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§ 5. Ionidation of Hel. Denote by Bi the absorption coefficient
from the ground level 1 of He I to the continuous level ¢. We assume
it to be equal to the value at the series limit with the effective range
4,. Then we can write*
- U s
e mehvdy,
in which f = 1.55 and 4, = 9.756 x 10%,
Let 4, and B be the Einstein coefficients for the transition ¢ — 1.
Then, we have, by the well-known consideration of thermodynamical
equilibrium,
. \3/2 3
% = 4(27;'”71?[) : » A = O'v.BclAu y Oy = 221..3/
where T means the electron temperature of the chromosphere. We
shall safely assume it to be equal to the effective temperature of
photosphere.
Tet N,, N and N™* be the particle density of electron, He I and
He 11 respectively, and J,, the mean intensity of the coronal v-radiation.
Then, the equation of ionization is given by
N, N*qdg = N B Jod, , (5,3)
where  we have introduced the factor ¢ in order to include the capture
to the excited levels. This becomes, by using (5,2),
NN* _ 4@mmkT)"
N qh’ay

(6,1)

, (5,2)

. (5,4)

As for J,, it changes with the depth, since the chromosphere is
not transparent to the. coronal radiation. We shall- first calculate the
optical depth of the chromosphere. The optical depth at the height s
is, by definition,
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= S%B,CN(M) ds . (5,5)

Following A. Unsold®, assume the density distribution of the lower
chromosphere to be of the form:

N(2) = N(0)(0.982¢7% + 0. 0183-“), (5,8)
where
a =59 X 107%cm™ , & = 2.6 X 10~ %cm™".

We shall first consider N(z) to be the particle density of the total
gas, or practically that of hydrogen. It is not known exactly. In the
following, we shall treat three cases: logN(0) = 16, 15 and 14. He
abundance is also not known accurately. Using Payne’s estimation®
from the stellar data, we take for the logarithm of the relative abun-
dance of He to H to be —2.7. Thus, we shall consider for H, the
following three cases: logN(0) = 13.3, 12.3 and 11.3.

As will be seen later, He jonization is weak throughout the chromo-
sphere, so that we can consider (5,6) as the distribution of H, I.
The optical depth , (5,5), is then expressed by this and (5,1) as follows :

— me” fl\y(()) (0 98-: -asz + 0.0/18,6..,»'3> . (5, 7)
mcdw a a

With this formula we find for the optical thickness 5 = 1500, 150, 15,
corresponding to log N(0) = 13.3,12.3 and 11.3 respectively.

Coronal radiation will be absorbed or scattered in the chromosphere.
In place of the exact treatment of the problem, we shall consider two
extreme cases: namely, the case of pure absorption and of pure scat-
tering. As is easily seen by the rough estimation, the probability of
de-excitation from the excited level of Hel by the electron collision
is larger than that of ionization and capture. Therefore, the actual
condition in the chromosphere may be near to the case of pure absorption.

In the case of pure absorption, we have at once

, Sy = JHeTT, (5,8)
while in the case of pure scattering, it can easily be shown that
J=R*(5—27T7), (5,9)
where we have denoted by J,* the mean intensity of incident coronal
light.
§ 6. The ionization formula (5,3) combined with (5,8) becomes
NN 51 % 10% (6,1)

-
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In the numerical calculation we have taken ¢ = 2 and T, = 10°. Assume
that the distribution of the free electron follows the law (5,6), with
Cillié and Menzel's estimation® N,(0) = 4 X 10" cm™® at the base.
Then, for N, ~ 10°cm™® and e "~ 1 near 2z = 1000km we have
N*/N =3 x 107,

Population NV’ of the excited levels are connected with the ionized
level by the usual Saha formula :

NN*
N

Observed He spectra are emitted by the scattering of the photospheric
radiation. They are thus proportional to N’ and hence to INJ, ac-
cording to (6,2). Three light curves in Fig. 1 represent the quantity
N (&) -
yO©
for log & (0) = 13.3,12.8 and 11.3 respectively. At the great height,
E(2) decreases with
N (z), while at the deeper
layers, it again decreases,
since the coronal radia-
tion is weakened rapidly 1500
by the absorption. E(z)
thus takes a maximum at
certain height,

Integrating E(2) to
the line of sight, we ob- ;4
tain the quantity directly
comparable to the inten-
sity of the flash. The
heavy curves in Fig. 1
represent the result of
integration. The height of
the maximum is shift-
ed scarcely, but there
remains a considerable
order of intensity even

= K(T). (6,2)

E(s) = (6,3)

T

at the base z =0, A, °~5() : ‘,"go 5 103 and
Fig.1 light curves: E(z) , scale unit 2x 10~ 0 an

A. Pannekoek and & T ok ’
M. Minnaert” have ob- heavy curves: Integrated quantity, scale unit 10

km, 100 km and 1000 km, each for log ¥ (0)=
served that the H e inten- 13.3, 125 and 11.3 respectively.
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sity increases with height and first above ~ 1000km it begins to decrease.
Appearance of the maximum is also observed by E.J. Perepelkin and
O. A. Melnikov® in Ds-line.  Theoretically, the maximum place is a
function of the chromospheric density. It occurs near 1000 km for
log ¥ (0) = 12.3. \

" So far, we have neglected the absorption due to the neutral
hydrogen. It must be taken into account for the lower chromosphere.
The absorption decreases rapidly with increasing height, since the
hydrogen begins to ionize. Consideration of this effect will not change
our conclusion.

In the case of pure scattering, coronal radiation takes a constant
intensity throughout the chromosphere. Consequently, there appears
no maximum. When the hydrogen absorption is effective, coronal
radiation will be weakened in the lower chromosphere and again we
can expect a maximum.

§ 7. Coneentration of the excited atom. We shall make some estimation
about the absolute density of the excited He atoms, which can be
compared with those deduced from the flash observation. At the
height ~ 1000 km and for log N(0) = 12.3, we have, as Eefore,

log N*/N = —3.5. Next, by (6,2) with X = 4.74¢} for the ionization
potential from the excited level, we have log N*/N' = 6.5. Therefore,
log N'/N = —10 and with log N = 10, we have ¥’ ~ 1cm™. = These

figures are in accord with observation in their order of magnitudes.
§ 8. Ionization of Hell. Tonization formula for He II can be written
as

-L\/Tel\'r++g+-"lcl = A'T+BICJVAV ] (8: 1) '

where J,* is the mean intensity at the limit of He Il ionization
X = 54.14 ¢V and other notations are parallel to (5,3).
The probability of absorption per sec per atom is given by
oo 8 0 rd 10
BiJod, = i Blc(V)JvdV ’ Blc(”) = JZ/W:EMM
.vo . 2 "/ K

(7 =2)

ch vt
(8,2)

Coronal intensity J, is given by (4,1). Introducing it into (8,2), we
get

By d, =

Pt g el 5 \3 <
m ¢ ) S%dm (8,3)

3';/?07’07 Té/f kT
hvo|ETe
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For the capture probability, we have

Lo 2% e (m)m 21 ,(hv‘ ,
Acl—mm‘ﬁg '/:' Z( Tgl_, i Ff)' (8,4)

Using these expressions and taking ¢* = 2, T. = 10°, T = 5600,
we get for (8,1),

MAT')"*’

Y =21 % 10°. (8,5)
A *

Owing to its small concentration, He 71is transparent to the
coronal radiation near 54.14 ¢V, but it will be weakened in the lower
chromosphere by the absorption due to He I and He Il

A 4686 of Hell is emitted by the capture. Its intensity may be
proportional to N,N**, which, in turn, is proportional to N* by (8,5).
According to (6,1), N" is proportional to N/N, at great height.
Thus, a slow decrease of A 4686 with increasing height can be expected,
in accord with observation.

In §4, it has been shown that the contact temperature raises to
T = 16500 at % = 54.14¢V. If we make the formal application of
Saha’s formula, we must take @ (54.14 ¢V ) = X 5040/7 = 16.5. This
is in agreement with the estimation @ = 15.67 derived by A. Unsold
from other directions.’

Institute of Astrophysies,

University of Kyoto, Jupan.

9 April. 1947,
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