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tgiﬂ wd.nwing, evidently, to the presence in them of a great nume |
o alnatic nebulae and consequently to the higher accuracy of co-

Ve shall mention bere once more that the results stated here may be

ded only as preliminary but even in such an appearance they lead us to
1@ conclusions and, principally, indicate that the completion of work
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e determination of color-indices of large number of stars promises usto
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md reliable results,
Eﬁmlmm:dulc tasks are the precise determination of the effective v.\-avr:-_'r;"}-__ | m N

| |  THE STUDY OF SELECTIVE ABSORPTION IN THE REGION OF THE
SRR RIFT OF MILKY WAY IN AQUILA

T

engths of our system, the foundation of a system of normal colours and ma-

ig more accurate all reductions and in the first place the equations connec~
‘our color-indices with the international ones. As to the further collecting
mnttml we intend to give the list of color-indices of stars In KSA
: ithin the zone of b= +10--20" and besides, to widen our published lists of
~ the zone b=+0—10" with supplementary stars which bad been measured but
1ad not been for some reasons included in the lists, The discussion of the
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Introduction. The region of the rift of the Milky Way near Aquila
deserves special attention. First, the dark region is exceptionally large. All the
known dark nebulae seem to be of very moderate size when compared with:

Ei * material must also include the question about the law of the dependence upon . : :

fh fie G R d =y ) : R it. Perhaps, an analogy may be drawn between this region and some dark
-0 the wave-length. At last the data of our work must be connected with known B Acerved : A ; : Kiisias

g R S £ detailed ; S ¢ F T : etails observed sometimes in the extragalactic nebulae. But this region is also
i R SER resul uits of detailed investigation of some clouds of apsoroing matter, particu- AL { taoil : Wik ol
il e o : B ¢ ks € Auri Cv | of interest from another point of view. Namely, not long ago one believed
TR larly,—with minute investigations of regions of Auriga, Cygnus and others - ) _ _ : 3 : :

e B KCA are lncated that in addition to the separate dark nebulae there is near the middle plane
BB o : A . ! g of the Milky Way a layer of selectively apsorbing matter continuously exten-
R or valuable criticism the writer is much indebted to Dr. G. A. Shajn - | '
? 2he had kindlv tead: the manuseriot : ding at least on 1000—2000 pafsecs. At present we have some evidences in
f B M thmfs RekRaa : favour of the hypothesis on discontinuous distrioution of the absorbing matter
i e, Ay are also to my colleagues M. A. Vashakidse and V. B : : ' -
bt Nik A - Wy B - on the sky as well as in space. In this case the color-excess must 1ncrease
i i Nikonoyv for their interest in this investigation and for friendly discussion : 1 « : - ‘M in the given di-
4 S relating to the problems and methodics of thi 3 e not uniformly with increasing distance and will be zero till in the given di
gt | _ April, 1943. | increase of C. E. in dependence on the optical thickness of the clﬂucii- For
l'-;i‘ . ' ' the stars behind it the color-excess will be constant _utl in the same line of
sight is encountered a second cloud causing a new jump 1 the C. E. The-
: creasing distance or apparent

refore, the change in the color-excess with in | 3
magnitude will be generally of discontinuous character. But .tlll now Wwe aEE
o serious observational evidences in favour of such correlation between C. E.

and the distance.

The dark region under onsideration is of great size and therefore there

IS some reason to expect that the absorbing matter is‘ continuously extended
igation will allow to judge to some degree

also deep in space. This investi _ G
whether or not this region differs radically from the usual dark nebulae with
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about 700 stars we
of type A

18M8" —19'36" in a §rid st 10505 < 1o 1in 5, The cen:rr::: :1:*1:3: as follows
18%48", 4-12% 18%48™, +17°; 19°6™, -+12° 19%6"™, 'f'l"‘ﬂ: 19 25'".. _4—12“;
19*25™, +17% 190", +18% rofr6®, -+18; 19*32™ 4-11°% In addition we
have obtained three arcas for control with the centres: 19'30™, 4119
18%om, 15°% 1916, 415’

Material. The observations were made with a Zeiss double astrograph.
The aperture of the object-glasses Unar is 120 mm and their focal length i

about 600 mm. For obtaining photovisual magnitudes plates Astra IX with

Schott’s filter GG,, were used. The effective wave-length for stars of A

u

type turns out to be ssoo+60 A. For the photographic magnitudes plates
Imperial 1200 without filter were used (the effective wave-length i

Q d 1 2 . d _ ‘
4400+ 60 A). In our former investigation when using other constants the

effective wave-lengths were 100 A and 4200 :I’*;, respectively.

The new series of observations has been obtained in 1938, 1939, 1940,
The exposure ior the photovisual and photographic plates was mostly 35 and
18 minutes respectively. For the study of the error connected with the size
of the image we have obtained a considerable number of plates with short
exposures (about 7 and 4 minutes for photovisual and photographic magnitu-
des). Just before or after the exposure of the region we have plmmgfaphed
the N. P. S. The plates for the region and the Pole were cut out of o e
large plate and developed simultaneously in the same bath (Metol). But the
short exposure images of the region and the N. P. S. have been taken on the
same plate (the region twice, before and after the Pole). In 1910 we have gene-
rf,li}’ photographed the Pole (twice) and the region on the same plate, indepen-
dently on the lf.-ngth of exposure. The majority of stars were measuted on < and
mnrerplates nbtajned. under the best conditions. The plates partly overlap each ot
her. The magnitudes of stars were measured by means of a small scale com

sisting iﬂf % series of images of stars taken with exposure ratio V 2 for two
successive images. The scales for photographic and photovisual images were
made on plates Imperial 1200 and Astra IX (filter GG,,). The measw
E:mrﬂlts were done on a Spectracomparator somewhat reconstructed so that
e pléte and th'e scale were seen simultaneously in the eye-piece.

phere.ﬂ'r[‘rhestdlzngiudr differentia] absorption in the atmos
Skl g tlfe I?:E of stellar magnitudes on the dis
S platzs 2 thﬂﬁll tre. The conditions of observations du
nith distance. For the trans g AR, an.d. the Pole strictly at the same ¢

mission - coetficients p for the photographic and

values for Mt Wilson and

have now nine smaller areas embracing at all 1633 st an
nd B. Here are included almost all stars of type A and B takey
iomi H. D. B. (H. A. 100, No 2) and H. D. C. within the limiy
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}Vﬂshingtﬂn: p(4400) =0.700, p(5500) =0.810. The computed corrections for

the difference in the zenith distances range from 0" o2 to o™ 16. Wh

puting the corrections we used Be porad’s tﬂbie;a. i T ¢l com-
For the investigation of the error depending on the distance from the

centre of the plate we have obtained four plates (Pleiades). On each plate we

have m.r:asured 10 stars of different brightness, the number of images [:'ﬂr each

star being 8--10. The mean results do not bring out any sensible systematic

error in dependence on the distance from the centre 2°s

in 4. In the for arl i 5 I a as well as
in o, ormer paper * 1t was found that this error does not surpass

e . ":li_| FrEA] o » -
o™ 06 for th'e dlst_ﬂuc? 2,7 from the centre. This is in general confirmed in
the present mvestigation, but the systematic character of the error in question
is expressed here not so evidently. We have here rather an error in depen-
dence on the position angle on the plate. But because of the insignificance
of the latter we did not introduce this correction at all.
Cﬁulﬂr-eq uation. When drawing the reduction carves based on the
N. P. S. there was revealed an appreciable scattering of points connected
with the color of stars. Basing on the material for the N. P. S. stars the
tollowing color equations for photographic and photovisual magnitudes were
derived:
m'p,=mp—0,135 C. I,
Z+0.011
l.-ujp;r —— IIIFQ"*"D.US; C- II
-+ 0.012

where m'y, and m'p, are the observed photographic and photovisual magnitu-
des, my, and my—the N, P. S. magnitudes, C. [.—the preliminary value of
the observed color-index. Whence we have obtained the corrections to the
N. P. S. values. The final reduction drawn with these magnitudes gave some
scattering of points, depending only on accidental errors but not on the color.
The constants of the color equations given above differ from those in our
former paper?. The difference in the color system is not surprising since we
have used now other plates and other filters.

Systematic error. We tried to obtain higher accuracy than in our
former investigation and this was reached owing to the increase of the num-
ber of plates. For unexplained rcasons several plates bring out considerable
deviations (in one case reaching even o™ 6). As it was mentioned above we
have measured <—6 best plates for each area. The probable error turns out
now to be +o0"o08; for a plate and +o™o4 for a star (nearly the same for
my, and my). The probable errors have been computed by Peters’ formula.
The results given ahove are the mean values of p.e. for 77 stars taken at

random in different parts of our catalogue.
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~ For well known reaso -
Vi 1&, wi\th long and short exposures and this allowed

us to judge whether the

3 _Eﬁ;:'é was not found. On : The
B itades of many stars with those in other published catalogues. lhe re-

i ﬁ{gm as follows: 1) m, and :
W00 and o™ 25 than m,, (Gotting. Aktin)) and  my (Potsdam) respectively.

'ﬂlaatefﬂre C. . Simets)—C. I. (Got. Akt.) = +o™o0g. 2) Lhe c{:‘nn[unsml of
' o Greenwich ¥, Mount

.-r’_ ._:.:.'_.r"'::r.:.‘i.- bl = . : '::‘ b g Jr: cw.‘l‘ll{:}]l 11‘-”.11
: Mgy (Sllllﬂs) ﬁa.r a 51111111‘ numoer of st 8 B RN b TR
Wilson * and Lick * (Smith) does not bring out any sensidle SV

~ rence.
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Fig. 1 638, The abscissa is the modulus of distance
m—M;: the ordinate is C. E. (the result is based on
the stars within the limits 10™—11™),

At last, an investigation was performed which proved that strong selec-
tive absorption found by us in several areas is not due to any systematic errof
depending on the apparent magnitude. The idea is as follows. We have plot-
ted on a graph (ordinate is C. E. and the abscissa is the modulus of distance)
all the stars of type B,—F. only within the limits 10" —11™ (photographic).

%; The region under consideration is 19"6®"—19"25™ in 2 and 10°—19°5 in 3
i (it embraces our areas 9, 10, 11, 13, 14). The mean values of C. E. as a
function of the modulus m —M is represented in Fig. 1. The amplitude m
HE C. E. corresponding to the difference in the modulus from 6.5 to 10.5 I8
1 8 equal approximately to 0™ 40 and this s very close to the amplitude of C. E.

ft_:s:rfhe stars of all magnitudes in these areas, Since Fig. 1 relates to stars
::tl::_m one apparcqt m_agmtude (to—r11) only, the identity of the results must
interpreted as a serious indication that our color-indices are free from 2

i E SYALCMALC Crror depe}ndjng on the apparent magnitude and that the observed
[ - increase of C. E, with distance s quite real.
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rery dangerous it the systcm.lti-: error were a fune- -
' ained for each area several pl.:'.

fact, such a de-
the other hand we were able to compare our =

mpe (Simeis) are brighter in the mean by =~

% Hfﬁﬁfﬁﬁ we have obtained
~ Pleiades and Hyades. The

5 he study of selective absorption in the region of the rift of Milky Way in Aquila g3

and spectrum, For deriving the standard color-

four plates of the brighter stars beldnging to the
tesults of measurements are as follows:
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&;mce our v:ffegtwf: wave-lengths for m,, and m, are approximately

4400 A and 5500 A, it may be assumed that the system 15 close to the in-
ternational one. It is of importance to know whether the standard C. I gi-
ven above are normal. Only in the latter case they may serve as a basis in
the study of selective absorption. In fact it was suggested by Hertz-
sprung, Trumpler and others that the stars of later types in the Plei-
ades are anomalously white. But within Bs—Ajs types the color is probably
normal. As to the interstellar absorption the effect for the Pleiades and
Hyades is very small, if any. The galactic latitudes for these clusters
are—24° and—22° and their distances are 150 and 40 parsecs respectively.
There are seven stars ot the Pleiades in the Catalogue of Stebbins
and Huffer® and the mean C. E. when reduced to the international system
does not surpass -+0™ o03.

We must keep in mind that the error in the zero-point of our stan-
dard C. L. affects immediately the derived C. E. and therefore the coefficient
of the selective absorption. But we think that the error in question does not
surpass -+o0™ 06. |

When comparing the results with respect to the selective absorption the
derived value for the coefficient is usually reduced to the system of rhe Mount
Wilson, For this purpose we observed a number of stars of later spectral
classes. But here the giants and dwarfs are intermingled a:nf:l for this reason
we are not able to derive an accurate value for the coefficient of reduction.
We think, however, that for our C. L the fagtor 1.13 must be :}dqptehd.

Selective absorption. The observations :tlluwrtn confront uu:lne-
diately the C. L. to the modulus of the distance m—M. The ‘ubser?ed ha{m
are sufficiently accurate and we can Cﬂllﬁlfiﬂf not only the materm_l ﬂsth“ v 1“;
but also each area separately in order to judge on the L.ht'ferem:e in_the se edi ;
tive absorption in various directions. The whole investigated 1"3‘3“3“ Ta?ttei
vided into 15 areas in such a manier that each of them was ;PPfﬂI th'ﬂi
homogeneous with respect to the abundance of stars per square USgrEc:

plotting on a graph the

uniform increase of the
203hm. mdl, dogm. MNe 7.

observed data for each area we find a more oOr lle.e_ss
modulus m—M. In seve-
13

C. E. with the increasing
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of the increase ts more sriong than in other ones. However

ﬂl areas t.hﬂ rate gﬂl-‘ﬂuc lﬂtit“d':' IIIdEpE‘“dE“HY

is di i inly connected with the . .
:,-.th:;;::: uT‘ ;‘:;lctii-e absorption and the errors nl: 'n*i'-aervimns tth:erelm
4 real dispersion of C. I. even within one spectral s:uhdn'mmn. ’ ll1tus :'. “_ft 1y
result may be expected if the given group containg not Fle:-;-. ht:m .Tl azn
stars. For this reason the region ander consideration was dwu.l&@ after all into
three zones: A—western zone including the areas 1, 2, 3» 4 ﬁ‘, 7, 8 (mean
latitnde b=-5"2); B—central zone, the most dark one, including the arcas
g, 9, 10y IT, I3 and 14 (mean latitudr._: = -—0.0) L.-—r‘:.lstegn zone, the mo.t
rich one, including two areas 12, 13 (mean latitude b=-—4").

i

» i 7 a ¥ ks

o 2w SO0 100 MO7

Fig. 2 635, The increase of C. E. with
distance; the abscissa is the distance in
parsecs, the ordirate is C. E.

The mean results are represented in the Table I and Fig. 2. The iter-
val for the given values of m—M embraces one magnitude, for instance
8.0. corresponds to the interval 7.5—8.5.

TABLE I G400

A | B c
| g
3 8 |oell B 5 |5 2 g |4
é = | gp i | B E 3= ot :H-. = E _g = o g | & E
sl 2 [ Esll g0l 32| & |ES ) BT | 8¢ | & | B
RS LA lZs | SE|I'Sd | A3 | %28 'r, Sg | 20 5 7.0
5.5 -g.nz 126 7 50 —-:Tnj 100 12 5.5 _:;115 126 /
O | —0.04| 158 17 5-5 | —o.01] 126 27 %u --0:14 158 7
7.0 | —0.01| 251 47 L ) —0.05| 158 44 70 | —0.031 251 34
g. s | —004| 310| 88 70 | —0.02]| 251 | 139 8.0 0.00| 400 | 69
.g +g.1133 333 154 8.0 | 4a0.10| 128 209 9.0 | +0.06| 580 67
Ig:n 10:2;; gﬁ 276 90 | +0.18| 449 | 300 100 | 4o0.12| 802 77
o vt 5 | 261 100 | +0.27| 6oo | 316 10,5 | 4-0.21§ 855 4
! +0.201 951 | B4 |, 105 |4029| 742 | 194 || 110 | 40.16] 1267 | 13
1.5 | +0.29| 1170 7 11.0 | 4032 871 47 11.5 | +0.24| 1282 3
i 115 | 4040l 955 10

.distance are not conclusive.
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b[‘ur ht.hﬂ.mm“ values of m~M the C. E. turned out to be negative
May eht IS 13 dl:le tj::r a small error in the zero point of our standard stars
‘As to the zone C this may be due also to the small number of stars.

Our main purpose is the study of the dependence of the C. E. on di-

stance, But the transition from the modulus of distance to the distance itself

is a ::iiffin:l'tlt matter. Because of the composite structure of the region under
:.ﬂn.EldEl'iltll.?ll it is highly difficult to derive the value of the genefg]_ absorp-
tion (applying, for instance, W of’s method). We have selected another wal,]
for the account of the general absorption. Namely, as it was recentl remi
nized the selective absorption follows the law \—1. Adopting 1hatythi5 I;w
holds also for our region and knowing our effective wave-lengths for m
and mpe We are able to derive the ratio of the general absﬂrptﬁm in phm;
graphic rays to the color-excess. Ve have the following formulae:

I .
a) 2.5log—=—n"1=A
I,
b) C. E.=t(h—23k
A Ao
c) k=r"r= =503

whence the distance r may be computed;

5 log r=m—M+35—k(C. E.)

In our computations we have taken k=4. The computed distances for each
group of the stars are given in Table L

It is evident from Fig. 2 that in the region under consideration there is
1 more or less contintious increase of the selective absorption, most strong
i1 the central dark zone B. Then follows the western zone A, and at last,
we have relatively moderate absorption in the ecastern rich zone C. But
the results with respect to the character of change of the absorption with
For several separate areas we have rather an
increase of C.E. by steps. Especially Fig. 1 speaks in favour of the‘ disconti-
nuous character of absorption. It seems that in t!ne dark reg:mui B is observed
an absorption up to 1000 parsecs. The distance for the begmm{lg of absu.rp—
tion is fixed too inaccurately. But one may affirm that the selective absorption
is quite sensible already at the distance of 150 parsecs.

In the region under consideration some -carrespﬂndm?.cc between the
value of selective absorption and the richness of the stars i observed. But
this holds when dividing the region into thte:e above lli‘.l.ﬂ]fitlﬂllﬂd gones. A d]E—
tailed study in this respect of separate areas Is very difficult and the Iﬂsut.;
are uncertain. Howevet, the positive result with respect to the dependence o
absorption on the richness of stars even for the zomes A, B, C, may be partly
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ﬂﬁ - ‘-ﬁ‘htfr& effect of galactic latitude. Below are given the derived values |
{ m Fig. 2) of C. E. for the distance of 1000 parsecs.

LAl st . C. B C. E. in the
system of M. W.
A 452 0" 20 +0™ 33
B. —0.7 +0: 43 +0.50
C —42 +0.16 +40.18
"~ The difference in latitude is small but this cannot be neglecred. It ap-
" pears that in the negative latitudes the absorption is less than in the positive

= _-_...,.‘1-;;.-....-,-,‘... i e T i i o
. o » .n K
T i =

: - - it 2 ae mp o2t P b R i I, SR P e
T T kg e N e S it e e S
e e el W . gala, Bt g L e e G A e e P T ek T e N L A .
. o = . b -
o g i e T R i
¥ T’ T
. . iy e = el et 1
R e U N T L
k - O S ST

~ones.

; The region under consideration was partly observed and measured by us
several years ago. Now we have nearly 2.5 times more stars as i the prelimi-
nary paper. In addition, for the sake of homogeneity the formerly investigated
stars were observed and measured anew.

The new observations confirm generally the former results, though the
derived selective absorption tumed out to be sensibly smaller. It is also of
interest to compare our results with those obtained by Miss C. Smith at
Lick*. The latter investigation was performed simultaneously with our former
one- The author has determined the C. I. and spectra of 274 faint stars. The
Smith’s areas A;—A, occupy the southern border of zone A. Out of her
six areas B;—B: of the most dark region only one B, falls on the southem
border of our zone B. At last, all her four areas C,—C; are somewhat out-
side of our zone C. For this reason our results are generally not compa-
rable. We have yet a rather good agreement for the brighter zones A and C
and a considerable difference for the daik zone B. Miss Smith has found
here exceptionally high selective absorption amounting to 1”4 per 1000 par-
secs (the mean value is about 17 0), Reducing the Lick and Simeis color
system to the Mt. Wilson one we find that the selective absorption per 1000
r}'ilhrﬁfcﬁ, for the ':']ﬂl'k IEgiDﬂ tums ont to ht'. 8 b 90 and o™ 30, I'ESpEGti\'EI}'--
ver; ;grf:;“?:;dlz n;l;; ig::ﬂt;l;i:ut xtl-i-a EuteFestin,g that both resullts indicate a
that in our former paper we E:cu lﬂfbrl.’iglﬂn of the sky. It may be 11.150 adr.‘ied
coefficient than the mean val ? e 3 v hat 511]3“?'1‘ :{Dq:::-l'ptlﬂll
It is also to be emphasized thj: ' EtTEEH B ooy, Simeis resulis
tinuously and even more or Iassm 111 three cases the reddening increases con-

The variable stars ium:hmmbf R i (harecs ,hl.lﬂq'. -

: ¢ region of the rift. The invest
gated region embraces appm:imately 12 d o o have
plotted the variable stars R 7V5quiire egrees. In Fig. 3 we 1.16 }
for the region in question as well M ¢Verinderliche Sterne, 19367
are limited by thin lines, F .“.-_E 2

Bt et €. TIg. '3 must be examined gide by side with a coIres”
ponding photo. There remaing no dgypy that tl reg| if t
: 1e dark region of the rift turns ot

for the neighbouring one. QOur areas

ﬁlﬁthﬁditﬂ with respect to the ¢
| lacking. But there is no doubt that
Iﬁtﬂ.lf brighter than --qm ¢,

~ In the most dark region we haye
. Agl, K5 Agland Nova Sge, Fig. 3 embrac
this reason we must keep in mind the inflyence
- distribution of the variable stars in Fig. 3

F‘. I ...

o be to a large extent 2

*'*'3"’-.ji‘_."fl:1"l: study of selective absorption in the region of

#—m—u-—-—--— the rift of Milky Way (n Aquila

‘zone of avoidancesfor the variable stars. Unfortuna-

ypes qf these variable stars are mostly
the majority are giants or at least abso-

only five stars; N Sge, T Sge, QR
®5 a very vast region of the sky and for

of the galactic latitude. The
3 may also serve as a serious argu-
great absorbing cloud in this region.

257 19727 VO% gk 8%27m  ~ gym

ment in favour of the presence of g
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Fig, 3 Bob. The variable stars in the region of the rift.

The change of the density of stars with the increa-
sing distance. In order to judge about the change -uf the d:eﬂsity of
stars D(r) with distance it is necessary to know the coefficient of general
absorption. The latter was obtained from the derived C E, (see above). ':['he
few observational data show that the space density of B and A stars rapidly
decreases with the increasing distance (see, for instance, Bok, Aph. [ 90;
p. 260, 1939). It is known that the densit;,r gradient fr:ﬁrr the spe:ctml clas:ses
B and A is higher than that for the stars mn general. For our region we l}ave
the distance of 500 parsecs about I.5~—2.2 LIMES
for As—A, ones. The derived high value
nds on the adopted value of the coefficient
e had assumed for the ratio (general ab-
the high negative density gra~

a decrease of the density at
for the Bs--A, stars and 1.8- 2.5
for the density gradient partly depe
of general absorption. But even if w
sorption: C, E.) the value 6.0 instead of 4.0,

R L - - =
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‘A B and C. However, 1t is necessary to note that even the richest zone ¢
AL

i3 not homogeneous: it embraces a small bright cloud and partly a dark re-
S ﬁﬁm The number of the stars in this cloud is small and it could not be

* considered separately. For the reasons mentioned above the accuracy of the
results with respect to the function D(r) is low but we think that the figures
as given here characterize to some extent the change of the density of

" BS—Ao and A2—Ajs stars with the increasing distance. It is of interest to
note that the results obtained here are similar to those found by Bok for
Monoceros notwithstanding the great difference in the structure of the regi-
ons under consideration.
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