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PROBLEM OF DIFFUSE NEBULAE AND COSMIC ABSORPTION

V. A, AMBARZUMIAN and SH. G. GORDELADSE

As known, among diffuse nebulae there are both the nebulae with conti-
nuous spectrum and those with the spectrum consisting of emission lines. It
has been established that the luminosity of any diffuse nebula in every case is
connected with some star of large absolute brightness, located either within
the nebula or close to it. Moreover, it was observed that provided the spectrum
of illuminating star is of B1 or later type, the spectrum of nebula turns out
to be continuous and coincides with the specttum of the star. In this case we
deal with a simple reflection of star light by the nebula and there are all rea-
sons to suppose that this difluse reflection is produced by solid particles of
cosmic dust. However, in the case when the star causing radiation belongs to
O or Bo type, the spectrum proves to be the emission one. As it has been
shown by Rosseland! and Zanstra? this emission is due to the excita-
tion of atoms of gases, contained in the nebula, by the short wave radiation
of star. ' '

In any case each luminous diffuse nebula is connected with some star
causing this luminosity. However, the ultimate character of this connection is
not yet known. ‘ .

Indeed, there are two possibilities eliminating each other: 1) Stars cau-
sing the luminosity of nebulae approach them in space only occasionally in
the course of their motion. From this point of view each diffise nebula at
various moments may approach different stars of diffierent spectral classes, gi-
ving every time the corresponding reflected spectrum. It can also happen that
in some periods when there occur no sufliciently bright stars in its proxi-
mity this nebula will not be illuminated at all; 2) Star causing the luminosity
of nebula is dynamically connected with it, i. e., they are of the common
origin and have the same motion in space. The chief aim of the present in-
vestigation is to consider the problem which of these two possibilities is trust-
worthy. The problem has been solved in the following way. For the hypo-
thesis on the accidental connection it may be adopted that the percentage of
nebulae illuminated by stars of a given spectral class among all the ‘bright

C

nebulae is proportional to that part of the volume of interstellar space which
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is illuminated by stars of this spectral type. The larger volume is- illuminated’
by the total amount of stars of a given spectral type, the larger number of
nebulae will be at the given moment within this volume and will be illumi-
nated by stars of this type. On the other hand, the part of space illuminated
to a certain degree by stars of a definite spectral class depends on the total
number of stars of this class and on their absolute brightness. The more nu-
merous are those stars and the higher is their absolute brightness, the larger is the
part of space illuminated by the type under consideration. In virtue- of this.
the relative and absolute space volumes illuminated by stars of each spectral
type can be computed basing on the luminosity function for each type, i. e.,
on the data of stellar statistics.. The number of nebulae illuminated by stars of
different types should be proportional to the relative volumes computed in the
above way, if only the hypothesis on the accidental connection is true.

Such a computation of relative volume of the illuminated space has been
carried out and given below. We have got quite a satisfactory explanation of
the fact that the majority of even the reflection nebulae are illuminated by B:
type stars (namely Bo—B9).

There are no reasons to think that the hypothesis on the dynamical
connection can help to explain this distribution. Why, indeed, should stars of
B1—Bg type be chiefly connected with dust nebulae, and not stars of, say..
M type? | _

On the other hand the existence of «dark» nebulae, natural for the hy-
pothesis of accidental connection, induces us to suppose at the assumption of
dynamic connection, that there exists a separate series of nebulae which are:
not connected with any stars. |

Before treating the above method of contrelling the hypothesis on the
accidental connection it should be mentioned that other methods of control
are also possible. So, for instance, it seems of interest to compare the radial
velocities of stars with those of nebulae illuminated by them*. Provided that
the physical connection is absent these radial velocities are not to be correla--
ted with each other. The observational material taken from Moore’s Cata-
logue and given in Table I shows that such a correlation is probably absent..

TABLE I Gb&OT0

Nebula Radial velocity of nebula | Radial velocity of star
!
NGC 1976 +17.5 km/sec +30.0 km/scc
3372 + 6.0 » —25.0 - »
6514 “+11.0 » + 7.6 »
6523 — 3.0 » +15.3  »
6618 + 7.0 » +14.0 »

® This method of control has been proposed by Hubble as carly as im his first paper
on diffuse nebulae (Aph. J. 66, p. 162, 1922).
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It should be noted, however, that a rather scanty material did not per-
mit of drawing any- definitive conclusions. On the other hand, it is probably
possible to conciliate these data with the hypothesis of dynamical connection.

So, for instance, Zanstra® suggests that diffuse nebulae (in this case—the
gaseous nebulae) are not of static type, the matter being constantly ¢jected
from them towards the star. Just this ejected matter is the most luminous. The-
refore, there must exist the difference between the radial velocity of star and
the apparent radial velocity of nebula, although the chief mass of nebula may
have the same radial velocity as that of the star. It seems, therefore, that the
statistical method, based upon computing the total volume of the illuminated
space for each spectral type, seems to be most reliable.

The proof of the hypothesis of accidental connec-
tion. It is selfevident that the idea of the volume illuminated by a star
needs a more accurate definition. Strictly speaking, every star illuminates an
infinite volume. At large distances, however, the illumination from stars is so
insignificant that the illuminated nebula is not observable. Thus, for practical
purposes we should consider around each star such a volume within which
the illumination is above a certain lower limit and which can be assumed
equal to the faintest illumination that can be recorded by our instruments and
plates. It is convenient to take for such a lower limit the illumination which
can be recorded at one-hour exposure with 6o-inch reflector of Mount
Wilson Observatory.

Suppose the star has brightness I. Then the amount of energy falling
per 1 cm® of some surface normal to the rays of star at distance 7 turns out
to be: '

If we assume that the surface reflects all the light falling on it, we shall
get for the amount of energy received by the unit of Earth’s surface from the
unit of reflecting surface of nebula:

1

gnr? 4mR*

(1)

where R is the distance from nebula to the Earth. On the other hand, one
square minute of atc of nebular surface, having parallax p in seconds of arc,
corresponds in usual units to the area (in cm?) of the following size:

§9{i<;2)2
p ?

where R is the distance from the Sun to the Earth.
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For p we have:

R
——=— 206000,

p=

]

and, consequently, for the same area we get:

60R \* | -
). 2)
206000

Taking expression (1) for the amount of energy received by 1 cm® of the Earth
from T cm® of nebula surface and muiltiplying by (2), which gives the num-
ber of ¢m? per one square minute of nebular surface, we get the energy re-
ceived by 1 cm? of the Earth’s surface from one square minute of nebular
surface:

1 ( 60 . 1
At 4=\ 206000 (137327r)"

Now denoting by m, the apparent magnitude ot the ~ illuminating ~ star

and by m, the stellar magnitude from one square minute of nebula, we write:

(3433)" 4mr”

I I 1
Mg Mg = — 2.5 log | — = = —2.35 log 2 X

4R T 16wt (3433)°
or ‘
My —nie = — 2.5 log [477* (3433)"]+43 log R.

k'Putting for absolutc brightness (M) of star
M=m,—5log R+3
we find from the preceding equation after simple transformation:
log 7= —0.5 log 47 (3433)*+0.2 (s —M)+1.

Substituting m, by the limiting stellar magnitude from square minute rc-
cordable at one-hour exposure with 6o-inch reflector of Mount Wilson
Observatory, we find the dependence between the absolute magnitude of the
illuminating star and the distance (,) at which it gives this limiting illumi-
nation. -

It can be adopted, that msuim=23.25, therefore:

log ry=—0.5 log 47 (3433)*—0.2 M+5.65. (3)

/]

Tt is evident that the volume of the illuminated space equals to —- =7y,
3

since any nebula located within this volume will possess the surface bright-
ness accessible for our observation.
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Consequently, accounting for (3) we find for the illuminated . volume
_-expression

- o(M)=C-107M . \ (4)
where M
log C=log - x4 1.5 log 47 (3438)*+ 16.95, (4)
J

whence we see the dependence of the illuminated volume on the absolute
magmtude of stars.

"Let @ (M) be the luminosity funct1on for the spectral type under con-
sideration; i. e., & (M )dM represents the number of stars per unit of volume
belonging to the given spectral type, their absolute magnitudes being compri-
sed within M and M+dM. The part of unit of volume «lluminated» by stars
of the given spectral type will be evidently represented by integral:

P=[® (M) v (M) dM. (®

P (M) for the given spectral class being known and the form of function
v(M) obtained, we can determine P for different spectral classes.

When computing we used Van Rhijn and Schwassmann’s®
tables of function ¢(M). The obtained values for P are given in Table IL

TABLE II Gs&6020

Spectral -Spectral .
type Pxi1o* type i Px1o

B | 3.50 G | 0.18

A 0.80 ‘ 0.25

F 0.23 l M | 0.02

|

It should be mentioned that in the process of computations it  proved
‘that the maximum of function (M )v(M) for each spectral class falls on
comparatively high absolute magnitudes namely on supergiants of this class.
Every time, after the maximum this function was very slowly decreasing with
advancing absolute brightnesses. Thus, in some cases the value of function
P(M)v(M) was to be extrapolated to the region of very large absolute
brightnesses beyond the lipits of Van Rhijn and Schwassmann’s
table. Evidently this extrapolatmn caused some inaccuracy.

. Values P given in Table Il practically represent the part of the inter-
‘stellar space which is illuminated by stars of the corresponding spectral clas-
ses. Summing up all these numbers (to which later on will be added the cor-
responding number for Bo and O) we shall see that only an insignificant part
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e

of space is illuminated by stars. Therefore the number of illuminated nebulae
should be very small as compared with the number of non-illuminated ones
if only the hypothesis on the accidental connection of stars and nebulac

15 true.
The direct uomparlqon ‘of the data of Table II with relative numbeis of

the observed nebulae is perplexed by stars of B type being sometimes connec-
ted both with the emission and reflecting nebulae. Besides one should deter-
mine value of P for stars of O type. As known Bo stars are connected with
emission nebulae while Bt—Bg stars are characteristic for reflecting nebulae.
Consequently we determined values P separately for types O and Bo. Suoétrac—
ting the value of P computed for the sudbtype Bo from ‘the value of P for B
type as a whole we get on the other hand value of P for spectral subgroups
Br—Bo.

For determining values P for O and Bo stars one should know function
d (M) for each of these classes. '

Having no data on the form of these functions for actual cases, we as—
sumed them to be expressed by some normal distribution law:

_(M—My)?
d(M)=Ae 7 (6)

where M, is the mean absolute magnitude of stars of the given type, ¢ —- dis-
persion of absolute magnitudes and 4 —a certain constant determining the
absolute concentration of stars of the given type in space. Adopting such a
luminosity function for the class of stars under consideration, let us compute
now the number of stars, the apparent brightness of which is -above a certain
stellar magnitude m,. Assuming then that stars of the type in question are uni-
formly distributed in the galactic plane (i. e. have almost no dispersion in the
direction perpendicular to the plane of galaxy) we shall consider first the case
when the absorption of light is absent.

Then it can be said, that all stars of absolute maﬂnltude M located nea-

rer than-at 7==10%2("o~M+1 il have the apparent brightness up to m,. The-
refore the volume of space in which these stars are observed turns out to be:

7rth =mwh 10940 —M)+2

inasmuch as this volume can be represented in the shape of a cylinder the
base of which is parallel to the plane of galaxy and has the radius », the
beight of this cylinder being equal to a certain value —A. In other words 4
is the thickness of the layer of stars of the given type.
The number of stars of absolute magnitude M contained in this volume and
consequently appearing to us brighter than m, will be expressed as Mows:
(M—M,)*

wrh® (M)=Are 2% 10040m—M+2),
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Integrating this product over all absolute magnitudes, we get the total
number of stars of the type under consideration brighter than the apparent
magnitude

peo_(M—Mo)?

9

N ()= Awh1 ng e 20

—_ 00

] 00.4(1110 —M) M. )

On the other hand such considerations will lead us to the conclusion
that the total number of all stars of Bo—By types with the apparent brightness
larger than m, will find its expression in: ‘

—+c0

N, - B, (11o) ==k Iozf oM )100.4(m0'—M) aM, (8)

-0

where @ (M) is the luminosity function for all B stars, which have been tabu-
lated by Vian Rhijn and Schwassmann®

Suppose that for the type in question (Bo or O) as well as for the whole
type B, value of % is the same, i e. the dispersions in the direction perpendi-
cular to the galactic plane coincide in both cases. Then dividing (7) by (8)
we get: | '
too  (M—M,)* S
2¢? I00.4(171(,——2‘»4) M

N(m,) ~ o

=4
j\jTBn — By (ﬂl()) ree

f o (M)10™4" ™M) gy

— D

Since both in the numerator and in the denominator the quantity 10%4™e is
taken out of the sign of integral we have:

oo (MM

. 202 IO_O'4MdM
N (m,) e
4 | :
Ng, _ B, ('””0) Foo (9)
J o (M)ro~ “Mam

- O
L]

The integral in the denominator in the right part of equation (9) can be compu-
ted on the base of Van Rhijn and Schwassmann’s data; that in the
nunerator can be also derived if M, and ¢ are known. For the latter values we-
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used Plaskett-Pierce’s® data for O and Bo types respectively. They are as
follows: |

Sp. type M, g
O —4.0 | L33
Bo — 3.4 | 1.28
|

%

Quantities Np,_s, and N(m,) for O.and Bo types can be computed
using any spectral catalogue of stars including stars down to a definite appa-
rent magnitude. In this way value of 4 can be found for each of the spec-
tral types under investigation (O and Bo). '

All the above said is valid only in the case if the interstellar absorption
is absent. The absorption can be roughly accounted for in the following way.
As we have assumed above, the number of stars of each spectral type is pro-
portional to the volume within which stars of the given type are of the ap-
parent brightness larger than m,. If the absorption is present this volume is
smaller than at its absence, since f. i. stars of O type possessing the mean
absolute brightness M= —4 at m,=9.0 are seen without absorption up to 4-10"

parsec, while at absorption of 076 per kiloparsec they can be seen only up
to the distance of 2200 parsec. In this way it is possible to compute the ratio
of volume, really covered by H. D. Catalogue to that which would be
covered by this catalogue at absolute transparency of space, considering the
limiting value of H. D. Catalogue to be equal to

1y =9.0.

Such a computation was made separately for Bo and O types the cor-
responding correction factors being obtained. In each case the integral in the
numerator of the right part of equation (9) was multiplied by this factor.

We have used H. D. Catalogue. As known the number of stars of
Bo—Bg types in this catalogue is 16.786. On the other hand we counted the
number of Bo stars in the same catalogue. It proved equal to 286, while the
number of stars of O type with absorption spectrum to which we referred
all Oe and Qeg stars turned out to be §3. On the base of these data we
computed value 4 for both types under investigation. Putting expression (6)
in formula (5), we get values P for O and Bo types. Finally we get for va-
lues P the following Table III: '
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TABLE LI gb&0OT0

Slz;:;z‘ml - PX 10% n S]ie;;‘gal 1 P x 10% n
I

o) 0.2 11 F 0.25 2

Bo 0.6 7 G 0.18 T

B1—Bog 2.9 54 K 0.25 2

A 0.8 g M 0.02 . )

In the last column of this table is given the number of nebulae illumi-
nated by stars of each spectral class according to the data of the second
Hubble’s paper.®

It follows from this table, that sum P for Q*—Bo equals 0.8X107%,
while the same quantity for Br—M is 4.4X107% In such a way from the
theoretical ‘point of view the number of emission nebulae connected with stars.
O—Bo should be 5!/, times as small as the number of reflecting ones. Mean-
while in the above mentioned Hubble’s list the number of emission nebulae
is 18 and that of reflecting ones ——64, i. e. the ratio is less than four. Ge-
nerally, Table III shows that the hypothesis on the accidental connection gives
a sufficiently correct distribution of reflecting nebulae over spectral types of illu-
minating stars. In particular this hypothesis explains perfectly well the predo-
minance of Br—9 spectra in reflecting nebulae. Besides it seems striking that
the nebulae illuminated by stars of M type are nearly altogether absent, which
also agrees fairly with observations and what could not be expected from the-
ory at the hypothesis of dynamic connection.

It should be considered in general that the hypothesis of accidental con-
nection for reflecting nebulae is wholly corroborated. As to the emission ne-
“bulae, in spite of the indicated numerical disagreement, they are probably also
connected accidentally with Bo and O stars, the uncertainty in computing the
numerical values P being rather considerable. v

At the first glimpse it may seem strange that we attempt to consider
the emission and reflecting nebulae to be essentially the objects of the same
type giving that or other spectrum according to the spectral class of the illu-
minating star. Indeed, it is used to think that the reflecting nebulae consist of
small solid particles (cosmic dust) while the emission- ones consist of gases.
If we adopt, however, the hypothesis of the accidental connection, the con-
clusion on the homogeneous nature of both objects will be unavoidable. It
would be really diflicult to explain otherwise the entire absence of reflecting,
e of dust nebulae connected with O and Bo stars. But stars of O and Bo
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types also can illuminate the clouds of cosmic dust present in space. On the
other hand we know the facts of co-existence in the same nebula of both the
reflected and the emission spectra just in the cases when the nebula is con-
nected with Br star. Adopting in such a way the hypothesis on the unity of
nature of both types of nebulae we should assume thata nebula can give the
emission as well as the reflected spectrum. The character of the spectrum
will depend on the spectral type of the star this nebula met with.

Probably this occurs in the following way. Hot stars of O and Bo ty-
pés meeting a dust neoula call forth an intense emission of gases out of cos-
mic dust and exciting these gases they make them give the emission spectrum.
In this respect the process is similar to that taking place when a comet ap-
proaches the Sun: solid particles, the nucleus of a comet consists of, emit ga-
ses forming the head and the tail of comet and giving the emission spectrum
under the influence of the radiation of the Sun. At large distances from the
Sun, comets have no tail and gase envelope and reflect the continuous spect-
rum of the Sun.

Estimation of the total number of nebulae. Adding all
the data of the second column of Table III, 1. e. getting XP for all spectral
types, we shall have the evidence that all stars in total illuminate only air in-
significant portion of interstellar space:

YP=g.2X107%

Just as only a two-thousandth part of all the interstellar space is illuminated
by stars, and as the nebulae are distributed in space at random (independently
of stars), so the ratjp of the number of bright diffuse nebulae to that of dark
diffuse ones is respectively 1:2000. If the above named instrument records at
one-hour exposure 150 diffuse nebulae, the total number of those nebulac
recordable with this instrument will be of the order of 3X10° All the 1350
bright nebulae should be located not farther than at 2000 parsecs from us,
since at large distances, cosmic absorption would abate their surface brightness
"and make them unobservable. Consequently, all the 300.000 dark nebulae are
also located nearer than of 2000 parsec.

Whence it is easy to compute the lower limit for the number of nebu-
lae per cubic parsec. The nebulae in question should be located within a cy-
linder, the radius of whose foundation is 2000 parsecs and whose height does
not exceed 200 parsec.

Assuming even that the height of the cylinder is larger, i. e. nebulae
are met at distances larger than 100 parsec from the galactic plane, yet the
mentioned 200 parsec should be adopted for computations, since at distances
larger than foo parscc from the galactic plane concentration of stars illumi-
nating thé nebulae (chiefly of O and B type) becomes very small and the
nebulae located in this region will not have any considerable chance of being
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included into the number of 150 bright objects. Therefore these nebuhe do
not enter the obtained 300.000 nebulae. _

Assuming that the indicated 3.10° nebulae are distributed within the vo-
lume of the above cylinder we get one difluse nebula per 8ooo parsec®. If we
take the line of sight in the plane of galaxy stretching at distance / from us,
the number of nebulae intersected by the line will be

nlo.

where o is the cross-section of nebula and » the number of nebulae per 1

I . .
parsec.® According to the above said n= ~S-~~— Taking the cross-section to
6000

be equal to 25 parsec® (which approximately agrees with the circumstance that
diameters of nebulae vary between 1 and 20 parsecs) we shall get at /=1000
the mean number of nebulae intersected by the line of “sight to be equal to 3.

In fact, however, the limiting distance of 2000 paixeg, as taken above,
seems to be the upper limit only. A certain decrease of this distance will
immediately give an appreciable growth of the number of nebulae intersected
by the line of sight. Further on we shall consider the problem of the absorp-
tion of light by these non-illuminated diffuse nebulae.

Absorption of light by diffuse nebulae. When deriving the
relation between the apparent magnitude of the illuminating star and its angu-
lar distance to nebula, Hubble suggested that the nsbula reflects all the light
of the star or at least its appreciable part. The fact that the theoretical corre-
lation is entirely corroborated by observations speaks for the truth of the above
initial premise, i. e. the mebulae really reflect an appreciable part of light fal-
ling on them.

In any case they should reflect more than 10°/, of light issued by stars,
as if only 10°/, were reflected, the theoretical and observed correlations would
show on the average very large disagreements. It appears, that in reality the
average percentage of the reflected light can be hardly less than 30. Such a
capacity of nebula to reflect 30%, of light falling on it mdlcates that the light
of stars Dehmd the nebula grows fainter not less than by 30°%,, that is by

. Considering that according to the above calculation on the way of ray
of 1000 parsecs long there will occur on the average 3 nebulae, one can
expect that the total amount of non-illuminated diffluse nebulae will give in
the plane of galaxy the average absorption not less than 079 or about one
magnitude per kiloparsec. Moreover it is known that there exists in space the
general cosmic absorption amounting to 0”6 — 07 per kiloparsec. Therefore it
is natural to suppose that this general cosmic absorption is caused by the total
amount of non-illuminated difluse nebulae. We should not be perplexed by
the fact, that the quantity obtained for absorption produced by the totality of
difiuse nebulae somewhat exceeds the mean coeflicient of cosmic absorption,
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as we do not know well the value of cross-section s which was used for
computations and probably was taken too large. Such an interpretation of ge-
neral cosmic absorption as caused by the total amount of non-illuminated
diffuse nebulae seems to be especialy reliable, when taking into account that.
the non-uniform distribution and the spotted character of general absorption
has been pointed at since long.

It should be added that no doubt different nebulae have different optical
thickness. Among non-illuminated nebulae there exist possibly ones whose op-
tical thickness exceeds one stellar magnitude. Owing to the intense absorption
of light from stars lying behind such non-illuminated nebulae the latter seem
to us to be «dark» nebulae.

From this point of view the bright and the dark nebulae are representa-
tives of a very extensive class of diffuse nebulae, the overwhelming majority
of which are not illuminated. Each individual nebula can also cause a certain
color-excess of stars located behind them. G. Shajn’ investigated the problem
on CE of stars contained in diffuse nebulae and came to the conclusion that
a part of this CE, just 071 of stellar magnitude is caused by the diffuse
nebula itself, and the remaining one is due to medium between the nebula
and us. If the nebnla causes such CE (0™1) of star contained in it, CE of
star behind it should not be smaller. Therefore itis to be consideted that each
diffuse nebula can produce selective absorption from 0”1 to o™2. Consequently
the average selective absorption per kiloparsec will exceed 0™3 since on the way
of ray on the average 3 non-illuminated nebulae are to be met.

Below we shall show that the majority of facts referring to cosmic ab-
sorption both to general and selective corroborates our standpoint that both
absorptions in question are caused by the totality of individual non-illuminated
nebulae and not by the matter continually scattered in space.

Unsolved Problems of Cosmic Absorption. Numerous
authors pointed out considerable irregularities in special distribution of absor-
bing matter. As known, regions with appreciable selective absorption are often
located side by side (at the distance of a few grades in galactic longitude)
with regions of faint selective absorption. Basing on the same reasons it can
be assumed that the non-uniform distribution of brightness in the Milky Way
is due to a considerable extent to the non-uniform distribution of absorbing
matter. Provided the absorbing dark matter were distributed in galaxy in such
a way, that its density would represent a slowly varying function of spherical
coordinates, it would not be possible to explain the above non-uniformity.
Moreover the resulting absorption is derived by integrating along the line of
sight and consequently should present a still smoother function from coordina-
tes on the celestial sphere. This circumstance alone leads to the conclusion
that the absorbing matter distributed in the interstellar space has irregularly
scattered condensations. From there only one step is to be made to the
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assumption that matter is almost entirely concentrated. in these condensations
in the shape of non-illuminated diffuse nebulae.

On the other hand, G. Shajn® has indicated that dark places in the Milky
Way do not coincide with the regions of largest selective absorption. This
fact, presenting a great interest, is quite obscure from the point of view of
continuous distribution of absorbing matter. Selective and neutral absorption are
caused respectively by particles of different size. The general absorption is
formed by two items: 1) neutral absorption and 2) the general absorption
connected with the selective one. In places where the selective absorption is
present the second item is of considerable importance. Therefore, if the distri-
bution of particles of small and large sizes are independent of each other or
provided between both distributions there exists a positive correlation, then in
places where the selective absorption is large, the general absorption should
be also appreciable. Consequently the absence of correlation between the red-
dening and surface brightness of the Milky Way from the standpoint of con-
tingously distributed matter leads to the artificial assumption that between the
distribution of large and small particles there is a negative correlation, that is
in those regions of space where there are many large particles there must be
relatively small number of small ones and vice versa. -
" Meanwhile we shall see that the fact under consideration can be explained
quite naturally by mieans of our point of view on the identity of the absor-
bing medium with the totality of diffuse nebulae, thus avoiding any supplemen-
tary assumption. '

" Cosmic absorption from the point of view of the
hypothesis of discontinuous distribution of absorbing
matter. Let us assume for the sake of simplicity that each diffuse nebula
absorbs a definite part of stellar magnitude (as we have seen about 0™ 3).
Denote this absorption in stellar magnitudes by % Let the mean number of
nebulae intersected by the line of sight at certain distance r be equal to #;°
then, as known, the mean square deviation from the mean number of nebulae
on this way of the ray will be Vn. Thus the mean absorption at this distance
in stellar magnitudes is 7k, and the medn square deviation of absorption—V # k.
Evjdently the larger is the distance, i.e. the larger is r, the larger is the mean
square deviation for absorption expressed in stellar magnitudes and consequently
the farther is located the class of objects under investigation, the larger fluc-
tuations in the brightness of these objects should cause the variations in the
value of cosmic absorption. We see that absorption fluctuations expressed in
stellat magnitudes, i. e. in logarithmical scale, increase with increasing distance.
This differs fluctuations in brightness, caused by variation in the number of
nebulae, from other fluctuations found in physics. If, for instance, we were to
observe an homogenously illuminated bright sphere through the totality of
dark nebulae having a constant optical thickness %, so with increasing mean
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number of nebulae per unit of path of light fluctuations of the observed in-
tensity of light in different direction would be the larger, the larger is the
mean number of nebulac on the path of ray. Consequently the contrast be-
tween the dark and the bright places would increase with increasing number

rd

of nebulae. ,

Just owing to this circumstance the irregularities 1n ‘the general and
selective absorption cannot decrease, but on the contrary should mcrease with
the growth of distance to the objects under consideration. It seems advisable

1

to check the numerical value for Quctuation as derived from theory and its

orowth with distance. )

However such a check s not so very casy ds it may seem at first. So,
for instance, if we consider CE of stars of a certain subgroup of B type,
e.g. of Bj having uniform apparent hrichtness, diflerence arises not, only
;;;;,fﬁg to fluctuation 1in absorption but also in consequence of these stars
-possessing a certain dispersion of absolute magnitudes due to which fact their
“distances also show considerable dispersion.

Usually the coefficient of selective absorption is determined from the
~olors of stars of early types. In such a case the distance is derived from thc
assumption that the given star has the absolate magnitude equal to the mean
Absolute magnitude for the corresponding spectral subgroup. In reality the ab-
solute magnitade can deviate from the mean one and therefore -the distance
determined in this way will not be correct. Owing to this there arises a
certain dispersion for the values of the selective absorption coefficient deter-
mined in this way. 1t can be easily seen that this disp >rsion. increases pro-
_portionally to distance and practically exceeds in all cases the true dispersion
of the selective absorption as considered above. Therefore the determination
of the value of true dispersion of the selective absorption coefficient presents
great difficulties. To avoid this it seems advisable to consider the objects
known to be located at equal distance from us.

Tt appears that among far objects such are first of all double and mul-
wiple star clusters. No doubt, for instance that y and 7 Persei clusters are at
cqual distance from us. Therefore it seems of interest to find out whether
there exists a color-excess for one of these clusters with respect to the other.
Yor solving this problem one should form the diflerence of color-excesses
for stars of both clusters belonging to the same spectral clasd.

Thus for instance we took the color equivalents (values of spectrophoto-
adient) according to Thor ndike?; we compared the CEof eleven stars
and ten stars in y Persel clusters, all the stars in use belon-
ging to types from Bo to Ao. Finally it turned out that x Persei cluster has
a positive color equivalent about o™24 40" 07 with respect to RPersei This
result, though based on scarce material, points out the presence of large fluc~
tuation in selective absorption at transition fom one cluster to another.

metric gr
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Problem of diffuse nebulae and cosmic absorption 31

The problem of correlation between selective ab-
sorption and surface brightness of the Milky Wavy. As it
was mentioned above, the point of view of continuously distributed absorbing
matter is not able to explain the observed abdsence of correlation between the
value of selective absorpiion in the given direction and the surface brightness
of the Milky Way. However from the standpoint of discontinuous dark matter
this phcnoni’-‘non can find its explanation. The problem is that as it was
shown by Kreiken a consideradle variation of surface brightness of the Milky
Way can be caused only by that dark matter which is at the distance of not
more than 200 parsec. Therefore from our point of view the distribution of
surface brightness in the Milky Way is chiefly determined by mnon-illuminated
nebulae located at less than 200 parsec from us. On the other hand sclective
.;1bsorption has been chiefly studied ‘on the base of Stebbins and Huffers
work by stars of B type located on the average at a distance of 00— 600
parsec. Consequently the picture of the distribution of selective absorption
coeflicient as given by this work is connected with distribution of non-illu-
minated nebudae located at distances up to 500 parsec and more. In such a
way the picture of distribution of surface brightness in the Milky Way on
one hand and the distribution of selective absorption coeflicient on the other
are stipu tltcd | by two different sets of nebulae. It is true that one of these
sets is a part of the other one; yet it is evident that fluctuations of the
number of nebulae in one set in some direction will be almost independen ¢
of the fluctuation of the numoer of nebdulae in the same direction in other
set. Therefore there should exist almost no correlation between the surface
brightness of the Milky Way and the selective absorption coeflicient, which
is just observed in reality. ‘

Conclusion. As we have shown in the present paper the difluse
nebulae are not dynamically connected with illaminating stars and are probably
accidentally met with the latter in space. This leads to the conclusion that
there exists a large multitide of non-illuminated diffuse nebulae distributed
haphazard in the galactic space.

-Computation. has, shown that the absorption of light of distant stars
produced by these nebulae should be of the same order of magnitude as the
observed general absorption. Therefore the cause of the general absorption can
be sought for just in these non-illuminated nebulae. This assumption permits
to explain large fluctuations in the general and selective absorption when
passing from one region of the sky to the neighbouring one. In addition we
have shown that from our point of view one should not expect any corre-
lation between the surface brightness of different regions in the Milky Way
and the selective absorption coeflicient in those regions.

From this standpoint the reflecting, emission as well as «dark» nebulae
are individual representatives of the homogeneous class of diffuse nebulae.
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Diffuse nebulae possessing large optical thickness and not being illumi-
nated by bright stars will seem «dark» ones. Diffuse nebulae illuminated by
stars of Br —M types simply reflect their light and finally diffuse nebulae
falling into the field of radiation of O and Bo stars give the emission spect-
rum being essentially of the same physical nature as the reflection nebulae.
The difference between the reflection and emission nebulae is similar to that |
between comets located at large and small distances from the Sun.

On the other hand the assumption on the presence of a special conti-

y nuously distributed absorbing medium in galaxy proves to be unnecessary.

Finally the proposed point of view is the most simple one, as it embraces
all the phenomena referring to nebulae with continuous, emission and mixed
spectra, to dark nebulae as well as to selective and general cosmic absorption.

September, 1937.
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