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Abstract—We have analyzed the radial scales, central surface brightnesses, and colors of 400 disks of
various types of galaxies. For nine galaxies, the brightness decrease and the central disk brightness were
obtained via a two-dimensional decomposition of the UBV RIJHK photometric images into bulge and
disk componens. We used published disk parameters for 392 of the galaxies. The central surface brightness
µ0

0,i and linear (disk) scale length h vary smoothly along the Hubble sequence of galaxies within a rather
narrow interval. The disks of relatively early-type galaxies display higher central K surface brightnesses,
higher central surface densities, higher central mass-to-luminosity ratios M/L(B), smaller sizes (relative
to the diameter of the galaxy D25), redder integrated colors, and redder central colors. The color gradient
normalized to the radius of the galaxy and the “blue” central surface brightness of the disk, µ0

0,i(B), are both
independent of the galaxy type. The radial disk scales in different photometric bands differ less in early-type
than in late-type galaxies. A correlation between the central disk surface brightness and the total luminosity
of the galaxy is observed. We also consider the influence of dust on the photometric parameters of the disks.
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1. INTRODUCTION

Knowledge of the photometric parameters of disk
components of galaxies is essential for studies of the
dynamics and evolution of galaxies, dark matter, and
the distribution of dust in galaxies. In the classical
case of a thin exponential disk (I = I0 exp(−r/h) or
µ = µ0 + 1.086(r/h), where I(r) = −2.5 log µ(r) +
C is the radial brightness profile, the disk is described
by two parameters in each photometric band: the
(disk) scale length h and the central surface bright-
ness µ0. Various combinations of photometric pa-
rameters can be used to determine the radial color
gradients (which depend on the age and chemical
composition of the stellar population of the disk and
the distribution of dust), and to estimate the distribu-
tion of the stellar mass and the central surface density
of the disk.

In numerous studies of the properties of galactic
disks (see the review below), either galaxies with
narrowly specified properties (e.g., only Sb galax-
ies [1], E–S0 galaxies [2], galaxies observed “face-
on” [3], very inclined galaxies [4]) were considered,
or a decomposition was carried out using no more
than a few (usually, one) photometric bands. Six-
color BV RJHK photometry was carried out in [3],
and five-color photometry in the two studies [4]
(BV RIJK) and [5] (UBV RI). This substantially
reduces opportunities for analyzing the photometric

parameters of the disks (for example, the absence of
IR photometric data makes it impossible to determine
the influence of dust on the photometric properties
of a disk). Note also that, in most studies, a one-
dimensional decomposition was based on radial pro-
files of the galaxies, which can in some cases result in
incorrect values for the disk and bulge parameters [6].

The photometric properties of disks in the optical
and IR are essential for a number of important prob-
lems, both fundamental and applied. Examples of the
former include the formation and evolution of disks
in S0 galaxies. Several possible mechanisms for the
rapid depletion of gas in lenticular galaxies, leading to
an absence of spiral arms and appreciable star forma-
tion, have been discussed. The photometric properties
of the disks of spiral and S0 galaxies (“cleaned” of
the bulge radiation in lenticular and of the spiral-arm
radiation in spiral galaxies) can help us determine the
differences between them.

An important applied problem is determining the
mass distributions in galaxies as a whole, and in their
disks in particular. This problem is currently being
addressed using two-dimensional spectroscopic ob-
servations. However, there are two difficulties with
this approach. First, such observations require large
telescopes and special detectors. Second, decompo-
sition of the mass distribution into spherical and flat
components requires knowledge of the distribution of
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the radiation in the disk and bulge of the galaxy. In
general, the surface density is proportional to the sur-
face brightness of the old stellar population corrected
for absorption by dust. In a first approximation, it is
assumed that the mass distribution corresponds to
the radiation distribution in the K-band. However, IR
observations currently much more complicated (and
rarer) than B, V , R, and I observations. Unfortu-
nately, the data from the 2MASS Catalog (JHK
photometry) cannot be used to study the weak outer
regions of galaxies. We have attempted to establish a
relationship between the radiation distributions (disk
scales) in optical bands and in the IR.

Here, we use a sample of 401 galaxies with various
morphological types and wide ranges of disk inclina-
tions and galaxy luminosities to study the dependence
of the photometric parameters of the disks on the
morphological type of the galaxy, radial variations of
the disk color indices, the influence of dust on the
photometric parameters of the disks, and the depen-
dence of the observed scale for the radial brightness
decrease on the disk inclination. We also estimate
the surface density and mass-to-luminosity ratio for
a disk in the center of a galaxy.

In one of the first studies in which the disk
scale lengths were considered in more than one
filter, Elmegreen and Elmegreen [7] carried out one-
dimensional decompositions and analyzed 34 weakly
inclined spiral (Sb–Sd) galaxies without bars in
the B and I bands; the average ratio of the disk scales
in these bands was 〈h(B)/h(I)〉 = 1.16.

Peletier et al. [8] studied the properties of the disks
in 37 Sb–Sd galaxies with various inclinations via a
one-dimensional decomposition into bulge and disk
components in B, R, and K. The resulting average
ratio of disk scales h(B)/h(K) was 1.32 (with val-
ues ranging from one to two), and increased with
the ellipticity of the disk isophotes (inclination). For
S0 galaxies, 〈h(B)/h(I)〉 = 1.04± 0.05 [9], substan-
tially lower than the h(B)/h(I) ratio for spiral galax-
ies [8]. According to [8], the central disk K surface
brightness and B −K color index are related: brighter
central regions are redder. As a consequence, Peletier
et al. [8] suggested that the centers of galactic disks
are optically thick in the B band, but optically thin in
the K band. They estimated that a radial variation of
the age and metallicity of the stellar population in the
absence of an appreciable influence from dust would
yield h(B)/h(K) ≈ 1.1−1.2.

To determine the impact of dust on the photo-
metric parameters of disks, Cunow [1] studied 14 Sb
galaxies with various inclinations in the BV RI bands
using one-dimensional decompositions. She found
that the disk scale ratios in the various filters in-
crease with the isophote ellipticity e (e ≡ 1 − b/a):

h(B)/h(I), h(V )/h(I), and h(R)/h(I) increase from
1.0 for disks with e = 0 to 1.8, 1.5, and 1.3, respec-
tively, for disks with e > 0.8. Cunow [1] suggests
that this indicates a dominant role by dust (compared
to the age and chemical composition of the stellar
population) in determining the ratios of the disk scale
lengths in different photometric bands.

Having extended the sample to 60 Sa–Sbc galax-
ies (28 of which display signs of core activity),
Cunow [10] detected a difference between the de-
pendences of h(B)/h(I), h(V )/h(I), and h(R)/h(I)
on the ellipticity e for active and normal galaxies. In
active galaxies, the ratios h(B)/h(I), h(V )/h(I), and
h(R)/h(I) were all found to be equal to 1.0, inde-
pendent of the galaxy inclination, while the results
for normal galaxies confirmed the data of [1]. Ac-
cording to [10], for normal galaxies, the average disk
brightness-decrease scale ratios are 〈h(B)/h(I)〉 =
1.30 ± 0.04, 〈h(V )/h(I)〉 = 1.14 ± 0.03, and
〈h(R)/h(I)〉 = 1.10± 0.02. Modeling of the influence
of dust on the photometric properties of the disks
showed that the dust optical depth at the center of
the galaxy is τ0(B) = 3m ± 2m for normal galaxies
and τ0(B) = 0m ± 2m for active galaxies, while the
ratio of the scales for the decreases in the dust surface
density and the B-band brightness is hτ/h(I) = 0.96
for both normal and active galaxies. Analysis of the
dependence of h(B)/h(I) on the absolute magnitude
of the galaxy M(B) and the linear scale length for the
disk h(I) showed that h(B)/h(I) does not depend
on M(B), although a weak correlation is observed
for normal galaxies: h(B)/h(I) ≈ h(I)/20 + 1, where
h(I) is measured in kpc.

Van Driel et al. [11] studied 27 galaxies at far
FIR wavelengths (50 and 100 µm), and demon-
strated that the galactic centers were optically thick
in the B band, τ0(B) = 4. “Warm” and “cold”
dust in have different distributions in the galaxies:
h(100 µm)/h(50 µm) = 1.21, while h(B)/h(100 µm)
= 1.12 and h(B)/h(50 µm) = 1.36.

The properties of 27 Seyfert galaxies with vari-
ous inclinations were studied in [12]. The disk pa-
rameters were obtained from V RI photometry via
one-dimensional decomposition of the radiation. It
was found that the central surface brightness of a
disk decreases with increasing disk size. According
to [12], 〈h(V )/h(I)〉 = 1.25 and 〈h(R)/h(I)〉 = 1.13.
This disagrees with the data of [10] for galaxies with
nuclear activity.

MacArthur et al. [13] studied 172 galaxies of all
morphological types with modest inclinations in B,
V , R, and H via one-dimensional decomposition into
bulge and disk components. One aim of this study
was to determine the star-formation history in the
disks, and gradients of the average age and metallicity
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of the stellar population as a function of distance from
the center. It was shown that there had not been
any active star-formation bursts in the galactic disks
outside the spiral arms, at least over the last one to
two billion years. The average age and metallicity of
the stellar population of the galactic disks increase
from later to earlier morphological types. Both the
age and metallicity are proportional to the central
surface brightness of the disk and the IR luminosity
of the galaxy, as well as to the maximum rotational
velocity. The age of the disk is also weakly correlated
with the radial scale of the disk. The average age and
metallicity of the disk stellar population decrease with
the distance from the center. The radial age gradient
(in units of the disk scale) is correlated with the
luminosity, size, and rotational velocity of a galaxy,
and decreases from late to early type galaxies. No
correlations were detected for the metallicity and age
gradients as functions of linear distance. According
to [13], dust does not contribute substantially to radial
variations of the disk colors.

De Grijs [14] studied the properties of 46 galaxies
with various morphological types and appreciable
inclinations in the BIK filters via one-dimensional
decompositions into bulge and disk components.
He obtained for Sab and later-type galaxies,
〈h(B)/h(I)〉 = 1.36 ± 0.18, 〈h(B)/h(K)〉 = 1.65 ±
0.41, and 〈h(I)/h(K)〉 = 1.15 ± 0.19, with the range
of values increasing from early- to late-type galaxies.
For S0–Sa galaxies, h(B)/h(I) ≈ h(B)/h(K) ≈
h(I)/h(K) ≈ 1, while, for Scd galaxies, the ranges
of the scale ratios were h(B)/h(I), h(B)/h(K), and
h(I)/h(K) 1–1.8, 1–2.2, and 1–1.5, respectively.
Note that, in the sample of galaxies [14], some other
photometric parameters of the disk (in particular, the
central surface brightness and the linear disk scale in
the K band) are roughly constant for S0–Sa galaxies:
µ0(K) = 15m−16m, h(K) = 1−2 kpc. In later-type
galaxies, the range of the calculated µ0(K) and h(K)
values increases from Sab to Sd galaxies. In Scd
galaxies, µ0(K) = 15m−18m and h(K) = 2−7 kpc.
According to the sample [14], the B − I, B − K, and
I − K integrated disk color indices are essentially
independent of morphological type. The calculations
of [14] indicate that, in the absence of an appreciably
influence from dust, the ratio h(B)/h(I) due to the
radial metallicity gradient for the stellar population is
equal to 1.17.

The properties of the disks and bulges of galax-
ies have recently begun to be studied using two-
dimensional decompositions, making it possible to
more correctly determine the photometric parameters
of the bulges and disks (as well as other components,
such as bars). Examples are the studies [2], based
on R-band observations of 51 elliptical and lenticu-
lar galaxies, [5], based on the properties of 26 spiral

galaxies with disk inclinations i < 65◦ in the UBV RI
filters, [4], where seven edge-on Sb–Sc galaxies were
analyzed in the BV IJK bands, and [3], in which
BV RIHK photometric data for 86 face-on spiral
galaxies were analyzed.

In his study of disk scales in various filters, Mol-
lenhoff [5] showed that they decrease monotonically
from h(U) to h(I) for each galaxy. However, the inter-
vals of disk scales normalized to h(I) are fairly broad:
1.0–1.5 for h(U)/h(I), 1.0–1.4 for h(B)/h(I), and
so on. The integrated disk color indices decrease from
Sa to Sc galaxies: U −B from 0.2m to −0.2m, B − V
from 0.75m to 0.5m, V − R from 0.45m to 0.35m, and
R − I from 0.85m to 0.5m.

The study [4] was devoted to the structure of the
stellar and dust disks. It was shown that the ratio of
the radial scales for the stellar and dust disks in the V
band is hdisk/hdust = 0.7 ± 0.1, while the ratio of the
vertical scales is zdisk/zdust = 1.8 ± 0.6; h/z ∼ 10.
Thus, the stellar disk seems to be thicker but less
extended than the dust disk. The optical depth of the
dust at the galactic center (along the polar axis) is
τ0(B) = 0.4–1.0. This is in disagreement with the
data of [8, 10, 11], which indicate that the dust disks
are optically thick in B at the centers of the galaxies.

The study [3] basically confirms the results of [5,
7, 8]: on average, h(B)/h(I) = 1.12, h(V )/h(I) =
1.04, h(R)/h(I) = 1.03, h(B)/h(H) = 1.18, and
h(B)/h(K) = 1.22 for face-on galaxies.

2. THE SAMPLE OF GALAXIES

For our study of the photometric parameters of
disks in galaxies of various types, we used the da-
ta from [1–5, 7, 8, 10, 12–14] for 392 galaxies (B
and I disk scales for 34 galaxies obtained in [7];
BV RI scales and central disk surface brightness for
62 galaxies from [1, 10], in BV RH for 47 galaxies
from [13], in UBV RI for 26 galaxies from [5], in R
for 26 galaxies from [2], in BV IJK for 6 galaxies
from [4], in V RI for 22 galaxies from [12], in BRK
for 37 galaxies from [8], in BV RIHK for 86 galaxies
from [3], and in BIK for 46 galaxies from [14], to-
gether with our previously obtained CCD photometry
for 9 galaxies [6, 15–17]). When the selecting the
data sources to be used, we gave priority to those in
which the disk photometric parameters were studied
in more than one photometric band (except for [2]).
The integrated parameters of the galaxies (including
the ellipticity e of the disk isophotes) were taken or
calculated from data in the LEDA Catalog. We used
the derived integrated parameters to determine the
disk scale lengths h in kpc and the disk central surface
brightness µ0

0,i in mag/(sq. arcsec), corrected for the
inclination of the galaxy. Thus, by using the available
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Table 1. Basic data on the galaxies

Galaxy
parameter

NGC number

524 532 783 1138 1589 2336 4136 5351 7280

Type −1.2 2.0 5.1 −2.1 1.8 4.0 5.3 3.1 −1.0

M0,i
B , mag −21.63 −19.48 −21.14 −19.57 −21.73 −22.32 −18.41 −21.19 −19.41

D, Mpc 32.4 31.5 70.5 32.9 49.5 32.2 76.0 48.9 25.9

R25, kpc 17.0 16.0 16.8 8.7 23.8 30.0 4.1 19.6 8.1

Vrot, km/s 300 191 46 25 323 256 93 202 131

e 0.05 0.74 0.25 0.05 0.63 0.42 0.18 0.53 0.36

Ai(B), mag 0.00 0.49 0.30 0.00 0.54 0.39 0.06 0.39 0.00

Mdust, 106M� 0.35 3.3 26 – 1.3 9.7 0.17 1.3 0.056

single-source data for the integrated parameters of
the galaxies (taken from the LEDA database), we
were able to decrease the dissimilarity of the sample
objects.

In some cases, in addition to the overall sample
of 392 galaxies, we considered a separate subsample
containing the 144 galaxies studied in [2–5] via two-
dimensional decompositions. We believe that the disk
parameters determined in these studies are more reli-
able than those obtained via one-dimensional decom-
positions [6].

We also used our previous multi-color CCD
photometry data of 9 galaxies. Information about
the observations and processing for the UBV RI
photometry of NGC 2336 are given in [15], for the
BV RI photometry of NGC 4136 in [16], for the
BV RIJHK photometry of NGC 5351 in [17], and
for the UBV RIJHK photometry of NGC 524,
NGC 532, NGC 783, NGC 1138, NGC 1589, and
NGC 7280 in [6]. Additionally, we used the data from
the 2MASS Catalog for NGC 2336 and NGC 4136
(images in the J , H , and K bands). A description of
the data reduction for the 2MASS Catalog images
is given in [6]; the technique used for the two-
dimensional decompositions of the galactic radiation
into bulge and disk components is presented in [6].

Table 1 presents the basic data for the 9 added-
galaxies: the type, absolute magnitude M0,i

B corrected
for absorption in the Galaxy and due to the disk
inclination, distance to the galaxy D in Mpc, ra-
dius of the galaxy R25 in kpc determined from the
25m/(sq. arcsec) B isophote, maximum rotational
velocity Vrot in km/s corrected for the inclination, disk
isophote ellipticity e, absorption Ai(B) in B magni-
tudes due to the disk inclination, and mass of dust
Mdust in solar masses. The galaxy types and M0,i

B ,

Vrot, and Ai(B) valyes were taken from LEDA elec-
tronic database. D and R25 were also obtained from
LEDA Catalog (using a Hubble constant of H0 =
75 km s−1 Mpc−1). We obtained the e values for
the galactic disks in [6, 15–17]. The data sources for
Mdust for most galaxies and for Vrot for NGC 1138 are
given in [6, 15]. The dusts masses for NGC 4136 and
NGC 5351 were taken from [18] and [19], respectively.

Table 2 presents the disk photometric parameters
for the 9 galaxies in the various filters. The columns
of this table contain the (1) identification number of
the galaxy, (2) filters used for the measurements, (3)
disk scale lengths h in arcsec, with their errors, (4)
central disk surface brightnesses µ0 in mag/(sq. arc-
sec), corrected for absorption in the Galaxy, with their
errors, (5) disk scale lengths h in kpc, with their er-
rors, and (6) central disk surface brightnesses µ0

0,i in
mag/(sq. arcsec), with photometric (Ai) and geomet-
rical (Ag) corrections for the inclination of the galaxy.
The central surface brightnesses were corrected us-
ing the standard formula µ0,i = µ0 − Ai − Ag , where
Ag = 2.5 log(1 − e). Columns 7–12 of the table are
the same as columns 1–6.

3. ANALYSIS OF THE RESULTS

3.1. Central Surface Brightnesses and Color Indices
of the Disks

In spite of the fact that the galaxies consid-
ered have a large range of luminosities (L(B)max =
100L(B)min) and sizes (R25 = 2−40 kpc), the central
surface brightnesses of all the galactic disks µ0

0,i lie
in a fairly narrow interval, from 20.2m/(sq. arcsec) to
22.7m/(sq. arcsec) in B and from 16.9m/(sq. arcsec)
to 19.3m/(sq. arcsec) in K (Fig. 1a and Table 3). The
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Table 2. Photometric parameters of the galactic disks

NGC Filter h, arcsec µ0 h, kpc µ0
0,i NGC Filter h, arcsec µ0 h, kpc µ0

0,i

524 U 35.9 ± 1.7 22.47± 0.06 5.65 ± 0.26 22.53 2336 U 99.6 ± 34.2 22.30± 0.07 15.55± 5.35 22.89

B 27.4 ± 1.0 21.60± 0.06 4.31 ± 0.16 21.66 B 100.1± 1.5 21.92± 0.02 15.63± 0.24 22.51

V 27.4 ± 1.0 20.58± 0.06 4.31 ± 0.16 20.64 V 82.9 ± 0.8 21.18± 0.01 12.94± 0.12 21.77

R 27.5 ± 0.9 19.92± 0.06 4.32 ± 0.15 19.98 R 73.8 ± 0.6 20.63± 0.01 11.52± 0.09 21.22

I 27.4 ± 0.8 19.14± 0.05 4.30 ± 0.12 19.20 I 72.3 ± 0.8 20.00± 0.02 11.29± 0.13 20.60

J 27.3 ± 1.3 18.17± 0.08 4.29 ± 0.21 18.22 J 66.7 ± 1.9 18.88± 0.05 10.41± 0.29 19.47

H 26.3 ± 1.3 17.39± 0.08 4.13 ± 0.21 17.45 H 75.0 ± 2.6 18.37± 0.05 11.71± 0.41 18.96

K 26.9 ± 1.5 17.23± 0.09 4.23 ± 0.24 17.29 K 83.9 ± 3.4 18.33± 0.05 13.09± 0.53 18.92

532 U 36.0 ± 0.6 21.91± 0.03 5.49 ± 0.09 23.37 4136 – – – – –

B 28.3 ± 0.1 21.11± 0.01 4.32 ± 0.02 22.57 B 40.4 ± 1.3 21.63± 0.05 1.50 ± 0.05 21.85

V 27.6 ± 0.1 20.15± 0.01 4.21 ± 0.02 21.61 V 35.5 ± 1.0 20.84± 0.05 1.31 ± 0.04 21.06

R 27.3 ± 0.1 19.55± 0.01 4.16 ± 0.01 21.02 R 33.5 ± 0.3 20.38± 0.02 1.24 ± 0.01 20.60

I 28.1 ± 0.1 18.92± 0.01 4.29 ± 0.01 20.38 I 28.6 ± 1.2 19.57± 0.09 1.05 ± 0.04 19.79

J 27.8 ± 0.6 17.94± 0.05 4.25 ± 0.09 19.40 J 29.4 ± 0.5 18.96± 0.02 1.08 ± 0.02 19.17

H 28.0 ± 0.4 17.13± 0.03 4.28 ± 0.07 18.59 H 29.3 ± 1.0 18.33± 0.04 1.08 ± 0.04 18.55

K 30.4 ± 0.5 17.00± 0.03 4.64 ± 0.07 18.46 K 27.4 ± 1.0 18.06± 0.04 1.01 ± 0.04 18.28

783 U 13.7 ± 2.2 21.25± 0.18 4.67 ± 0.74 21.56 5351 – – – – –

B 13.2 ± 1.3 20.87± 0.11 4.51 ± 0.43 21.18 B 30.0 ± 0.4 21.81± 0.02 7.12 ± 0.09 22.63

V 12.3 ± 0.8 19.99± 0.08 4.21 ± 0.26 20.31 V 28.5 ± 0.3 20.84± 0.03 6.76 ± 0.08 21.66

R 11.9 ± 0.7 19.49± 0.08 4.07 ± 0.24 19.80 R 26.8 ± 0.2 20.30± 0.02 6.36 ± 0.05 21.12

I 11.0 ± 0.3 18.79± 0.03 3.77 ± 0.11 19.11 I 27.4 ± 0.4 19.31± 0.03 6.51 ± 0.09 20.13

J 11.4 ± 0.4 17.85± 0.05 3.89 ± 0.15 18.16 J 22.7 ± 0.2 18.20± 0.03 5.37 ± 0.06 19.02

H 10.9 ± 0.4 17.10± 0.06 3.73 ± 0.15 17.41 H 22.1 ± 1.7 17.54± 0.20 5.23 ± 0.40 18.63

K 10.7 ± 1.1 16.85± 0.14 3.66 ± 0.36 17.16 K 22.7 ± 0.4 17.23± 0.04 5.39 ± 0.10 18.05

1138 U 57.5 ± 41.9 23.16± 0.27 9.17 ± 6.69 23.22 7280 U 57.2 ± 3.5 22.85± 0.03 7.19 ± 0.45 23.33

B 28.0 ± 1.4 22.85± 0.04 4.47 ± 0.23 22.90 B 37.1 ± 1.7 22.06± 0.03 4.65 ± 0.21 22.54

V 23.6 ± 1.2 21.76± 0.05 3.76 ± 0.19 21.82 V 31.9 ± 1.6 21.02± 0.04 4.01 ± 0.20 21.51

R 24.1 ± 1.0 21.14± 0.04 3.84 ± 0.16 21.19 R 30.6 ± 1.4 20.41± 0.04 3.85 ± 0.18 20.89

I 26.1 ± 1.3 20.30± 0.05 4.16 ± 0.20 20.36 I 30.5 ± 1.1 19.70± 0.03 3.83 ± 0.14 20.19

J 26.8 ± 1.5 19.30± 0.06 4.27 ± 0.23 19.35 J 33.7 ± 1.2 19.00± 0.04 4.23 ± 0.15 19.49

H 26.5 ± 1.1 18.64± 0.05 4.23 ± 0.18 18.69 H 29.7 ± 0.7 18.28± 0.03 3.72 ± 0.09 18.77

K 28.2 ± 2.5 18.53± 0.10 4.49 ± 0.39 18.58 K 33.0 ± 2.0 18.02± 0.07 4.14 ± 0.25 18.51

1589 U 33.9 ± 1.2 21.16± 0.03 8.14 ± 0.28 22.24

B 29.5 ± 0.6 20.61± 0.02 7.08 ± 0.14 21.68

V 28.1 ± 0.5 19.59± 0.02 6.74 ± 0.11 20.67

R 27.0 ± 0.4 19.00± 0.02 6.48 ± 0.10 20.08

I 27.2 ± 0.4 18.31± 0.02 6.52 ± 0.10 19.39

J 27.8 ± 1.0 17.30± 0.04 6.67 ± 0.25 18.38

H 24.9 ± 0.7 16.49± 0.04 5.99 ± 0.17 17.57

K 24.6 ± 0.7 16.24± 0.04 5.90 ± 0.17 17.32
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Table 3. Average central surface brightnesses and color
indices of the disks

Filter or
color index

Sample of
392 galaxies

Sample of
144 galaxies

Sample of
9 galaxies

X µ0
0,i(X)

U 21.14 ± 1.08 21.14 ± 1.08 22.74 ± 0.67

B 21.04 ± 0.86 21.32 ± 0.91 22.17 ± 0.59

V 20.57 ± 0.90 20.64 ± 0.87 21.23 ± 0.57

R 20.15 ± 0.92 20.31 ± 1.03 20.66 ± 0.56

I 19.75 ± 0.94 19.69 ± 0.96 19.90 ± 0.55

J – – 18.96 ± 0.55

H 18.02 ± 1.10 18.34 ± 1.25 18.26 ± 0.61

K 18.03 ± 1.13 18.17 ± 1.14 18.06 ± 0.65

X − Y (X − Y )00,i

U − B 0.05 ± 0.20 0.05 ± 0.20 0.58 ± 0.24

B − V 0.42 ± 0.46 0.65 ± 0.26 0.94 ± 0.12

V − R 0.30 ± 0.31 0.44 ± 0.21 0.57 ± 0.06

V − I 1.02 ± 0.31 0.99 ± 0.28 1.32 ± 0.12

J − H – – 0.70 ± 0.10

H − K 0.15 ± 0.22 0.19 ± 0.32 0.20 ± 0.09

B − H 3.15 ± 0.59 2.97 ± 0.60 3.91 ± 0.33

J − K – – 0.90 ± 0.16

X − Y (X − Y )R25
0,i

U − B −0.12 ± 0.60 −0.12 ± 0.60 −0.02 ± 0.38

B − V 0.39 ± 0.34 0.38 ± 0.37 0.69 ± 0.23

V − R 0.31 ± 0.50 0.37 ± 0.29 0.45 ± 0.16

V − I 0.72 ± 0.69 0.78 ± 0.39 1.13 ± 0.40

J − H – – 0.61 ± 0.16

H − K 0.18 ± 0.32 0.18 ± 0.32 0.28 ± 0.16

B − H 2.30 ± 0.66 2.32 ± 0.66 3.33 ± 0.64

J − K – – 0.89 ± 0.25

central disk surface brightnesses of the galaxies con-
sidered differ by no more than an order of magnitude.
The graph in Fig. 1b shows an absence of any de-
pendence between the central surface brightness µ0

0,i

corrected for the inclination and the disk inclination
itself.

Let us consider the dependence between the cen-
tral disk surface brightnesses in various photometric
bands and the luminosity and type of the galaxy

(Fig. 2). In spite of the large scatter in the corre-
sponding plots, a correlation between µ0

0,i and M0,i
B is

observed, as well as a correlation between µ0
0,i and the

galaxy type in long-wavelength bands (Figs. 2c–2f).
The luminosities and types of the galaxies in our sam-
ple are weakly correlated: since there are no bright
Sd–Irr galaxies, it is difficult to determine which of
the parameters (the luminosity or type) is influencing
µ0

0,i. Considering the sample of 144 galaxies whose
disk parameters were derived from two-dimensional
decompositions, we found that the B, I, and K cen-
tral disk surface brightnesses in the early-type galax-
ies (S0–Sc) are independent of M0,i

B and the mor-
phological type (the correlation coefficient |r| < 0.3).
We obtained the following dependences for the late-
type spiral (starting from Sc) and irregular galaxies:
µ0,i(K) ∼ (0.26 ± 0.13)T + (0.54 ± 0.14)M0,i

B (r =
0.7), µ0,i(I) ∼ (0.24 ± 0.13)T + (0.33 ± 0.12)M0,i

B
(r = 0.7) and µ0,i(B) ∼ (0.28 ± 0.11)T + (0.21 ±
0.10)M0,i

B (r = 0.6). Thus, the central disk surface
brightnesses in the late-type galaxies increase with
the integrated luminosity. This refers to the depen-
dence between µ0

0,i and the morphological type. Con-
sidering the galaxies of all morphological types, we
obtained the dependences µ0,i(K) ∼ (0.16 ± 0.06)T
(r = 0.45) and µ0,i(I) ∼ (0.13 ± 0.05)T (r = 0.33).
µ0,i(B) is independent of the galaxy type (Figs. 2a,
2c, 2e). Thus, on average, the central red brightness
of the disk decreases from earlier to later galaxy type,
while the central blue brightness remains constant
for galaxies of all morphological types (Figs. 2a, 2c,
2e). This conclusion seems controversial, and may
be a consequence of our selection of the objects (we
will consider this in more detail below). We can only
suggest that the central color indices of the disks
depend on the galaxy type (see below).

Figures 3a, 3b present the dependence between
the central disk color indices (B − V )00,i and (V −
I)00,i and the galaxy type. The centers of the disks
are redder in early-type than in late-type galaxies:
(B − V )00,i ∼ (−0.02 ± 0.01)T for all three samples
(correlation coefficients |r| = 0.26, 0.29 and 0.96 for
the samples of 392, 144, and 9 galaxies, respectively)
and (V − I)00,i ∼ (−0.070 ± 0.015)T for the samples
of 392 and 144 galaxies, with |r| = 0.11 and 0.40, re-
spectively (the dependence was weaker for the sample
of 9 galaxies: (V − I)00,i ∼ (−0.025 ± 0.015)T , |r| =
0.60). Similar dependences are derived for the other
color indices, with the exception of J −H and H −K.

The color indices at the disk edges (at a dis-
tance R25 from the center of the galaxy), calcu-
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Fig. 1. (a) Distribution of the central surface brightnesses µ0
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and K (bold solid curve). (b) Dependence between the central surface brightness µ0
0,i(I) and isophote ellipticity e of the disks.

Circles mark objects from the sample of 9 galaxies, diagonal crosses those from the sub-sample of 144 galaxies, and the vertical
crosses the remaining objects from the sample of 392 galaxies.

lated using the formula (X − Y )R25
0,i = (X − Y )00,i +

1.086R25[1/h(X) − 1/h(Y )], show the same de-
pendence on the galaxy type as the disk centers:
(B − V )R25

0,i ∼ (−0.02 ± 0.01)T (Fig. 3c). This de-
pendence is the same for all three samples of galaxies,
but, the correlation coefficients are low: only for the
sample of 9 galaxies is |r| = 0.70, while |r| < 0.2
for the two other samples. Thus, it appears that
the radial gradient of the disk color ∆(B − V )0,i =
(B − V )R25

0,i − (B − V )00,i does not depend on the
morphological type of the galaxy (Fig. 3d): most disks
in galaxies of any type become bluer towards their
periphery.

No correlation was found between the color in-
dices of the disks and the luminosity and inclination
of their galaxies.

3.2. Two-color Diagrams

Two-color diagrams may help us qualitatively es-
timate the composition of the stellar population of
the disks, as well as study the star-formation history
and the impact of dust in the disks (Figs. 4a, 4b).
Despite the large scatter, the points indicating the
color indices of the disks are concentrated towards
the normal color sequence (NCS) for the integrated
colors of galaxies. Radial variations of the disk color
indices also occur along the NCS. The NCS curve in
the diagrams is the locus for color indices of old stellar
systems with exponentially decaying star formation;
the smaller the color indices, the higher the star-
formation rate. As we can see from Figs. 4a, 4b, most
galactic disks have a standard stellar population (with
NCS color indices), whose average photometric age
decreases with distance from the galactic center.

Deviations of the data from the NCS indicate
either a young age for the stellar population (i.e.,
an absence or deficit of first-generation stars in the
system), or a recent burst of star formation. We
studied radial variations in the stellar populations in
the disks using the parameter α—the slope of the
straight line characterizing the radial variations of the
disk color indices. In particular, tan αUBV = ∆(U −
B)/∆(B − V ) and tan αBV I = ∆(B − V )/∆(V −
I). For the normal color sequence, αUBV = 55◦ and
αBV I = 45◦. The larger the difference α − αNCS for
a disk, the larger the extent to which its stellar
population differs from the standard population with
increasing distance from the center of the galaxy.
Figures 4c, 4d present the dependences of αUBV

and αBV I on the morphological type of the galaxy.
Although the data display a large scatter, the average
α is close to αNCS: 〈αUBV 〉 = 48◦ ± 17◦ for the
samples of 392 and 144 galaxies (observations in
U were carried out only in [5]), and 57◦ ± 33◦ for
the sample of 9 galaxies; the corresponding αBV I

are 41◦ ± 25◦, 39◦ ± 27◦, and 42◦ ± 21◦. While it
follows from Fig. 4d that αBV I is independent of
the galaxy type, Fig. 4c displays some correlation:
αUBV decreases from early- to late-type galaxies.
The typical αUBV values for many late-type spiral
galaxies (Sb–Sc) are 10◦ − 40◦. According to model
calculations (see, for example, [15]), this provides
evidence for an appreciable gradient of the average
photometric age of the stars in the disk: the radiation
from the young stellar population suppresses that
from the old population at the disk peripheries.

The interpretation of the results derived from (U −
B)0,i − (B − V )0,i and (B − V )0,i − (V − I)0,i two-
color diagrams can be ambiguous, since variations of
the metallicity/stellar ages and selective absorption
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by dust both shift the points in the same direction—
along the NCS. Two-color diagrams with IR color
indices can be used to discriminate between the ef-
fects of dust and age or chemical-composition varia-
tions. Figure 5 presents the (B − H)0,i − (J − K)0,i

diagram for the galaxies. According to the models
of [21], variations of the age of the stellar population
primarily affect B − H , while variations of the metal-
licity and absorption by dust primarily affect J − K
(Fig. 5). Unfortunately, the photometric parameters
of the disks have never been studied simultaneously
in the BJHK bands, so that we can apply this test
only to the 9 galaxies observed by us. Note that the
straight-line sections characterizing the radial varia-

tions of the disk color indices are appreciably shorter
for the S0–Sa galaxies than for the spiral galaxies
(Fig. 5). This provides evidence for small radial vari-
ations in the stellar population and a weak influence
of dust in lenticular galaxies. In the intermediate-
type S0-a galaxy NGC 7280, however, we observe a
decrease in the average age of the disk stellar pop-
ulation with distance from the center of the galaxy,
as is typical for spiral galaxies. All the spiral galaxies
(with the exception of NGC 5351) display strong
radial gradients of their metallicities; it is also possible
that absorption by dust increases with distance from
the center. In late-type (Sbc–Scd) spiral galaxies,
the average age of the disk stellar population also
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typically decreases, and the lower the average age of
the disk, the larger the gradient for the decrease in
age from the center to the edge of the galaxy. Here,
the exception is the galaxy NGC 2336, which has a
relatively young stellar population, whose age does
not vary with distance from the center of the galaxy.

3.3. Absolute and Relative Size of the Disks

Both the absolute and relative sizes of the galactic
disks lie in even narrower intervals than those for the
central surface brightness (Figs. 6a, 6b). For the vast
majority of galaxies, the absolute length scales for
the disks are 2–7 kpc, while their relative scales are
h/R25 = 0.20−0.40. Table 4 presents the average h
and h/R25 values measured in various photometric
bands. Note that the scatter in h and h/R25 substan-
tially exceeds the difference between the absolute and
relative disk scales measured in different filters (ex-
cept for the shortest-wavelength U and B bands). On
average, the measured h and h/R25 values decrease
from short wavelengths (U ) to long wavelengths (K).

However, the disk linear sizes h(J) and h(H) are sys-
tematically smaller than h(K). This is probably due to
the fact that the IR color indices J − H and H − K
are insensitive to the age of the stellar population.

The linear disk scale is virtually independent of the
morphological type of the galaxy. Figure 6c presents
the corresponding plot of h(I) vs. galaxy type; sim-
ilar plots are obtained for the h values for the other
photometric bands. Any variation of h(I) with galaxy
type is substantially smaller than the range of h(I)
for each given morphological type. Note that the h(I)
range in S0 and Sd–Irr galaxies is half that in spiral
galaxies: 1–6 kpc vs. 1–12 kpc (Fig. 6c). With only
one exception, the linear scales for the disk brightness
decreases in S0 galaxies do not exceed 5 kpc; note
that our sample contains S0 galaxies with both mod-
erate and high (for example, NGC 524) luminosities.

The plot of h(I)/R25 as a function of the galaxy
type (Fig. 6d) appears more informative than the
plot in Fig. 6c. Clearly, the later the morphological
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type of the galaxy, the larger, on average, the rel-
ative size of its disk. For S0 galaxies, h(I)/R25 ≈
0.15−0.20, while for Sd–Irr galaxies, h(I)/R25 ≈
0.35−0.40. Similar dependences are obtained for the
relative disk sizes measured in the other photometric
bands.

Thus, for the studied sample of galaxies, the rela-
tive disk size increases, the disk color becomes bluer,
and the central disk K surface brightness decreases
in the transition from earlier to later morphological
types.

3.4. Ratio of Linear Disk Scales
in Various Photometric Bands

The parameter h(X)/h(Y ), where X and Y are
different photometric bands, is most sensitive to the
presence of dust, and the dependence of h(X)/h(Y )
on the isophote ellipticity e forms the basic obser-
vational data for determining the parameters of dust
disks in galaxies [10]. Table 5 presents the average
h(X)/h(Y ) for our samples of galaxies.

It was shown in the Introduction that the aver-
age disk-scale ratios obtained by different authors
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differ strongly, as do the dependences of h(X)/h(Y )
on the isophote ellipticity e. Using the total sam-

ple, we obtained relatively small average h(X)/h(Y )

values (Table 5). The values for 〈h(B)/h(I)〉 and

〈h(B)/h(K)〉 agree with the estimates of [8, 14] for

the case when there are appreciable effects only due
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to the radial age and metallicity gradients. In our
opinion, the large scatter in the average h(X)/h(Y )
obtained in earlier studies was due to the broad inter-
val of the observed h(X)/h(Y ) values (Figs. 7a, 7d).

The dependences between h(X)/h(Y ) and the
galaxy type in the BIK bands were studied previ-
ously in [14]. The plot of h(B)/h(I) as a function
of the morphological type of the galaxy in Fig. 7d
reproduces the results of [14]: h(B)/h(I) = 1.0−1.2
for S0 galaxies, the minimum value h(B)/h(I) = 1.0
is characteristic for all types of galaxies, and the max-
imum ratios increase from 1.2–1.4 for Sa galaxies to
1.6–1.9 for Sc–Sd galaxies.

Figures 7a–7c present h(B)/h(K),
h(B)/h(I), and h(I)/h(K) as functions of the el-
lipticity e. The ranges for the ratios of the linear
disk scales are fairly large; the minimum values for
h(B)/h(K), h(B)/h(I), and h(I)/h(K) are unity
independent of the inclination of the disk, while the
maximum ratios increase with increasing inclination
(h(B)/h(K) from 1.4 to 2.0, h(B)/h(I) from 1.2 to
1.8, h(I)/h(K) from 1.2 to 1.4). Note that h(I)/h(K)

increases with the disk inclination only weakly.
For the sample of 144 galaxies, we obtained the
dependences h(B)/h(I) = (1.07 ± 0.03) + (0.24 ±
0.09)e and h(I)/h(K) = (1.07 ± 0.03) + (0.02 ±
0.10)e. The fit parameters for the dependence of
h(B)/h(K) on e have very large errors. For the
sample of 392 galaxies, the coefficients of e turned
out to be systematically too large: 0.40 ± 0.08 for
h(B)/h(K), 0.33 ± 0.05 for h(B)/h(I), and 0.12 ±
0.05 for h(I)/h(K). This is due to the fact that
the data for the galaxies with e > 0.6 were taken
primarily from the three studies [1, 8, 14], which used
only one-dimensional decomposition of the galaxies
into bulge and disk components. The few objects
with e > 0.6 whose disk parameters were obtained
via two-dimensional decompositions display smaller
h(X)/h(Y ) values (Figs. 7a–7c).

The correlation between h(B)/h(I) and the linear
disk scale length h(I) noted in [10] is generally
confirmed. On average, larger disks display higher
h(B)/h(I) ratios. However, the scatter of the da-
ta is very large: for galaxies with h(I) ≈ 1 kpc,
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Table 4. Absolute and relative disk scales

Filter Sample of
392 galaxies

Sample of
144 galaxies

Sample of
9 galaxies

X h(X), kpc

U 4.2 ± 2.2 4.2 ± 2.2 8.0 ± 3.7

B 5.4 ± 3.4 5.1 ± 3.4 5.9 ± 4.0

V 4.8 ± 2.9 4.6 ± 2.7 5.4 ± 3.3

R 4.8 ± 3.1 4.8 ± 3.4 5.1 ± 2.9

I 4.4 ± 2.7 4.4 ± 2.6 5.1 ± 2.8

J – – 4.9 ± 2.5

H 3.9 ± 1.8 3.8 ± 1.9 4.9 ± 2.9

K 4.1 ± 2.4 4.3 ± 2.4 5.2 ± 3.3

X h(X)/R25

U 0.28 ± 0.09 0.28 ± 0.09 0.54 ± 0.31

B 0.33 ± 0.13 0.31 ± 0.09 0.38 ± 0.12

V 0.29 ± 0.10 0.29 ± 0.10 0.34 ± 0.09

R 0.30 ± 0.15 0.32 ± 0.19 0.33 ± 0.08

I 0.28 ± 0.13 0.28 ± 0.10 0.33 ± 0.09

J – – 0.33 ± 0.11

H 0.27 ± 0.12 0.29 ± 0.15 0.32 ± 0.10

K 0.25 ± 0.08 0.17 ± 0.08 0.33 ± 0.12

h(B)/h(I) = 0.9–1.4, while, for galaxies with h(I) ≈
8 kpc, h(B)/h(I) = 1.0–1.7. This dependence prob-
ably reflects the fact that both h(I) and h(B)/h(I), on
average, increase from earlier- to later-type galaxies.

Cunow [10] constructed model grids on a plot of
h(B)/h(I) as a function of the ellipticity e, depending
on the parameters of the dust disk τ0 and hdisk/hdust;
the parameter h(B)/h(I) characterizes radial vari-
ations in the composition of the stellar population
of the disk. The h(B)/h(I) values we obtained for
galaxies with various e values (Fig. 7b) emcompass
the entire range of models considered in [10]. Thus,
the data demonstrate that, in galaxies of all types,
various radial variations in the composition of the
disk stellar population and a broad range of disk dust
parameters are observed. We can note only a gen-
eral tendency for the dust contribution and the radial
gradients of the age and metallicity to increase from
earlier- to later-type galaxies.

We also considered the dependence of h(V )/h(I)
and h(B)/h(K) on the average surface density of
dust 〈σdust〉. To this end, we used the dust masses
derived in [18] from the FIR luminosities of 37 out
of the 144 galaxies in our sample, as well as the

Table 5. Ratio of disk scales in various photometric bands

Filter Sample of
392 galaxies

Sample of
144 galaxies

Sample of
9 galaxies

X/R h(X)/h(R)

U/R 1.18 ± 0.21 1.18 ± 0.21 1.52 ± 0.45

B/R 1.11 ± 0.15 1.09 ± 0.12 1.14 ± 0.11

V/R 1.03 ± 0.09 1.02 ± 0.06 1.04 ± 0.04

I/R 0.96 ± 0.11 0.97 ± 0.08 0.99 ± 0.07

J/R – – 0.98 ± 0.09

H/R 0.89 ± 0.10 0.97 ± 0.36 0.96 ± 0.08

K/R 0.87 ± 0.13 0.91 ± 0.14 0.99 ± 0.13

X/I h(X)/h(I)

U/I 1.23 ± 0.23 1.23 ± 0.23 1.51 ± 0.38

B/I 1.17 ± 0.24 1.14 ± 0.16 1.16 ± 0.15

V/I 1.07 ± 0.15 1.05 ± 0.10 1.06 ± 0.10

R/I 1.05 ± 0.12 1.03 ± 0.08 1.02 ± 0.07

J/I – – 0.99 ± 0.08

H/I 0.95 ± 0.10 0.95 ± 0.10 0.97 ± 0.07

K/I 0.93 ± 0.15 0.93 ± 0.17 1.01 ± 0.10

X/K h(X)/h(K)

U/K – – 1.51 ± 0.38

B/K 1.33 ± 0.30 1.22 ± 0.23 1.45 ± 0.32

V/K 1.13 ± 0.16 1.17 ± 0.37 1.17 ± 0.17

R/K 1.17 ± 0.18 1.14 ± 0.30 1.06 ± 0.16

I/K 1.10 ± 0.18 1.12 ± 0.32 1.02 ± 0.14

J/K – – 1.00 ± 0.10

H/K 0.99 ± 0.09 1.04 ± 0.33 0.97 ± 0.06

dust masses for 8 galaxies whose disk parameters
were determined by us (all except for NGC 1138).
We calculated the average surface density of dust

using the formula 〈σdust〉 =
Mdust

πR2
25(1 − e)

; Figs. 8a,

8b present the resulting graphs. No unambiguous
dependence between the disk scale ratio and the
average surface density of dust can be discerned.
The disks of many galaxies with large dust densities
display relatively small h(V )/h(I) and h(B)/h(K)
values (Figs. 8a, 8b). The data for 6 galaxies from
our sample (all except NGC 532 and NGC 783)
and for 7 galaxies with modest 〈σdust〉 values from
the total sample yield the dependence h(V )/h(I) =
(1.00 ± 0.04) + (3.2 ± 1.4) × 10−5〈σdust〉 (r = 0.76),
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where the units for σdust are M�/kpc2. Most galaxies
from the total sample are consistent with the de-
pendence h(V )/h(I) = (0.92± 0.02) + (1.3± 0.1)×
10−5〈σdust〉, with the correlation coefficient r = 0.94
(Fig. 8a); such galaxies are located within the region
delineated by dotted lines in the figure. h(B)/h(K)
is more weakly correlated with 〈σdust〉: using only
5 galaxies from our sample (all except NGC 532,
NGC 783 and NGC 2336), we can derive the depen-
dence h(B)/h(K) = (1.02 ± 0.04) + (11.6 ± 1.8) ×
10−5〈σdust〉, with r = 0.96 (Fig. 8b). Why do many
galaxies with higher dust abundances display modest
h(V )/h(I) and h(B)/h(K)? We suggest that, when
calculating the integrated dust mass in galaxies from
observations, we cannot discriminate between dust
that forms the exponential dust disk and dust that
is concentrated towards the spiral arms and bars.
For example, the galaxy NGC 4136, whose dust
is concentrated in the disk [16], displays the high-
est h(V )/h(I) and h(B)/h(K). At the same time,
NGC 532, NGC 783, and NGC 2336, which are more
dust-abundant, display relatively small h(V )/h(I)
and h(B)/h(K), due to the fact that a large fraction
of their dust is concentrated in bands along the inner
edges of their spiral arms [6].

3.5. Estimate of the Central Surface Density
and Mass-to-Luminosity Ratio of the Disks

Classical thin exponential disks display a de-
pendence between their central surface density σ0,
linear scale length h, and maximum disk rotational
velocity Vdisk: σ0 ≈ 0.044V 2

disk/h, where σ0 is mea-
sured in M�/pc2, Vdisk in km/s, and h in kpc.
Here, Vdisk = (0.6–0.8)Vrot (depending on the model

for the galaxy), where Vrot is the maximum rota-
tional velocity derived from observations. Thus, σ0 ≈
0.022V 2

rot/h. Figures 9a and 9b present graphs of the
dependence of h(I) and h(K) on Vrot, respectively.

In most galaxies, the central disk surface density
lies in the range 50–500 M�/pc2; the σ0 values de-
rived from the dependence of h(K) on Vrot are dis-
tributed more densely (Fig. 9b). We can see a weak
correlation between σ0(I), σ0(K), and the galaxy
type: on average, earlier-type galaxies display larger
σ0 values (Figs. 9c, 9d). This is consistent with the
dependence on galaxy type obtained for the central K
surface brightness of the disk (Fig. 2e).

The quantities µ0
0,i(K) and σ0(K) are fairly well

correlated in galactic disks (Fig. 10a). σ0(K) can be
estimated from µ0

0,i(K) with an accuracy of ±50%.
A less clear correlation is observed when µ0

0,i and
σ0 values measured in other photometric bands are
considered. The data for our sample of 9 galaxies cor-
responds to the dependence log σ0(K)[M�/pc2] =
−0.4µ0

0,i(K) + 9.5 (|r| = 0.30) or σ0(K) =

100.4(23.75−µ0
0,i(K)) ≈ 0.36(M/L(K))� (Fig. 10a).

However, the data for the total sample of 392 galax-
ies is consistent with the dependence log σ0(K) ∼
−0.225µ0

0,i(K), which indicates a dependence of
the limiting value for the M/L ratio on µ0

0,i. For
galaxies with high central disk surface brightnesses,
M/L ≤ 0.9(M/L)�, while for those with low cen-
tral disk surface brightnesses, M/L ≤ 0.15(M/L)�
(in the K band). A similar dependence between
〈M/L(K)〉 and the IR luminosity of a galaxy MK

was found in [22]: log(M/L(K)) ∼ −0.08MK . The
model calculations of [23] predict the dependence
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log(M/L(K)) ∼ −0.05µ0
0,i(K), where M/L(K) is

the mass-to-luminosity ratio for the disk as a whole

and µ0
0,i(K) is the central surface brightness of the

stellar population of the disk. Note that the observed

disk-averaged values 〈M/L(K)〉 are equal to 0.7 (ac-

cording to the data of [24]) and 1.0± 0.4 (according to
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the data of [22]), while the model calculations of [23]
predict lower values: 〈M/L(K)〉 = 0.5 ± 0.2.

We attempted to estimate the ratio M/L(B) at
the disk center based on the ratio of the central disk
surface density σ0(K) and the central disk surface
brightness µ0

0,i in B band (Fig. 10b). This is a
very indirect method for estimating M/L(B), which
depends strongly on the model parameters of the disk,
and our results are only qualitative. As we can see in
Fig. 10b, the ratio M/L(B) decreases from early-
to late-type galaxies. For the former, M/L(B) =
1.5–3(M/L(B))� , while in most spiral galaxies,
M/L(B) = 0.3–1(M/L(B))� . A pronounced cor-
relation between the maximum M/L(B) values and
the galaxy type is manifest by the Sb–Sd galaxies
(Fig. 10b).

It is of interest how the central surface bright-
ness of the disk µ0

0,i(I) depends on its linear size
h(I) (Fig. 11). The distribution of galaxies in Fig. 11
displays a clear lower boundary. For galaxies with
larger disks (h(I) > 5 kpc), this boundary reflects the
limiting observed integrated luminosity of the disks
L(I) ≈ 1011L(I)� (lines of equal disk luminosity cor-
respond to the function µ ∼ 5 log h in the graph). The
integrated luminosities of galaxies with moderate-
size disks (h(I) < 5 kpc) do not reach 1011L(I)�;
the basic constraint here is imposed by the limiting
central disk surface density (≈ 500 M�/pc2).

4. DISCUSSION OF THE RESULTS

The most intriguing result that we have obtained
is the decrease in the central disk surface brightness
in late-type galaxies in the IR, with µ0

0,i(B) remaining

constant along the Hubble sequence. Similar results
were obtained previously by Peletier et al. [8] and de
Grijs [14]. Peletier et al. [8] explained this dependence
by suggesting that the centers of the galactic disks
are optically thick in the B band, but optically thin in
the K band. In our opinion, this interpretation leaves
unexplained the dependence of µ0

0,i(K) on the galaxy
type, as well as the constancy of µ0

0,i(B) along the
Hubble sequence. If we assume that the distribution
of dust corresponds to the density distribution in the
stellar–gaseous disk in the galaxy, and if we consider
a model with dust homogeneously mixed in a stellar–
gaseous medium (which seems more correct than
a dust-screen model, since the vertical scale z for
the decrease of the dust-disk density is to order of
magnitude equal to the vertical scale for the density of
the stellar–gaseous disk [4, 10]), which yields the ab-

sorption Aλ = −2.5 log
1 − exp(−τλ)

τλ
, it would seem

to be impossible to explain both the constancy of
µ0

0,i(B) and the variation of µ0
0,i(K) along the Hubble

sequence.

We suggest the following interpretation for the
dependence of µ0

0,i(K) on the galaxy type, given
the constancy of µ0

0,i(B). The surface brightness
µ0

0,i(K) at the disk center does, indeed, decrease
along the Hubble sequence (at least, starting with
the Sc galaxies). This is suggested by indirect but
independent estimates for the central disk surface
densities σ0(K). We assume that the volume central
density of the disk ρ0 does not depend on galaxy type,
and that the variations of σ0(K) and µ0

0,i(K) along
the Hubble sequence are due to the fact that the disks
of early-type galaxies are thicker (display relatively
larger z values) at their centers than the disks of
late-type galaxies. The main contribution to the B-
band radiation is made by younger stars, whose
distribution along the polar axis is approximately the
same in galaxies of all types. To verify this hypothesis,
supplementary observations of galaxies of different
types, in particular, viewed edge-on, and studies of
the z(B)/z(K) dependence for the disks are needed.
Note that the existence of a vertical color gradient in
spiral galaxies (explained as being associated with a
metallicity gradient) was discussed in [25].

Another interpretation is also possible: in late-
type galaxies, the less dense disks compensate the
central brightnesses with more intense star formation
(i.e., giving rise to lower M/L(B) values compared
to those in early-type galaxies). However, this inter-
pretation does not explain the physical origin of the
constancy of µ0

0,i(B).
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Figure 3d shows that ∆(B − V )0,i =
(B − V )R25

0,i − (B − V )00,i does not depend on the
galaxy type. This is due to the independence of
µ0

0,i(B) on the galaxy type, and also to the way in
which the parameter R25—the radius of the galaxy—
was determined, i.e., from the 25m/(sq. arcsec) B
isophote. Since h/R25 increases from early- to late-
type galaxies (Fig. 6d), the color gradient normalized
by the disk scale h increases along the Hubble se-
quence. Independently, a similar result can be derived
from the dependence of h(X)/h(Y ) on the galaxy
type (Fig. 7d) and from the two-color diagrams
(Figs. 4a, 4c, 5).

The properties of dust disks and radial varia-
tions in the composition of the stellar population
differ strongly in different galaxies, making it diffi-
cult to derive an unambiguous dependence between
h(X)/h(Y ) and the isophote ellipticity e, as was done
in [1]. The average h(X)/h(Y ) values obtained by us
are consistent with the estimates made in [8, 14] for
the case when the parameters are affected only by the
radial gradients of the age and metallicity. Our results
for the sample of 392 galaxies are fully consistent
with the data of [3–5, 7, 8, 13]. Higher 〈h(X)/h(Y )〉
values were obtained in [10, 14]. The presence of dust
substantially affects both h(X)/h(Y ) and the form
of the dependence of h(X)/h(Y ) on the ellipticity e;
however, we were not able to find any well defined
correlation between the disk scale ratio and the
average dust surface density, due to the fact that,
while we know the total mass of dust, we cannot
discriminate between dust that forms the exponential
disk and dust that is concentrated toward the spiral
arms and bars. The dust concentrated along spiral
arms and bars does not affect h(X)/h(Y ).

5. CONCLUSIONS

(1) In the transition from early- to late-type galax-
ies, the central K surface brightness and the central
surface density of the galactic disks decrease, the
integrated and central color indices and central mass-
to-luminosity ratio M/L(B) decrease, and the rela-
tive size of the disk h/R25 and the ratio h(X)/h(Y )
increase (here, X is a shorter wavelength photometric
band than Y ). The color gradient (normalizing by
R25) and the blue central surface brightness µ0

0,i(B)
are independent of the galaxy type. The disks in early-
type galaxies appear to be denser at the center and
shorter than the disks in late-type galaxies. The av-
erage age of stars in the disks in early-type galaxies
is higher, and the linear gradients of the age and
metallicity lower than those in late-type galaxies. The
impact of dust on the photometric parameters of the

disks and galaxies as a whole increases in the transi-
tion to late-type galaxies.

(2) The disks in S0 galaxies have more homoge-
neous parameters than those in spiral galaxies. This
may be due to the lower linear age and metallicity gra-
dients of their stellar populations, as well as the lower
amounts of dust in the disks of S0 galaxies. No sharp
boundary in the properties of disks in lenticular, spiral,
and irregular galaxies has been found—all parameters
vary smoothly along the Hubble sequence.

(3) In all photometric bands, the central surface
brightnesses of the disks increase with the total lu-
minosity of the parent galaxy.

(4) The ratio of linear disk scales measured in dif-
ferent photometric bands h(X)/h(Y ) increases with
the isophote ellipticity e of the disk (the inclination of
the galaxy); however, the range of h(X)/h(Y ) values
for each e value exceeds the range of variations of
h(X)/h(Y ) over e. This is due to the fact that very
broad intervals are observed for the radial variations
of the composition of the stellar population in the disk
and the parameters of the dust disks in the galaxies.

(5) Assuming that the surface density distribu-
tion in the disk corresponds to the K-band sur-
face brightness distribution, the dependence h(σ) =
h(I)/(1.07 + 0.02e) can be used to determine the
linear scale for the decrease of the surface density
h(σ) with an accuracy of ±15%.
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