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PHOTOELECTRIC OBSERVATION OF A TAURI
V. B. NIKONOV

o

(Summary) f

The wariable star A Tauri was observed photoelectrically during the

automn seasons of 1935--1937.
In 1935-—36 the observations were taken with the Guthnick stellar pho-

tocell photometer. In 1937 the new photometer with the thermionic ampli-
fier designed by the author and P. G. Kulikovsky was used.

As companson stars were taken: p Tauri in 1935 and ¢ Tauri and

¥y Tauri m 1936—37. The reduction of all the observations to the v Tauri
. were made by the aid of the differences of the brightnesses between &
- and v Tauri derived from the Table 1.

The mean coefficients of atmospheric extinction (p=0.740 for Abastw
mani, 1935—36 and p=0.776 for Mt. Kanobili, 1937) were used.
All the observations are listed in Table 1L

Observations of the dates 2428060; 069; 113—115 and 808 were rejecs

tﬂd ol ihe? Ehm"_'?d great systematic differences with the normal curve (of
the order of 0%05)

- Examination of these anomalous brightnesses of the variable shows

that .\:f;a:‘ﬂ here perhaps the disturving effect of the third body (as it was
suspe ¥ thz prof. Stebbins) but of quite irregular nature.
ting. t!lfi mfcfy;. |
- h€ new period of the variable is also der
. : ' - nved,
Normal points are listed ip Table 11T and drawn on Fig, 1,

- ;-Dt_tﬂ‘:ﬁlhf:r_, 1937.

i Fonmd i A ey p
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resent time | | _ :
&Sent ime we have a too small observational material for sti-

i " 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 Br or later type, the spectrum of nebula turns out
to be continuous and coincides with the spectrum 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 diffuse 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 nebulac approach them in space only occasionally in
the course of their motion. From this point of view each difluse nebula at
various moments may approach different stars of diflerent spectral classes, ai-
ving every time the corresponding reflected spectrum. It can also happen that
in some periods when there occur no sufficiently 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
nebulae is proportional to that part of the volume of interstellar space which
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this spectral type. The larger vo ‘%LL” .
of a given spectral type, ;"1’"i
e ?ﬂl be at the given moment within this ;ﬂl“T;.:?;._ “ Al
" Jated by stars of this type. On the other hend, TR denondt s g
B a certain degree by stars of 2 definite spectral class hﬂPﬁ Th“"”
L f stars of this class and on their absolute brgninces. L HHCtAEE
e O qars and the bigher is their absolute brightness, the larger js
" art of space illaminated by the type mder considerRivi Inf vﬁ'ma '
" tvpe can be computed basing on the luminosity function for each type, i. ¢,

":‘1-‘..‘_-,;_-___{':-. i et n -
~ on the data of stellar statistics. The
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o
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. Jbove way, if only the hypothesis on the accidental connection is trnue, |
B Such ¢ computation of relative volume of the illuminated space hasb&ﬁn
a:m;t and given below. We have got quite a satisfactory explanation of

s . fact that the majority of even the reflection nebulae are illuminated by B
~ type stars (mamely Bo—By). * -
" There are no reasons to think that the hypothesis on the dynamica

., .r o1 Ectmﬂ can help to explain this distribution. Why, rindeed, should stars qf
" Bi—Bjg type be chiefly connected with dust nebulae, and not stars of, say.

.~ On the other hand the existence of wdark» 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 nebulac which are
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umber of nebula¢ illuminated by stars of
~ different types should be proportional to the relative volumes computed in the

-
i

B _':Béfﬂfﬂ treating the above method of controlling the hypothesis on the
~ dccidental 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
R t"ﬁ’l’hﬁ‘s‘l connection is absent these radial velocities are not to be correla=
e A fﬁﬂmﬁzmh other. The observational material taken from Moore’s Catd
e oane "iﬁ.d given in Table T shows that such a correlation is probably absent=

R ;ﬂ lem of diffuse nebulae and cosmic absorption |

i1
-

o 11'-;,1r.;_;i.._-,i"';-‘g_':;i.ijifi noted, however, that a rather scanty mater_ta[ dlfi not per-
it of 11“ definitive conclusions. On the other hand, it 1s probably

hossible to coneiliate these data with the hypothesis of dynamical connection.

i 5 t ji{)i_lj;itgnce:, Zanstra® suggests that diffuse nebulae (in this casf:__thf:
gaseous nebulae) are not of static type, the matter being constantly ejected

-

from them towards the star. Just this ejected matter is the most luminous. The-
H@ fﬁhe‘re- must exist the difference between the radial velocity of star and
.._pﬁrent radial velocity of nebula, although the chief mass of nebula may

statistical method, based upon computing the total volume of the illuminated
;iﬁp_ﬁ?ﬂie for each spectral type, seems to be most reliable.

' The proof of the hypothesis of accidental connec-
tm n. It is selfovident 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 /. Then the amount of energy falling
- per 1 cm? of some surfice 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:
/

I
4Tri 4nR? ()

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

R ( g_n_R_@)*
. ek

b
where R is the distance from the Sun to the Earth.

have '-_.fha same radial velocity as that of the star. It seems, therefore, that the

'y
!
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e cYor powe have: o AN nsequently, accounting for (3) we find for the illuminated volume B
A ,,;: - _ e e 206000, i e A _Ia ' |
: Rl I-.'_";:':.::." ) | P R .._; L ‘ ﬂ(M) :C‘ Iu-—ﬂ.ﬁﬂf’ (4)
I",-r;i.' '...--_,"r_._l_:._ll : | 5 ‘ ks g . 4 : e L
" and, consequently, for the same area we get: e e |
s 4 : log C=log - w4 1.5 log 47 (3433)*+16.95, (4)
( 60R TR SR 1 3
G 206000 - . @ whence we see the dependence of the (luminated volume on the absolute
" Takine expression (1) for the amount of energy received by 1 em* of the Eah --.-Fﬁﬂiﬁ“de OLis b e 9
Tihllg ; mm' > neb(ulzt curface and multiplying by (2), which gives the ﬁ Let & (M) be the luminosity function ior the spectral type un?er lu:::m
ﬁ“m e : -+ . = BEME eideration: 1. e, & (M) dM represents the number of stars per unit or volume
" ber of em® per one square minute of nebular surface, we get the enerpy 1 -:n'ﬁ_“i-ﬂmt{““* AR ) | . ; . -
R m b Ipem‘ of fgc Earth’s surface from one “»‘;]'uarr: gnu'rJ.l:ttul:r- of ng{; ju belonging to the given sp eetral type, iHicls abmoluic magmfudes' belEfcomlige
! su:f sy ? ; = u-";'_yzd within M and M-++dM. The part of unit of volume «illuminated» by stars
< ; 2 L : A ; of the given spectral type will be evidently represented by integral:
O 4;;’ 4% ( 30{55{}[} / (1373 :!__-p;_r)'f. ' - : P-*—‘ffb (M') /) (;’Vf) dM. (S)
LA Now denoting by m, the apparent magnitude ot the illuminating stat. <P (M) for the given spectral class being known and the form of function
~ and by m, the stellar magnitude from one square minute of nebula, we writee v(M) obtained, we can determine P for different spectral classes. !
DS | ;- When computing we used Van Rhijn and Schwassmann’s*
m,—m,=—2 'log[ L d ! T (3433)" 4mr’ tables of function @(M). The obtained values for P dre given in Table IL.
&= . . : gy
T LR aee'r (3433)° MO R? ’
S TABLE II G6&0520
e my—ms=—2.5 log |47r* (3433)"]+5 log R. S gl Ay %
Putﬁﬂg for absolute brightness (M) of star 5;?;1[:;;11 Py 10k 51:;;::1[ Pacios
e | atemeslop Rbs el B 3.50 @ 0.18
| ﬁ“ﬁnd from the preceding eguation after simple transformation: o 0.80 K 0-25 ,
: SR I i 0.25 M 0.02

logr=—o0.5log 4r(3433)*+0.2 (m, — M )+ 1.
: Or S;Ibmmhﬂg m, by the limiting stellar magnitude from square minute ¢
Wy BE t:t ﬂﬂz-hnur exposure with 6o-inch reflector of Mount Wilso#
s bm[m“ m:;':: ﬁﬂi_i the tll“._'_pendEﬂce between the absolute magnitude of the
| mﬂhmhnn, g star and the_f distance (r,) at which it gives this limiting illumis

0 Mican he adopted, that Malimy=23.25, therefore:

(3)

the illuminated space equals to S i

Vi 19876=—0.5 log 4 (3433)*—0.2 M-4-5.65.

It is -;.'.v"' - e

i ﬁﬂdemy nebula located within this

R e R _ A
B bl for our observation,

¥

volume will possess the surface bright*
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It should be mentioned that in the process of computations it proved
that the maximum of function & (M)uz (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 e
advancing absolute brightnesses. Thus, in some cases the value of function |
b (M)v(M) was to be extrapolated to the region of very large aosolute
brightnesses beyond the limits of Van Rhijn and Schwassmann's
table, Evidently this extrapolation caused some indccuracy.

Values P given in Table II practically represent the part of the inter-
stellar space which is illaminated by stars of the corresponding spectral clas-
ses. Summing up all these numbers (to which later on will be adt;lﬂd the cor-
responding number for Bo and O) we shall see that only an insignificant part
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AR ther hasd such considerations will lea
& ﬁE d&tﬂlﬂ’lﬂﬁ ﬁlufs P Hpﬂﬂlﬂl}‘ fﬂl‘ typﬂﬂ 0 aﬁd Bﬂ.i ':#1 F' _ | ? A n r. *r:i“n]bﬁf {]f ﬂ.u stars ﬂ'f BU—BQ WFES Wlth thL appargnt bnghtﬂESS,
of P computed for the subtype Bo from the value nf EW g |
as a whole we get on the other hand value of P for spectral suhgmu el

-
r a-' |l

Wﬁ m, will find its expression in:

- S g ' 3
! B : e M . v
dntmﬁmmg values P for O and Bo stars one should know func.tinu Np, - B, (m{,)mr.!:m“f ¢ (M)ro o> =) g, (8) £
fw&chdtb&mdm & i S
Having no data on the form of these functions for actual cases, we as- 4
b tabu- k.
them tﬂ be expressed by some normal distribution law: where o (M) is the luminosity lfunctmn for all B stars, which have been tabu A
| d Schwassmann™. e
2 M-=M) latﬂd by Vian R hijn an : -
e NS ' ; = 20 - Supposc that for the type in question (Bo or O) as well as for the wl]l:llf: | o
» lt L g ‘13(4'“)*‘4:' ( ) type B, value of 4 is the same, I & the dispersions in the direction perl]l:en( 81; &)
mgi thc mean absolute magnitude of stars of the given type, o —dis- E cular to the galactic plane coincide in both cases. Then dmdmg (7) by a3
; "'-;" - absolute magnitudes and A4 —a certain constant determining the & we get: $hor
absolute rafion of stars of the given type in space. Adopting such a @ teo  (M—My) 3 “
".f': sity fﬂﬂctufﬂ for the class of stars under consideration, let us compute | J 2 At i UM e i
' the x r of stars, the apparent brightness of which is above a ;:Ettmn_,f NGy Iy |
f magmiude m,. Assuming then that stars of the type in question are uni- | ”(m ) = e e
in the galactic plane (i. e. have almost no dispersion in the ; Gl [ (‘.{)mﬂ""(m"mm M e
Ay e dicalar to the Phlm: of galaxy) we shall consider first the case | if P ' {;
| ;-:"":" ption of light is absent. . il
S “1 : he, sy il 0.4Mg o T
e gjiﬂ __Sf?;:?at all stars of absolute magnitude M located nea ¥ Since both in the umerator and in the denominator the quantity 1o%#™ is. = 3
Gl will have the apparent brightness up to n1,, The- * taken out of the sign of integral we have: '
3 ﬂfﬂﬂﬂ in which these stars are observed tums out to be: 3 s M- x 3 %
haades HGRER : o (M— A :_";-'1:1..
m%ﬂ%&- 1004(m—M)+2 A TTae g moaM e
"-..“.,_-_- . :i'. t‘l _“_1
1 be I'E])IEEEHff:d in the shape of a cylinder thf:. N (my) B . (9}
the: phnc of galaxy and has the radius r, the N I;"(”;)_ =4 =7z e T
, ,j ualto 2 m:rtam valuc-—-—f:. In other words fi"j}' “: ; J o (M)1o ,”4Mf£M
yer of sta X ,

The integral in the denominator in the right part of ﬂquahun (9) can. be Eﬂm[ﬂf‘* e
ted on the base of Van Rhbhijn and Schwassmann’s data; that in thﬁ
numenator can be also derived if M, and ¢ are known. Fur the htter “fzﬂu&e ww Sl S

.
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% used Plaskett-Pierce’s® data for O and Bo types mP“ﬁvﬂf** -..; it
 follows: Uy oSl et - TABLE Il 6660900
« | oy %‘? p F ¥ Spectral Spectral ;
J_ Sp- type M, " . 5‘  type Pxic? n F:;['};a P % 10t n
e 3 . * l
0 | —4o| raa e
Bo — R .28 g8 () 0.2 11 F 0.25 2
3 Bo 0.6 710 G 0.18 g
g £ B Br—By 2.9 | 54| K 0.25 2
;i Quantities Np.-n, and N(m,) for O and Bo types can be cnmputll' A 0.8 s | M 0.02 0
'F'.. using any spectral catalogue of stars including stars down to a definite appﬁ'.
b fa m:gmt_ade. I_n tht? Ll valne of A4 cin be found Suitesan HIUIEEHE In the last column of this table is given the number of nebulae illumi-
B o tral types under H!.E‘ES:'.Igll‘tlﬂIl ,(C" and FD)' _ _ inated by stars of each spectral class according to the data of the second
by : All the above safd is valid only in the case if t-he .mtcrstellnr :1bsnrptinn{ Hubble’s paper.® i
E"‘ ; maﬁsenh The _:1b@o:]:rhﬂn can be roughly accounted for in the fﬂllﬂwinig.wny.% It follows from this table, that sum P for O —Bo equals 0.8X 1077
W As we bave assumed above, the number of stars nf‘each spectral type is pro= hile the same quantity for Br—M is 4.4X107% In such a way from the
F‘f‘ -pn:hnnal_tn the>yolume within which stars of th_': given type are of the ap- theoretical point of view the number of emission nebulae connected with stars
?r' parent bnghtuﬁ._s larger than m,. If the absorption is present this volume i§ O—Bo should be 5!/, times as small as the number of reflecting ones. Mean-
53 smaller th"'"_ﬂ at its absence, since f. i. stars of O type possessing the mean while in the above mentioned Hubble’s list the number of emission nebulae
Ef-ﬂ absolute brightness M= —4 at m,=9.0 are seen without absorption up to 4:10° is 18 and that of reflecting ones --64, i. e, the ratio is less than four. Ge-
. parsec, while at absorption of 076 per kiloparsec they can be seen only ufy nerally, Table III shows that the hypothesis on the accidental connection gives "
: to the distance of 2200 parsec. In this way it is possible to compute the ratio a sufliciently correct distribution of reflecting nebulae over spectral types of illu-
3 of yolume, really covered by H. D. Catalogue to that which would be minating stars. In particular this hypothesis explains perfectly well the predo-
covered by this catalogue at absolute transparency of space, considering the minance of Bi—-g spectra in reflecting nebulae. Besides it seems striking that
: limiting value of H. D. Catalogue to be equal to \ 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-
My = 9.0. ory at the hypothesis of dynamic connection. PAT L
Y It should be considered in general that the bypothesis of accidental con-
| 51_‘-"-‘3 4 computation was made separately for Bo and O types the cor Eﬂfuml. fnr_rr:flectiug _He.buhm 15 Wh'j}h"l? I{Jbﬂfﬂt&d.t ?E tajitic Tn;ss;’?n ;;:{;
g responding correction factors being obtained. In each case the integral in the tulae, 1n EpltEil‘}f the llldllc.’.-ltEd numerical disagreement, they are propably
* numerator of the rioht | , ' s : : connected accidentally with Bo and O stars, the uncertainty in computing the
i i e night part of equation (9) was multiplied by this factor. A G AR el
ik ~ + We have used H. D. Catalo . As known tl Ltise i o Umerica’. vatucs P F‘re:ng I:.lt]‘lE:I' considerable. :
s Bo—By types in this catal e DowO the inumbent.ol Sidls. 4 At the first glimpse it may seem strange that we attempt to consider
l: | Iltlmbéi: B i:alheggs.:;:;;;i%‘- C‘;: the r}t‘;mr 11:11:[1 \*.'Z ;D‘Urlﬁ'f*l:d :]; the ciw{iisfsiun and reflecting nebulae to be 'Essentialiy the objects of the same
;fl: number of stars of O ff.pe R sHe- pm.w qual;to 299, Wile 1 type giving that or other spectrum according to the spej:tral class of ﬂ'.lF:‘ 11[11-_
;13 ko Ty b ﬂutatsu;ptmn spectrum to wluf:h we referre. minating .gt:u'. Indeed, it is used to thin%: that the ‘re{lectmg uehuh{e consist of
e compute e .t 53 ud e 53 (:)11 .thE b}asa of these fiatta ’GE'L small solid particles (cosmic dust) *:xflzllﬁ the emission ones cnpsmt of gases.
. informula (5), we o ﬂhms‘,r'i‘ fu_n C;::r mnvestigation, l“llttlllg expression ( ) [f we adopt, however, the hypothesis of the ucclldﬂutal_mnnectmn, .the con-
8 dnes P the following Table I[r- or O and Bo types. Finally we get for va= clusion on the homogeneous nature of both objects will be unavoidable, It
N % | : - would be really difficult to explain otherwise the entire absence of reflecting,
i, e. of dust nebulae connected with O and Bo stars. But stars of O and Bo
S

r
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5 m ﬂ[mnmﬁte thﬁ t:luuds of cosmic dtﬁl: pr o .ﬂ

m& we e |
el &ﬂ and the emission Epcclra just in the cases “5'?.;. | j, e is ggr Mot enter ---f}- i iﬂﬁd 300.000 nebulac.

n _ ed with Br sw; Ad_ophng in such a way the h]‘POth 135 _ lhauau A __I_*_ff;_ﬁ{” *ﬂﬂt the indicated 3.10° nebulae are distributed within the vo-
qf both types of nebulae we should assume that a 1¢ ;’PL%,] an give ¢ lume of '? vove oylinder we get one diffuse nebula per 8000 parsec. If we

II| ﬂ'

nission as well as the reflected spectrum. The ﬂhﬂtﬂ.f.,.__ ""312%:5'1 take the "’f;i‘ of sight in the plane of galaxy stretching at distance / from us,
.&3 d DII the qpmml tYP" ﬂ'f thl‘: star th-ls “Ehula m’hn .i'i.‘l,ﬁf) 1 u“h“:!' 4| :Eh._f I].Hblﬂ'.‘l.& iﬂtﬂﬂﬂﬂtﬁd by thﬂ Ilﬂﬂ WI” b{:
Pmbahlv this occurs in the following way. Hot stars of O o ,,..;‘-ff..'._ | | wia.

. Taking the cross-section to

e

meeting a dust nedula call forth an intense emission of m *’i. J,
i dtﬁt and exciting these gases they make them give the ﬁmiﬁﬁm a 11nu ?'L_J,Jiif « i! {he cross-section of nebula and # the number of nebulae per t
n this respect the process is similar to that taking place when a cumé@ 4 parse J A.;nnrdmg to the above said »= :
mchus, the Sun: solid particles, the nucleus of a comet consists of, emit g | ;.."““ : 8000
forming the head and the tail of comet and giving the emission 8}’10:1 *'quti to 25 parsec® (which approximately agrees with the circumstance that
iades the + fluence of the radiation of the Sun. At large distances from lameters of neoulae vary between 1 and 20 patsecs) we shall get at /=1000
" Sun, comets have no tail and gase envelope and reflect the continuous spe the mean number of neoulae intersected by the line of sight to be equal to 3.
5 "f""-r"'f"'E'_' = ol the Sun. In fact, however, the limiting distance of 2000 parsec, as taken above,
% Pstimation of the total number of nebulae. Adding 'seem:ﬂ:i'tulbe .the upper hnfut only., A cartz{s.m.decre:lse F}f this distance will
#hﬁ data of the second column of Table III, i. e. getting XP for all spectn Lmn;; lﬂltF-Y Et}‘"’e_;“_ HEPTEIEIHHE growth of thel number of nebulae intersected
. i} ses, we shall have the evidence that all stars in total illuminate only an EIREGs an nient. Turtier ot we Sl eonsiden g pronien: of sthe. dbsovps
._-?}. .,:-,‘-.--_ et o ianicller apace: * tion of light by these non-illuminated diffuse nebulae.
‘ ' ': Absorption of light by diffuse nebulae. When derwmg the
= EP=g.2X 1074, relation between the apparent magnitude of the illuminating star and its amgu-
lar distanc ‘ {ubble s b et s
_‘" ;.f st as only 3 two-thousandth part of all the interstellar space is 11‘[111111:1'.11115 :i- tﬁlf :;:: {:D [:Eim]_i:’ .l:,u.DDth. ﬁggﬂmed ,lt..hﬂt }he nebula reflects ﬂl_l the light

h'r stars, and as the neoulae are distnibuted in space at random (mdqu.m[mﬁ lat; ahdes e I SPPIEER part: he tagt: diaktaesthsoreticalicorio,

_. 1 ": % 1,_‘“{ 7 1 lation is entirely corroborated by observations speaks for the truth of the above

| .} ,_ Sﬁﬁ)r so the ratio of the number of bright difluse nebulae to that of R e I R R R R o s :

_;: -~ difiuse ones is Iﬂpectlvely TSR R R R T TLLUrd:,f o m{l thm;l yides By THe ulac really reflect an appreciable part of light fal-

'v- mvhﬁm exposure 150 diff . : -

R rdable 50 diffuse ncbulae, the total number of those “E'f'uh [n any case they should reflect more than 10", of light issued by stars
m able with fhis instrument will be of the order of 3 10°. All the 1§ 15 i 0 , D 2 Y »
ar i ¥ . 5, as if only 10%/, were reflected, the theoretical and observed correlations would

ight nebalae should be located not farther than at 2000 parsecs from ¥ sh - - :

ok - show on the average very large disagreements. It appears, that in reality the

M,I. € ]’-“EE distances, cosmic absorption would abate their surface brightné average ta f the reflected ligh h ' '
mﬂ. m‘gkﬁ thun unobseryable, Con TEnEs Tark ge percentage of the reflected light can be hardly less than j0. Such a
5o loca E&:te; e r sequently, all the 300.000 dark ncbulae ﬂf capacity of nehuh to reflect 30", of light falling on it indicates that the light
Wh A, i n \ 2000 parsec. mf stars behind the nebula grows fainter nat less than by 30%, that is by
Ig# P‘f l:ﬂﬂbmm fﬁTh? 0 compute the lower limit for the number of nebli1 0" 3, Considering that according to the above calculation on the way of ray
et e Pﬂﬁg{ he neoulae in quf:stmu should be located within a 6§ of 1000 parsecs long there will occur on the average 3 nebulae, one can
Mﬁ gm M’ whose foundation is 2000 parsecs and whose height do¢ expect that the total amount of non- illuminated diffuse nebulae will give in
N ﬁ?ﬁfﬁt‘h,;t - _. the plane of galaxy the average absorption not less than 0.9 or about one
’ﬁ 1;; tt:': height of the cylinder 15 larger, 1 e. nebu ll'lﬂPllltudE per kiloparsec. Moreover it is known ﬂ:l&t there exists in space the
% 3011,@;# ﬁfﬂr ik iﬂ 100 parsec from the galactic plane, yet th 8eneral cosmic absorption amounting to ©. "6 — 0" 7 pet kiloparsec. Therefore it
$ 15 aﬁ; f@-ﬁd e adupted for computations, since at distance 15 natural to suppose that this general cosmic absorption is caused by the total
o1 Tom the galactic plane concentration of stars illuml amount of non-illuminated diffuse nebulae. We should not be perplexed by

o

,_.;,;.n.jﬁ__n;%_f==j>,.-:hlﬁf1;§' ﬂf O and B type) becomes .very small and th
s @5 fﬂﬁ‘ﬂ“‘ 'W'H ﬂﬂt have any considerable chance of beifl

|:=.,1,.

dituse nebulae somewhat exceeds the mean coeflicient of cosmic absurpnun

know the facts of co-existence in the sa am .;,' of hotlyy included to the nu hﬂl’ ﬂf 150 bnght nbjects Therefore these nebulae d{} |

e =
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the fact, that the quantity obtained for absorption produced by the tntullty of
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i3 as we _dl} not know
~ computations and prob

~ neral cosmic absorption as Causts ‘ M e
specialy reliable, when taking fﬂlﬂ!d ' i thy ﬁ‘u; ﬁm coineide with the regions of largest. selective absorption.

~ Jdiffuse nebulae seems 10 be e
faet. presenting a great interest, is quite
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well the value of cross-section a ‘t!i'iﬂﬂ)j‘ use
ably was taken to0 large. Such an interpretation of ¢

i

aused by the total amount of ﬁ'ﬁﬁﬁ u

WL,

i
i
5 i
v T

the non-uniform distribution and the spotted character of Bmﬂ i

‘has been pointed at since long. o
It sh?:::ﬂd be added that no doubt different nebulae have ;ﬁﬂ'ﬁgﬁﬁ_ ?ﬁ;_%.::‘

thickness. Among non-illuminated nebulae there exist possibly ones w‘hm
tical thickness exceeds one stellar magnitude. Owing to the intense --“‘-"*ﬁmf.
of licht from stars lying behind such non-illuminated nebulae the latter sees

to us to be edark» nebulae,

From this point of view the bright and the dark nebulae are represents |

 tives of a very extensive class of diffuse nebulae, the overwhelming majont

of which are not illuminated. Each individual nebula can also cause a certay he also appreciable.

color-excess of stars located behind them. G. Shajn’ investigated the probles
on CE of stars contained in diffuse nebulae and came to the conclusion tha
a part of this CE, just 0’1 of stellar magnitude is caused by the diffus
nebula itself, and the remaining one is due to medium between the nebul
and us. If the nebnla causes such CE (0™1) of star contained in i, CE ¢
star behind it should not be smaller. Therefore itis to be considered that eac
diffuse nebula can produce selective absorption from o™1 to o 2.Consequentt
the average selective absorption per kiloparsec will exceed 03 since on the wa
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
E?TPﬁm} both to general and selective corroborates.our standpoint that bot
absorptions in question are caused by the totality of individual non-illuminate
nebula? and not by the matter continually scattered in space.

Unsolved Problems of Cosmic Absorption. Numerol
“f‘}thﬂfs_ pointed out considerable irregularities in special distribution of absof
bing Hlﬂtjiﬂr- As known, regions with appreciable selective absorption are ofte
_ lm“’d E}dﬁ'b&' Sit’fﬂ (at the distance of a few grades in galactic longitude
:':i;iﬂgstgf faint selective absorption. Basing on the same reasons it £&
e tﬂEa E;Iﬁg];agrﬂ"}ﬂllfﬂrﬂ] distribution of hngh?ue?,:s in the E‘v‘hlky “J’ﬂf
e T a‘E Llfi;t_ent to the llﬂﬂ-llnlfﬂl'l11+ d.lﬁt'f]l}'l.ltfﬂll of abs:‘c:-rbm@
AR 73 dt.usit:i?;uj]zg dark matter were dlstr}buted in galaxy in sué
coordinates, it would not b fepresent a ‘SlﬂWIY. varying function of :::pha:n_ﬂ.i
Moreover ti] = el _Pﬂfﬁ_mlt to explain the above non-uniformity

7 r the resulting absorption is derived by inteerati | he line ¢
ﬁlght and consequently. should < - Y cgrating .:1 ong the 1 :
tes on the celestial Y{ SC present a still smoother function from coordin?
..ﬂ_-mt:'ih e ﬁﬁsnrbing ii :; :' Z:ltﬁb E;If;ru‘nstaﬂcep alone leads to the conclusio
scatiered, condeusations, From theis - the interstellar space has  irreguld
. s, trom there only one step is to be made to th

3 11
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“@'ghgﬂther hand, G. Shajn® has indicated that dark places in the Milky
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1%?1 d iespecti?ely by particles of different size.
&d by two items: 1) neutral
"'unnectﬂd with the gelective one.
*f].::}es-eﬁt- the second item is of considerable importance.

" observe an homogenously illuminated b
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%iﬂ'matt&f is almost entirely concentrated in these condensations

Lo shape of non-illuminated diffuse nebulae.

This

obseure from the point of view of
distribution of absorbing matter. Selective and neutral absorption are
Thé general absorption is
absotption and - 2) the general absorption

[ places where the selective absorption is
Therefore, if the distri-

d P9 )

OUS

~ bution of particles of small and large sizes are independent of each other or

rovided between both distributions there exists a positive correlation, then in
places where the selective absorption is large, the general absorption should
Consequently the absence of correlation between the red-
dening and surface brightness of the Milky Way from the standpoint of con-
tinuously 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 numbet of small ones and vice versa.

Meanwhile we shall see that the fact under consideration can be explained
quite naturally by means 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 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 k. Let the mean number of
nebulae intersected by the line of sight at certam distance » be equal to
then, as known, the mean square deviation from the mean number of nebulae
on this way of the ray will be V. Thus the mean absorption at this distance
in stellar magnitudes is #k, and the mean square deviation of abSGrptiDn——Vﬂ k.
lividently the larger is the distance, i. e. the largerisr, 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 tlue-
of these objects should cause the variations in the
We sce that absorption fluctuations expressed in
stellar magnitudes, 1. e. in lugnritlunica[ 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 mstance, we were to
right sphere through the totality of

so with increasing mean

of

tuations in the brightness
value of cosmic absorption.

dark nebulae having a constant optical thickness &y
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ST Sy . e e G Sy .f r,ﬂ o I’fﬂﬁliﬂi d'f'd_][‘fugg ﬂﬂhqhﬂi and cosmic absorption
7 iyl 'b- lae per unit of path of light ﬂ'ui:ttﬂlﬁﬁn#_f Bonadadt by i R .-“:':',_::*::_‘.-‘l‘:t:' o aET . :
5| gﬂﬂmhgnf e Pi?’;r&nt Jirection would be the larger, the larges ~ The problem of corrclation between selective ab-

sy of gt in ¢ the path of ray. Consequently the contrast fsorption and surface brightness of the Milky Way. As it

* iﬂten 1:::1?1‘11 and the bright places would increase with ;‘*“’h’ Umb was mentioned above, the point of view of continaously distributed absorbing
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B 5t febul - hatter is not able to explain the observed absence of correlation between the

[} - .J' S LR P i # E . 1
it owing to this circumstance the irregularities in the general g .iEEL selective absorption in the given direction ﬂﬂd‘ the :‘iLII'fEIGE brightness
e " | l}“ﬁ :ﬂ?si fiun cannot decrease, but on the contrary should increase w Mﬂky Way. However from the standpoint of discontinuous datk matter
1 g“’ﬁ 5":: 2»{1‘1 ut{pdistance to the abjects under consideration. It see r -Ef;i::hﬂﬂmnenun can find ifs exp[mmt?m;. The pmblen}_ is that as it was
S ithe g1o e erical value for fluctuation as derived from theory angd fshown by Kreiken considerable variation of EI.ZE.I‘fﬂEff bnghtﬂe% of the Milky
10 ;m;- b uith distince _ - "Way cin be caused only by that dark matter which is:at the distance of not
 erowth wi . g - T ¥ ; poa . ¢ : / . :
g o oer cuch a check is not so very easy as it tnay seem at first, § more than 200 parsec. Ih_ercfurc frr.}-m our point of view the djstf'ih11t1ff:n of
el ~ surface brightness in thes Milky Way is chiefly determined by non-illuminated

. for instance, if we consider CE of stars of a certain subgroup of B typ

- : . - ' . On the other hand selective
% AR, ; t brightness., difference arises not .hebn_lae located at less than 200 parsec from us { .

e Dii:ln gsft::gnl?lg in ;::fpsiﬂi::ri]:;t :ﬂsi inss;ﬂnsﬂquencc of these :-"'ﬂbgﬂlpﬁﬂn has been chiefly studied on the base of Stebbins and Huffer’s

-' -‘ 4. ﬂ'ﬁ'fﬂg u y |:-l|_ e

o : b - : " work by stars of B type located on the average at a distance of 500—600
' :It:] IEIE i t r r-| : 1 * ) :
dist alascsh s 'd:;lblzf:fiﬂp;:;"t;nm1gmmdeg VI Rkl th'.Pﬂf. sec. Consequently the picture of the distribution of selective absorption
istances also show const . .

i * i : i ient as given by this work is connected with distribution of non-illu-
Usaally the coefficient of selective absorption is determined from coeflicic & Y

: : . ® minated nebulae located at distances up to 500 parsec and more. In such a
. colors of stars of early types. In such a case the distance is derived fromth p 500 P |

& : Bis the sbssl ud l h " way the picture of distribution of surface brightness in the Milky Way on
assamption thet ‘the grven Star has the absolute magmitude equal to the meq one hand and the distribution of selective absorption coeflicient on the other

absolute magnitude for the corresponding spectral subgroup. In reality the ﬂﬁ_are stipulated by two different sets of nebulae. It is true that one of these
solate magnitude can deviate from the mean one and therefore the distnuq sets is a imrt of the other one; vet it is evident that fluctuations of the
" determined in this way will not be correct. Owing to this there arises number of nebulae in one set in some direction will be almost independent
certain dispersion for the values of the selective absorption coefficient detef of he fluctuation of the number of nebulae in the same direction in other
mined in this way. It can be easily seen that this disp 'rsion increases prd gey Therefore there should exist almost no correlation between the surface
portionally to distance and practically exceeds in all cases the true dispersia brightness of the Milky Way and the selective absorption coeflicient, which
~of the selective absorption as considered above. Therefore the determinatiol j5 just observed in reality.
.ﬂ of the value of true dispersion of the selective absorption coefficient present Conclusion. As we have shown in the present paper the 'diHuse
s -, o Breat difficulties. To avoid this it seems advisable to consider the objeet nebulae are not dynamically connected with illuminating stars and are probably
~ known to be located at equal distance from us. accidentally met with the latter in space. This leads to the conclusion that
It appears that among far objects such are first of all double and mul there exists a large multitide of non-illuminated diffase nebulae distributed
tiple star clusters. No doubt, for instance that y and /2 Persei clusters are 4 hapbazard in the galactic space.
sequal distance from us. Therefore it seems of interest to find out whethe Computation has shown that the absorption of light of distant stars
there exists a color-excess for one of these clusters with respect to the othet produced by these nebulae should be of the same order of magnitude as the
___.EEIZ'I Eﬂlﬂﬂg this problem one should form the diflerence of color-excess observed general absorption. Therefore the cause of the general absorption can
for stars of both clusters belonging to the same spectral class. - be sought for just in these non-illuminated nebulae. This assumption permits
R Thus for instance we took the color equivalents (values of spectrophot¢ to explain large fluctuations in the general and sclective absorption when
- metricgradient) according to Thorndike?; we compared the CE of eleven staf Passing from one region of the sky to the neighbouring one. In addition we
"~ inh Persei and ten stars ia ik eiie; alosters. 4ll the stits in: use heldl have shown that from our point of view one should not expect any corre-

xgiug fo types from Bo to Ao. Finally it turned out that v Persei cluster he lation between the surface brightuess of diflerent regions in the Milky Way
- I“ {‘;ﬂ,mtl‘hE color equivalent about 0™ 24 + u'lf]ﬂ? Withisoapeot to. AP.ersel Thi and the selective absorption coeflicient in those regions,
~ result, though based on scaree material, points out the presence of large fluc From this standpoint the reflecting, emission as well as «dark» nebulae

PR
o '
: ~tare individual represenfatives of the homogeneous class of difluse nebulae.
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 tuation in selective absorption

at transition from one cluster to another.
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" nuously distributed absorbing medium m galaxy proves to kp necessa *Hf
S Finally the proposed point of view is the most simple one, 4s it embrag
- all the phenomena referring to nebulae with continuous, mni;ss_‘injri-"}.miﬂii
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