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On the Tntensities of 44686 and H, in the Wolf-Rayet Stars,

... In a previous paper (Poulk. Obs. Circ. Ne 4, p. 8) the writer has proposed
a method for the determination of the temperatures of the nuclei of planetary

nebulae from the intensity ratio 14}386. This method gives the possibility of the
B

determination of the temperatures of the faintest nuclei because it is not connected
with the observations of the nuclei itself. However, this method is based ou the
assumption of the complete absorption of the radiation beyond the limit of Lymann
series by the normal hydrogen atoms of nebula, as well as upon the assumption of
complete absorptlion of radiation beyond the wave-length 230 A by once ionized
atoms of helium.

The first of these assumptions is certamly not fulfilled in the gaseous envelo_pes
of the Wolf-Rayet stars and this is the reason why, though the mechanism of the
production of the emission bands in Wolf-Rayet spectra is the same as of the nebular
emission, our method cannot be applied to the Wolf-Rayet stars.

We have indeed that the temperatures of some Wolf-Rayet stars are of the

order of 70000° (V. Ambarzumian, Nature, 129, 725, 1932; C. S. Beals, M. N.

92, 677, 1982). For such a temperature we find for the intensity ratio )‘4286" the
; Hy

value,-—l—léﬁ (Poulk. Obs. Circ., N 4, p. 10 Table 1); if the assumptions upon which

our method is based are fulfilled. However, a glance at the microphotograms of
the Wolf-Rayet spectra convinces that Hy is fainter than 24686 in spite of the fact
that H, is blended Wlth a line of He II. Therefore we shall assume that only a small

part of the radiation between 230 A and 918 A is absorbed by hydrogen atoms. In
such cases the application of our. method will gwe absurdly high temperatures.
However, there is another 1mporta.nt physmal characterlstlc for the gaseous

envelopes, which may be deduced from the 1nten51ty ratio )‘428
8
the fundamental assumptlons of our prewous paper. This characteristic will be

discussed in the present note.

independently of
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The total number of captures per second per c. c. of electrons on the nth level
of hydrogen atoms is (Cillid, M. N. 82, 823, 1932)
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where #, and y are the numbers of free protons and free electrons par c. c. respec-
tively, ¢ is the charge of a proton, m — the mass of an electron, ¢, h and k are usual
world-constants, T’ the temperature of the gas under consideration and y,— the
ionization potential of hydrogen atom in the mth level, The. expression (1) can be
written in the form: : o | ”
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where
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Sxmllarly, the total number .of captures per: second per C. C.. of electrons on
n th level of a hydrogenlike atom is
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C is the same constanf as in (2), n, is the number of free nuclei with the charge Ze
in c. c. and X/ is the nth ionization potential of the hydrogenlike atom with such
nucleus. In case when Z= 2, %, is the number of a particles or He*™ atoms, and X,/
is the nth ionization potential of He™.

Let N, be the number of hydrogen atoms per c. c. in the nth state at any
moment. According to Cillié we have

n—1

NZA =, yCM (n, T)+Z wor Aern (6)

where 4, . is the probability of spontancous tra.ns1t10n s-—w‘ (s> 7).
Solvmg these equations we find for N,
N,=107° n,yC[5.719 M (4, T)~+ 2.087 M@®B, T)+

7
+1.808 M(6, T)-+ 1.860 M(7, T) + ... ] (™)
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For He* atoms the probabilities of spontaneous transitions are 16 time larger
than the corresponding probabilities for hydrogen, and the equations for the numbers

of He* atoms in the nth level N,' ten may be written in the form

n—1
16N, N A, = n,y0M @, D+ 16 \N’ e Anern
p— r:l

€

Solving these 'equaﬁ'ong we obtain
N} =107 n,y ([5.719 B(4, T)+2.087 M(5, T)~+

+1.808 M(6, T) -+ 1.860 M (7, T)+ .. .]

=~i : ‘1 PR
/ ,
For the ratio I—V‘*— we find therefore

N4
N/ _n,
M1 _Tag
N, n,
where
© — L BTIOM (4, 1)+ 2087TM' (5, T) +- | 803M' (6, T) 4+ LSCOM'(7, T)+- . ..

o

According to (3) and (b) we have

)
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Now /” =4y, and if we denote ]{2’, =2 we obtain
e (S e
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where A .
for

4fy+x Z<J“y+4.z <f_7—|——.a—: Y

165.71900 (4, T) + 2.087 M (b, T+ 1.8U8M (6, T) + 1.860M (7, T)~+- ...

(7)

(8)

(8)

(9)

( 10')

(11)
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‘Thus - : :
. M (n, T)
f<umn<® ;
and '
T<o<i. g (12)
The intensity ratio )‘—41%% =!jﬂ is connected with N, and N, by means of
49 T
equation |
Ty AW N/
74; Au Wy Ny (13)
Comparing (8) und (13) we ﬁnd
ny _ 1%y Ay L |
ny 8 hg s Lg (14)
From the known values of 4, A48, N, ~and A, we have
)‘/48 A42 }_,;[ A
hg Al NEEIT
Further from (12) we find
1
{1<§<4V
Therefore -
11, _m, zI ,
81, /Tp< 5T, (16)

In a private letter Dr. C. S. Beals has communicated to the writer some results
of the measurements of the bands of H and He¢* in the Wolf-Rayet stars. According

to Beals we have TI,- = 0.03. For the ratio under con81derat10n we obtam
, 43 . ( :
1.8< <12 (17)
"

This result is to some degree astonishing. The ionization of H in the enveIOpeé
of the Wolf-Rayet stars will be more advanced than the ionization of He™. The ratio
of the number of He* atoms to the number of neutral atoms will be therefore many

times larger than the ratio z—‘! In addition there is a small number of neutral
o o)

He atoms. It is clear that for the ratio of a total nurhbei .of He atoms in all states
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of ionization %, g+, to the total number of hydrogen atoms (ionized and neutral)

n,,.z we shall have

4
n

a--He¥-4-He > 1-8

Pprn S P

Thus helium is more abundant in the envelopes of the Wolf-Rayet stars than
hydrogen. The problem whether this abundance' of helium is connected with the
selective radiation pressure, or with the composmon of the outer layer of the Wolf-
Rdyet stars cannot be treated here. 3

. V. Ambayzumiaon.



