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SUMMARY: Here we have juxtaposed two distant cosmic locations of the Sun
and AGN where neutral hydrogen appears in a close connection with hot coronas.
Besides the solar photosphere, chromosphere and prominences where the presence
of neutral hydrogen is well established, its emission quite high in hot solar corona is
still puzzling. Some of earlier observations where Hα emission in solar corona was
detected in eclipse and in daily coronagraphic observations are reviewed. A proper
theoretical explanation of this cold chromospheric-type emission in the hot corona
does not exist yet. On the other side, a similar emission of hydrogen lines is present
in Active Galactic Nuclei (AGNs). Much research work is currently being done in
this field. We outline some of the concepts of the AGN structure prevailing in the
astrophysics today.

1. INTRODUCTION

In solar photospheric and chromospheric spec-
tra, originating at temperatures from 4000 K to 5·104

K, the hydrogen absorption or emission spectral lines
are always present. Apart from them, the Balmer
emissions - intrinsic or somehow reflected - were no-
ticed in the coronal spectrum more than a century
ago. The majority of solar physicists are now con-
vinced in the intrinsic coronal origin of those low
excitation emission regions. However, in most cases
their sizes, locations in the corona, appearance, time-
variations and possible theoretical explanations are
not well established yet. The presence of the neutral
hydrogen emission implies the co-existence of a cool
plasma phase of the temperature about 104 K with
the hotter one of 106 K.

Not insisting on an exhaustive list of localities
where hydrogen appears in the Universe, one may
find interesting to notice a certain degree of similarity

of the radiation processes of hydrogen in solar corona
and in AGNs. Here we review the solar as well as the
AGN cases of Balmer emission originating in the hot
low-density plasma surroundings. The basic concept
of such an approach was presented at the 19th SPIG
(Arsenijević et al. 1998).

2. THE SOLAR CASE

2.1 The Base of Solar Corona

For the sake of a detailed research the hot
plasma sphere called the Sun is in radial direction
usually divided into several layers: the core, interior,
convective zone, photosphere, chromosphere and co-
rona. The last three are sometimes called the solar
atmosphere or solar outer layers. The photosphere
and chromosphere represent the lower boundary of
the corona. Its upper limit is not sharp: the corona
gradually rarefies into the interplanetary space.
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Fig. 1. The eclipse February l5, 1961 flash spectrum taken with a kind of moving plate. The wavelength
(4215 Å to 4472 Å) increases towards right, the time increases upwards: T1 = start of the exposure, T2 = the
complete fading of the continuum (the eclipse totality begins), and T3 = the end of the exposure. Notice the
conversion of Hγ (the brightest emission line near the center) and many other spectral lines from absorption
in the photosphere into emission in the chromosphere.

The photosphere, a layer about 300 km thick,
with its upwards decreasing temperature from about
6000 K to 4400 K and electronic density of 1012 cm−3

at its upper boundary, irradiates strong optical and
IR continuum and absorption spectrum containing
numerous absorption spectral lines of neutral and
low-ionized atoms. Immediatelly above it is the chro-
mosphere, the layer transparent in the continuum
wavelengths but with many emission spectral lines
excited at temperatures higher than 4400 K up to
about 5 · 104 K and electronic densities from 1012

cm−3 to 1010 cm−3 (Allen 1964).
To the heights of about 3000 km from the

photosphere, the chromosphere is a turbulent but
more or less compact medium. After that, it dis-
integrates into a great number of narrow streams
called spicules. Looking at the chromosphere near
the solar limb, one easily resolves spicules at heights
of about 5000 km. The highest spicules can extend
up to 1.5·104 km or somewhat more. The space be-
tween spicules above the height of 3000 km is filled
with the coronal plasma (Athay 1965). The low lev-
els of corona contain magnetic fields of various scales
originating in the photosphere or below it. The fields
have a very complex and variable structure. Driven

by various photospheric motion, mainly of granular
and supergranular size, a kind of ”braiding” and sub-
sequent frequent reconnections of magnetic field lines
occur. The energy released in this process effectively
heats the corona (Schrijver et al. 1998). A wide
range of coronal heights is involved: from the lowest
levels hidden somewhere behind the chromospheric
spicules to the heights of large diffuse coronal loops
comparable with the solar radius (Priest et al. 1998).
This heating process is permanent - at smallest scale
it does not depend on solar activity - and it is more
than sufficient to keep the corona at temparatures of
the order of 106 K.

The two mentioned spectra, the photospheric
absorption and chromospheric emission one are nice-
ly seen and can be recorded as they convert one into
the other on rare occasions of total solar eclipses.
Namely, the Moon near the totality of an eclipse
slowly scannes the both layers, covering or uncov-
ering the solar limb (Fig. 1). Here, the so called
”flash-spectrum” is recorded by a modified ”moving
plate” technic (Kubičela 1968). During a 45-second
long exposure that started at T1 and lasted untill T3,
the part of the photosphere giving the spectrum at
the bottom of the record in Fig. 1 was slowly covered
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by the Moon untill the last trace of continuum spec-
trum disappeared at T2 and only the chromospheric
emission lines remained to be recorded. The Balmer
lines are present in both spectra. The brightest and
the highest emission line at the center is Hγ . The
covered spectral interval runs from 4215 Å to 4472
Å.

Taking into account the temperatures and
densities in these two layers as well as in the corona
(having temperature of the order of 106 K and an
electron density decreasing upward from 4·1010 cm−3

at its base to 2 · 106cm−3 at the height of about
3 · 106 km) one would not expect the Balmer emis-
sion higher than in chromosphere, exclusive of promi-
nences. Actually, the intrinsic emission spectrum of
corona (”E-corona”) contains spectral lines of highly
ionized elements. For example, the most known vi-
sual spectral lines are the green FeXIV 5303 Å and
the red FeX 6374 Å. Also, hot active features in the
corona strongly emit at many X-ray, UV and radio
wavelengths.

2.2 Some Previous Solar Observations

The first observations of low excitation spec-
tral lines in solar corona were recorded in the last
century. Namely, during the 1868 eclipse, Rayet no-
ticed Hβ , D, as well as 5303 Å spectral lines high
above the prominences. Also, Janssen on the oc-
cassion of the 1871 eclipse spectroscopically (radial
spectroscope slit) found hydrogen emission lines 10’
above the Moon’s limb (Dermendjiev 1997).

Later on, mainly in the first half of this cen-
tury, some observers did not believe in solar origin
of the recorded low excitation emission in corona.
It was suspected to be the chromospheric radiation
scattered in the Earth’s atmosphere or, in some ca-
ses, it was found to originate in the telescope (Zirin et
al. 1964). Here we review some more or less success-
ful observations where the recorded ”cold” emission
was supposed to originate in the solar corona.

In the 1952 eclipse H and K CaII and Hγ lines
were registered at a distance 70’ from the Moon’s
limb and explained as local appearance of a diffuse
prominence matter (Colacevich 1952).

During the 1970 eclipse, Gurtovenko and Ali-
kayeva (1971) observed low excitation emission 4·104

km to 105 km high in the corona. At the same po-
sition a system of thin, dense streamers was found.
Elaborating the same observation, Alikayeva (1975)
found H, He and some neutral metal emissions and
estimated the intensity of this ”cold” emission as
being about 1000 times weaker than in prominence
spectra. She also estimated a possible temperature
value between 104K and 3·104K, as well as the elec-
tron density between 109 cm−3 and 1010 cm−3.

Bappu et al. (1972) observed coronal spec-
trum during the 1970 Mexican eclipse. As the most
striking low excitation spectral lines they found HeI
5876 Å and Hα followed by the less intense lines H
and K CaII, Hγ , Hζ , Hη and D3 with the maximum
intensity at about 0.5 solar radii above the Moon’s

limb. The typical coronal lines FeXIV 5303 Å and
FeX 6374 Å appeared closer to the Moon’s limb. The
authors readily explained the phenomenon as ”a cool
column in the outher corona”.

Some years ago, a program for daily monitor-
ing coronal Hα structures started at Pic du Midi
(Niot and Noens 1997). They use the Lyot coron-
agraph and a three-cavity interference filter centered
at Hα with a 3.3 Å passband. This program is con-
centrated on rapid and energetic Hα structures very
close to the solar limb - which is needed for coopea-
ration with SOHO. As some exemplary results the
authors presented rapid time-variations of Hα emis-
sion flux lasting from some minutes to one or two
hours and amounting to from less than one to more
than ten ”sunbrightness in 1 arcsec square surface”.

Most recently, Foing (1998) during the 1998
eclipse searched for the cold Hα emission in corona.
No results have been published yet. However, he
suggests us to try such observations in August 1999.

2.3 Modelling the Regions of Solar Cold Coro-
nal Emissions

There are no general conclusive theoretical re-
sults on the possible origin of low-excitation (chro-
mospheric) spectral lines in higher levels of the coro-
na. Most often it is assumed that the phenomenon
is a transient one - a special short phase in the very
complex plasma activity in corona.

One of potential physical mechanisms that mi-
ght cool coronal plasma is given by Dermendjiev
(1997) who in some detail describes the idea (earlier
proposed by Öhman) that certain changes of local
magnetic field in corona can sometimes decelerate
electrons and protons spiralling around the magnetic
field lines.The result is local decreasing of kinetic
temperature and recombination of hydrogen atoms.

A somewhat more detailed picture of small-
scale Hα emission regions in sporadic coronal con-
densations was presented in Orrall’s discussion (Lüst
ıet al. 1965). This is an empirical model of a sporadic
loop-like coronal condensation. Generally, the high
temperature (106K) loops are about 1.5·104 km thick
and radiate in Fe XIV 5303 Å. Embeded in some of
these are bundles of fine Hα loops with thickness of
2000 km and temperature less than 105K. In a thin
transition region between these two components the
red FeX 6374 Å emission is radiated. The region
that emits the yellow CaXV 5694 Å line is much
more extensive. Orrall suggests that in such places
the hot coronal plasma cools, compresses and pro-
duces small-scale Hα emitting regions. Life-time of
that kind of coronal condensations is usually several
hours.

2.4 A New Observation

There are several kinds of ”coronal loops” -
arc structures in corona seen in emission at various
wavelengths. The shapes of the arcs or loops are
defined by magnetic field lines to which some amount
of coronal plasma is ”frozen in”.
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Fig. 2. (left) Post-flare loops of June 26, 1992 ob-
served with YOHKOH in X-rays with superimposed
contours in Hα light at 07:08 UT. Hot plasma at the
tops of the loops and at their bases is seen as bright
triangle and a flare ribbon respectively.

Fig. 3. (bottom) Cool post-flare loops in Hα±0.3
Å observed at Pic du Midi: (a) intensity fluctuations
(bright is white), (b) Doppler shifts (white/black cor-
responds to blueshift/redshift). When the intensity
is too low, the intensity fluctuations and the velocity
in Hα wings at 0.3 Å cannot be computed. These
points appear gray as the sky does. The highest arcs
are about 9.5·104 km high. North is towards the left.
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A multiwavelength observation of such an eve-
nt that occured on June 26, 1992, after a chromo-
spheric flare, was effected during about 11 hours in
soft X-rays by satelite YOHKOH, Fig. 2, and in
Hα light at the Observatory Pic du Midi,(MSDP-
spectrograph), Fig. 3 (Schmieder et al.1995). The
mentioned scenario from Orrall’s discussion (Lüst et
al. 1965) has been to a great extent confirmed. The
three loop-like, slowly (1.4 kms−1) ascending, arcs
seen in Hα light (Fig. 3, upper row) reaching the
height of almost 105 km, were gradually decaying
during the observation. The birthplaces of the cool
plasma entities are at the top of the loops where,
couple of hours earlier, strong X-ray radiation indi-
cated high temperature of about 5.5·106 K. During
the observation, these places underwent a fast cool-
ing: right down to the temperature of 2·104 K or
somewhat less. The elements of the structure in Fig.
3 emit Hα radiation while the background still keeps
its temperature of the order of 106 K. The three lower
pictures in Fig. 3 show the Doppler shifts of the
loop elements: the blueshifted parts as white and
the redshifted ones as black. Scrutinizing these pic-
tures, one inevitably concludes that the matter in
both branches (or ”legs”) of a loop falls down - into
the chromosphere. The explanation is: the cooling
at the top of a loop increases the plasma density (the
measured electron density has increased by the fac-
tor 3) and plasma, tracing the magnetic field lines,
falls down due to of hydrostatic reasons.

It is worth noticing that such temperature re-
gime and kinematics, characteristic of the ”post-flare
loops”, do not apply to some other kinds of coronal
condensations (e.g. ”flaring loops”).

The same post-flare loop event is presented in
Malherbe et al. (1998) as a videotape. It is very
instructive to see the motions and intensity changes

along the loops. Notice an almost horizontal loop
with one-directional motion along it (a flaring loop).
It does not belong to the group of three vertical post-
flare loops we have discussed here.

3. THE AGN CASE

3.1 Focusing on Seyfert Galaxies

Many galaxies exhibit some kind of activity
which usually takes place in the galaxy core, namely
in the AGN. An AGN has to satisfy at least some of
the following conditions: 1) Radiation mostly origi-
nates in a compact nucleus, 2) There is a strong non-
stellar continuum irradiated from the nucleus and
emission spectral lines excited by it, 3) Both kinds of
spectral features: continuum and the emission lines
are variable in time, 4) Collimated jets from the nu-
cleus are present, and 5) Extended radio lobes are
developed.

Active galaxies can be grouped as follows: 1)
Radio galaxies, 2) Quasars, 3) Blazars ( BL Lac ob-
jects and ”optically violent variables”), 4) Seyfert
galaxies (Sy1 and Sy2 types), and 5) Low-ionization
nuclear emission regions (LINERS) (Karas 1998).

In the present review we deal with AGNs of
Seyfert galaxies only.

3.2 Spectrum of AGN

A very wide interval of wavelengths is irra-
diated from the AGN source: from hard γ to ra-
dio emission. Neutral and ionized emission lines are
present. The last ones are found as Low Ionized Lines
(LILs) and High Ionized Lines (HILs). As an a ex-
ample, a part of the optical AGN spectrum of 3C120
is shown in Fig. 4.

Fig. 4. Spectrum of the galaxy 3C120 observed by K. K. Chuvaev at Crimean Astrophysical Observatory.
From left to right, it shows the relative intensities of the redshifted spectral lines: Hγ (a very small peak),
Hβ, two narrow OIII lines, two weak telluric lines, and Hα (the strongest line). Notice the broad wings of
the Balmer spectral lines.
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Fig. 5. An axial (not-to-scale) cross-section of an AGN acording to Wilson (1997). The black hole,
BH (white dot) is at the vertex of the ionization bi-cone (a-BH-a’ and b-BH-b’) defined by the free angular
opening of the ”shadowing accretion torus” (T-T). Here the torus is at its inner side extended to form the
accretion disk (D-D) touching BH, according to Emmering et al., (1992). On each side of the acretion disk
(above and below the line D-D) there is a BLR consisting of a greate number of broad line emitting clouds
(black dots). The narrow emission spectral lines originate within the cones a-BH-a’ and b-BH-b’, at distances
from about 100 pc to 1000 pc from the BH (the NLRs). Here the ionizing radiation from the vicinity of BH,
plasma wind and plasma shocks propagate in the outward direction. At distances of about several kpc the
matter coming from the AGN becomes mixed up with the galactic ambient gas.
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The unique property of AGN emission lines
is their division into Broad Lines and Narrow Lines
and, in some cases, their superposition. Balmer lines
have a complex structure: they are composed of a
narrow central component and of one or more broad
ones. The shapes and variability of spectral lines in-
dicates a complex structure of AGN. Moreover, we
can add here time-variations of the radiation flux in
the ionizing (X-ray and UV) and optical continua
followed by correlated changes of the emission lines
fluxes. The correlation time-lag exibits certain reg-
ularities (reverberation) and these constrain the size
and structure of the corresponding emitting regions
of an AGN.

3.3 AGN Structure and Kinematics

Various models were proposed to explain the
observed complexity of AGN phenomena. In the first
place a model has to account for an enormous energy
production in, and irradiation from, an AGN. The
total luminosity of an AGN can be in the range from
1038 erg s−1 to 1045 erg s−1. Mainly, two concepts
of the ”central engine” in active galaxies have been
proposed.

The Starburst Concept

There are circumstances when an unusually
great number of very hot stars, so called ”warmers”,
of temperature more than 105 K, appear near the
galactic center. If earlier supernova explosions en-
riched that space with heavy elements, the star for-
mation and the supernova events become even more
frequent. The phenomenon is called ”starburst”. It
fills the galactic center with hot stellar winds and
strong X-ray, UV and optical radiation followed by
already mentioned specific emission spectral lines.
Wide-spread plasma and radio jets are launched aro-
und the rotation axis of the galaxy (Veilleux et al.
1996). A typical galaxy of this kind is M82.

The main phenomenological features of these
galaxies are: the hot gas bubbles near the galactic
center - where the starburst events take place, and
very wide fan-like plasma jets usually seen as ejected
from the galactic center away from the equatorial
region of the galaxy.

The efficiency of energy production by the
starburst mechanism is very low as it relies on stellar-
type nuclear reactions. Only 0.1 per cent of the mass
involved can be converted into the energy. The nu-
merous stellar and supernova remnants cluster near
the galactic center and consequently colapse into a
massive black hole. For some time, of course, such
a black hole might co-exist with the still active star-
burst in a galaxy like, for example, NGC 1068 and
NGC 3079. In this sense some astrophysicists con-
sider the starburst galaxies as an early phase in the
evolution of an AGN that will eventually be powered
by a black hole only. Such a galaxy, NGC 4945, as
well as a galaxy-merger case, NGC 3256 (merging
of two galaxies is supposed to trigger the starburst)
have been analyzed by Moorwood and Oliva (1994).

Stellar collisions were suggested as an addi-
tional power source in a black hole AGN or even in

a compound black hole+starburst AGN (Courvoisier
et al. 1996). Namely, if a cluster of stars of a density
of 108 solar masses per pc3 surrounds a black hole,
a direct collision of two stars per year, each releas-
ing about 1052 erg, can provide a luminosity of 1045

erg s−1 - more than sufficient to maintain an AGN.
The authors, under some assumptions, were able to
produce an expected, quite realistic, light curve of a
quasar.

The Black Hole Concept

The majority of AGN models are based on the
existence of a massive (108 to 109 solar masses) Black
Hole (BH) in the center of an AGN. The exotic prop-
erty of a BH to exibit an irresistible gravitational
attraction in its vicinity dictates the necessary ele-
ments of the model. The continuously infalling mat-
ter into the BH almost always have the form of a thin,
plane accretion disk. At a typical distance of couple
of parsecs the disk becomes thicker and eventually
obtains the form of a large ”doughnut”, actually of
a thick, cold, opaque, molecular, dusty torus, Fig.
5, (Wilson 1997). The accretion flow starts at the
torus and spirals down toward the BH accelerating
with approximately Keplerian velocities. The flow is
expected to be turbulent and, approaching the BH,
the velocities become relativistic. A recent Hubble
Space Telescope record showing a dusty torus encir-
cling a supermassive black hole in the eliptical galaxy
NGC 7052 is shown in Fig. 6.

Fig. 6. The black hole of 3·108 solar masses and the
inner part of the accretion disk (bright) surrounded
by a 3700 light-year-diameter dusty shadowing torus
(dark) representing the AGN in NGC 7052 (accord-
ing to Marel and Bosch, 1998).

The immense gravitational energy is released
in the inner part of the accretion disk: first, ioniz-
ing the disk and then, closer to the BH (at 4 to 6
GMc−2), emitting very strong (1038 up to 1045 erg
s−1) ionizing radiation as well as propelling fast pla-

49
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sma jets and shocks along the axis of the accretion
disk and plasma winds into the conical volumes aro-
und the axis.

In AGNs we look for the Balmer emission in
two places: in the Broad Line Region (BLR) and in
the Narrow Line Region (NLR). The BLR originates
and irradiates at distances from about one light-day
to about one light-month from the BH. In spite of
a certain agreement on these figures among different
authors, various shapes of BLR were proposed.

Some BLR Models

One of the popular models of BLR postulates
an approximatelly spherical distribution of dense and
cool (104 K) clouds embeded into the hot plasma en-
vironment around the central black hole. The cluster
of black dots in Fig. 5 very roughly represent this
idea. The clouds revolve around the black hole in
Keplerian orbits of different sizes and randomly dis-
tributed obliquities (e.g. Wanders 1997). The model
satisfies the observed profiles of broad spectral lines
which indicate random motions - but not a large-
scale inflow or outflow. Different parts of line profiles
nicely correlate with the time-changes of the central
source of ionizing radiations. However, the question
of interaction of BLR clouds with the accretion disk
remains open. Namely, how a diffuse object like a
BLR cloud can penetrate the spiralling and turbulent
accretion disk and emerge from the disk preserving
its previous identity and Keplerian orbit?

An earlier model proposed by Collin-Souffrin
(1987) does not invoke BLR clouds at al. It was
simply suggested that, at some distance (3000 Rg to
4000 Rg; Rg being the Schwarzschild’s radius) with
suitable, radially decreasing temperature and elec-
tron density between 109 cm−3 and 1012 cm−3 in
the accretion disk, the outer layers of the disk emit
the spectral lines of low-ionized emitters (LILs) and,
among them, the Balmer lines too. Apart from the
central regions of the accretion disk where the re-
leased gravitational energy produces X-ray and UV
ionizing radiation (as in all other black hole models)
the accretion disk is stratified. The central layer de-
pends only on the gravitational energy and at the
mentioned radial distance can reach only about 1000
K and mainly emits an IR thermal continuum. The
two medium layers receive some amount of scattered
radiation from the central source, reach the temper-
ature from 5000 K to 8000 K and emit LILs. The
two thin outer layers receive the greatest amount of
scattered radiation, become fully ionized and emit
HILs. This model successfully describes widths of
broad spectral lines and yields sufficient scattered
radiation energy to photoionize HIL and LIL emit-
ting layers of the accretion disk. The morphology
and kinematics of the broad line emitting layers is
simpler than in the case of BLR clouds.

In some AGNs the Balmer emission spectral
lines, e.g. Hβ , appear as double-peaked. It is al-
ways an indication of a revolution of the emitters
around a center. In most cases, especially if orbital
velocities greater than 5000 km s−1 are involved, the
emission originates in connection with an accretion
disk, at various distances from the black hole. But

sometimes such a spectral line profile is interpreted
as being emited from two separate BLRs connected
with the two black holes orbiting around a common
center of gravity (e.g. Gaskel and Sneden, 1997).
The velocities are as a rule lower than 5000 km s−1

(Chen et al. 1989) and the wavelength separation
of the two profile peaks must, frome time to time,
periodically become zero. An example of this kind is
the galaxy 3C390.3.

We review here a picturesque BLR model
(Emmering et al. 1992), Fig. 7. Namely, the plasma
within the accretion disk, still being neutral at the
mentioned distances, moving along the accretion spi-
ral orbits, can be ejected from the very surface of
the accretion disk by the centrifugal force (proba-
bly modulated by violent turbulent velocity com-
ponents). The ejected plasma obtains a cloud-like
structure. Soon, illuminated by the strong ioniz-
ing radiation, some plasma species become ionized.
They entrain some amount of the neutral hydrogen
and, together, become directed by the magnetic field
in the vicinity of the surface of the accretion disk.
A photoionized ambient of hot corona (106 K) exists
there. The plasma is highly ionized and free elec-
trons are abundant. The extension of this corona is
not known yet.

After leaving the surface of the accretion disk,
the cool clouds heat up and their ionization takes
place depending on the intensity of the ionizing ra-
diation. Soon, the cooling processes - conductive
and radiative - begin. The last one is very effec-
tive and, as the temparature gets to about 104 K,
the recombining hydrogen atoms emit the Balmer
emission lines. They are broad due to various line-
of-sight velocities of the emitters and because of their
radiation being scattered on the fast free electrons.
The thickness of the BLR depends on the emitting
clouds’ average life-time. For example, Bottorff et al.
(1997) estimate that BLR clouds reach the ”disko-
centric equatorial latitude” of about 30o. The clouds
are probably destroyed by evaporation, intrinsic in-
stabilities and collisions as they head away from the
accretion disk surface (Emmering et al. 1992).

This model was seriously criticized by Done
and Krolik (1996) mainly for not yielding satisfactory
random motions which would correspond to their
very detailed analysis of the responses of various pa-
rts of the observed spectral line profiles to the cha-
nges in intensity of central ionizing radiation source.
However, no explicit alternative AGN structure has
been suggested.

Another place in an AGN where one finds Bal-
mer lines is NLR. Two NLRs are situated within the
frames of the two ionizing cones shown in Fig. 5.
In both cones the high mean temperature (106 K)
highly ionized, highly accelerated plasma flows out-
ward from the common vertex, the BH. The plasma
axial velocities of more than 500 km s−1 are typical
for the vicinity of the BH while, after several kpc, the
motion slows down to the velocities of the ambient
galactic gas. Somewhere in between, photoioniza-
tion with some contribution of plasma shocks (and
with the post-shock cooling) are sufficient to excite
hydrogen to emit the Balmer lines. So again, in NLR
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Fig. 7. One-side cross-section of an accretion disk according to Emmering et al. (1992). The wiggly,
shaded band represent the warped, turbulent accretion disk, ionized near the black hole (at the left) and
neutral, even molecular, at large radial distances (at the right). The broad line emitting clouds, cool and
then photoionized, escape from the disk along the magnetic field lines. Their radiation emitted toward the
disk scatters in the electron scattering corona near the disk surface contributing to still further broadening of
the spectral line profiles.

the hydrogen atoms, cooled to about 104 K, are sur-
rounded by a very hot corona with the temperature
of about 106 K or more.

4. CONCLUDING REMARKS

The parallel look at the two objects distant
in space and time, of stellar and galactic scale, the
Sun and an AGN, has focused our attention on the
cool components of some types of solar coronal con-
densations and BLRs in AGNs. Two plasma pres-
sure equilibrium states, followed by the correspond-
ing atomic ionization states and spectra, are found in
both cases. Balmer spectra of the two objects differ
by amounts of line-emitted energy and line profiles,
caused by different overall production and irradiation
of energy in them, as well as by the specific dynam-
ics of the two emitting regions. The local plasma
conditions in the Sun, especially the dynamics, are
within the reach of direct observations. The detailed
mechanism of local triggering the 106 K to 104 K
transition is on the way to be understood (Forbes

and Malherbe 1986; Forbes et al. 1989). The crucial
elements of the models are: the presence and activ-
ity of magnetic fields (reconnection of magnetic field
lines) and a kind of chromospheric evaporation.

On the other hand, there are no agreements
of researches on the shape and dynamics of BLRs
in AGNs. We can take as certain that the size of a
BLR is about one light-month and that the motions
within BLRs (clouds or some other forms) contribute
to the broadening of Balmer spectral lines. Some-
times, the magnetic fields were mentioned only in
general terms. It is belived that the global magnetic
field around an AGN is modified by the motion of
the accreting matter: the field is being compressed
and enhanced toward the black hole. Only recently
the magnetic reconnection process has been invoked
to explain a kind of flare-like events in AGNs and
the heating of accretion disk coronas by a coronal
loop mechanism (Di Matteo 1998). It is further es-
tablished that the magnetic field dictates the motion
of plasma near the central AGN engine directing the
hot plasma jets up to great distances along the ac-
cretion disk rotation axis.
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In order to complete our mind experiment of
putting side by side the two Balmer line emitting en-
vironments, we need a much more thorough picture
of the AGN-mechanism. Moreover, after Di Mat-
teo’s (1998) results our solar-AGN parallel consider-
ations, besides the BLR aspect, should be extended
to comprise the mechanisms that trigger and power
the solar and AGN flares as well as the process of
magnetic energy transport from ”lower” layers into
the coronas. As far as the solar corona is concerned,
we suggest to observe the next total solar eclipse of
August 11, 1999 with the aim to look for some lo-
cations (perhaps of a larger scale) where the Balmer
emission, mainly Hα, might be detected.

Anyway, it has been very inspiring to look at
the solar and the AGN coronas in this way.
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UDK 523.9−1/−33:524.7−48
Pregledni rad

Paralelno se razmatraju dva daleka kos-
miqka objekta, Sunce i aktivna galaktiqka je-
zgra (AGJ), gde se neutralni vodonik pojavǉu-
je u vezi sa toplim koronama. Osim Sunqeve
fotosfere, hromosfere i protuberanaca gde je
prisustvo neutralnog vodonika pouzdano us-
tanovǉeno, ǌegova emisija visoko u toploj Su-
nqevoj koroni je jox u izvesnoj meri zagonetna.
Daje se pregled nekih ranijih posmatraǌa ka-
da je Hα emisija u koroni detektovana pri-

likom potpunih Sunqevih pomraqeǌa ili pri
svakodnevnim koronografskim posmatraǌima.
Jox ne postoji jedno generalno teorijsko tu-
maqeǌe pojave emisije hromosferskog tipa u
toploj koroni. Na drugoj strani, sliqna emi-
sija vodonika prisutna je i u AGJ. Ova oblast
astrofizike se danas intenzivno razvija. Ov-
de skiciramo neke modele AGJ koji su od ak-
tuelnog znaqaja u astrofizici.
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