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~  The beginning of a systematic study of galactic spectra may be said to

.ate back to 1925, when Slifer investigated the speclra of 41 galaxies. A ca-
talog containing the radial velocities of 800 galaxies was published in 1956 [1].
Spectrophotometric investigations are procceding along two lines: the stellar
composition of the galaxies is re-established by absorption characteristics,
while the physical conditions, chemical composition and the dynamics of the
gas component arc estimated by the emission spectra.

The emission spectra of the galaxies were investigated in our previous
paper. As is known, a diffuse emission from the entire disc, as well as an
emission of the I Il regions from the spiral sleeve and of other regions, can
be observed in the galaxies. In turn, the emission of nuclear regions is a con-
sequence of (@) nuclel with characteristics of the type Sy 1, () nuclei of {ype
Sy 2, (¢) lines or Seylert nuclei of type 3, and (d) nuclear H I regions. The
=houndary between the Seyfert galaxies and less active galaxies was determin-
d, according to [?], by: (OI)/HB=3, FWHMqy,>300 km/sec. At that, as
‘Toted in [3], the ionization mechanism is the most important parameter. The
width of the lines is a secondary indication. What the nuclear sources, listed
in (a), (b) and (c), have in common js that they cannot be explained by the
ionization of gas from hot stars.

Let us now consider the properties of the nuclear H If regions. Original
observation material, supplemented by lit. data, has been used for the purpose.
Jhe data on the relafive infensities of the lines !;L_;’HHOL comprise 114 galaxies.

‘he data on the fluxes £, luminosities L,, the effective volume occupied by
the gas Ve, the mass of gas ing.s electron density #, and the number of ioniz-
ing stars of class 07 V reter to 85 of them. The study covered 14 galaxies
with a high surface brightness (Akn), 31 galaxies with a u. v. continuum (Mrk)
and 40 nearly galaxies (NGC) which do not belong to other groups. Qur data
include 50 of the investigated galaxies.

The following parameters are relevant when the physical condition in the
nuclear H Il region are studied : fluxes and luminosities in the line H, (in some
cases the fluxes in the line Hy were determined and then the relation
F,L,,m:2.88;»<FHB was used), the effective volume V. and the effective radius
taken from the emitted gas respectively, the electron density n, and the pow-
er of the ionization source, in this case represented as the number of stats
of the 07V class whose w. v. radiation suffices to maintain the gas in an io-
nization-recombination equilibrium. The electron temperature 7, in all these
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regions varies relatively slightly, from 6000 to 15000 °K. The data on the
different types of objects are shown in Table 1, which also includes the
intervals of variation of the respective magnitudes per group, the mean magni-
tudes (X), their dispersions ¢ and the numher of investigated galaxies. The
results boil down to:

1) The fluxes F,; decrease on the average from the NGC via the Ara-

kelian to the Markarian galaxies, This is a natural reflection of the fact that
the first group comprises nearby galaxies.
~ The luminosities L, on the average increase in the same sequence.

~3) The mass of emitted gas YMgas ont the average changes from 5 103Mg
for the nearby galaxies and 75X109Mg for the Arakelian galaxies to
52x10° M, for the Markarian galaxies,

4) The emitting gas occupies correspondingly a volume with an effective
radius of ca. 10 p.c. for the nearby galaxies and ca. 20 p. ¢. for the other

roups.

© %) The electron density determined by the doublet of the ionization sul-
~ur [SI] AN 6717, 6731, according to [*], correspondingly varies from <100
o 4000cm—3 for the nearby galaxies, 100 to 9000cm—3 for the Markarian
galaxies, The only exception is the Arakelian 144 galaxy, whose electron
density is ~32000 cm—2

6) The ionization source is qualitatively estimated with the necessatry-
number of stars of the 07 V class, whose u. v. radiation would suffice to main
tain the gas in an ionization-recombination equilibrium. Each of these stars
has a mass of ca. 30 Mg. The estimate is formal in a certain sense, because
there are indications that the gas may be hecated by stars of the horizontal
branch of the Herzsprung-Russel diagram with masses lower by one or-
der [5}. Ergo, ~500 such stars (maximum 3000) are on the average necessary
and sufficient for the nearby galaxies, ~3000 (max 10000) for the Arakelian
galaxies and 6500 for the Markarian galaxies, the upper limit being about
=50000. The last figure is impressive, considering that a star of the 07 V class
8 statistically encountered on the average in 10%-107 dwarf stars, i.e. a mass
of the order of 10'2-10'8 M, is enclosed in the nucleus of such a galaxy.
It follows that the Markarian galaxies are the most active. This is borne out
by the percentage of Seyfert galaxies among the last two groups: 10/ of the
Arakelian galaxies and over 100/, of the Markarian galaxies (let us recall that
only non-Seyfert galaxies are examined here).

7) As regards the homogeneity of the group of Markarian galaxies, our
..data reveal that it is not a homogeneous group. If we divide them conventio-
wally by the power of the ionization source into three groups—n, <3000,
3000>n,>10000 and 10000<n,, in such a way that the first are clpse in pa-
ramefers to the ‘nearby’ galaxies, and the second are close to the Arakelian
galaxies, there remains the last group for which there is no analog. The data
on the subgroup (Table 2) indicate that here the gas mass changes by one
order: 10%, 105 and 10% Mg. The natural inference is that at least the galaxies
of the thitd subgroup may be heated by another mechanism. In the nucleus
of the Mrk 171 galaxy (which refers to the second subgroup) the gas may
also be heated, as we showed in [%], by shock waves. It should be noted that
no correlation was found between the division of the subgroups and the spec-
tral characterislics of the nucleus adduced by Markarian et al.

The relative intensities of the emission lines were then considered, viz.,
the ratios /£, 6584 [N}/, and 5, (6717 +6731)[Sll]/{,,. Analogous data on

other classes of cmission objects—normal Il regions, planetary nebulae, Sey-
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Table 3
Mean ratios 1y, 6384/7H, and 1,, (6717-+6731) HI, for different classes of emission objects

: | i
. Mrk Mrk M . M
Class nearby | Aku Mrk ‘; 1; Crk PIN a” A 1 l ggiqllrl- (S:é03+
A 6584 | !
[NII] 7 113 | 055 | 057 | 057 | 073 | 037 | 007 | 042 | 031 | 0.06 0.80
o
£724 - e ‘ ) | )
[S10) o 062} 038 | 0.36 | 033 | 052 | 032 002 | 032 236 | 0.04] 048
@ ‘ ‘ ' 1
No. per class | 41 27 16 34 7 5 19 11 7 |34 10

fert type 1 and 2 galaxies, as well as radio galaxies with broad and narrow
lines— are given for the sake of compatison (results in Table 3), At that, the
fower the excitation is, the greater in value the examined ratios are. As the
data reveal, the lowest excited are the nuclei of the ‘nearby’ galaxies, The_
conditions in the nuclear HII' regions of the Arakelian and Markarian galaxie

are close to those in the normal HII regions. The high ratios 7, 6584//H, and
Lo (6717-+6731)/f,;, of the Seyfert type 2 palaxies and the radio galaxies
with narrow lines refer to the zones (OIl), which are characterized by relati-
vely low densities and temperatures.

This observation gradation may be explained as follows: (1) Sulfur and
nitrogen ions are known to emit only in low-density regions - - 7,~10%104 cm3,
while /7, emits in the entire volume. The low ratios for Sy 1 and BLRG are
then a reflection of a relatively wide density region with #, up to 10° cro- ® which
is not observed in the other objects. For Arakelian and Markarian galaxies one
should then expect zone (OIll), with arelatively low density (SH),~104-105 ¢cm—3,
(2) It is possible that at least lines Ah 6717, 6731 of the ionized sulfur may
emerge in the hot regions HI, if there is a mechanism heating them up to.
several thousand degrees (e. g., shock waves, stellar wind and the like),

Finally, let us consider certain interesting objects and results. .

a) The Arn 144 galaxy has the highest hitherto known ratio 7, (6717
+6731) (SII)//ya=3.60. At that,the electron density determined by this doublet
is 32000 cm—3,

b) The Mrk 442 galaxy likewise shows a very high ratio of the sulfur
lines and H,=2.

c¢) In the NGC 5005 galaxy strong differences are observed between
lit, [*7] and our data: the fluxes in the H, linc differ by two orders, while the”
differences in the ratios of the foremost lines come up to two times. Similar
differences are also observed in the NGC 5194 galaxy. A more detailed in-
vestigation is called for here,
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