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ABSTRACT 

Redshifts are reported for two groups of galaxies. Although these 

two groups have previously been assigned to the same cluster, their 

redshifts indicate that they are not associated. A systematic variation 

of redshifts is found across the chain of one of these groups, Abell 2247, 

and three possible interpretations are discussed. It is concluded that 

rotation of the chain is the most likely explanation of the systematic 

motions. 

The cluster of galaxies Zw Cl 1609.0 +82 °12'(Catalogue of Galaxies and 

Clusters of Galaxies, Zwicky and Herzog, 1968) has two main concentrations. 

One of these is listed as a separate cluster, A2247, by Abell (1958) and is 

given the classification L (Rood and Sastry, 1971), meaning there is a chain 

of galaxies including at least three of the ten brightest cluster members. 

The other concentration surrounds IC 1143. A survey of redshifts was made 

to determine whether or not there were any systematic motions in the chain 

of A2247 and whether the two concentrations had comparable redshifts. 

Unwidened spectra of low dispersion (230 or 240 A mm -1) were taken with 

the Steward Observatory 90 -inch (225 cm) telescope using the Cassegrain image 

tube spectrograph. The slit was aligned N -S for all objects. The spectra 

were measured on a two screw Mann measuring engine and reduced by hand. 

Table 1 lists our results. Column 1 is the identification number in 

our system (galaxy 3 is IC 1143). Columns 2 and 3 give the 1950 equatorial 

positions and magnitude estimates respectively for those galaxies listed in 

the Catalogue of Galaxies and Clusters of Galaxies. Positions for galaxies 

1 and 2 are given as offsets from IC 1143. Identifications for the remaining 

galaxies in and near the chain are found on Figure 1 which is an enlargement 

from the red Palomar Observatory Sky Survey print. Column 4 gives the 

spectral lines used for redshift reductions, and column 5 gives the number 

of spectra obtained. Columns 6 and 7 give Vo, the redshift corrected for 

local motions (assuming 300 km s -1 galactic rotation), and the standard 

deviation of V° respectively. 

The results show a large difference in redshifts between the two 

concentrations indicating that they are probably not physically associated 

in the same cluster. Of the fifteen galaxies observed in the A2247 region, 



only the redshift of galaxy 8 differs significantly from the rest. Although 

this galaxy is one of the brightest apparent members of the cluster, it is 

conceivable that it is much farther away. 

Figure 2 shows the redshift plotted against distance from galaxy 17 

(arbitrarily chosen as zero point) for each of the observed galaxies in the 

chain. The distance is given in minutes of arc and in kiloparsecs, calculated 

by assuming that the Hubble parameter H is 75 km s -1 Mpc -1 which gives a 

distance to the chain of 160 Mpc. The points show a systematic trend of 

progressively lower redshifts for these galaxies on the west side of the 

chain. The line in Figure 2 is the linear least squares fit minimizing 

the residual in the Vo coordinate. The slope of this line is -73 ±31 (m.e.) 

km The The correlation coefficient is r = -0.62. 

Several interpretations of this figure are possible. Although there 

is evidence for non -Doppler redshifts in many extragalactic objects, we 

will here regard the redshifts as being a result of the motions of the 

galaxies. 

One interpretation is that, although there is a systematic component 

of motions in the line of sight, the true space velocities including 

motions perpendicular to the line of sight are random. In this case the 

configuration would quickly lose its chain -like appearance. We can obtain 

an estimate of the mass of an average galaxy in the system by asking how 

much total mass would stabilize the chain so that, although it loses its 

linear appearance, it does not totally disperse. We assume that the true 

space velocity is vT times that observed in the line of sight, and that the 

true separations are 2/7 times that projected on the plane of the sky, as 

derived by Limber and Mathews (1960). When the velocity deviations from 

the mean are corrected for the observational errors, a small correction, 

the Virial Theorem gives an average mass of 3.8 x 1012 M. This yields an 

M/L ratio of 200 times the solar value. 

Another interpretation is that the members of the chain are moving 

apart anisotropically -- perhaps being expelled from a common origin. If 

this is true, we can estimate the length of time elapsed since the galaxies 

were very close together. We assume that the component of motion in the 

line of sight is the same as that in the plane perpendicular to the line 

of sight. This yields a result of roughly 6 x 108 years. 

The final interpretation that we consider is that the chain is stable 

and is rotating. We can again use the Virial Theorem to estimate the average 
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mass of a member of the chain. The kinetic energy now includes both the 

velocity of rotation and that of the random motions (King, 1961). This 

calculation yields an average mass of 3.9 x 1012 M . 

0 

We can discount the hypothesis that the members of the chain are 

dispersing along the chain from a common origin. If this were ture, the 

time calculated above would be an upper limit to the age of the galaxies. 

However, the time calculated is much less than the age of most stars in 

our galaxy, and we would, therefore, expect a galaxy of that age to have 

very young, early spectral type stars and a great deal of interstellar 

material. Hence, the spectra of such galaxies would probably be of early 

type and show emission lines. The appearance of the observed spectra are 

uniformly of late type and show no emission lines. 

In addition, we can argue against the first interpretation on the 

basis that the existence of other known chains of galaxies implies that 

such systems have some semblance of stability, and their chain -like 

appearance does not change quickly. 

Therefore, the best explanation for the occurrence of systematic line 

of sight motions in this chain seems to be that the system is rotating in 

a plane nearly coincident with the line of sight. Although the Virial 

Theorem gives mass estimates that are higher than masses found for typical 

galaxies by other methods, this is a common result of its application to 

clusters of galaxies and there is no clear understanding of why this is so. 

Table 1 -- Redshifts of Observed Galaxies 

Object Position mp Lines Used 
No. of 
Spectra 

V 
o 

0 

1 2.3'W,2.3'S of #3 K,H,G,4459 1 6401 18 

2 1.7'W,2.2'S of #3 K,H,G 1 6372 140 

3 15h35m +82°38' 14.7 K,H,G,3832 1 6619 143 

4 * K,H,G 1 11730 107 

5 * K,H,G 1 11071 188 

7 16h54m +81°42' 15.6 K,H,G 1 11760 55 

8 16h53m +81056' 15.7 K,H,G 2 20441 184 

lot * K,H,G 1 11642 98 
llt 16h56m +81°40' 15.5 K,H,G 1 11723 69 

13t * K,H,G 2 11386 243 

14 * K,H,G 1 11256 117 

15t * K,H,G,4226 2 11720 119 

16t K,H,G 1 12250 148 

17t 
h 

16 58 
m 

+81 
o 
44' 15.4 K,H,G,4459 3 11296 56 

18t * K,H,G 1 12328 156 

19t * K,H 1 12082 45 

20t * K,H,G 2 12308 34 

21 * K,H,G,4385,Hy,4459 2 11833 126 

*See Figure 1 1-Member of the chain in A2247, 
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CAPTIONS 

Figure 1: A finding chart for galaxies near the chain of A2247. 

Copyrighted by National Geographic Society, Palomar 

Observatory Sky Survey. 

Figure 2: A plot of redshift vs. apparent distance from galaxy 17 

for the observed galaxies in the chain. 
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