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~ SOME PHYSICAL CHARACTERISTICS OF THE ATMOSPHERES
OF SUPERGIANTS cBg—cA3

G. A. SHAN

It 15 worthy of attention that at certain stages the spectra of Novae ma-
nifest a striking resemblance to those of Wolf-Rayet, P Cygni and c-stars.
Since long time the study of new stars led to the conclusion that there un-
doubtedly takes place an ejection of high speed atoms. Further in the last years
the emission bands of W-R stars have been also successfully interpreted in
terms of the continuous ejection of matter. The third type of objects where
the ejection hypothesis found serious support are the P Cygni stars. But such
evidences are lacking with regard to c-stars, As to the Be stars the observex
facts are very difficult for interpretation, but in several cases there are indica-
tions on the formation of tenuous shells. The purpose of the present paper,
which represents an account of a more detailed investigation, consists in the
seatch for more direct evidences in favour of the hypothesis of outward strea-
ming of matter in the atmospheres of supergiants of early type. The investi-
gation was done on following lines: 1) The estimate of the effective gravity
acceleration from the study of the Stark eftect for hydrogen lines and of the
relative intensities of spectral lines of neutral and ionized atoms. 2) The study
of radial velocities of several individual lines showing systematic displacements.
3) The investigation of the systematic motion of c-stars having mainly in view
the derivation of the constant term K.

1. Owing to the accurate computations by Verweij® bearing on Stark
effect one can now derive with fair accuracy the effective gravity acceleration
gors on the stellar surface from the measurements of profiles of hydrogen lines.
The theoretical profiles for Hy and Hsz for different values of ¢ - have been
compared with those observed at Simeis (7 stars). Fig. 1 illustrates such a
comparison for [ Orionis (Ha). For the central portion of the line the theory
is not accurate. The microphotometer tracings (Fig. 2) give a representation. of
the difference in the profiles of hydrogen lines between a supergiant and an
usual star of the same type A2. For the seven supergiants studied the observed:
values of log g, are within 1.0—1.4, On the other hand, the mean:computed :

value from the formula | '
M i Arna 2ok g
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tarns out to be about 10%. Still carlier Schalen found loggeys=1.2 for
« Cygni® and the author log gery=1.0 for § Orionis . an}eknck crflpha-
sized the importance of the discrepancy between ¢ and gy for @ Cygni and

::mm remamns at present for the discussion of the dilution effect, except, may
be, for few individual lines. There is no doubt that the main cause of the

Cepheids®. The question may arise whether this discrepancy is real. First, a

doubt may be expressed with regard to the applicability of the mass-luminosity

relation when computing the masses of stars of such high luminosity. But this.
doubt is removed by the fact that the mass of Peatce’s star (a binary ¢Bg):

derived immediately is of the order given by the mass-luminosity re'lutim:fi But
perhaps the weakness of the wings of hydrogen lines in the supergiants is due
to the relative scarcity of hydrogen atoms and not to the small pressure effect?
However the few known observations show that the jump.Lat the edge of the
Balmer series 3646 does not bnng out some anomaly in the spectra of super-
oiants and therefore the above objection is also untenable. For this reason

the large discrepancy between the observed effective gravity acceleration gz

and the dynamical one g seems to indicate that in the atmospheres of' super-

giants in addition to the gas pressure there are operative some other forces:

acting against gravitation.
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Fig. 1 bab.
The theoretical profiles of Ha for different values of
the gravity acceleration logg=3, 2, 3 and 4. The
dots are the observations for Hp in the spectrum of
Rigel. The abscissae are the distances from the line
centre, the ordinates are the intensities

2. A mere companson of the spectra of c42 and A2 reveals at once a
striking difference. Though the spectra of supergiants leave an impression of a
fairly large amount of turbulence, the curve of growth does not manifest this
(Struve and Elvey)’ and therefore we have at present no reason to interpret
the spectral characteristics of c-stars in terms of this hypothesis. The apparent
constancy of the spectrum of & Cygni except the changes in the Ha emission,
the shape of hydrogen absorption lines and the general uniform character of
other spectral lines suggest that we are not concerned here with permanent

or tcfnporary teuuuu'sl shells like those observed in several Be stars. Notwith-
standing the probability of an extended atmosphere it appears that no much

«ifterence in spectral characteristics between cA2 and A2 lies in the diffe-
rence in models of atmospheres of supergiants and usual stars. Without appea-
ling to the detailed theory one may suggest on the basis of the working hypo-
thesis that the high discrepancy between ¢ and g, plays an important role
in producing the difference in the models in question and in the general
«characteristics of spectra. Not refusing the possible influence of some other
factors we should like to emphasize here the importance of the gravity or
luminosity effect. The stirs c42 and 42 do not differ properly too much in
the gravity acceleration (nearly 10 and 10* respectively). For the sake of
illustration one may mention that the observed difference between the spectra
of a giant and dwarf of type Go in spite of the greater difference in g (ne-

arly 10® and r1o*-*) is incomparably smaller than the difference between cA2

:and A2. But the observed striking difference between c42 and A2 can by no

'means be explained by the ten-fold decrease of g. However matters will differ

if the effective value of g in supergiants is of the order of 10 cm/sec? instead

of 10? as this is suggested by the working hypothesis. Before to interpret the

spectroscoprc peculiarities of c-stars we shall indicate the main of them.

Hao Mk Mg

M1z Aro My

Fig. 2 Gab.
Microphotometric tracings of the hydrogen lines of
Balmer series in the spectrum of a supergiant A2
(top) and an usual star A3 (bottom).

T

The observed data were taken from our measurements of total absorp-
tions of some tens of stronger lines belonging to several multiplets of diffe-
rent elements. As main basis of comparison served the well expressed super-
.glant & Cygni (A42) and the typical dwarf c}f the same class & Serp. The
m easurements were partly checked by the estimates of line intensities in the
spectra ‘of other stars. The main results of comparison are as follows: t) The
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intensities of the considered lines due to neutral atoms Fe LMg I, Cr I, Ni L,
Go I Cal in the dwarfs are stronger than in the supergiants. 2) On the
contrary, the spectral lines due to the ions Fe 11, Si 11, 7i 11, Cr I, Ni 1l and Mg 11,
are much or fairly stronger in the supergiants. 3) The few observed reso-
nance lines due to the atoms and 10ns Srll, Ball, Cal, Cr I, Mn [ are much
stronger in the dwarfs (the effect is probably very small for Calland Al L if
existing at all). 4) Several helium lines are still fairly strong in the supergiants
even of type 42. The results are represented in Fig. 3, the ordinates being
the mean intensity ratio & Gygni: e Serp.

3. We shall now compare some details in the spectra of & Cygni and Nova
Herculis in the stage of « Cygni. It is of importance to know whether the likeness

of spectra is based only on the presence of a great number of enhanced lines or this:

concerns also the intensity relations of lines. The latter point is not quite clear.
For the stage under consideration even rough photometric data are absent. Our
own collection of spectrograms of Nova Herculis begins on Dec. 22, two days after
the « Cygni stage (13—20 Dec.). But in December we bhave had several obser—
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Fig. 3 bab.
Log of intensity ratio of lines in the spectra a Cyg-
niie Serp. The circles relate to the resonance liness
the dots and crosses to the lines of neutral and ionized
elements respectively.

\'Eltiu:mal dates in common with McLaughlin, and this allowed to reduce
his scale to ours®. Then, using McLaughlin’s estimates relating to Dec-
17 We were able to express in an homogeneous scale the intensities of the sa-
ine lines in the spectra of the Nova at the a Cygni stage, & Cygni itself and
e Slerp.—nur standard dwarf A2. Though this procedure can give certainly
nhn 1; a low dccuracy, we hope that the following results are as yet trustwor-
} y: 1) The,lmes due to nentral atoms Fel, Mg I, Col, Nilin the Nova are:
;;:ﬁr :jl‘:-ai 1‘:{ aill usual 42 star. 2) The lines due to the ions Fell, 7ill, Sil1l,.
il ; g11; Scll, Coll are much stronger in the spectrum of the Nova-

cre are possibly few exceptions (V. 1Ia. 0.) 3) The few resonance  lines
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due to atoms or ions Sr1l, Cal, Mul, Crl, Ball, AlIare much fainter in the

‘spectrum of the Nova or even absent. 4) Probably the heliim line §876 was

present in the spectrum of the Nova at the « Cygni stage. One cannot as-
sert that tl'{ﬂrc are no differences between the spectra of « Cygai and the
Nova (fﬂ:f istance, in the latter O I was present) but all these four peculiari-
ties are in a striking manner paralleled with the results of comparison of «
Cygni with the same standard (e Serp.). Such a likeness of spectra of the Nova
at this stage, when g,/ is zero or even negative, and « Cygni is probably
caused by the likeness of physical conditions in their atmospheres. Keeping
also in mind that the absolute magnitude at least of several c-stars i1s near to
that of a Nova at maximum brightness, one must conclude that the above
considerations bring an additional argument in favour of a very small value
of effective gravity acceleration in « Cygni stars.

4. Now we turn to the interpretation of some observed spectral pecu-

liarities of c-stars. In the recent years progress was reached in the computa-
tion of theoretical curves connecting the variations of the intensity of lines
with temperature and gravity (Russell, Pannekoek, Unsold). When
comparing our observations with theory we used partly Pannekoek’s cur-
ves, partly those computed by ourselves following his method 7.
. Let us take helium, the presence of which in the spectra of supergiants
cA2 has always been a puzzle. For the sake of illustration in Fig, 4" are "gi-
ven the theoretical curves for the line 4471 for different values of ¢ from
10%* to 10%% Though the gravity effect for helium is sensible at tempera-
ture of about 9000° it is surely insufficient to explain the appearance of helium
lines in supergiants c42 (g=10?), differing not too much in g from the usual
stars (z=10"). The observed strength of He lines in the supergiants c42 may
be accounted for if the effective value of g is of order 10 or somewhat more.
The Stark effect may rather favour the appearance of He in A2. The conc-
lusion may be drawn that the behaviour of helinm lines in the supergiants
cA2 also points on the large discrepancy between the effective gravity accele-
ration and its dynamical value. |

From many details of spectra of supergiants we compare with theory for
the sake of illustration only two typical iron lines Fe IT 4233 and .Fel 4383.
As it was mentioned carlier, the characteristic feature of spectra of supergiants
as compared with those of usual stars is the considerable increase of the
intensities of lines due to the ions and the decrease of those of neutral atoms.
In fact the theoretical curves (Fig. 4) show that the change of the intensity
of the lines in question when passing from
site character and this is in agreement with the observations. But again, as in
the case of helium, the observed relative intensity Fell: Fe I in e Serp. as com-=
pared with that in « Cygni will be probably accounted for not by paSSIHg
from g=10' to g=10" but to a much lower value (may be to g=10"—10%).

low to high luminosity is of oppo-
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Nearly the same holds with some variations if taking another pair of lines due to

iron or another element under consideration. The discrepancy i question secis

to be in agreement with that found when discussing thﬂ: _hydrngcn and helium,

It remains to mention that the resonance lines of 10ns and neutral atoms
are weakened in the supergiants, the effect being strong for Sr 1l Mnll, Cr I,
Cal, Ball and small for Call,if existing at all. The computed theoretical cur-
ves predict a moderate gravity effect for these lnes at temperature of about
9000% and in order to explain the considerable weakening of the lines uudu'_r
consideration in a Cygni relatively to & Serp. an extremely low value of g i3
required, much smatler than the dynamical one. This is also in agreement
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Fig. 1 6sb.

Variations of line intensity for He L, Fell and Fel with
temperature and gravity. For abscissae (temperature)
and ordinates a logadthmic scale has been chosen.
The zero point of the vertical scale is arbitrary for
different lives (one division corresponds to a factor 10).

with all preceding results. But the lines K and H behave probably in a dif-
ferent manner, the effect becoming reverse in cB8 stars, even after 'acmuut
for the interstellar lines. One may guess that the behaviour of resonance li-
mes is governed by some additional factor.

We have considered in this work a number of characteristics in the
spectra of supergiants (but by far not all) and found that the main peculiari-
ties may be accounted for if the effective gravity acceleration is much lower
than the d?namical value 10%. It would be premature to derive the ratio glgetr
The numerical result may be properly derived from hydrogen and it turns
out to be about s0—100. Confronting now all the observed facts, it is diffi-
cult to escape the conclusion that in the :

tion to the gas pressure there are an : : :
o8 y other forces acting against gravity and
causing the observed large discrepancy between g and g/, e

atmospheres of supergiants in addi-
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It is of importance to note that in the spectra of supergiants not all lines are
strengthened. The neutral lines in general and the resonance ones are weakened.

5. Now we shall indicate some consequences of dynamical character,
which follow from the hypothesis under consideration. Let us suppose that
the cause of the high discrepancy between g and g, ‘is the radiation pres-
sure. As it is known, the residual intensity of the net stream, properly deter-
mining the radial outward pressure, is a function of the height in the atmo-
sphere. L'or this reason, if the observed value of g, makes up a very small
fraction of g one may imagine that in several layers gers is negative and that
the matter moves there outward.

Another complication is connected with the effect of ionization. If many
atoms, whose ultimate lines are in the visible region of the spectrum, under
the action of radiation pressure are moving outward, they will become suc-
cessively ionized before being gone very far from the surface, and their lines
will be generally far in the ultraviolet, where the effect of radiation pressure
is negligible. Then under the force of gravity the ions at last will fall back
to the surface until again a recombination will occur. This represents a sort
of cyclical process suggested by Gurney and Lyman Spitzer®, the
neutral or singly ionized atoms rising, the ionized (singly or doubly) retur-
ning. However there are several restrictions for this process connected with
the amount of ionizing radiation and the electron density. At last we must
keep in mind the effect of diffusion drag suggested by McCrea (§6). The-
refore the problem of the radiation pressure in its application to stellar at-
mospheres is highly complicate.

Following the ideas of Milne, Chandrasekhar and especially of
McCrea® we are able as yet to estimate roughly without appealing to the
detailed theoretical model of the atmosphere at least that fraction of radiation
pressure which is due to the continuous absorption and to the effect of the
integral equivalent width of absorption lines. The total force in question per

unit area is
o=( 1+ 25, ) a7 (1)

3
where a = e is an universal constant, p—the total equivalent width of lines

b ¥ [ - ]
supposed for simplicity to be uniformly distributed over the spectrum (in our

case 7<<0.1), 1,—the total optical thickness in *the cnutinuuus- spectrum (it
may be assumed to be equal to 0.5). The significance of (1) is best seen by
evaluatine the mass ', which this force will support against gravity at the
stars surface per unit area

1 1 -
.‘ - .
*—ET Rq( 3 W-F" 4 Tl}) (2)
035 G M
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It is of interest to express m' in units of mass m of the column of atmoe-
sphere per unit area. This may be computed only with very low aceuracy. One

' s I 1
may assume in the first although rough approximation (w_ Nt =1, to be

3 -
constant for all stars within 4—G. The difficulty is in the derivation of the

mass of the reversing layer m. We may appeal to the value of m for the Sun
(10" *and 7 X 10~ *gr/fcm® if basing on Russell’s and Unsdld’s composition
of the atmosphere). For different stars m may be derived from Fig. 83 and 84 of
Unsodld’s book ' We have adopted for all stars and the Sun m==3X 10~ "gr/em®.
This is certainly a very crude treatment, Whence it follows that for the
Sun only about o.001r of m may be supported by the radiation pressure
under consideration. For usual stars 42 and BS m'/m reaches few hundreths
and for the supergiants c42 and ¢BS even few tenths. One may select ano-
ther way to estimate the effect in question. The latter consists in the compu-
— where g,= 1—;;-‘—1 kis the acceleration due to the radia-
tion pressure (k is Rosseland’s mean coefficient of absorption '!). The com-
puted ratio for ¢cB8 (also a very crude approximation) amounts very few
tenths. The accuracy of the above results is very low and it is perhaps not
excluded that these figures may be diminished or increased even 3 times.
Particularly the results depend on the dispersion in absolute magnitude of
early supergiants (probably between—3.0 and-—7.0). Therefore even confi-
ning ourselves to the portion of the radiation pressure as expressed by (1), we
find that the atmospheres of several supergiants may be supported at least
partially.

However, the selective radiation pressure can by no means be neglected
here, its role in the supergiants of early type is probably more important than
of that expressed by (1). Since the pioneer work of Miln e on the equilib-
rium of the solar chromosphere we know that this effect is important for
Call. For the supergiants at temperatures of 10000—15000° the computed acce-
leration due to the radiation pressure for hydrogen atoms is of the same order
as the gravity acceleration, or even may be exceeds it (McCrea a. o.'%).
This holds at least for several layers of the atmosphere. The question on the
initial velocities of atoms is also of importance in this problem. However
the complexity of the phenomenon, primarily its cyclical character, and se-
veral restrictions involved there, make the numerical results without appealing
to a detailed model of the atmosphere not quite definite.

It is possible that the radiation pressure is the sole agency - responsible
for the observed discrepancy between g and g,ss. However we are not able
to decide whether there are not other additional agencies causing the strong
decrease of g or even the expulsion of matter. In any case, such forces are
effective for example in the solar chromosphere, though their origin remains

tation of the ratio

ﬂﬂhﬂﬂﬂﬂ: For instance, some kind of systematic motions may much help in
»ﬂ?]iﬂ‘ﬂlng the atoms against gravity. The above theoretical considerations lead
~ {o the conlusion that the atmospheres of several supergiants cBs—cA3 are pro-

~ bably supported against gravity at least partially—a result, in favour of which we
brought forward earlier a number of spectroscopic evidences.
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6. In the light of the above discussion concerning the c-stars of type
'3'5’-'-*4-;43' one may expect perhaps an outward motion of the reversing layer
as a whole and of atoms of given species particularly strongly subject to sele-
ctive radiation pressure. This suggests the necessity to study the systematic
motion of supergiants having mainly in view the discovery of the K-term and
the systematic differences in the radial velocities for individual lines. It is
remarkable that the observed facts (Novae, prominences) mostly speak in fa-
vour of the common motion of different elements in spite of the great dif-
ference in selective radiation pressure. In such exceptional cases as P Cygni,
where the various atoms and ions bring out a very sensible difference in veloci-
ties (Beals, Struve, Kharadse), the matter concerns properly the difference
in motion in dependence on height in the atmosphere *. If the atoms of an
abundant element, say hydrogen, come in motion under the influence of any
force, the diffusion drag will cause a redistribution of the a:cquired momenta
amongst the various atoms, so that the layer as a whole will move ‘ﬂutward.
But if only the atoms of very small partial abundance come in motiom, 'tl.m
diffusion drag will lead -evidently to a considerable decrease t::.f .the velumltles
of the atoms under consideration, the layer as a whole remaining but little
affected, if at all. In the light of this effect a sensible difference in the velo-
cities of different elements is not to be expected. But in supergiants, "where
the density is low, the effect of diffusion drag is smaller and the difference
in velocities for individual lines seems to be perhaps more probable than in
the usual stars. |
Szurting from these considerations we have ﬂbtﬂli_lﬂd 106 E_PEGtT?Em;Eﬁ
for seven supergiants (Table 1). To eliminate the possible variangns u:lﬂerf
radial velocity of a star as a whole and also the error of t*he plate we de
o o el EL G anien s Yonlye the " differencesline i SGUCSHORBHIENS
' d helium lines. We are briefly con-
average velocity based on hydrogen an Mottt T
sidering here only the Ca II lines Kand H, }Eﬂ?lﬂg the detal LT |
these and all other lines for another paper. It s to b_e remembered tha : ;In}s
and MéCormack found a systematic negative dmplacﬁment i;uer :,1110 ‘ 131“
the spectra of # Orionis and « Cygn! ol mﬂﬁnﬂ'{d their Tjﬁ“t tﬂf p ﬂ:z:
(3). But the radial velocity of the lines ff and H in the hlstzl:lu Sﬂgﬂifgi; i
must be influenced by the interstellar calcium and theref:?(;e tde ste :;ﬂ;lgNn .
the observed displacement for two stars cannot be considered as p . Now

we have seven supergiants. Using the statitistical d:_ltn (Merrill,‘San f nr‘i-
and Burwell) concerning the intensities of interstellar calcium lines*®
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2
4 ble to estimate in a rough manner the term due to galactic rota-
n° ‘Wﬂﬂt; t}i,-_m-.rstuzll:nu- line and its influence on the observed radial velocity
:fn}rid ;‘ for each star. To do this even roughly it was necessary to mea-
sure the equivalent width of the lines K-and f. The nl?sen*ed lvalm:s of rel;-;-
tive velocities of the Ca Il lines and the ones ::Uﬂﬂf'ir.:ti for the interstellar li-
nes are given in Table I. It is to be emphasized that the accuracy f}f the
correction is very low since it depends on the assumed values for the distance
and the intensity matio-K stellar : K interstellar, on the assumption that the
peculiar motion of interstellar calcium is zero and that no abnormally dense
clouds occur in the direction of the star. But we hope that this correction

gives as yet some improvement.
TABLE [ G&&0TT0

R. V. (uncorr.) R. V. (corr.)

p Onon —5.4+0-8 — 4.6
67 Oph. —3.04+ 1.1 +0.2
4 Lac. +2.2+0.8 — 45
2 Hev. —4.6+ 1.1 -—3.0
g Cygni —0.6+0.8 ~+42.9
o Cygni —2.5+0.§ — 1.5
% Leonis +1.0%+0.9 +0.2

The main result is that out of seven stars four ones (3 Orion., 2 Hey.,
- Cygni, 4 Lac.) show a systematic negative displacement nea:ly four times
as large as the probable error. For two stars (67 Oph. and 5 Leon.) the dis-
placement is negligible and for & Cygni one may suggest a positive displace-
ment. At least for several supergiants cB7——-cA2 systematic negative displace-
ments for K and H may be considered as highly probable, as well as the ab-
sence of this effect in other ones. In view of the very rough estimate of the
Aanfluence of interstellar lines, the latter may be overestimated or underesti-
mated for the individual stars, but the result in whole is probably correct.

It is worthy of attention that the negative displacement does not surpass.

6 km. Let us try to consider these results in the light of the idea of McCrea
on the motion of one gas through another *, Using equations (7), (11), (19),
(23) of McCrea’s paper we can derive the limiting velocity of Ca II relati-
vely to H. Suppose tentatively that the atmosphere consists of an excess of
hydrogen at 10000° for which the force of gravitation is almost balanced by
some ui:'her force, say g.;y=o0.01 g. We suppose further that the ions Ca lI
are subject to selective radiation pressute. The solution is given for two ca-
ses when th:e relative velocity of two elements is small (U,) and large (o) as
compared with the thermal velocities., The result depends essent‘i]allf ou.tghe dt;:lﬂit'f

v. I v=10' atoms/em®, we find Up~o.2 km/sec and Uy~2 Lkm./sec-
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If v 16* Uy~6 km/sec, Here the ions of Call preceed in their motion
the hydrogen atoms. The uncertainty of several parameters entering here
is considerable and we must be cautious with regard to the numerical results.
But it 8 of interest that the relative motion of the Cz Il ions observed in the
supergiants ¢B7 —¢A2 may berealized at the density about r0®—10° particles/em?,
a value plausible for the reversing layer of supergiants under considera-
tion. At greater pressure the diffusion drag will be sufficiently strong to-
reduce the limiting relative velocity to the value<r km/sec. May be namely
for this reason the differential displacement of K and H is not observed in
usual spectra Bs-—d2, even apart from the fact that in these stars the proba-
bility for the balancing of hydrogen atoms is smaller. The conclusion may
be drawn that the hypothesis of diffusion drag possibly not by chance cor-
rectly predicts for the stars the order of observed values of relative velocities
of lines K and M.

One may also suggest the explanation of the phenomenon in question
in terms of the hypothesis of accelerated outward motion in stratified layers
so successfully applied at first by Bowen to planetary nebulae and after-
wards by Beals and Struve to P Cygni and W—R stars. But such an
application to c-stars is much more restricted. At last, one may imagine a
tenuous shell of outward moving calcium ions in the upper layers in froat
of an underlying stationary reversing layer. The study of profiles of the Ili-
nes K and H at high dispersion will be very useful to test this or another

supposition. :
7. If in c-stars is realized, as we have seen above, a systematic motion
of the calcium ions, one may also suspect an outward motion at least for
several atmospheric layers as a whole. From this point of view it would be
of interest to analyse tne radial velocities by means of the well known gene-

ral relation '
V= K-+ X cos ! cos b+ Y sinl cos b-+Zsin b-+7Asin 2 (I—1,) cos® b (3)

The notations are usual. When selecting the c-stars of type Bs— A3 we were
basing on the classification made only with slit spe.':ltrugraphs, The sources
are as follows: 47 stars from a special list by Merri ll”,‘ 4 stars observed
by Harper'® and one by Young™. It is to be emphasized that these stars
are in overwhelming majority concentrated within a few Eiegree‘s from the
on, because of the lack of observations in the sou-
thern hemisphere, these stars are to some extent concentrated in the longitu-
des ¢o-—210°% In view of such a distribution it wm}ld hardly be reasonable
to expect that the solution would give even approximately the standard value:

for the direction of the solar apex, particularly the latitude of the apex re-
Notwithstanding this and the small number

d at first in the form as given in (2). In

galactic plane. In additi

mains practically indeterminable.
of stars, the equations were solve




¥ | .o.rdqr to assign not too much weigh
o we united them in three groups, so

e e el e e

=

t to the stars of the Perseus cluster (9 stars),
that we had only 46 equations of condi-
tion (the results are given in first column of Table II). For control another
solution was made, assigning unity weight to all stars. A very poor determi-

nation of the solar apex is not surprising. The position of the galactic centre
med out to be in excellent agreement with the best modern results. The

- value 74 gives the absolute magnitude which appears very probable for the

c-stars. The most interesting result is a large negative value for the K-term.
Further, adopting the standard position for the solar apex and the galactic
centre, 2 second solution was made (second column). At last because of the
impossibility to obtain practically the latitude of the solar apex we adopted in
the third solution of (3) a standard value4-20" for the latitude (third column).
Ia this solution in order to have a more homogeneous group with regard to
the distance we excluded three brightest stars § Orion, (0.3)y & Cyg. (1.3), 7
Ursae Maj. (2.4). We have here only 43 equations of condition (49 stars) with
five unknowns since only the projected solar velocity F,Cosba 13 determined.
Again we have obtained the position of the galactic centre and the absolute
magnitude from 74 in good agreement with the best determinations.

TABLE I 34600

I l 2 3 4
|
K — 6.8+1.8 | — s.3+1.1 — 5.842.0 — 4.9741.5
X —16.22.7 | —13.6+3.1 ?
Y — 4.7%2.1 | — §.8+42.5
Z —30.4+7-0
rdcos2l, | + 8.243.0 + 5.5+2.2
FAdsin 2], —21.512,9 —20.84-2.6
A 1673 | 232
e . —18.¢+1.8 e 5

Va cos b, | : —15.8 DR
{OA 325.4 32274
F +23.0 +22.611.5 +21.4 |  +25.142.0

o All ;he :i]ree sﬂlutinqs give a large value for the constant term K. Having
in view that the mean residual §=r11.9 km/sec of these stars shows a small

:‘.hsperlslun‘aqd t!:m? the probable error of K is nearly four times as small as
:sr::l uel; it is difficalt to escape the conclusion that we ate dealing here with
of f-smliBTz:ch?i:: Em'mz[mﬂt. be ascribed to the non-uniform distribution
the same distribution PElE Snce thE.s'tars of type O and B, B, at nearly
taken for the Einstein f;:le E"Fﬂ 2 positive K-term. If account would be
should be increased. The h ; :1 f:ﬂr'“the E-Stam’.thﬂ values of K in Table II
supergiants is hardly tenabjypn.t esis of any peculiar stream motion for the
does not probably displa € since the solar mot ion with regard to these stars

P y CBply any anomaly. The negative K-term may be inter-
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preted in terms either of the effect of spatial contraction of the system of
ﬁsyrp or of the outward motion of gases in their atmospheres. But from the
standpoint of stellar dynamics one must expect rather an expansion, Having
also in view that in addition to the negative K-term there is observed also a

relative negative shift for the Ca II lines, one must consider the hypothesis of

s s v R P QR

outward motion of gases as much more plausible.

‘This conclusion is s0 important that it is of interest to consider the
earlier work for c-stars in this direction. Until recently we find generally no
available information in literature. But in 1940 —41 appeared two papers con-
cerning the motion of c-stars, which I was able to read because of the condi-
tions of war time only when my work was completed. In the first paper by
Greenstein®, concerning the determination of the luminosity of c-stars
from the galactic rotation, the K-term was assumed a priori to be zero.
R. Wilson in another paper solves the equations (3) for 205 stars ¢B-cM
(not dividing them into spectral groups). The author obtained K=—2.00+0.80
but does not emphasize this. R. Wilson in the selection of c-stars was more
liberal than myself, since he included in his list also the stars from Miss
Payne’s list, the spectra of which are described also from objective prism ob-
servations as having «very narrow» and «narrow» lines®. One may doubt
whether all these stars without exception are really c-stars. Because of this diffe-
rence and especially of the great difference in spectral classes our results are
not comparable, but it is remarkable that in Wilson’s solution we find a
negative K-term, probably real, though sensibly smaller than those given in
our Table. In order to control our results I took all the stars Bg—A7 from
Wilson’s list and adding few stars omitted by him (the above mentioned
Victoria and Dunlap observations) solved anew the equations (3) having now
66 stars instead of 2. All the stars in agreement with Wilson’s procedure
were cntering in the solution with equal weight. As well as in our second
solution we adopted for the solar apex and rotitional centre the standard
positions. The  results, which do not differ much from our former computa-
tions, are represented in column 4 of Table IL Ther&fm_*e one may speak
with considerable probability on the reality of the negative Ei;-tc:nn: Whe:1
comparing this result for supergiants Bs—A7 (K= — 4.9+1.5) with Wilson's
value K=-—2.0+0.8 for the c-stars of all spectral classes taken tf::-gether, the
suggestion arises that the cause of this discrepancy, may be, lies in the small
value of K for the supergiants of later classes. This will be testf:d. elsewhere.
In the meantime we will only indicate that 1n Wilson’s snh{tm}l of (3)
concerning the Cepheids we find K to be equal-—3.0%T.0 & fh!-tﬁ appears
to be not accidental since the pulsation probably famurs the gteat.dlscrepafmy
between g and g, Besides it is worthy of attention tl:na.t e Cygni also idlsp-
IHYB some irregula[ oscillations in velocity and the ?ﬂl‘li_lblﬂ chara?ter_ of Hou
emission. The oscillations in velocity probably hold also for § Orionis.
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: (- may oe
he m;h;}:e;;n; 1 ;rupergiaut of Fﬁrly type. Il‘ appears that Rige! 15 & {;u{]d
and probably a sole example for this purpose. I.he Suumﬁs ubser.vatmns fail to
—amifest the negative excess in the radial velocity nt: Rigel with respect to
the Ginter component Bs (+21.0 and+-16.9 respectively). !-Inwcw:‘r we must
keep in mind that the accuracy of the derived velocity for the fainter com-
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ponent is low and in addition it is not excluded that the components are:

only optically connected.
" Basing on the values of 74 as given in Table Il one may derve the
~ean absolute magnitide of the supergiants cB¢—cAj3 from the formula

: ar

M=m+435—35logFr—35C— 5 53 (4)
The troublesome error C connected with the dispersion in distance is very
small if using the data of our third solution and is neglected here. The coet-
ficient of absorption for visual rays was obtained from a=7E, where E is the
color-excess (for the majority of stars of our list £ was taken from Steb-
bins Huffer and Whitford's paper*, for the remaining ones we have
used an extrapolation). This turns out to be 0.90. As the mean apparent
magnitude for the stars of our list (third solution) mw,=5.65, one obtains,
assuming for the galactic rotation constant 4=17.7 km, M= —g.9. But the
visual absorption a=0.90 may be is too high and if taking a=0.65 we shall
obtain M=—5.6. The probable error of M may be roughly estimated as+o0.6.
The derived values of M may be compared with recent determinations:
Greenstein found from the galactic rotational term—6.3 for ¢B, ¢4 and
—5.4 for cB8—¢A45®, while Wilson derived from the rotational term,
parallactic and peculiar motion—35.0 for cBs—c44. The agreement seems to
be quite satisfactory.

_ We have brought above a number of independent evidences of spectros-
copic and dynamiFal character in favour of the hypothesis that in the atmo-
spheres of supergiants Bs—A3 there are operative in addition to the gas pres-
sure also other forces acting against the gravitation. This leads to the very

E:E};mdhcrémncgh hewirfm ; he effective and dynamical value of gravity accele-
and on the other hand, t | - o : ;
itself in the ex 0 the outward streaming of matter displaying

et LR istence of the negative K-term and the systematic displacement

Simeis — Abastumani
September, 1g4a.
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‘ Note added in proot

After the acqu aintance with Trumpler’s paper on the motion of ga-
actic clusters (Aph. J. 91, 195, 1940) I think that the interpretation of the
K-term in the light of the hypothesis of spatial contraction of stars has much
more weight, as this was mentioned on p. 94 In any case the discovery of
the large negative K-term for c-stars is of interest also from the point of view
of this new suggested phenomenon. However the share of the outward moti-
on may be is not small here, especially if account will be taken of the Ein-
stein shift. Whether or not the K-term is entirely due to the spatial cont-
raction, the main result of this paper on the large discrepancy between G and
G,y remains unaffected.
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58 BbhmdoBo dmygobomne bBQJEjﬁmhdrﬁUng > ©abodajmba boliosmal
h23pgbndy sbamdgbho ¢B,—cd, ¢ndob B9dmddgbobos o¢3mbggbmda gabgdab
spdapbo dmdbomdab Jodmamgbal Lobatggdmme. Fyomdoal bobgdal  (ad306-
30000 dnmydyero Ibenggagr gdob Bgeadgdo Stark-ob gg@9idhby @edyebgdam
OgMhonMmeE Jotmangror aﬁmqgnwaﬁmﬁﬁ LoBeogmgdols a32dmgal aobglobmgbmm
Ln8daBol doob ohJetrgdal a@0ddnhe 360Bbgmmdo gy qotliggmoqoll Bgeo-
Jobbg (bab. 1, 2). G000 A0dmIgEYITO bpdmddgbobobamgol ogo omdmhAbrs 10 —
12 cm/sec?-ol Gmpo, o3 Qﬁﬁbwmﬂﬁnm 50—100-%96 bojmgdos, gopbg ©o-
6330 4mb0 860836gmmdo ng—;i!'

3dsbm, Shyth, mdb, demm. N 7. 7
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3. Banbo

_ i
{ 5 2 '-’3:)5-(;“" o jeeabob 353 3dgtobme o Rggnepd®og go G-
S hghol N Fabocpbonn Tguohgds sdgsgight @ae Wgowabbyem:
. 1) 6Ggoborrgbo grndgbhodol bobgda Fpunbhodnme sbnsh
USRS L39dhégdTo, bmerm ambobgdpyeo awoﬂaﬁm&“br"ﬁni"ﬂ: Jotodon,
BaBagrngber dedmoghodato; 2) sdmiplebs @ ambgdol &pbmbablgera b
3980 8990 Bgbmbhgdaeo atnoh; J) He— babgdo dagmaob BgLodhbggo omnob
i 8"“’“-53@"’35&%-‘ 80906, bmpgls A,—3360 3303900l L3gJH&Bo olie bo
bammooEa o0 dmRabob (Bab. 3). ¥dnddghodon ygoes ot Lpddbnmo mogol-
dryhgde bampbor Sgmérgds obaro o gemogol L3gdBtol Loffyob UdoEnaTo,
beapo 3UTo Bngmagihgdal godmpabpdo offygdo.

43T 38 ;mgobgdoon nEmESﬁwUnab ombobagyaol  ogmédoal mgogr-
bodbnlion Boggagatacn 0 aU383pY, Gm3 od bl gmagme bgredabby Leddedal
dogrob oRJatagdol 860836yt mda, hmdgrbag ©3g3ohggde 3gedwggls sdom, (103-
5603y sogmergt  Bygmgdes soby ©obadogmba. gl 360B36gmmds  yobaoq
00»553036 odob, éo( Fyordopob babgdob dobgogom 20l u{gﬂmﬂgﬁngn. U
aoddade wnd-:}m&gs gogj0jbmm, bmd B5dpddghobors aoﬂmbggﬁm"ﬂn h3pmm-
g0hog 23teH Bndbomdobiondt ghmop  860TB3bgmrmgeb  Amerb abbmmgdgh ULbgo
doregda(y, bmBgeeboy Loddadol dagmal Lafebasm3pgame m33gwegdgb.

a03mmaes 3308396900, Am3 Loboogrol Laghom (o Lgmaddnbe Fbggom
39mfagmee shjofgdel Tgmderoo Bofommdfbog o babpobob domasbor 33o(e-
Babfmbmb 28 goblisgmogme odmbggbm o godmofgomb Joma(s bmaogbo gg-
67380 gobgdali smBogbo dmdbomds. Bg3mddghabon tropaogrmto  LokJolrggdol
3083308 Bmgagboo Bomgobolismzal ag0Rggbe ombobgdmma jom(jondol bobgdab
LobhgBsghnbo goaspaomyde Lgidbol aobggh demmmlio 496, boy —S kim/sec-U
opfingl. gb Bgegae 06@gbh3bgtobgdmmos pognbnho Eodnbbnggdel Jodmogbol
mgalbabboloo. yagme (36mdogmo Bydmddghotal Lbogmbo Lohdebrggdolb Lbpger.
8> Bomatds LoBmergds dmagpe Boaggmm, Gbol dmdbomdals o gomod®ognto
ohbaol gmeBghipdont ghosw, sabgmgy dgmlege Fgghog, Omigmag 3b0B3hs-
@m3eb Lopopgh smfgst — 5 km/sec. gl Bommomgdl o6 03 gohlggmogon Loldy-
dob Loghzom 393830k, o6 Boon 233mbgyghmBo 2obybol omBargh Bmdbomdotby.
dgmbyg 03emogho, ﬁmf)'ﬂqgnu Lgddombymdnme o obadogmbo  bolinomal oy-
3063000m m(3pdnee Lbga 323dg0b Ggo(303L, Ngbrma dobomgdo.
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Swann’a’l, sa KOTOpHE MM CCHIAAHCH ElU€ B NPSAHAYIIEH CTATERE .
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KOJOP-MHAEKCH! 4535 3BE3/ B OAUHHAALATH
[IOIUAZTKAX KAPTEYN’a

E. K. XAPAA3E

B mawefi npeauaywmeit cratee—«Kosop-uaiexca 1758 3Be3x B OATH MAO-
awazkax Kapteyn'a, pacnosoxennux B rasaktaveckoff mrockocru» (B
AbBact, OGe. Ne 6, ctp. 17, 1942)—mMu coo6ard 0 HAUATON HAMH pabore Mo
cocrapaeruio Kararora xosop-nuzekcos sseas 112 o0—r13™ 5 B #30panduHx ma0-
wazkax Kapteyn'a, Cratea ocBemara npedMyiiecTBeHHO MeTOAHYECKYIO CTO-
pory pabGoOTH H COAepKana BMECTE C TeM CIHCOK KOJOp-HHAEKCOB 1758 3Beas
p oate KSA, pacnonokenHnx B MIOCKOCTH TAAAKTHIECKOTO HKBATOPA.

Hacroawmas crares, npejictaBads co0oil 00 CyUIECTBY OpPOXOTKEHHE HA-
3BAHHOI, COAEPyKHT ONpeleseHHe KOJIOP-HHIEKCOB CJACAYOUIHX 4535 3Be3A.
Ilocaeaunne cOCTABAT BMeCTeé C IEPBHM COHCKOM OPHMMEPAO OAHY TpeTki0 4acTh
IMaHMpyeMOTO HaMit Ha Gamadumme roaw Kararora. OasoBpemenHO, MH H B
‘HACTOSLWIEIl CTaThe KACAeMCA BOIPOCOB METOAMKA Haule#t paGOTH H yAEIAeM
BHAMAHHE TeM AAHHHM, KOTOPHE MOTLYT B TOH MM HHOH CTEHNEAH XApaKTEpH-
30BATH TOYHOCThL HALUMX OfpeleJeHHiA Ml IIO0Ka3dTh COraacHe IMOCAEAHHX C
.COBPEMCHHHMH ARATOrHYAmMI onpexeacnuamu. IlonyTHo, mWOAR3yACH AOBOALHO
amaunreasnuM marepuatom (6293 sseaiu B mecraaxmarn KSA oGonx cunckos)
MW [HTAeMCA MOJAYYHTh HEKOTOPHE 3Be3AA0-CTATHCTHYCCKHE BHBOAN OTHOCH-
‘TeABHO pacnpeiefeHHs W XapaKTepa moraouiomedt cpeas B [arakTAKe, KOTO-
PHE OAHAKO MOKA MOTYT HMETh 3HAYEHHe /AHUE OPEABAPHTEABHHX 3a-
KA09eHHI.

BuGop KSA, aag BKIOYCHHA B AAHAYID CTATEIO (1a6a. I), oOycaosaex
wem, uro KSA 18, 23, 25, 39, 4I Bgome |b|=5°—10" ABAROTCA CACAVIOLINMH,
10cre OMy6ANKOBAHNNX B NPEANAYIIEA CTaThe KSA, B sone b=5", mromaa-
KAMH, AAA KOTOPHX {]upe,ﬂ;e,ﬁ&ﬂlm BEAYTCAH COrJacHO HAUIEMY II.HEH]F aocaeno-
BATEABHO, 10 Mepe YAATEHAS OT TAJAKTHYECKOH ILIOCKOCTH. Hro e wacaercs
KSA 2, 3, 4, 5, 6, 7—TO BKIOMEHHE HX B CTATRI0 A3CT HAM BO3MOXKHOCTE
-CPABHHTH RAUIM AJHAHE C COBPEMEHHHNH ONPCAC]CHHAMI B. J. Bok'a w W. F.

Heratupunft matepuai, [OC/AYAUBLIHA AAA HAUIHX ONpeXeNeHHH, unncs;g:.
B rtada, II. lag ka)kaofi mAOILAAKH HCIOABIOBAHO OT 3 X0 6 mAp HEraTHBOB,
mpaYeM KA)KAAR [apa MpoMepAaack Ha MAKpochoTOMETpE N0 Kpafdmefi Mmepe




