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STATIONARY STARS

(Presented by Academician V. G. Fesenkov, 18 IV 1958)

In the spectrum of the Sun, as well as of other stars, the helium lines associated
with the metastable level 23S change their intensity with time rather rapidly.
Approximately, these changes may be divided into two groups: changes proceed-
ing quasistationarily, and rapid changes over several minutes or hours with a
shallow maximum. On the basis of data (1), the following figures may be given,
characterizing the change of the line 10830 (22S—22P) in the spectrum of the
Sun, which apparently arises in the chromosphere.

Time, min. 0 2 6 11 13 18
Intensity, A 0.107 0.597 0.665 0.338 0.336 0.150

In the spectrum of the Sun quite a number of helium lines are observed in
emission, and their intensities do not change noticeably with time.

It is natural to suppose that the change of the line A10830 in absorption is to
some extent due to the fact that its lower level 23S is metastable, and therefore
such external agents as radiation and collisions with electrons can noticeably
change the population of this level. Since the atoms of hydrogen and of other
elements have ionization potentials from their upper levels approximately the
same as that of helium from the level 235, while the intensities of the lines of
these elements do not undergo large changes, one may expect that the popula-
tion of the level 23S will depend appreciably on the electron density.

For a quantitative estimate, let us consider the following model: suppose that at
some instant of time, in a thin shell in which “shell”’spectra can arise, the electron
density has suddenly increased. We shall determine how, as a consequence of
this, the intensities of the helium lines associated with the level 23S will change.
On the one hand, they should increase as a result of an increase in the number
of recombinations, and on the other hand decrease as a result of an increase in
the number of collisions of the second kind, transferring helium atoms from the
state 23S to 11S.
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Let us assume that at the instant ¢ there will be n, helium atoms in the state
238, n, in 118, and n* in the ionized state. The metastability of the level 219
is not taken into account. The changes of n, and n; are then determined by the
equations

W2 — mp(Ty) + 0, F(T,) ~ man A(T,),
(1)
B~ o, O(T,) + (1) + mam A(T,)

The first terms are the number of ionizations from the corresponding levels under
the action of radiation of temperature 7" and dilution w; the second terms are
the number of recombinations to all triplet and singlet levels, respectively; the
last term is the number of transitions from 23S to 1'S under the action of
collisions of the second kind.

From system (1), taking into account that n; + ny, + nt = n is a constant
quantity, we obtain the equation

d*n dn
2+ T2 0+ ay) + nglaay — bby) + by — aye = 0; 2)

a,aq, etc. are known coefficients determined from (1).

Let us prescribe the initial conditions in accordance with the assumptions made
above. They will have the form:

dn
t =0, Ng = Ny, (Tl:) . = B = onquwe(Ty); (3)
=

4 is the relative increase of the electron density at the initial instant (thereafter
it remains constant), and before this instant a stationary state existed for the
level 228.

With these initial data we find:

ky(ng —a) =B 14 B—ki(ng—a)] ;.
= | = 7 = 1 (RS S S Vs 2 . 4
O PR Lt i e LRSI
(a4 ay) F/(a—ay)?+4bb; _ajc—bey
P2 = 2 ’ 4= aa, — bby’ 5)

k, and k, are always negative; we shall assume that n, > «. Formulas (4)
and (5) make it possible to estimate approximately the relaxation time of the
process under consideration. Since |k;| > |ky|, in (4) the term containing k, in
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the exponent will be significant. The time T, for establishment of the stationary
state is determined by the formula

|k2Tc| ~ 1.

Depending on the electron density, 7, may vary from several seconds to a year
and more in envelopes with a very small dilution coefficient.

In formula (4) the coefficients at the exponentials will have different signs. At
some value t = t_. the population of the level 23S will be maximal, with

t..=In ( _72> . "= F T2 = o
“ L=m ’ ky(ng —a)’ ky(ng —a)’
L— kg
= (ng —a)(1— .
e = (g — )1 =) (1 =22 (©

If we assume that a; ~ a; n, ~ 10*-10% T, ~ 10% and, according to (?),
MT.) ~ 1079, then t,, will lie in the range from 10? to 10* sec. In the more
general case the electron density n, may vary with time. The system of equations
(1) is then not solvable in general form; however, some approximate solutions
can be found. Let

B A
e Cekt —1°

(7)

n

This is the law of variation of n_ in an envelope in which at t = 0, n, = A,
but then an instantaneous ionization of hydrogen occurred, after which the
ionization source disappeared.

For the quantity n,, under the initial conditions ¢ = 0, ny = 0, ny = n, with
ny 3> ng, one can obtain from (1) and (7) the formula

_ o A .
Ny = {B ok 1)6 (dek — 1)X1 } ; (8)

B, d, 7, A are known constants. For this case one can also find ¢, and ng,.

If one sets T, ~ 10* and A ~ 10%, then ¢, ~ 10° sec.; if A ~ 10%, then ¢, ~ 20
sec.

Under these conditions n,., will be of the order of ~ 103—10%.
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