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Abstract: The properties of the synthetic and analytic ap-
proaches to the study of astrophysical objects are briefly discus-
sed. The general equation of radiative transfer and the general
source function for two-level atom radiation are then utilized to
describe resonance-line formation of the chromospheric flash

Introduction

Two general approaches can be used to deter-
mine the structure of the given astrophysical plas-
ma from its emitted spectrum. One approach is to
infer certain physical parameters by a direct inver-
sion of the observed data; the other is to compute
a theoretical spectrum from an assumed model of
the object and adjust the model until the com-
puted and observed data agree. The first, so-called
analytical approach, which, in the case of
planetaries and the solar corona, was studied by
Hekela (1972a,b) and co-workers, can be extre-
melly useful, but it is very elaborate and is subject
to some limitations and mathematical uncertain-
ties. The second one — synthetic — is more
generally applicable, but it is not straightforward
and, furthermore, it is not unambiguous. This
means that there always exists an infinite number
of ways of obtaining correspondence between
. computed and observed data by combining diffe-
rent actual intial quantities.

It is easy to see that the analytical approach
is more efficient and applicable in getting new
information about the physical state of the given
object, but it is not possible to develop the analyti-
cal approach without a detailed knowledge of the
solution (mainly the asymptotic behaviour of the
solution) of the synthetic one. From this point of
view, it is important to formulate firstly the
synthetic and then the analytic approach for those
astrophysical objects, for which the formulation of
both approaches is as simple as possible. From the
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spectrum. An approximation of the local planeparallel layer is
introduced to yield the solution of these complicated equations.
Finally, the expression for the emergent intensity of radiation in
the line is derived.

point of view of the direct inversion of the ob-
served data, so-called extended sources, e.g.,
planetary and diffuse nebulae, cometary atmos-
pheres and, particularly, the solar chromosphere
and corona are most suitable.

Statement of the Problem

The purpose of this paper is to derive equations
for describing the resonance lines in the chromos-
pheric flash spectrum in the synthetic approach
formulation. We have not made any special as-
sumptions about velocity fields and the atomic
abundance distribution. In other words, we also
allow horizontal variations of the model parame-
ters in the chromosphere.

A complementary comment can be made now.
There are two different possibilities in the synthe-
tic approach formulation. The first is the exact
theory of two-level atom radiation without symp-
lyfied assumptions about geometry, homogeneity
and velocity fields of the given medium. The
second possibility is the theory, in which more
realistic assumptions about the medium, contain-
ing the atoms, are made, but with restrinctions as
to the shape of the medium and other limiting
assumptions about the homogeneity, velocity
fields, etc.

We shall now consider the resonance lines in the
chromospheric flash spectrum. The presented
theory belongs to the first type of synthetic ap-
proaches, mentioned above. We adopt the simp-
lest atomic model — the two-level atom with no
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continuum. This is possible, because the radiation
in some resonance lines is suitably expressed as
two-level atom radiation.

Geometrically, the chromosphere here means
the envelope bounded by two concentric spheres
with radii R (solar radius) and R+ L, where L is
the thickness of the chromosphere.

General Equations

The equation of radiative transfer for the spect-
ral line may be written in the form
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where I (v, n, r) is the intensity of radiation of
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frequency v at some position, r, n is the direction
of the propagation of the photon, ds is the path

element in the direction n, kK (v, n, r) is the

absorption coefficient and S (v, n, r) the source

function.
The absorption coefficient for the two-level
atom is

kv, n, r)=
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where vo is the frequency of line centre, n. and nu
the population densities of the lower and upper

levels, ¢ (v, ;;, 7) is the normalized profile of the

absorption coefficient and the B's are the Einstein
transition probabilities.

The formal solution of the transfer equation
may be written in the form
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and the lower limit of integration a depends upon
the concrete kind of medium studied.

Equation (3) describes the radiation passing
along a given straight line, defined parametrically

by the parameter s, direction 7 and scme point r°

in a tridimensional space.

The source function follows from the solution of
the equation of statistical equilibrium (see, e.g.,
Jefferies, 1968) for a two-level atom. We have

S (vn, r)=
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where R (v',n';v,n; ) is the redistribution

function (Hummer 1962, 1969) and ¢ and B are
well-known quantities in the radiative transfer
theory (Jefferies, 1968 ; Hummer, 1969).

A more detailed specification of the redistribu-
tion function depends on the kind of material,
velocity fields and upon the assumptions about
atom mechanism, involved in the scattering of the
photon. A detailed discussion of this problem can
be found for example in Hummer (1962, 1969).

The radiation field at any given point can be

“found by solving the system of equations (3) and
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(6) for every straight line in the given medium.
Unfortunately, this problem is still practically un-
solvable. Therefore, it is necessary to utilize the
physical properties of the given astrophysical ob-
ject in order to simplify the equations mentioned
above. ‘
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‘Application to the Chromospheric
Flash Spectrum

Let us introduce coordinates / and z in given
plane, discribed by the position angle p (Fig. 1).
We assume that only the hatched area affects the
radiation passing along the straight line @ (point-
ing at the observer). As the chromosphere is
a very thin layer with respect to the solar radius
(L <R), we can simplify the solution of equations
(3) and (6) using the so-called local planeparallel
layer. This means that at every point on the line of
sight @ we construct a normal to the chromos-

a(l)
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{/
o [ L !

< Z(o
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Fig. 1. Definition of the coordinates for the used approximation
of the model of the solar chromosphere.

pheric boundaries and between these two areas we
assume a planeparallel layer. The intensity of
radiation and the source function can be found by
well-known methods (Hummer, 1969).

With the aid of the procedure mentioned above
we can obtain a ‘“planeparallel” source function
and an intensity depending on the depth. Follow-
ing easy geometrical considerations, it is possible
to transform these quantities to values along the
line of sight a.

From equations (3) and (6) we obtain
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where in S 7 is taken as the direction to the

observer (usually we choose the z-axis,
n=(0,0,1)) and for S in the right-hand side
values, obtained transforming the evaluated ““local
planeparallel” values.

If we introduce

@((v.e,z,p)=S(v,n, 1)
7 =(00,1)
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and similary I, k, ¢, then
I(v,e,z,p)=
= f o (v,e,z',p)e O k(v,e, 7', p)d7,
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where a(e) is the lower limit of integration over
the line of sight (see Fig. 1). The emerging profile
of the line, in terms of local absolute mono-
chromatic energies (LAME — defined by Hekela,
1972a, b), is then given in the form

H, (e,p)=

b(e)
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where Av is the measured frequency interval, d
the distance to the observer, and b(e) is the lower
limit of integration over the line of sight a.
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