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ABSTRACT 

This dissertation is an empirical study of the basic radio 

and optical properties of a large, well-defined, complete sample of 

isolated pairs of galaxies. The selection criterion for this sample 

requires that these galaxies are in some of the sparsest regions of 

space. Because such representatives of the "field" population have 

recently been shown to be exceedingly rare, a survey of these galaxies 

allows a comprehensive study of the radio source phenomenon in regions 

of galaxy density as different from rich clusters as possible. Due 

to this selection criterion the sample is -75% spirals. 

A radio continuum survey of the entire sample of 1206 galaxies 

was accomplished at 2695 MHz on the 91 meter telescope of the National 

Radio Astronomy Observatory. Follow-up observations to obtain addi

tional information on detected sources used the 43 meter N.R.A.O. 

telescope at 5GHz and the N.R.A.O. interferometer. Due to the depth of 

the sample in space the detected galaxies are either elliptical radio 

galaxies or the strongest spiral radio sources. Only a few of the 

closest spirals were detected at the low power levels consistent with 

typical disk emission. 

The findings of this work are: 

1. A correlation exists both for ellipticals and for spirals 

between the probability of radio emission and the physical 
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separation of the two galaxies in the pair. This relation is 

in the sense that the closer pairs are more often radio emitters. 

A detailed investigation of possible systematic biases in the 

sample substantiates this result with a confidence level greater 

than 99.9%. 

2. Due to the specific manner in which this sample of galaxies was 

selected, the excess emission among close pairs may be due to 

the general galaxy density in the neighborhood of the radio 

source. In fact, statistical evidence from the present sample 

and from previous work suggests that this is indeed the case. 

But since the number of detections is small, this hypothesis 

cannot be distinguished with confidence from one in which the 

distance to the nearest neighbor is the most important factor. 

3. Three different classes of radio source are found to be im

portant among the pairs. The "dumbbell" galaxies (two ellipti

cals in a common envelope) are strong classical double radio 

sources. The spiral/elliptical borderline galaxies are strong 

sources not double in nature. The galaxies associated with 

these sources show morphological peculiarities and strong 

emission lines in their spectra. Several spirals possess large 

scale "halo" sources either encompassing both galaxies or 

centered in between the two galaxies. 

While this study strongly suggests that a relationship exists between 

radio emission and the immediate galaxy environment, the exact form of 

this dependence is not clear. Two general models are suggested by the 



results. Either galaxy fissions are involved or mass transfer exists 

between galaxies or from the intergalactic medium onto a galaxy. Since 

much can be learned concerning the basic nature of extragalactic radio 

sources if either of these two hypotheses is true, further work 

delineating this effect is desirable. 



CHAPTER 1 

INTRODUCTION 

For over 25 years the nature of extragalactic radio sources 

has been one of the outstanding mysteries in astronomy. From the 

discovery of the first discrete sources associated with galaxies 

in 1949 (Bolton, Stanley, and Slee, 1949) to the present day, the 

origin and evolution of these objects has been continuously deba

ted, but not resolved. Since the problems become more difficult 

with increasing luminosity, the major efforts of the past few years 

have been to identify galaxies and quasars which are further and 

further away (see Minkowski, 1975 and Spinrad, 1976). Many of the 

strongest radio sources are so far away, however, that their opti

cal counterparts are at or beyond the limits of the largest tele

scopes. Thus, the amount of information obtained on these sources 

is minimal. 

A different method for understanding the nature of radio 

sources is to investigate the radio properties of optically bright 

galaxies for which more complete information can be obtained. Ex

amples of previous surveys of this type are Heeschen and Wade 

(1964), Cameron (1971), and Crane (1977). 

The purpose of this work is an empirical study of the radio 

source phenomenon using a complete sample of isolated pairs of 

bright galaxies from the catalogue of Karachentsev (1972). The 
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2 
advantages of using this sample are: 1) the sample is complete with

in the bounds of the selection criteria to a magnitude of (£15.7) 

much fainter than previously used; 2) the selection criteria sys

tematically pick "field" galaxies; 3) large amounts of diverse 

optical information exists on these galaxies from the works of 

Karachentsev (1972, 1974, and 1976) and from the work described 

herein; 4) the total number of galaxies is large enough to make 

statistical work meaningful, but not so large as to make observation

al work impractical. 

The strategy of the observations involved a single dish 

survey of all 603 pairs in the Karachentsev Catalogue using the 91 

meter telescope at the National Radio Astronomy Observatory (N.R. 

A.O.).1 Additional radio information was obtained at the N.R.A.O, 

with the 43 meter telescope and the three element interferometer. 

Optical information to augment basic data from the Karachentsev 

Catalogue was obtained with the Steward Observatory 2.3 meter tele

scope (spectroscopy and image tube photography) and the 1.5 meter 

telescope of the Lunar and Planetary Laboratory (image tube photo

graphy) in conjunction with Dr. W.G. Tifft. 

Originally, radio source detections were to be correlated 

empirically with a variety of optical characteristics. However, 

several of the first comparisons proved to be related to the same 

parameter, the physical separation of the pair of galaxies. Since 

this sample of isolated pairs is ideally suited to investigate the 

1. The National Radio Astronomy Observatory, Green Bank, 
West Virginia, is operated by Associated Universities, Inc., under 
contract with the National Science Foundation. 



effects of galaxy separation and since such a correlation could 

be important to understanding the general radio source phenomenon, 

the work included here is centered around this result. Particular 

attention was paid to the removal of a number of selection effects 

and to the establishment of this correlation by a variety of dif

ferent methods and using a number of different samples. 

The general results of this study are: 

1. A correlation exists between the occurrence of 

radio sources (both in spiral and elliptical 

galaxies) and the physical separation of galaxy 

pairs. The sense of this correlation is that 

closer pairs are more often radio sources than 

more widely separated galaxies. 

2. An attempt to generalize this result to show 

that radio sources are influenced by the gen

eral galaxy density in their immediate neigh

borhood was partially successful. While every 

one of the various tests devised supported this 

conclusion, the results are based on small num

bers of detections and, therefore, must be treated 

with caution. 

3. If the generalized result suggested by this 

study is correct, any theory of radio source 

formation and/or development must take into 

account the density of galaxies in the neigh

borhood of the radio source. 



The remainder of this volume is organized as follows; 

1. Chapter two contains the observational sample, 

techniques, and results. 

2. Chapter three is devoted to the establishment 

of the general findings listed above. This is 

done through statistical studies of observations 

from this survey and from previous work. 

3. Chapter four contains a brief critique of the 

two general classes of models suggested by the 

results of chapter three and concludes with 

recommendations for future work. 

Extensive appendices are used to contain the detailed ob

servational findings and to investigate problems peripheral to the 

main text. 



CHAPTER 2 

A RADIO CONTINUUM SURVEY OF ISOLATED PAIRS OF GALAXIES 

The purpose of this chapter is to present the observation

al results of a continuum radio survey of the "Catalogue of Isola

ted Pairs of Galaxies in the Northern Hemisphere" (CPG or Catalogue 

hereafter) by I. Karachentsev (1972). 

There has been a long standing interest in isolated pairs 

of galaxies primarily because these are the simplest systems of 

galaxies. This simplicity has allowed dynamical studies to obtain 

masses and mass-to-light ratios of galaxies (e.g., Page, 1960, 1962; 

Karachentsev, 1976; and Turner, 1976a, 1976b) and detailed individ

ual system investigations to explain bridges and tails by gravita

tional forces in close galaxy encounters (Toomre, 1970; Toomre and 

Toomre, 1970 and 1972). 

Investigations of extragalactic radio sources associated 

with galaxies have focused either on nearby optically bright spirals 

and irregular systems (for a review, see van der Kruit and Allen, 

1976) or on the extremely bright radio galaxies. These very lu

minous radio sources occur almost entirely, if not exclusively, in 

elliptical galaxies which are concentrated in clusters of galaxies. 

Therefore, recent work on these systems has centered primarily in 

the clusters (e.g., Owen, 1974; Jaffe and Perola, 1974, 1975; Owen 

and Rudnick, 1976). 

5 



Some radio work has been done on close interacting galaxies 

mainly to search for excess or peculiar emission from these systems 

Several investigators including Allen et al., 1974; Allen and 

Sullivan, 1973; Sulentic and Kaftan-Kassim, 1973; and Wright, 1974a 

observed interacting pairs, tight groups, and galaxy chains, but 

were unable to find any excess emission. On the other hand, in a 

radio survey of Arp's Atlas of Peculiar Galaxies (1966) [Arp Atlas] 

Sulentic (1976a) found that multiple systems were radio emitters 

approximately twice as often as single galaxies. Sulentic argued 

that Wright's data showed the same excess and concluded that this 

was evidence for the ejection of massive objects from the nuclei 

of galaxies. 

The reasoning behind this conclusion is that strictly gravi 

tational encounters such as those modeled by Toomre, 1970; Wright, 

1972; and others leave the nucleus and, therefore, the radio prop

erties of each galaxy relatively undisturbed. These models do not 

take into account the power source that must be present in the 

nuclei of at least some galaxies to produce the intense radio 

emission observed. It seems just as plausible that close galaxy 

encounters would allow a significant amount of mass to fall into 

the nucleus of a galaxy, thus stimulating radio emission. 

As an extreme example, collisions between galaxies 

(Minkowski and Baade, 1954) was one of the first explanations for 

strong radio sources. While this theory has been discounted, many 

strong radio sources do show a double structure optically. Among 



7 
these are the dumbbell (db) galaxies of Matthews, Morgan, and 

Schmidt (1964) such as Hercules A, 3C315, 3C465, 3C40, and 3C75. 

The previous studies of interacting systems were selected 

entirely on subjective grounds which make their conclusions diffi

cult to interpret. Moreover, if an excess does exist in close 

interacting systems, a sample selected using galaxy separations 

and involving only two galaxies greatly simplifies understanding 

the observational results. In this way, galaxy densities ranging 

from clusters to extremely sparse regions of the field can be in

vestigated in the simplest situation available. 

Therefore, there seems ample reason to study a large, homo-

genously selected sample of galaxy pairs. 

Recent work both observationally (Tifft and Gregory, 1976; 

Gregory and Thompson, 1977) and theoretically (Soniera and Peebles, 

1977) has concluded that so-called "field" galaxies" are extremely 

rare. If this is the case, a large sample of galaxies representa

tive of the sparse regions of space must be chosen somewhat more 

carefully than has been done before. The isolation criteria inher

ent in the selection of isolated galaxy pairs are far more strin

gent and uniform than those used to define "field galaxies" in 

the past (e.g., Colla et al., 1975; Auriemma et al., 1977). A 

large sample of this sort allows a well-chosen comparison to rich 

cluster work presently underway. Perhaps, through the study of the 

antithesis of what is generally believed to be the natural environ

ment for radio sources (i.e., in clusters), insight can be obtained 

as to the necessary conditions needed to produce those radio sources. 



8 
This chapter includes discussions of the characteristics 

of the CPG sample of galaxies, the basic observational techniques 

used in the continuum radio survey, and the observational results 

of the survey. 

2.1 The Observational Sample 

The basic properties of the CPG sample of galaxies are 

discussed in the CPG itself and in Karachentsev (1974, 1976). A 

summary of these properties are given here with emphasis on the 

characteristics which may affect the radio emission from the sample. 

From early work by Lundmark "(1927) and Holmberg (1937) to 

the most recent studies of Karachentsev (1976) and Turner (1976a), 

the optimum method for defining an isolated pair of galaxies from 

basic photographic data has been discussed, but not fully agreed 

upon. Any criteria used should identify as many true pairs as 

possible with minimum introduction of optical pairs or groups where 

the dynamics of the individual pair is not dominant. To this end, 

the criteria in the CPG not only involves measured angular separa

tions between galaxies, but also the angular sizes of each galaxy. 

The criteria are: 

xli ~ k ai where ea^ $ a^ < nai 

*12 al 

where a^ = major angular diameter of either 
galaxy in candidate pair. 



9 
a-j_ = major angular diameter of any 

neighboring galaxy. 

X12 = angular separation between 
galaxies in candidate pair. 

= angular separation between 
candidate galaxy and any neigh
boring galaxy. 

k=5; e=h; n=4 as the chosen constants. 

In addition, each individual galaxy must have a CGCG (Zwicky et 

al., 1961) magnitude t 15.7 or - 14.9 in close pairs where this 

magnitude corresponds to their combined light. The pairs were 

chosen by searching the Mt. Palomar-National Geographic Sky Sur

vey prints (sky survey hereafter). The CPG claims completeness 

for mp 1 15.7 north of -3° declination, although it is not known 

whether any sky survey prints not included in the CGCG were searched. 

Tests discussed in Appendix A verify the optical completeness 

of this sample. 

Although the CPG criteria eliminate many galaxies with 

small companions, they also eliminate many optical pairs based on 

their relative diameters (see Appendix A). On the basis of pro

jected separations, the "worst case" allowed by the CPG criteria 

means that a nearby galaxy would contribute less than 15% to the 

total potential energy of the pair. For the radio survey, this 

means that even with the large beam sizes utilized (~5 arcmin), 

there will be very few cases confused by a nearby galaxy not being 

surveyed. 



The isolation criteria also determine in large measure what 

galaxy types are in the sample. Except for extremely close pairs, 

the surface density of galaxies in and near cluster centers is too 

high to admit these galaxies to the CPG. As a result, out of 603 

total entries in the Catalogue, only 17 pairs are within 1 Abell 

radius of an Abell Cluster center; 12 more within two cluster radii 

In addition, 11 pairs are in the Virgo Cluster, 11 in the Ursa 

Major Cloud, and four in the CVn Cloud. The Abell Cluster pairs 

are, as would be expected, primarily pure elliptical pairs or el

liptical - SO pairs with very small angular separations and often 

have a common halo or envelope. This morphology has been referred 

to by Matthews, Morgan, and Schmidt (1964) as "dumbbell" galaxies. 

Five such pairs mentioned by Matthews et al. are in the sample 

and have been identified with 3C radio sources (3C31, 3C40, 3C75, 

3C442, 3C465). All five are at or near the center of Abell or 

Zwicky clusters. 

Since cluster galaxies form such a small percentage of the 

sample, the CPG is dominated by pure spiral pairs (359) relative 

to spiral-elliptical pairs (165) and pure elliptical pairs (79). 

In this paper, SO galaxies are grouped with the ellipticals because 

of the similarity in their radio properties. The radio data can 

then be expected to reflect primarily the characteristics of "field 

spirals. The smaller sub-sample of ellipticals may be largely 

biased by Abell Cluster members. 



Fifty-five percent (332 pairs) of the sample show some signs 

of interaction (common halos, bridges and/or tails, or distortions 

in one or both components) so there is a considerable overlap at 

the brighter end of the sample with the catalogues of Arp (1966) 

(84 pairs in number) and Vorontsov-Velyaminov (1959) (81 pairs). 

An exceedingly useful characteristic of the CPG is the large 

amount of basic optical data compiled for each entry. Besides the 

photographic magnitude taken from the CGCG, there is data for each 

galaxy on angular diameter, ellipticity, position angle on the sky, 

and optical type (elliptical-lenticular or spiral-irregular). Data 

for each pair includes angular separation, results of the applica

tion of more stringent isolation criteria, and interaction type. 

The latter classification is illustrated in Figure 1 reproduced 

from the Catalogue with the author's permission. These classifi

cation abbreviations are used hereafter in the tables and in the 

text. A check on the accuracy of the individual galaxy and inter

action classifications was made using high resolution photographs 

of a large number of the Catalogue, particularly the close pairs. 

These image tube photographs were taken with either the Steward 

Observatory F/9 2.3 meter telescope or the F/13.5 1.5 meter tele

scope of the Lunar and Planetary Laboratory, University of Arizona. 

These two telescopes have nearly identical plate scales of 10 arc-

sec/mm. Two broadband filters were employed, one of which contained 

Ha (RG-2), while the other did not (night sky blue). At least 



one plate is in hand for 20% of the total sample, primarily the 

close pairs (- 80 arcseconds projected separation). All of the 

radio detections which have small optical diameters have at least 

one photograph except those in the Arp Atlas. The galaxy classifi

cations from these plates agreed with those by Karachentsev in all 

but five cases. All five are spirals which were classified as el

lipticals from the sky survey. These comprise 7% of the ellipti

cals photographed which implies that approximately 20 are misclassi-

fied in this manner in the full sample. The interaction, classi

fications seem far more arbitrary as ~16% were classified differ

ently using the high resolution photographs. In addition, all 

close pairs plus several of the wider pairs, 350 fields in all, 

were inspected on the sky survey. In 31 cases (9%), the CPG clas

sification was actively disagreed with based on Karachentsev's own 

definitions. Nearly all of the disagreements confused either the . 

LIN/ATM classes or the DIS/SEP classes. These discrepancies are 

presumably because this classification scheme has not yet had the 

scrutiny that single galaxy classification has undergone. At any 

rate, the somewhat arbitrariness of the interaction classification 

should be kept in mind in later discussions. 

As shown here, the CPG is a well-documented, reasonably 

complete list of bright isolated galaxies. Considering that such 

galaxies may be exceedingly rare (Tifft and Gregory, 1976; Soniera 

and Peebles, 1977), the isolation criteria imply that these pairs 
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.F i s -...1re l . I\. summary of the interaction classification scheme used by 
Karachentsev in the CPG. -- The following quotation describes 
this scheme: "Classifications of the types of interaction 
between components of a pair: 
'LIN' - there exist one dimentional attendin<J filai"lents at 
the components t.-rit~l a subtype of bridges ' (br) 1 o~ ta.il s 
I (ta) I i 

'ATM' - there exist luminous atmosphere that enve lope s both 
components, here are distinguished the subtype of a symmetri 
cal, amorphous atmosphere '(am)' and the s ubtype of a non 
symmetrical, shreded one '(sh) '; 
'DIS' - the distortion of one '(I)' or both '(L ) ' comp onents 
is existent." Taken frorrl Karachentsev (1972, p . 7). 



occupy some of the sparest regions of space. A radio survey of 

these galaxies can therefore be used not only to investigate a pos

sible excess of radio emission from interacting systems, but also 

to contrast the radio properties of cluster and field populations 

using a precisely selected sample. 

2.2 The Observational Technique 

The radio continuum work in this survey was accomplished 

in three parts: (1) A survey of the entire CPG at 11 centimeters 

to flux levels as close to confusion limits as equipment permit

ted; (2) Re-observations of all 11 centimeter detections at 6 centi

meters to confirm the 11 centimeter detections, improve source po

sitions, and obtain spectral index data; (3) An interferometer 

survey of as many sources as possible to determine which galaxy is 

the radio emitter and to identify those sources with interesting 

radio structure, possibly showing effects due to interaction be

tween the galaxies. These morphologically more interesting radio 

sources will be mapped in detail in the future. 

2.2.1 The Eleven Centimeter Survey 

The 11 centimeter continuum survey of all 603 pairs in the 

CPG was performed on the 300 foot transit telescope at the N.R.A.O. 

during two observing sessions; November 29 to December 17, 1974 



and May 19 to June 20, 1975. Eleven centimeters was chosen as the 

observing wavelength as a compromise between the smaller beam widths 

and smaller confusion available at high frequencies and the enhanced 

detection probabilities (based on negative spectral indices), 

better aperture efficiency, receiver stability, and weather insen-

sitivity of lower frequencies. Eleven centimeters also provides 

zero spacing fluxes for direct comparison to interferometer results. 

The 11 centimeter receivers are a three-horn four-feed sys

tem described by Owen (1975). Four independent load switched radiom

eters, with system temperatures of 120° K and bandwidths of 100 MHz 

centered on 2695 MHz were mounted on the telescope's electrical 

axis. The center horn contains two orthogonally polarized feeds 

connected to separate radiometers so that four independent measure

ments were made each time an object was observed. Circularly po

larized feeds were used throughout the observations. All three 

horns are mounted on a "Sterling Mount" capable of rotation to any 

desired angle. During this survey, each object was observed at 

least twice; first with the mount at 0° so all four beams passed 

over the source aligned east-west, then at 14° so the leading and 

following beams passed one half beam width (approximately 2?5) 

north and south respectively. All observations were made using 

the drift scan technique, whereby the telescope was positioned at 

the declination of the galaxies 30 arc minutes before transit and 

kept at constant declination until 30 arc minutes past the galaxies. 



The length of the scans was made slightly longer than nor

mally required so that an "uncontaminated" area of sky could be 

surveyed on either side of the galaxies to provide a direct measure 

of background density. These results are consistent with a back

ground source count of 6 x 10"1* sources (£ 40 mJy)/Q from the 

more careful work of Wall and Cooke (1975). The technique of ob

serving each pair at least twice, once at 0°, once at 14° on the 

mount, allowed a strip of sky four arc minutes wide centered on 

the position of the pair of galaxies to be surveyed by at least 

five effective full power scans. This meant that for pairs with 

declination separations less than or equal to three arc minutes, 

these galaxies were treated as a single object and observed at 

their mid-declination. The one arc minute overlap was allowed 

because the positions used were from the CPG where the declina

tions are given only to the nearest arc minute. Spot checking of 

the Catalogue positions with a large number of more accurate po

sitions already available (e.g./ Gallouet and Heidmann, 1971; 

Gallouet, Heidmann, and Dampierre, 1973; and Peterson, 1973) and 

with positions which we measured confirmed their stated accuracy. 

If the pair were separated by more than three arc minutes in dec

lination, each galaxy was observed separately. For larger decli

nation separations, additional scans were added as necessary to 

adequately survey all points in-between the galaxies, plus one half 

arc minute on the outside of the pair. This was done for all pairs 



except K132 (1912 declination separation), K218 (36J4), K324 (2815), 

and K350 (2118) which were too far apart to obtain the desired cov

erage at in-between declinations. When a galaxy pair was identified 

as a source, an attempt was made to obtain more scans to verify 

the detection and obtain better declination information by offset

ting the central horn in steps of one quarter beam width north and 

south. Of course, the precise coverage depended more on the right 

ascension of the objects as galaxies near the galactic plane received 

more than the minimum of two scans. 

From the calibration technique discussed in detail in Ap

pendix B, an all-CPG detection limit of 40 mJy was established for 

the survey. 

2.2.2 The Six Centimeter Follow-Up Observations 

The six centimeter program was done on the 140 foot tele

scope of the N.R.A.O. at Green Bank during the period of January 

12-16, 1976. A single horn, dual feed, beam-switched receiver was 

mounted at the Cassegrain focus. The cooled paramp receivers oper

ated at system temperatures of 56° K and 48° K in the two channels, 

both with 500 MHz bandwidths centered on 5 GHz. The comparison beam 

was thrown 18.1 arc minutes away (24°.5 north of west in relation 

to the central beam) by nutating the subreflector at 2 Hz. This 

was the initial observing run in which the subreflector was nutated 

for such a long period. It did so without failure and without any 

apparent introduction of periodic noise into the system. 
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Each source was observed at least twice; first by scanning 

across the 300 foot position in right ascension at 10 arc minutes/ 

minute, then again across the same position in declination at the 

same speed. Each scan consisted of six (fewer for stronger sources) 

back and forth sweeps across the source 30 arc minutes long to es

tablish baseline values. Noise calibration measures were taken 

before and after each set of two scans. Details of the calibration 

technique can be found in Appendix B. 

All sources less than ~2.5 arc minutes from one of the 

galaxies were observed during this period as well as several low 

intensity sources and high declination galaxies not adequately 

surveyed at 11 centimeters. 

2.2.3 Limited Baseline Interferometry 

In May and November, 1976 nearly all of the 11 centimeter 

detections were observed with the N.R.A.O. three element interferom

eter. The interferometer has been described by Hogg et al. (1969), 

but presently is capable of operating simultaneously at 2695 (S band) 

and 8085 MHz (X band). Two telescope configurations (1-18-19 and 

3-12-15) were used giving spacings of 100, 300, 1200, 1500, 1800, 

and 1900 meters. A few selected sources were also observed at spac

ings of 200, 1900, and 2100 meters. The purposes of the observa

tions were: (1) to determine which galaxy is the radio emitter in 



pairs too close to resolve with a single dish; (2) to find an ac

curate position for the radio source concentration; and (3) to de

termine the general structure of the source, if possible. The 

combination of long and short spacings were chosen to distinguish 

compact sources and core-halo sources in the sample. 

The N.R.A.O. interferometer is not ideally suited for ob

servations of bright galaxy radio sources, especially the spirals, 

because the shortest spacing available is 100 meters. This means 

that the interferometer is not sensitive to sources broader than 

~3 arc minutes. A detailed discussion of the limitations of the 

interferometer in observing bright spiral galaxy sources can be 

found in Crane (1977). 

All sources with peak flux greater than 75 mJy were observed 

at four or five hour angles in each of the two configurations 

used. Sources weaker than 75 mJy were observed primarily at 1-18-

19 and only at S band to increase the signal to noise for these 

faint sources. Some data exists for all sources stronger than 

the 40 mJy limit except K169 (single galaxy), K353, K132, K116, 

and K127. The last two sources are too far not to be observed with 

the three-element interferometer. 

Standard calibration and reduction techniques as presented 

in detail in Hjellming (1973) were used for these observations and 

require no further comment here. 



2.3 Observational Results 

The complete observational results are presented in Appendix 

C in the form of extensive tables of both optical and radio data. 

Sixty-one sources were detected brighten; than the 40 mJy all Cata

logue limit. Fourteen of these are associated with ellipticals; 

the rest are classified as spirals or irregulars. Figure 2 shows 

the distribution of the radio detections with respect to distance 

and power level. While most of the ellipticals are considerably 

brighter than the minimum detection level, the spirals clearly 

represent only the high power tail of a much larger distribution 

of undetected sources. As a result, M51, a brighter than average 

spiral radio source, is one of the weaker sources in this sample. 

Therefore, the spiral sources considered here are, for the most 

part, much closer in power level to those in elliptical galaxies 

than weak spiral disk sources (see van der Kruit and Allen, 1976). 

For example, there are five known Seyfert galaxies in the CPG. 

Three were detected (NGC 3227, 4151, and 7469) and two were not 

(NGC 7378 and Markarian 506), perhaps due to their distance (7600 

and 13,500 km/sec respectively). The three detected Seyferts have 

typical power levels for CPG detections, whereas in a more complete 

sample of nearby spirals, they are among the strongest (Crane, 1977). 

In this section, three groups of radio sources possessing 

similar optical and/or radio properties which are particularly in

triguing will be discussed. 
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2.3.1 The "Dumbbell" Galaxies 

The morphological term "dumbbell" refers to two close el

liptical galaxies in a common halo. This term was first used by 

Matthews, Morgan, and Schmidt (1964) in their paper describing the 

optical morphology of early 3C radio source identifications. Many 

strong, double sources show this morphology: Hercules A, NGC 6166 

(3C338), 3C300, and 3C75, to name a few. In this survey, there are 

seven dumbbell pairs (see Table 1). Two others have similar optical 

structures, but either have a core-halo radio source (K99) or an 

offset double source which is probably background (K25; source is 

in a blank field). High resolution photographs of these are shown 

in Figure 3. Unlike the impression of db's obtained from the Sky 

Survey, there are clearly two distinct galaxies present. All but 

K84 consist of one highly concentrated galaxy with a larger, less 

concentrated companion. In most cases, the larger galaxy can either 

be described as an SO or a small cD. These are the same character

istics noted by Greenstein (1962) in his investigation of Hercules 

A. In all these pairs except K32, where the identification is dis

puted (Simkin, 1975), the larger, more diffuse galaxy is identified 

as the radio source. Notice that where an extended disk is present, 

it is always nearly perpendicular to the line of centers of the two 

galaxies. This general trend implies that the smaller companion may 

somehow have been involved with the formation of the disk and perhaps 

even with the radio source. High resolution photographs are clearly 



Table 1. 

CPG 
No. 

:<23 

K2 5 

:<32 . 

K84 . 

:-c224 

K277 

:<5(,4 

K588 

K99 

K83 

K3 35 

K38 8 

Dumbbell and related galaxies. 

Radio Structure 

dou::>le 

double 
(offset) a 

double 

double 

double + 
compact 

doul:>le 

double 

wide 
t::~il + com!_)act 

core halo 

core halo 

core halo 

(?) 

core hole 

( ?) 

Hubble ?eature s in Optical Spectrum 
Type (radio ID listed : i rst) 

so absorption only 
E absorption only 

so absorption cnly 
E absorption only 

so absor ption only 
E absor:;?tion only 

- absorption only 
E absorption only 

E absorption only 
E al:sorption on2.y 

so absorption + •.veak Ha 
E absorption + '"'eak ria 

so absorption only 
E absorption + weak \ 3727 

so absorption + \veak ; 3727 

E absorption onl y 

E absorption + weak ;\ 3727 
so absorption only 

Sm or no a bsorption; moderate emission 

"' pee \vith >. soo7 > HS 

E no absorption; weak emission lines 
(Ha + [OII] + (OIII]) 

so or absorpcion line s + strong emission 
Sa A5007 ~ HS 

I r!I or 
E pe e 
Sa or 
SO pee 

absorption lines + weak emission 
(Ha + (O II ] + (OIII)) 

no absorption; blue continuum; 
strong emission lines with 
A5007 > HS in bo th ob jects 

aProbably unrelated background source. 
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Figure 3. Photographs of dumbbell and related galaxies. -- Positions of 
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needed for a larger number of these dumbbell systems to test this 

hypothesis. The radio lobes show no particular alignment with re

spect to these systems. 

2.3.2 Borderline Spiral/Elliptical Sources 

Three strong radio sources, K83, K335, and K388 would be 

classified as pure elliptical pairs and (dumbbells), except that 

irregularities exist in the structure of at least one of the gal

axies in each pair. These are in the form of either obscuration 

inside the galaxy or large amounts of luminous material in between 

the galaxies (see Figure 4). The intriguing thing about these 

three sources is that while the radio power level is more consistent 

with ellipticals than spirals, and while they appear optically 

like distorted db's, their spectra show strong emission lines. The 

db1s, and indeed almost all ellipticals, show only a pure absorption 

line spectrum or absorption lines plus weak X3727 or Ha (see Table 

1). Moreover, none of these galaxies show the double radio struc

ture associated with the db's, although the basic structure of K335 

is too large (^ 3 arc minutes) to be understood from the available 

interferometry. Further radio mapping of K335 and K388 may help to 

clarify the physical processes currently underway at these galaxies 

and their possible relationship to the db's. In particular, is 

there an evolutionary sequence of: [compact radio source + optical 

peculiarities + presence of hot gas (as shown by emission lines)] 
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-<-»• [strong double source + smooth distribution of light + .little 

gas present]? And what, if anything, does duplicity have to do 

with this process? 

2.3.3 Galaxies with Large Halo Sources 

The sources in Table 2 have structures possibly large enough 

to encompass both galaxies in the pair. For four of these (K249, 

K347, K404, and K603), a large amount of the flux seen by the inter

ferometer is centered between the two galaxies. Due to the lack 

of extensive position angle coverage at the short spacings and to 

any spacings shorter than 100 meters, the exact morphology of these 

very interesting sources is not presently known. The photographs 

in Figures 4 and 5 indicate the approximate extent of the radio 

sources, plus any concentrations. The fact that some radio sources 

apparently exist in between close galaxy pairs is reminiscent of 

the old idea that galaxy collisions could cause a radio source 

(Baade and Minkowski, 1954). Here, however, since these sources 

are three to four orders of magnitude fainter than the bright radio 

galaxies, the efficiency with which the kinetic energy is turned 

into radiation is no longer a problem (Burbidge, 1961). Whether 

this is the correct interpretation will not be known until these 

sources are mapped more completely and at shorter fringe spacings. 



Table 2. Galaxies with halo sources. 

CPG No. 
Centroid of 
Source Position 

Approximate Source 
Size and Position 
Angle 

Percent of 
Zero Spacing 
Flux Missing 

Comments 

10 47 04.6 
33 15 01 

80" x 20" at 60 10% source centered 
in luminous bridge 
between galaxies. 

K335 12 24 00.3 

09 17 28 

180" x 120" at 100 30% concentrations of 
flux around galax-
ies with extension 
to the east. 

K347 12 34 02.1 
11 31 19 

60" x 40" at 160 on line of centers 
between galaxy nu
clei; closer to 
southern galaxy. 

K388 13 36 14.9 

48 31 50 

10" x 5" at 0W beam size as large 
as angular separa
tion of two galax
ies , but source is 
extended from south 
object toward north. 

13 56 29.3 

37 40 17 

30" X 30" at 170 25% compact source on 
north object; per
haps two separate 
regions of extended 
flux in between 
galaxies. 

^420 14 11 09.4 15" x 8" at 0 40% compact source in 
07 53 35 north object 

listed here + 50% 
of flux in very ex
tended source of un
known size and 
structure. 

K603 23 59 06.4 70" x 40" at 33° 15% seme flux con-

23 12 53 centrations near 
north galaxy. 



Figure 5. Photographs of spiral galaxies with large halo sources. — 
The approximate extent of these sources is shown by dashed 
outlines. "X" marks indicate compact source positions (see 
Appendix C). Due to the incompleteness of the interferometry 
the indicated extent of these "halo" sources should not be 
relied upon as definitive maps. The photograph of K249 is 
reproduced from Arp (1966). 
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CHAPTER 3 

DO CLOSE PAIRS OF GALAXIES SHOW AN EXCESS OF RADIO EMISSION? 

In this chapter, the observational results detailed in 

Chapter 2 and Appendix C are analyzed in two distinct ways. First, 

the general properties of the detected sources are compared to pre

vious galaxy surveys by Sramek (1975), Wright (1974a, b), Sulentic 

(1976a), and others. The results of this analysis are inconclu

sive, but possibly show an excess of radio emission among the pairs 

as compared to "single" galaxies. The meaning of any possible ex

cess is not clear, however, because the "single" galaxy samples 

do not meet any criteria at all with respect to isolation. A de

tailed analysis in Appendix D clarifies the pitfalls in comparing 

two different samples of galaxies, since this is the method by 

which previous authors have dealt with this problem (Wright, 1974a; 

Sulentic, 1976a). 

Secondly, statistics self-contained within the sample are 

investigated, particularly those related to the closeness of the 

two galaxies. To do this, we will utilize a "Separation Index" 

(SI) which is defined to be the quotient of the angular separation 

on the sky and the mean angular diameter of the galaxies in the 

pair. The SI, therefore, is a quantitative, smoothly changing 

variable describing the closeness of the interaction between the 

galaxies to within the uncertainties of projection effects. 
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It is shown here that while there is no completely convinc

ing evidence for any excess or peculiar radio emission from the CPG 

compared with other surveys, there is very definitive evidence for 

an excess in radio emission from pairs with small SI relative to 

more widely separated galaxies in the CPG sample. This result con

firms the excess radio emission seen in multiple galaxies from the 

Arp Atlas by Sulentic (1976a). 

The final two sections in this chapter expand upon the cor

relation outlined above by investigating the CPG and other samples 

more thoroughly. These results marginally suggest that the excess 

in the close pairs is not due to the proximity of the other pair 

member, but to the galaxy density in the neighborhood. Either way, 

these results suggest that the radio source is affected by its en

vironment. This concept is not in agreement with recent determina

tions of the radio luminosity function (RLF) of ellipticals in clus

ters and in the "field". Colla et al. (1975) and Auriemma et al. 

(1977) find no difference greater than a factor of two for these 

two groups. We believe this difference is caused by the relative 

density of the field regions sampled; the extreme field ellipticals 

of the CPG occupying areas of space at least an order of magnitude 

sparser than the RLF field ellipticals. 
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3.1 Comparison with Other Surveys 

The best control group for comparison with this survey is 

that by Sramek (1975) at 5 GHz of 1100 galaxies from the Reference 

Catalogue of Bright Galaxies (de Vaucouleurs and de Vaucouleurs, 

1964; BGC hereafter). This sample was chosen because it contains 

a large number of galaxies as faint as 15.5 magnitude, all of the 

galaxies have been classified from the Sky Survey by type, all have 

CGCG magnitudes, approximately 75% of the sample are spirals, and 

60% have know redshifts. Each of these characteristics is similar 

to the CPG. The association criteria used are nearly the same (see 

Appendix C), so the number of background sources included by mistake 

should be nearly the same in each sample. The detection limit of 

the Sramek survey is slightly low compared to this survey, so we 

have raised it to 25 mJy to make it equivalent to 40 mJy at 11 

centimeters (since both surveys have mean spectral indices of ~0.80). 

This limit makes sense as only two overlapping sources detected above 

25 mJy by Sramek were not detected by us (K146 and K591; see Appen

dix C); while we detected only K281 which Sramek did not. The CPG 

members listed in the Appendices as false pairs, single galaxies, 

and optical pairs as well as those high declination sources not 

meeting the minimum detection level of 40 mJy are not included in 

these comparisons. 

Two major differences still exist. First, the depth of 

the CPG sample of galaxies is over twice that of Sramek's sample. 



From the known redshifts, the means are ~3000 km/sec for the singles 

and ~6350 km/sec for the doubles. Secondly, since there is no spe

cific isolation criteria, the Sramek sample contains galaxies 

throughout the entire heirarchy of clustering. This includes 148 

pairs of galaxies also in the CPG, several well-known small groups 

(e.g., Seyfert's Sextet, Stephan's Quintet), and 86 galaxies with

in one Abell radius of an Abell Cluster center plus many in the 

Virgo and other nearby clusters. This problem is common to all 

currently available galaxy surveys. 

The differences in mean distance shows up most strikingly 

in the radio luminosity of detections from each sample (Figure 6). 

The higher mean luminosity for the doubles is consistent with these 

sources being the high power tail of a distribution extremely simi

lar to the single galaxy power distribution. Indeed, the logarith

mic power difference of the spirals, which make up 75% of both 

samples, is consistent with the mean distance difference; 2 log 

(6350/3000) =0.65. If we look at a small sample at a distance 

similar to the CPG such as the cluster work of Jaffe and Perola 

(1975), the spirals have similar luminosities (~20.5) while the 

CPG ellipticals have luminosities similar to the brightest E and 

SO galaxies in each cluster (~22.2). Therefore, there is no con

vincing evidence of excess radio luminosity among the CPG pairs. 

Figure 7 shows the distribution of absolute optical luminos

ities for the two samples in histogram form. The CPG luminosity 
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°£ 109 P5000-
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squares mark the radio sources. Percentages of the total 
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distribution is more strongly peaked in the range of -18.5 to -20 

than the BGC sample, although the difference is only marginally 

significant. The criterion which requires galaxy diameters to be 

within a factor of four is most probably responsible for this. At 

any rate, there should be no significant luminosity bias when com

paring these two samples. 

The distribution of spectral indices for the CPG sample is 

shown in Figure 8 for all sources and for spirals and ellipticals 

separately. The mean for all sources of 0.78 ± 0.38 is nearly iden

tical to the mean of Sramek sample of 0.79 ± 0.30 and is intermediate 

between the high (0.85 ± 0.20) and low (0.75 ± 0:~15) frequency results 

of Kellerman, Pauliny-Toth, and Williams (1969) for strong sources. 

The breakdown by type confirms Sramek's impression that ellipticals 

have flatter spectra than spirals, although this seems to be due to 

a deficiency of steep spectrum sources, not to an excess of flat 

compact sources among the ellipticals. There certainly does not 

seem to be an excess of extremely steep spectrum sources among the 

doubles as reported by Sulentic (1976a) who obtained a mean a -

1.20 ± 0.40. However, using data from 16 sources in common, 

Sulentic finds <a> = 1.05 ± 0.31, while the mean from our data 

is 0.76 ± 0.23. This difference may be due to the sources becom

ing resolved at 5 GHz with the 2.5 arcmin beam of the 91-meter 

telescope used by Sulentic, but not the 5.8 arcmin beam of the 43-

meter used in this survey. We, therefore, feel there is no evi

dence for spectral peculiarities among the pairs. 
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Figure 8. The distribution of spectral indices in the CPG detections 
for all sources, spirals only, and ellipticals only. 



A re-analysis of the Sulentic (1976a) and Wright (1974a) 

results in Appendix D shows that a slight excess in detection per

centage exists for the interacting pairs- However, this excess is 

statistically significant only at one magnitude bin in the Sulentic 

data. Figure 9 shows the results of a similar comparison between the 

Sramek and the CPG samples. Clearly no excess exists among the el

lipticals, although there are two interesting effects in this graph. 

First, for both samples, the cluster ellipticals show nearly twice 

the detection percentage of all ellipticals. Secondly, the overall 

fraction of ellipticals detected shows little or not dependence 

with apparent magnitude. The higher detection percentage of ellip

ticals in rich clusters may be contradictory to the result of Colla 

et al. (1975) that cluster and non-cluster ellipticals show the same 

luminosity function. Since complete redshift information does not 

exist on these samples, this result may also be due to the Abell 

Cluster ellipticals being systematically further away than the non-

cluster ellipticals. 

The spirals, on the other hand, show a consistently higher 

detection percentage which is also mirrored in the complete sample. 

Even though the excess is statistically significant only at 13th 

magnitude, the trend is very similar to that seen in the Wright 

and Sulentic data. There is one effect which might significantly 

increase the excess in the CPG sample. Since there is a large num

ber of pairs (~400) too close to be resolved by the 5 arc minute 

beam of the 91-meter at 11 centimeters, if both galaxies in these 
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pairs were radio sources, the total number of sources would be 

severely underestimated. The interferometry does not suggest that 

the latter speculation is true. Only seven pairs show indications 

that both galaxies are emitting at significant levels. Two of 

these are wide pairs known from the single dish survey: K218 (31), 

K350 (12). The number in parentheses behind each pair is the ap

proximate ratio of radio luminosities from the two galaxies. Among 

the close pairs K125, K288, K335, K347, K404, and K420 possess 

sources probably or possibly associated with both objects. How

ever, only in the case of K288, is there definite evidence for two 

distinct sources each above the survey detection limit. So, while 

there is uncertainty as to the exact number (3-8) of such radio 

pairs, the effect seems purely statistical in nature. This does 

not support the trend noticed by Heeschen and Wade (1964) and 

Sramek (1975) that radio sources in galaxy pairs have non-radio 

emitting companion galaxies. 

In summary, despite a great deal of effort to remove selec

tion effects in the two samples, the excess in detection percentage 

of pairs over "single" galaxies is only marginal. This means that 

the attention paid such tests and conclusions drawn from them in 

the past must be considered inconclusive. If pairs of galaxies 

do have unusual radio properties, the effect cannot be large enough 

to be detected without giving considerable care to the removal of 

selection effects from both sample groups. 



3.2 Internal Statistics 

Since the above comparisons were not completely satisfac

tory, the use of statistics inherent to the CPG sample must be 

relied upon for any definite evidence for excess emission. This 

allows the use of interferometry to exclude those sources which 

are definitely background since we need no longer worry about 

misidentifications inherent in single dish surveys. Figures 10 

and 11 and Table 3 show comparisons for several obvious classes 

inside the full sample. All of these comparisons measure the same 

effect; namely, the closer the two galaxies are in projection, the 

greater the percentage of radio sources. Part A of Figure 10 

divides the sample up by the various interaction classifications 

explained in Figure 1. Keeping in mind the possible ambiguity of 

these classifications, the pairs which exhibit the strongest inter

action (ATM and LIN classes) have considerably more radio detec

tions. Part B shows that the 84 Arp Atlas pairs and 81 W pairs 

which meet the CPG isolation criteria also show higher detection 

percentages than either the whole sample or the Sramek singles 

sample. This is the Sulentic (1976a) result, but for a more pre

cisely chosen sample. The physical separation data shown in Figure 

11a is only for the subset of 324 close pairs (^ 80 arc seconds 

angular separation) for which complete redshift information exists. 

Although the excesses are obvious for both morphological subtypes, 

the sample is biased because the more distant pairs have larger 

physical separations. This bias is entirely due to the arbitrary 

80 arc second cut-off in the spectral investigation. 
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Table 3. Detection percentages of CPG subclasses. 

m Sep Class 
c 

Dis Class Lin Class ATM Class ARP Pairs W Pairs 

8 100±100(1/1) 

9 100±100(1/1) 

10 0 (0/1) 

11 50±25 (2/4) 

12 18±9 (2/11) 

13 16±6 (6/58) 

14 3±1 (3/107) 

15 1±0.5(2/351) 

50±25(2/4) 

33±33(1/3) 

13±13(1/8) 

17±6 (6/36) 

2±2 (1/59) 

4-1 (2/57) 

100±100(1/1) 

50±50 (1/2) 

33±33 (1/3) 

31±15 (4/13) 

8±5 (4/48) 

2±1 (2/120) 

75±25(3/4) 

60±20(3/5) 

15±6 (3/27) 

6±1 (7/137) 

100±100(1/1) 

67-33 (2/3) 

0 (0/2) 

38±20 (3/8) 

39±15 (10/26) 

8±4 (4/52) 

9±3 (6/68) 

100±100(1/1) 

50±50 (1/2) 

0 (0/2) 

50±25 (4/8) 

42±18 (8/19) 

9±4 (4/45) 

4±2 (3/75) 

Separation 
(kpc) 

Ellipticals Spirals Separation 
Index 

Ellipticals Spirals 

0 - 1 0  6.9±3.7 6.3±1.0 0 - 0.5 8.5±4.3 11.7±3.9 
(6/87) (10/159) (4/47) (9/77) 

10 - 20 4. 3± 2.6 2. 9± 1.4 0.5 - 1.0 6.5±3.0 5.7±1.6 
(3/64) (4/139) (6/93) (13/227) 

> 20 2.2±2.2 1. 1±1. 1  1.0 - 1.5 3.8± 2.6 6.3±2.1 
(1/46) (1/88) (2/55) (9/143) 

> 1.5 1.9±1.4 3.3±0.9 
(2/103) (13/391) 

Ul 
Ln 
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In many ways, the clearest result is shown in Figure lib 

in the graph of detection percentage versus separation index (SI = 

sep/<d>; where sep = angular separation of the pair on the sky and 

<d> = mean angular diameter of the pair of galaxies). The entire 

CPG has been used for this comparison since redshift information is 

not required. The strength of the correlation in each group can be 

seen by dividing them evenly in half in terms of SI. If this is 

done, the mean detection percentage for spiral pairs with SI £ 1.40 

(33/418 = 7.9 ± 1.4%) is between two and three times the value for 

the more widely separated pairs (13/418 = 3.1 ± 0.9%). The ellipti

cals divide evenly at SI = 1.1 and show values of 10/150 = 6.7 ± 

2.0% and 4/150 = 2.7 ± 1.3%. The formal statistical significance 

of the difference in sample means was investigated using the "t" 

test. For both the ellipticals and spirals, the means not only 

differ, but differ by a factor of two at a confidence level great

er than 99.99%. Although the total number of pure elliptical pairs 

is small, this type shows the excess more dramatically. Except 

for K373 (SI = 1.46), all of the detected EE pairs have SI £ 2/3. 

Projection effects can only enhance these excesses because almost 

all of the detected pairs with small SI show signs of close inter

action as reflected in Figure 10a. An estimate of this dilution 

of the results for the spirals was found by removing all DIS and 

SEP pairs from the two smallest bins. The resulting detection 

percentages are shown as triangles in Figure lib. Of course, an 



increase in the smallest SI bins means a decrease in the fraction 

detected at larger SI intervals, further enhancing the difference. 

The results should not contain any bias due to distance or 

apparent magnitude since the calculation of SI depends on two quan

tities in which systematic errors should be small. In particular, 

the angular diameter measurements should not be subj.ect to any sys

tematic effect with distance as long as the galaxy is well resolved 

on the Sky Survey. Plots of corrected apparent magnitude (for the 

full sample) and distance (for those pairs with redshift) versus 

SI, show no systematic trends. If anything, there are slightly 

more pairs with small SI at larger apparent magnitudes and distance. 

Perhaps the most important selection effect involves the 

optical luminosity distribution in each of these subsamples. Fig

ure 12 shows the luminosity distribution for ellipticals and spirals 

evenly divided numerically by Separation Index. There is no sta

tistically significant difference between these two subsamples, 

although the close ellipticals may have a slightly higher percentage 

in the two brightest magnitude bins. These distributions are 

good representations of the full samples because of the large per

centage of redshifts available both for the close (•'100%) and wide 

pairs (-60%). Thus, the major selection effects for radio sources 

associated with galaxies do not bias these results. 

The radio powers as shown in Figure 13 also show a marked 

difference for the close pairs relative to the wider ones. The 

nine brightest spiral sources and the seven brightest elliptical 
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sources all occur in the close pairs. In fact, least squares fits 

to the distribution of radio power versus SI and for radio minus 

optical magnitude (Hanbury-Brown and Hazard, 1961) yield the re

lations : 

ELLIPTICALS SPIRALS 

log P2695 = 22.60 - 0.20x(SI) 21.10 - 0.15x(SI) 

M ,. -M . . = -67.70 + 0.33x(SI) -64.50 + 0.50x(SI) 
radio optical 

Since there is good reason to believe that all spirals are radio 

sources at some level (Crane, 1977) as well as most bright ellipti

cals (Ekers, 1975), these detections represent only the high power 

tail of much larger distributions. If an attempt is made to be 

complete in the radio sense by excluding all sources below log 

p2695 ~ 21.5, the relative percentages for the ellipticals remain 

relatively unchanged. There are no wide pair spiral sources bright

er than log P = 21.5 at all. 

3.3 Further Tests of the Separation-Radio Detection Relation 

The results of the last section strongly imply a relation

ship between the separation of two isolated galaxies and the like

lihood that one or both of them are radio sources. The peculiar 

form of the basic isolation criterion met by all CPG members sug

gests another possible interpretation. Since the isolation of the 

pair is measured in units of the Separation Index, those pairs 



with small SI can be in more crowded regions of space (e.g., Abell 

Clusters, tight spiral groups), and still meet the basic CPG cri

terion. In other words, does the observed correlation exist be

cause of the proximity of the nearest neighbor, or is it due to 

the general neighborhood galaxy density? 

Two possible methods of testing this difference are easily 

available. First, besides meeting the basic isolation criterion, 

all members of the CPG were tested using two more stringent cri

teria. The first of these "hard" criteria involves increasing the 

basic isolation parameter from 5 to 10 (see Chapter 2, Section 2.2). 

The second "hard" criterion admits into consideration galaxies 

between h and h the angular size of the paired galaxies, thus 

eliminating pairs with smaller companions. The first of these is 

particularly useful because for each pair considered it measures 

the distance to the next nearest galaxy of comparable size. There 

are three confusing points about the use of this "hard" criterion, 

however. First, the definition is still tied to the Separation 

Index so that a pair with small SI which meets the "hard" criterion 

can be in a more dense region of space than a very wide pair which 

does not. Secondly, this criterion describes only the distance 

to the next nearest galaxy, not the mean galaxy density of the 

region. Lastly, projection effects now became more severe. Lack 

of information on distances can confuse a "hard" isolated pair 

near a projected third galaxy with a pair in a larger group. De

spite these handicaps, the added condition of the "hard" criterion 



eliminates all but five pairs which are members of Abell or nearby 

clusters (Virgo, Ursa Major, or CVn Cloud). All five of these have 

very small SI. Therefore, this method of dividing the sample is 

particularly useful for the ellipticals. 

With the above limitations in mind, Table 4 shows that there 

is a significant difference between the ellipticals in these two 

groups, but not the spirals. In fact, out of 79 pure elliptical 

pairs, 28 pairs meet the "hard" criterion, but no radio sources are 

observed among them. Of the nine EE pairs detected, seven are def

inite members of Abell or Zwicky Clusters and eight show the double-

lobed structure typical of a strong radio galaxy. If the mixed 

pairs are added, only K303 is detected out of 115 ellipticals in 

pairs which meet the "hard" criterion. However, K475 and K508 al

ready have large separations (~200 and ~80 kpc respectively) so 

that the basic criterion alone insures that these pairs are in 

sparse regions. 

Selection effects do not seem to bias these results too 

strongly, as there is no trend in distance or apparent magnitude 

between these two groups. In the absolute luminosity distributions 

shown in Figure 14, there is a deficit of bright ellipticals in the 

"hard" isolated group between -19 and -20.5. Using the detection 

percentages for the "soft" isolated group and taking the differ

ences in the luminosity distributions into account, 7-8 sources 

are expected in the isolated group, whereas only one is found. 
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Table 4. Isolation class statistics.a 

Ellipticals 
"Hard" 
Isolated 

"Soft" 
Isolated 

Spirals 
"Hard" 
Isolated 

"Soft" 
Isolated 

4- SI + SI 

0 - h 0/31 4/16 
(25±12%) 

0 - h 6/57 
(11±4%) 

3/20 
(15±5%) 

h - 1 0/38 6/55 
(11±4%) 

h - 1 9/148 
(6±2%) 

4/79 
(5±2%) 

1 - lh 1/22 
(4±4%) 

1/33 
(3+3%) 

1 - 1* 5/76 
(7±2%) 

4/67 
(6±3%) 

Ih - 2 0/11 0/29 1 ^ - 2  1/31 
(3±3%) 

1/81 
(1±1%) 

2 - 3  0/4 0/21 2 - 3  2/26 
(8±4%) 

6/105 
(6±2%) 

> 3 0/9 2/29 
(7+4%) 

> 3 0/21 3/127 
(2±1%) 

TOTAL 1/115 13/183 TOTAL 23/359 21/479 

29 EE's 
57 SE's 

42 EE's 
99 SE's 

150 SS's 
59 SE's 

190 SS's 
99 SE's 

Ellipticals "Hard" "Soft" Spirals "Hard" "Soft" 

1 SI + SI 

small 
large 

28%(7%) 
10%(0) 

22%(71%) 
40%(21%) 

small 
large 

31%(46%) 
11%(7%) 

19%(25%) 
39%(23%) 

aThe first section lists the number of galaxies under the number of 
radio sources for each bin of SI and isolation class. Percentages and 
v^T~errors in parentheses. The second section lists the percentage of 
galaxies (percentage of radio sources) in each quarter of the SI, 
isolation class array. 
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This result, while based on small numbers, is still significant at 

-1.5% level. 

Since the spirals show the same correlation of detection 

percentage with Separation Index as the ellipticals, it is not 

clear why these galaxies do not show any difference in the isola

tion classes. Perhaps the criteria are not sensitive enough to dis

criminate between the smaller density differences around spiral 

galaxies. However, if we look at the extreme density differences 

as defined by both SI and isolation class (Table 4, lower part), 

the spirals do show the same trend in excess detection as the el

lipticals (six sources predicted for the "hard", large SI bin with 

three actual detections). One of the three spiral detections in 

this bin is K125 which is at bjj = +13, the lowest galactic lati

tude of any detection in the survey by ~10°. Neighbors around these 

galaxies could be obscured so its assignment as a "hard" isolated 

pair is suspect. 

A second method of checking the galaxy density hypothesis 

is to identify galaxy pairs in tight groups and compare the detec

tion percentage of these systems with more isolated systems. Such 

a search was accomplished using a tape of all CGCG galaxies main

tained at the N.R.A.O. The sample includes all galaxy pairs for 

which both members are brighter than 14.5 and for which redshift 

information is available (99 systems in all). The magnitude limit 

was imposed to insure that the fainter surrounding galaxies would 

still be included in the CGCG (which has a magnitude limit of 15.7). 



Concentric circles of eight different radii from 1/8 to /2~~ 

Mpc in steps of were drawn around the midpoint position of each 

pair. By watching the background or foreground galaxy counts fall 

off by factors of two with each decreasing circle size, pairs in 

tight groups (four or more galaxies within 1/6 Mpc) were identified. 

Of course, if a background clump fell within 1/6 Mpc of the pair, 

it would also be counted falsely as a tight group. Although this 

is not likely, it does bias the selection toward nearer galaxies 

in the sample. 

From this procedure, 31 pairs in tight groups were identi

fied as well as five possible group members and 14 very isolated 

pairs with no other galaxies within ~700 kpc in projection. Be

cause most of the spiral groups.were found in the velocity range 

of 0-3000 km/sec, only those galaxies were considered. Twenty-one 

radio sources are among the 89 galaxies in this range and 16 of 

these are identified as members of tight groups. Using the velocity 

distributions and the fact that there is no difference in the opti

cal luminosities of group and non-group members, 15 non-group radio 

sources are expected, while only five were seen. In addition, 25 

spirals were among the very isolated pairs, but there was only one 

detection (K125) in this group. Because of the selection process, 

however, these isolated galaxies are definitely biased towards 

being further away than the rest of the sample. 

So although the difference is not as obvious as with the 

ellipticals, the spirals do seem to show the same tendency toward 



having more radio sources when they exist in denser regions of 

space. 

3.4 Evidence from Other Sources 

From the foregoing discussion, one would predict that truly 

isolated galaxies, whether they are ellipticals or spirals, should 

be extremely poor in radio sources. After all, in the case of the 

CPG, there is always at least one other galaxy present in the im

mediate environment. Very little data presently exists on isola

ted galaxies, although two lists are presently available: Gott and 

Turner (1976) and Karachentseva (1973). Approximately 50 from each 

of these lists were included in Sramek's 5 GHz survey and Figure 

15 shows the detection percentages for these galaxies. While the 

Karachentseva galaxies show nearly zero detections (see Table 5), 

there are a significant number of Gott-Turner detections. This is 

most probably due to the "blind" selection procedure used to com

pile the Gott-Turner list. As noticed and evaluated by Soneira and 

Peebles (1977) and Fall et al. (1976), the Gott-Turner sample is 

extremely susceptible to assignment of galaxies as "field" as an 

artifact of their selection process and to contamination at the 

faint end. This contamination is due to considering no galaxies 

fainter than 14.0 and results in listing 17 CPG members and 

NGC6166, the cD galaxy in Abell 2199, as isolated galaxies. The 

increasing contamination toward 14.0 is seen quite clearly in the 

detection percentages of Figure 15. 



Table 5. Isolated galaxy radio data. 

m 
c 

Fraction 
Percentage 
Detected 

Detected 
Galaxy 

m 
c 

Flux 
Log 

P5GHZ 

Angular 
Problem 

Size 
•p 

Member 
of Group? 

9 2/3 67±33 N2408 8. 8 53±10 18.50 Yes In M81 
Group G2a 

10 2/3 67±33 N2841 10. 1 33±10 19.05 In N2841 
Group G6 

11 1/9 11±11 N2903 9. 5 148±18 19.56 Yes 

12 0/17 0 N3556 10. 7 90±13 18.82 

13 0/17 0 N4126 9. 4 58±12 18.90 Yes In CVn 
Group G3a 

14 0/7 0 

aTaken from de Vaucouleurs (1976). 
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Figure 15. Detection percentages of isolated galaxies compared to 
the full Sramek (1975) sample. — "X"s mark the Gott-
Turner (1976) results; circles are the Karachentse^a 
(1973) galaxies. 



The Karachentseva (1973)"Catalogue of Isolated Galaxies" 

was compiled through a search of the Sky Survey and requires that 

no other galaxy within a factor of four in angular size be within 

20 angular diameters of an isolated galaxy. This approach, while 

it might not give a complete sample, certainly evokes more confi

dence than the Gott.-Turner procedure. The resulting 1051 galaxies 

or ~3% of the full CGCG is in agreement with rough estimates of 

the "field" population by Soneira and Peebles. There is a possible 

breakdown in the selection procedure at the bright end of the sample 

because nearby groups may occupy large solid angles and therefore 

may not be obvious on the Sky Survey. In fact, this problem will 

occur anytime 20 galaxy diameters become comparable with one Sky 

Survey plate. Nine galaxies out of 1051 in the catalogue are large 

enough to be affected by this; six of these Sramek surveyed and 

three were detected. Table 5 lists all the Sramek detections from 

this catalogue indicating their association with de Vaucouleurs1 

(1976) groups and those which have the aforementioned angular size 

problem. Notice the low power level of the detections, all of 

which are at or below the mean flux-magnitude relation given by 

Cameron (1971). Fainter than 11th magnitude where the selection 

process works better, there are no detections out of 46 galaxies 

surveyed. However, only five sources are expected based on the 

full Sramek sample. So, due to small numbers, this result is sig

nificant only at ~3% level. These very limited results are, at 

least, consistent with the possibility that there are no radio 
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sources in these systems stronger than -10 watts/Hz/Str. 



If the excess emission among the close pairs is, in fact, 

due to the general galaxy density and not to the peculiar property 

of duplicity inherent among the CPG galaxies, then recent work on 

the radio luminosity function (RLF) of elliptical galaxies is con

trary to the results discussed in this work. 

Auriemma et al. (1977) and Colla et al. (1975) both find 

little or no difference between the RLF inside and outside of rich 

clusters. However, the "field" ellipticals chosen in both these 

surveys do not meet any formal isolation criteria as do the CPG 

galaxies. The Auriemma, et al. non-cluster ellipticals were taken 

from the classical Humason, Mayall, and Sandage (1956) paper which 

lists only galaxies in five bright nearby clusters as the "inside 

cluster" sample. The others, although presumably "field", contain 

60 E's and SO's mentioned specifically by HMS as being in groups 

or clusters including all the ellipticals in the chain of which 

NGC 382/383 (K23 = 3C31) are members. The Colla et al. field el

lipticals were so designated by identifying a B2 radio source with 

a bright galaxy listed in the CGCG, thus setting a 15.7 magnitude 

limit for the sample. An inpsection of the 34 non-cluster ellipti

cal fields finds that all but eleven are coincident with dumpings 

of galaxies in nearby Zwicky Clusters. We do not agree with the 

assumption of Colla et al. that 50% of these are chance projec

tions. Rather, the large amount of sky covered by Zwicky Clusters 

is evidence that an overwhelmingly large percentage of galaxies, 



particularly ellipticals, occur in clusters or groups. Of the 

eleven remaining fields, seven are within 30° of the galactic 

plane and may be obscured. Out of the four now remaining, two 

(K373 and K475) are in the CPG sample, but do not meet the "hard" 

criterion. The "hard" criterion ellipticals are then in areas of 

space at least an order of magnitude sparser than the field gal

axies used in these two comparisons. The recent discovery by Morgan 

and co-workers (Albert, White, and Morgan, 1977 and Morgan, Kayser, 

and White, 1975) of 15 cD galaxies in extremely poor clusters (some 

of which have only -10 galaxies) emphasizes the possibility that a 

region needs to be very sparse indeed for the process that produces 

radio sources not to work well. These sparse regions are exactly 

where ellipticals are seldom found. This fact makes additional 

statistics bearing on this question hard to accumulate. 

One other method of investigating "field" radio sources is 

currently available. Due to the discovery of radio tail galaxies 

and x-ray emission in clusters of galaxies, considerable evidence 

is being accumulated in favor of a dense intracluster medium. In 

order to determine if classical double sources show the effects of 

this medium, several authors have investigated the differences be

tween bright cluster and "field" radio sources (de Young, 1972; 

Hooley, 1974? and Bums and Owen, 1977). The "field" sample of 

nine 3CR radio galaxies compiled in the most recent work is per

haps the most accurate list presently available. Table 6 shows the 

results of a visual search of the area around each of these bright 



Table 6. Burns and Owen 3CR field radio sources. 

Name r 
Galactic 
Latitude 

Comments 

3C33 

3C98 

3C236 

3C277.3 
(Coma A) 

3C305 

3C353 

3C390.3 

3C403 

3C430 

5.5 

20 

4.5 

6 

3 

6 

2 

4 

-49 

-31 

54 

89 

49 

20 

27 

-12C 

8° 

outskirts of two clusters (Abell 150 ten arc-
minutes south; Abell 152 40 arcminutes north). 

several small comparisons (~5); two large 
companions. 

possible small close companion at r=7; nearest 
elliptical of comparable size at r=20. 

two other nearby galaxies of comparable size. 

~4 small companions; one large one. 

large numbers of faint galaxies in region; looks 
like cluster; "obscured field, brightest member 
of cluster"; Mills (1960), page 559. 

obvious poor cluster; many galaxies around. 

obscured region; presence of cluster not clear. 

obscured region; several nearby galaxies, 
possible cluster. 



(niy. - 16.0) elliptical galaxies on the red glass plates of the Sky 

Survey. Table 7 includes the same data for the de Young "field" 

sample which included galaxies in Zwicky Clusters and to fainter 

limiting magnitudes. The Hooley sample is all accounted for between 

these two tables. A measure of isolation in the sense of Karachent-

seva (1973) is included as r = angular distance to nearest neighbor/ 

angular diameter of radio source identification. Out of 75 3CR 

radio galaxies brighter than 18th magnitude, only 3C236 meets the 

isolation criterion of Karachentseva's sample and only then, just 

barely. The others, while perhaps not members of rich clusters, 

are still in very crowded regions compared with the "hard" isolat

ed or widely separated pairs in the CPG. 

This chapter has presented ample evidence from the CPG 

sample and from other work that galaxies in more crowded regions 

are more often radio sources. However, this effect is not "all or 

nothing" as some radio sources do exist in extremely sparse regions 

(e.g.,3C236, K475, K508). So that while environment seems to be an 

important factor in producing radio sources, its effects are simi

lar to the absolute optical luminosity of the galaxy. Also, it is 

not possible from the data presented here to distinguish with 

security between models where the proximity of the nearest galaxy 

is important and those where the general galaxy density is impor

tant. What evidence there is tends to support the neighborhood 

galaxy density hypothesis. 



Table 7. De Young's out-of-cluster list. 

3CR # 

3C76.1 

3C88 

3Cl03 

3Cl0 9 

3Cl84.l 

3Cl92 

3Cl98 

3C223 

3C223.l 

3C270 

3C285 

3C296 

3C327 

3C332 

3C356 

3C357 

3C381 

3C382 

3C452 

Pl313+07 

Pl-i27+07 

1-!agnitude 

14.9 

14.0 

17.8 

17.0 

15 .4 

16.7 

17.1 

16.4 

11.7 

16.0 

12.1 

15.9 

16.0 

15.5 

17.2 

14.7 

16.0 

!.5.5 

15.5 

Galactic 
Latitude 

- 47° 

-70 

- 28° 

29° 

26° 

23° 

49° 

49° 

r 

2 .5 

3.5 

3.5a 

5.5a 

2.2a 

3a 

7 

3.5 

0.8 

3a 

8 

4 .5 

3.6 

0 .5 

4.4 

Comments 

gooc isolated candidate; loose group to ~w -10 
ar~inu~es; nearest companion is s~all; r=l8.5 co 
nearest comparably sized galaxy. 

many galaxies around; possible loose cluster. 

ID is uncertain (Smith , Spinrad and Smith 1976) 

very faint galaxy; sparse region. 

distant very tight group -8 of equal size. 

loose groupings in area; many galaxies. 

large numbers of faint galaxies. 

brightest object in distant cluster. 

faint cluster present, but nearest large galaxy 
is far away. 

obvious cluster. 

several galaxies of comparable size nearby. 

ver y tight group. 

small group possibly obscured by nearby bright 
star. 

small group of galaxies; tight group of 3 + 2 
outlying members. 

empty field (Smith , Spinrad and Smith 1976). 

tight group; possible cluster. 

many faint galaxies all around ; looKs l~ke 
distant rich cluster. 

small group, but not very dense; smaller galaxies 
close in. 

rich cluster may be background; other large 
galaxies nearby. 

poor cluster; "db" galaxies. 

tight group of ellipticals. 

aidentified by Smith, Spinrad and Smith (1976) as cluster objects. 
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CHAPTER 4 

CONCLUSION 

In the preceding two chapters, observational and statisti

cal evidence has been presented to show that close pairs of galaxies 

are radio sources more often than widely separated galaxies. The 

major findings of this work supporting that hypothesis are: 

1. An inverse correlation exists between physical 

separation and detection percentage in isolated 

pairs of elliptical and spiral galaxies. Previous 

work did not clearly show this effect partly be

cause of the inherent problems in comparing two 

different samples of galaxies and partly because 

this effect is not an "all or nothing" affair. 

While the physical separation is important, 

either this difference in physical environment 

is not marked, or the influences imposed on a 

possible radio emitting galaxy by this environ

ment are subtle ones. 

2. Extremely isolated pairs of ellipticals are poor 

in radio sources. While the same general trend 

is true for spirals, it is not as strong as for 

the ellipticals. This may be due to the inadequacy 
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of the isolation parameters in recognizing the 

more subtle density differences in the spiral 

galaxy environment. Galaxy counts around near

by spirals, both radio and non-radio sources, 

confirm this impression. 

While recent determinations of the RLF for ellip

ticals seem to contradict these results, the 

field samples used were not precisely chosen. 

As a result, the "field" RLF ellipticals have 

environments similar to the least isolated 

CPG ellipticals. 

Among 75 strong 3CR radio galaxies brighter than 

18th magnitude, only 3C236 and 3C76.1 are in 

regions of space as empty as the most isolated 

CPG galaxies. 

Three categories of radio sources have been 

recognized as important among the pairs. Two 

of these are strong radio sources related to 

elliptical galaxies: 1) the long recognized 

"dumbbells" and, 2) elliptical/spiral transi

tion galaxies which may be related in an evo

lutionary sense to the dumbbells. The third 

group is a new class of weak spiral sources 

which either have large radio halos encompas

sing both galaxies or show diffuse emission 
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between galaxies. The precise morphology of 

these sources offers a unique chance to inves

tigate the interaction of galaxies with each 

other and with their environment. 

Since the statistical results above may be a significant 

contribution to the understanding of radio source development, 

they are worth checking using other samples or methods. Two avenues 

of research are apparent: 1) A radio survey of a large number of 

extremely isolated galaxies such as the Karachentseva (1973) Cata

logue. The results herein predict that very few radio sources will 

be found among these galaxies. The 150 isolated SO's and E's are 

particularly crucial, although high resolution photography is nec

essary to insure that these are indeed early type systems; 2) Radio 

continuum maps of the spiral halo and interaction sources with good 

dynamic range (such as will soon be available on the VLA). A few 

examples of radio sources produced through galaxy interactions will 

be worth any number of samples showing such an effect statistically. 

4.1 General Classes of Explanations for These Observations 

While it is not the purpose of this work to propose 

detailed theories to explain these observational results, two general 

classes of theories are outlined here to delineate future research 

alternatives. These are the fission theory and the encounter theory. 



The major difference between these two general concepts is a basic 

cause-effect relationship. That is, are radio sources produced 

because of the extragalactic environment (encounter theory = "mass 

goes in"), or is the environment produced by the same event which 

makes the radio source (fissioning = "mass goes out"). Due to the 

time scales of physical processes in galaxies, these two theories 

have extremely similar observational consequences. 

The fission theory (Ambartsumian, 1971) is based on the 

ample evidence for activity in the nuclei of galaxies and for 

ejections of mass from these active nuclei (see Burbidge, Burbidge, 

and Sandage, 1963 and Arp, 1968). Several radio galaxies such as 

NGC1275 and NGC4486 exhibit both strong nuclear activity and evi

dence for large scale mass motions. Also, successful models of 

galaxy interactions explaining bridges and tails require orbits 

with low Av (Yabushita, 1971) and large eccentricities (Sastry and 

Alladin, 1970) so that only a few close encounters could occur in 

the lifetime of these bound systems. Since large eccentricities 

require many more wide pairs than are observed (Sargent, 1976), 

double galaxies may instead be young, recently fissioned objects. 

If all of the action (i.e.,triggering mechanism, fission

ing, and radio source production) takes place in the nucleus, little 

can be learned about the process unless the nucleus can be directly 

studied. This is especially true if the triggering mechanism is 

internal because there is presently no way to investigate the 



ultimate cause of the radio source event. This model makes no 

obvious predictions concerning the development of the radio source. 

Also, some of the evidence presented here runs contrary to 

the general fission concept. Although the statistical significance 

is minimal due to small numbers, there is an indication that the 

general galaxy density and not duplicity, is the key factor in the 

radio excess of the close pairs. If the triggering mechanism is 

internal to the galaxy, these radio sources should not care about 

the general galaxy density. Studies delineating the effects of 

galaxy density on radio source production in samples where obvious 

duplicity is not important may clarify the role of fissions in this 

process. 

The encounter theory offers a much wider range of obser

vational tests because the triggering mechanism is external to the 

galaxy nucleus. What is meant by encounter here is not necessarily 

a collision of two galaxies (Baade and Minkowski, 1954) or two gas 

clouds (Hoyle, I960), but perhaps only a transfer of mass from one 

galaxy to another or from the general intergalactic environment onto 

a single galaxy. This process is analogous to the smaller scale 

phenomenon of mass transfer in binary stars. 

In fact, the Separation Index employed here is almost iden

tical to the separation, parameter used to define the interaction 

between binary stars under the simplifying assumptions of Roche 

geometry. The separation parameter is the ratio between the equiv

alent radius of the inner Lagrangian surface (s = 0.38 ± 0.2 log q; 



where q is the mass ratio) and the radius of the star (r) in units 

of the separation. While the Roche assumptions are much less cor

rect for galaxies than for stars, Figure 16 shows that there is a 

general trend in detection percentage with (s/r) not only for the 

radio emitting galaxy, but also for its companion. The only as

sumption necessary to calculate the separation parameter is a rela

tive mass to light ratio for spiral and ellipticals. Here we have 

assumed (M/L)ellipticals = 2(M/L)spirals (Turner, 1976b), although 

the separation parameter is relatively insensitive to this choice. 

Just as accretion of material onto collapsed objects is one 

of the natural models used to produce the x-rays and radio waves 

associated with close binary stars, the infall model is suitable 

for galaxies. It has long been known (e.g., Shklovsky, 1963; Hoyle 

and Fowler, 1963) that the kinetic energy of material falling into 

a galaxy nucleus can produce enough power to match the luminosity 

seen in radio galaxies, although this process must convert nearly 

all the rest mass energy available into photons to produce the ob

served quasar luminosities. The difficulties involved here are the 

same as for binary stars; how to get a significant amount of mass 

to lose its angular momentum and fall to the center of the system 

where its energy can be converted very efficiently into radiation. 

Another advantage of the infall model is that several dif

ferent lines of evidence point to the existence of intergalactic 

material. For the spirals, the luminous bridges and tails in close 
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Figure 16. Detection percentages of CPG galaxies versus Roche 
separation parameter (s/r). — S is the equivalent 
Roche lobe radius and r is the radius of the galaxy. 
"X"s mark the percentages for radio-emitting 
galaxies; dots for their quiet or less luminous 
companions. 



interacting systems have been satisfactorily explained for some 

individual cases (Toomre, 1970; Toomre and Toomre, 1970 and 1972; 

Sargent, 1976) as material drawn out of one of the galaxies by 

gravitational interaction alone (with the previously discussed 

reservations). For the ellipticals; several arguments lead to a 

belief in a dense (10~29 to 10-27 gem"3) gas in clusters of galaxies 

These include the confinement of double radio sources (Pacholczyk 

and Scott, 1976), x-ray emission from clusters (Lea et al., 1973), 

and the fact that ellipticals have retained very little gas 

(Matthews and Baker, 1971; Lea and de Young, 1976; Gisler, 1976). 

Therefore, the same density of circumgalactic gas which influences 

the development of the radio source may also have triggered the 

event. 

The infall picture predicts that very isolated galaxies 

will be extremely poor in radio sources because there is little 

gas around to fall into their nuclei. The Karachentseva list, 

therefore, offers a test of the two general classes of theories 

presented here in the sense that both predict very few radio sources 

4.2 Recommendations for Future Work 

Additional areas that may help clarify the observational 

results of this work include: 

1. Basic observational studies of very isolated el

lipticals and SO galaxies to determine their radio 



and optical luminosity functions and gas con

tent. The existence and properties of such 

isolated early-type systems impacts upon the 

method by which gas is lost from these sys

tems and the manner in which ellipticals 

produce radio sources and grow (if they do). 

Optical morphology studies of a larger number 

of db galaxies to determine if the trend 

noticed in the CPG radio sample for align

ment perpendicular to the line of nuclei is 

maintained. 

Re-evaluation of the cluster versus non-

cluster radio source sample armed with the 

knowledge that very isolated "field" galaxies 

are extremely hard to find. More sophisti

cated techniques than cluster catalogues 

will be necessary to evaluate the density 

of galaxies around radio sources. It is 

intriguing that 3C236, the most isolated 

3CR source investigated here, should also 

be the largest radio source presently known 

(Willis, Strom, and Wilson, 1974). 



4. Radio morphology studies of sources for the 

most isolated ellipticals from the CPG, Colla 

at al. (1975), Auriemma et al. (1977) and 

any detections from the Karachentseva (1973) 

Catalogue. The manner in which these sources are 

confined may help our understanding of the 

amount of gas present in the most empty 

regions of space. 

Finally, this entire work has centered around the possible 

relationship between galaxy radio sources and their immediate en

vironment. Are there any other properties that are determined by 

the extragalactic environment? Optical luminosity function, neutral 

hydrogen content, spiral density wave amplitude, and stellar content 

are the most obvious examples of overall galaxy properties which 

might be so affected. Indeed, differences would be expected based 

on either of the models outlined in this chapter. 

Environmental impact statements for galaxies may well be a 

very fruitful direction for extragalactic study in the next few years. 



APPENDIX A 

DETAILS CONCERNING THE OBSERVATIONAL SAMPLE 

The CPG is a distinct improvement over previous double gal

axy catalogues because of the improved plate material available in 

the form of the sky survey and the uniform magnitude system provid

ed by the CGCG. In particular, Holmberg's (1937) "Catalogue of Double 

and Multiple Galaxies" could not have been used with confidence for 

this radio survey because: 

1. There were a large number of false pairs (one 

galaxy plus one galactic star) or single gal

axies included mistakenly as pairs. 

2. Without specific isolation requirements, the number 

of optical pairs and group members was large. 

3. The lack of a distinct photographic limit made 

the sample in no way optically complete. 

In this appendix, the CPG is investigated with respect to these 

three possible problems. 

False Pairs and Single Galaxies 

Because the Sky Survey was used for plate material in the 

CPG, the number of false pairs should be drastically reduced. Due 

to the existence of low-dispersion spectra for a subset of 324 close 
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pairs taken primarily by Dr. W.G. Tifft for another project, we feel 

all false pairs, as well as misclassified single galaxies, have been 
O 

identified. These 240 A/mm untrailed spectra were taken with the 

Steward observatory 2.3 meter telescope plus image tube spectrograph 

and cover a range in wavelength from beyond [oil] A3727 in the blue 

to beyond Ha in the red. The 324 close pairs 80 arcseconds pro

jected separation on the sky) were chosen for observation because 

spectra of both galaxies could be obtained simultaneously between 

the widest comparison lamp spectra available in the spectrograph. 

In addition, similar spectra have been obtained individually for 

the galaxies in wider pairs which are radio detections and for 

which no previous redshift information existed. From these spectra, 

nine false pairs have been identified: K42, 72, 87, 157, 176, 201, 

346, 467 consisting of one galaxy and one galactic star. K505 was 

originally classified with this group, but a high resolution (10 arc 

sec/mm) photograph showed a faint galaxy present behind the star. 

Since the stars in these false pairs were misidentified as galaxy 

nuclei because they were superposed on the disk of the one galaxy 

present, only close pairs could be confused in this manner. There

fore, we feel all false pairs in the CPG have been identified above. 

As Karachentsev noted in the CPG, it is sometimes extremely 

difficult to distinguish between a "super close" double galaxy and 

a single galaxy with a dust lane, double nucleus, or extremely 

bright arm region. The point of view adopted here is that if the 

spectrum shows two distinct and approximately equal continuum con-



entrations, then the double nature of the object is retained. Exam

ples of such cases in the CPG are two radio sources: K31 (NGC 520, 

Arp 157) which is classified in the Hubble Atlas (Sandage, 1961; 

p. 41) as a single Irll galaxy and K470 (IC 4553, 4554; Arp 220) 

which is described in the CGCG as possibly a "close nest of gal

axies." In our spectra, each show two dominant regions of continuum 

emission so the double classification has been retained for them 

both and others like them. 

By their nature, misclassified single galaxies also occur 

only among the close pairs so that we feel the four identified here 

are the only ones. These are K104, K169 (NGC 2633, Arp 80, a weak radio 

source), K187, and K325. Even though the high resolution photograph 

in the Arp Atlas of K169 shows two nuclei, our spectrum shows only a 

single compact nuclear continuum region flanked by two arms approxi

mately equal in intensity. 

Optical Pairs 

While the total number of optical pairs is not known at this 

time, all known pairs with Av 1000 km/sec are listed in Table 8. 

These measures come either from the CPG, Turner (1976a), or have 

been estimated from our low dispersion spectra and rounded to the 

nearest hundred km/sec. 

Our redshift estimates were obtained by measuring Call H and 

K and/or [Oil] X3727 with respect to two comparison lines and 

assuming a linear dispersion on the plate in that wavelength region. 
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Table 8. Pairs with large velocity differences. 

ppr; ft -For 
CPG # Av(km/sec) CPG # Av (km/sec) 

K421 10,000 K015 2200 K27 (SW) 

K443 6700 K586 1800 K287 (SW) 

K315 5200 K300 1400a K505 (N) 

K391 4257 K481 1200a K457 (E) 

K343 2823a K483 1200a 

K499 2500a K588 HOO3 

K360 2400a 

a 
Denotes pairs for which at least one galaxy is an Abell Cluster 
member. Letters in parentheses denote which galaxy has unknown 
redshift. 



The estimated velocity errors of ±200 km/sec have been verified 

through comparisons with more accurate measures previously ob

tained for many of the same galaxies. Also listed are those few 

close pairs for which the spectrum was not of sufficient quality 

to unambigously assign a redshift to both components. Karachentsev 

(1976) and Turner (1976b) have discussed methods of determining 

which pairs are, in fact, projected galaxies, but here, without 

complete sample statistics or accurate redshifts as a guide, we 

rather conservatively assume all pairs with AV > 2000 km/sec are 

optical projections. While the presence of unknown optical pairs 

among the sample tends to dilute any possible differences between 

single galaxies and isolated pairs, the effect cannot be large. In 

the CPG Karachentsev estimates, the number of optical pairs to be 

4% of the total sample (<v24 pairs) . From the data in Table 8, the 

number of pairs with AV £ 1000 km/sec is ̂ 4%. So that while there 

are both optical and physical pairs on either side of that AV, the 

total number of optical pairs is probably somewhat, but not signif

icantly, higher than 4%. Since the redshifts for both galaxies in 

all but two radio source pairs are known, the mistaken inclusion of 

this small percentage of optical pairs will very slightly decrease 

the detection percentage of the sample. 

Completeness 

Since the CPG has a definite magnitude limit and covers the 

entire sky north of -3° declination, it claims to be a complete 



list of galaxies which satisfy the criteria discussed above. To 

check the completeness of this sample, a search for pairs meeting 
t 

the isolation criteria was accomplished using the CGCG. Galaxy 

lists for 24 fields (four from each volume) were examined for 

galaxies which were recorded as close doubles (oply- one magnitude 

listed for both galaxies). These pairs were found on the sky sur

vey and Karachentsev's criteria for isolation was applied to them. 

Of the 21 pairs meeting the criteria, 12 are listed in the CPG. 

In the other nine pairs, both galaxies are fainter than 15.0, half 

fainter than 15.5. In addition, eight of the 24 fields above were 

searched for wider pairs which appeared to be isolated on the 

charts in the CGCG. Out of 30 candidates, only 11 wider pairs met 

the isolation criteria, all but three being CPG members. In each 

of these pairs, both galaxies are fainter than 15.5. On the basis 

of this test, the CPG is essentially complete to 15.0, 86% complete 

to 15.5, and 60% complete to 15.7 with the major deficit being in 

the close (single magnitude) pairs. 

Another method of estimating completeness is to use the 

V/Vmax estimator; first devised by Schmidt (1968) for use with 

the quasars. If the pairs of galaxies have a uniform distribution 

in space and no large evolutionary effects (not expected over the 

range of this relatively nearby sample of galaxies), then the mean 

V/^ax should be one-half to within the errors (± l//l2n where n = 

total number in the sample; see Schmidt, 1968). This estimate is 

devised solely for the optical magnitude of the fainter pair member 



since both galaxies need to be brighter than 15.7 to be included in 

the Catalogue. The results are shown in Table 9. Note that while 

for all magnitude limits except 15.7 <V/Vmax> = h to within the 

errors, there is a general increase in <V/Vmax> toward fainter 

magnitudes. This is perhaps evidence for incorrect magnitudes at 

the faint end of the sample. However, no such result is seen in 

comparisons of the Zwicky magnitudes of single CGCG galaxies with 

more accurate measurements (Huchra, 1976). This excess in <V/V > 
max 

near 15.7 may, in fact, be a result of the combined magnitudes of 

the close pairs. Since such pairs were included in the sample, if 

their combined magnitude was < 14.9, there may be a considerable 

number of inclusions at the faint end of the sample for which the 

fainter galaxy actually has a magnitude greater than 15.7 and 

should, therefore, not be included. 

While these two methods give seemingly different results, 

both show the CPG to be essentially complete to 15.5. Moreover, 

as shown by the <V/Vmax> test, the deficit in the close pairs found 

by sampling the CGCG is probably due to many, if not all, of these 

non-CPG pairs containing one galaxy too faint for inclusion in the 

CPG. Therefore, by including the 57 close pairs with combined 

magnitudes between 14.7 and 14.9, the CPG contains too many faint 

galaxy pairs, not too few. 
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Table 9. <V/V > estimator for the CPG. 
max 

Limiting Magnitude <V/V > for CPG Galaxies 
max 

14.0 0.493 ± 0.034 

14.5 0.477 ± 0.027 

15.0 0.495 ± 0.019 

15.2 0.502 ± 0.017 

15.5 0.508 ± 0.014 

15.7 0.527 ± 0.012 



APPENDIX B 

CALIBRATION AND REDUCTION PROCEDURE 

Details of the single dish calibration and reduction proce

dure is presented here to clarify the observational limitations of 

the survey and to specifically record the calibration of the eleven 

centimeter receiver for future 300 foot observers. 

Eleven Centimeter/300 Foot Procedure 

Scattered among the double galaxies about forty strong flux 

and/or position calibrators were observed using the drift scan tech

nique described in the main text (Chapter 2, Section-2.2). From these 

calibration observations, the following information was determined: 

1. noise tube calibration and aperture efficiency curve. 

2. pointing corrections in right ascension and declination. 

3. beam width in right ascension and declination. 

During each scan, the gain in each radiometer was monitored 

every 30 seconds by the injection of a pulsed 3° K noise signal 

from a calibrated noise tube. The stability of the noise tube was 

itself monitored by observing the transit of the flux calibrators 

through each beam in each configuration of the mount. Repeatability 

of better than 2% was maintained throughout the observations. 
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Each observation, whether calibration source or galaxy pair, 

was reduced using the "CONDARE" interactive reduction ptogram devel

oped at N.R.A.O. by Elaine Litman and Betty Stobie. The strong flux 

calibrators allowed each feed signal to be normalized for differences 

in noise tube values. A linear baseline was subtracted from each in

dividual feed, then all feeds at the same declination were aligned 

and averaged. One or more one-dimensional gaussian fits were then 

made by the reduction programming. In this manner, the right as

cension, source temperature at that declination, and beam width of 

the source in right ascension was found. If the beam width varied 

by less than three standard deviations from the antenna beam size 

at that declination, a point source was assumed. The recorded dec

lination and source temperature at each declination then allowed 

a corrected declination to be calculated for each source as well as 

an improved source temperature and declination source width. The 

last stage was done by hand because some sources had only three 

declination points with which-to fit a gaussian. Even with more 

than three declination points, the declination'and declination beam 

width is the weakest information in the 11 centimeter data. 

The flux calibrators were taken from Kellerman, Pauliny-Toth, 

and Tyler (1968); both point sources and sources slightly extended 

with respect to the ~5' beam at 11 centimeters. Thus, the KPW flux 

scale (Kellerman et al., 1969) was established which is ultimately 

based upon absolute measurements of the flux density of Casseiopeia A. 



The aperture efficiency curve shown in Figure 17 establishes 

the temperature-flux density conversion and the minimum detectable 

flux for the survey. The curve represents the observations of the 

flux calibrators to better than 2%. The minimum detection limit 

has been calculated as follows: the typical noise for a single beam 

observation during the survey was .025° K, considerably greater 

than theoretical probably because of receiver instabilities. This 

meant that for the minimum of six scans at the central declination, 

the observed noise for a single object was never more than .011° K. 

The 3a limit corrected for five effective scans then holds through

out the surveyed region around the galaxies and varies as the 

aperture efficiency curve. Because of the severe degradation at 

high and low declinations, sources between the low limit in the 

Catalogue (-3°) and +10® and at the high end between +70° and +75° 

were observed at least an additional time at 14° rotation angle. 

This brought the detection limit for these galaxies down to the 

dotted lines in Figure 17. On the basis of these results, an 

all-Catalogue detection limit of the 40 milli-Janskys was estab

lished as a conservative limit especially since a large fraction 

of the objects were observed more than twice. This is more than 

five times the estimated confusion value at 11 centimeters of 7 mJy 

(Owen, 1975 and Wall and Cooke, 1975), Unfortunately, observations 

above 75° declination were subject to sometime long-term receiver 

instabilities which made it impossible to meet the noise criterion 

of the survey. This was because near or above 75° a periodic re

ceiver stability became comparable to the beam size of the telescope. 
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Figure 17. Aperture efficiency curve for the 11 centimeter receiver 
on the N.R.A.O. 91 meter telescope. -- The X's are the 
points for individual calibration sources fit by the solid 
curve to 2%. The dashed portion is an extension of the 
curve estimated due to lack of calibrators at those declina
tions. The dotted lines show the decreased detection 
limits based on one extra scan in those declination strips. 



Since the number of objects above 75° is small (19), all these 

pairs were excluded from statistical calculations herein. Table 

10 lists the galaxies for which Figure 17 does not give the correct 

minimum detectable flux due to these receiver instabilities. 

From the calibrator data, the error in flux density for 

each source was also calculated: 

AS = /(.013)2 + (.06S)2 + (.02S [ ̂-y-^-])2 

Here,AS = error in the flux density in Janskys, S = flux 

density in Janskys, 0 = /g^2 + 0^2 the size of the source, and 

7.2 is the mean beam size of the 300 foot at 11 centimeters in (arc 

minute)2. The terms have been calculated as follows: 1) a quad

ratic combination of 11 mJy noise value and 7 mJy of confusion; 

2) a quadratic combination of 2% repeatability of fitting gaussians 

over the course of the observations, 2% aperture efficiency curve 

residuals, and 5% absolute flux scale calibration (Kellerman et 

al., 1968); 3) an estimated 2% error due to errors in measuring 

the source size. These errors are consistent with measurments of 

sources in common with other 11 centimeter surveys. 

From point source data, the point residuals and position 

errors for measured positions were also found. The point source 

calibrators were chosen mainly from the 1400 MHz BDFL Survey 

(Bridle et al., 1972) with a few additions from the Malvern re

sults of Adgie, Crowther, and Gent (1972). Due to overcast days 
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Table 10. Minimum detection limits for galaxies at high declinations. 

CPG # Declination 
Minimum 
Detectable 
Flux (mJy) 

Comments 

108 

109 

110S 

113 

116 

127 

132N 

237 

251 

258 

451 

460 

+80 

+80 

+78 

+83 

+86 

+85 

+80 

+80 

+79 

+72 

+83 

+75 

140 

140 

140 

60 

360 

300 

120 

270 

54 

48 

300 

not detected at 6 centimeters 
(< 41 mJy) 

source detected; see Table 11. 

not detected at 6 centimeters 
(< 25 mJy) 

source detected at 6 centi
meters; see Table 12. 

source detected in between at 
6 centimeters; see Table 13. 

source detected at 6 centi
meters; see Table 12. 

source detected nearby; see 
Table 13. 

not observed at 11 cm; not 
detected at 6 cm (< 46 mJy) 

For all others above 75 , minimum detectable flux given by dashed 
line portion of Figure 17. 
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and mild nights during the May-June observing run when the position

al and flux information was obtained, the pointing accuracy was found 

to be extremely good with negligible day-night effect; ±7 arc sec

onds in RA and £L0 arc seconds in dec for strong sources. This is 

consistent with the results found by Davis (1971). 

A a  =  ,  - .  .  0 .  a n d  

where: 

A a  = error in RA in seconds of time 

A6 = error in Dec in seconds of arc 

5 = source flux density in flux units 

0a = RA size of source in arc minutes 

0'a = RA beam size in arc minutes (4!8) 

0,5 = Dec size of source in arc minutes 

0'5 = Dec beam size in arc minutes (5!0) 

6 = declination 

Because there were difficulties interpreting the RA residuals above 

60° declination, the first term in Aa was doubled for these sources 

and tripled above 65° where there were no calibrators available and 

Aa had to be estimated from previous work (Davis, 1971). The 

The errors in position take the form: 

a  



maximum A6 was set at 2 arc minutes because of the presence of 

the offset beams taking into account their reduced signal to noise 

with respect to the central beams. The terms in the pointing 

errors represent: 1) the spread in pointing residuals; 2) the re

peatability of gaussian fits due to noise; and 3) the added diffi

culty of fitting possibly non-gaussian source shapes as the source 

became resolved. 

Six Centimeter/140 Foot Procedure 

Periodically during the 6 centimeter observations, the 

telescope was "peaked up" on one of the eight strong point sources 

to reset the pointing. Then two sweeps were taken across the source 

in both right ascension and declination to check the pointing. 

Operator "peaking up" in this manner was accurate to ±5 arc seconds 

in RA and ±6 arc seconds in declination. The telescope pointing was 

checked more frequently in the morning and early evening hours when 

the greatest changes due to temperature were expected. The point

ing and focal length corrections were automatically entered into 

the telescope on line (see Gordon et al., 1973). The pointing re

siduals were linearly interpolated between calibration sources with 

an estimated accuracy of ±10 arc seconds. 

Source position and flux errors were calculated in much the 

same general manner as with the 300 foot data: 
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0 -5.8 
Aa = /(0.7)2 + (0.15/s)2 + (-3[ —])2/cos6 D • O 

0a -5.8 
A6 = /(10)2 + (2/S)2 + (4[ 5 Q  ]) 2  

AS = /(.014)2 + (.07S)2 + (,02S[9 "^'2])2 
o • 2 

The first factor in AS is a quadratic combination of 10 mJy noise 

and 9 mJy of confusion (Sramek, 1975). The second factor is a 

quadratic combination of 5% error in absolute calibration (Keller-

man et al., 1968), 4% aperture efficiency variation, 1% accuracy 

in correction to zenith (Pauliny-Toth and Kellerman, 1968), and 2% 

fluctuations in a long term 4% predictable variation in receiver 

efficiency over the observing period. The 140 foot declination 

positions represent at most, a factor of three increase in accuracy 

with similar increased accuracy in declination source size. The 

forms of Aa and A6 involve factors similar to the 11 centimeter 

observations. 



APPENDIX C 

TABLES OF OBSERVATIONAL RESULTS 

The observational results of the radio continuum survey are 

presented in Tables 11-18. The first five tables contain the single 

dish survey results, the next two are the interferometry results. 

The final table contains basic optical data on the galaxies which 

are confirmed detections. 

Table 11 is a listing of the single dish data for all 

sources greater than 40 mJy at 11 centimeters which are confirmed 

by the interferometry to be associated with one or both of the 

galaxies in the isolated pair. For these sources, the concentra

tion of radio emission as seen with the interferometer either falls 

within the optical extent of the galaxy or, as in the case of a few 

of the classical doubles, the midpoint of the two lobes is coinci

dent with one of the galaxies. Table 12 contains sources which 

were determined to be associated with one of the galaxies from the 

single dish results only. For these sources, the interferometry 

either is not available, inconclusive, or confused. Table 13 sources 

are not coincident with either of the galaxies, but were investigat

ed with the interferometer to confirm that fact. This table also 

contains five sources closer than 1.5 arc minutes to one of the 

galaxies, but which are not obviously identified with the galaxy. 
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Table 11. Single dish detections with confirming interferometry. 

CPG 
No. 

NGC/IC/A Other 
Optical 
Nanes 

Radio 
Haraes 

Radio 
Position 

Error in 
Fosition 

Source 
Strength 
at 2695 
and 5000 

mz 

Radio Size 
(in ARC min) 

Spectral 
Index and 
Type 

Radio 
Power 
in Watts/ 
1IZ-STR 

Notes 

19 317a 
317b 

00 54 

43 31 

48.2±3.2 
22 ±100 

41113 
2017 

-1.18 21.15 

23 383 
382 

VV193 
ARP 331 

3C31 01 04 
32 08 

41.610.6 
19 ill 

3230+190 

21801150 
5.2 7.0 -0.66 

S 

22.93 Tji Zwicky Cluster 
0107+32 

31 520a 
520b 

W231 
ARP 157 

01 21 
03 31 

59.710.9 
44 127 

141115 
79115 

-0.79 
C-

20.54 Possibly variable. 

32 545 
547 

ARP 308 
in Abell 
194 

3C40 01 23 
-01 37 

28.310.7 
08 111 

31301240 
19601150 

6.6 7.0 -0.85 
S 

22.96 Double lobed source 

83 1143 
1144 

W331 
ARP118 

02 52 
-00 23 

38.9±1.2 
09 ±47 

90-14 
43110 

-1.02 
S 

21.81 

84 in Abell 
.400 

3C75 02 55 
05 50 

05.2±0.6 
35 110 

35101240 
23001160 

5.9 6.5 -0.74 
S 

23.23 Double lobed source 

99 1588 

1587 

HARK 

616 
04 28 

00 33 

05.211.1 

41 ±45 

106114 

46113 

-1.00 

s 

21.11 

110 2146a 
214G 

4C78.06 
NB78.06 

06 10 
78 22 

43.U4.5 
35 112 

824160 
474137 

6.9 -0.76 

C-

21.10 

125 2342 
2341 

07 06 
20 41 

19.011.2 
38 140 

99114 
51114 

-1.09 21.46 



Table 11. — Continued. Single dish detections with confirming interferometry. 

CPG 
No. 

HGC/IC/A Other 
Optical 
Names 

Radio 
Names 

Radio 
Positioii 

Error in 
Posi tion 

Source 
Strength 
at 2695 
and 5000 
M11Z 

Radio Size 
(in ARC rain) 

Spectral 
Index and 
Type 

Radio 
Power 
in Watts/ 
117.-STB 

Notes 

195 2798 
2799 

W50 
ARP2Q3 

09 
42 

14 
12 

08. 

56 

012.2 

151 

66114 

40113 

-0.65 20.33 

210 2968 
2954 

B20939+ 
32B 

09 
32 

39 
04 

54. 
35 

.4+1.7 

•52 
72114 
39112 

-0.90 20.25 

2101! 3034 MU2 3C231 09 
69 

51 
55 

41. 
26 

.015.0 
±10 

54401330 
39401200 

-0.31 

C-

20.51 6 cm £lux from Keller-
man et al. (1969). 

210S 3031 MU1 09 
69 

51 

18 

36. 

16 

,013.5 

±35 
178117 
118117 

-0.06 

S 

19.02 6 cm flux from Sramek 
(1975) 

224 3121a 
3121b 

1003+14 10 
14 

04 
36 

10. 
10 

,610.6 
±12 

474131 
288125 

6.5 -0.78 

S 

22.58 in Zwicky Cluster 
10036+1443 

220 3169 
3166 

10 
03 

11 
43 

42. 
00 

.3-11.6 
±100 

64114 
47125 

-0.68 19.91 bad offbeam confusion 
at 6 cm 

234 3226 

3227 
VV209 
ARP94 
Scy51(S) 

10 
20 

20 

07 
46. 
5B 

.911.3 
144 

93114 
47114 

-0.74 

C-

20.38 

249 3396 
3395 

W246 
ARP270 

10 

33 

47 

14 

03. 
05 

.811.7 

144 
75114 

47114 
-0.73 

S 

20.26 

264 11 
43 

01 
45 

06. 

14 
.213.2 
152 

44113 

3919 
-0.20 21.98 

/ 



Table 11. — Continued. Single dish detections with confirming interferometry. 

CPG 
No. 

NGC/JC/A Other 
, Optical 

Names 

Radio 
Names 

Radio 
Position 

Error in 
Position 

Sourcc 
Strength 
at 2695 
and 5000 
MMZ 

Radio Siue 
(in ARC min) 

Spectral 
Index and 
Type 

Radio 
Power 
in Watt?/ 
HZ-STR 

Motes 

277 3563a 
3563b 

in Abe11 
1185 

D2130Q 
+27 

11 08 
27 14 

43. 
00 

.711.4 
133 

87114 
61115 

5.4 -0.40 
S 

22.00 

200 IC694 
3090 

W118 

ARP299 
MARK171 

OMf543 11 25 
50 49 

41. 
28 

.811.0 

ill 
563134 

360132 

-0.76 

S 

21.73 

302 3893 
3896 

11 46 
48 59 

00. 
05 

.212.2 
*47 

75114 

43112 
-0.93 

S 

20.14 in Ursa 

Majoris Cloud 

303 3895 
3094 

OM+577 11 46 
59 41 

09. 
37 

.711.3 
ill 

507130 
505130 

+0.08 

S 

21.17 

313 IC749 
IC750 

11 56 
42 59 

18. 
54 

.811.5 
140 

101114 
51114 

5.1 -0.91 
S 

19.GB 

324 4145 
4151 Scy55(S) 

B21203 
+39 

12 07 
39 41 

58, 
12 

.610.9 
121 

242119 

110116 
-0.90 

S 

20.48 

335 4410a 
4410b 

12 23 
09 17 

56. 
21 

.710.7 
120 

227120 
114116 

5.6 6.0 -1.14 22.09 core halo structure 

341 4485 
4490 

W30 
ARP269 

3C272/ 

WK252 
12 28 
41 55 

09, 
21 

.4*1.1 
113 

435130 
293125 

6.5 -0.71 

S 

20.42 in CVnII cloud 

347 4567 
4508 

W219 12 34 
11 30 

03. 
53 

.Oil.2 
160 

97114 
43113 

-0.95 
crx 

20.65 in Virgo Cluster 



Table 11. — Continued. Single dish detections with confirming interferometry. 

CPG 
Mo. 

HGC/IC/A Other 
Optical 
Names 

Radio 
Names 

Radio 
Position 

Error in 
Position 

Source 
Strength 
at 2695 
and 5000 
MHZ 

Radio Size 
(in ARC min) 

Sf>octral 
Index and 
Type 

Radio 
Power 
in Watts/ 
UZ-STR 

Motes 

350N 4G3X ARP281 1121239*32 
ON+366 

12 39 
32 48 

40. 
55 

.1-1.2 
±12 

750*55 
383±32 

7.6 -0.88 

C-

20.66 

350S 46S6 12 41 
32 26 

33. 
41 

.5±1.9 

- 36 
65±14 

58'-15 
-0.34 
CPX 

19.59 

369 W250 
ARP238 
VII Zw506 

13 13 
62 22 

36. 
47 

.713.2 
±28 

74±23 
76±25 

-0.04 21.81 variable during survey 

373 5142 

5141 

I1ARK452(N) 4C36.24 

\\2 1322+ 
36B 

13 22 

36 38 

35. 
23 

.4±0.7 

ill 

580-35 

445134 
-0.54 

S 

22.16 

379 5195 
5194 

VVl 
ARF85 
M51(S) 

OP+44C 
46P47.36A 

13 27 
47 27 

47. 
50 

.811.0 
120 

720150 
360140 

6.0 6.0 -1.05 
C-

20.16 6 cm flux from 
Kellcrinau ot al. (1969) 

308 5256.1 
5256b 

MARK266 
IZw67 

BPL73 13 36 
48 32 

14. 
03 

.612.0 
±41 

81114 
50113 

-0.74 

C-

21.76 

389 5257 
5258 

W55 
ARP240 

13 37 
01 04 

19. 
50 

.712.7 
1100 

40113 
2514 

-0.78 21.22 6 cm flux from Wright 
(1974a) 

<104 5394 
5395 

W48 
ARP84 

IZw77 

1356h37 13 56 
37 40 

28. 
43 

.511.8 
147 

76114 
44112 

-0.64 
S 

21.00 possibly two sources 



Table 11. - Continued. Single dish detections with confirming interferometry. 

CW 
No. 

HGC/ IC/A Other 
Optical 
Names 

Radio 
Names 

Radio Error in 
Position Position 

Source 
Strength 
at 2G95 
and 5000 
MHZ 

Radio Size 

(in ARC min)i 

Spectral 

Index and 

Type 

Radio 

Power 

in Watts/ 

1IZ-STR 

410 5507 
5506 

14 10 
-02 58 

39.210.6 
26 115 

270121 
170+18 

20.99 

5514a 
5514b 

14 11 

07 54 
08.621.0 

08 *29 
158117 

72115 

440 5774 
5775 

14 51 
03 44 

27.8+0.0 
40 +25 

158+16 
87115 

-0.73 
S 

20.56 

14 53 
12 04 

31.0+0.5 

13 112 
5U0+35 
338+27 

455 5857 
5859 

15 05 
19 46 

17.6+1.3 
34 +54 

55 + 14 

2418 
-1.37 

5930 
5929 

15 24 
41 50 

16.911.5 
14 +40 

98114 
51+9 

-0.97 
S 

20.87 

468 5954 

5953 
W244 

ARP91 
15 32 

15 22 

13,1+1.5 

28 ±54 
63114 

34110 

-1.06 
S 

470 IC4553 
1C4554 

ARP220 15 32 
23 40 

47.1+0.7 
02 ±14 

279121 
207120 

-0,49 

475 B21553 
+24 

15 53 
24 35 

56.511.1 
43 +22 

163116 
102116 

5.9 22.19 

A17180 

A1718A 
VV10 

ARP102 
17 17 
49 02 

55.711.5 
00 123 

127115 
96+16 

-0.24 



Table 11. - Continued. Single dish detections with confirming interferometry. 

cru 

No. 
HGC/lC /A Other 

Optical 
Names 

Rad io 

Homes 

Radio 

Position 

Error in 

Position 

Source 

Strength 

at 2695 
and 5000 
MHZ 

Radio Size 

(in ARC min) 

Spectral 

Index and 

Type 

Radio 

Power 

in Watts/ 

U2- STR 

Notes 

526 6501 
6500 

17 

18 
53 
20 

48. 

49 
.0*0.8 
+15 

174+17 

183117 
+0.02 21.22 

564 7236 

7237 
ARP169 
IIZwl72 

3C442 22 
13 

12 
35 

13. 
10 

.711.0 

110 
19001160 
790165 

7.6 6.6 -1.16 

C-
23.08 in Zwicky Cluster 

2212+1326 

575 . IC5283 
7469 

ARP298 
Suy58(S) 

23 
08 

00 
36 

45. 
11 

,010.8 
±30 

158116 
71+15 

-1.01 
CPX 

21.58 

578 7541 
7537 

23 
04 

12 
15 

07, 

05 
.7*1.2 
±31 

111115 
51±12 

5.6 -1.08 20.89 

587 7715 
7714 

VV51 

ARP284 

HARK538(S) 

23 
01 

33 
52 

40. 
20 

.012.5 

±40 
4U12 
32110 

-0.40 20.55 

588 7720n 
7720b 

in Abe11 
2634 

3C465 23 
26 

35 
44 

58. 
25 

.310.7 

±10 
44501300 
25801160 

6.3 6.2 -0.85 
C-

23.51 

592 7769 
7771 

23 
19 

48 
51 

49. 
04 

,8*1.0 
±44 

121*15 
47113 

-1.09 
C-

21.35 

593 MARK331(N) 23 
20 

40 
18 

55. 
28 

. 1±1.6 
139 

60113-
39113 

-0.73 21.24 

603 W254 
IIIZwl25 

23 
23 

59 
12 

07. 
30 

.711.5 

±39 
70114 
53114 

-0.64 21.23 



Table 12. Detected pairs with no confirming interferometry. 

CPG A NGC/IC/A 
Other 
Optical 

Names 

Radio 
Names 

Radio 
Position 

Error in 
Position 

Source Strength 
at 2695/5000 
MHZ 

Radio 
Size 

Spectral 
Index 
and Type 

Radio 
Power 

Notes 

116 W248 NB86.3 06 41 55. .9±8.3 8.0 8.0 -0.60 21. .38 Notes a,b 

ARP96 86 39 15 ±20 i20±ia (est.) 

132 2336 07 18 15. ,0±36.0 ? 20. .55 Notes a,b 

IC467 80 16 03 ±80 25*8 (est.) 

169 2633a ARP80 08 42 32. .7±5.9 57*13 -0.90 20. .50 single galaxy 

2633b 74 17 36 ±60 38±10 

261 3649 11 19 05. ,0±1.8 61±13 -0.78>a> 21. ;oi 
3646 20 27 09 ±120 <38 -1.75 

353 4647 W206 12 41 03. .2±2.0 52±13 -1.40 19. .82 Note c. in Virgo 

4649 ART116 11 51 02 ±120 20±4 C- Cluster 

446 W340 14 54 47. ,4±2.2 51±13 -0.40 21. .71 Confusing source 
ARP302 24 48 48 ±51 40±10 is PKS1455+24 

aNot detected at 11 cm due to rcceivcr oscillations at high declination. 

^Radio power at 11 cm estimated by interpolation (for K116) or extrapolation using a = -0.8 from existing data. 

°6 cm flux from Wright (1974a). 



Table 13. Single dish detections near galaxy pairs. 

CPG I HGC/IC/A Other Radio 
Optical Source 
Names Names 

Radio Error Source Strength Radio Size Spectral Radio Notes 
Sourcc in at 2.7/5.0 GHZ in arcmin Index Offset 
Position Position and Typo in arcmin 

15 00 43 
19 12 

32.3±1.0 
46 129 

118i 15 
69H5 

-0.89 0.1W 
0.3H 

414a 

414b 
B2010B 
+32 

01 08 
32 50 

24.611.3 
50 126 

138122 
81+15 

G.8 7.2 -0.71 1.2W 
0.1S 

in Zwicky Cluster 0107+32 

in Abell 
201 

01 25 
16 16 

47.511.3 
46 148 

90+14 
43+13 

-1.22 1.1K 
3.7N 

in Abell 
253 

01 46 
19 58 

12.211.3 
29 142 

71114 
43H3 

-0.83 2.4E 
2.2S 

1207a 
1207b 

03 14 
31 24 

03.212.9 
37 155 

40113 
37112 

0.2B 
0.6H 

in Abell 01+409. 
569 

9 07 06 
48 01 

04.011.0 
24 124 

214118 
90+15 

-1.43 0.9W 
0.7N 

127 07 12 
85 49 

12.415.1 
21 122 

(Not observed) 
147119 

7.5 1.9E 
1.5S 

two sources not resolved 

192 

2783 

in Zwicky 
Cluster 
0911+3025 

09 10 

30 12 

46.714.5 

39 152 

57113 

39H1 

-0.63 1.5E 

0.3S 

two sources not resolved 

IC2505 
IC2506 

09 42 
27 29 

18.4 11.7 
36 122 

174121 
101117 

0.3W 
0.6N 

two sources not resolved 

3286 
3288 

10 32 

58 49 
47.211.2 
37 117 

257120 
139117 

-1.01 3.2W 
0.7N 



Table 13. — Continued. 

CPG 8 NGC/IC/A Other Radio Radio Error Source Strength Radio Size Spectral Radio 
Optical Source Sourcc in at 2.7/5.0 GHZ in arcrain Index ' Offset 
Names Names Position Position and Type in arctnin 

10 36 

40 11 
41.022.5 
45 »G5 

63»14 

31*7 

1.0W 

0.2N 

in between this pair 

251 4C79.10 
NB79.23 

10 47 
79 28 

37.914.8 
56 ±20 

355125 
152+10 

-1 .18  
C-

0.1W 
3. ON 

3991a 
3991b 

ARP313 
IIAR05 

11 55 
32 36 

04.212.0 
05 +36 

62H4 

57115 

5.3 -0.52 
C+ 

2. OB 
0.7S 

4302 
4298 

in Virgo 

Cluster 
12 18 
14 53 

14 17 
26 32 

58.711.8 
10 134 

06.411.6 
08 147 

120121 
68116 

77114 
44114 

9.4 9.0 -0.81 
S 

-0.96 

0.4W 
O.lti 

0.1U 
0.1N 

two sources not resolved 

6050a 
6050b 

in Hercu- 4C17.66 
les 0S4106 
Cluster 

16 02 
17 52 

16 11 
04 10 

55.110.6 
21 115 

46.510.6 
03 122 

313124 
189+13 

6.5 

-0.52 
S 

-0.83 

2.9W 

0.8S 

0.2W 
3.ON 

MARK 
506(H) 
SEY46(N) 

B21720 
+30 

17 20 
30 55 

37.512.1 
42 +108 

56113 
<30 

1.7W 

0.1N 

6575 
IC1277 

18 09 
31 05 

0 6 . H 2 . 6  
06 158 

46+13 

35110 

0.5W 
I.IS 

21 16 
05 40 

25.511.5 
57 +61 

70H4 
33+12 

-1.24 0.6E 
2.7M 

in between this pair 

562 in Abe11 
2419 

22 06 
17 34 

48.011.2 
20 +33 

95+14 
65H4 

2.2E 
0.2S 

566 7253a 
7253b 

22 17 
29 09 

17.911.0 

14 132 
134+15 

65115 

-1.03 

S 

1.2E 
1. IN 

586 VV314 B22331+ 
ARP46(S) 29 

23 31 
29 47 

22.611.0 
00 +22 

134+15 

101116 

0.5E 
0 

602 7806 
7805 

VV226 
ARP112 
MARK333(S) 

23 58 
31 06 

55.711.9 
35 123 

109115 
57115 

-1.07 0.2E 
3.5S 



Table 14. Sources less than full sample detection limit. 

CPG If NGC/IC 
Other 
Designation 

Radio 
Sourcc 

Radio 
Position 

Flux at 2695 
and 5000 MHZ 
in mJy 

Spectral 
Index 

Radio Offset 
in arcmin 

Notes 

42 01 
36 

47 
01 

53 
00 

5.2 
120 

24 ± 8 0.4W 
0.7N 

single galaxy + star 

141 07 
08 

42 
02 

35. 
45 

3.0 
120 

34 ± 6 1.6E 

0. 55 

206 09 
00 

31 
29 

36 
45 

0 3.5 
120 

29 ± 9 0.1W 
0.9N 

22B 3169 
31G6 

10 
03 

11 
40 

06 
20 

3.6 
120 

27 ± 8 
<10 

1-1-00 0.7W 
0 

6 cio flux from Wright 
(1974a) 

229 10 
12 

13 
52 

50 
20 

3.0 
120 

34 i 8 0.5W 

1.8S 
1 
2 
4E 
7H 

in between this pair 

296 3000 
3799 

W350 
ARP83 

11 
15 

37 
36 

35 
00 

3.7 • 
120 

2 8 + 8  0.4W 
0.6N 

confused liy source 31 

to north (Wright 1974a) 

365 ARP242 12 
31 

43 
01 

42 
00 

0 4.5 
120 

26 1 8 
25 1 7 

-0.06 0.4W 
0. IN 

6 cm flux from Sulentic 
(1976a) 

396 A1345B 

A1345A 

VV317 13 

34 

44 
08 

45 

40 

9 3.2 

120 
38 i 12 
<31 

1-0.34 0.7F. 
0.3N 

416 5480 
5101 

14 
50 

04 
58 

33 
00 

7 5.9 
120 

27 ± 9 
22 ± 9 

-0.34 1.0E 
0.6S 

0 
1 
5W 
ON 

6 cm flux from Srarnek 
(1975) 

441 14 

19 

55 

53 

00 
20 

3.0 

120 

36 ± 12 0.6S 

IN 

1 
0 

ON 

IN 

in between this pair 

453 15 
09 

04 
37 

10 
55 

3.0 
120 

34 ± 7 0.2E 
0.4S 

471 5993 
5992 

MARK 
409(S) 

15 
41 

42 
16 

43 
10 

3 6.1 
120 

22 + 5 0.4E 
1.1N 

472 5996 
5994 

WIG 

ARP72 
15 
10 

44 
00 

40 

30 
0 3.3 

120 
32 ± 10 

16 
-1.14 0.4E 

0 

6 cm flux confused by 
tienrby source (Wright 
1974a) . 

570 7332 
7339 

22 
23 

35 
31 

25 

30 

5 4.2 

120 

26 ± 8 0.7W 
1.35 

0 

0 
BE 
lri 

591 7753 
7752 

VV5 
ARP86 

23 
29 

44 
11 

30 
60 

5 3.7 
120 

31 t  10 
23 8 

-0.49 0.3W 

0.2S 

6 cm flux from Sramek 
(1975); in between this 
pair. 



Table 15. Sources detected only in other surveys. 

Source 
CPG # NGC/IC/A °ther Strength ™f"enCy Reference 

Designation , „ . (MHZ) 
(mJy) 

Survey 
Limit at 
2695 MHZ 

Spectral 
Index 

13 169a 
169b 

MARK341(S) 
ARP282 

250165 430 Tovmassian and £ 25 
Terzian (1974) 

< 1.25 

226 MARK414(S) 31±11 5000 Sramek and ^.25 
Tovmassian(1975) 

> +0.35 

265 3509a 
3509b 

W75 
ARP335 

12±4 
<50 

5000 
2700 

Wright (1974a) <35 > -1.77 

283 3664b 
3664a 

W251 
ARP5 

10±4 
<50 

5000 
2700 

Wright (1974a) <39 > -2.25 

294 3769 
3769a 

ARP280 
in Ursa 
Majoris 
cluster 

100 2695 Haynes and 
Sramek (1975) 

30 interferometer 
detection on 
incomplete 
coverage 

354 MARK221 
MARK220 

25±7 5000 Sramek and 
Tovmassian (1975) 

< 25 > 0.00 

358 4809 
4810 

ARP277 
in Virgo 
Cluster 

9±4 
<50 

5000 
2695 

Wright (1974a) <38 > -2.38 

363 4922b 
4922a 

in Coma 
Cluster 

60 408 Willson (1970) < 30 > -0.37 
~Coma Cluster 
detection;5C4.130 



Table 16. Basic interferometry data for sources in Table 11. 

Cl>G 0 Galaxy 

id 

Structure Compact Sourcc 
Position 

Compact Source size Comments 
Flux < O^(arcsecs) 

19 00 54 51.1 
43 31 20 

3213 

X<d) map—Macdonald, Kenderdine and Neville (1968) 

one lobe centered on north galaxy 

S(?) CX 01 21 59.6 
03 31 53 

90 
34 

Tovmassian and Sramek (1976) 
in dust lane in between emission regions 

IK?) X (d) map—Schilizzi, Lockhart and Hall (1972) 
id disputed see Simkin (1975); these are 
nearest galaxies to midpoint. 

02 52 39.1 
-00 23 08.2 

49i3 

S(?) X(d) map—Maltby, Matthews and Moffet (1963); 
nearest galaxies to midpoint of double. 

99 04 28 05.6 
00 33 15 

7916 
3716 

110 

125 07 06 14.2 
20 41 02 

3413 3x5 

map—de Bruyn (1976) 

extended source: 5318 at 07 06 20.7 
20 43 02 

192 

195 

210 

218 

C 

X 

XC 

09 10 39.8 
30 12 00 

09 51 41.95 
69 54 57.5 

09 51 27.4 
69 18 08 

110120 

7513 

4x4 too weak to be included in 
statistical analysis 

2.5x2.5 map—Allen and Sullivan (1973) 

map at X band—Kronberg and Wilkinson 
0.5x0.5 (1975) 

2x2 Crane, Giuffrida and Carlson (1976) and 
van der Kruit (1973). 



Table 16. — Continued. Basic interferometry data for sources in Table 11. 

CPG « Galaxy 
id 

Structure Compact Source 
Position 

Compact 
Flux 

Source size 

< O^(arcsecs) 
Comments 

224 N X(d) 10 01 U9.8 
14 37 07 

10414 
88117 

3x10 
2x7 

triple sourcc with compact central 
source on galaxy 

228 H X 

234 S CX 10 20 46.7 
20 07 07 

54±3 
1913 

3x3 map—Crane (1977); maybe resolved at 
X band 0 -31 

249 S X centered in between galaxies 

264 N c 11 01 07.0 
43 45 13 

33±7 3x3 

277 N X(d) one lobe centered on galaxy 

281 S X source too broad and diffuse to be detected 
even at 100 meters spacing; id made from 
single dish results. 

288 N 
S 

X 
X 

map—Sramck and Tovmassian (1976) north 
component stronger than south by a factor of -3.3. 

302 n X 

303 s c 11 46 10.3 
59 41 37 

425120 

490125 
3x3 
1.5x1.5 

data from ilaynes and Sraraek (1975) 

313 s X 

324 s c 12 08 01.0 
39 41 02 

20414 
7614 

0H o-
0^ ~2"xl" 

data from Crane (1977) 

335 both X 12 23 55.8 
09 17 52 

1015 3x8 extremely extended with one compact component 
on north galaxy; 30^ of zero spacing flux missing. 

341 S X data from de Bruyn (1976). 

347 both X centered in between these galaxies; closer to 
south galaxy. 



Table 16. — Continued. Basic interferometry data for sources in Table 11. 

CPG I Galaxy 

id 

Structure Compact Source 
Position 

Compact 
Flux 

Source Size 

< O^(arcsecs) 
Comments 

350 N 

S 

X 

X 

map—Crane (1977); small nuclear source, 
see Pooley (1969). 

-40% of source comes from nearby compact 
galaxy tKJC 4657 (Baldwin and Pooley, 1973). 

353 li no interferometry available 

3G9 s CX 13 
62 

13 
23 

41.7 
18 

37+9 

14 ±9 
3x3 

373 s X(d) map—Fanti et al. (1977). 

379 N C 13 
47 

27 
31 

53.2 
23 

15 7x7 map—Matthewson, van der Kruit and Brown 
(1972); fluxes and sizes are at 1415 MHZ. 

S CX 13 
47 

27 
27 

46.1 
14 

80 0^ -16" 

388 S xc 13 
48 

36 
31 

14.6 
47 

26*4 3x3 extended component also encompasses north object 

389 both? X possibly extends to both objects; very weak 

source. 

404 N 
S 

CX 
X 

13 
37 

56 
41 

25.1 
46 

18+2 5x6 most of flux in broad source in south object. 

419 S c 14 
-02 

10 
5B 

39.3 
30 

247+13 

891:18 
3x8 85+20 at X band In 0^ < 0.3" 

420 N X two components; one at north galaxy, other in 
between galaxies; 40% of zero spacing flux 
missing. 

.440 S X data from Crane (1977). 

445 S X 50% of the flux missing; source structure complex. 

446 N ? identification made from single dish results and 
from Drcssel and Condon (1977); confuscd by 
strong nearby source. ^ 

H 



Table 16. — Continued. Basic interferometry data for sources in Table 11. 

CPG I Galaxy 

id 

J Structure Compact Sourcc 
Position 

Compact 
Flux 

Source size 

< O^(arcsecs) 
Comments 

455 S xc 15 
19 

05 
40 

18. 
24 

3 21±4 3x6 50\ of zero spacing flux missing. 

166 H c 15 
41 

24 
50 

20. 
59 

Q 40*3 3x5 

5 cx 15 
41 

24 
50 

18. 
41 

9 23±3 3x5 

46B S X 

470 S c 15 
23 

32 
40 

46. 

06. 
92 
,7 

271*5 
150110 

180+25 < 0.8" at S Band. 

475 S xc 15 
24 

53 
35 

56. 
33 

.2 6214 
5116 

3x4 possible radio tail galaxy; 30% of zero 
spacing flux missing 

508 S c 17 
49 

17 
01 

56, 
49. 

,25 
.0 

9814 
124114 

3x3 55113 < 0.8" (S band) 

526 S c 17 

18 

53 
20 

48. 
40 

.1 155 
130 

3x3 
1.5x1.5 

data from Haynes and Sramek (1975) 

564 N X(d) map—Mackay (1969) 

575 S cx 23 
08 

00 

36 
44, 
16 

.4 10713 0^-4"x2M data from Crane (1977) 

578 

587 

H 

S 

xc 

X 

23 

04 

12 

15 

11. 

41 
.1 2215 Vs" data from Crane (1977) 

see Stocke and Arp (1977) 

588 S X{d) 23 
26 

35 
45 

58, 
19 
.8 260 10x20 map—Macdonald et al. (1968); data for 

1420MHZ; compact source -31 of total. 

592 S X 23 
19 

48 
50 

52 
02 

.1 28 i6 4x8 40\ of zero spacing flux missing 

593 N cx 23 
20 

48 
18 

54 
29 
.1 4613 

3719 
3x6 

G03 N X source centered in between galaxies but 
concentrations near nortli object. 



CPG 

15 

25 

33 

41 

68 

124 

127 

192 

213 

239 

242 

251 

288 

311 

332 

423 

17. Basic interferometry data for sources near galaxy pairs. 

Source Position(s) Size (arcsecs) Identification and Comments 

00 43 30.7 19 13 31 120±13 7Q"x37,, possible radio tail; 19th magnitude red galaxy in bright spot of 
source at 00 43 29.0 

19 13 51 

08 25. ,5 32 51 28 45+5 18"xl3" empty field double source 
08 26. .7 32 50 56 5218 23nxl4M 

25 50. .2 16 16 31 14917 <4Mx5" empty field 

46 11, .8 19 59 13 -65 Note a 

14 12. .0 31 26 28 27±4 <4"x6* empty field—another weak source to south of pair 

06 01. .6 48 01 40 214122 UMx4M ..20th magnitude neutral stellar object within extent 
not centered at 07 06 02.16 48 01 44.4 

no interferometry available—too far north—two sources not completely resolved by 43 meter at 6 cm. 

09 11 04. .5 30 13 22 2514 <4"x5" -19th magnitude galaxy is nearest object at 09 11 04.9 30 13 16 

09 42 26. .0 27 30 10 ,60 Note a 
09 42 05. .3 27 29 10 ,50 Note a 

10 32 45. .70 50 49 A
 
o
 

in
 

25015 -19th magnitude BSO at 10 32 45.75 58 49 40.6; unresolved at 35 
8118 km baseline 180117 < 0.8"(S band) 

10 36 41. .0 48 12 02 44113 <3Hx3" -19th magnitude galaxy at 10 36 41.1 48 12 01 

10 47 29. .1 79 29 37 222112 empty field; 118122 < 0.8" (S band) 

11 25 45. .0 58 48 05 -195 30"x45" data estimated from de Bruyn (1976) map; two red nonstellar objects 
11 25 34. .0 58 48 58 -65 30"x40n at midpoint of double at 11 25 39.5 58 48 30 

11 55 02. .5 32 33 21 -50 Note a 

12 18 43 14 55 02 -45 Note a 

14 17 05. .4 26 32 11 42*3 <3"x5" empty fieldi quite close to K423N but not within disk of galaxy 



Table 17. — Continued. 

CPG tt Source Position(s) Flux Size (arcsecs) Identification and Comments 

446 14 55 31. .1 24 47 06 269117 3Mxll" empty field; source is PKS 1455+24 

481 16 02 53. ,9 17 51 53 332130 ,60" NGC 6047; 5 GHZ data from Jaffe and Perola (1974) 

490 16 11 43. .8 04 10 34 -330 Note a 

510 17 20 35. ,9 30 54 41 4017 18Mx<5" empty field 

530 18 09 08. 4 31 03 26 — Note a 

556 21 16 25. .3 05 40 10 — Note a 

5G2 22 06 48. .3 17 35 00 — Note a 

566 22 17 20. .4 29 09 32 lomi 7"x4" -19th magnitude neutral stellar object at 22 17 20.34 
29 09 31.2 

506 23 31 26. .5 29 47 47 12916 4"x3" empty field 

587 23 
23 

33 
33 

57. 
57. 

.2 

.0 
01 
01 

54 
54 

02 
19 

4315 
42+7 

<7"x4" 
<7Hx4" 

18th magnitude Q50 (see Stocke and Arp 1977) 

602 23 58 58, .0 31 06 43 7415 <4"x5" nearest objects are small group of very red stellar 

objects; none within 20" of radio position. 

Approximate positions only (±10-15") from very limited interferometry. 



Table 18. Optical data for detected galaxies. 

CPG V O 6 Revised Inter- Corrected Rcdshift Corrected 
Hubble action Magnitude in km/sec Absolute 
Classifi- Type/Index Magnitude 
cation 

15 00 
00 

45 15.3 
43 32.6 

19 19 27 
19 12 28 

Sab 
Sbc 

SEP 
8.43 

14.5 
15.3 

4Q00 

2600 
-18.3 
-17.6 

optical pair 
background radio source. 

19 00 
00 

54 49.8 
54 51.2 

43 31 51 
43 31 20 / 

E-S0 
Sb 

ATM(sh) 
0.67 

13.2 6100 
5900 

-20.7 

01 
01 

04 37.6 
04 37,6 

32 08 44 / 
32 08 14 

SO 
B 

ATM(sh) 
0.40 

13.3 
is.9 

5354 
5086 

-20.3 
-19.7 

01 

01 
08 30.3 
08 30.9 

32 50 55 
32 50 50 

SO 
E 

ATH(sh) 

0.27 
14.2 5200 

5600 
-19.5 background radio source. 

31 01 
01 

21 59.2 
21 59.4 

03 32 26 
03 32 03 / 

Irll 
Irll 

LIN(ta) 
0.41 

12.4 2422 
2857 

-10.6 in NGC 488 group 
16 Mpc 

01 
01 

23 26.1 
23 27.7 

-01 35 59 ? 
-01 36 17 

SO 
E 

ATM(am) 

0.25 
13.7 
13.4 

5437 
5575 

-20.0 
-20.3 

02 
02 

52 36.1 
52 38.7 

-00 22 47 
-00 23 09 / 

E 
Sm 

ATM(sh) 
0.96 

13.2 8500 
8900 

south object is a ring galaxy 

84 02 
02 

55 03.0 
55 03.1 

05 49 37 
05 49 23 ? 

ATM(am) 
0.57 

14.6 7217 
6858 

-19.7 

99 04 
04 

28 09.4 
28 05.6 

00 33 28 
00 33 18 / 

SO 
E 

DIS(l) 

0.67 
13.8 
13.0 

3275 
3812 

-19.0 
-19.8 

06 
06 

15 53.2 
10 42.7 

78 33 15 
78 22 31 / 

Sb 
SOb 

DIS(l) 
4.17 

13.8 
10.7 

1300 
1300 

-16.7 
-19.8 

116 06 
06 

41 43.7 

42 08.5 
86 38 26 • 
86 37 33 

Sc 

E 
LIN(br+ta) 
1.96 

15.3 

14.5 

4500 
4700 

-18.0 
- 1 8 . 8  

07 
07 

06 20.5 
06 14.2 

20 43 05 / 
20 41 01 / 

Sc 
Sm 

SEP 
2.14 

11.7 
1 2 . 8  

5500 

5500 
-22.0 
-20.9 

close to galactic plane 
Am = -1.9 used 



Table 18. — Continued. Optical data for detected galaxies. 

CPG # a 6 Revised Inter- Corrected Rednhift Corrected 

Hubble action Magnitude in kro/^ec Absolute 
Classifi- Type/Index Magnitude 
cation 

132 

169 

192 

195 

210 

21B 

224 

242 

277 

201 

07 18 27.6 
07 21 55.4 

08 42 34.1 

09 10 33.1 
09 10 39.9 

09 14 09.7 

09 14 17.8 

09 40 13.8 
09 39 56.4 

09 51 30.0 
09 51 40.5 

10 04 10.1 
10 04 09.9 

10 11 38.0 
10 11 09.3 

10 20 42.9 
10 20 46.6 

10 36 27.-0 
10 36 46.8 

10 47 08.7 
10 47 02.6 

11 01 05.4 
11 01 07.0 

11 0B 44.2 
11 08 42.6 

11 19 36.8 
11 19 05.4 

11 25 43.3 
11 25 41.1 

80 16 37 / 
79 58 31 

74 16 59 / 

30 12 24 
30 11 58 / 

42 12 40 / 

42 12 20 

32 09 34 
32 04 30 / 

69 54 53 / 
69 18 17 / 

14 37 12 
14 37 03 / 

03 43 13 / 
03 40 29 

20 09 11 
20 07 07 / 

48 12 28 

40 11 31 

33 15 18 

33 14 42 / 

43 45 16 
43 45 13 / 

27 14 08 / 
27 14 01 

20 29 01 
20 26 42 / 

58 50 22 / 
58 50 01 / 

SOc 
Sc 

Sb 
E 

SRa 

Im 

Sa 
SUb 

Irll 
Sb 

Sa 
SO/Sa 

E 
Sbc 

Sa 

Sc 

Im 
Scd 

Sc 
SC 

SO 

E 

sua 
Sbc 

Sm 
Im 

SEP 
4.45 

Single 

SEP 
0.79 

DIS(2) 

0.73 

SEP 
2.37 

SEP 
2.13 

ATM(am) 
0.17 

ATM(sli) 
1.56 

LIH(br) 
0.76 

DIS(l) 

2.89 

ATH(sh) 

0.70 

ATM(s)i) 

0.59 

ATM(sh) 
0.51 

SEP 
3.24 

DIS(2) 
0.27 

11.0 
12.4 

12.0  

15.2 
13.9 

12.8  
14.3 

13.1 
12.0  

9.1 
8.0  

14.2 

11.8  
11.1 

13.2 
12 .2  

14.4 
14.5 

12.6  
12 .1  

14.6 

14.6 

14.7 
11.5 

11.8 

2100 
2435 

6700 
6600 

1900 
2000 

1284 
1552 

322 
88 

9400 
9100 

1116 
1200 

1232 
1005 

1100 
1500 

1622 
1611 

15100 
14900 

10000 
10900 

4444 
4198 

3097 
3212 

-20.8 
-18.4 

-18.9 
-20.2 

-18.7 
-17.2 

-17.9 

-19.0 

-17.9 

-19.0 

-20.6 

-18.5 
-19.2 

-17.8 
-18.9 

-16.2 
-16 .1  

-18.4 
-18.9 

-20.6 

-18.4 
-21 .6  

-20.7 

estimate log P2695 = 21.02 

in NGC 2964 group 
16 Mpc 

in M81/M82 group 
2.5 Mpc 

in NGC 3190 group 
16.5 Mpc 

background radio source 



Table 18. — Continued. Optical data for detected galaxies. 

Revised Inter- Corrected Rcdshift Corrected 
Hubble action Magnitude in km/scc Absolute 
Classifi- Type/Index Magnitude 
cation 

11 41. 00.4 

11 46 18.6 

48 59 23 • Sc 

48 57 11 Irll 

LIN(br) 

1.16 
10.6 
14.0 

1065 -20 .1  
-16.7 

in U. Major I group 

13.8 Mpc 

11 46 24.1 
11 46 10.5 

59 42 39 
• 59 41 39 / 

SBa 
E 

SEP 
1.13 

14.0 
12.9 

3100 
3300 

-18.6 
-19.7 

11 55 59.5 
11 56 17.6 

43 00 43 
'42 59 59 • 

SQc 

Sb 

SEP 

1.14 

13.4 

12.7 700 

-15.9 
-16.6 

12 07 30.4 
12 08 00.9 

40 09 40 
39 41 03 / 

Sd 
Sab 

SEP 
4.27 

12.2 
1 1 . 2  

1035 
989 

-18.1 
-19.1 

in U. Major I group 
11.5 Mpc 

335 12 23 55.8 

12 23 57.2 
09 17 48 / 
09 17 47 / 

S0(r)/Sa(r) SEP 

E 0.51 

13.6 7500 
7500 

-20.8 

12 28 04.7 
12 28 09.6 

41 58 30 
41 54 55 / 

Ira 
Sd 

DIS(2) 

0.83 

12.4 

10.1 
848 
622 

-17.1 
-19.4 

in CVnII Cloud 
8.0 Mpc 

12 34 01.0 
12 34 02.5 

11 32 01 / 
11 30 51 / 

Sbc 
Sab 

ATM(sh) 
0.38 

12.5 
12.5 

2179 
2204 

-19.2 
-19.2 

12 39 41.0 
12 41 31.6 

32 48 49 • 
32 26 31 / 

Sd 
Sm 

DIS(2) 

2.76 
9.8 

10.6  
646 
775 

-19.7 
-18.9 

in CVnII Cloud 
8.0 Mpc 

12 41 01.3 
12 41 08.9 

11 51 14 / 
11 49 32 

Sc 
E 

DIS(l) 
0.54 

12.5 
10.3 

1328 
1200 

-17.8 
-20.0 

in Virgo E group 
11.5 Mpc 

13 13 37.5 
13 13 42.2 

62 23 34 
62 23 18 / 

Sc 
Sc 

LIN(brtta) 

1.13 

14.4 9623 

9393 

13 22 45.1 
13 22 35.4 

36 39 35 / 
36 38 20 

SO 
SO 

ATM(am) 
1.46 

14.0 
13.9 

5280 
5080 

-19.6 
-19.7 

379 13 27 52.0 

13 27 45.7 
47 31 45 
47 27 16 / 

Irll 
Sc 

LTU(br) 

0.67 
10.6 

8 .8  
552 
634 

-17.7 
-19.5 

in M101 group 

4.6 Mpc 

13 36 15.2 
13 36 14.5 

48 31 51 
48 31 46 / 

Sa 
Irll 

VTM(sh) 
<">.42 

8600 
8600 

-20 .6  

13 37 19.7 
13 37 24.7 

01 05 35 / 
01 05 07 

Sb 
Sb 

LIN(br+ta) 
f.93 

13.7 
13.8 

6744 
6569 

-20.4 
-20.3 

13 56 25.3 
13 56 29.6 

37 41 45 / 
37 39 55 / 

SIU) 

Sb 
l.IU(ta) 

0.88 
13.7 

12.6  
3800 

3600 
-19.2 

-20 .1  



Table 18. — Continued. Optical data for detected galaxies. 

CPG tt a 5 Revised Inter- Corrected Rcdshift Corrected 

Hubble action Magnitude in km/sec Absolute 
ClassiCi- Type/Index Magnitude 
cation 

14 10 <14.1 
14 10 39.0 

-02 54 5G 
-02 58 27 / 

SO 
Sbc 

SEP 
1.91 

13.7 
13.6 

1831 
2142 

-17.0 
-17.9 

14 11 09.8 
14 11 10.5 

07 53 36 / 
07 53 27 

Sb 
Ir 

Lltl(ta) 
0.22 

14.5 7200 
7400 

14 17 06.7 
14 17 01.6 

26 32 02 
26 31 40 

SUa(r) 
SDa 

LlM(br) 
1.03 

15.7 
14.9 

10900 
11000 

-19.4 
-20 .2  

background radio source 

440 14 51 11.9 
14 51 26.7 

03 47 07 
03 44 47 / 

Sd 
Sc 

SEP 
1.14 

13.9 
13.0 

1534 
1574 

-20.4 
-21.3 

14 53 32.5 
14 53 31.3 

12 04 34 

12 03 45 • 
Sa 
SO 

SEP 
0.96 

15.3 

14.9 

8800 

9800 
-19.5 

-19.9 

446 14 54 48.2 
14 54 47.9 

24 49 04 
24 48 26 • 

Sb 
Sbc 

DIS(l) 

0.91 
14.3 10300 

10100 
-20.7 compact galaxy between 

these two 

15 05 11.2 
15 05 18.6 

19 47 20 
19 46 25 / 

Sa 
SBbc 

SKP 
1.01 

13.6 
13.1 

4785 
4745 

-19.8 
-20.3 

15 24 20.6 
15 24 18.8 

41 51 01 
41 50 40 / 

Irll 
Sb 

LIN(br) 
0.39 

13.0 2683 
2868 

15 32 15.7 
15 32 13.2 

15 22 02 
15 21 36 / 

Sbc 
Sa 

LIN(br) 
0.48 

13.7 
13.3 

2033 
2125 

-17.9 
-18.3 

470 15 32 47.0 
15 32 47.1 

23 40 17 
23 40 02 / 

Im 
Im 

ATM(sh) 

0.39 
5700 

5600 

475 15 53 37.5 
15 53 56.2 

24 38 18 
24 35 33 / 

Sb 
E 

SEP 
4.61 

15.5 
15.4 13000 

-19.5 
-19.6 

17 18 03.5 
17 17 56.5 

49 05 28 
49 01 53 / 

SUb 
E 

LTtl(ta) 

3.60 
14.7 
15.3 

7425 

7493 
-19.7 

-19.1 

526 17 53 52.1 
17 53 48.0 

18 22 46 
18 20 41 • 

E/SO DIS(l) 

1.45 
12.9 
12.9 

3144 
3200 

-19.6 
-19.6 

22 12 18.8 
22 12 20.6 

13 36 05 / 

13 35 31 
SO 

E 
ATM(am) 
0.65 

8107 
8106 



Table 18. — Continued. Optical data for detected galaxies. 

CPG B a 6 Revised Inter Corrected Rcdshift Corrected Comments 

Hubble action Magnitude in km/sec Absolute 
Classifi Type/Index Magnitude 

cation 

575 23 00 47. .0 08 37 26 
/ 

Sm DIS(l) 15.1 50B3 -10.4 
23 00 44. • G 00 36 11 / SBa 1.15 12.9 5015 -20.6 

570 23 12 10. .8 04 15 38 / Sbc SEP 12.7 2580 -19.5 
23 12 01. .7 04 13 31 Sb 1.17 13.8 2789 -18.4 

586 23 31 20, .2 29 47 02 . Sc DIS(l) 13.2 3900 -20.2 optical pair? 
23 31 09. .6 29 45 46 Sc 2.15 14.8 5700 -10.6 background radio source 

587 23 33 40. .5 01 52 48 Im LIN(br+ta) 14.8 3000 -17.5 
23 33 40. .9 01 52 40 / SOb 1.14 13.2 2962 -19.3 

588 23 35 59. •P 26 45 30 E ATM(sh) 13.7 9259 -21.0 
23 35 59. .0 26 45 15 / SO 0.33 8199 

592 23 48 31. ,4 19 52 20 Sb DIS(1) 12.9 4565 -20.4 
23 48 51. .9 19 50 02 / SBa 2.11 13.1 4498 -20.2 

593 23 48 54. .2 20 18 28 / Sa DTS(l) 14.8 5600 -18.9 
73 48 40. .0 20 18 00 Sb 2.48 15.4 5545 -10.3 

603 23 59 08. .7 23 13 08 / Sb DIS(1) 13.8 4009 -19.6 
23 59 05. .0 23 12 21 Sb 0.63 13.1 4803 -20.1 

to 
Ln 



These are the best candidates for the background sources required 

by the density of such sources as measured in this survey and pre

viously (Wall and Cooke, 1975). Table 14 lists weak sources less 

than the 40 mJy detection limit for the survey, but still greater 

than 3a from noise. The weakest source listed is still over three 

times the confusion level. No interferometry is available for these 

sources and all detections within 2 arc minutes of the galaxies are 

included due to the large positional errors for weak sources. Table 

15 contains sources detected only in other surveys. None of the 

observations are in complete disagreement, but K013 and K226 would 

have extremely unusual spectral indices if both observations are 

correct. A previous detection of K294 is believed to be an in

correct interpretation of interferometer data (Haynes and Sramek, 

1975); no source being present at either 11 centimeters 24 mJy) 

or 6 centimeters 27 mJy). 

Since the data in these first five tables is similar, the 

columns are explained below in terms of the first table in particu

lar (with abbreviations used in brackets): 

(i) number of galaxy pair in the CPG [k] 

(ii) number in the New General Catalogue, Index 

Catalogue [ic] or Anonymous Catalogue [A]. 

If there is no letter abbreviation, the 

number is NGC. 
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(iii) other optical designation is one of the 

following: 

"Atlas of Peculiar Galaxies" Arp (1966) [Arp] 

"Catalogue of Interacting Galaxies" Vorontsov-

Velyaminov (1959) [w] 

Markarian galaxies from Markarian (1967, 1969a, 

1969b), Markarian and Lipovetsky (1971, 1972 

and 1973), and Karachentsev, private communi

cation [MARK] 

Compact galaxies from Zwicky (1971) [zw] 

Seyfert galaxies from Khachikian and Weedman 

(1974) [Sey] 

An "n" or "s" in parentheses means that the 

designation refers to only the north or 

south object; otherwise to both objects. 

Also listed are those pairs within two 

Abell radii of Abell Cluster centers. 

(Abell, 1958). 

(iv) radio designation as listed in the "Master 

Ohio Radio Source Catalogue"(Dixon, 1970) 

and as identified with the optical objects 

in Veron and Veron (1974). 

(v) radio source position and error in that 

position from the single dish measurements 

only. 
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(vi) total source flux density in milliJanskys 

and the error in flux density at 2695 MHz 

on top line, 5000 MHz data on bottom line. 

These fluxes are corrected for resolved 

source size assuming the underlying 

source structure is gaussian. 

(vii) observed radio size in arc minutes in right 

ascension (left entry) and declination 

(right entry). 

(viii) spectral index between 2695 MHz and 5 GHz 

from all available data and spectral type 

in the manner of Kellerman et al. (1969). 

This parameter is listed only for those 

sources with consistent observations at a 

minimum of three frequencies. Flux data 

was taken primarily from the Haynes et al. 

(1975) compendium with additions from Keller-

man et al. (1968), Sramek (1975), Wright 

(1974a), and Sulentic (1976a, b). 

(ix) radio power at 2695 MHz in watts/Hz - Stera-

dian assuming the source is associated with 

the galaxies. Ho = 100 km/sec/Mpc for these 

results; correct to any desired Ho by sub

tracting 2 log h where h = Ho/100. 
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(x) miscellaneous comments and notes on radio 

data from the single dish observations only. 

Tables 13 and 14 have columns which list the offset of the 

radio source from the optical position of the closest galaxy in the 

pair in arc minutes east or west and north or south. 

The basic interferometry results in Tables 16 and 17 include 

primarily structural information at S band (2695 MHz). Where avail

able X band source strength and upper limits on source size are 

listed below the S band data. For a few very compact sources 35 

kilometer baseline data are also available. The abbreviations used 

in these tables are: N = north, S = south; to identify the galaxy 

which is the radio source. C = compact, > 90% of the source unresolved 

at 1900 meters (£ 3"-6" depending on declination); CX = core-halo with 

a dominant core, - 50% of the source unresolved; XC = core-halo with a 

dominant halo; X = extended, no compact component with more than 20% 

of the total source strength; d = source with double structure. In a 

few cases, a large percentage of the zero-spacing (single dish 11 centi

meter) flux was not seen by the interferometer. For these sources, the 

structural information is tentative at best. These sources are noted in 

the comments of Table 16 and 17. Data from sources mapped previously 

by other investigators are included for completeness with major refer

ences noted in the comments column. 

Since the previous radio surveys of single and interacting 

galaxies (Wright, 1974a; Sulentic, 1976a, Sramek, 1975) were also 
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made with large single dishes, the same type of misidentifications . 

are possible in these as well. For this reason, any comparison 

between two single dish results must be made with great care to 

correctly account for incorrect identifications. 

This interferometry and previous work by others verifies 

the single dish positional accuracy obtained from the 11 (R.A.) 

and 6 centimeter (Dec.) results as long as there was a single domi

nant source in the field. When there were two or more sources 

which were not completely resolved by the beam, significant po

sitional errors arose. There were four such cases in this sample; 

two of which (K192 and K587) consisted of two sources, one at the 

position of one of the galaxies and the other nearby; and two (K213 

and K332) which had two sources on either sides of the galaxies 

both quite far away as seen with the interferometer. These were in

correctly counted as one extremely broad source close to the galaxies 

in the single dish survey. 

When the results of two single dish surveys are compared, 

background sources are inevitably included by mistake. If the cri

teria used to claim association are different for the two surveys, 

different numbers of mistakes will be made biasing the comparison. 

The technique employed here has been borrowed from Wright (1974a). 

This method involves computing the probability that a source is 

associated based on its offset from the galaxy in arc minutes and 

its total flux density. Figure 18 shows this method in the form 
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of a plot including all CPG detections. Wright considered all 

sources below the p = 0.03 line as associated (probability of 

chance association approximately 300:1). Sramek's conditions (1975) 

must have been extremely similar because he considers K239 associat

ed with the nearby galaxies and his detection percentages are near

ly identical to Wright's (see Chapter 3, Section 3.1). Therefore, 

in comparison with the Wright and Sramek work, all detections below 

the p = 0.03 line will be used to equalize the mistakes in each 

sample. 

Table 18 gives detailed optical information for the galaxies 

confirmed as detections either by the interferometry or the single 

dish results (if the galaxies are widely separated and interfero

metry is not available). Also included in this table are five pairs 

which have background sources within 1.5 arc minutes of one galaxy 

of the pair. 

Columns (i) through (ix) list the following information: 

(i) CPG number. 

(ii) Right ascension of both galaxies; north object 

listed first. 

(iii) Declination of both galaxies. These positions 

are from Gallouet and Heidmann, 1971; Gallouet 

et al., 1973; Peterson, 1973; or have been newly 

measured as part of this program. Checks mark 

the galaxy(ies) associated with the radio source. 
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(iv) Revised Hubble classification (Sandage, 1976) 

of each galaxy. These classifications are 

based primarily on broad-band red high reso

lution (10 arc sec/min) image tube photographs 

taken at either the Steward Observatory 2.3 

meter telescope or the 1.5 meter telescope of 

the Lunar and Planetary Laboratory, University 

of Arizona. Plates were not taken of those 

objects in the "Atlas of Peculiar Galaxies" 

(Arp, 1966) or if the galaxies are more than 

a few arc minutes across (e.g., NGC 4151, 4145; 

M51 plus companion, .and M81, M82). These gal

axies were classified directly from the sky 

survey prints. The notations, "peculiar" 

and "distorted" are purposefully avoided be

cause distortions due to companions are wide

spread throughout the Catalogue. Interaction 

characteristic reflecting these peculiarities 

are listed in column (v). 

(v) Line 1: Interaction type as listed in the CPG. 

The abbreviations are delineated in Figure 1. 

Not explained in Figure 1 are two additional 

classifications; "SEP" = separate and "SINGLE". 

SEP denotes pairs which show no physical signs 
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of interaction (classification left blank in 

the CPG) on the sky survey. SINGLE galaxies 

are apparent close pairs in the sample which, 

when observed spectroscopically, are either one 

galaxy plus one galactic star, or do not show 

two dominant continuum or emission line regions. 

Line 2: Separation Index of the pair defined as 

the angular separation of the pair divided by the 

mean angular diameter of the two galaxies. 

(vi) Photographic magnitudes from the CGCG corrected 

only for absorption in our galaxy using correc

tions from Sandage (1972). If only a single mag

nitude is listed for the pair, it refers to the 

combined light of both galaxies. 

(vii) Redshifts of each component in km/sec corrected 

to the galactic center. The redshifts which are 

rounded to the nearest hundred km/sec are esti

mates from low dispersion image tube spectra 

(240 Vmm) taken with the 2.3 meter telescope 

of Steward Observatory as previously described. 

Comparison with published results verifies the 

accuracy of these measures as ±200 km/sec. Other 

data are previously known redshifts from the CPG 

or from Turner (1976a), Karachentsev (1974, 1976), 



or Jenner (1974). The most recent values are 

used in these cases. 

(viii) Absolute magnitudes corrected for absorption in 

our galaxy using Sandage (1972) and Ho = 100 km/ 

sec/Mpc. Add 5 log h to correct to the Hubble 

constant of your choice. 

(xi) In the comments column we have listed membership 

in nearby groups of galaxies as identified by de 

Vaucouleurs (1976). Where membership is indica-

ted, the distance to that group was used to determine 

the absolute magnitude and also the radio power 

listed in Table 11. 
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APPENDIX D 

COMPARISON OF DETECTION PROBABILITIES 
FOR TWO DIFFERENT SAMPLES OF GALAXIES 

Perhaps the best bias-free.method of comparing these two 

different surveys is the dependence of detection probability (p) 

on corrected apparent magnitude (me) . If the detection probability 

p (P2695, L)~ L' where L is the optical luminosity, then there 

would be no distance bias in this comparison. The best bi-variate 

luminosity data for ellipticals (Colla et al., 1975) gives p ~ L1*5 

and for spirals (Crane, 1977) gives p - L1*2"1,5. Therefore, there 

is some bias in this test due to the difference in distance between 

two samples at each value of mc with the more distant galaxies more 

likely to be detected. 

Another possible problem with this comparison is the mag

nitude system used for each sample. Both the Sramek and CPG samples 

are compared in Chapter 3, Section 3.1 using CGCG magnitudes cor

rected only for absorption in our galaxy from Sandage (1972). A 

more accurate measurement of the optical luminosity would be ob

tained if these magnitudes were corrected for the object's internal 

absorption and tilt on the sky. This data is not normally avail

able for large, faint samples of galaxies, but has been used by 

Wright (1974b). Wright's comparison sample of single galaxies uses 

136 
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B(0) magnitudes from the BGC and so are systematically brighter 

than the CGCG magnitudes due to the corrections added. This effect 

is seen in Figure 19 which compares the detection percentage for 

Wright's sample of single galaxies with Sramek's sample. The cor

rected magnitudes seem to account statistically for a uniform half 

magnitude shift on the graph. The. Wright and Sramek data is also 

tabulated in the first two columns of Table 19 which gives detec

tion percentages and an estimate of the errors in those percentages 

at each magnitude bin. Estimates of the errors are either t/tT" or 

binomial statistics, which ever was larger. 

When Wright compared his singles sample to a sample of 

interacting galaxies, the combined magnitude for the interacting 

system was used. He then divided the detection percentage found 

by two because there are two galaxies per system. This procedure 

was criticized by Sulentic (1976a) who argued that the use of a com

bined magnitude and the division by a factor of two was redundant. 

We believe the actual correction which should be applied is inter

mediate between these two extremes because of the following. If 

we imagine a large sample (n) of single galaxies all with equal 

apparent magnitudes (m) and all at the same distance, this group 

will have some detection probability, say p2 (m) = nd/n. If we 

group these galaxies randomly into pairs, the systems will all 

have magnitude = m- 0.75, but the number of systems detected will be 

nearly the same. In fact, it will be slightly higher since, not 

only may two previously detected sources combine to produce one 



138 

Uj 
&JO0 
\S 

§ SO 

-  Z f v v  

o 20' Wright ^ ' 
UA 
V— 
1U 
c* 
^ Oh , Single? *-'• -I 

S $ 10 II !Z 13 14 IS lb 

CORRECTED APPARENT MAGNITUDE 

Figure 19. Detection percentage versus corrected apparent magnitude 
for the samples of Sramek (1975) and Wright (1974a). — 
This graph shows the consistent half magnitude shift due 
to the different systems of magnitude used in these two 
samples. 



Table 19. Detection percentages of galaxy surveys. 

m 
c 

Wright's 
Singles3 

Sramek's 
Singles 

CPG Doubles 
(m Combined) 
c 

CPG 

(mc 

Doubles 
Individual) 

8 4/4 (100±50%) 2/2 (100±50%) 1/1 (1001100%) 1/1 i (1001100%) 

9 5/9 ( 56±24%) 9/12 ( 75±25%) 2/2 (100±100%) 2/2 i (100±50%) 

10 22/44( 50±25%) 19/38 ( 50±25%) 2/5 ( 40±20%) 2/5 i ( 40±20%) 

11 24/81( 31+11%) 28/90 ( 31±10%) 4/11 ( 36±13%) 4/10 ( 40±20%) 

12 6/38 ( 16±13%) 33/197( 17±4%) 9/32 ( 28±11%) 8/32 ( 25±8%) 

13 0/1 ( 0±100%) 31/323( 10±1%) 20/106 ( 19±4%) 18/87 ( 21±5%) 

14 15/250( 6±1.5%) 17/281( 6±1.5%) 10/237( 4±1.5%) 

15 7/156( 4±2%) 10/445( 2±1%) 20/653( 3±0.7%) 

> 15.5 1/38 ( 3±2%) 2/74 ( 3±1.5%) 2/109( 2±1%) 

Total 61/177 145/1106 67/957 67/1136 

aData shifted systematically one-half magnitude fainter to correspond with CGCG 
magnitude scale. 
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source, but also two previously undetected sources may now combine 

to be just above the detection limit. Since the number of sources 

increases with decreasing flux density, the number detected will be 

slightly greater, although nearly equal to n<j. Since, in this very 

simple illustration the total number of systems is reduced by a fac

tor of two, the new detection percentage Pz (m - 0.75) = n<j/(n/2) = 

2pi (m). If there is a spread in luminosities of the individual 

galaxies, the combined system magnitude will be less than .75 mag

nitude brighter than the brightest galaxy magnitude, so the shift 

will be less. This assumes that the brighter galaxy is more often 

the radio source. If the mean magnitude difference between the 

paired galaxies in the sample is 0.50 magnitude, the shift is half a 

magnitude; if Am = 1.0, the shift is 0.36 magnitudes. Another way 

to think of this correction is as a simulation of a sample of close 

pairs by combining a sample of singles randomly by two's. 

Using the 31 interacting galaxies for which Wright lists 

separate magnitudes, m = 0.87 requiring a shift of 0.4 magnitudes 

for his sample. The same calculation for Sulentic's Arp multiples 

using his F2/F1 values (see Table 5 in Sulentic, 1976a) yields m = 

0.68 for a shift of 0.5. An additional half magnitude shift is re

quired for Sulentic's data because he uses primarily BGC magnitudes 

for the Wright singles and primarily CGCG magnitudes for the mul

tiples . The results in Figure 20 show that while the multiple gal

axies show consistently higher detection percentages in both cases, 

the results are only statistically significant in the Sulentic data, 
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and there the range of overlap in me between the two samples is 

not large, although there does seem to be an excess, the results 

are not clear cut because the Arp Atlas sample does not have con

sistent selection criteria, nor is there any isolation criterion 

at all. The latter point is exemplified by several Arp singles 

(e.g., K586S, K31, K350N) which are members of CPG pairs and sev

eral Arp multiples which are clearly small groups or chains of 

galaxies. 

Now, in order to properly compare the Sramek and CPG sam

ples, either the above effect must be taken into account or only 

individual magnitudes should be used. Here, we have chosen to use 

only individual magnitudes for the galaxy pairs even in cases where 

the CGCG magnitude is a combined one. By evenly dividing the mag

nitude between the two galaxies for the close pairs, the magnitude 

of the radio emitter may be somewhat underestimated. By tabula

ting the CPG magnitudes using each method and then comparing the 

results, we find no statistical differences (see Table 19). Pre

sumably, this is because there are only 188 pairs for which only 

a single CGCG magnitude is listed. 
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