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INTRODUCTION

Numerous attempts have been made to investigate the Hercules cluster
of galaxies. This cluster is included in the first list of the clusters of gala-
xies published by Shapley [l] Shapley listed two clusters in direction
toward Hercules with the following galactic co-ordinates

M cluster No. 14 5'=--43° and ['=3567°
cluster No. 15 4'=--43° and [1=359°

with areas 2.17 and 1.37 sq. degr. respectively. Cluster No. 14 contains 370
members and cluster No. 15—256 members down to the plate limit of 17.4
apparent photographic magnitude. According to Shapley the distances to
these clusters are equal to 23 Mpc (old scale).

According to the Lick counts of galaxies {2, 3] the Hercules cluster of
galaxies is a multiple one and contains 2 large and 1 or 2 smaller conden-
sations. The position of the Hercules cluster is determined as follows

' =16b02m
@) 91980 °
(51950:“}‘17 -0.
The co-ordinates of the two main condensations are
(1195,0:16“03]“ 01950:161101“1
and
S1950— -+ 17°.8 O1950 =+ 16°.2.
Evidently, the first condensation (Shapley’s cluster No. 15) is in fact
the Hercules cluster of galaxies, The Lick counts of galaxies gives 1248
membership against a background of 60 gaiaxies [2]. The plate limit of the
Lick counts of galaxies is mim==18".4 [2,4,5] (the new reduction gives about
Mym == 19 [6,7]) and then the probability to adopt a background galaxy in-

stead of a cluster one down to muy, for the central par{s of the Hercules
cluster is p-260/1248~0,05,
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The main condensation of the Hercules cluster of galaxies has been
listed by Abell [8] — No. 2151 in his Catalogue — with a position

tygss=15"58m7 i ['=358°9
’ an
8,555 = |- 18°09 Bl--444°4
or [9]

=16802m48s
3) 1950

d1950—=+17°53".

There are two additional clusters in the field examined — No. 2125 and
No. 2147 (Abell), which are contained in the second condensation of the
Lle counts. . . FE P .

Cluster No, 2151 has m—13m.8, D~1 and R--2.m is the magnitude of
the tenth brightest cluster member, estimated by the step-scale technique
and corrected for the effects of atmospheric extinction and general galac-
tic obscuration. D is the distance (from 1 to 6); for D--1 we have z=0.027
and for D=2 2—=0.038, respectively, R i{s the richness or the membership
of the clusters. For R=1, the number of galaxies, contained in a cluster,
which is not more than 2 magnitudes fainter than the third brightest mem-
ber, it is 30—40 and for R=2, 80—129, respectively. '

Clusters No. 2152 and No. 2147 have m=13"8, D=1 and R=1.. _

A special study of the Hercules cluster of galaxies is published by G.
R. and EM.Burbidge [10], where Figures 1—5 are reproduced from plates
taken by W. Baade with the Hale 200-inch reflector. The Hercules clus-
ter is an asymmetrical one and its north-south and east-west dimensions
are about 1° and 40', respectively. Out of 61 classified galaxies in }10},:69
per cent are spiral or irregular ones and 31 per cent elliptical or SO. This
points to a very high proportion of spirals. A value of the cluster mass is
obtained. _

The Hercules cluster of galaxies is investigated by Lovasich, May-
all, Neyman and Scott [11] in connection with the testing of the hy-
pothesis for expansion, by E. and G. Burbidge [12] and by Neyman
and Scott [13]}

The following center of the Hercules cluster of galaxies is adopted
in [12] '

o 950= Iﬁhogm.g, *
(4) !

Biys0 = +17°54".

According to G.de Vaucouleurs [14] this cluster is located at a distance
of 72 Mpe with characteristics: mean radius of 0.85 Mpc, population of
lg Ny=1.9, total mass of Ig N Miy=13.58, mean mass per galaxy lgM=11.7
and mean densily of lge=-27.15g.cm?® (according to [I0] with
H=150km.sec~!. Mpc-1). . o '

It is worth noting that Ambartsumian and Shachbazian [15]
have established the presence of an intergalactic matter between two of the
brightest cluster galaxies — IC 1182-84. The presence of peculiar and in-
teracting systems in the Hercules cluster of galaxies may be retraced on
the Vorontsov-Velyaminov's Catalogue [16). '

124



In the Zwicky’s Catalogue [17] the Hercules cluster of galaxies is not
defined as an isolated cluster. According to a note by Zwicky the cluster
1600.4+-1925 (medium compact, population of 2859, near) contains the
Hercules cluster as a condensation. Indeed, it is quite possible the Hercules
cluster to be contained in a more extended cluster of galaxies, or in a second-
order cluster [18].

A radio observation of the Hercules cluster is carried out by J. Heid-
man {19] (1430 MHz), where the isopleths of the Lick counts of galaxies are
reproduced and a synthetic apparent luminosity function is constructed.
This cluster is marked as Hercules-North (No. 2151 after Abell's Catalogue):
A powerful radio emissionof IC 1182 is registered. An analogic investigat-
ion (1445 MHz) is carried out by Fomalont and Rogstad [20].

The latest radioobservations [9] (234, 750 and 1414 MHz) are conipared
with a new count of galaxies in 55’ squares, which is carried out on an
original 48" plate (approximated with weighted citcular Gaussian).

OBSERVATIONAL MATERIAL

Center coordinates. In order to apply the method for determination of
the rotation of the Hercules cluster of galaxies (this method and its appli-
cation to the Coma cluster of galaxies is published in [21, 22]), it is neces-
sary to determine the center co-ordinates and to treat the radial velocities.

The first difficulty is in connection with the differences among the avail-
able positions of the Hercules cluster center. All conclusions in the pre-
sent paper are based on the assumption that the Hercules cluster (Hercu-
les-North [19] or No. 2151 [8]) possesses a central part (nucleus), which
is justified on the basis of the papers [2, 6, 9, 10, 19, 20]. If the Hercules
cluster of galaxies is included as a condensation in a more extended cluster
(according. to [17}), whose investigation is impossible now, because of the
absence of measured radial velocities, we may assume that at least for the
nucleus, the rotation will not be essentially influenced by the neighbouring
condensation (or clusters).

An inspection of the data up to now shows that the Hercules cluster
of galaxies is comparatively isolated and the condensation according to [17]
is substantially located in the interval

'1 6h00m<(11950< I 5"05'“
17015/ <Bygp0< -+ 18950,

Indeed all published centers are located in a smaller interval, which is
contained in (5). :

The co-ordinates (1) are aproximate and must. be rejected, as well as
the co-ordinates which are determined in our investigation of clusters and
of groups of clusters of galaxies [23] on the Lick counts. In the Catalogue
[23] the co-ordinates of the Hercules cluster center are

1'=359°3
(6)

1= 1-43°0,
_T_he cluster limits are :

(3)
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[ =358°0 [,=359°7
bl = 2-42°6 b= 1-43°5.

Co-ordinates (2) (which are equivalent to (6)) are approximate too. More
accurate co-ordinates are (3), but they may agree only with determinations

(4) and [20]
1950 = 16802m58s,

™) oFary
619502"{"17 53 13 .

On the assumption that the center is symm-etrical at least with respect
to the outer isopleths, then the count [9] allows a new cluster center deter-
mination (which is not made in [9])

alﬂﬁo = l 6h03l’!l085,
S1050= - 17°55/20"

in accordance with radioobservations [9] and {19].

As it is known there are no indications in favour of the affirmation
that the cluster galaxies possess various centers (apparent) of clustering.
Consequently, as far as the Zwicky catalogue may be examined as a homo-
geneous one up to M, =15M.7 {24}, itis justified to assume lhat the weight-
ed center of all galaxies contained in [17] on the assumption (5) must be
located near the apparent center of the Hercules cluster. Thus we have a
new determination for the cluster center

a=~}!-2a_;
n

(9) 1
. d=— 4
n

@&

which for 39 galaxies in the field (5) gives
(10) (11950_—" Iﬁh03m133
81050 = +17°59'22",

Analogic operation for 40 galaxies in the same field contained in the
Catalogue {16} permits the determination of another center

Rygn0 = 16"03m] gs’
(11) -
Srag0=—+17°56'56". :
The co-ordinates (10) and (11) show an exceptional conformity.
15 galaxies with radial velocities are contained in the Catalogue of G.

and A. de Vaucouleurs [25] in the same field (5) and according to (9)
we have '
Cyoge = 16103m1 65,
(12) 1950 !
81950 =+ 17°52/52".
These co-ordinates must be rejected on account of the following : 1). very
small sample, 2) a preference for the locations of the galaxies with known
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radial velocities (mostly in the south-west part of the cluster), and 3) syste-
matic differences among declinations of the galaxies.

The positions of 15 galaxies listed in the Catalogues [16, 17, 25, 28]
are plotted on Fig. 1. It is easy to determine
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The averaged of the three determinations (8), (10) and (11) gives
(13) . 3195?"—: 15"03"‘135, .
619m= + 17057.‘12”'0
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A new determination, of the Hercules cluster center was made on the
basis of the countsof galaxies on print No. 83 of the Palomar Observatory
Sky Survey [26], when in the field (5) the counting. was repeated
(at 1’515 squares). The treated cross-section or profiles (like these in
[27]) allow the determination of a new cluster center

@950 = 16103729

al!*}ﬁﬂz + 1?058'20”.
Radial velocities. Only two main sources for the radial velocities in
ihe Hercules cluster of galaxies are published — the Catalogue HMS [28]
and [10]. The radial velocities are measured for 16 galaxies, two of which
form a double system.

The radial velocity data, together with the magnitudes from [17] are
given on Table 1, which needs the following comments.

All velocities are corrected for solar motion (relative to the Local Group
of galaxies) as in [28]). .

The velocity of the galaxies NGC 6045 is determined in {10] and [28],
10058 and 9943 km.sec.”!, respectively. In [10] a mean velocity of
10001 km . sec.—! is given, but in [25] the velocity is 10034 km sec.™ . The
last value is adopted in' the present paper.

The galaxy NGC 6041 also is listed in [10] and [28], 10530 and
10592 km sec~1 (in [10] is adopted the velocity 10561 km sec—1). We adopt-
ed V=10578 kmsec—! according to [25]. “

For NGC 6047, IC 1181 A and B, IC 1173, IC 1186 and IC 1194 the
differences between [10] and [25] are of 1 km sec—! and for NGC 6061
they are 2 km sec—!. The largest difference is between the velocities for
NGC 6055. According to [10] the velocity is 11314 km sec—!, while accord-
ing to [25] it is 11 487 km sec—. Since the authors of the Catalogue |25]
have made a detailed amalysis of the probable and systematic erross in the
determination of the radial velocities and besides they have taken into con-
sideration new observations it may be considered that the above mentioned
Gatalogue is a homogeneous one. That is why a preference is given for the
velocities in [25].

The velocity of IC 1182 is missing in [10] and [28], but it is "includ-
ed in [25].

(14)

Tabiel
Galaxy iV, km sec " Galaxy V, km see Tt m
| H
NGC 6047 9 592 15m4 IC 1181B 10812 15m4
NG 2 6045 10 (334 14. 8 IC 1173 ) 1) 962 15. 6
NGC 6044 10059 15, 3 L 1186 ) 11134 15, 4
1C 1183 103 161 15. 6 NGC 6050A poo1e 15, ¢
IC 1182 - 10368 15, 2 NG 6061 . 11294 15. 0
1C 1181A - 10446 15, 3 NGC 6055 11487 15. 4
IC 1185 . 10575 15.1 1C 1194 11766 16. 5
NGC 6041 10578 15. 0 | NGC 6056. 11781 —

All galaxies on Table 1 must be contained in [16] and in [17]. But in
some cases the identification is quite uncertain, as it may be seen on
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Fig. 1 — the differences among the positions of thé galaxies according to
the published catalogues are very large.

In order to make certain the identification at least of those galaxies
with known radial velocites, an enlarged copy of the Hercules cluster from
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the Palomar print was prepared. This copy was used together with the Fi-
gures in [10]..

Qut of all galaxies in Table 1 only the galax:es NGC 6047, 6045, 6061,
6055 and IC 1185, 1173, 1194 and 1182 are identified in [17].

NGC 6044 must be IC 1172 in [17] with m=15m3. IC 1188 according
to Zwicky is given by Vorontsov-Velyaminov [16] with m=15"6.
In this case an erroneous identification in [17)] is evident, _

129

q [3apecThA Ha CekUHATA nO scTpoHOMMA, T. IV



The double system IC 1181 A and B is double in [17], as in [16], but
one of the components is denoted as IC 1178. In [17] one gives the total
magnitude, so that one may accept m-=15m3 for IC 1181 A and m=15m4
for IC 1181 B.

In {17] for NGC 6041 is given the total magnitude with IC 1170.

IC 1186 is not identified by Zwicky. The identification made by Voron-
tsov-Velyaminov is accepted.

In [17] NGC 6050 A is marked simply as .NGC 6050 —a double spiral
and the total magnitude with IC 1179 is given.In all probability IC 1179=
NGC 6054.

The galaxy NGC 6056 is not listed either in [17] and [16], or in [29].

NGC or IC numbers of the identified galaxies together with their velo-
cities from Table 1 are plotted on Fig, 2, where the positions of the gala-
xies are obtained on a copy of the Palomar Atlas Sky Survey (without
using the data from any catalogues).

DETERMINATION OF THE ROTATION

Let us assume that the Hercules cluster of galaxies is rotating around
an axis which is located perpendicularly to the line of sight. Then with res-
pect to the cluster center the distribution of the mean radial velocities of
the galaxies in sectors [21, 22] will not be accidental. The sector radial ve-
locity distribution will have a maximum in this sector, corresponding to a
moving away from the observer and a minimum in this sector, correspond-
ing to an approachment. The average radial velocity of the galaxies situat-
ed in sectors coinciding with the rotation axis must be equal to that of
the ctuster recession. The distribution of the average sector velocities may
be expressed with V=V,4 4V cosa where Vy=(Viax+ Viuin)/2 is the average
cluster recession velocity, AV=Vu—Vy=V,~ Vain and a is the angle
measured from the equator of the cluster with a plane perpendicular to the
line of sight.

Consequently, this case may be examined not only when the angle bet-
ween the equatorial plane of the cluster and the line of sight is i{=0 but
for 0°<Ci<(45° depending on the velocity dispersion. Besides the require-
ment the observed radial velocities must be related to the galaxies, their
uniformly distribution over the whole cluster field is necessary. Otherwise
the rotation may be established roughly, and the predominant position of
the observed galaxies may influence the average recession velocity to such
an extent that the latter may become non-representable.

In the particular case when the rotation axis is parallel to the line of
sight, it is impossible to establish the rotation without using some other method.

Let us use eonly the breaking up of 30° sectors, since the number of
objects (16) do not allow smaller sectors. In fact smaller sectors require an
additional smoothing, which may provoke disagreeable effects.

Let the numbers of the sectors (1—12) around the adopted cenier in-
crease in clockwise direction — NWSE,

Let us use Fig. 1, and while attaching the galaxies to various sectors,
let us give [17] and [16] larger weights. Naturally, because of the smaller
number of the objects, a smoothing by the running arithmetic mean by 3, 6
and 9 sectors is required, '

130



{In all cases ohly the weighted arithmetic velocities are: used.) The for-
mation of running arithmetic mears of 9 sectors (or 270°) is risky, since
the range around the mean velocity decreases and, when there is nonhomo-
ceneity in the galaxy distribution in sectors, it moves the maxima sectors and
the minima ones, : o
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The separate results are: o _
1. Center (10) — Fig. 3a. All three curves indicate a rotation. The posi-

tion of the equatorial plan of the 3-and 6-sector running corresponds
roughly to the sectors No. 4. and No. 10, i. e, the rotational axis has a
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positional angle of P=330° (in the opposite direction —NESW ; as a posi-
tional angle). -

2. Center (11) — Fig. 3b. According to the 6-sector running P~315°

3. Center (8) — Fig. 3c. P~300". :

4. Average centre (13) — Fig. 3d. The rotational effect is very well
expressed, but the determination of the axis position is uncertain.
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5. An analogous result may be derived by the consistent averaging of
the first three cases —- Fig, 4 and then P~-315%

6. Center from [20] — Fig. 5. An approximate determination of the axis
position gives 315°<P<3458° :

The results up to here are in favour of the affirmation that the Hercules
cluster of galaxies is rotating around an axis, bul the position of the axis may
be only roughly determined. It is clear that the possible causes jor the
rough position of the rotation axis are two — the approximate galaxy co-
ordinates and rough cluster center co-ordinates. That is why let us use Fig. 2.

7. Center (14) — Fig. 6. Sectors are plotted on a copy of the Palomar
Sky Survey print. Evidently, optical defects cannot influence the galaxy co-
ordinate from Fig. 2 with an error larger than 1’ (the accuracy of the pu-
blished catalogues). The joint examination of the extremes and null points
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(with respect to the mean velocity) . allow the determination of the positio-
nal axis angle P~=300°. Consequently, the equatorial plane passes over the
sectors No. 5—6 and. No, 11--12,

The fact, that determination 7. is in accordance with all determinations
1.—6. chows that for the study of the Hercules cluster rotation, the accurate
position of the center is of no importance.
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The above mentioned cousiderations show that while in the range of

Vinax >V, (sectors No. 9—2) 12 radial velocities are determined and there-
fore the mean velocity of recession of the Hercules cluster of galaxies

V,= L 3V, =10764 kmsec—! is not representable, and the determined dis-
FT . i )

i .
tance has to bz corrected.
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An-attempt may be made on 'the basis of the positional angle of the
rotational axis (P=300°) for at least a rough determination of the rotatio-

. nal law of the Hercules cluster.

The rotational axis is marked on Fig. 2 as p;p,. Let k,k, (Fig. 2) be the
projection of the equatorial plane on the celestial sphere on the assumption -
that i=0.

Let us project the positions of galaxies with known radial velocities on
kiky and let us construct Fig. 7, on which the mean radial velocity V, is
noted. As it may be expected, on the left side (NE) galaxies with large ra-
dial velocities (NGC 6061, 6065, 6056 and IC 1194) are located and on the
right side (SW)— those with smaller radial velocities. Only two galaxies are
deviating from the supposed rolational curve (NGC 6047 and 60504).

Obviously, in the near vicinity of the cluster center, the observed
radial velocities are changing proportionally to the distance io the center.
As far as the direction to the cluster center is between the galaxies IC
1194 and IC 1182, it must be expected that the central part of the cluster
should be rotaling as a solid body — with angular velocity w=const. The
extremme points of the rotational curve must be located (Fig. 7) around IC
1194 on the hand, and IC 1182, NGC 6044 and IC 1183 on the other. Al-
though known radial velocities in this interval are not available, the position
of V, gives grounds to admit a rotation of a solid body.

Fig. 7 shows that there is a complete analogy with the rotation of ga-
laxies — for instance {30—35], in which the investigations of the velocity
dispersion are not smaller than the dispersion in the examitied case.

The positions of the galaxies NGC 6061, 6065, 6056 and IC 1194 in the
plane xV (Fig. 7) permit the determination of a linear relation between x —
the distance from the rotational axis in minutes of arc and .V -—in km sec™?,
after the least-mean squares method

(15) - V+=11869.8—23.15x+

for xt>1'+3.
All remaining galaxies present an analogous relation

(16) V—=10127.9+36.03 x—

for x~>1"+3

The average velocity of the cluster recession may be determined as
[VH(x+=0)-- V(¥ =0)/2=10993.9km sec—L. The last value is roughly
corrected for the non-homogeneity in the distribution of the galaxies with
known radial velocities. On the other hand the average velocity of recession
may be obtained as an arithmetic mean (grouped) of the mean velocities of
the two groups (NGC 6056 and IC 1194) and (IC 1182, NGC 6044, IC 1183
and IC 1185) which are symmetrically located around the axis p,p,. Thus
Ver=11032.1 km see—1.

Let us assume the latter value (V,=11032 km sec—! with a probable
error of +-10 km sec—1) as a representable one. This velocity differs consi-
derably from ihe adopled one in [10] V=10775 km sec—? and from that
given in [28] V=10400 km sec—1 ' :

As it is known, the Hubble constant /& is not determined at present.
Usually one accepts [36—41] that -

134



50 km sec—! Mpe—1<H< 150 km sec~! Mpc—1. :

Recently Sandage [42] drew the conclusion that the more probable
value of A is H=75.3%{5km sec=! Mpc—! (this value is in agreement wilh
some of the previous results), and it is possible to decrease this value up
to Hy=>55T11 km sec- Mpec.—! Consequently with these constants, the dis-
tance to the Hercules cluster of galaxies will be R, =146,5Mpc and
Ry=200.6 Mpc respectively and the following two distance moduli may be
derived '

m""'Ml = 35m.83
m—Mg"-;n" 36”1-51 .

Thus a galaxy with m=15m0 will have M = -20m83 and M,=—21"51.
Once has lo admit, ihat the second modulus gives an extremely large lu-
minosity.

Note. In the present paper uo corrections are made in the determina-
lions of the galaxy magnitudes. The most important corrections are due to
1. the K-effect, 2. the galactic absorption and 3. the metagalactic absorption.

_ .1. From ihe adduced Tables for various types of galaxies in [28] it be-

comes obvious, that the K-correction changes linearly for small red shifts
and for z=003 we bave K=0m15. This value is in agreement with [11].
K=0m155 for V=10000 km sec~'. The range of the radial velocities in
the Hercules cluster of galaxies is about 2.10°km sec—! and therefore the
differential K-effect is negligible.

2. The cotrection determination for the galactic absorption cannot be
certain, because of the fact that various values are obtained for the galactic
polar obscuration — from 0m25 up to 0m50 [5,44—46}. If we adopt the
recent values, then the obscuration should ®e 0m50 cosect and for the
Hercules cluster of galaxies the mean galactic obscuration will be about
Ant=02.70.

3. As far as the metagalactic obscuration is concerned up to now there
are no acceptable values, :

In the final reckoning, the first two corections change the absolute mag-
nitudes of the brightest Hercules cluster galaxies, and thus we shall have
My=—21"7 and My=—22n4,

As it may be seen on Fig. 7, the nucleus of the Hercules cluster of
galaxies has an angular diameter of 2.10% pc (at adistanceof R, 1’ corres-
ponds to a linear distance of 42.6X10? pc), and at R, — 58.4X 102 pc. These
quite small dimensions of the nucleus are really amazing, since in this clu-
ster galaxies with angular dimensions of 1" may be observed | Consequently,
the Hercules cluster nucleus is strongly localized.

At a linear velocity of rotation V=800 km sec—! (Fig. 7) at a distance
of 2' away from the axis, a period rotation of the cluster nucleus of about
7=:7.7X10° years may be derived.

The diameter of the Hercules cluster along its equaterial plane is about
60’ and the corresponding dimensions at M, and H, are Dy =256 Mpc
and Dyaxa=3.50 Mpc respeclively. At a distance of 30’ away from tke clu-
ster axis, the radial velocities are approaching the velocity of recession for
the whole cluster.
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SOME QUESTIONS, CONNECTED WITH THE HERCULES CLUSTER OF GALAXIES

_ The distance determination to the Hercules cluster of galaxies permits
us to obtain the uncorrected alsolute magnitudes, as well as the linear dimen-
sions of the cluster of galaxies — Table 2. The first column presents the
co-ordinates according to Zwicky [17], the second one — the NGC or IC
(with®) number, the third one — the corresponding Vorontsov-Velya-
minov’s [16] number — field 3—41. In the next columns are given the
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absolute magnitudes for A, and A, They are followed by the dimensions
of the nuclei and the outer parts of the galaxies for both /; and /. For
their calculations one uses exclusively the angular diameters derived by
Vorontsov-Velyaminov [16] ' :

e

N ) !

Fig. 11

Fig. 8 presents the galaxy positions together with the corresponding
apparent magnitudes from Table 2. When projected on the axis k;k, a dist-
ribution of magnitudes along the distance on the axis may be obtained —
Fig. 9 — which shows a small correlation of m from x..

The mean absolute magnitudes of all galaxies on Table 2 are M, =
—20m36 and My=—-21m.06 with mean square errors (equal) F=0".046.

_The non-normalized absolute luminosity functions for the galaxies on
Table 2 are given on Fig. 10 — g(M,) and ¢(M,). Only a rough normaliza-
tion may be made, since it is not clear to which zone of the celestial sphere
the galaxies should be related — in other words, the cluster field is unknown.
Let us note that the normalization shifts linearly along the 1g M(M) the non-
normalized functions. The highest point of (M) shows that Zwicky’s Catalogue
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is non-homogeneous for the limiting magnitude (at least for the examined
field). The above mentioned catalogue presents the galaxies with m<15m7
(if based on (M), the error in the limiting magnitudes is of the order of
(m,1+0m2, which is in agreement with [24]). The initia] points of ¢(M)
are uncertain, since the influence of :
tte double galaxies (No. No. 73—74,
92-93 and 9798 according to Vo- 1007
rontsov-Velyaminov) is considerable.
After a definition, in an obvious
static Euclidean Universe, the diame-
ter funiction of the galaxies N(d) is
given with ' .
a7) N(d)=4n f o(D)r2dr /-
Q Mﬁl) . !
where N(d) is the number of galaxies
with angular diameters larger than a
given ¢, and ¢(D) is the number of 1| /
galaxies in an unit volume, with linear |, b
diameters, larger than D. With the /

transformation r=—? we obtain f

o

!
(18) N(d)= 4nd~* ﬁf o(D)DIYAD = N,d—* /

where A, is the number of galaxies op
on the celestial sphere with angular !
diameters larger than 1 radian.

Table 2 gives some reasons tu
draw certain conclusions aboutl (D) 1 : !
or about N(d), although a normalization
cannot be made,

Let us use the average dimensions Ko
of the nuclei and galaxies, defermin- Fig. 12
ed only for R, (the results for R, are
analogical). For the average dimen- ,

! ¥
sions we have d’:ﬂ;ﬁz— and D IEI—-_-;-D—Z—: where 4, and d, are the dia-
meters of the nuclei, and D, and D, those of the galaxies, calculated from
Table 2. The functions Md’) and ML) are plotted on Fig. 11 and Fig. 12,
respectively. It is obvious that the slope of these functions is larger, than
the required one (18). Moreover, the two functions are not very different
in range, which shows that the nucleus diameter function may be used effec-
tively (since the outer galaxy diameters cannot be derived more accurately).

At the distance R, to the Hercules cluster of galaxies, the average

nucleus diameter is @’=11.5)10% pc and thé average outer diameter is
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D'=255%10° pc. Respectively for R, we have d®=158%10° pc and
D*=349%100pe, DY ?

Between the average nuclei and the galaxy diameters, on the one hand, and
the absolute magnitudes, on the other, there is a certain statistical relation —

»
2‘ -
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Fig. 14

Fig. 13 and Fig. 14, for R;. The average diameters for the given absolute
magnitudes are plotted (with 4) on the latter Figures. ’
Our previous paper [47] pointed out that in the Coma cluster of gala-
xies the flattenings of the nuclei are larger than those.of the galaxies and
besides these flatienings decrease with the distance to the cluster center,
Let us mark with g, and & the flattening of the nuclei and of the ga-
laxies, which for the field (5) can be calculated directly from the Catalogue
[16]. From all cluster objects &,=0.763 and &=0745. In a circle with a
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radius of 22':5 around the cluster center (Fig. 8) the sphericities are
£, ="0.826 £0.059 and £;=0.849+0.060 but outside the circle &,=0.682+0.059
and £,=0.659+40.056,

Therefore, the second peculiarity of the Coma cluster is valid also for
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Fig. 15

the Hercules cluster of galaxies — in the cluster center more spheroidal
galaxies predominate, than in the periphery.

Accoriding to [48] the square of the real sphericity for the Hercules
cluster galaxies is 0.71. It leads to a real sphericily  0.84 — a value, which
is.considerably different from the above mentioned one. The diiference may
be explained-as a result of the small sample, used in [48] — 10 galaxies only.

Let us repeat the d&termination of the real sphericities, following the
method of Agekian and Soomsina [48]. 6 new values can be obtained
for x-squares of real sphericities:

nuclei  x,=:0.373

for all galaxies { .
galaxies x,=0.333

) . nuclei  x,=0.523
in the circle

galaxies x;=0581

. . nuclei  x,=0.198
o_utsme the circle

galaxies x,=0.151
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The cited in [48] value of the square of the real sphericity is 0.56 and
it does not differ essentially only for the corresponding values within the
circle. The disagreemant with [48] can . be explained  with the considerable
gradient in the radial change of the real sphericity. This conctusion is strong-
er than the one in [47]. ;

Fig. 7 was obtained by a projection of the galaxy positions on k;k,.
Let us now make an analogous operation, but let the projection be on the
p.py — the rotational axis — Fig. 15. The distances from the equatorial plane
(the rotational axis is supposed to be perpendicular to the line of sight) are
plotted along the abscissa in minutes of the arc. If only rotational effects
exist, then the points on Fig. 15 must be distributed randomly.

And indeed, as far as the right side is concerned, this obviously is
fulfiled. But for the sectors No. 6 — No. 11, on the left side there is a
well expressed linear relation for 8 galaxies located in this zone. The least-
mean squares method gives for this relation .

(19) | ¥ =10123.9+491.20x

where x is in minutes of arc.

The relation (19) shows that the south part of the Hercules cluster of
galaxies is expanding proportionally to the distance from the cluster center.

As it can easily be derived up to the angular distance of 15’ from the
cluster center, the expansion is done according to the ._lgy;‘____ﬂw
where h is a constant like the Hubble one and has a rough value of
h=1820 km sec—!. Mpc—".

The relation V,=#kx shows that the Hercules cluster of galaxies is a
non-stationary one. As far as the second condensation in Hercules is loca-
ted to the south of the Hercules cluster of galaxies, one may. me ve-
lopment of a gravitational non-stability with a characteristic time of the

order of

1
(20) T'=—4=5.4X108 years,
i, e, of the order of one rotation of the cluster nuclcus.
' “-Table 3
. : e
Galaxy _ Veor i Galaxy Veor
|
' |
IC 1182 | 10 200 | IC  1181B ‘ 10 581 . ezt
NGC 6044 10231 | NGC 6011 i 10 591
I 1183 ¥ w2 - IC 1186 10972
IC 1185 [ 10324 IC 1173 \ 10 983
NGC GUS0A ‘ 10 344 i NGC 6061 ‘ 11291
NGC 6045 | 10 396 © o NGC 6055 _ 11 503
NGC G047 | 10947 NGC 6056 | 11734
IC 11814 | 10581 , IC 1194 L 11800

The present results permit a new determination of ihe velocity disper-
cion for the cluster investigated and a correction of the relation m— V.
According 1o {10] the average recession velocity of the Hercules cluster
of galaxies is 10 775 km sec™" with a dispersion of 631 km sec!-(this is
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cited erroneously dispersion by Godfredsen [49] as 670 km sec—'.) Ve-
locities from Table 1 give an average velocity of V—10764 km sec—! with
a dispersion of 644 km sec—!,

As Fig. 7 points out all galaxies from Table 1 are located in ranges,
for which the expressions (15) and (16) are defined. Thus, all radial veloci-
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Fig. 16

ties can be corrected for the rotational effect. The corresponding velocities
are given on Table 3. The new average velocity of recession is the same —
10764 km sec—! with a dispersion of 530 km sec—.

The accepted above average velocity of recession, which is corrected
for non-homogeneity of the observed radial velocities, V,,.==11032 km seé-!
gives us a new dispersion, more representative for all remaining velocities,
after the correction of the rotational effects — 594 km sec—'.

The relation m—V according to Table 1 is given on Fig. 16. With an
asterisk are marked the new, corrected for rotation, velocities. Thus the
derived relation is different from the relations in [11] and [13].

10 Mspectns Ha Cewuusta no ACTPUHOMHA, T, IV 145



DISCUSSION

The present paper deals with some questions connected with the rota-
tion of the Hercules cluster of galaxies.

All known radial velocities of the Hercules cluster galaxies are treated
here. A new cluster center is deduced on the basis of the galaxy counts on
a print of the Palomar Sky Survey. The final results of the treatment lead
to the conclusion that the Hercules cluster of galaxies is rotating around an
axis with a positional angle of P=300°. The cluster nucleus has an angular
diameter of 3'—4’ and it rotates as a solid body, w=const. The outer part
of these clusters presents another rotational law — (15) and (16). The rotating
curve is constructed up to 15’ angular distance from the cluster center. An
analogous investigation permits to make a conclusion that the south cluster
part is expanding according to the Hubble law with new constant A. Thus,
the assumptions of many authors (in the first place — Ambartsumian and
his school) that at least some of the clusters of galaxies are non-stationary
receive a quantitative confirmation: In our case the expansion may be due
to a gravitational influence from a near by located cluster of galaxies, but
the fact that the expansion follows (V=/kr) demonstrates once more the
basic character of the Hubble law.

A new value of the velocity of recession is derived. With respect to
two values of /H some characteristics are calculated for ithe whole cluster, as
well as for the individual galaxies with m=<15m7. With H=75.3 km sec"!
Mpc—! the brightest galaxies of the Hercules cluster have M= —21™7, while
the correction for the metagalactic obscuration may influence M with
0m3--0m>5.

The rotational period of the Hercules nucleus is of the order of 7.7310°
years and it is 1.4 times larger than the characteristic time of the cluster
(54108 years), which is obtained after a linear extrapolation in the past.
As it is known, at a now-stationary according to Ambartsumian, there must
be a rough correspondence between these two intervals.

The corrected radial velocities of the galaxies give a new dispersion,
which permits a new evaluation of the cluster mass.

The present paper shows that our methods for the determination of the
cluster rotation [21,22] are applied to clusters with a quite small number of
known radial velocities. :

I want to thank Professor B. A. Vorontsov-Velyaminoy (Moskow), Pro-
tessor W. Zone (Warsaw), Dr. K. Pudnicki (Warsaw) and Academician Chr.
Cheistov (Sofia) for many illuminating discussions and for showing great
interest to the work. .

Finally it is my pleasure to thank Miss J. Kostova (Sofia) for carrying
out the calculations connected with this paper,
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BPALLEHHE CKOIVIEHHS I'AJIAKTHK T'EPKYJIECA

M. Kaaunnos

(Pesiome)

PaccmarpusaioTcs HeKOTOpHIE BONPOCH, CBsSI3aHHble C BpalieHHEM CKOil-
nends ranaktHk [‘epkyneca. O6paboTanbl Bce OnyOAMKOBaHHBIE JYy4YeBble CKO-
pPOCTH u4JeHoB 3Tore ckomuenus. [lpusegeHo HoBoe onpejeneHue LeHTpa.
HccnenosaHo BpalleHue, rie onpejeneH MO3HUHOHHBIA Yroa OCH BpallleHHs H
3aKOH BpauleHus. [Ipennonaraerca BepOATHOCTh pacludpends no Xaboay gactu
ckorvienna [epkyneca. Belaucneno pax XapakTepUCTHK TaJaKTHK STOMO CKO-
IlIeHHs, KOTOpble NMpHBeaeHb B Tabm 2.
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