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Line absorption and absorption-coefficient inside a star, by F. W oltjer Fr.

About a year ago S. ROSSELAND *) showed that
the mean absorption-coefficient z involved in the
theory of the radiative equilibrium of a-star’s interior
is equal to a combination of the absorption-coef-
ficients z, for the frequency v, expressed by the

formula:
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B, is the intensity of black body radiation of fre-
quency v and temperature 7, a known function of
v and 7.

Since then the idea has been prevalent that line
absorption does not contribute to the value of x, the
argument being that some values nearly zero of the
integrand in (1) during a small interval Av would
not make out anything of importance for the value
of the integral.

However the value of x, computed from (1)starting
from physical considerations about the nature of the
absorption inside a star, only accounted for about
1/12 of the value deduced from astronomical data **),
thus making the discrepancy already present in
EDDINGTON’S ***) researches on the absorption-coef-
ficient still worse.

The purpose of this note is to reconsider the
question of line absorption and to show how, under
the circumstances existing inside a star, its influence
on the value of x may become predominating and
may easily account for the large value of x deduced
from astronomical data.

*y M. N. 84, 7.
**) EDDINGTON, M. IV. 85, p. 409.
=M. N. 84, 3.

1. The first thing to consider is the range of values
of the frequency v, in which line absorption occurs.

The atoms inside a star are strongly ionised; the
degree of ionisation will depend on conditions of
temperature and pressure and on the ionisation
potentials of the atoms. Energy levels with low
ionisation potential will have lost all electrons, those
with extremely high ionisation potentials will retain
their electrons. Following EDDINGTON *) we introduce
a critical ionisation potential defined by the condition
that for this value one half of the atoms shall be
ionised as far as the corresponding energy-level, and
the other half unionised. This critical value is useful
to estimate the condition of the atoms inside the star.

Indeed, /v, being the value of the ionisation poten-
tial, we may consider v, as the limit of the absorp-
tion line spectrum of the atom.

The value of v, in the centre of Capella results from
the equation **):

/zuI

£ and £ are the usual cohstan’cs, 7 the absolute

temperature.
The maximum of the weight-factor g—ﬁ; in (1) is

determined by the value of v satisfying the equation:

(3) E— = 1—exp

a
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@ 77=38

*) M. N. 84, p. 108. For an exact definition the reader may
be referred to this publication.
**) EDDINGTON, M. V. 84, p. 110.
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Comparing (2) and (4) we conclude that in the
centre of Capella the absorption lines belong to a
frequency range affected with relatively large weight
in the mean value (1).

2. The idea of a diffusion of the stationary states
of an atom under the influence of electrical fields is
not new.

The consideration of this effect on the width of the
absorption lines inside a star is necessary for the
evaluation of the mean value (I).

Indeed, if the absorption lines correspond to large
frequency intervals (contrary to laboratory conditions),
then the argument of the inefficiency of these lines
in contributing to the integral in (1) fails.

An estimation of the intensity of the electrical
field due to the radiation compared with the elec-
trostatic force exercised on the photo-electron by the
nucleus and the surrounding electrons, may be per-
formed in the following way.

The energy-density of the radiation inside a star
corresponding to a temperature of, say, 107 degrees
is equal to

(5) 7.64 X 10755 X 10°® = 7.64 X 10%3 erg per cms.
On the other hand the energy-density of the elec-
tromagnetic field is equal to:

L T == —1 B .
6) gelBi+ B+ B+ H: + Hy+ Hi =73

E is the intensity of the electric field, A the inten-

sity of the magnetic field. Equating (5) and (6) we
get the value of £7:

7) E* —9.6 X 10%
v/ (E?)= 3.1 X 107 electrostatic units.

Hence we may consider the amplitude of the oscil-
lating electric vector equal to:

(8) 14 (ZE) = 4.4 X 107 electrostatic units.
Generally expressed (5) is equal to:
(52) alt,

a being the energy-density of black body radiation
of temperature 1°; thus (8) is equal to:

(8a) 72y |8 mal.

Suppose that the photo-electron describes a circular
orbit under the attraction of the nucleus and the
surrounding electrons, together aequivalent to a single
charge Ze (¢ is the electronic charge); let the quan-
tum number of this orbit be »#. Then the attraction
per unit charge exercised on the photo-electron by
the aequivalent charge Ze is equal to:

B. A. N. 82.
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m, being the electronic mass; the numerical value of
(9) is equal to:

(10)

Hence the ratio of the electric forces exercised on
the photo-electron by the radiation and by the nucleus
and surrounding electrons respectively is equal to:

Z3 . .
1.7 X 107 X P electrostatic units.

nt 71*
(11) 2.6 10714 7
Substituting again 7"= 107 we get:
14
(12) 2.6 7

Generally # will have small values; Z will be rather
large, of the order of magnitude of say, 25. Thus¥)
the influence of the radiation field on the photo-
electron, changing each moment in direction and
magnitude, will in the mean be a relatively large
fraction of the influence of the nucleus and surrounding
electrons. Hence the width of the absorption lines
will be a large fraction of the frequency and the
absorption lines may fill up the whole frequency
range efficient in the integral from (1) and line ab-
sorption determines the value of the mean absorption
coefficient. A special circumstance making the filling
up still more efficient is the fact that we are con-
cerned not with one element but with a mixture of
a great number of elements; for their absorption
spectra generally will not exactly coincide.

3. As we have seen that line absorption prepond-
erates in the determination of the mean absorption
coefficient we shall try to estimate the magnitude of
line absorption.

We start from EINSTEIN’s relation, connecting the
probability of transition of the photo-electron from
the lower energy level to the higher one under the
influence of radiation, with the probalility of spont-
aneous emission accompanied by a transition of the
electron in the inverse direction. Let 7 be the mean
duration of the life of the atom in the excited state.
Then this relation may be expressed by the formula**).

*) The action of the radiation field on the nucleus is negligible
on account of the heavy nuclear mass.

Strictly speaking we should consider the difference of the
action of the field on the two stationary orbits connected with
an absorption line. The change of (12) with 7 however is rapid
enough to allow us to forego a discussion of this effect.

The magnetic field has only a small influence on account of
the small value of the ratio of electron velocity to light velocity.

**) E. A. MILNE, M. N. 85, p. 119.
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(13) xym Ay —=——

m, is the mass of the atom, Av the frequency interval
corresponding to the width of the line, 2 the wave-
length.

The quantity 7 has been determined in several cases,
e.g. by MILNE from astrophysical data *) for the

>
H- and K-lines of Ca*. Substituting this value, viz.:

(14) 7=0.6 X 10—% sec.,

‘the value of v Av for the A- and K-lines of Cat

appears to be equal to:
(15) 1.6 X 10 C.G.S.

As we are concerned with the value of xy, or, as
we may say, with the value of 7 for large values of
Z, we must make an estimate of the change of 7
caused by a change in Z. Tentatively we use the
well known hypothesis that 7 is of the same order
of magnitude as the time needed by an electron to
emit the quantum /v classically. A change of the
aequivalent nuclear charge from 1 to Z effects:

a multiplication of the acceleration of the electron by Z°(see (9));

» » » » classical rate of radiation » Z°%
» » » » quantum /4v » Z%
» » » » interval = Y2 28 =2-*
» » » v xy my Av (see (13)) » 24 ZP=1.

As the change in m,4 for the different elements (we
are only concerned with the heavier elements, as the
lighter ones are only bare nuclei) is small, we adopt
for xvAv a value of the order of magnitude of (15):

(16) 10 C.G.S.

4. Tentatively we may now make an estimate of
the order of magnitude of the mean absorption-
coefficient .

If in (12) we consider an absorption line corre-
sponding to the transition 2 = 1to » = 2, and we take
Z =25 we are able to estimate the deformation of
the energy levels, hence the width Aw.

Neglecting the relatively insignificant influence on
the lower level and putting Avfv equal to twice the
value of (12) for the higher level we get:

Y M. N. 84, s.
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(17) %’::o.gx 1072,

Taking v equal to 3/4 of v, (see formula (2)) we
get for the centre of Capella (7= 107 degrees):

(18) y=1.2 X 10%8.
Hence from (17) and (16):

Av=0.6 X 10%
(19) Zxy = 2 X 10* c.g.s.

Proceeding to the evaluation of the mean value
of xv according to (1) we must consider the following
circumstances:

Firstly: as the mean limit of absorption spectrum v,
determined by (2) lies rather outside of the maximum
weight-factor determined by (4), only part of the
elements will contribute with their large #y values
to the lowering of the integrand in (1).

Hence » will have a smaller value than would be
the case if xy were always equal to (19).

Secondly: if the line absorption spectrum, especially
at the lower frequencies, does not sufficiently fill up
the range of values of v effective in formula (1), then
we also will get a lowering of x as the value of the
absorption coefficient xv corresponding to the free-free
transitions of electrons is very small *).

Hence we conclude that line absorption is able
to reconcile the value of the absorption coefficient x
derived from physical considerations with the value
[* =47.5 at the centre of Capella*"] deduced from
astronomical data.

5. Accepting the considerations of the preceeding
sections we evade the discrepancy between the absol-
ute value of x from physical and from astronomical
data, but at the same time a new difficulty arises:
the variation of x with density and temperature
involved in EDDINGTON’s mass-luminosity function
could previously be derived from physical arguments,
but now must be established de #ovo. Whether this
is possible, and in which way, may, however, at present
be left aside as an object of further investigation.

*) EDDINGTON, A/ ./V. 84, p. 107.
*) » M. N. 84, p- 100.
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