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ABSTRACT

The blue region of the spectrum (from A 3900-A 4800) of the super giant star A3 Ia HD
223385 (6 cassiopeia) has been studied. The hydrogen lines in the spectrum are quite sharp
and the lines in the Balmer series are separable up to H 28, The maximum central depth of the
hydrogen lines in Balmer series is less than H and K lines of ionized calcium. The value of
Balmer discontinuity is 0-4 which gives its spectral type in between A2 and A3, The curve of
growth analysis is carried out with the mean of the measured equivalent widths from the three
spectrograms. The curves of growth are drawn for Fe I, Fe II, Ti II, Cr II. For Mg II,
Sc II, 8i I, and Ni II the results are not quite certain. There seems to be no difference in the
turbulence velocities derived from neutral iron lines and those from ionized metals, This tur-
bulence velocity is found to be 17 Km./sec. The excitation temperature from lines of Fe 1I
is found to be 8,400° + 400°K. From TiII we get excitation temperature as 11,300° * 800°K.
From the comparison of observed profiles of Hy and Hé with the theoretical profiles & tempera-
ture of 12,600°K was obtained by M. Hack. These differences are similar as found by other
workers for A, ¥, and G giants and dwarfs. These point towards the stratification of the
conditions leading to the excitations of the different elements. The abundances of different
elements derived by the curve of growth do not appear to be very much different from those
for « Cygni derjved by Buscombe.

IxTRODUCTION

HD 223385 (6 cassiopeiae) is a very super giant star. Its position in the sky
is given by &yggp =23" 44™, 8,00 = 61° 40’. This star is one of the intrinsically
brightest stars in the sky. Thisis a Cstar. Its spectrum contains numerous lines
of ionized metals like those in the spectrum of « Cygni. The intensity of Ha
emission is much more than that in o Cygni, and it has the characteristic of
P-Cygni type IV profile as listed by Beals (1951).

The spectrum of this star was roughly studied at Dominion Astrophysical
Observatory. There seem to be some variations with time in the velocity from
the absorption lines of Fe IT. Merrill et al. (1937, 1938) have found the distance
of 3,000 parsecs from the equivalent widths of the sodium D, and Dy lines. These
lines are mainly interstellar. The visual magnitude of this star is 5-71. This
makes the star very super luminous with the absolute magnitude of the order of
—9. But recently with the higher dispersion at least three components are recog-
- nized (Miinch, 1957). From the measurements of the intensity of Hy, Petric and
Maunsell (1950) have found its spectroscopic absolute magnitude as —7-1. The
colour excess has been measured photoelectrically by Stebbins, Huffer and Whitford
(1940) and spectrographically by O’Keef (1941). The values arrived at are -+0-29
and +0-34 respectively.

In the present investigation the curve of growth analysis is carried out for this
super giant to find the numerical values for the physical parameters of the stellar
atmosphere, namely temperature, pressure, and chemical composition, etec.
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OBSERVATIONAL MATERIAL

Taree spectrograms listed in the following Table 1 were obtained by Dr. A.
McKellar with the universal spectrograph at the cassegrainian focus of the 72-inch
reflector at the Dominion Astrophysical Observatory at Victoria. Two prism
arrangement was used.

TasLE 1

Description of the plates

Plate No. _ Designation | Slit width l 1.D.
. | !

A 28973 I L 1 0002 9251-603

A 22751 IT M 0 002 9549-7305

A 22799 I L | 0 0025 | 9568-793

Tue camera has the focal length of 96 centimetres for II L and 71 centimetres
for I M. Several spectrograms were also obtained with littrogratings in the region
cf Hx from which the study of Hx is made separately by the writer in collaboration
with A. McKellar. The original dispersions of the three plates, which were used in
the present investigation, are given in Table 2.

TABLE 2

Original dispersions of the plates

Dispersion in A°/mm.
A
I L II M
3900 64 86
H3S 8-4 11-4
Hy 11-0 14-9
4600 14-1 19:2

MICROPHOTOMETRY OF THE PLATES

Tae plates were analysed with the photoelectric recording microphotometer of
the Dominion Astrophysical Observatory designed by Beals (1936). 'To allow any
change in the lamp or in amplification system during the period of recording the
tracings, the calibrations were placed on the tracings both before and after each
run along the spectrum, In all these cases the maximum deflection of the galvano-
meter remained sensibly constant. These tracings were made with hundredfold
wave-length magnification. In all these cases the sensitivity of the microphotometer
gave the amplitude of the galvanometer deflection between clear glass and total
darkness about 9 centimetres.

Direct intensity tracings from the microphotometer tracings were made with
twofold magnification in wave-length using the intensitometer at Victoria designed
by Beals (1944) and constructed by S. S. Girling. The continuum is drawn on
the intensitometer tracing. There was no difficulty in drawing the continuum as
quite a few places without any absorption lines could be found. The continuum,
therefore, was drawn dividing the grains equally at these places of no absorption
lines.
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Absorption features on the tracings were identified with the help of the published
list of lines by Wyse (1938).  After theidentification of the lines the suitable apparent
profiles were drawn symmetrically about the position of the laboratory wave-lengths.
In the case of the blends the probable separate profiles were drawn wherever it was
possible to estimate the effect of the blending with the help of the other members
of the multiplet. Insome cases whereitis a blend of two lines only but it is difficult
to distinguish them suitable fractions of the arca of the whole profile, depending
upon the relative intensities of the two components, were assigned to each component.,
This fraction does not have a theoretical explanation but is rather an intuition.
This does not affect the results any significantly as the number of such lines used is
very small. For the cases where the blending was quite serious no measurements
were made. In quite a number of cases definitely present weak absorption features
have not been used because the relative error in measuring the areas would be larger.
Taus only sure and quite strong lines have been measured and used in the following
work. The equivalent width was measured with the help of a sensitive rolling
planimeter of the observatory at Victoria guiding it around every profile four times.
These measurements were carried out for all the lines in Table 3 for the three plates
mentioned before. The readings were reduced to equivalent widths by measured
height cf the continuum and the factor for the dispersion obtained from the graph
which was constructed separately for the three plates from the measurements of the
lines in the comparison spectra of the three plates. Then a weighted mean of the
three equivalent widths was taken to represent the true equivalent width of the
line. Table 3 contains these weighted mean equivalent widths of the lines. This
table also contains the wave-lengths, lower excitation potentials and the multiplet
designations from the Revised Multiplet Table (R.M.T.) (1945). 'Theletter ‘b’ in the
last column designates that the line is a member cf the blend.

TAaBLE 3

List of weighted mean equivalent widths of lines

| ] |
Wave-jength | Identi- | Multipiet | Lower Ext. | W ;

(R.M.T.) | fication (RALT.) | Pot. P 6rlog = log 74 ; Remarks
| : Cd : i
3013464 | Ti II | 3¢ | L1 2.075 ©0-70
3935942 | Fe II i 173 L5545 - 1666 —0-09 ‘
401550 Ni II 12 I 4015 © 1271 —0-29 1
4023-388 A1 | 32 L1797 . 1150 —0-38 !
4028-332 Ti 1I 87 I 1-884 f1-519 —002
4045-815 Fe 1 43 L1478 P 1-563 L0002 |
4051-97 cr 11 19 I 3090 S PR R —0:31
4063-597 Fe 1 43 ©1-331 C1-386 —23
4071740 | Fe 1 43 | 1-601 P 1321 —036
4077-714 Sr II 1 L0000 b l414 —018
4122638 Te 1II 28 Po2ea72 i 1043 4028
4128 053 Si II 3 Lo9vo4 1639 +05% ! b
4128735 Fe II | 27 P2572 ¢ L0y +0-04 b
4130 884 Si I 3 F9-796 L1883 =070
4163 644 Ti II 105 . 2:579 o 1ai9 +0-15 i
4173450 Fe II 27 | 2572 P 1953 +0-87 |
4178855 Fe II | 28 1 2:572 L2067 +0-87 |
4215-524 Sr 11 1 0000 foo1281 —0:28 |
4233-167 Fe 1I 27 i 2572 DI +1-82
4242-38 cr I 31 | 3854 | 1696 | —095 !
4246-829 Se II 7 ] 0-314 P 1532 +0-11
4250-790 Fe 1 42 153 0981 —0-87 | b
4252-62 cr II 31 3-842 | 1-391 | —0-37 |
4258-155 Fe 1II 28 2-693 1-559 +0:08
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TABLE 3—concld,

Wave-length Identi- Multiplet | Lower Ext, w

(R.M.T% fication (R.M.I’)l‘.) Pot. 6+log —~ log 7o Remarks
426192 Cor II 31 3-848 1-650 +012
4271-764 Fe I 42 1 14718 "1-424 —0-34 b
4273-317 Fe II 27 2-693 1-601 4019

427557 cr 11 31 3-842 1-498 —0-04

4284-21 cr 11 31 3-837 1498 —0-18
4287-893 Ti II 20 1-075 1-058 —0-32
4290-222 Ti 11 41 1-160 1-724 4-0-34
4296-567 Fe 11 28 2.693 1-792 +0-50
4303166 Fo II 27 2-693 1-978 +0-96
4325-010 Sc II 15 0-593 1.058 —0-66 b
4325765 Fe I 42 1-601 1-340 —0:05 b
4351764 Fe II 27 2-693 2.072 +1-26
4362-102 Ni II 9 4-012 1-160 —0-55
4383-547 Fe 1 41 1478 1-597 —0:02
4385-381 Fe II 27 2.766 1-943 +0-68
4394.057 T II 51 1-216 0-945 —0-49
4395-031 Ti II 19 1-079 1.953 +0-54
4400-355 Se II 14 0-60 1-290 —0-60 b
4404752 Fe I 41 1-551 1-320 — 034 b
4411-080 Ti II 115 3-081 1-024 —0-47 b
4413-600 ¥o II 32 2-664 1-128 —0-52
4433-991 Mg II 9 9.956 1-102 —0-43

4443-802 Ti II 19 1-075 1-832 +0-40
4450-487 T II 19 1-079 1416 —0-23 b
4468-493 T 11 31 1-126 1-733 +0-38
4472.921 Fe II 37 2-832 1219 —0-08
4481-129 Mg II 4 8-825 )

4481-327 Mg II 4 8'826} 2-3¢ +193 b
4488-319 Ti II 115 3-110 1-104 —0-33 b
4489-185 Fe 11 37 2-816 1:657 +0-40 b
4491401 Fo II 37 2.843 1722 +0-47
4501-270 Ti II 31 1-111 1-725 +0-40
4508-283 ¥e II 38 2-843 1-938 +0-80
4515-337 Fe II 37 2-832 1878 |- 4073
4520-225 Fe II 37 2-795 1-895 +0-80
4522-639 Fe II 38 2-832 2-020 +115
4541523 Fe II 38 2-843 1-709 +0-43

4555-02 or II 44 4-054 1-388 +0-17 b
4555-890 Fe II 37 2:816 2-024 +0-87 b
4558-659 Or II 44 4056 1-994 +0-87
4563761 T II 50 1.216 1-732 +0-52

4565-78 Cr II 39 4025 1-002 —0-44
4571-971 Ti II 82 1-565 1-849 +0-59
4576-331 Fe II 38 2-832 1-677 +0-34
4582-835 Fe II 37 2.832 1-662 +0-29
4583-829 Fe II 38 2.795 2-130 +1-30
4588-217 Cr II 44 4054 1916 +0-70

4592-09 or II 44 4-057 1-606 4011

4616-64 or II 44 4055 1-481 +0-06

4618-83 cr II 44 4-057 1-873 +0-40
4620-513 Fe II 38 2-816 1-361 +0-06
4629-336 Fe II 37 2795 2-085 +0-84

463411 cr II 44 4055 1-550 +0-32 b
4666-750 Fo II 37 2:816 1-542 +014

Before constructing the curve of growth a paper by Margherita Hack was brought
to my notice in which a similar study for the same star is carried out with a lower
dispersion, 40 A°/mm. at HY using solar f values. Inspite of relatively few detailed
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studies of line intensities for the same star measured at different observatories it has
been noted before that there exists systematic differences between the intensities of
the same line measured at different places. Some study of this sort was made by
Wright (1948) for the measurements of the intensities of the absorption lines in the
spectrum of the sun and three other solar type stars. In the present investi-
gation, to see if there exists any correlation between the intensity measurements
by the writer at Victoria and those by Miss Hack, a plot of one measurement against
the other is made in Figure 1.

From this figure it can be easily seen that there does exist a definite correlation
between the two. In fact this correlation is better than one can expect because of
the fact that the dispersion of the plates measured by Miss Hack was about three
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Fie. 1. Comparison of equivalent widths between the measures of the writer designated
by (K) and those of Margherita Hack denoted by (H).

or four times lower. The slope of the line is unity. This line is the locus of the
points of exactly equal intensities measured at bo.th places. All the points are
fairly distributed above and below this line representing a very good correlation.

2
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RELATIVE OSCILLATOR STRENGTHS

To construct a curve of growth one needs a consistent set of oscillator strengths
for the lines of various atoms and ions. Most commonly used procedure is to accept
the solar f values obtained from solar curve of growth by Menzel, Baker and Goldberg
(1938) at Harvard. At Victoria, Wright (1944) has also constructed a solar curve
of growth with the aid of equivalent widths measured by Allen and by himself
from the Utrecht Photometric Atlas of the solar spectrum (1940) combined with the
King’s laboratory g;fA values. The difficulty found with this in the present work
was that most of the lines observed in A stars in general and in this super giant in
particular are not observed in the sun. Therefore the corresponding f values can-
not be obtained for the direct use for the curve of growth for the star under investi-
gation. For F stars Greenstein (1948) has published a list of the values of log 7,
for the lines in the blue region from the observational curve of growth for + UMa.
Similar list of the values of log 7, for main sequence and super giant A stars sepa-
rately (¥ Gem. and « Cygni), is also published by Buscombe (1951). Thus it
forms a comnsistent set of stellar f values for the heavier ions for all curves of growth
in the present study.

M0 is the ratio of line to continuous absorption at the centre of a line and may be
written as

% _Vme N, o 9 5
=%, T “mez BWT) v K,

where NV, is the number of absorbing atoms of an element per square centimetre
column above the optical depth unity in the ground state of the atom concerned.
Other symbols have their usual meaning. oy represents the ‘fictitious scattering
coefficient’ for the centre of the line as given by Hjerting (1938).

For getting exact value of 7, for a line to be used in the construction of the
curve of growth one has to take care of the effect of temperature through the absorp-
tion coefficient. =g is not affected very significantly by a little change in temperature.
a Cygni is of spectral class A2 and the present super giant is confirmed to be between
A2 and A3 (Kushwaha, 1958). Thus the spectral class and the expected possible
physical conditions in the atmosphere of the two stars are nearly the same. It was,
therefore, not supposed to be necessary to apply any corrections to Buscombe’s
values of log n5. Hence they were adopted as they are given in his paper.

CURVE oF GROWTH

In an ideal case the curve of growth is a plot showing the increase in strength
of each individual line as the number of corresponding atoms increases. In the
laboratory this condition can be fulfilled approximately but in the laboratory of
nature, the stars, the case is quite different. There one is satisfied with the use of
the lines for which the lower excitation potentials are very nearly the same. Different
groups were made bringing together the lines with nearly same excitation potentials
in the case of each element. Within each group the values of the lower excitation
potentials did not differ by more than 0-02 in most of the cases. In the case of
Fe I this difference was 0-1 as the number of available lines was small. Theoretical
curves of growth are constructed by Wrubel (1949) for Milne-Eddington model in

terms of log __21 as a function of z, for different values of B°/B’ where B° and B’ are

the coefficients in the expréssion when the Plank temperature function is expressed
in a linear function of the optical depth in the continuum 7, that is

By(T) = B°+B'r,.

2B
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These B° and B’ give a measure of the limb darkening. This ratio B°/B’is a function
K
of —I:é\ . For the blue region this fraction is nearly three-tenths. Accordingly the

theoretical curve for (B°/B’) = } was used in the present analysis. As the number
of points on the damping part of the curve are not enough, it was not possible to
determine definitely the value of the damping constant. The theoretical curve for
log @ = —3-0 has been used as it is the lowest value for which the theoretical curve
is available. There is only one point of Mg II which falls on the damping part of
the curve. This point corresponds to an unresolved blend of two lines at A 4481-129
and at A 4481-327 both due to Mg II from the same multiplet. In the Moore’s
multiplet table the combined intensity is listed as 100 so there seems to be almost
no way to separate the two lines. Buscombe also took this combined intensity for
one line only that is why his value for the damping constant from this line is very
much higher (log ¢ = —14 for ¥ Gem. and —1-8 for a« Cygni) although he used
theoretical curve of growth for log @ = —3. 1f the ratio of the observed intensities
of the two lines is taken to be the same as that of the theoretical intensities calculated

by Wright (log%9 = (-398 for A 4481129 and log'%9 = 0-544 for A 4481‘327) one

may try to separate these two lines but it was not done in the present case as the
corresponding log my value from Buscombe’s work was not available. Therefore
very little weight can be given to this one point to decide about the damping part of
the theoretical curve of growth. Hence the damping constant remains undetermined.
The value used is almost the same as is generally used in such analysis for the super
giants. Also as this portion of the theoretical curves for different values of the
damping constant does not differ significantly it is hoped that the physical parameters
derived from this analysis will not differ appreciably from the true values.

Exact theoretical curves of growth for Schuster Schwarzschild model are also
computed by Wrubel (1954) in terms of log %’ as a function of =g, the ‘fictitious’
optical depth at the centre of the line for different values of the ratio I°/I’ of the
coefficients in the following law of darkening of the photosphere in the neighbour-
hood of a line:

IO, p) = I°+1'p.

Sometimes before it was found by the author separately for the case of a super
giant « Pers. that the values of the physical parameters obtained from the theoreti-
cal curves of growth for the two models differed only by an amount within their
probable error. Of course in testing this case some uncertainty was involved in
taking the values of the ratio I°/I’. It was taken at random 0-6, a mean value
generally used in the binary work., But this cannot affect our conclusion as the
two curves for log ¢ = —3 and (I°/I’) == } and 2 do not differ very much in the portion
of the curve used in the present investigation. Thus we can safely conclude that
the intermediate curve for (I°/I') = 0-6 cannot be very much different from the
one for the neighbouring values of the ratio I°/I’. Consequently in the present
case the analysis for the Schuster Schwarzschild model was taken as unnecessary.

At first the lines of each ion were grouped according to the excitation potential
of the lower level. Within a group the variation in the excitation potential was
kept less than or equal to 0-02 electron volts in most of the cases. The points for
the lines of different groups were plotted on separate sheets of graph paper. These
separate plots were fitted as closely as possible on the theoretical curve of growth.
The adjustments in the horizontal direction to get the fit on the linear part of the
curve give the difference in the reciprocal of the excitation temperature between
the present star and « Cygni. From the vertical shift to fit best the flat portion of
the curve one gets the most probable value of the resultant velocity of the
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corresponding atoms. The difference between the values of log 5 for the lines from
the ground level indicates the difference in opacity and the number of absorbing
atoms between the two stars.

One gets the damping constant from the portion of the curve where it begins to
rise from the flat transitional portion. In the present investigation least square
solution was obtained for the elements where a number of groups were available.
The weights of each observation for the purpose of least square solution was given
according to the number of lines in the group and their individual weights.

Figure 2 shows the curve of growth for some of the elements with the theoretical
curve drawn in solid line. The points for the elements for which the number of
lines measured is small are not given in the plot just to avoid the overcrowding of
the points.

TEMPERATURE

Fe IT is found to be the best element to determine the excitation temperature.
It is determined from the slope of line representing the plot of shift in log 7, against
the excitation potentials. This was obtained by the least square solution. The
excitation temperature found in this way for Fe II is 8,300°K, taking the excitation
temperature for & Cygni as 10,080°K. The probable error in this case is of the usual
order 4 400°K. When a similar analysis is done for the Ti II ion the excitation
temperature for it is found to be 11,300°K. The probable error in this case is found
to be rather large 4 800°K. The difference between these excitation tempera-
tures for the two elements is probably real as similar difference is also found by
other workers in the field. It was not possible to see whether or not similar differ-
ences exist in the excitation temperatures for the ions of other elements. Also it
was not possible to determine if there exists some difference between the excitation
temperatures for the neutral iron and the ionized iron to ascertain if the two types of
the absorption lines are formed in different layers of the atmosphere of the star.

TURBULENCE VELOCITY

The theoretical curve of growth is plotted in terms of log (L;I . f—)) as a function

of 79, where ¢ is the velocity of light and v is the most probable resultant velocity
of the atoms., Other symbols have their usual meaning. The observational curve

of growth is constructed in terms of log % as a function of 9. Thus the shift in

the ordinate gives the value of log ;, and thereby one gets the turbulent velocity.

At first an attempt was made to determine if there exists any difference between the
turbulent velocities for the different ions or for the groups of the lines of different
excitation potentials for the same element. Such study was possible only for Fe II,
Ti IT and Cr II. No significant difference was found to exist in any of these cases.
Then for the elements for which only few lines in a group were available this velo-
city was assumed to be the same as obtained from the above-mentioned ions. The
velocity determined in this way consists of the two components (@) kinetic velocity
and (b) turbulent velocity. They are related as follows

| of = Vet V3
where Vi is given by

. T
V= ai
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In these expressions all the symbols have their usual meaning. The turbulent
velocity thus obtained is 17 km. per second. In calculating this velocity the stand-
ard effective temperature is used from the Kuiper’s temperature scale (1938).

ELECTRON PRESSURE

From the relative abundances of neutral and ionized atoms of iron one gets
the electron pressure from Saha’s equation if the ionization temperature is known.
The level of ionization is very stable against the variation of temperature as pointed
out by Unséld (1938). It is quite well known that ionization temperature is greater
than the excitation temperature and less than the effective temperature for a star.
Therefore for the present star the ionization temperature of 9,200°K was reasonably
adopted. Thus for iron the level of ionization of the atmosphere, X, which was
defined by Russell (1929) as the ionization potential of an element for which the
number of singly ionized atoms would just be equal to the number of neutral atoms,
was obtained from the following equation

N _ 5040 2b
271 = (X—Xo) —+log 2
0

log i e

where Ny and N, are the observed number of atoms in these stages of ionization,
Xo is the first ionization potential, b, and by are the partition functions for the
ionized and neutral atoms respectively for the ionization temperature. 7T is the
assumed ionization temperature. These partition functions were actually calculated

from the relation
Xi
BT) = g 1

where g; is the statistical weight of the given spectroscopic level and x; is the exci-
tation potential in electron volts. Other symbols have usual meanings. Thus
the value of X for iron was determined to be 12-4 electron volts. As remarked
before, since this value of X does not change very much with the variation of
temperature, the same value of X was assumed for all the other ions. Finally
the electron pressure was determined from this X with the help of the following
equation :

Xg)%,ﬁ) = glog T—048—logP,.
The value of log P, thus obtained is 2:5. This agrees with Buscombe’s value for
iron for the giant star « Cygni. In the present case very weak lines in the spectrum
were not measured, therefore the value of the electron pressure for other elements
could not be determined. Hence this value of log P, was adopted to calculate the
abundances of neutral atoms of other elements.

The electron pressure can also be determined approximately from the Inglis-
Teller formula (1939) for electron density which is related to the number of
stark broadened hydrogen lines in the Balmer series which can be resolved from
the confluence of their wings. In the spectrum of this star these lines are resolved
up to H 28. The electron pressure found by this method is very much smaller (by
a factor of the order of hundred) than that found from the curve of growth analysis
described above. This fact was also observed by Buscombe that the electron
pressure obtained from hydrogen is much too small in comparison with that
obtained from the other elements.
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CHEMICAL ABUNDANCES

By making a best fit of the observational curve of growth on to the theoretical
curve of growth one gets the difference between the values of log 7, for the star and
® Cygni from the horizontal shift. The expression for 7, contains the absorption
coefficient K, and the turbulence velocity.

For the present case it was assumed that the value of K, for this is the same as
that for @ Cygni. This assumption is quite reasonable because the value of K,
depends on the temperature and the electron pressure only. Neither the temperature
nor the electron pressure for the present star is very much different than that for «
Cygni. The turbulence velocity of this star is already obtained above and for «
Cygni Buscombe found it to be 13 km. per second. With these assumptions the
differences between the logarithms of the number of absorbing ions of different ele-
ments for this star and for & Cygni are obtained. Using the abundances for these
ions in a Cygni the corresponding abundances in the present star are obtained.
The following Table 4 gives these calculated abundances :

TABLE 4

Observed Chemical Abundances for HD 223385

Elements log Ny log N3 log N log N©® log Na log Ny,
Ti 12-65 16-12 16-2 16-1 16-5 16-2
Cr 15-07 18-33 183 167 18:0 17-8
Si 17-62 20-00 20-0 18-8 19-3 19-8
Ni 1628 18-87 18-9 18-4 18-7 187
Se : 11-39 14-93 151 14-2 156 14-9
Sr 9-62 13-72 154 13.7 151 14-9
\4 12:37 15-70 15-7 15-1 15-8 15-7
Mg 17.21 20-32 20-3 20-2 20-1 20-3
Fe 17-02 19:90 199 18-9 20-3 19-8

In this table Ny and N represent the number of atoms of an element in the
neutral and singly ionized state. The abundances of the neutral atoms for these
elements were calculated adopting the electron pressure as obtained from Fe I and
Fe II and the same ionization temperature of 9,200°K for all the elements. A rough
estimate was also made for the doubly ionized atoms in the case of each element.
In the fourth column the logarithms of .V, the total number of atoms of an element
(N = Ny+N,;+N,) are given. From comparison it is obvious that most of the
atoms of all the elements are in the singly ionized state. For comparison the
abundances for a Cygni (log ¥a) and for ¥ Gem. (log N'¥) as obtained by Buscombe
and for sun (log N ®) as found by Wright are also listed in the same table. It is quite
clear from Table 4 that the stellar abundances are the same as the solar. In the
case of Sr it is found out by personal communication that Wright in his calculations
did not account for the doubly ionized state of strontium. It differs very much
from the present or from those of Buscombe who apparently does seem to have
taken account of this stage of ionization. To calculate the number of atoms in
the doubly ionized stage one needs the corresponding partition function. If one
assumes that Sr ITI is equivalent to Kr I and uses just one level to get the partition
function some estimate can be made about this stage of Sr. This was done in the
present case and then the total abundance of Sr was found to be nearly the same as
that of Buscombe in a Cygni. Without accounting for this step the abundance of
Sr in the neutral and the singly ionized stage only was the same as for the sun

(log N = 13-8).
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