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1. INTRODUCTION

The galaxy inclination measures the angle at which a spiral
galaxy is tilted from us.  A galaxy with a 90o galaxy inclination
is seen edge on.  One with a 0o galaxy inclination is seen face
on. The inclination (i) is defined as the angle between the
spin vector of a galaxy and the line-of-sight. If i < 0o an ellipse
with the major (a) and minor axes (b) instead of a circle is
projected onto the sphere for which both axes can be
measured. The method for determination of the inclination is
based on two assumptions: (1) the galaxy is circular-like if
seen face-on and (2) the distance to it is large enough to
have no perspective distortions. This angle can be estimated
with Holmberg’s (1946) formula1. The greater the ellipticity
the more the galaxy’s disk inclined with respect to our line-
of-sight. In practice, we measure the ellipticity by examining
the contours of equal surface brightness (isophotes) in an
image.

The Second Palomar Observatory Sky Survey (POSS-II) was
performed during 1980-1991 that made use of better, faster
films and an upgraded telescope. The observatory currently
consists of three large telescopes: the 200 inch (5.1 m) Hale
telescope, the 48 inch (1.2 m) Samuel Oschin telescope, and a
60 inch (1.5 m) reflecting telescope2. The Oschin Schmidt was
given an achromatic corrector and provisions for auto-
guiding. Images were recorded in three wavelengths: blue
(IIIaJ), red (IIIaF) and near infrared (IVN) plates, respectively3.
Until the completion of the Two Micron All Sky Survey
(2MASS) and Solon Dizitised Sky Survey (SDSS) POSS-II

was the most extensive wide-field sky survey ever.

The preferred inclinations of galaxies in clusters and their
relations to the cluster redshift might be important in order to
understand evolution of galaxies in the cluster4,5,6. We present
an analysis of the inclinations of 5,688 spiral galaxies in 35
clusters and discuss their relations to the cluster mean radial
velocity (hereafter RV). The data and method of analysis are
described in sections 2 and 3. Finally, a discussion of the
statistical analysis and conclusions are given in sections 4
and 5.

2. THE DATABASE

A cluster had to fulfill the following selection criteria in order
to be selected: (1) the clusters had to have Abell richness (R)
> 1, (2) the RV of the cluster should be known, and (3) the
morphology of the cluster should be given. There were 107
clusters in the ACO7 catalogue fulfilling the selection criteria.
We inspected all these clusters on the film copies (red
sensitive ESO/POSS II) with the aid of a binocular microscope,
and selected 34 of them. The reasons for the selection were:
(1) the galaxies in these clusters were not too faint and it was
relatively easier to determine diameters and position angles
(hereafter PA) of many galaxies with relatively great accuracy,
and (2) the Galactic contamination in and around the clusters
was minimum, and (3) films were available. The search for
galaxies was performed on the red sensitive ESO (λeff = 640
nm) and POSSII films (λeff = 640 nm) having a limiting
magnitude of m10 = 20.
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Each ESO and POSSII film-copies of interest were scanned
by eye. This was performed by the aid of a binocular
microscope with a 25-fold magnification. The film-copies were
illuminated from below. The criteria an object had to fulfill in
order to be selected were: It had to show a diffuse, non-
stellar appearance and major diameter (a) of greater than 10
arcsec. The objects fulfilling these criteria were marked on
transparent foils attached on the films. A list of all inspected
film-copies is given in Table 1. The second step was the re-

examination of the objects selected in step 1. Re-examination
results the rejection of more than 20% of the objects. The
remaining candidates were marked with a circle in the film for
clear extragalactic identification.

A list of the investigated Abell clusters is given in Table 1.
The data given in the second-sixth columns (cluster
morphology, RV, the red magnitude of the tenth brightest
cluster member (m10), richness (R) and distance class (D)) in
Table 1 are taken from the ACO catalogue. All sky distribution
of the clusters is shown in Fig. 1. The database of well studied
Virgo cluster is added8,9,10. The estimation of background
galaxies in the cluster region was based on the area
distribution of background galaxies around the cluster region.
It is estimated that the background contamination of galaxies
in the investigated cluster region is ~ 10±5%. We removed
these galaxies from the database.

The foreground field galaxies in the investigated cluster
region were identified with the help of the Uppsala General
Catalogue of Galaxies9,10, the Third Reference Catalogue of
Bright Galaxies11, the ESO/Uppsala Survey of the ESO (B)
Atlas12, Photometric Atlas of Northern Bright Galaxies13 and
the Southern Galaxy Catalogue14. These field galaxies have
been removed from the database.

Figure 1: Distribution of 34 Abell clusters in the equatorial coordinate
system. The Virgo cluster (symbol ‘X’) can be seen.

Table 1: First column lists the Abell number. The next two columns give the type of print and the field. The positions of the cluster centre are
listed in fourth and fifth columns. The sixth and seventh columns give the B-M type cluster morphology and the mean radial velocity of the
cluster. The last two columns give the magnitude of tenth brightest cluster member and the number of galaxies in the cluster.
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Our database contains all types of clusters: regular or
symmetrical (BM I type), intermediate (BM I-II, II, II-III) and
irregular or asymmetrical (BM III type) (Fig. 2a). The maximum
and minimum RVs of the clusters are 1,000 (Virgo) and 41,000
(A0787) km/s (Fig. 2b). There are 11 clusters that have mean
RV 20,000 to 25,000 km/s in our database. Because of this bin,
the center of the Gaussian fit is found at 21,000 km/s (Fig. 2b).
There are 25 clusters that have m10 value in the range 15 to 17
(Fig. 2c).

3. METHODS: INCLINATION ANGLE

Let us consider a disk inside a celestial sphere. Rotate the
minor axis of the disk slowly without disturbing its major
axis. Then, observe the projections in the celestial sphere.
The observed image is the two dimensional projection on the
celestial sphere. The axial ratios (b/a) distributions of these
projections obey cosine law. The cosine distribution remains
intact when the rotational degree of freedom is increased.
The disk galaxies are randomly distributed in the space.

The observed axial ratios of disk galaxies in the celestial
sphere obey cosine distributions. Fig. 3a shows the expected
axial ratios distribution curve. It is clear in the figure that the
expected distributions of edge-on galaxies are less in number
than the face-on. In the first three bins, 13.4% galaxies having
b/a < 0.30 are distributed (Fig. 3b). These are edge-on galaxies.
In the next three bins (0.3 < b/a ≤ 0.6) this number increases
up to 36.6%. In the last four bins (0.6 < b/a ≤ 1.0), 50% galaxies
are distributed. These galaxies are nearly face-on. The
inclination angle (i) is the angle between the normal to the
galaxy plane and the observer’s line-of-sight. The inclination
angle can be computed from the formula16
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This expression is valid for oblate spheroids. Here, q and q*
represent the measured axial ratio (b/a) and the intrinsic
flatness of the galaxy, respectively. The intrinsic flatness of a
disk galaxy depends on the morphological type and is taken
from Heidmann et al. (1971)15. Hiedmann et al. showed that
the values of q* range from 0.083 for Sd spirals to 0.33 for
ellipticals. For the galaxies with unknown morphology

q*=0.20 is assumed. Fig 3 shows the plot between q and i for
q* = 0.20.

It is clear from the Fig. 3 that the gradient of the inclination
angle smoothly changes for the axial ratio range 0.25 to 0.95.
So, we can easily compute the inclination angle for the disk
galaxies using Holmberg’s formula given in equation (3). In
order to remove the Holmberg effect we adopt Fouque &
Paturel method17 to convert measured diameters to standard
photometric diameters. For this, we measured the diameters
of 110 known galaxies (given in catalogue) and compared
their diameters with the measured one. The ratio of the
measured and given diameter is found to be 1.07 to 1.15 (7-
15% more). We used an additive constant as suggested by
FP for ESO and UGC catalogues in order to reduce visual
diameters of galaxies to the photometric. We found that, our
data needs an additive constant 0.’27 to the visual diameters
to put them on a photometric system.

Astronomical data is often accompanied by several selection
effects. One can regard these selection effects as a noise in
the database. In such situations, even though all control
parameters (independent variables) remain constant, the
resultant outcomes (dependent variables) vary. A process of
quantitatively estimating the trend of the outcomes, also
known as regression or curve fitting, therefore becomes
necessary. In this work, we have analysed the database of ~
5,700 galaxies in different context. For this we performed linear,
polynomial and Gaussian fits in the inclination (i) angle

Figure 2: The distribution of BM (Bautz & Morgan 1970) type classification (a), cluster mean radial velocity RV (b), and magnitude of the
tenth brightest cluster member (m10) (c). The observed values with statistical 1σ error bars are shown.

Figure 3: (a) Axial ratios distributions of disk galaxies in the celestial
sphere.  (b) The inclination angle (i) versus the axial ratios (q). The
intrinsic flatness of the galaxy is assumed to be 0.2015.
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distribution. The slopes of the fitted curves, the center and
width of the Gaussian fits, the standard deviation of the fit
and the correlation probability (that the correlation coefficient
zero) are discussed.

4. ANISOTROPY IN THE INCLINATION ANGLE
DISTRIBUTION

One major problem with applying the Holmberg model is the
unique flatness parameter that is used for all types of galaxies.
We used the flatness parameter as suggested by Haynes &
Giovanelli (1991)18 for morphologically identified galaxies

ranging from q = 0.23 for ellipticals (E) and lenticulars (S0) to
q = 0.10 for late-type spirals (Scd, Sd). Morphologically
unidentified galaxies dominate (~ 60%) our database. Many
authors19,20,21 used q = 0.20 for different galaxies. We used
this value only for morphologically unidentified galaxies.

The observed image of the galaxy is the two dimensional
projection on the celestial sphere. The axial ratios (b/a)
distributions of these projections obey cosine law. The
inclination angle of face-on (b/a = 1) and edge-on (b/a = 0)
galaxy is 0o and 90o, respectively. Thus, i-distribution obeys
cosine law. Fig. 4 shows the observed i-distribution of galaxies
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in 35 clusters. In the figure, solid curves represent the expected
(cosine) distribution. The expected distribution of edge-on
galaxies (low i galaxies) are found to be less in number than
the face-on. A large number of galaxies are missing in the first
two (or three) bins (i < 400o) (Fig. 4). It is relatively difficult to
measure PA of these missing (nearly face-on) galaxies
accurately in the films. Few authors19,20 assumed i = 0o for all
missing nearly face-on galaxies. This may cause a heavy bias
in i-distribution. In the middle of the histogram, the number
of solutions is more than the expected (cosine) distribution.
Thus, our database is dominated by nearly edge-on and edge-
on galaxies.

In this work, we do not include galaxies that have i < 20o. In
Fig. 4, the observed i-distribution is fitted using Gaussian
(dashed curves) and second order polynomial (dotted
curves). Fig. 4a shows i-distribution of galaxies in the cluster

A0042. The number of solutions in the first two bins (i = 25o,
35o) are less in number than the expected. These are nearly
face-on or face-on galaxies. In the third bin (i = 45o), the
galaxies are found to be more than the expected, suggesting
a significant preference in i-distribution. The center of the
Gaussian (iGC) is found at ~ 48o (see Table 2).

In the Gaussian fit, the minimum and maximum values of the
Gaussian center (iGC in Table 2) are found at i = 40.7o (A1227,
D = 5) and 62.3o (A3627, D = 1), respectively. Similarly, the
minimum and maximum values of the Gaussian width (iGW in
Table 2) are found at i = 8.1o (A1227, D = 5) and 70.0o (A2065,
D = 3). The mean values of the iGC and the iGW are 51.4o and
40.3o. Interestingly, the distant cluster (D = 5) showed
minimum iGC and iGW values in i-distribution. In order to
understand this, we have plotted iGC of the cluster versus
mean RV of the cluster (Fig. 5b). In the figure, a good agreement

Figure 4: Inclination angle (i) distribution of galaxies in 35 clusters. The solid circles with statistical ±1σ error bars represent the observed i-
distribution. The Abell name and the BM type classifications are given. The solid curve represents the expected (cosine) distribution. The
dashed and dotted curves represent the Gaussian and polynomial (second order) fits, respectively.
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between the linear and the polynomial fits can be seen. It is
found that the iGC value decreases with the increase of the
mean RV of the cluster. We discuss this result later.

In the polynomial fit, the minimum and maximum values of
the standard deviation (iSD in Table 3) are 0.7 (A3879, D = 4)
and 3.4 (A1920, D = 5), respectively (Fig. 4). A plot between
the mean RV of the cluster and the iSD value can be seen in
Fig. 5b. The distant cluster (RV > 30,000 km/s) showed greater
iSD value. We linearly (solid line in Fig. 5b) and polynomially
fitted (dashed curve in Fig. 5b) the observed distribution. No
agreement between the linear and the polynomial fit can be
seen. However, a weak dependence between the mean $RV$
of the cluster and the iSD value cannot be denied. Higher the
iSD value, less reliable the preferred i. Thus, for the distant
cluster, preferred i value seem to be less reliable.

Twelve clusters showed the correlation probability (iP) > 5%
(Table 2), suggesting a good agreement between the observed
distribution and the polynomial fit. This value is found to be
less than 0.1% for eight clusters. We do not notice significant
dependence between the distance class and these statistical
parameters.

5. DISCUSSION

In i-distribution, the Gaussian center (iGC) is found to be
decreased with the increase of the mean RV of the cluster
(Fig. 5b). The slope of the linear fit is found to be -17.7 ± 2.9
with standard deviation = 5.9. It seems that the distribution
of preferred i is not random in the cluster. The preferred $i$
depends upon the mean RV of the cluster. For distant cluster
(high RV), the preferred value of i is found to be less than
that of the nearby cluster. This result might be due to the
selection effects in the database. This effect should be taken
into account in the three dimensional analysis. We noticed a
weak dependence between the mean RV of the cluster and
the standard deviation of the polynomial fit (iSD in Table 2,
Fig. 5b) in i distribution. For distant cluster, iSD is found to be
maximum, indicating less reliability. Obviously, the error in
the measurement of diameters of the distant galaxies is high.
In such case, the value of the preferred i became less reliable.
A weak relation is noticed between the preferred i of the
cluster and their mean RV. This dependence is less reliable
for the distant cluster.

6. CONCLUSION

We measured diameters and the position angles of 5,688
galaxies in POSSII and ESO films using 25-fold magnification
microscope. These galaxies belong to the 34 Abell cluster
that have mean RV ~ 1,000 to 43,000 km/s. The distribution of
the major diameter, inclination and position angles of galaxies
in the clusters is studied. In order to study the nature of the
scatter plots in these distributions, we used linear, polynomial
(second order) and Gaussian fits. The expected distributions
are compared with the fitted curves.

We found a weak relation between the preferred inclination
angles (i) and the mean RV of the cluster. For distant cluster,
the preferred i value is found to be less than that of the nearby
cluster. These preferred alignments are found to be independent
of the mean RV, distance and richness class of the cluster.

Table 2: The first column lists the Abell number. The next two columns give the values of the gaussian center (iGC), and the Gaussian width (iGW)
in the i-distribution. The fourth and fifth columns represent the standard deviation (iSD) and the correlation probability (iP) in the polynomial
fits of i-distribution. The next five columns repeat the first five columns.

Figure 5: Gaussian center (iGC) of i-distribution versus cluster mean
RV (b), and standard deviation of the polynomial fit in i-distribution
(iSD). A solid circle with error bars represents a cluster. The solid and
dashed lines correspond to the linear and polynomial (second order)
fits, respectively.
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