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Introduction. The problem of isotopes is of considerable interest for astronomy.
Thus the relative abundance of several isotopes may be predicted by the theory, since
in the statistical equilibrium the concentration of each nuclens in the known cyclical
reaction is proportional to its lifetime !. For instance, C' captures slow protons about
70 times as easily as C1% therefore C!* should be 7o times as abundant. This must hold
at least in the interior of stars. i

If the relative abundance of isotopes does not depend on the nuclear reactions |
mentioned above, the general presumption that the isotopes of carbon will be found
everywhere in the same proportion (neatly 70:1) can hardly be applied to stars of type
N and R, the relative abnndance of clements, at least of carbon and oxygen, being
quite unusual in these stats.

Further, it is brought out {rom the few laboratory esperiments by King * that
the intensity ratio of the band C**C'" to C'C* for the transition (1,0) depends on the
conditions of excitation. If this is really so, an information may be obtained with respect
to the physical conditions within N and R stars. In any case it is highly desirable to test
this mmexpected and mysterious result by means of astronomical data.

Carbon gencrally deserves great attention owing to its peculiar role in the stars.
The carbon branch of late type stars characterized by the relative excess of carbon as
compared to oxygen was discovered long ago. More recently Beals® manifested the
existence of two parallel sequences in Wolf Rayet stars designated as the carbon and
nitrogen sequence respectively. [For some reasons it is more difficult to judge about any
branchmg with respect to the carbon in the intermediate classes, but it may be mentio-
ned that L. Berman?' was able to discover a carbon star of type Go (R Cor. Bor.).

The isotopic effect for atoms (except hydrogen) is so feeble that it cannot be
detected in stellar spectra. But in the case of molecules, when we are dealing with mo‘
tion of heavy nuclei, the isotopic shift rcaches often several tens of angstrom. As a re
sult we shall have the shift of bands as a whole and of the lines of b.mds Whlch '
be in each case in first approximation proportional to the distance from the bgm] ( 19},
and the line (0,0) respectively.

About 20 years ago Sha ne® pointed out that in the spectrum of 19
there is near the Swan band 4737 an apparent head at 4745 and in
(N) one at 4753 A common origin was suggested for these threc bands. On
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Jin his study of the spectra of class——.l{ stars also noticed ; the pe;ulinr
and 4753- In 1929 King discovered in the laboratory @ faint . unknown
 developing with the well known Swan band at 4737, \:-lu::h Birge and
wete able to identify as belonging to the heavy nlmlem}le (@G, S;}nford 8
enzel? pointed out that the three bands uud“:r collsld:emtmu f}?asv‘:!rvcd' in spectra
J and R type stars belong to the molecules C13C1, C12C** and CHC'* Sanfordje
ad also in the R class the secondary bands of the same hhcnvy molecules. Another
it of interest is the conclusion on the large abundance of C'* drawn by Menzel?!
the relative intensities of these bands.
" However, the evidences in favour of the above results were too meagre, and serious
doubt was espressed in this respect by Wurm 2 In fact, the more or less satisfactory
agreement of the laboratory or thcoretical wave-lengths of the bands w_ith those obser-
ved in late type spectra does not afford a convincing evidence in favour of correct

UU Aurigae
B U Hydra

X Caucri
Y Can. Venal.

Photo 1.—The spectra of N type stars in the region
of the Swan bands of sequence—1. The arrows show
the position of the C12 C1?, G C*? and C* C'* bands.

identification. The accuracy of measurements of bands is low (of the order of 0.5 A and
more), and in addition at the moderate dispersion used the effect of blends is generally
great in these spectra. At last, when measuring the heads, a systematic error is mostly
inevitable.
In this investigation I tried to find new isotope bands and, on the other hand, to
i pay attention to the photometric side of this problem. In this way, as appears to me, 1
:. was able to find more convincing evidences as compared with those found bitherto.
The C*C" bands of the sequences +r1 and—1. Previously the investiga-
tion of isotope bands C'* C1? was properly confined to the transition (1,0) in N and R
stars and in addition to (2,1) in R type ones. The evidence for the occurrence of still
heayier molecules C* C'® seems to be more doubtful. Basing on Hutchisson’s theory
of vibrational transition probabilities * and Maxwell-Boltzmann distribution of
molecules in different vibrational levels: one may expect a very considerable strength of
bap.ds of the sequence 1. In fact, the bands 4737, 4715, 4698..... overlap each other
- to such exfent, a5 to cause within the region in question the well-known gap in the con-
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us Sy of type N. Therefore, the blue sequence cxcept the first band is gene-
not suitable for the study of isotopes. This holds still more for the sequence O
wver the isotopic shift for these bands is too small).

: th respect the yellow sequence—1 appears to some extent more appropriate for
testing the presence of isotope C'”. In fact, the theoretical intensities of Swan bands
(1), (1,2 re seusibly lower than those of the sequence (1,0), (2,1)..., and in the
stellar spectra the gap in the region 5635—5500 is much fainter than that in the blue
one 4737 4680, Further, it may be mentioned that it is incomparably easier to get the
yellow portion’ of spectrum of type N than the blue one. However, it appears that most
valuable information may be obtained from the comparison of both sequences.

It is to be emphasized that a sure identification in the late type spectra may bs
made only with respect to the stronger bands, especially if the latter are not wide. The
general impression is of importance in the question of the identification. In our case we
may judge of the degree of certainty from the inspection of Photo 1 representing a
series of spectra of N type stars (yellow region). The arrows mark the position of Swan
bands. It is evident that at least the first two Swan bands consist of two and sometimes
of three close components.

Before to discuss the possible isotopic cffect it is necessary to prove that the dou-
bling of bands as brought out in Photo 1 and Fig. 2 is not due to the rotational struc-
ture. In fact, it is known that the Swan bdnds consist of the branches P and R and at
the absence of the null-line a gap may be expected at the distance about 8 A from the
head. But we have convincing evidences that the observed doubling is not due to the
effect of rotational structure. In fact, the intensities of individual lines of the band may
be computed. On the other hand, the rotational structure of any band (say o,1)is known
from the laboratory study by Johnson* performed with very high dispersion. Basing
on these data one may compute the integral intensity of small separate sections of a band
and therefore to obtain a representation on the profile of a band in emission as it must
appear in the case of small or moderate dispersion when the rotational structure cannot
be properly discerned. The results depend also to some extent on the temperature. The
dots (Fig. 1) are the integral intensities for sections of the profile for every 0.5 A. Some
fluctuations in the intensities as brought out by individual dots depend on the arbitrary
selected limits of integration. There remains no doubt that the computations represent
the profile at least qualitatively rather well.

It is clear that the computed profile shows no trace of a doubling contrary to the
observed one in the band 5635 and others (Photo 1). Properly speaking this was to be
expected since at the distance about 8—9 A from the head the individual lines became
rare, Fig. 1 characterizes the theoretical intensity distribution in the band 5635 in emis—
sion. However, it may be shown that in the case of an absorption band the effect of
overlapping of the branches P and R will also not give any sensible doubling. A still
more convinging evidence i‘u favour of the not structural origin of the observed dou=
bling of tlll(:.bilﬂ_l.[ 5635 is found in the following. The bands 5635 (0,1) and 4737 (1,0)
must be similar in the rotational structure. But 4737 in the spectra of N type stars shows
no trace of doubling towards the shorter wave-lengths. On the contrary, one observes for
the band (.r;; 37 a component towards the longer wave-lengths. The observed compc‘mcﬁts
of lhu? main bands of the molecule C** C™* 5635 (0,1) and 4737 (1,0) are displaced in
opposite sides by—9.7 and 7.4 A in good agreement with isotopic shift as given by the
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nolecule C1* CY. It may be added that on our spcctr_o_';grs,i_-ns- h?
isotope bands 4757, 4745 and 3635, §626 seem to be similar.
¢ measurements of wave-lengths of heads are given in Table 1.
of i "tbpic shift (the vibrational one) can be computed with deéi_fhtﬁ
D) (0 ' —0"s W)—(p'—1) (0 & w*—a"y A 4"

the square 1oot from the ratio of assumed reduced masses of the
@' e and 'y’ the vibrational constants known from the
L and w'=v+1/, and u’=v"+1/, the yeffectiver vibrational quantum
topic rotational shift which reaches a few tenths of angstrom was also
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Fig. 1.—The theoretical intensity distribution in
e e : 3 the Swan band 5635.
TABLE 1
i Bands of Carbon molecules

(1,0) (2,1) (OII) (132) (2,3) (0?2) (1,3) (2,4) :
47571 4715.2 $635.5 5$585.5 5540.7 61912 Gre2.t  6039.7"°
4737.5 4715.8 3636.0 35585.9 53540.8 6193.7: 6122.6 6060.9

4—0_.4 —i—o.G' 4o0.5 0.4 40.1 +2.5 +0.5 1.2

4722.9 3625.9 §577.1 3533.2 6168.1 G6IOT.I 60404
9 47243 $626.3 3577.4 55333 61681 Gror.s Gog2.7"
' —i—i._qr' —1—0.4 +o0.3 401 0.0 404 2.3

§6I6.T 5568.5 §525.6
56152 5568.7  5525.5%*

SH02 0

~error as brought out by the residuals for Swan bands (line 4),
nt between the observed and the theoretical wave-lengths
. bands (line 7 and 10) as quite satisfactory. The few larger
mainly by the efféct of blends. However, the agreement would

Yerk., Obs. 11 1903.
ow consider the individual bands in detail. As we have already mentio-
conyincing evidences were found in favour of the isotopic origin of

Fe

R U Drazon.

Fe

Photo 2.—"The spectra of N tvpe stars. The arrows show
the position of Ct* C1? and C!¥ CR bands of sequence—2.

the bands 3626 (0,1) and 4745 (0,1). As to the isotope band 5377 it is especiallysnotable
in the spectra of type N, and later. In the earlier subclasses of N stars this band is often
not surely seen. The corresponding band for the transition (2,1) was also measured, the
residual being rather large. This band was already found in R type stars by Sanford.
But in N type stars the overlapping of the main Swan bands is so strong that this iso-
tope band is brought out only with difficulty. There remains still less hope to discover
the isotope band (3,2), On the other hand, we have found in the green-yellow sequence
the band (2,3). This band is mostly very faint, and it is difficult to judee by its aspect
whether we are dealing with a band or blend or even a line, The same relates also to
some extent to the bands (1, 2) and (2.1). The identification for the latter bands has a
smaller weight. .

Now we tarn to the photometric side of the problem in question. Unfortunately
accurate photometric measurements cannot be made since the wide strong bands _qﬁréﬂgﬁ'
each other and this fact combined with the crowding of many atomic lines does no
allow properly to draw a continuous background. The microphotometric trac s of
tal stars are represented in Fig. 2. For most stars of our small list of § :
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 estimates

of intensities have been made. The r‘elative intensities of bands 4737 (1,0) =474.S
S and 5638 (0,1): 5626 (1,0) vary scns_ibly_ from one star to another. But when esti~
% mating the intensity ratio 5635 : 5626, a difficulty arises since as scen on our spectrog-
~ rams and microphotograms closely to the band 5626 towards the shorter wave-lengths
l,h re is a blend or unknown band not always separable from the b:mld under considera-
sﬁb‘ﬁ; Tor this reason the band 5626 appears probably stronger and wider. :

" As a result of our estimates and partly of mcnsurem'ents we have tound that .thc-
intensity ratio for 4737 (1,0): 4745 (1,0) varies nearly from 5117 to 55 _:v_ul from:
5'-;-‘3.'5 to 4:5 for 3635 (0,1) : 5626 (0,1). Though the aceuracy is low here it is worthy

19 Pise,

ew.

Y Can.

5635

f 0 ¥

vl (3¢ (29 (12

5502 5531 5587

Fig. 2.—Spectrophotometric tracings of the region 5480—35660.

The arrows show the position of the G €12, G G and
(@12 C1* bands of the sequence—I.

10 note that‘ in the mean the intensity ratio 4737 :4745 and 5635:5626 is nearly equal-
"This also seems to be an argument in favour of the common origin of the four bands
under consideration. :

Further, the larger deviations from the mean value of intensity ratio of 4737 : 4745
and 635 : 5626 for the individual stars show some tendency to oceur simultaneously 1n
both pairs. For imstance, in the spectrum of WZ Cassiop. the suggested isotope bands
4745 and 5626 seem to be as strong as the corresponding main bands 4757 and 5_635
respectively. This adds further evidences in fayour of intimate relationship of these four
bands.

When turning to the relative intensities of main and isotope bands for the transi-
tions (1,2), (2,3) and (2,1), the thing is less distinct. At first sight it is to be expected
that the intensity ratio for the pairs in question will be the same for all bands of a gi-

ven sequence or even for all bands of different sequences. We think, that in reality the
expected constancy does not hold even within the transitions (0,1), (1,2), (2,3) and (1,0)
(2,1). Especally in the stars of early subdivisions of type: N the isotope bands (1,2}

£
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(2;3) seent to be fainter than they should be. But in the spectrum of Y Can. Ven. and
others the mtensity ratio seems to be nearly constant, However, it is to be mentioned
that it is difficult to obtain a true representation of the intensity of bands when the lat-
‘ter overlap cach other and moreover when the region in question is highly rich in
‘atomic ' lines. Particularly we must remind here that 5626 and probably other bands are
blended.

The isotope bands of the sequences +2 and —2. We have tried also
to find the isotope bands of the sequence —2. As it is known the main bands of this
sequence are rather well represented in the spectra of N type stars. However, the identi-
fication here is more difficult owing to the considerable decrease of the dispersion and
to the increasing effect of blends. Keeping all this in mind, we must be especially cau-
tious when searching the isotopic cffect for the sequence —2.

‘The ‘intensity of the main Swan bands in the spectra of type N varies considerably
in different stars. We were able to measure the main and isotope bands of the sequence
under consideration only in 6 stars (Table 1). The satisfactory agreement with theory
seems to be, however, but little convincing since the bands are mostly not outstanding.
But in several stars, where the sequences 1 and —r1 are especially strong, the main
and the suggested isotope bands are so prominent that the first glance reveals them to be
intimately related. This is well seen iri the spectruny of RY Drac. and Y Can. Ven. (Photo 2).
On the effect of blends in these stars we can approximately: judge in the following man-
ner. When comparing the spectra of type N and M within the region 4300—4.50, we
recognized that the atomic lines of Fe, V, Cr, a. 0. do not differ sensibly in both clas-
ses. Assuming this to be true also for the red region, we could obtain from the compari-
son of spectra of type N and early subclasses of M a rough representation of the blen-
ding effect for the individual bands of the sequence—2. We found in this way that at
least in the case of N tvpe stars with strong Swan bands the suggested isotope bands
6168 (0,2), 6101 (1,3) and partly 6041 (2,4) can be considered as being to a considerable
extent free from the blending effect. The latter is strong only for the first main band
6191, overlapping with the cyanogen band 6194 (3,0) of the red sequence.

I think that Photo 2 does not leave any doubt that we are dealing here with iso-
topic duplicity of bands. In some respect the sequence —2 is even more suitable for the
study of isotopic effect than the sequences—r and--1: this is due to the absence of
overlapping of bands owing to the greater value of isotopic shift (Table 7). A safe con-
clusion may be derived that the yellow-red sequence—2 contributes no less serious
evidences in favour of the presence of isotope bands than the twa other sequences--1
and—r1 in the green-yellow and blue region of spectrum. But considering all three sequen-
ces together we obtain quite convincing proofs of the abundant presence of the heavy
molecules C!? C%

It seems to be desirable to consider other sequences besides those mentioned above.
The sole sequence which at first sight appears to be suitable for this purpose is--a.
Theoretically the bands of this sequence at T=r300" must be nearly as strong as those
of the sequence—r1. However, these bands in reality seem to be fainter. On the other
hand, we have in this region numerous strong atomic lines blending with the ba,ntis
Moreover, it is highly difficult to obtain at the dispersion about 30—40 A per mm this
region of spectrum even for the brightest N type stars. Therefore thé-sequen@:-iﬁ;ﬁﬁﬁ;
tion is hardly suitable for the study of isotopic effect. gt
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 get a rough representation of the blending ef'f\ec% we have again com-
l’-m tion of the spectrum of 19 Piscium :{ufi a LC}[.. %he tem.peraturea' of
\ot differ probably too much, and in '.ld(llt[f)ll a Ceti is E.n]t little affected
{0. In this way it was found that the metallic lines do not differ too much in
ra of stars.'In the light of this result it seems rather strange that even the blend
ostly Fe in o Ceti and Fe-+Swan band (2.0) in 19 Pisc.) is more or less of
e strength in these stars. Basing on this comparison one cannot affirm the pre-
strong molecular band at 4383 in the spectrum of rg9 Pise, The second
=1 (3,1) must be blended with the low temperature line of Cr 4371.3.
sta dmg this we have here a rather faint line or blend which is, however, still
the spectrum of o Ceti. It may be suggested that the bands of sequenced-2
e at least not much stronger than those of the sequence—2 and one may conclude
t"ﬂ]e:mai;l hands of this sequence are not prominent. In such a case we can hardly
hope to find the corresponding isotope bands, especially when the blending is rather
strong. For instance, the first isotope band 4395 (2,0) must coincide with the rather
strong low temperature line of V 4395.3. This blend or line is nearly of the same
strength in the spectra of 19 Pisc. and o Ceti, and we are not able to judge, whether
‘the isotope band (2,0) is present in the spectrum of 19 Pisc. or not. Still more hopeless

is to search the second isotope band 4384 (3.1) which must be blended with the first
Swan band (2,0) and the vepy strong iron line 4383.5. All this shows that the sequence

—+2 is really not suitible for the discovery of isotope C'. In any case one may say

that the data concerning this sequence do not bring any evidences against the hypothe-

sis of the abundant presence of isotope C'.

The isotope C® and the bands of cyanogen. If the relative concent-
ration of heavy molecules C* C'* in N type stars is really so high as it follows from
the observed intensity of the bands of the three sequences -1, —I and —2, one must
expect to find besides the usual molecules C*N' also the heavy molecules C'* N'™.
Unfortunately, the violet system of CN is not suitable for the study of isotope effect in
N type stars. Thus, the sequence O lies 4lmost in the inaccessible region for N stars, and
moreover the effect in question is very small here. As to the following séquence—TI,
things are as follows. The first main band 4217.2 (red edge) must be blended with the
very strong resonance line Srrr 4215.5 which itself lies on the wing of the still stron-
ger resonance line of Cal 4226. Therefore, it seems to be impossible to judge which
share of the observed intensity falls on Srtr and CN (0,1). In the spectra of M type
stars the resonance lines Sri1 4215 and Sri1 4077 (belonging to the same multiplet)
differ probably but little in intensity. The same holds approximately for the spectrum
- of 19 Pisc. and therefore 4215 is probably but little affected by the presence of C12 N1,
It might be supposed that in the spectrum of 19 Pisc. arc present the second 4198
(1;2) and the third 4182 (2,3) band of CN since here are really seen rather appreciable
lines or sharp bands, But when comparing the spectrum of 19 Pisc. with that of a
Qﬂnn.is we find also in the latter corresponding lines or blends of moderate intensity.
AL this is in agreement with the current opinion that in the spectra of N type stars the
- violet bands of CN are at least not outstanding. According to Shane ! and others the
sequence—2 behaves in 4 different manner. This seems to be strange. But independent-
'J,y‘pp, AS 0r gtmther point of view with respect to this difference, we must consider
 this sequence also as but little suitable for our purpose: by chance almost all main bands

ed with strong low temperature lines. Thus the first band 4607.4 (0:2)
th the very strong resonance line of Sr 4607.3, the second band
I low temperature lines 4577.2 (V), 4580.1 (Cr), 45804 (V), and thf.'.
(2,4) with the strong resonance line 4554.0 (Ba 11) and some lines of
ts of Ti. In fact, in the spectra of M type stars, we find corresponding
much differing in intensity from those in the spectrum of rg Pisc. Under
fces it is hardly reasonable to search the bands due to heavy molecules,
: view the high richness of this region of the spectrum by atomic lines.
- As con “the red system of cyanogen we have more trustworthy data with res-
pect to the presence of C*N'™, Merrill?, when comparing the spectra of Y Can. Ven.
and U Hydrae with that of the carbon-tube furnace obtained by King %, found a consi-
derable number of coincidences of details ascribed by King to cyanogen. The identifi-
cations are generally difficult, but series of triple bands may be indicated in the red and
infra-red region. Asundy and Ryde! gave the following vibrational formula:

v, (head)=10937+(r782 '—13.5 u?) — (2055 n" — 13.50"%)
It is not certain whether the band at 9143 is the (0,0) band. The latter may be higher
up in the infra-red beyond the range of sensitivity of the photographic plates now avai-
lable, and therefore the ‘computed isotopic shift for all bands is to some extent conjec-
tural. Further, there is a disagreement between the data of King and Me rill, amounting
to few angstréms, and on the other hand, the computed wave-lengths sensibly differ from
the observed ones, At last, the formula relates to single bands and the observations to
the triple ones. Therefore the difficulties for the discovery of isotope bands are great.
For the study of the isotopic effect we have obtained the spectrum of Y Can. Ven. in
the near infra-red with neon as comparison spectrum. Certainly at the small dispersion
used (about 180 A per mm at 7100) no much hope remains for correct identification.

On our plates we have only the bands (2,0), (3,1) and (4,2) and for them the computed
shift is nearly

aq.n

33:30-5 and 28 A respectively. The examination of the spectrograms leads
to the conclusion, that though on the places predicted by theory we have something
that can be perhaps identified with the bands of the heavy molecule C¥* N, but because
of the small dispersion used and the blending effect (partly due to telluric bands B and a)
the identification seems to be rather uncertain. Both systems of cyanogen, the violet and
the far red one give no evidences neither for nor against the theory of isotopic effect,
5o clearly demonstrated by the molecules of carbon. One may say even more: the bands
of the heavy molecule C'* N** can not be surely discovered at the dispersion used, if
cven they would exist. Were the isotopic bands of cyanogen even not found at all, this
should not be considered yet as a disproof of the existence of isotope. C*, In fact, as
we shall see later, the intensity of isotope bands shows often sensible deviations from
that predicted by theory. It may be also mentioned that in the spectra of comets there
is manifested in emission the C!* C*? band 4745 (sometimes not too faint) and perhaps
even the C* CY band (r,0)*". However, the revision of wave-lengths in cometary spe-
ctra did not allow to identify the isotope bands C!* N** (o,1) and (0:2).

The C*C*¥ bands. On the basis of elementary statistics it is easy to show, that
if we have two isotopes A and B, the relative concentration of possible molecules AA.
AB and BB (in our case C* €M, C'* C!? and €Y C'%) will be in the ratio r*:ar I:
where 1r==C!*/C*, For instance C®* C!1?:C13C2:1C¥C¥=10:201¢ 10 hen Fe=T a0
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" 10:2:0.1, when r=ro, At the moderate dispersion used in stellar spectroscopy, whemn
e g_j,'g-idn_al lines of a band are not resolved, these numbers must represent with some
roximation the intensities of heads of the bands in emission. However, the picture
must be much more complicated in stellar atmospheres for the bands in absorption. We
‘@!Yp--_i?ﬂfhapsb apply to the individual lines the known function characterizing the chan-
_gg%"gf.imensity of the line with the increasing number of atoms (cthe curve of growthy).
' For the strong lines of the head the total absorption may be assumed to be proportio-
nal to ¥Nf. It may be also thought that at the very high
eggc of the band the same relation holds for the band as a whole. In order to test
this the following observation was secured. A large series of the spectrum of the Sun
was obtained within very wide limits of zenith distance (28°-—75°), and for them the
total absorption for the head of the telluric band B was measured. Since the optical depth
is proportional to secz, we could obtain from these measurements
of the comrelation between the total absorption for the head of the
tive number of oxygen molecules O O, We have recognized in
with some approximation one may assume a proportionality to the square root of the
number of molecules (in reality somewhat slower). Since there is an analogy between
the molecules of O O' and C'* C'?, one may probably apply this correlation also to the Swan
pands. At last it is of interest to know this correlation even with very rough approximation.
As it was already emphasized it is very difficult, if possiole at all, to measurc the
total absorption of the bands in question. But from approximate measurements of the
pairs 4745/4737, 5626/5635 and partly of other cnes (Table 1) we have found that the
intensity ratio for the few stars of our list varies nearly within the limits from 1.0 to
0.3. It follows then from the above considerations that in different stars the relative
apundance of heavy molecules C'* C!'? varies from 1.0 to 0.1, and the relative abundance
of isotope C'* from *» to 1/20. This result is hardly more incorrect than by the factor 2.
It is evident that the intensity of the bands due to the molecule C*C"™ is a very
sensitive criterion of the relative aburdance of isotope C'. However, the usual faintness
of the isotope bands C'* C'%, especially if they arc overlapped by other bands, highlv
hinders the study of the isotopic effect. The band C' C™ 4752 (1,0), which is situated
outside the band C'? C*? 4737 (1,0) and C'¥C'? 4745 (1,0) is an exception. For the
majority of stars this third component is generally faint and in addition in some stars
closely to it a line or blend is observed. Out of the few stars of our list the band 4752
may be surely identified with C'*C' only for Y Can. Ven. and perhaps for WZ Cas-
sio?. Just for these two stars the component 4745 (C** C'*) is nearly as strong as the
main b_:md 4737- This seems to he an argument in favour of their conmon origin. How-
ever, in the spectra of UU Aurigae and U Hydrac the band 4745 is also relatively
strong but 4752 remains faint. For the majority of stars the measured position 4752 is
n good agreement with the computed wave-length for C'? C' (Table 1), but the inten-
sity _felﬂtiﬂﬂ seems to be anomalous. Having in view the faintness of this band and the
I:;i;‘:ﬁ %E?:ltnc:lf bilfl‘;;is,lthe ic}entiﬁcati?n “':1th GG foF the_ majority of stars is not
S (2,1)Y:md : 3:;105l t;lopeless in this rescht to identify the sec‘ond and the
R S 3:(Jf :;S ey can ?ardly be discerned on the very faint background
In Table 1 arfgivcn tﬁm Stmﬂi! b ‘{I,O}’ Ehlali) )
of the Yellov;v sequence due t:; g:.av(‘;.wengths & tllﬁ_lsqtope bands i(q,1), (132) ‘and (2,5)
. - - For the majority of stars of our list the band

clustering of lines at the

a fair representation
1

band B and the rela-
such a manner, that

C18 G (o,1) isnot brought out. It is true that for these stars at the distance about-—4 A
from the theoretical position there is observed a band or blend 3612.4. This divergence
cannot be aseribed to the effect of blends or any photographic effect. With some con-
fidence the isotope band (0,1) due to C'* C' is observed in the spectrum of Y Can.
Ven. and may be in 135 b Schjel. and U Hydrae. The former is just the star in whose
spectrum the band (r,0) C'? C of the blue sequence, as we have seen above, i1 very
strong. We may also mention that in the list of wave—lengths by Hale, Ellerman
and Parkhurst?® there arc measured details in the spectrum of ¥ Can. Ven. and U
Hydrae which can be identified with the theoretical wave-lengths for C '* C" (0,1)-

It is of importance also to note that in the spectrum of Y Can. Ven. and may be
of some other stars are also observed threc components C!?C!?, C'*C" and Cl2 CH for
the transition (1,2) in good argeement with theory (Table 1). The intensity ratio of the
components for the transitions (1,2) and (o,r) is nearly the same, and we think that
these six bands are intimately connected. As to the third group of bands (2,3) -we may
note a detail near to the theoretical wave-length for C** C'. But having in view the
faintness of this band and the blending effect it is hardly possible to identify it surely
with C? C'* even for Y Can. Ven.

The following summary may be made with regard to the difficult question on the
presence of the molecule C'* C'% For Y Can. Ven. and probably 155 b Schjel. we have
serious arguments in favour of the presence of bands (o,1), (1,2) and (1,0). For other
transitions the bands could not be manifested if even they would exist in view of their
faintness and blending-overlapping effect. In other stars of our list we find at the dis-
tance about- 4 A from the computed position for (0,1) a blend or a band which cannot,
however, be identified with C'? C'. As to the sequence—+1 we find in many stars a faint
blend or band 4752.9 nearly coinciding with the theoretical wave-length. It is strong
only in Y Can. Ven. and can be more surely identified there.

Intensity of isotope bands and the relative abundance of C"
and C' The question on the intensities of the isotope bands was partly considered in
this paper. Here is given the further discussion. It was already mentioned that
the relative intensity of the bands of the heavy molecule C'"C'* seems to e anomalous
in some cases. Partly this may be due to the blending or overlapping effect. The ano-
maly seems to be still more pronounced in the bands due to C' C'. Disregarding some
peculiar anomalies in individual stars (for instince in WZ Cassiop.) we must indicate
that the bands due to the heavy molecule C'*C" (o,r) and (1,0) seem to be distinctly
fainter than this follows from the elementary statistics. It cannot be properly discerned,
whether the corresponding bands due to C' C'* are anomalously strong or those due to
C13C1 are anomalously faint. Out of the few stars of our list the agreement with the

.theoretical intensity ratio is observed only in the spectrum of Y Can. Ven. and may be

in that of 155 b Schjel. However, there is no disharmony in the behaviour of (0,1) and
(1,0) when comparing the bands between them, Namely the faintness of (1,0) and the
probable absence of (0,r) in the majority of the stars does not seem to be an evident
contradiction since theoretically the Swan band (0,T) must be sensibly stronger than
(0,1). Unfortunately in view of the difficulty of measurements we cunnot give hera the
intensities themselves. ;

Perhaps the suggested anomaly may be interpreted in the terms of the «curve of
growthy. If the different bands consist of lines which fall on different branches of the




we may obtain a sensible apparent anomaly: so the difference between
fate or strong bands will be strengthened as compared with that given by
tistics. On the contrary, the difference between two moderate or strong
Sl.ﬁﬂﬂ"?héd- However, this idea cannot be now really applied to the ovbser-
 the other hand, we may remember here the results of laboratory expetiments
1 on the dependence of intensity ratio 4745 (CC™) to 4737 (C'*C") upon
itions of excitation: «the relative intensity of the isotope band in emission increa-
usly in passing from arc to fumace or vacuum tubes, the arc electrodes and
S tube being made of the same material. This result seems to be highly surprising.
‘really the relative intensity of the bands CC' depends on the conditions of
jon, the more this must hold probably for the still heavier molecales C'* C'*. In
sht of these results it is not to be expected, perbaps, that the relative intensities of

both from the theoretical and practical point of view. In the terms of King’s results
the study of relative intensities of main and isotopic bands of carbon molecules will,
perhaps, give a sensitive criterion for the study of the conditions of excitation in the
wi ﬁ_ti_ixbspher'es of N type stars. There is no doubt that the relative and absolute strength
of isotope bands varies considerably from star to star (compare, for instance, the spectra
of 19 Pisc. and Y Can. Ven.). But the observed data are too meagre to confront them
with physical characteristics of the stars. There is only a slight indication that the rela-
tive intensity of the isotope bands is stronger in the later subclasses of N stars. At pre-
sent we cannot decide whether the variation of relative intensity is due to the difference
in the abundance of isotope C'* or to the diflerence in physical conditions. Having, ho-
wever, in view that the physical conditions within N tvpe stars seem to vary considera-
bly, we cannot reject at all the second altemative, although it appears unexpected and
striking. Unfortunately we are not able now to say more about this point, deserving in

the light of King’s laboratory results great attention.
‘The great strength of the Swan bands is a remarkable feature of the spectra of the
N type stars. This is connected mainly with the peculiar chemical composition of the
atmosphere (excess of carbon over oxygen), but there is nothing new on principle. Ho-
wever, the most remarkable anomaly in these stars is the great relative strength of the
isotope bands, especially those due to C'*C'2. As we have seen above (p. 10) the relative
abundance of the heavy molecules C!* C'? varies within the limits from 1.0 to 0.1 in
different stars. When applving here the elementary statistics, we find a very high value
for the relative abundance of the isotope C'* (yithin the limits from '/, to 1/20). This
tesult is 50 sutprising and mysterious, that it is necessary to examine it more in detail
_-*m.-d to consider all possible objections, particularly those of Wurm?. K. Wurm sug-
.gested that the observed intensities of the bands 4737 (C'2 C*%), 4745 (CC') and 4752
Gﬂl_’).'mw be brought i agreement with the relative concentration C!?; C!*=1/400
1':35"1/200.1 1 with a value of the same order as that observed on the earth,
s S e S \ecessary to examine it in detail. Basing on Hutchisson's
i i ,;9"-3_‘?‘3-"???-=°f transitions (A), Wurm finds the intensities: (I=cv* A% ¥ k1)
(10), (0,1) and (0:2) a5 follows: I=574 for 4737, 1=87 for 5635 and

-Ljﬁher, assuming r = CP*/C"” =3, Wurm from the above formula
12 or: 1 computes [=230 for 4745 (C1*C1%) and I[=23 for
werefore he concludes that 4745 must be three times as strong as 5635,
. mueh stronger than 6r9r. This conclusion, especially the last one,
observations (at least for 19 Pisc.), and Wurm considers the value
On the other hand, taking King’s rough laboratory estimate r=.400
4 for 4745 and I=3/800 for 4752, He had to his disposal no original
ly t ir reproductions in Publ. Yerkes Observatory 11, 1903, Considering

he s m of 19 Pics. the band 6191 (0,2) is well visible (theoretical intensity
[=1), 4752 (CY¥CY¥) not perceptible at all and 474< (C!¥C')is sensibly stronger than
G191, Wurm thinks that these observed facts may be generally conciliated even with
= 400, '

But these reasonings seem to me unsounded. r) The theory perhaps succeeds more
or less satisfactorily with the computation of intensities within one sequence, and even
this is properly not proved. But it is quite unsafe to base on the computed intensitics
of the bands belonging to distant sequences. 2) Assuming together with Wurm ==
for 4745 and I=s574 for 4737 we encounter with.a striking contradiction to the obser-
ved facts :in any star of type N and especially such as Y Can. Ven., WZ Cassiop.,
U Hydrae, UU Aurigae, the intensity of 4745 is not much lower than that of 4737 and
in some cases is near to be equal, The same holds for the pairs 56355626 (0,1),
6191—6168 (0,2) and may be for other ones as it is clearly seen on Photo r—2. For
the four stars under consideration r must be less than 5 and even may be less than 3.
1) Instead of the complicated procedure for the comparison of the observed aad theore-
tical intensitics, selected by Wurm, a more direct way may be recommended, namely
to use in each case the theoretical intensitics only within one sequence. So we have from
Wurm's paper for T=1300° the theoretical intensities $74 : 339 : 193 for the main bands
(1,0), (2,1), (3,2) of the sequence <1 and 86:32:8 for the main bands (o,r) (1,2)
2,3) of the sequence—1. It may be assumed that in emission these numbers within one
sequence are proportional to the numbers of molecules participating in the corresponding
transitions. In such case an interpolation within one sequence must give approximately the
relative numbers of the heavy molecules responsible for the corresponding isotope band.
The measurements are very difficult mainly because of the lowering of the continuous
background in this region as a result of the overlapping of bands. The last effect is especially
great for the sequence ~-r. But even for the sequence—r the gap in the continuous back-
ground is so considerable, that the measurements of intensities could be made only in a few
cases. In this way we have found the intensity ratio 5626 : 5635 to be equal to 0.5,0.7
and 0.7 for 19 Pisc, 318 Birm and RS Cygni respectively- .

The measured total absorptions are corrected for the effect of the lowering of the
continuous background. We used here the theory developed by Thackeray for the
case of lines lying in the wings of another wide line*'. There are several reasons dimi-
nishing the aceuracy of the above results, one of which is the strong dependence of
the relative intensities of the main bands serving as standards on the adopted temperature
(r500%). A glance at Photo 1 and 2 shows that the intensity of the isotope bands (o,1),
(0,2) and (1,0) due to C'C" lies between that of the first and the second bands of the
cm‘-‘rc‘s;_wonding sequence and thercfore the relative abundance of the heavy molecules
CH* C™ is of the order of 0.5, the unit being the abundance of the molecules Cl2Cle,
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I61¢ 1S SOme reason to suggest that the relative intensity of the isotope bands is grea-
ter in the later subclasses of type N, where the lowering of the continuous background
is more considerable. Since these stars have not been measured, the above results do not
“characterize the maximum value of the ratio C*C'?: C" C™. It is of interest to note
that this method leads to the value C?C'¥: G C' of the same order as that found by
another method (p. 12).
It may be thought that the great relative intensity of the isotope bands 4745 (1,0),
5626 (0,1), 6168 (0,2) a. o. is due to some kind of «saturations effect as a result of
great strength of the main bands. However, this is overthrown by the fact that in the
spectra of several stars, for instance in WZ Cassiop., the main and isotope bands 4737—
4745 and 36355626 are of moderate intensity, but yet the relative intensity of the
secondaries is great. All this shows that the observed intensity of isotope bands due to
C3C!* can by no means be reconciled with the value of the relative concentration 1/400
or even 1/70 for the isotope C'*.

If the great relative abundance of C*C' is due to the high relative abundance of
(' (at present we have no reason to suppose another cause), it is impossible to escape
the conclusion, however, bold and radical it might appear, that the relative concentration
of the isotope C'* is of the order 0.05—0.5 in different stars, i e. it is much higher as
compared with that observed on the earth.

It might be also thought, that the excess of carbon over oxygen in N type stars
fayours in any way the formation of heavy molecules of carbon. From this point of
view it is of interest to clear up whether in the uniquely known hot carbon star R Cor.
Bor., containing according to Berman 67%, of carbon, there are isotope bands in
addition to the Swan main ones. The equivalent widths of bands 4737 and 4715 on our
spectrograms of R Cor- Bor. are 0.40 A and 0.30 A respectively, and notwithstanding
that there are found o traces of the isotope bands 4745 and 4723. The bands of the
sequence —1 are too faint to be measured. Berman * gives for 4737 and 4715 the
equivalent width 0.45 and 0.25 and also notes the absence of 4745. Therefore the cause
of the phenomenon in question lies not in the great relative concentration of carbon, or
at least not only in it. We do not know whether the low temperature of N type stars is
a factor favouring in any way the formation of heavy molecules. In connection with

this it may be mentioned that the temperature of several R type stars is probably higher
and notwithstanding that the isotope bands are relatively strong.

Tt would be of interest to find from spectroscopic measurements the ratio GE{E
in stars of the main sequence, particulatly for the Sun. At T=6000° the number o
molecules C'* C* must be very small, and the intensity of the lines or bands even for
the strongest band 5165 (0,0) are—2,—3 (in units of Rowland’s scale). Having in view
that the corresponding lines due to C'*C'* must be probably much fainter and that the
lines with intensity —2,—3 are in overwhelming majority unidentified, one cannot hope to
manifest the isotopé C'* in the Sun. We may try only to apply here the formulas of
Russell and Bowen  for the computation of the nymber of chance coincidences

S 2x \M '
7= 1—"(1—?) . Such an attempt was made by us without success with regard to

the band' §165 (using the data of the Revision of Rowlands Preliminary
Tables).

e

Perhaps, this problem appears not so hopeless with regard to the molecule CN.The
main individual lines of bands have Rowland’s intensity --2, 1. Were the corres-
ponding lines of the heavy molecule C#N' s—10 times fainter, they might be brought
out in the «Revisiony. A careful comparison of the laboratory data and those taken
from the ¢Revigion» leads to the conclusion that nearly for one half of the lines
under consideration the isotopic components are not seen at all, and for the other half
the suggested isotopic lines are mostly blended with more strong atomic lines. For this
reason, if the molecules C!2 N are present, their concentration is much smaller than
that of C'"N", in any case probably less than o.1.

As it was recently brought out mainly thanks to Bethe's work?”, the cyclical
reaction C12Cl N3NNI OFF s the most important source of energy in the main se-
quence of stars, the carbon and nytrogen serving merely as catalysts for the combina-
tion of four protons and two electrons into an —particle. In this reaction in case of
statistical equilibrium the concentration of each nucleus is proportional to its lifetime.
Since C'® captures slow protons according to experimental data about 70 times as easily
as C', the latter should be 70 times as abundant. The observed concentration of the
terrestrial isotope C'* about 1/90, differing not too much from the theoretical value,
seems to be therefore not accidental. In this connection the above mentioned high rela-
tive abundance of C'" in the stars of type N seems to test the impossibility here of the
cyclical reaction in question, provided that the concentration C} C!? is the same in the
inner and outer shells of the star. As it is known from other theoretical considerations
the reaction in question cannot be a source of stellar energy in red giants. It is of in-
terest to note here that at least with regard to N type stars we find spectroscopic evi-
dence in favour of the fact that such a reaction is not realized here.

It is also perhaps worthy to remember that the isotope C'® occurs in great relative
concentration in the stars of type N and R, which are mostly variable in brightuess.

Summary and conclusions. The paper is dealing with the problem of
occurrence of isotopes of carbon in the spectra of N type stars. In order to strenathen
the observational basis the search for the new isotope bands has been performed in dif-
ferent sequences of Swan and cyanogen bands.

The isotopic effect was manifested for the first time in the sequences—r and —a2:
six new isotope bands (0,1), (1,2), (2,3), (0,2), (1,3), (2,4) duc to the heavy molecule
CYC" have been found (Photo 1 and 2). The identification for (2,3) and (2,4) is more
doubtful. In addition to the known isotope band (1,0) of the sequence L1 there was
found a second one (2,1}

The observed doubling of the band
of the branches P and R (Fig. 1).

It is shown that the sequence +2 isnot suitable for the discovery of isotope C!%:
this is due to the great blending effect and partly to the fact that the bands themselves
are not outstanding, The same relates generally to the sequences—r and—a of the vio-
let system of cyanogen and to the sequence -2 of the red one. In the latter case the
too small dispersion used and the composite character of bands hinders the sure identi-

fication. But these sequences at least do not bring out any evidences against the hypo-
thesis of the abundant presence of the isotope C'®.

Ch C (r0) CHCH (o) GRCH (02)
C“‘C”(l,o): Ci iz (0,1), CliC1a (05'2)

(0,1) is not due to the effect of overlapping

Tne intensity ratio of the pairs of bands
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rﬂy of other ones is nearly equal in the spectrum of a given stiu'.. For the few
] ur observing list the intensity ratio varies from star to  star within  the limits
— 5., The observed deviations of the intensity ratio from the mean value for indi-
g s_tars-ﬁmnifBSl some tendency to occur simultancously for all pairs, This seems to be an
dditional arguwent in favour of the common origin of the bands under consideration.
wh b et ]
I G
-ﬂ;‘grim'tope.bands are fainter than it is predicted by the theory.
: In view of the blending cfiect and the lowering of the continuous background the
7o study of C'C!* bands is much more difficult. We have found arguments in favour of
i the presence of the isotope bands (0.1), (1.2), (1,0) due to C*C' only for Y Can. Ven.
and may be for one or two other stars. The former two bands are observed for the
first time. For other stars of our list the observed position for (o,1) is too far from the
theoretical one to be identified with C'C'. As to the sequence 41 there is observed a
good agreement with theory for the C'C'™ band (1,0), though the blending effect
seems to be present. An anomaly may be indicated: the C”C"™ bands (o,1) and (1,0)
are clearly fainter than it follows from the elementary statistics (except Y Can, Ven.).
But there is generally no evident disagreement between the intensity relation for the
bands of the sequences -}-1 and--1.

It is noticed that the intensity anomalies observed in N type stars may be interpre-
ted partly in terms of the <curve of growth» and partly in the light of King
tory results.

The observaiions give in my opinion convincing evidences mn favour of the exis-
tence of heavy molecules C'* C'* in great concentration. The relative abundance of heavy
molecules C'* C'* was found to vary from star to star within the limits 0.1-—1.0; in the
terms of elementary statistics this corresponds to the variation of the abundance of iso-
tope C'* within limits 0.05—o0.30.

It is shown that the criticism of the hypothesis of .the high relative concentration
of C*C" and C!® rests upon unsounded observational and theoretical basis.

In the spectrum of the uniquely known hot carbon star (R Cor. Bor.) there is no
trace of isotope bands. An attempt to find the isotopic effect in the solar spectrum also
proved to be unsuccessful.

It is noticed that spectroscopic observations of red giants of type N testify that
Bethe’s cyclical reaction is not realized in these stars.

November, 1941.

" For the second and third pair of different sequences an anomaly is found:
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»

KOJAOP-UHAEKCDI 1758 3BE3/A B HATH IVIOLIIAJKAX KAPTEYN,
PACIIOJOMKEHHHIX B FTAJAKTHUECKOHN TIVIOCKOCTH

”

E. K. XAPAJ3E

Bajknoers ueciea0BAHNA BONPOCA O MC:KIY3BE3AROM MOTJOLIENAI CBeTd 3Be31 C
TOYKH BPERANA COBPEMCHUON 3HE3IFON ACTPOHOMME, 2 FMEHHO A4 YTOUHEHHH NAIIIX
upeactapgeiniit o opve no pasmepax  lamakTHKm, B pactosiiec BpeMA  OOLIEUPH3HAML.
Orum 06CTOATEIBCTBON OORACHAETCA TOT (PAKT, YTO Yoamd 0e10ro paza obcepparopiiit
M OTAEARHHX ACTPOHOMOB HLIHE HANPABIEHH KO BCECTOPOHHEMY HCCJAEIOBAHHIO KOCMIYC-
CKOrO TOTJOUIEHNH; NPH DTOM ACTPOHOMR NPHRTEKAOT ATA BTOH nean p13A00GPARHEE Me-
TOAM, ANMNAPATYPY N CPEACTBd; HOAXOAA K H3YYCHHIO BOMPOCA ¢ PA3HHX CTOPOH.

B menocpescrBennoft cpa3d ¢ npoGaeMoil KOCMUYECKOTO NOFJOWERI CTOHT H 3RAd-
M1 MCCAeAOBABHA CENCKTHBHOTO, T. €. H30HPATENLHOTO [OLIOUIEHHA CBETA B
DASABIX HANPABJIEHIAL,

OcHoBa nccaea0BANNA CEMEKTHBHOIO HOTJAOLICHHA MPOCTA; KAK N3BECTHO, ecTu  'a-
CTHIH KOCMHMMECKOIT MW, OPOU3BOAMILIE DPACCEAHHE CBeTd, HMEIOT B JMAMETPE MeEHCE
0.1 {i, MOTJAOLIEANE 3ABHCHT OT AIHHE BOAHH, IpHueMm oHO Golblie L1 00Jlee KOPOTIGIX
AAUA BOAM, 11 MOTOMY 3BC3/]M, HAXOAAUIMCCH IO Ty CTOPOHY MAcCH HOLOGHHX TaCTHIL,
OYAYT KAsaTLCH 3eMEoMY madAoxatedo Goace’ KPACHHMH, YeM OHH £CTh B ASHCTBHTENhHO-
cr. B chasH ¢ oruM nOKasaTenm LBETA aBE3dA, BHAMMUX CKRO3L TAKVW cpedy, Oyavr
GOaBLIE, YeM DTO COOTBETCTBYET HX CHCKTPAIBHWM Kiaccad. Madmrok mabirwaaemoro
KOZOP-HHIEKCA [0 OTHOLICHHI K HOPMAJbHOMY 3HAYEHHID, T. €& KOJOP-DKCIl&CC,
Gyaer ‘rex GoJbLLIe, YeM MHTEHCHBHEC MOMJOLIEHNE MM yem OO/Ibllle  PACCTOAHIE, HPOXO-
AMMOE JTYYOM CBETil B paccewBaiomieii cpede.

CireaoBaTe/pio, A48 OLEHKII CeISKTHBHOLO MOCIQLICHHS HeoOX0AMO  OUpedeafTi.
ITOKAZATEN 11BETA 3BE31 M CPABHHBATE HAOMIOAAeMHe 3FAUEHIS C TEMH, KOTOPHC COOTBET -
CTEYIOT NX CHEKTPAIRHLIN KJIACCAN, ONPeICIACMHM [0 IHTEHCHBHOCTH CHEKTPAABHHX A0~
HHiT, T. e.—na OCLUOBE CHEKTpAtEHOil Krwccndukaumu. [Ecaw, npu oroMm, oGBeKkTH, A
KOTOPHX ONpeesioTcs KOA0P-DKCUeccH, OYAYT PACHOAOIKEHE B PA3HHX Y4YaCTHAX Heda, TO.
AHAIUBIPYH AAHHEE O KOAOP-HKCUECCAX NPUHIMIAAIBHO HE TPYAHO HOCTPOHTE JARMIONC—
nHst 0 popae, pasMepax W PACIIPEAeICHHI  NONJIOAOMIE CPeiR, PACHPOCTPANEHAON
IMutakreke, a TaKe u 0 cBONCTBAX TACTHL ATOIX cpean.

Hacroarko msmectio asropy, nojofuse paGoTs He HpeANpHHAMATICE 10 CHX oop
CHCTCMATHMECKHN M NAAHOMCPHO M ¢ OXDATOM JOCTATOUHO GOABUIONO KOAHYG~
CTBA YUACTHOB He(d. ; o
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