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(Summary)

GriThe determination of color-indices. The present paper
s the third communication treating the color-indices of extragalactic nebulae
published by us N
The color-indices of nebulae given here were determined mainly in the
same way as before in order to maintain homogeneity in the color-index
system of our catalogue. However the determination of color-indices of some
nebulae marked by an asterisc in Table I was done in a somewhat different
way. This difference consists in the account of the sky background by redu-
cing to the chemical fog present on the calibration films received with the
tube photometer as well as on the films with the areas studied. This was done
by measuring on the negatives the unexposed part of the films and the sky
background and accounting for the’latter. :
Thus formula for the determination of color-indices using the tube
uhotmrfeter scale becomes (1), where agis a constant containing the zero-point
correction deduced' from the .polar “sequence, the correction for zenith— dis-
i;uoe afnd others. The color-indices determined in this way differ little from
ose found by the usual method by means of the tube photometer as des-
cribed in the preceding paper.

T 1 . o . . -
i al:le I contains the. color-indices of 215 extragalactic nebulae; the in-
gral photographic magnitudes according to Shapley
ven in the second column of the table:

from the pl :

photographic ones by fsubstracti

: v gsubstractin Yot 8
the third; the color-indices in omts Safics . of alermdivat )

{ stem—in the f 1 24
according to Shaple i the fourth; the types of nebulae
As will ‘be s}? y and Ames—in the fifth one.

: own our color-indic

es do
uonal‘ones, thus the photovisual i
ral nebulae the types were correc

the new type is shoy
~ §2. The ¢ol
mdf:x systém compari
parison the colot-
Seares, F, E,

and Ames?® are gi-
the photovisual magnitudes derived

.. coincide with the interna-
1t11sgmtudes r_elate to our system. For seve-
e e ldaccordl_ng. to later data® In such cases
E R old one, which is in brackets
2 ex 2 « - .
ng it with tl:\:{sttemf We tried to analyze our color-
T N ¥ If” cmmational one. We used for this com
: Bue of polar ) ; :
R P stars No o E
085 and M, C, Joyners, ;V rth of 8b byee ot
c photogmphed an aret
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centered at o= 12%0™ 3=-85"and selected on it 45 stars between stellar mag=
nitudes 8.0 and 11.5. The whole prozess of deriving the color-indices 0f
stars was done exactly in the same way as for the nebulae. ;

Solving 43 equations of condition by the least squares method we de-
rived formulae (2) where the first corresponds to the determination of the co-
lot-index without the tube photometer and the second to the joint determina-
tion from the polar sequence and tube photometer.

As scen there is no essential difference between both formulae. One
may sew also that our color-indices coincide with the international ones at
C. I. =065 in the first case and at C. L —=0."s8 in the second one.

The dependence of color upon magnitade is not considered in formulag
(2), but for nebulae this effect is studied and duly accounted for.

§ 3. Comparison of our colorindices of nebulae with
those by other authors. In our first communication we compared
the Kanobili system of color-indices of the extragalactic nebulae with
those given by L. Schattenschneider and the agreement was found to
be satisfactory®. In the present paper we compare our color-indices of 42 ne-
bulae with the values determined by Stebbins and Whitford® In view
of the high accuracy of the latter this comparison is of interest.

For that purpose we reduced the color-indices by Stebbins and
Whitford to the international system by means of formula (3) given in
their paper.

Our color-indices for the same nebulie were converted into internatio-
nal ones by means of the second formula (2). As stated above formulae (2)
do not show any dependence of color on magnitude; contrary to the stars
this dependence exists for nebulae. Thus hefore converting our color-indices
into international ones by formulae (2) as given in Table I[ we previously
corrected the observed values for the effect of magnitude.

This table shows the comparison of our color-indices with those deter-
mined by Stebbins and Whitford for 42 nebulae which are in common
for both catalogues.

Considering that every transition from one system to another is inevi-
tably vitiated with errors, the agreement is found to be satisfactory.

§ 4. The field error. e have studied the field error of the
Schmidt camera in order to see how this error can inflzence the color-
indices determined by us.

The Schmidt camera being free from spherical and chromatic aber-
ration as well as from coma and astigmatism, there are apparently no reasons
to expect a field error, but in spite of this the field is vignetted beginning
with the distance 2° from the center and this loss of light is called by us
the ficld crror. It would perhaps be more correct to call this paragraph ythe
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¢ light loss due to vignetting®, but as this error may be caygeq
in the centering of the plateholder part, and by s,
call it the field error. The loss of light in que.
tion may be computed directly from the G|1tiCi}l 'Jh“_‘_r"“-"tefiSTiC-‘i of the instry.
ment as will be done further. For the stady of the field error we photograp.
hed a region of the sky displacing the instrument by 5.5 mm in  order "m
get @ chain of images of the same stars. We received such a chain in  right
ascension as well as in declination. These films were calibrated with the tuhe
photometer and developed simultaneously with corresponding photograph® of
the polar sequence.

The optical characteristics of the Schmidt camera are as follows:
the diameter of the spherical mirror—17.'3 or 444 mmni; the diameter of the
correcting Jens 1472 or 360 mm. The focal distance of the spherical mirror
is‘ 620 mm, thus the scale being 1%8 in 1 em. Such apertures give an un-
vignetted field up to a=1° 55" and we can consider the field of our instru-
ment to be perfect' within the diameter of 4 It is sufficient to reduce diame-
;;Zr:i:;]z cc;gre:ihngd.lel‘lf 1t0 ,103”’ i. e to 330 mm, as the unvignetted field

[ up to the diameter <%, and in this case only the extreme parts of
0111'. negatives will affected bY the vignettine. For stellar hot = s s
desirable to follow this way i. e. to :::,1 h'ha v ik B DUty T
el o['Your 5 lap'laa.,n?att. the correcting lens of the
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stars which can be easily measured in the diaphragm of the microphotometer

and are disposed in a chain from the center to the border of the negative.
In the first column of Table III is given the distance p in mm, in the

1 the third and fourth ones the loss of light

second #-in angular measure, i
in stellar magnitudes Amy and Am, derived from the polar sequence and tube

photometer respectively. These data are given up to 3°, as when we use light-
filters the effective ficld is reduced to z=13° It is seen from this table that

there is no loss of light up to @=2% as confirmed by computation. The

computed values of Am are closer to Am, than to Am,. However onc¢ may

conclude that all these values are small and cannot affect the color-indices;

besides they are much less, than the error of measurement with the micro-

photometer. One must mention that for the photometry of extragalactic ne-

bulae we almost always maintained the limit w=2° [n view of the smalluess

of the Am values, we did not represent these errors in an exponential func-

tion of distance Am-=p" _

§ 52 Determination of effective wavelengths, As shown
earlier we used for the determination of color-indices of nebulae the Schott
filters BGs and GG,, in combination with isopanchromatic film. Thus for our
task we must know the corresponding effective wave-lengths of these filters. ;
[t is evident that the effective wave-lengths depend not only on the plate and
filters but also on the optics of the Sehmidt camera. We must consider al-
<0 the loss of light in the silver films of the spherical mirror and the correc-
ting lens. We used for the determination of the effective waveslengths a Ze-
iss m&nochromator with glass ‘optics. The monochromator possesses a movab-
le plateholder securing_the possibility to get a series of images on one negative.
The dispersion is 75 A per I mm in the region of Hy. An alluminium coa-
ted plane mirror served as a coclostat. The photographs were taken during
two days, when'the Sun was near the meridian. In this way we got five ne-
gatives cut from the same film, which was used for photography of the areas
under investigation. Each negative contained from four to seven images
without and with filters. In order to derive the coefficient of loss in the'sil-
ver film some images were received with the aid of silvered mirrors. Ta do
this two mirrors were placed on the way of the light beam between the coe-
lostat and monochromator so that the direction of the beam remained unal-
tered. To account for the light loss in the correcting lens the latter was also
placed on the way of the light beam and a special photograph was taken.
Besides we have received the distribution of energy in arbitrary units with a
thermocouple combined with the same apparatus.

The Sun was chosen as light source because the extragalactic nebulac

are close to class G in spectral type.

e e

N\
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a5 done with the help of the tube photometer gy
: s were developed in one bath wig

30 B
The smndardization W

pieces of the same film and th

1 chromator. |
those got “‘th.thc 11101.10 1 sasured with a microphoiomcler. We seleeted o
All negatives were THEE

s ‘ts nearly equidistant in wave-lengt)
the whole length of the spectrum 26 OIS e o f

vering all the visible part of the spectrum :

After the intensities {or each point were recety _

;; +1 the same manner Were the intensities for all points op.
¥ N m p LA .

tained with the thermocouple. A T e
Firstly we decided to determine the coefficient of loss m the silver fily

and the correcting lens. Let us denote by [ the intcusi‘ty of the given f_’”illt: b\
I, and I, its intensity when the mirror of .the correcting lens, respectively, i
placed on the path of the beam. As two mirrors Were lllSﬁi’f:t:d on the path of
der the coefficient of loss in the silver film to be equal to

ese negative

from 3800 to 6600 A.

co ed they were referred tg

treated also

the beam we consi
k = ——

1

and the coefficient of loss in the correcting lens k= i Likewise we de-

- . ] -
aote by I, L and I the intensitics of the points when passing through
the photographic and visual filters and that falling on the thermocouple

I I =5 : Y

-jpf, —}'3 as the coefficient of tran$mission of
t It
the light-filters and denote them by op and g The definitive values of tht
transmission coefficients are got by multiplying these values by the above e
ceived coefficients k, kb, for the spherical mirror and the correcting lens of
the Schmidt camera i. e.

One may consider the ratios

— 4 i II
9 =0 kg k' and e =0'vis*Rois* K vis

i dl'?-e curves op (1) and gy () showing 1o distinct maxima, we deter
.l.m:lt 11;stl'y the mean wave-length % by formula (3). In this formula b
; (fiff:;: rt: ative value 0'f1the spectral energetic intensity of a black body &
bau;? 't;-‘lllzpﬂratures. The value of by was taken from the book of G.R¥
. The average waye-lenot : ‘

table 1V, ge wave-lengths computed by formula (3) are given

For computation for |
0 r a I e = 25
(1) rmula (3) was reduced as usually done to the for®

We hay :

found the Pr;baieltrti?rizfdofﬂ:semefull W?:VE—leugtl?s oM tye neg,atives )

Beaohiasandyshing. 3 fos P r:.'nt 1'1;1et1cal mean to be -+30 A for phot?”

the black body at 7'=6o0c?, 1t o h‘fse data relate to the values of bz 1

Kinje effect, these crrors must c'ml‘?ldermg that we have neglected the Puf

lues are more reliable, Thus U-IIEDTH:;crt:laj;i_ and probably their double ¥
itely adopt the following med!
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arithmetic values of the average wave-lengths for the photographic and vi~
sual rays :

Jph= 4120 - 60 A Y= <3267£30 4

The effective wave-length for the given temperature T may be ex-
pressed by (4) according to Ribaud.

In (4) V5. denotes the relative visibility factor when the receiver is the
eye and the relative sensitivity factor of the plate used, in case of photo-
graphic observations. In both cases: ﬁ"}.---i;;, where T,—is the maximum in-

A5 :

tensity, and fr—the intensity of the point in question. = in equation (4)
represents the transparency coefficient of the given filter. We have deter-
mined the value V3. for the isopanchrom film used in our work; T was fa-
ken from the Jena data, reduced to the thickness of our filters 2 mm by
the formula given by the Jena firm. The computation led to the following
values of the cffective wave-lengths corresponding to the temperature 6000°
of the black body: '

e

. #h T =] ¢ e / o
i 4070 =604 A= 5400 =304

Fig. 1 represents one of our negatives manifesting the sharp distinction

. of the photographic and visual parts of the spectrum when using the above

named filters and the isopanchrom film. The images are taken in the fol-
lowing order: 1) without filters, 2) and 3) with filter BG;, 4) and 5) with
filter GGyy- ; :

We have also paid attention to the dependence of effective wave-length
on the change of temperatures of the filter itself, becanse the annmual ampli-
tude of the night temperatures at Kanobili can reach rather high values.
Hyde, Cady and Forsythe® studied this dependence for the red glass

~ - . C '
F 4512 and found that the effective wave-length can change by 70 4 at a tem-

- - - £
perature variation from +20° to +4-80°% i. c. nearly by 1 4 per degree. It
we assume that our filters are subject to similar changes depending on tem-

perature variations, the effective wave-length may be changed by about 40 4.
As seen from table IV the variation of temperature of the black body

from 6000° to 16000° causes a change of mean wave-length by 40 4; only
i. e. the temperature varation of the source mentioned changes Ays by @
value of the same order as the temperature variation of the filters themselves -
in our case-

We have estimated the error which can be caused by the change of
effective wave-length if we assume that the temperature variation of /the ligﬁ't-

ik



M. A.Vnshakit.la”a |
Y s s ST FUAE n -
e wave-length by §0 A. We used for this D

changes the effectiv

filters

formuli .‘f b)_'ir
/ = —2,8 =
Am § BagT

where o

tare 6000° of the black body the stelly

[ found that at temperd e ‘
S in the limits of the error of de

‘magnitude varies by O;’f Of‘d_'rhis mh.lc lies
inati ] color-indices.

temm}::\?iigoide?:cd the effective \'.';l.vc-lcngths we can convert out color

indices into gradients using formala (5)- 7

Computing by this formula, we found k=1.51 1h_13
for the conversion of our C.I. into gradients corresponding to these waye
lengths. ' . :

§ 6. Color equation. The color equation was derived from ¥
polar sequence. We have drawn characteristic curves for white stars and de
termined from them stellar magnitudes for red stars. Taking for every st
differences between this value and the standard one, we wrote cquations &
condition of the type x.CI=Am. Solving thesc by the least squares metha
we derived equations (6) and (7) for photographic and visual rays, respect:
vely, where m' and m'y, denote international magnitudes and i, and il
the Kanobili values.

Tn order to get more reliable values for the coefficient we used 8 phe
tographs of the polar sequence in photographic and photovisual rays take
during different nights. From the separate values we took the arithmeti
mean and computed for it the mean quadratic error as given in equatiod
(6) and (7) under the coefficients. =
_bem_et(lb-:;;usga E]:)eb iclain fiud fm{n cquations (6) and (7) the &‘lependc\:ld

seale of CI and the international one. Substracti
(7) from (6) we get (8).

Liquation
satisf; ' ¥
T e o s ) St n 3 qute oty G
Jac (6) and (7) one mus 5 which served for the derivation of form

t prefer f_ormuiae (2) for the reduction of the colo’
€ International system, |

coelficient serve

As seen from equations

termined for photographic rays and £

In case of vi '
sual rays the coeffio] ;

; § ef

its value; hence v rocfficient is small and the probable error exce®

i & decid
the photovisual on cide that, contrary

es need no correction for colour
1 L]

(8) for conversion of our color-indices into international B¢

to the photographic nmgiiitud?'
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The cortections of the photographic magnitudes being rather conside-
rable we can see that our color-indices will monotonously increase with the
real increase of colour of the mebulac, Our color-indices are the more exag-
gerated, the higher the real value of the color-index. As stated above we
used for reduction purpose formulae (2).

In our case we did not consider the color equation and the stars of
the polar sequence were directly plotted on the graph when constructing the
characteristic curves; a smoothed curve was then drawn through the scattered
points. 5 :

§ 7. Comparison with Shapley and Ames magnitudes.
In our catalogue consisting of three separate papers, including the present
communication, we give the photographic magnitudes by Shapley and
Ames and deduce the photo-visual ones by substracting the color-index. We
did so because we consider Shapley’s magnifudes to be more reliable than
our ones. But having at hand our photographic magnitudes for 116 nebulae
we compared them with the values given by Shapley and Ames. This
comparison is given below, Its aim is to determine the accuracy of our mag-
nitudes and to see whether there exists some systematic rate connected with
magnitude. :

The magnitudes of the 116 nebulae were corrected for zenith distance
and color-equation. The Kanobili magnitudes of nebulae cannot be called
integral ones, as we do not measure the whole surface of the nebula; this
holds especially for bright nebulae of the types Sa, Sb and Se. In view of
their elliptic form and extended dimensions they do not fit in the measuring
diaphragm of the microphotometer, and so it can be said a priori that our
magnitudes especially for the brighter nebulae will be generally fainter than
Shapley’s magnitudes which are regarded to be integral. This is well illu-
strated by the following comparison:

Am
=1%o —o ™20 (11)
111 —12.0 —0.25 (32)
12.1—13.2 —0.06 (73)

Here the magnitudes of nebulae 127 1—13"2 are close fo the values
by Shapley and Ames, while brighter nebulae manifest greater differences
(Am). As we do not give in these papers the photographic magnitudes them-
selves there is no need to derive an equation connecting our magnitudes with
those by Shapley. :

§ 8. Distribution of nebulae in magnitudes and types

in our catalogue. Our three papers on the color-indices of extragalactic

nebulae contain 10 objects to magnitude 13.2%. An extension of this num-

# \We intend to give in the f{ollowing issue of our Bulletin the color-indices of
soie tens of extragalactic nebulae situated near the galactic plane.
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o Ct')Ix‘lhdmzil.:f;ibution of nebulae in magnitude and type is given in table V,
e .

see that the prevailing types in our catalogue are 8, S: and F, and the
1 [ ¢ o - 5 "
e 38 bulae falls into the interval 12™—13".

eatest number of ne : T ek ST
i Our catalogue 18 incomplete in the limits & = —20 90" for all

= (n}
magnitudes and it includes no nebul;_-tc at :1].1 .so.uthd Uf eou‘v"‘-u—'f-’-’-ﬁébulﬂe

§9. The dependence of color-indice td. Ly on
stellar magnitude: The dependence of color-indices of nebulac oy
stellar magnitude 18 derived from table VL. _ _

'I‘heh.:olour of nebulae rather strongly depends on magnitude. ll-ur stars
on the contrary this dependence does not exist and the c?rrcspondmg term
was not included into formulae (2), (6) and (7) owing to its smallness.

The cause of the different effect of magnitude in case of stars and
aebulae lies in the following: 1) while star images are points, the nebulae
are extended objects and the fesult will depend on the technique of measu:
rement; 2) the real celour of nebulae—especially of spirals—is not constant
over the whole surface, while for stars this phenomenon is impossible
Table VI served us for drawing of the curves given in Fig. 2.

The curves are given for the types: E, E: and Sa, Sh, SBa, SBb; as
seen they distinctly show a definite rate. After having corrected our color
indices for the magnitude effect and reduced them to the international sy-
stem; we constructed new tables for final-discussion.

§10. The dependence of color-index on type of ne-
b“h“_' Like stars of diverse spectral type, nebulae differing in type differ
'i_ljgem ;;31011T-t Florlstars 'L-his phcuumeno_u is”quite clear inasmuch as the
v thtz spe:Frf;nmw; iTZSES; (:bd?mn":i:tedf with difference of energy dlStflhllthTJ
Shape. > versity of nebular types characterizes only theif
APparEEtTYS;II?g g:tt'::: bflﬂac usEibe ‘eontected” yith
in average distribution 01’;)1: uflle afnothel. in temperat

As seen there are Eeasti;s? iolr;o:)};;e t_Spectru]'n. ; {
type of nebulae. We show this or correlation  between colour 4

structed for different types of correlation in table VII, which was coi
Hubble. Such tab]csyp gi e according to the sequence given bf
eton => WEIE given also in our previous but the pr&
Son must be more reliable be S papers, but the p

ing based on all s1o nebulae. The colok
nal system,

different physical states
ure, and thus must diffef

It must be noted th
- at the F ¢
Stebbins and Whitford® stateyafatntiulr: S0 eide

] Yp Iy 3 ST (o} . i;
c | ‘ (J"g,c\ 3 b QO 73 Al SI:’ [ 0} 9 :
T K l : ¥ s { lo 1 L=, !

Color-tndices of 215 Estragalactic Nebulac - 35 ;

decrease along this sequence. As seen from table \{II the coloremdlcess vaII’JY
just in that sense. A similar rate of change of C. L 15 found also by Steb-
bing and Whitford. One must note moreover that the nebulae SBa, SBb
and SBe possess greater color-indices than the subdivisions Sa, 'Sb and S¢
respectively. The cause of this phenomenon may be sought for m.the fact
that these nebulac relate to an earlier stage of evolution and accord}ngly to
a later spectral class than nebulae of the same type but without t?c mt-iex-B.
When deducing the optical thickness of the galactic belt or uwestlg'atmg
local absorption it is desirable to account for the types of nebulae. In Fig. 3
is given the curve for the main types of nebulae E, SBa, Sa, SBb, Sb, SBe
and Se. Table VII contains mean color-indices for nebulae E:, S:, S and'f
and also for those of unknown type but these data were not considered in
the construction of curves of Fig. 3, by following reasons: the types denoted
by the sign (:) are uncertain and thus they can distort the dependence given
by the main types of nebulae; S nebulae without subclass were also omitted,
as nebulac of different subclasses differ in colour. The same holds for irre-
gular nebulae and those of unknown type. These considerations are confirmed
by the fact that the mentioned types of nebulae in table VII do show no
definite law in the variation of colour.

§ 11. Determination of normal color-indices. In order
to find color-excesses of the nebulae it is necessary to know normal colof-
indices for the given types of nebulae. To derive the latter we may use stars
and nebulae as well. Considering the importance of determination of normal
color-indices for different types of nebulae we paid much attention to this
subject,

Like Stebbins and Whitford' we took for this purpose dwatfs
of late spectral classes assuming that the spectra of these stars correspond to
those of different types of nebulae. Hubble!* gives the following corres-
pondence between nebular type and spectral class: E—Gy; Sa, SBa—Gs; Sk,
SBh—G, and Sc, SBc—F,, We selected on SA433 37 stars of mentioned
spectral types contained in Bergedorfer Spektral Durchmuste-
rung, II. This area is situated near the galactic pole (b = +4-67°). However
the location of the selected area has no essential importance for the deriva-
tion of normal CI from dwarf stars G,, Gy, G, in view of the relative pro-
ximity of these stars. :

The selected area was photographed with the same exposure time as the
ncbulae and shifted out of focus to the same amounnt as the polar sequence
serving for reduction. We chose in the main bright stars for which the BSD
gives the subdivision into giants and dwarfs; for this reason we took stars to
11 magnitude. Table VIII contains mean® color-indices on the basis of the
pr.eliminary ones reduced to the international system by formulae (2). The
table contains also the normal color-indices deduced by Stebbins and
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- d and corrected into international ones 'fcco.rdmg to th'cu' tormy.
i t note firstly that the derivation of normal colg,.
lac‘(s)-' However 01.10 I;::Sregardcd only as rough approximation because ),
b e { nebulae do not necessarily exactly coincide it

ctra of separate types © . *
te trum of any dwarf star inasmuch as the extragalactic nebulae  thep,
;E:v:fe:ont:iii a great number of giants. 'I'hus. the 1101‘mzlll .',:(.}!.mlr of a nebyl
must correspond to an average one between gmnlts and (\\‘1155-.- .

Secondly, as stated above, the fact th;l:t ue.uulae are extended 'Ob]ecta
while stars are points can cause a systematic dsfferen::c in the rem.tltmlg o
lours which in its tun may lead to a systematic error 1n the .dctt'rm}natmn of
color-excesses In the case of photoelectric observations by htc\bbms and
Whitford this effect will be small.

Thirdly the colour of late type dwarfs of the sime spectral subdivision
strongly depends on absolute magnitude. One may quote as an example
series of papers by Oort' and Stebbins and Whitford ' pointing
out this effect. Particularly Stebbins and Whitford found for dwarfs
that when the absolute magnitude varies from M=3.7 to M=4.7 the color-
index on the international scale changes from 0% g5 to +o0"94. Thus
selecting stars of absolute magnitude 37 or 4 ™7 one may be led to quite
different values of normal color-indices and consequently to different values
of color-excesses.

Inasmuch as the stars when used as standards for normal color-indices
Biinstilae may yield only a rough approximation, it would be preferable ta
B e e
dependence of the colour of th:' nfehulaI Dlj: t;l‘ta_tm;ut 9f e‘ﬁr'ff%'y‘11ebula-—tl'lel
plane. Tn spite of all the above considerati ; 111; “1:1’(1-011 of its equ'atona

ations we used for the deduction of

the cosecans-law the normal color-indices as given in table VIII

S 12, Ill\p df‘.pendence 0 (0] -1 e I[l e 0
f c 1 [ P

logy to our Galaxy that i ning. We have reasons to suggest in and-
absorption of Iigh;Jr It i "; extragalactic nebulae themselyes exists selective
with the position (;f thls : EptEd fo connect this selective absorption of light
e s ; neh ula Ielatwaly to the Sun and to ipibne] i
) e tte largest when the nebula is turned to the ob:
polar region. We have E;:f,r and the least—if the line of sight faces the
flattening supposing l, onted our color-indices ith the coefficient of
tionn of the neb g that the latter gives some indicati 1 CO&: icient
¢ nebula. The coeffigient of flatteni ‘ndication on the visible posi-
Cning 13 given by the expression
R
jfo S

@4

where ¢ aqd b denote the major

and  minog

axes Q{ tl]& 1‘|_ebula cxpl.eSscd"..
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i nunutes of arc. The values of 2 and b were taken from the catalogue
by Shapley and Ames.

As seen from table IX spirals with flattening 0.00—0.20 have smaller
color-indices than nebulae with higher values of the flattening coefticient
with the exception of the £ nebulae, showing reverse correlation.

When deducing the mean color-indices we took account of the correc-
tion for stellar magnitude {or all types except [

This dependence of colour on magnitude is one of the causes hindering
the fixation of normal color-indices and depreciating the extragalactic nebu-
lae as objects for the investigation of selective absorption in our Galaxy.

§ 13. The derivation of the cosecans-law. We have applied
for the determination of the selective optical thickness of the galactic layer
the cosecans-law. The knowledge of the selective optical thickness is very
important as one may receive the general absorption 4 or Ay, from equa-
tion (12) if the coefficient £ is known.

The cosecans-law yields besides the selective optical thickness the pro-
per absorption of the studied objects, characterized by the constant term of
the law. In case of stars the constant term may be ascribed to a zero-point
error.

It would be desirable to deduce the cosecans-law for individual types
of nebulae and to find out in such way what type possesses greatest proper
absorption-a question important from the standpoint of evolution. We wanted
to derive for this purpose the cosecans-law for the three principal types of
nebulae, But in view of the rather smail number of nebulae we had to con-
fine to the determination of the optical thickness of the northern and sou-
thern hemisphere of the Galaxy for all types together.

In tables X and XI. are given the mean C.L from all types for the
northern and southern hemispheres, respectively.

Using the mean color-index for the given latitude from table X and
the mean value of the normal color-index --0™ 59 for all types given in
table VIII we received the cosecans-law for the northern hemisphers of the
Galaxy in the form (9).

When deriving formula (9) with the least squares method from table X
we rejected the mean color-index for £=40°% in view of the small value of
tbe color-indices on that parallel probably due’to some unaccounted systema-
tic error. :

From table XI we derived similasTy the cosecans:law for the southern
hemisphere in the form (10).

As seen from these formulac the selective optical thickness in the North
and South pole of the G:\lax.y amounts 0 15, One may recogmize that this
v.llucm 3grees _r-athe.r wcl'l IWlt.l.'l the coeftxctegt of absorption per kiloparsec
p=0" 28, which we haye derived assuming for the semi-thickness of the
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When reducing the value =015 to g,

: oy alue 500 ps. 5 §
absorbing layer the value § P iy according to formula (8), .

international system by multiplying b
my1—q rather reliable result. {5,

However the optical thickness -::-—-t?’."l 15 G“““"F IIL‘ COllslfiel@-d as a cloy
approximation to truth in view of the di_ff}f,ll]tb’ of finc m{g ! & 1'\0111‘1.1[ color
index of nebulae from stars. Somewhat different values of normal color-ing;
ces give greater or smaller values for = as well as .fOI‘ the constant term
equations (9) and (10). Thus, as stated above, it is ‘ot easy to study
absorption in our Galaxy from extragalactic nebulae in vu.:w of the existeng
in the nebulae themselves of selective absorption depending on type and j,
view of the difficulty of finding normal color-indices, as it is not probab),
to think that nebulae of the same type are necessarily of the same colou
Thus for applying the extragalactic nebulae to the mentioned problem on
must know at least the spectral class of each nebula whatever might §
its type.

§ 14. Dependence of color-excess on general absorp
tion. The correlation between color-excess and general absorption in th
photographic as well as in the visual region of the spectrum may be derivd
after the eflective wave-lengths for the plates and filters used are determinet

Adopting the law p=2A-! for the photographic and visual region w

may find the correlation between C. £, and general absorption for both spee
tral regions. ‘

get =0

Adopting tlze effective wave-lengths %= 4060 A and A=s400 4 for
tfmpfl'ature 6000 we may determine the color-excess and the general absof
ion 1:\1Vph0togr:f.ph1c and visual rays by the equations (11)
tffecﬁvehi‘ua::kimg,l;cc;)rdu}xg to Stebbins, Huffer and Whitford ti

rave-lengths for the i 1 i ‘
B Ar? ‘ 1e mteguatmnai photographic and photovisual m#
: =4250 4 and A=5100 4, we become
adopt (13). Ef We substitute in relations (12) o
hfj=5400 A instead of 4250 A and
the coefficient still closer to

(12). Rounding up we mi
&
ar values A,y =4060 4

(e}
5100 4 we shall receive wvalues 0

case, and consequently the 4{1:‘1‘351'3' Thus relation (13) holds also in t
of our color-ind; : coellicients 4 and 3 ma ¢ i
or-indices into general absor 3 may serve for the converst

well alsqin the Kanobili ope il e T
evertheless in ord .
tional system we reducederoflg ;ifrg el S L ot
; b « Lo i ati
(2) an;‘l 1?&31' that uged the aboye coaﬂi;'he iermational system by form¥
el et; an(;l Trumpleru deri .
AY; they did not fix 5
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efficient % so as to fulfil the adopted condition of constancy of the spatial star
density in the given direction and distance, after what they found the value
of & from relations (12).

We adopted the exponent o to be equal to unity, but ywe could derive
the values of o and % lilke Aller and Trumpler from Hubbles co-
unts or use his formula for log Nm accounting for the absorption in our Ga-
laxy. The comparison of our results with the general absorption according to
Hubble shows that the values of coeflicients & and #, derived by us should
be diminished.

As it was stated by J. Rudnick, Greenstein and Melnikov
the coeflicient # in the ahsorption law varies with wave-length. If we adopt
s=1 for the photographic rays and «=1.6 for visual ones—as follows from
the curves given by Rudnick for our eflective wave-lengths the coefficients
k will strongly change.

Moreoser the coeflicients  are depending on latitude in view of the
difference in diameter of the scattering particles.

§ 13. Determination of the coefficients of selective

and general absorption. To ind the value of the coefficient of se=
lective absorption p by kiloparsec we apply the relation (14).

; : g fig r
The accuracy of this relation can be raised by substituting for == the

effective path of light P, passed in the absorbing matter, as it is done by
Berman?® and Hunter and Martin®, The determination of P requires
the knowledge of the law of density fall in the absorbing matter. Berman
adopts this exponential law in the form of (15). Then P can be expressed
with (16). Hunter and Martin adopt a somewhat different exponential
law and get for P the relation (17)-

As seen from formualie (16) and (17) when = is tending to infinity,
P tends to (18).

In case of extragalactic nebulae we must adopt for P just the expression
(18) inasmuch as the distance from the Sun to the nebulae may be regarded
as infinitely great in comparison with the distance to the stars. Itis seen from
(18) that the effective part of the path P in the case of extragalactic nebu-
lae depends on the thickness of the absorbing layer Z;, and on the galactic
latitude—b and does not depend on the exponential law of density fall. In
the case of stars P computed from (16) and (17) influences the value of the
cnettic'&eut o-f sel?ctive absorption as it is seen from E. K. Kharadse's
unpublished investigation. Thus we adopt instead of the expression (14) the
rle:ttxon (1?), which will be used for the derivation of the selective absorp-
tion per kiloparsec—§.
Stmm:?;& ;txlfltf:ec‘:d(t:;?:eiufﬁiuzfog thre seilm-thlckncss of the al:_»sorbing layer may

Siy » we will dwell on this question.
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alues for the thickness of the absorbiy
from 200 to 500 ps. Thege alue

well the observed 1'cddengnq

Different authors adopt diverse v
layet along the galactic equator TANZINS ! i
of the thickness of the layer l“l?l-‘r'*‘“:_‘-“t m__lh"l TRy f
of stars and general absorption derived “:0"." "TOIUI‘_UM%SQS O Star coung,
It would be wrong to draw some sharp limit t}"“" t[";‘ absorbing matter qp
not to expect absorbing clouds beyond that hn.uf from the palactic plane,
Inasmueh as a ray travelling from an extragalactic nubu[a‘c must  pass
whole space of the Galaxy it is natural that in the case of extragalactic p,.
bulae the optical thickness must be increased. In table XII are piven the
mean values of the C. I. for areas in the hemispheres comprising the galac-
tic center and anticenter respectively.

As seen from this table the values of color-indices are higher in the
hemisphere containing the galactic center than in that of the anticenter, the
mean difference being 0™ 11—a rather sensible value. When deducing the
mean values of color-indices in this table we applied cortection for type and
for magnitude to reduce all data to Sh and 12™; these corrections were taken
from the above given curves.

s th:ﬁ;?f;;ieff ag:s;r;t ei;igh ené)‘ugilll in. galiactic ljatitudc the abs?rgtioP
B s o occurcz‘t:.fif 5] ‘t 1h.1t in the auuceutir. Al% this indi-
the limit of the absorbing layer ado lt d ]lfg erhand e e hlg[')er Ithan
o R lo?mitudepi €d jor the stars and that the absorbing
medium is much thicker on tl?e side .of? . t;me Ui, g
A le galactic center, than on the op-

Considering these arguments o
the absorbing layer for the nebulae
For the determination of B we
eduction of the cosecans-]

i€ may assume for the semi-thickness of

a value exceeding 250 ps.

> we used tablles X and XI applied above for

i alla:';.Pg.hEFthaﬁlels being derived from all types

el ¢ color-excesses for each zone of
_ nce between the mean color-index and

Sl 59 (table VTII).
§ S8es for each . y
vl Rhioiiias Zone we found § for

lhe_sembthtckness of the absoisbsf Thus for the selection of the values of
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T Octticie R bk Sequently for the determi-
.c:der. to satisfy conditjon (2 S PGP e

Ps for different val 0)
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the normal color-index for
~ After the derivation®
different values of semj

As seen fropm,
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Chrigtaty constant for Z2— 500
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for still =
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TGt ; 3 :
strict but we must take the least value of ?". T'he received value of the

semi-thickness appears somewhat high; however one must remember ‘tF:at
Aller and Trumpler? found for the semi-thickness of the absorbing
layer in the galactic north pole a value exceeding 300 fps.

: 7 '

Thus adopting the value -:‘—' = 500 ps we get for the mnorthern and
southern hemispheres of our Galaxy the following mean value of the coeffi-
cient of selective absorption in our system

p=o0"28

Using the above derived relation Au=4 - C. E. we receive for dm the

following average value for the whole Galaxy
Ap = 1"12 per kiloparsec.

This value rather well agrees with recent results by other authors:

Melnikov!s, Kharadse !, Stebbins, Huffer and Whitford?®

and others. "
I wish to express my thanks to my colleagues E. K. Kharadse and

V. B. Nikonov for valuable advices, also to my assistant N. Kalan-
dadse and computer E. Dolidse for their help in the work.
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