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The investigation of the surface distribution of the galaxies leads to the
following question: are the counts of galaxies m;, observed in squares z;
randomly distributed ?

Let us have N galaxies in the area

3
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Zzz 2y 2 =29=1 =2

i=1

If the probability for one of the galaxies to fall into the square z; is p;, we
shall have

k
2 p=1

i=l
and if n; galaxies fall into this square,

k
N=Z n;.
i=l1

As it may be proved the probabilities must have binomial distribution in
order n,,ny, ..., n, galaxies to fall into the square z.

It is easy to compare the observed and the random distribution of
counts of galaxies. The published papers on this question allow us to con-
clude that the observed distribution is non-randomly. But verifications for
random distribution are not always correct because the ron-random distri-
bution of galaxy counts may be due to several effects. Consequently it is
necessary to construct a theoretical model within the limits of which the
hypothesis that the galaxy counts have a random distribution must be veri-
ficated. A model of this kind may be constructed very roughly because a
general theory of the spatial distribution of the galaxies is not yet developed.

Our simple model however is based on three assumptions:
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1. Clusters of LIl and so on orders do not exist and vice versa, if they
exist their angular diamesters 4 must be considerably greater than the angular
diameter of the investigated area (d=-Z). It is interesting to note that the
existence of clusters, superclusturs etc. also could not essentially influence
the distribution of #,, only in case their corresponding angular diameters are
d<<Z. In other words, our model requires approximately homogeneously spatial
distribution of the galaxies. And if we are interested in the distribution of
the centers of the clusters then the above condition must be valid for the
centers.

The disagreement between the observed distribution of counts of gala-
xies and the theoretical distribution for our model leads to the rejection of
the present assumption.

2. The above characteristic is connected with the determination of the
space density of the galaxies D in a volume unit. The space density must
be a constant, at least for volumes, which are considerably greater than the
corresponding volumes, responding to the examining squares.

3. It is necessary to assume the absence of selective effects, which
include the peculiarities of the physical characteristics of galaxies and also
the influence of appropriation for counting criteria.

Analogous questions about the distribution of galaxy counts in equal
squares are examined by many authors, as for example Zwicky [1] and
Scott [2].

According to Zwicky the distribution function is given with

n! fy n—n;
(1) PAm) = =i PP
where
1
@) =

in the case of equal squares. (1) is the binomial distribution, which is in
the form

(3) padx) :{i)nx(l—ﬂ)ﬂ-x; x=0,1,2,..., 1.

The verification carried out by Zwicky for several cases (for example
z2=1296 squares and _\'n,=75,885 galaxies) shows that the distribution of
the galaxy counts is not binomial. The conclusions shown by Zwicky are
qualitative only (for instance Fig. 17 of [1]).

Similar results follow from the counting of Shapley [3—6], Shane et al.
{7—10] and others.

The sizes of squares are usually chosen conveniently for the direct
counting of galaxies — 10" 10, 30" <30’ or 1°X1° But when z — 0 and for
each limiting magnitude of the counting as may be shown, the distribution
of n; must be submitted to the binomial law independantly of the really
surface galaxy distribution. Therefore, it is very important to determine these
sizes of the squares, for which the observed distribution of n; begins to re-
semble the binomial distribution. Lick counting of the galaxies is carried out
on squares 10" 10, but a grouping by counts for 1°x1° is used for the
plotting of the contour maps (isopleths) for the surface distribution of the
galaxies as long as the limiting magnitude is my, ~184.

88



One could expect that for zones, which have different populations, the
limiting sizes of the squares for which we shall have an approximation of the
binomial distribution, shall vary in a wide range.

It may be shown [11] that for a given value of § with # increasing, the
binomial distribution tends to the normal distribution, i. e. for large enough
p
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values of n the binomial distribution may be approximated with the normal
one which has a mean value é=#f and a dispersion ¢>=n0(1 —b) or

n X —x . 1 - (_r.--n{}_}zm .
(4) plxi= x)U(I—B)ﬂ ’ﬂiq?:m)e"p(' Qna(l—a))
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If 0=¢/n, so that 8 -~ 0 with n — oo the binomial distribution tends to
the Poisson distribution :

) - pixy=( -ty ie

for n — co. It i3 usually accepted that the Poisson distribution may be exa-
mined as such approximating the binomial one when 0<0.1.

A verification of the hypothesis H,, that the distribution of galaxy counts
of the Palomar atlas (some of the results of this counting are published in [12])
is the Poisson distribution, is presented in this paper.

We selected four areas on the print 83 E, which have various mean
surface densities. The areas have sizes 20X20 squares and each square is
3'%3". It wasaccepted thatthe galaxy counts n; for each square given as the
sum of the counts of galaxies according to both observers (who carried out the
counting independently). In our case the real mean surface density of the
squares is 7;/2. The observed and the theoretical distributions are presented
in Fig. 1 —Fig. 4, where the mean-root-square errors are also marked. It may
be seen that no agreement between the theoretical and observed distribu-
tions exists. This conclusion is supported with »2 test:

For area I n=569, :=1.42, y2=78.46, for area Il n=1242, £=3.10,

2>>300, for area Il n=1874, £=4.69, 22=87.31, for area IV n=1974,
E=4.93, x2>300.

Table 1
Galaxies according to I observer
0 1 2 3 |4 5 | 2
0 158 14 4 ] ‘ 176
1 62 63 17 142
Galaxies according to II observer | 2 1m | 3 17 7 65
3 2 1 4 8 1 16
4 1 1
5
3 123 |108 42 ’ 16 ‘ 1
[
Table 2
Galaxies according {o [ observer
o | v 2| s «l s | s | 7] 8] o] =
0 82 20 l 6 l 1 ‘ 1 109
= 1 34 38 29 6 1 128
° 2 6 | 2 |24 15| 4 69
o 3 2 6 17 11 6 2 44
- 4 1 1 6 3 | 14 | 1 1 | 27
= 5 ‘ 1 3| 6 1 3 14
S 6 l 1 11 3
S, ; 1 2 1 l 4
w Y 1 1
% E 9 1 1 | 1
'f—":é = 1 ey R E— —_—
S S |125 105 8 | 40 | 34 | 4 7 2 | . |

2
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Table 3

Galaxies according to 1 observer

. v | 2l 3| 4| s _ §-F? [s_ "9 ]?_-11_:2 .?.'__
| | |
S0 12 15| 3 ' | 30
g ‘ 1 28 32 | 28 4 _ 93
2 2 7 32 | 3 36 ‘ 8 2 ‘ 120
= 3 1 8 | 18 | 28 | 2 6 | 87
- 4 3 | 12 14 14 | 2 45
R 1 5 7 3 | 16
¥ |6 : 2 (3! 5
= ‘ 7 | | 1 ] » 3
S 8
A ’ | |
oy |
.E 11 i |I i
k| ‘ 12 | - ‘ 1] 1
S o . | T
x| 48 8 |8 & s4 30 8 31| ! 1
Table 4
Galaxies according to I observer
0 | 1 B |5|ﬁ|?|8|9|10|_11||12|13|| 3
0.25|_1|-3!_. | l]"_!_| |
i 1 | 26 | 36 21 2 l - ; | 85
g 2 8 34 35 | 24 4 | 105
3 3 6 [ 2 | 26 11 |2 67
2 4 1 ’ 8 | 22 | 15 16 1 63
° 5 3 | 13 [8|4]2 30
= 6 1 2 |1[3]21 10
e g , ‘ 1 2 |2 2 {
1 |
2] 9 1 1 2
= 10 i
e 11
- 12 [ . _ P
u 13 | | 1 1
E S R | BN SR N I R N N S
3‘-3 59 78189]79 47 30‘9521]-

The degrees of freedom for the four areas may be reckognized on
Figs. 1—4. '

The joint distributionsof the counts, according to both observers are
given in Table 1 — Table 4 for the four areas. Similar tables are given by
Scott [2]. These tables show the assurance with which the counting of the
galaxies is carried out. But we must take into consideration the fact that for
smaller sizes of the squares (as in our case) a considerable dispersion could
be expected while the grouping of the squares leads to a smaller distribution.

The total (summarized) joint distribution is presented in Table 5.

The distributions of the counts of the galaxies on the whole investigated
print according to both observers are given in Fig. 5 and Fig. 6 (by squares
12'% 12') together with the corresponding theoretical distributions (&=24.4
and £=22.4 respectively). The distinction between the theoretical and the
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observed distributions are also significant (all figuresin the present paper are
normalized).

Hypothesis /1, must, therefore, be rejected. The rejection of the hypo-
thesis that the surface distribution of the galaxies is non-randomly indicates
that at least one of the fundamental assumptions for our model is incorrect.
Because the corresponding regressions between the counts according to both
observers are practically linear, assumption 3 is not very important. The
assumption 2 is connected with assumption 1 and the last one is of the great-
est interest.

Table 5
l- Galaxies according io I observer
oo | ) 3'4.5|6.?;8!9'10'1[1I2:13|I4!l:‘n| =
- | . : a | 172
o 2 s ! 1 | 1 - i 344
1 150 189 | 95 120 2 448
5 | 2 ‘ 32 (116 | 11 |82 16 2 259
5 3 5 21 | 6l 73| 44, 10 214
z Y4 1 2,17 38| 43/ 31| 4 136
© | 5 1 7 24(16 (10 | 2 60
= l 6 | 1 31 1/66|1 18
e 7 | 2 2313!3[1] 14
S8 11 I . 2
_EI. 9 1 1 | l | 3
g | |
5 1 ‘
Al N ;
2 1 1 1 '
= 15 | :
S |01 || _\_ e
465 |38 201 ._!2]6‘]36' 64 24 11 | 3 | 1 ‘ 1| | ‘
i | | | | |

Therefore, on the basis of verifications, which are similar to the present
paper it may be seen, that the clustering of the galaxies is a common law in
the Metagalaxy.

The authors are greatly indebted to Dr. N. Nicolov, University of Sofia,
for his valuable discussion on the present paper.

Note added in proofs. Some results of the present paper were
reported on the XIIN™ General Assembly of the International Astronomical
Union (Prague, August 1967) and also on a Seminar in Meudon Observatory
(Paris, December 1967). Some questions were discussed on a Seminar (Octo-
ber 1968) in the Astronomical observatory — Warsaw. (The reports were
made by the former author.)
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BBLPXY TOBBLPXHOCTHOTO PA3MPENEJIEFHWME HA TAJIAKTHKHTE
[10 IMAJTOMAPCKUS ATJIAC

M. Kaaunxos u 5. Beaesa

{PeatomMe)

[lo zaHEMTE, MOAY4YEHU NPH NpeGpOsBaHKATA HA I'ANAKTHKHTE BHPXY KOMNHE
or [TanoMapckusi aTjac, € HANPaBeHA NMPOBepKa 3a CYYaHHOTO pasnpejenenne
Ha 6pos HA raJaKTHKHTE B PaBHW KBajpaTdeTa.

Pasrneman € TeopeTHYeH MOXeJ, OCHOBAaH BBPXY TPH NPEANONOKEHHH:
1. Kynose or ramaktuxd (ot I Il u T. H. nopsabk) He ChUICTBYBAT. 2. [1po-
CTpaHCTBeHATa I'THOCT HA TANAKTUKHTE € NOCTOAHHA. 3. OTcBCTBYBAT CEJIEK-
tueuy edexty. [IpoBepkara nokassa, 4e NMPeANONOXKeHHE 1, KaKTO M CBbp3a-
HOTO C Hero NMpeAmoJoXeHHe 2, HE € B cbIvacHe C HaGJOLaBaHOTO pasnpe-
JeNeHHe HA FanaKTHKHTE.

O TOBEPXHOCTHOM PACIIPEJEJIEHHH I'AJIAKTHK
10 IMATTOMAPCKOMY ATJIACY

M. Kaaunros u b, Beaesa

{Peatome)

[To naHHLIM, NOJYYEHHBIM TMPH MOJCYETE ralaKTHK Ha KONHH IManomap-
CKOr'O artjaca, clejada NPOBepKa CJAy4aHHOrO pacnpefeneHds Yuc/aa raJaxTHK
B OIHMHAKOBBIX KBaJpaTHKaX.

PaccMoTpeHa TeOpeTHUECKas MOJeNb, OCHOBaHHA# HA TPeX NPEANO.o-
JKEeHHAX

1) cxonnennit ranaktux (L 11 v 7. NOPAAKOB) He CYLIECTBYET ;

2) mpoCTPaHCTBEHHAA IVIOTHOCTh raJaKTUK NMOCTOAHHA;

3) ceaextuBHble 3(pdexTH OTCYTCTBYIOT.

[Tposepka mokasbiBaer, UTO NpeANoJOXKeHde 1, KaK M CBA3aHHOE C HUM Npei-
[OJI0KEHHe 2, He coraacyerTcd ¢ HabnoiaeMblM pacnpele/eHHeM alaKTHK.

7 Mapectun #a CexumaTa no acTpoHomus, T. I1I 97



