-d). However, there
was a problem in the luminosity function, i.e. all the luminosity functions based on the RGU
photometry could be fitted to the one of Gliese (1969) for a limited absolute magnitude interval,
as can be seen in Figure 10. The desired agreement could be supplied by the improved RGU
photometry as explained in the following subject.

Figure 10. Comparison of two luminosity functions based on the RGU data with the one of Gliese (1969): (left
panel) for the field M101, and (right panel) for the field Plaut I.

Now we have a second question: Do you confirm the agreement between the two luminosity
functions for each panel?
5. The Improve RGU Photometry
Buser (1978) used the synthetic magnitudes and improved the RGU photometry. The new
transformation formulae so obtained are given in the following:

where ∆i (i = 1, 2, 3, 4, 5) were given as a function of E(B-V) and (B-V)0.
In the new system, the dwarfs were separated into the thin disc, thick disc, and halo populations
via theoretical two-colour diagram (Figure 11), and the M(G) absolute magnitudes of the stars
were determined by the theoretical colour-magnitude diagrams available for three populations
(Figure 12).
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Figure 11. Theoretical two-colour diagrams for dwarfs
in RGU photometry.

Figure 12. Theoretical absolute magnitude diagrams
for thin disc, thick disc and halo populations.

The advantage of the colour-magnitude diagrams in the new system was that they were covering
the main-sequence stars as well as the evolved ones. Thus, a star with a given (G-R)0 colour
index and population type could be an absolutely faint or absolutely bright star. If we assume a
star with (G-R)0 = 1.1 mag, for example, the corresponding absolute magnitude couple resulting
from the Figure 12 are M(G): (4.5, 3.0), (5.5, 3.5), and (6.0, 3.25) mag for thin disc, thick disc,
and halo, respectively. According to the Figure 10, the densities for the absolutely bright stars
(the evolved stars) are less than expected, while the inverse case holds for the absolutely faint
stars. That is, sufficient number of stars should be adopted as evolved ones, for fitting of the
luminosity function determined by the RGU photometry to the one of Gliese (1969). I applied
this procedure to the field M101, for the first time, and reported the positive result to Roland
Buser. Then, we published it in a paper (Ak et al., 1998). The luminosity function obtained
by using this procedure is given in (Figure 13). The observed dip at M(G) = 4.5 mag in the
figure does not disturb the agreement with the standard but is consistent with the theoretical
expectations, i.e. the evolutionary tracks and isochrones become increasingly vertical near this
absolute magnitude in the colour-magnitude diagram. The improved RGU photometry had
been applied to many fields which were measured at the Basel Astronomical Institute, and the
obtained density functions were compared with the models. It was the four-component model
which fitted better with the calculated density functions.
The improved RGU photometry had been used also for determination of new Galactic model
parameters. Buser, Rong & Karaali (1998; 1999, BRK) used the RGU data of seven fields and
estimated the model parameters for a four component Galactic model. There is an agreement
between the mean of the corresponding parameters and the ones in Table 2, except between the
solar densities of the thick disc which are 0.02 and 0.054 in Table 2 and in BRK. We should note
that the numerical value of the solar density of the thick disc had been determined even greater
than 0.054 in some other studies.
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Figure 13. Luminosity function based on the RGU data of stars in the field M101 (continuous curve) and the solar
one of Gliese (1969), (the dotted curve).

6. Collaboration with the Cambridge Astronomical Institute
The referee of one of our papers was Gerry Gilmore. Hence, I had the carriage to propose a
collaboration between my department and the Cambridge Astronomical Institute. Gilmore’s
response was positive. I visited the Cambridge Astronomical Institute two times, in 1997 and
2000 years. Following the advice of Gilmore, we decided to study with Sloan photometry. We
applied this photometry to several topics, such as the space density functions and metallicity
gradients. The Sloan photometry was based on the CCD magnitudes, hence we obtained more
accurate results relative to the photographic RGU or UBV photometries (Karaali et al., 2003;
2005; Bilir et al., 2005).
The kinematical studies could be carried out by the RAVE data supplied from the Cambridge
Astronomical Institute. Two papers published with these data are given in the following as
examples (Coşkunoğlu et al., 2011; 2012).
7. Common Studies, Independent Studies, Transformations, Calibrations, New
Procedures, and Alpha Elements
At the beginning, our studies were carried out common with the researchers that we were in
collaboration, while by time we began to publish papers independently by using the common
procedures or by a new one discovered by one of our colleagues. Examples: for a common
study I refer the one that Antonio Cabrera-Lavers is co-author in the related paper, while the
other studies are carried our independently (Bilir et al., 2008a; 2011)
Our following transformation equations between the colours of Sloan and UBV photometries
improved the ones of Fukugita et al. (1996):
Fukugita et al. (1996)
g’- r’ = 1.05 (B-V) ‒ 0.23
u’-g’ = 1.38 (U-B) + 1.14

Karaali et al. (2005)
g’- r’ = 1.023 (B-V) + 0.016 (U-B) ‒ 0.187
u’-g’ = 0.779 (U-B) + 0.755 (B-V) + 0.801
11
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Calibrations:
[Fe/H] = 0.10 - 2.76 δ0.6 - 24.04δ20.6 + 30. 00δ30.6
[Fe/H] = 0.10 - 3.54 δ0.43 - 39.63δ20.43 + 63.51δ30.43

Karaali et al. (2003)
Karaali et al. (2005)

where δ0.6 and δ0.43 correspond to the ultraviolet excess of a star relative to the Hyades cluster
with the colours (B-V) = 0.60 and (g’-r’) = 0.43 dex, respectively (all the colour indices in these
equations are de-reddened).
Different procedures: We used different procedures for estimation of the model parameters
and we noticed some limitations in this topic. Some examples are given in the following:
We showed in Karaali et al. (2004) that the Galactic model parameters are absolute magnitude
dependent. For example, the range of the scale height of the thin disc for the absolute magnitude
interval 5 ≤ M(g’) ≤ 13 mag is 265 ≤ H ≤ 495 pc.
The Galactic structure could be parametrized by myself in 2006 by two exponentials up to
vertical distance z = 10 kpc which covers the thin and thick discs, and the inner spheroid. In
this study the scale height and scale length were adopted as the function of vertical distance, z.
We showed that the Galactic model parameters are Galactic longitude dependent (Bilir et al., 2006a;
2008b; Yaz & Karaali 2010). We showed that the Galactic model parameters are volume-limited
dependent (Karaali et al., 2007). Finally, I pay attention on the following figure which separates the
dwarfs and giants by means of 2MASS (J, H, KS) and V magnitudes (Figure 14; Bilir et al., 2006b)

Figure 14. Diagrams used for separation of the dwarf and giant populations.

Alpha elements: Alpha elements have been the phenomena of this century. One can find many
papers related this topic in which the formation and evolution of the Galactic discs (thin and
thick discs) are explained (cf. Haywood et al., 2019). We aimed to contribute this topic, hence we
published two papers (Karaali et al., 2016; Yaz Gökçe et al., 2017). For this purpose, while the
third one have been submitted in July 2019 and accepted in September 2019 (Karaali et al., 2019).
8. Last Words and Acknowledgements
When I was retired in 2006, my students Serap Güngör Ak, Selçuk Bilir, and Esma Yaz Gökçe
accepted the responsibility of maintaining the research in Galactic Astronomy at this department.
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Today, I am glad to observe that they have a good group willing to work in this topic. Also,
I noticed that they are doing more than I expected: they are in collaboration with the Turkish
researchers whose topics are a bit different, for example. Their common field is the kinematic.
We are grateful to Professors Becker, Tammann, Fenkart, and Buser from the Astronomical
Institute of Basel University and to Professor Gilmore from the Astronomical Institute of
Cambridge University for their collaborations and supplying data for our department. Also, we
thank to Swiss National Foundation for financial support for many years. Thank you for your
attention. The text and the figures are designed by Selçuk Bilir. Thanks to him.
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