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ELLIPTICAL NEBULAE

EO E3 E7

,b

SC

sab ~ 58c

SPIRAL
s

FIG. 2.--Hubble's original tuning-fork diagram as published in 1936 in his Realm of the
Nebulae.

S~d5) 

Boisi ~ bsi t Sc(si

FIG. 3.-First stage of development of the concept of the classificalion volmze. Here, the
ordinary and barred families are separated onto opposite sides of a box. Within each family, a
separation is made into the r and s strains, depending on whether the arms start from a ring or
from the nucleus. Transition cases between the barred and ordinary families are not formally
recognized in this visualization, but would fit in the interior of the box, a concept that leads
into de Vaucouleurs's generalization shown in figs. 4 and 5. (Rendering of a diagram from
Hodge 1966.)

ellipticals lenticulors spirals irregulars

FIc. 4.-The classification volume of de Vaucouleurs. The division into gross types is made
along the axis of the figure from left (E) to right (Smn), the division into the ordinary and the
barred family is by position on the surface (from de Vaucouleurs 1959a).
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TABLE 1
VAN DEN BERGH'S CALIBRATION BASED ON

1Ho = 100 km s- 1 Mpc-1

Type Mpg Type Mpg

SbI......... - 20.4 Sc I................. - 20.0
Sb I-II..... -19.9 Sc I-IT............... -19.7
Sb II.......... - 19.4 Scand IrrII........... .- 19.4
Sb II-III.... -18.6 Sc and Irr II-III.......-18.9
Sb III.. . -18.0 Sc and Irr III........ .- 18.3

Sc and Irr III-IV. : -18.0:
Sc and Irr IV......... -17.3:
Sc and Irr IV-V ..... -16.1:

From Pub. David Dunlap Obs., Vol. 2, No. 6, 1960.
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DIVISION OF SAIPLE CLUSTERS A lONG ABELL

DISTANCE AND RICHNESS GROUPS

RichnessDistanceDistance 0 1 2-5 Total

0 0(0) 1(1) 1(1) 2(2)

1 8(8) 6(7) 4(4) 18(19)

2 0(2) 3(4) 0(0) 3(6)

3 15(48) 5(28) 2(8) 22(84)

4 1(96) 0(57) 0(13) 1(166)

Total 24(154) 15(97) 7(26) 46(277)

Note.--First number in each entry indicates number of

clusters retained; number in parentheses indi-

cates number of such clusters in Abell catalog.

NUMBERS OF CLUSTERS OF VARIOUS

POPULATIONS IN THE ABELL CATALOG

Number of
Population custers

Clusters

50- 79.........
80-129........

130-199........
200-299. .....
>300..........

1224
383

68
6
1

{.z, 
., 

.

f

.

!i

}

i
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SUMMARY OF ABELL CLUSTER PARAMETERS

Magnitude Range
Richness Counts of Distance (10th brightest

Group Galaxies Group galaxy)

0 30-49 1 13.3-14.0

1 50-79 2 14.1-14,8

2 80-129 3 14.9-15.6

3 130-199 4 15.7-16.4

4 200-299 5 16.5-17.2

5 300 or over 6 17.3-18.0

7 Over 18

C,.

Types of Clusters of Galaxies

In the list of clusters of galaxies the individual clusters have been character-

ized and divided into three groups in accordance with the following classification:

(a) Compact clusters show a single outstanding concentration among the

bright member galaxies. Within this concentration ten or more galaxies

appear in actual contact. Many of these clusters display a high degree of

spherical symmetry.

(b) Medium compact clusters are characterized either by a single concentra-

tion where, however, the ten brightest galaxies are not in contact but

separated by several of their own diameters, or by several distinct con-

densations, some of which may be quite compact.

(c) Open clusters contain no very obvious condensations, but in various loca-

tions the number of galaxies per square degree is at least five times as

great as in the surrounding field, so that the cluster appears as a cloud

superposed on the background.

Distances of Clusters

The estimated distances of the clusters are classified according to the following

standards, based on the redshifts rather than on a definite distance scale:

Near:

MD = medium distant:

D = distant:

VD = very distant:

ED = extremely distant:

15,000 km/sec

30,000 km/sec

45,000 km/sec

60,000 km/sec

The following clusters may serve as examples:

Distance Cluster Pos

Near Virgo 122

Near Coma A 125

MD Corona Borealis 152

D Ursa Major II 105

VD Coma B 130

ED Hydra II 085

V
S

V
S

V
S

V

V
S

sition

4 + 1320(

5 + 2820

0 + 2754

5 + 5702

4 + 3110

5 + 0321

15,000 km/sec

30,000 km/sec

45,000 km/sec

60, 000 km/sec

V
.s

1, 200 km/sec

7,400 km/sec

21,000 km/sec

40,000 km/sec

55,000 km/sec

61,000 km/see

Populations and Diameters of Clusters

The population of a cluster is the number of galaxies actually counted within

the outline of that cluster as given on the chart minus the estimated number of back-

ground galaxies in the same area. The diameter of the cluster is defined as that of a

circle covering approximately the same area as the cluster on the original Survey

plate. It is expressed in centimeters, so that it is highly important to know the exact

scale of those plates, which is 672 seconds of arc or 11. 2 minutes of arc per centi-

~7~=~ ~C~E-%C~ ;I.X;--=ffiUC~;i~Re;Fef~t~ .~i6- ii~----~- -- _i

A' 4



NUMBERS OF CLUSTERS OF VARIOUS POPULATIONS IN THE FIRST TWO VOLUMES

OF TIHE Catalogue of Galaxics and Clusters of Galaxics

Population <100 100-199 200-299 300-399 400-499 500-599 600

Near
Compact.......... .0 2 2 2 0 2 6

Medium compact.. 6 27 27 9 8 3 14
Open ............. 9 41 27 19 7 1 14

MD:
Compact .. 1 9 10 3 2 2 1

Medium compact . 25 120 48 26 14 7 10

Open...... ....... 21 109 33 8 7 3 1
D:

Compact .......... 19 36 9 3 1 1 3

Medium compact... 86 198 60 11 5 3 1
Open ............... 50 164 24 5 1 0 0

VD:
Compact.......... 139 143 30 2 1 0 0

Medium compact. 267 190 36 1 4 0 0
Open..............95 97 12 0 0 0 0

ED:
Compact...........465 132 11 0 1 0 0

Medium compact.. 307 159 1 0 0 0 0
Open.............. 36 18 0 0 0 0 0

CRITERIA AND STANDARD CLUSTERS

Standard
Type Description (Abell No.)

I ........ Clusters containing a centrally located cD galaxy 2199, 2029
I-II ....... Intermediate

II1........ Clusters where brightest galaxy or galaxies are in- 194, 1656 (Coma),
termediate in appearance between class cD and 2197
the Virgo-type giant ellipticals

II-III ...... Intermediate 426 (Per), 400
III ....... Clusters containing no dominant galaxies. This. Virgo; 2065 (CrB)

type can be subdivided into III-E and III-S
according to the absence or presence of consider
able numbers of bright spirals

L-FL - F

cD - B

-C - I

cD cluster is dominated by a single cD galaxy. This central

galaxy frequently has other smaller galaxies embedded in i:t.

Its size should be > 3 times that of any other galaxy in

the cluster (A401, A2199).

B (binary) : cluster has 2 supergiant galaxies separated by < 10

diameters of the larger galaxy. Combined si.ze of both

> 3 times that of any other member .(Coma, A154).

L (line) : cluster contain 3 or more of its brightest galaxies arranged

in a line (A426).

C (core) : 4 or more of top 10 brightest with comparable separations

near the center (A2065).

I (irregular) : the cluster galaxies are distributed irregularly, or with-

out a well-defined center (A2151, A1228)

F (flat) several of the top 10 brightest and a large fraction of

the fainter galaxies are distributed in a flattened con-

figuration (A397).



TYPICAL CHARACTERISTICS OF REGULAR AND IRREGULAR CLUSTERS

Parameter Regular Clusters Irregular Clusters

Symmetry............Marked spherical symmetry Little or no symmetry
Concentration.........High concentration of members to- No marked concentration to a unique

ward cluster center cluster center; often two or more
nuclei of concentration are present

Types of galaxies...... All or nearly all galaxies in the first All types of galaxies are usually pres-
3 or 4 magnitude intervals are el- ent except in the poor groups, which
liptical and/or SO galaxies. may not contain giant ellipticals.

Late-type spirals and/or irregular
galaxies present

Number of member
galaxies in range of
brightest 7 mag.... Order of 10

3 
or more Order of 10' to 10

3

Diameter (Mpc) ..... Order of 1-10 Order of 1-10
Presence of

subclustering........ Probably absent or unimportant Often present. Double and multiple
systems of galaxies common

Dispersion of radial
velocities of members
about mean for cluster Order of 103 km s

-  
Order of 102-10

' 
km s

Mass derived from
virial theorem (see §4) Order of 1019S) Order of i012-10"1) o

Other characteristics.. Cluster often centered about one or
two giant elliptical galaxies

Examples.............Coma cluster (No. 1656); CrB cluster Local Group, MS1 group, Virgo clus-
(No. 2065) ter, Hercules cluster (No. 2151)

Classification Schemes of Clusters and Related Characteristics

Property/class Regular (Early) (Intermediate) Irregular (Late)

Zwicky type Compact Medium-Compact Open

Bautz-Morgan type I, I-II, II . . (II), II-III (II-III), III

Rood-Sastry type cD, B, (L, C) (L), (F), (C) (F), I

Content Elliptical-rich Spiral-poor Spiral-rich

LE:SO:S Ratio 3:4:2 1:4:2 1:2:3

Symmetry Spherical (Intermediate) Irregular shape

Central Concentration High Moderate Very little

Central profile Steep gradient (Intermediate) Flat gradient

Marginal evidence Marginal evidence No segregation

Mass segregation

for m-m(
1
)(2 mag for m-m(1)<2 mag

Radio emission (*) "50% detection rate %50% detection rate '25% detection rate

LR High Low Low

X-ray emission (') %33% detection rate \8% detection rate '8% detection rate

LX High Intermediate Low

Examples A2199, Coma A194, A539 Virgo, A1228

NOTES: (*) to 0.2 f.u. at 1.4 GHz (Owen 1975). Abell clusters with z s 0.07

(t) from data on the 3U catalog (Giacconi et al. 1974).
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