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CHAPTER :C 

:i: NTR.ODUCT :CON 

Aaauaing relativiatic coaaology, a certain "critical .. 

aean aaaa denaity ia required in order to cloae the 

universe. I£ the actual ••an aaaa danaity ia leaa than the 

critical value, then the univerae will expand £orever. I£ 

the actual aean aaaa density ia greater than the critical value, 

the universe will eventually collapaa. See Weinberg (1972) 

£or details. The ratio 0£ the actual aean aaaa denaity to 

the critical value ia £requently deaignated by flo. Thua, 

aatrophyaically, the actual aeari aaaa denaity 0£ the 

universe is one 0£ t _he aoat ·£uridaaantal eillpirical 

deterainationa which · could :be aade. A deteraination 0£ the 

aean aaaa density would iaaadiately yield a value 0£ Oo and 

tell ua the groaa £utura history 0£ the universe. 

The £ollowing line 0£ reasoning auggeata that the aean 

aaaa denaity 0£ the univerae can be deterained £roa a atudy 

0£ the galaxiea. Firat we note that alaoat all 0£ the 

electroaagnetic radiation, particularly in the optical 

range, that we are able to detect aeeaa to be aaaociated 

with galaxies. Aasuaing that the aaaa 0£ the univerae ia 

generally aaaociated with the radiation, we naturally 

conclude that virtually all 0£ the aaaa 0£ the univerae ia 

aaaociated with the galaxiea. <If the aaaa were not 

aaaociated with the radiation, then a "aaaa to light ratio" 

would be practi6ally uaeleaa, perhaps on a par with the 
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ratio 0£ the nuaber 0£ tree• to the nuaber 0£ blade• 0£ 

grass in Canada.) Carefully note that the aaauaption that 

the aass 0£ the universe is associated with the radiation 

is not equivalent to the asauaption that all 0£ the aasa ia 

radiative. All that is required ia the asauaption that the 

radiative aatter ia a reaaonable tracer 0£ all aatter. It 

then £ollows that the galaxiea are reasonable tracers 0£ 

all aatter. Galaxiea are eaaily identified by their output 

in the optical portion 0£ tha apectrua. So. the aean 

luainosity density 0£ the univerae ia relatively easy to 

deteraine £roa the observation 0£ the galaxies. Thua a 

deteraination 0£ the aean aaaa to light ratio Chence£orth 

designated by MIL) 0£ the galaxiea would provide a 

deteraination 0£ the aean aaaa 0£ the universe. 

Various techniques have bean eaployed to deteraine the 

aassea 0£ galaxies and to deteraine a value £or galaxy MIL. 

A really aaJor problea is that there are aerioua 

discrepancies in the values £or galaxy aass and MIL 

obtained by the di££erent techniques. For an excellent 

review 0£ the various techniques and the results obtained, 

consult Faber and Gallagher (1979). For convenience, we can 

divide techniques £or galaxy aass deteraination into two 

aaJor classes. We will use the teras "non-interactive" and 

"interactive"' to refer to these two classes. By "'non­

interactive"' we aean all those techniques which do not 
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utilize gravitational interaction aaong galaxies; soae non­

interactive techniques do use gravitational e££ecta, but 

not gravitational e££ects involving aore than one galaxy. 

We count the £ollowing as non-interactive aethoda: 

extrapolation £roa the aaaa to light ratio observed localy 

in the vicinity 0£ our sun, applications 0£ 

Boltzaann/hydrodynaaical equations and test particles 

<stars, globular clusters, etc.), galaxy rotation curves, 

and the application 0£ the virial theorea to elliptical 

galaxies. By "interactive" we aean those techniques which 

use gravitational interaction aaong galaxies to aeasure 

their aasses. The two aost frequently encountered 

interactive techniques are the analysis 0£ binary galaxy 

systeas and the application 0£ the virial theorea to larger 

groups 0£ galaxies. 

A general trend haa becoae clear: the larger the size 

of the syatea to which the technique is applied, the 

greater the value 0£ M/L deterained by the technique. For 

example application 0£ the virial theoreM to groups of 

galaxies gives M/L values •uch higher than those deter•ined 

by other techniques. Dyna~ical analyses of binary galaxies 

yield M/L values saaller than those determined from large 

groups, but generally greater than those determined from 

the analysis of spirai galaxy rotation curves. And the 

values determined from spiral galaxy rotation curves are 
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generally greater t~an M/L values determined from 

extrapolating from the Jocal material in our own galaxy. 

4 

This general trend has led to the now widely accepted 

view that a great deal of the matter in the universe is 

"dark", i.e., non-luminous. This dark matter is usually 

postulated to be dissipationless. That is, although subJect 

to gravitational attraction, the dark matter does not 

dissipate energy through collisions, radiation, etc. It is 

supposed that initially the ordinary and dark matter are 

uniforaly aixed. As "globs" 0£ the mixed matter are formed 

through gravitational clumping, the associated luminous 

matter begins to dissipate energy and thus collapses, 

forMing galaxies and groups of galaxies at the present 

epoch. 

As general background, we assume a general theory of 

galaxy formation commonly known as hierarchical clustering-­

see Faber (1982), Peebles (1980), and White and Rees 

(1978). In its simplest terms, the over-all picture is 

quite easy to understand • . rt is assumed that the universe 

originated in a "Big Bang" and continues to expand, 

corresponding to a Friedmann model. It is further assumed 

that the distribution of matter in space is primarily 

affected only by cos~ological expansion and by 

gravitationally induced clumping. 

For exaaple, consider two isolated particles at rest 
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relative to each other at some proper time t 0 . At some 

later time t, the separation between the two particles will 

tend to be increased by the general cosmological expansion; 

at the same tiae, this increase in separation will be 

countered by the tendency 0£ the two particles to move 

toward each other as a result 0£ their mutual gravitational 

attraction. I£ the gravitational attraction between two 

particles is su££iciently great to overcome the 

cosaological expansion, the particles will £orm a "bound" 

systea and eventually clump together, £orming a "particle" 

whose aass is the sua 0£ the masses 0£ the original two. 

Since the gravitational attraction between particles is an 

increasing £unction 0£ the masses 0£ the particles, bound 

syste111s 0£ particles will tend to grow, "sweeping up" 

nearby particles. 

Because gravitational £orcea depend on mass and 

particle separation, at each (re£erence> point in time 

there is a certain aini11u• "local" density required in 

order £or a collection 0£ particles to become 

gravitationally bound against the universal expansion by 

soae speci£ied later tiae. The tiae between the re£erence 

point and the point at which the particle collection 0£ 

interest ceases to expand ·is called the "turn around" time 

£or that collection. Obviously, the greater the density 0£ 

the collection and the saaller the rate 0£ cosmological 
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expansion at the reference tiae, the shorter the tiae to 

turn around will be. 

6 

I£ all particles were identical in all physical 

respects, initially at rest, and uniformly distributed at 

equal distances £roa each other, we would get an expanding 

(or contracting> lattice. But auch a picture is 

unreasonable on theraodynaaic grounds. 0£ course, in 

general the aotions 0£ the particles will be the result of 

their "initial" ve,1.ocities, the cosmological expansion 

£actor, and the £orce 0£ gravitational attraction, as well 

as collisions, radiation, and a host of other effects. 

The over-all picture is that due to gravitational 

cluaping, "priaordial" density fluctuations grow by the 

present epoch to £or• obJects the size of galaxies or 

groups of galaxies; these galaxies and groups of galaxies 

are coaposed of luainous aatter (the visible portion of the 

galaxies> imbedded in halos of dark matter. Further 

gravitational cluaping has foraed obJects the size of 

clusters, etc. A gravitationally bound collection of 

galaxies aay be swiaaing in a "soup" of dark matter. This 

soup aay be either the priaordial blob out of which the 

constituent galaxies 0£ the collection condensed or it may 

be a aerger 0£ the dark aatter "halos" of the constituent 

aeabers. 

Thia siaple picture can. easily account for the fact 
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that aaaa to light deterainationa based on larger systems 

are generally larger than aass to light determinations 

baaed on saaller systems. The greater the size of the 

syatea over which a aass deteraination is made, the higher 

the ratio of dark to luainous aatter, so the greater the 

value obtained £or MIL. Rotation curves and analyses based 

on Boltzaann equations aeasure the mass of systems with 

radii on the order 0£ several tens 0£ kpc. Binary galaxy 

syateaa typically have radii on the order of several 

hundreds of kpc. The virial theorea applied to groups of 

galaxies will aeasure the aaaa of systeas with typical 

radii of several Mpc. So, if we postulate the existence of 

very large aaounts of dark ~atter, in halos perhaps as 

large as groups of galaxies (the large halo hypothesis) 

then the substantial increase in the values obtained £or 

MIL with increasing syste• size is easily explained. 

It is iaportant to recognize that the amount of dark 

aatter postulated is crucial. I£ the dark matter exists in 

halos surrounding galaxies but only on the order of at most 

several tiaea the size of a galaxy (the small halo · 

hypothesis), then one would expect to find values £or MIL 

increasing aa one aoves fro• local extrapolation to 

rotation curve analysis or to a Boltzaann type analysis at 

large galactic radii. But under the saall halo assumption, 

one aay not find any further increase in the transition 
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fro• non-interactive to interactive techniques: at least 

one should not find any difference in the values of M/L as 

deter•ined by binary studies and as determined by the 

virial analysis of groups. So, the dark ~atter hypothesis 

is quite robust, in the sense that an adJustment in the 

a•ount of dark matter postulated can accommodate 

substantially different empirical findings. 

There are many probleas associated with the simple dark 

matter - hierarchical clustering picture. From our point of 

view, one of the aost iMportant difficulties concerns the 

deteraination of Oo- As noted above, one can use a value of 

N/L to determine a value for no. An independent value of Oo 

aay be obtained by nucleosynthesis considerations. See Yang 

et al. <1984) for a survey of techniques and recent 

results. To date, values of Oo computed from M/L values 

deter•ined by inter~ctive techniques are significantly 

greater than values of Oo computed on the basis of 

nucleosynthesis studies. Unless the dark matter is 

postulated to be non-baryonic, either the nucleosynthesis 

work must be incorre6t or the analyses baaed on interactive 

techniques must be incorrect. 

There is at least one very serious difficulty with 

galaxy M/L deterainations based on interactive techniques 

which could account for the discrepancy with the 

nucleosynthesis work. In order to obtain reasonable results 
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fro• the aatheaatics of binary dynaaics or from the virial 

theorem applied to larger collections, we must first be 

able to identify systeas of galaxies that are 

(i> gravitationally bound, Cii) virialized, and 

(iii) dynaaically isolated. For exaaple, consider an 

arbitrary pair of galaxies. I£ the galaxies are not 

gravitationally bound, then in general we cannot use the 

aatheaatics of binary orbits to determine the mass of the 

pair. If the pair is not virialized, then the two galaxies 

have not settled into an equilibriu• configuration to which 

various statistical treataents would correctly apply. And 

finally, if the pair is not isolated from perturbing 

influences, then at the very least, the center of mass 0£ 

the pair cannot be aasuaed to be aoving uniforaly under the 

influence of Just the Hubble £low, and thus our 

deterainationa of proJected radial separation and absolute 

luainoaity aay be greatly in error; and at worst, the pair 

aay not be behaving aa a binary system at all, but rather 

aa part. of a larger, aore coaplicated enseable. 

One of the aaJor probleas addressed by this thesis is 

the developaent of si•ple, intuitively plausible criteria 

which aay be collectively used as the baais of a technique 

for the identification of gravitationally bound, 

virialized, dynaaically isolated systeas of galaxies on the 

baaia of available observational paraaetera. We have 
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applied the technique to the C£A redahi£t survey, Huchra et 

tl- (1983>, and have obtained a new list of galaxy groups. 

We have concentrated attention on the analysis of the 

binary ayateas, leaving the analysis of the larger groups 

for a later tiae. 

One apparent drawback with our technique £or galaxy 

group identification ia that it requires the input of three 

crucial paraaetera. (i) One paraaeter is the absolute 

aagnitude liait 0£ the brightest possible galaxy. This 

paraaeter can be reasonably estiaated £ro• £airly secure 

observational data. It should be noted that the value of 

this paraaeter aay change with a change in the value 0£ the 

Hubble constant H0 • However, aa we will report below, our 

results depend very little on this paraaeter. (ii) Another 

required input paraaeter is the value of H0 • The value of 

Ho is input only aa a convenience in the prograa. We will 

ahow, both experiaentally and theoretically, that except 

for the saall dependence in the aagnitude parameter 

aentioned above, our results are independent 0£ H0 ; thus 

soae arbitrary indicative value could be used. (ii~> The 

last paraaeter ia the value 0£ f>o. As will become obvious, 

the results obtained using our technique depend crucially 

on the value of thia paraaeter. 

There are a nuaber of advantages which •ay be claiaed 

£or our technique. Firat, it ia totally obJective. Once the 
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initial paraaetera are selected, there is no point at which 

individual Judgeaent can intervene. All groups are treated 

exactly alike; group aeabership does not depend on whether 

or not the collection appears to be a group to soae 

observer. In addition, there is a dependence on only two 

paraaetera, only one 0£ which (naaely Oo> is really 

crucial. Further, the dependence on that crucial parameter 

ia totally transparent, which has not always been the case 

with other group-£inding routines. For example, any galaxy 

group £inding technique which aakes use 0£ criteria based 

on relative isolation or density enhancement obviously has 

a covert dependence on Oo, as well as perhaps on H0 • 

It aay appear at this point that our technique cannot 

be used as a basis to obtain an independent value £or Oo, 

since an input value 0£ Oo ia required. However, there is a 

way around this seeaing di££iculty. We have used the binary 

syateas for a given input value of Oo to deteraine a value 

£or M/L and thua a coaputed value £or f>o. That ia, we have 

treated our technique aa a "black box function", which 

coaputea a value 0£ Oo as a £unction 0£ an input value 0£ 

noout = BBF<Ooin) 

We then adJuste_d the input value 0£ Oo until it agreed with 
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the coaputed value. That ia, we siaply applied a self­

conaistency criterion. It is interesting to note that our 

value 0£ Oo ao derived is in good agreeaent with the value 

obtained £roa nucleoayntheaia studies. 

0£ course underlying our application 0£ the sel£­

consiat•ncy analyais to the binary data is the assuaption 

that the true distribution in K/L ia reasonably saapled by 

the dynaaics 0£ the binary syateas. Thia assuaption aay be 

questioned, particularly in light 0£ the large halo 

hypothesis discussed above. Perhaps a aore adequate 

approach would be to apply the self-consistency analyis £or 

Oo to the groups deterained by our technique. However, that 

approach would also ~nvolve a aaJor assumption, namely that 

the true distribution in M/L is reasonably saapled by the 

dynaaics 0£ larger groups. Many will view this latter 

assuaption as leas probleaatic than the corresponding 

aaauaption concerning the binaries. Nevertheless, JUat as 

with the binary aasuaption, it is always possible that dark 

aatter halos extend £or a considerable distance well beyond 

the boundaries 0£ the groups. 

At the very least, we hope to have deaonatrated the 

feasibility 0£ our group-finding technique and 0£ the 

related ael£-conaistency analysis. Further, even if the 

large halo hypothesis is correct, our analysis of the 

binary ayateas ~rovides a lower bound on the value of M/L 
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and hence a lower bound on the value 0£ f>o. And, what is 

perhapa aoat iaportant 0£ all, we have deaonstrated the 

crucial role that the aasuaed value 0£ f>o plays in any 

atteapt to identi£y gravitationally bound, dynaaically 

isolated, virialized systeas 0£ galaxies. We suggest that 

there is no way to identi£y such ayste•s that is 

independent 0£ f>o. I£ our ·suggestion is correct, then a 

sel£-conaiatency sort 0£ analysis ia the only way to use 

binaries and larger groups to deteraine f>o. 

We now turn our attention to a £ew words about the 

notation used in this thesis. We have used subscripts and a 

£aw special syabols to aake the reading 0£ equations 

easier. In all cases, apecial notation will be de£ined in 

the text. We use the notation °.r• to indicate the 

extraction 0£ roots. Frequently a nuaerical superscript 

will be used to indicate the root. Thus •• 3✓<M1 + M2>" 

should be taken to represent the cube root 0£ the quantity 

M1 • M2. In other cases, noraal aatheaatical notation will 

be eaployed, where possible, including superscripts to 

indicate exponentiation. 
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Ch.a.pt.e.r- II 

Th~ Th~~~y ~£ Fi~di~g G~~~p~ 

II.A: The catalog requireaenta 

Henceforth, we will apply the term "group" to 

collections of galaxies which are gravitationally bound, 

virialized, and reasonably dynamically isolated. Before 

presenting the details of the group finding algorith•, it 

is first necessary to discuss the data set require•ents for 

which the algorithm was designed. As a matter of fact, the 

algorithm was designed specifically for the CfA redshift 

survey, as given in Huchra et al. (1983}. However, our 

algorithm is not limited to this one catalog but is 

applicable to any catalog sharing certain characteristics 

with the CfA survey. In particular, we assume that the 

catalog is a magnitude limited sample, with known apparent 

magnitude limit m1im• The solid angle 0c covered by the 

catalog must also be known. For each galaxy in the·catalog, 

we require the following information: an angular position 

given as right ascension and declination, a redshift 

velocity with associated error estimate, and an apparent 

magnitude. Morphological ihforaation was not used in the 

group finding algorithm. 
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II.B: The general £raaework algoritha 

In some elementary respects, the general £ra11ework of 

our technique for £inding groups 0£ galaxies is siailar to 

that used by Huchra and Geller (1982) and to that used by 

Press and Davis (1982). The catalog 0£ galaxies being 

examined is first partitioned (in the mathematical sense 0£ 

"partition") according to a general "co11panionship" sche11e. 

We begin by considering all possible pairs 0£ galaxies £ram 

the galaxy catalog. Each pair is analyzed according to a 

set of "primary" companionship criteria; each partition 

class is completed by iteratively adding coapanions of 

companions. For later convenience, we refer to this portion 

of our group finding algoritha as "pass one." Our 

companionship criteria differ fro• those of both Huchra and 

Geller <1982) and Press and Davis (1982) and will be 

discussed in detail in the next sections. 

The fraaework of our group finding procedure differs 

from that of Huchra and Geller (1982> in one very iaportant 

respect. They took groups to be the partition classes 

determined by the companionship scheme applied to Just the 

original catalog <what we have called pass one>. However, 

such an approach ignores possible higher-order cluaping 

which 11ight occur among groups theaselves or between groups 
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and individuals. Without taking into account such higher­

order clumping, one cannot ensure that the groups obtained 

are dynamically isolated. Thus our algoritha involves two 

additional steps, whi.ch we re£er to as "pass two" and "pass 

three." Press and Dav.is <1982> do include an additional 

step to try to pick up individual galaxies captured by a 

group, but the criterion employed is siaple closeness (add 

galaxies that £all within one rms radius 0£ the group>, and 

does not involve their original coapanionship criterion; 

and they completely ignore group-group clumping. 

For both pass two and pass three, a list 0£ pseudo­

galaxies is £armed corresponding to the characteristics 0£ 

the groups. The paraaeters £or a pseudo-galaxy include the 

number 0£ galaxies in the group, a (luminosity weighted> 

center 0£ mass position given as right ascension and 

declination, an harmonic radius, a (luminosity weighted> 

redshi£t, and an apparent aagnitude. In pass two, we apply 

the iterated companionship technique to pairs 0£ pseudo­

galaxies. I£ any new coapanions are £ound, we merge the 

groups involved, £orm new pseudo-galaxies and repeat the 

procedure. We continue the process until no £urther 

changes are £ourid. In pass three, we take the updated 

pseudo-galaxies £roa pass two and compare every pseudo­

galaxy with every galaxy £rom the original catalog which is 

not already in the group corresponding to the given pseudo-
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galaxy. Any isolated galaxy £ound to be a coapanion 0£ a 

group is added to the group; i£ a member 0£ one group is 

found to be a coapanion of another group, then the two 

groups are merged. If any new coapanions ere found during 

pass three, then a new pseudo-galaxy list is foraed and we 

return to pass two. We continue cycling through pass two 

and pass three until no further changes occur. 

In practice, our algoritha works by •aintaining a 

"galaxy companion list." The galaxy coapanion list is Just 

a list of ordered pairs 0£ integers <i,J>, where i and J 

are the ordinal numbers of galaxies in the galaxy catalog 

CJ may be O, as explained below). For each galaxy i, there 

will be one and only one pair ~1,J> on the galaxy co•panion 

list. Thus it is perhaps easier to think of the galaxy 

companion list as a function, which we can write as 

C<i> = J• We will henceforth use the phrases "galaxy 

companion list" and "galaxy coapanion function" 

interchangeably. Each partition class (galaxy group> will 

be indexed by the first galaxy in the class, i.e., by the 

smallest ordinal number corresponding to a galaxy in the 

class. For example, an entry CC92) = 8 on the galaxy 

companion list says that galaxy number 92 belongs to a 

group whose first member found was galaxy nuaber 8. 

The galaxy companion function is initialized for each 

galaxy i by setting CCi) = O, indicating that galaxy nu•her 
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i has not yet been £ound to be a ae•ber 0£ any group. 

Updating the galaxy companion £unction is very simple and 

could be done by considering a multitude 0£ cases. 

However, the £ollowing easily stated procedure will clearly 

do the JOb. Suppose galaxies• and n are £ound to be 

companions. Take m• to be mi£ C<m> = 0 and let it be C<m> 

i£ C<m> ~ O; de£ine n• similarly. Then to update the 

galaxy companion £unction, we step through all the galaxies 

and £or each i, 1£ C<i> = maxCa•,n•l we set 

C(i) = minCm•,n•l; and 1£ either C(m) or C<n> is O, we set 

both to minCm•,n•l. 

When a list 0£ pseudo-galaxies is £ormed, we keep a 

corresponding "£irst member £unction" F<i> = J, which 

stores the in£ormation that galaxy nuaber J is the £irst 

member 0£ pseudo-g~laxy <group> number i. Using the £irst 

member £unction, it .is an easy matter to update the galaxy 

companion £unction wh~n two pseudo-galaxies, say those with 

ordinal numbers II and n, are £ound to be companions. For 

each galaxy 1, 1£ C(i) = maxCF<m>,F<n>} then we set 

C<i> = minCF<m>,F<n>l; and we set F(m) and F<n> to . be 

minCF<m>,F<n)} so that 1£ additional pseudo-galaxy 

companions are £ound, the subsequent update 0£ the galaxy 

companion £unction will be done correctly. 

Similarly, we aay easily update the galaxy coapanion 

£unction when a galaxy, say nuaber k, is £ound to be a 
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companion of pseudo-galaxy nuMber •· The two main cases to 

consider are C<k> = 0 and C(k) - 0. First, suppose 

C<k> = O• , that means that galaxy k was not a meMber of any 

group. If F<n> L k, we Just set C(k) = F<n>; otherwise for 

each galaxy i, if C(i) = F<n> we set C(i) = k, and we set 

both C<k> and F<n> to be k. On the other hand, suppose 

C<k> - O; that means. that galaxy k was a member of another 

group. Let r be min{C(k>,F(a)} and lets be max{C<k>,F<a>}. 

For each galaxy i, if C<i) = s, we set C<i> = r; and if 

C<k> L F<m>, we set F<a> = C(k}. 

Abstracting £rom these details, the general fraaework 

algorith• is quite easy to follow. We state it in the 

following six simple steps: 

1. (pass one> For each pair of galaxies, i and J, see 

i£ i and J are companions. I£ so, then update the 

galaxy companion list. When finished, go to step 2. 

2. Use the galaxy companion list to form a list of 

pseudo-galaxies. Go to step 3. 

3. (pass two> For each pair 0£ pseudo-galaxies- a and 

n, see if m and n are coapanions. I£ so, then update 

the galaxy companion .list. 

step 4. 

When finished, go to 
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4. If step 3 resulted in any changes in the galaxy 

co•panion list, then go to step 2; otherwise go to 

step 5. 

5. <pass three) For each pair consisting of a pseudo­

galaxy m and a galaxy i not a member of m, check to 

see if m and i are companions. If so, then update 

the galaxy companion list. When finished, go to step 

6. 

6. If step 5 resulted in any changes in the galaxy 

companion list, then go to step 2; otherwise halt. 

We wish to emphasize again that pass two and pass three are 

necessary to help ensure that the groups found are in £act 

reasonably dynamically isolated from other obJects in the 

catalog. 

II.C: The coapanionahip criteria 

Our co•panionship criteria a•ount to a particular 

application 0£ what is sometimes called the "hypothetico­

deductive method." The general scheae is to initially 

hypothesize that the two obJects in question <two galaxies, 

two groups, or a galaxy and a group) do constitute a 

gravitationally bound, virialized system. On the basis 0£ 

this hypothesis, a number 0£ consequences are derived. If 
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any 0£ the consequences are at odds with physical theory 

then we reJect the hypothesis. I£ all 0£ the consequences 

are consistent with physical theory, then we cannot reJect 

the hypothesis. 

In short, £or each pair 0£ obJects, we are trying to 

determine whether or not there is a consistent 

interpretation 0£ the observational data under which the 

pair may be regarded as gravitationally bound and 

virialized. As we will show below, the tests we e•ploy are 

all quite conservative, in the sense that i£ a pair really 

i s a bound, virialized systea, then in general our criteria 

will all be satis£ied. 

At the beginning 0£ our routine, the user is asked to 

supply three input paraaeters £or use in the companionship 

criteria: (1) the absolute aagnitude 0£ the theoretically 

brightest possible galaxy, (ii) the value 0£ H0 , and 

(iii) the value 0£ Oo- We e•ploy three distinct criteria, 

which we call Cc.1) the brightest galaxy criterion, 

(c.2) the escape vel~city criterion, and <c.3) the density 

criterion. 

11.c.1: The brightest galaxy criterion 

The intuitive idea behind the brightest galaxy 

criterion is that the calculated brightness 0£ a galaxy 
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must not be beyond the range 0£ that 0£ the theoretically 

brightest possible galaxy. Hence, our £irst criterion 

require$ the speci£ication 0£ a theoretical limit on the 

brightest possible galaxy. The user could have been asked 

to supply such a limit as either an absolute luminosity or 

an absolute magnitude; we have arbitrarily chosen to 

request an absolute magnitude value, Plrnax• The value of 

fllnax supplied is assumed to be £roa the same band width as 

the apparent magnitudes given in the catalog. The basic 

idea is that if we •ssume that two obJects are bound, we 

can then compute their true distance, £ram which we can 

compute their true absolute aagnitudes. I£ both obJects are 

single galaxies, then we Just need to check to see if 

either absolute magnitude would have to be outside the 

theoretically permissible range. I£ either 0£ the obJects 

is a group, then we could convert the absolute aagnitude to 

a luminosity, divide by the nuaber 0£ obJects in the group 

to get a aean luainosity, and then convert back to an 

absolute magnitude to aake the coaparison. 

Since our other criteria require coaputation 0£ the 

absolute luminosity 0£ the two obJects, we actually convert 

fllnax to a aaxiaua absolute luainosity Laax and coapare 

luminosities rather than magnitudes. We use the following 

equation to convert absolute aagnitudes to absolute 

luminosities in solar uriita: 
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(1) L/Le = 10<.4 x <Pia - Pl)) 

Since we will always be using solar units when speaking 0£ 

luainosity, we will hence:forth write "L" instead 0£ "L/L0"• 

Let the two obJects being considered be designated by 1 

and 2, with redshi:ft velocities V1 in kM/s, and apparent 

aagnitudes •i• I:£ the two obJecta really are 

gravitationally bound, then they are at approxiaately the 

aaae redshi:ft distance. Assuaing that aasa goes roughly as 

lu•inosity, we calculate a luainoaity weighted redahi:ft £or 

the pair. First we calculate an indicative luainosity li 

£or each obJect: 

(2) ll = 1 / 10 (. 4 X a) 

The luainosity weighted pair redshi:ft velocity is then 

given by: 

(3) 

I£ equation (3) yields a value leas than 300, then we set 

V12 = 300. The distance to an obJect with redahi:ft 

velocity V can be easily calculated :from the relation: 
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<4> d - V / Ho 

Generally Ho is given in units 0£ ka/s/Mpc, and Vis given 

in units a£ km/s; under these circumstances, d will be in 

units a£ Mpc. Ford in Mpc, the absolute aagnitude fti a£ 

each obJect can be calculated using: 

(5} ft=• - 25 - 5 log d 

As discussed above, we convert the absolute magnitudes ft1 

to absolute luminosities Li in solar units using equation 

<1>. For each composite obJect <group) i, we have the 

number ni 0£ galaxies aaking up the obJect; £or single 

galaxies, we set ni = 1. What we have called our brightest 

galaxy criterion thtis aaounts to the £allowing requirement 

£or each obJect: 

(6) 

It can easily be seen £roa <1-5} that £or £ixed values 

0£ the m1, the values 0£ L1 are proportional to H0 -z. For 

exaaple, 1£ we halve the value 0£ H0 , then the calculated 

values 0£ the Li will be larger by a £actor 0£ 4, and hence 

<6> will be more easily violated. Thus, unless the 

theoretical value Plmax is adJusted to be an appropriate 
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£unction 0£ Ho, the brightest galaxy criterion will be a 

£unction 0£ H0 • 

II.C.2: The escape velocity criterion 
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Our second criterion is baaed on the £act that 1£ two 

obJecta are moving in a gravitationally bound orbit about 

their center 0£ mass, then their relative velocity at a 

given separation cannot exceed the escape velocity at that 

separation. And the escape velocity at a given separation 

is Just the square root 0£ two, times the velocity needed 

to maintain a circular orbit with the given radius. Thus, 

we have . the familiar inequality: 

0£ course G is the gravitational constant, Vrel is the true 

relative velocity between the two obJecta, R12 is the true 

separation between the two obJects, and the M1 represent 

the masses. One maJor p~oblem in the application 0£ <7> to 

galaxies is that we have no way 0£ unambiguously 

deteraining the values 0£ Vrel, R12, and the Mi. We will 

address these £actors one at a time. 

First we consider the relative velocity term. If we 

hypothesize that the two obJects under consideration really 
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are gravitationally bound, we can in general obtain a good 

approxiaation 0£ their relative velocity in the radial 

direction by using the di££erence AV in their given radial 

velocities. 

(8) 

We propose to use 6V12 in place 0£ Vrel in (7). 0£ course 

(8) is only an approxiaation due to the £inite angular 

separation between the two obJects. We could de£ine two 

distinct radial relative velocities using: 

(9) 6V<iJ> = .1Vi - VJ x cos 01 

where 0 is the separation angle between i and J• In 

general, AV<12> will not be the same as 6V<21>, and neither 

will equal 6V12- For large values 0£ 0, the di££erences may 

be quite substantial; however, £or values 0£ 0 less than a 

£ew degrees, the di££erences will be negligible. We will 

return to this point below. 

At this point, it is iaportant to note that 6V12 always 

underestimates at least 2ll§. 0£ the values 6V<iJ>, and in 

soae cases, it is saaller than both. <For example, £or 

values 0£ 0 greater than ~/2, AV12 will be smaller than 

both values £or 6V<iJ>.) Further, the relative velocity in 
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one dimension is clearly a lower bound £or the true 

relative velocity. Thus, using 6V12 in place 0£ Vrel in (7) 

is conservative, in the sen~e that no pair that is really 

bound would violate the resulti~g condition. 

We now turn our attention to the separation between the 

two obJects, R12- Since we cannot know the true value of 

R12, we propose to use instead a proJected separation 

RP.12, to be defined shortly. Of course, the proJected 

separation will be a lower bound £or the true separation. 

Thus, once again it is clear £rom (7) that using the 

proJected separation instead 0£ the true separation is 

conservative, in the sense that no pair that is truly bound 

would be ruled out. 

We now need to define the proJected separation between 

two arbitrary obJects. We begin by a determination of the 

angular separation Si2 between the two. Let the right 

ascension and declination of each obJect be represented by 

ai and Ji, respectively. Then the angular separation 

between the two obJects is given by the usual relationship 

fro• spherical trigonometry: 

(10) Si2 = cos- 1 ((sin J1 x sin J2) 

+ <cos ca2 - a1> x cos J1 x cos J2>l 

For very saall ~eparations, the following plane triangle 
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approximation is o£ten use£ul in overcoaing round-off 

errors: 

(11) 

As we stated above, if we hypothesize that the two 

obJects under consideration do £arm a bound system, then we 

can use V12, de£ined in equation (3), as an estimator of 

the true redshi£t distance. We propose to use the angular 

separation of the pair and the redshi£t distance 0£ their 

center 0£ mass to calculate an estimated proJected 

separation. There are a number 0£ alternatives, the 

di££erences being quite negligible £or the range of 

variables which will be 0£ interest to us. Our adopted 

technique is to assume that the midpoint 0£ the proJection 

0£ a line Joining the two obJects is at the distance of the 

center 0£ mass. Then the geometry 0£ the situation dictates 

that the proJected separation is given by: 

(12) RP.12 = 2 x V12 x sin<0].2 I 2) / Ho 

We are still le£t with the troublesome mass terms in 

the initial statement 0£ the escape velocity criterion (7>. 

Our technique is to use the luminosity as an i ndicator of 

mass. We begin by using the mass to light ratio to replace 
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the sum 0£ the mass~s by the sum 0£ the luminosities: 

(13) 

Under the assumption that the two obJects are 

gravitationally bound, we have already calculated the 

values 0£ the Li using <1-5). The value 0£ M/L could be 

obtained £ro• the appropriate densities, which we represent 

by P with corresponding subscripts: 

(14) M/L = PM.mean I PL 

Since Oo is Just the ratio 0£ the mass density to the well­

de£ined "critical" density, we can determine the mass 

density £ram f>o: 

(15) PM.mean= <3 x Oo x H0 ~> / (8 x ff x G) 

The only remaining term to be determined is the 

luminosity density PL• Since we know the solid angular 

coverage 0£ the catalog, we could use the catalog to 

compute a mean luminosity density. But such an approach 

would be grossly in error. The legitimacy 0£ the shi£t £rem 

the sum 0£ the masses to the sum 0£ the luminosities in 

(13) depends on treating M/L as mass to observed 
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luminosity. The point is subtle, but quite important. I£ we 

Just naively used a constant value £or MIL, we would be 

able to show a sharp £all-a££ 0£ mass with increasing 

redshi£t. That is, we would be committed to the absurd 

result that there is substantially more mass close to us 

than £ar away, a result that directly violates the 

cosmological principle! Obviously the problem is that with 

a magnitude limited aample, the luminosity density £alls 

0££ with increasing redshi£t. Thus we need to make 

luminosity density a £unction 0£ redshi£t. 

Using equations (4-5), £or any given redshift we can 

compute £ram the apparent magnitude limit 0£ the catalog 

the absolute magnitude 0£ the faintest galaxy observable at 

that redshi£t. So, instead 0£ making luminosity density a 

£unction 0£ redahi£t, we can equivalently make luminosity 

density a £unction 0£ the limiting observable absolute 

magnitude at the given redshift. We can derive the desired 

£unction directly £ram the catalog. 

For the purposes 0£ deriving the catalog luminosity 

density £unction, we treat the redehi£t velocity of each 

galaxy as though it were pure Hubble flow, and we compute 

the corresponding absolute magnitude Ni and luminosity Li 

0£ the galaxy using equations (1,4, and 5). Using the 

apparent magnitude limit 0£ the catalog and the absolute 

•agnitude 0£ the galaxy, we can also use (5) to compute a 
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value of dmax.i, the maximum distance at which the galaxy 

would still be observable. We consider the luminosity 0£ 

each galaxy to be distributed uniformly in a sphere of 

radius dmax.i, of which only that portion determined by the 

solid angular coverage 8c of the catalog contributes to the 

total. I£ the solid angular coverage of the catalog is 

given in steradians, then the required luminosity density 

£unction is given by: 

(16) 

That is, the luminosity density, at a redshift 

corresponding to a limiting observable absolute magnitude 

A, is Just the sum of the contributions to the luminosity 

density made by galaxies in the catalog which would be 

observable at that redshift. Our technique here £or dealing 

with the faint galaxy problem is effectively the same 

mathematically as that used by Huchra and Geller <1982>, 

although their presentation is a bit di££erent from ours. 

Thus far in the discussion, we have treated all obJects 

as point aasses. While that is appropriate for galaxies, it 

will not be appropr~ate £or groups. One particle orbiting 

the center 0£ a spherical cloud of particles is dynamically 

affected only by the mass of particles within its orbital 

radius. Consequently, there may be cases in which the mass 
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terms in (7) must be scaled by an appropriate :fraction. 

Given (13>, we accomplish the s~me e££ect by scaling the 
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luminosity terms. In order to compute an appropriate scale 

£actor, we define a ~haracteristic radius for each group. 

There are various ways a characteristic radius could be 

defined (e.g., mean pair-wise separation>. Since we are 

using the radius in a dynamic context, we calculate an 

harmonic radius that would be appropriate £or the virial 

theorem. For each group i, with n1 members, we compute the 

harmonic angular radius Btl.i from the angular separations 

8Jk of all pairs o:f group me111bers, J and k, using the 

:following equation: 

(17) ~ · = n 1· ~ / E ..,n • l. 
J,k 

Note that in <17), each physical pair gets counted twice, 

once by 8Jk and once by f3kJ. For single galaxies, we define 

the harmonic angular radius. to be O. Now, suppose we are 

considering an arbitrary pair o:f obJects, 1 and 2, which 

may both be galaxies, both groups, or a galaxy and a group. 

Then we may assign to each a scale :factor Si based on the 

angular separation of the two obJects, as follows: 

(18) S1 = 1 i:f 0h. i b 812 

= <ai2 / Btl.i> 3 
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We simply multiply the luminosities in <13) by the 

appropriate scale £actors. 

33 

We are now in a position to state our escape velocity 

criterion. For convenience in writing out the criterion, we 

£1rst square both sides 0£ (7) and then make the 

substitutions discussed above. 

<19) t:N12 i! L 
3 X ·Oo X Hoi! X «S1 X L1) + (S2 X L2)) 

4 X ~ X RP.12 x PL<Rlim> 

From equations (1,4, and 5), it is clear that Lis 

proportional to H0 -i!, and hence the numerator of <19> has 

no Ho dependency. Having noted the relation between Land 

Ho, equations (4 and 16) guarantee that PL<R1im> is 

proportional to H0 • But (12) assures us that RP.12 is 

proportional to H0 - 1 • Hence there is no H0 dependency in 

the denominator 0£ (19) either. So our escape velocity 

criterion is independent 0£ H0 and depends only on Oo-

II.C.3: The density criterion 

The last criterion we will employ concerns the minimum 

mass density £or gravitatiohally bound, virialized groups. 

The intuitive idea is that the internal density of a 
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gravitationally bound, virialized region must be 

su££iciently greater than that 0£ the background £or the 

region to have stopped expanding with the Hubble £low and 

to have become virialized by the present epoch. 

Consider a small region of space, and let X represent 

the density enhanceaent, i.e., the ratio of the internal 

mass density 0£ the region to the mean background mass 

density. Recall £rem the hierarchical clustering model 

that 1£ a region is su££iciently overdense, then 

gravitation will eventually overcome the Hubble expansion, 

at which point the region will stop expanding and begin to 

collapse. For values a£ 0a L 1, Gott and Rees (1975> 

derive the following criterion £or the minimum density 

enhancement required in order £or a region to be 

gravitationally bound in virial equilibrium at present 

cosmic time t 0 : 

(20) 

We use the following equation £rom Weinberg (1972) - to 

compute the present cosmic tiae: 

(21) to = Ho- 1 x [(1-0a>- 1 -

<Oa/2) x (1-0a>- 312 x cosh- 1 <<210a>-1>] 
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So, £or a pair 0£ obJects, say 1 and 2, we can express a 

restriction on the •ass density PM.12 determined by the 

pair and the •ean background •ass density. 

(22) 
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Once again, we ~ust deal with a mass term, and we use 

the same technique discussed above in the circular velocity 

criterion. We relate the ~ass density PM.12 0£ a pair to 

the luminosity density PL.12 of the pair. 

(23) PM.12 = PL.12 x M/L 

= PL.12 x PM.Mean I PL<KliM> 

Putting (22> together with (23) gives: 

(24) 

Thus we can actually replace the ~ass density restriction 

with a restriction . on the luminosity density. 

To coMpute the luminosity density, we assume that the 

luainosity is distrib~ted within a sphere whose radius is 

the separation between the two obJects. Since we do not 

know the true separation between two obJects, we use the 

proJected separation RP.12 de£ined in (12). To obtain the 
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total luainosity, we aust again worry about the case when 

one or both of the obJects are groups. As before, we use 

the scale £actors defined by <18). Hence, we can co~pute 

the luainosity density deterained by a pair as £allows: 

(25) 
3 x <<S1 x L1> + <S2 x L2>> 

(4 X ~ X Rp.12 3
) 

Obviously density is inversely proportional to the cube 

of the radius. Hence, using the proJected separation means 

that our density criterion is conservative in the sense 

that any pair that is really gravitationally bound would 

satisfy our restriction. 

We now turn our attention to the H0 dependency. Since 

the Li are proportional to H0 -i and RP.12 is proportional 

to H0 - 1 , we know from <25> that PL.12 is proportional to 

H0 • From our previous discussion, we know that PL<~lim> is 

proportional to H0 . Equations (20 and 21) guarantee that X 

is independent 0£ H0 • Thus, our restriction <24) is 

independent 0£ H0 • 

Finally we return to our approximation (8) for the 

relative velocity in the radial direction £or the pair 0£ 

obJects under consideration. We noted that for small values 

of angular separation 812, 6V12 is a good approximation to 

the radial component 0£ the relative velocity; however, for 
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larger values of angular separation, the true value may 

di££er substantially from our approximation. For example, 

suppose V1 = V2; if .012 = 11', then 6V12 = O, whereas the 

true value would be 2 x V1. So there is no upper limit on 

the size 0£ the potential error. Our escape velocity 

criterion (19) provides no restriction £or the case 

However, as 812 increases, the proJected 

separation RP.12 defined in equation (12) also increases. 

But from (25), we know that the luminosity density of the 

pair is inversely proportional to the cube of the proJected 

separation. Consequently, our density criterion (24) will 

legitimately rule out pairs with very large angular 

separation. 



Chapter III 3 8 

·ChE-.pt..E!!::r ::c::c::c 

B .:i.. r>.~::ry GE-. .1. -E3>< .:i.. E!!E!I. 

III.A: Binary aaaplea 

Once the general group finding techniques described in 

the previous chapter have been applied, the galaxy 

connection function can trivially be used to obtain a list 

of those groups which have only two members. As discussed 

previously, all the groups will be gravitationally bound, 

they will be dynamically isolated £rom each other and from 

the re•aining single galaxies in the catalog, and they will 

be virialized. Consequently, the sub-sample of binaries 

will also share these properties. As already noted, each 

binary sample will be independent of Ho, being a function 

of only the input value of Oo and the value for the 

theoretically brightest galaxy. We will use the binary 

sa•ples so obtained to compute mean values for M/L 

corresponding to a range of values for Oo- We will then use 

the self-consistency technique to obtain a best value for 
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III.B: Binary calculati6na 

From the dynamics 0£ binary systems, we know that the 

sum 0£ the masses 0£ a bound pair is given by: 

The true values 0£ Vrel and R12 cannot be deterained £or a 

binary galaxy system. Consequently, in our study 0£ binary 

galaxies, we are limited to statistical techniques. In 

particular, we hope to use mean values £rom a large binary 

sample to estimate the true value 0£ MIL. 

As be£ore, we replace Vrel by 6V12, defined by (8), and 

we replace R12 by RP.12, defined by <12). From the 

observations, we can .then obtain an "observed" value 0£ MIL 

£or the pair £ram the absolute luminosities calculated on 

the basis 0£ the redshift determined by the pair. 

(27) 
6V12z X RP.12 

CMIL>o.12 = 
G x <L1 + L2> 

We wish to find the mean value of M/L as given in (27) for 

our binary sample. However, if there are known errors £i in 

the observed radial velocities Vi, then statistically 

speaking, <27) will be a biased estimator. The corrected 
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estimator is given by the £allowing: 

(28) (MIL>c.12 = 
(6V12z - £1 2 - £2 2 ) x Rp.12 

G x <L1 + L2> 
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In actual applications, these "corrected" values will in 

some cases be negative and hence have no physical 

signi£icance. Further, the statistical characteristics 0£ 

the corrected values will not in general be the same as the 

statistical characteristics 0£ the uncorrected values. The 

corrected values will have a lower mean but a higher 

standard deviation. However, the mean 0£ the corrected 

values will in general be a better estimate 0£ the true 

mean 0£. the population than will the mean 0£ the 

uncorrected values. 0£ course 1£ the errors are all O, then 

(27) and (28) coincide. 

Because 0£ proJection e££ects, 6V12 and RP.12 will 

underestimate Vrel and R12, respectively. Figure 1 gives 

the geometry 0£ the situation. It is easy to see that the 

£allowing relationships hold, where in all cases we are 

interested only in the absoiute values: 

(29) RP.12 = R12 x sin S 

(30) 6V12 = Vrel x sin~ x sine 
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<31> o ~ e ~ ~12 

Hence, we immediately have: 

(33) (M/L)o.12 = f x CMIL>t.12 

where we use "f" to represent the proJection function, we 

use the subscript "o" to represent the value of M/L 

computed from "observed" quantities, and we use the 

subscript "t" to ·represent the true value of MIL. The 

proJection function f is given by: 

(34) f =sin~$ X sin 3 0 

As before, we must worry about the statistical bias 

introduced by the square of the error terms in the values 

of the Vi. If we intend to use aean values, then instead of 

simply taking the mean of both sides of (33), it is more 

appropriate to use the following, where angular brackets 

denote mean values: 

(35) 
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111.C: Variable interrelat~onahipa 

In our discussion _o£ our three criteria, we have 

already noted that the escape velocity criterion and the 

density criterion are both independent 0£ H0 . Further, it 

is obvious that neither depends on the input value 0£ the 

absolute magnitude 0£ the brightest possible galaxy. Thus 

both 0£ these criteria depend only on the value 0£ f>o. The 

only possible dependency on H0 is in the brightest galaxy 

criterion, and that dependency can trivially be removed by 

appropriately scaling the input parameter with change of H0 

value. In actual experiments with the CfA survey, using 

values of Oo £ram 1 down to .01 and a constant value of -23 

£or the input magnitude parameter, we found that changing 

the value of Ho from 100 to 50 made a dif£erence of only 

two or three out of 150 to 175 pairs. Thus even with no 

change in the magnitude parameter, there is virtually no 

dependence on H0 • 

As we discussed in the introduction, it is becoming 

commonly accepted that there is a relationship between the 

size of the region over which mass is determined and the 

calculated value of MIL; the larger the region, the higher 

the value 0£ M/L. Indeed, one of the most in£luential 

arguments for the dark matter hypothesis was based on a 
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claimed increase in MIL with increasing proJected 

separation £or a sample 0£ binary galaxies; see Einasto et 

al. (1974). In order to use our binary sample to check this 

currently popular view, it is important to determine 

whether or not our companionship criteria themselves induce 

such a relationship. 

From equation (19) 0£ the escape velocity criterion, we 

see that the minimum allowed total luminosity 0£ a binary 

is proportional to the product 0£ the square 0£ the radial 

velocity difference and the proJected separation: 

(36) 

From the escape velocity criterion alone, we would expect 

that a plot 0£ total luminosity L against the quantity 

6V~ x Rp should be a scattergram with all points £alling at 

or above a line of non-zero slope. Comparing (36) with the 

equations for calculating MIL, namely <27-28), we see that 

there is no induced relationship between the maximum 

allowed value 0£ M/L and proJected separation. Assuming no 

relation inherent in the data itsel£, a plot of M/L against 

Rp should be a scattergram, all points falling below a line 

of constant MIL. So the escape velocity criterion does not 

induce a spurious relation between M/L and Rp. 

From equations (24-25) 0£ the density criterion, we see 
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that the minimum total luminosity 0£ a binary is 

proportional to the cube 0£ the proJected separation: 

(37) Lmin oc Rp 3 
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So the density criterion together with the escape velocity 

criterion, i.e., (36) together with (37), make 6V 

proportional to Rp, as one would expect. Consequently, 

there is no relationship between M/L and Rp induced by the 

combination 0£ the escape velocity criterion and the 

density criterion. And trivially, no such relationship is 

induced by the brightest galaxy criterion. 

Since the ratio 0£ mass to observed light increases 

with distance, we should expect there to be a relation 

between the maximum allowed. 6V £or a pair and the distance 

from the observer. Assuming the distribution 0£ matter is 

uniform throughout space, the further away a pair is, the 

~ore unseen matter there must be in the vicinity 0£ the 

pair. Thus a pair with given apparent magnitudes will 

support a higher velocity di££erence at larger redshifts 

than at smaller redshifts. We should then expect a 

relationship between 6V and distance. Indeed, the equation 

£or the escape velocity criterion (19) together with the 

standard equations (1 and 5) yield the following 

relationship: 
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The true relationship between 6V and distance depends on 

the way in which PL<M1im> varies with distance, and this 

latter variation may di££er £rom one catalog to another. 

From equations (36-38>, we are led to expect some 

relationship between the minimum absolute luminosity 0£ 

binaries observed at a given distance and the distance. 

However, any e££ect induced by our selection criteria is 

likely to be completely overshadowed by the e£fect due to 

the fact that our original catalog is an apparent magnitude 

limited sample. From equations (1, 4, and 5>, we obtain the 

standard result for any apparent magnitude limited sample 

that the minimum absolute luminosity observed at a given 

distance is proportional to the square of the distance. But 

the members of a binary galaxy are presumed to be at the 

same distance. Since the absolute luminosity of a binary 

is Just the sum of the absolute luminosities of the 

constituent galaxi~s, the minimum luminosity of binary 

galaxies observed at a given distance will also be 

proportional to the square of the distance . 

A £inal note of some importance concerns the 

relationship between our companionship criteria and the 

proJection angles 0 and m. Unlike previous work in the 
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field <e.g. Page (1952>, Karachentsev (1972>, Turner 

<1976), and Peterson (1979)), our criteria make no explicit 

separate appeal to any cut-off in velocity difference or 

proJected separation, nor do we use directly any positional 

isolation requirement. As a result, the proJection angles 

remain random variables. Indeed, we have already noted that 

no true binary system would be ruled out by our three 

criteria. Since true binary systems may be presented to the 

observer through any random proJection angles, our criteria 

cannot introduce any bias in these angles. Thus it will be 

appropriate to divide the mean value of M/L from our sample 

by the mean of the proJection function in order to obtain 

the true value of MIL. 

III.D: The problea of faint coapaniona 

As we have pointed out above, our criteria are all 

conservative, in the sense that generally speaking, a true 

binary pair will not be reJected. However, there is a 

problem of significant contamination of our sample · by 

"irRposters", i.e., by pairs that do not really for111 binary 

systems. Obviously, from our point of view, some imposters 

are much worse than others. To put the 111atter succinctly, 

bad imposters are those that foul up the statistics. Given 

our goals and techniques, there is nothing to be gained in 
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trying to identify imposters that do not affect the 

statistics of the sample: only the bad imposters need to be 

eliminated. 

The most obvious .sort 0£ bad imposter is a larger group 

masquerading as a binary because of the observational limit 

of the original catalog. Any pair in our sample may have 

close companions that are fainter than the observational 

limit of the catalog. If the faint companions are similar 

in mass to the visible obJects, then the mathematics of 

binary dynamics cannot be appropriately used. To put the 

matter slightly differently, for cases of significant mass 

contamination, calculations based on binary dynaaics will 

provide very misleading values of MIL. It is easy to 

describe scenarios in which the spurious values will be low 

as well as high. But statistically speaking, the aean of a 

distribution weights larger values more than smaller 

values, so the mean M/L 0£ a contaminated sample will be 

larger than it should be. Further, because the M/L values 

of the bad imposters tend to be extreme, the standard 

deviation in M/L for the contaainated sample will be 

greater than the corresponding standard deviation for the 

sample with the bad imposters reaoved. 

It is important to recognize that eliminating randomly 

chosen true binaries from the saaple will not affect the 

statistics, ass_uming of course that we do not eli•inate so 
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many that small numbers become a serious problem. This £act 

has two very important consequences. First, we need not 

worry 1£ our procedures £or eliainating bad imposters are 

quite draconian and eliminate aany true binaries as well; 

aa long as the cull procedure introduces no bias in the 

orientation angles which determine the proJection £unction, 

the elimination 0£ such randomly selected true binaries 

will not a££ect the statistical results. And second, i£ our 

cull procedure is designed to progressively eliminate more 

and more pairs, we will _be ~ble to tell when the bad 

imposters have been ·eliminated by simply noting the point 

at which the statistical characteristics 0£ the remaining 

sample become stable. Thus, that very quality 0£ bad 

imposters to which we obJect (they signi£icantly a££ect the 

statistics 0£ the sample) will in £act enable us to cull 

them £rom the sample, as we will now discuss. 

Since we are assuming that mass is roughly proportional 

to light £or galaxies, an unseen companion will have a 

greater dynamical e££ect on galaxies close to the catalog 

observational limit than on brighter galaxies. Hence, 1£ 

either member 0£ a pair in our sample is close to the 

• observational limit 0£ the catalog, then we must be 

suspicious that the pair might be a bad imposter. In £act, 

the closer to the limit either member 0£ the pair is, the 

greater should ~e our suspicion. In light 0£ this 
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observation, a simple culling procedure suggests itself: we 

should cull any pair in which at least one member is "close 

to" the observational limit 0£ the catalog. 

We have used the di££erence between the apparent 

magnitude 0£ the £aintest member 0£ the pair and the 

observational limit 0£ the catalog aa the "closeness" 

parameter £or our procedure. We have implemented a 

progressive culling technique by starting with a closeness 

parameter 0£ 0 (culling £irst at the catalog limit) and 

then increasing the closeness parameter in steps 0£ one 

tenth 0£ a magnitude. From equations Cl and 5) we can 

obtain the following relationship: 

(39) dL/L = (-.4 /loge) x dm ~ -.921 x dm 

So, assuming a constant value 0£ MIL, each step in one 

tenth apparent magnitude means a change in mass by a £actor 

of alMost one tenth. 

As suggested above, we continue our progressive culling 

procedure until the statistical characteristics of-the 

re•aining sample have stabilized; the particular 

characteristics 0£ interest are the mean and standard 

deviation in the calculated value 0£ M/L. It is possible to 

predict fairly precisely how the mean and standard deviation 

should behave under our culling procedure i£ our 
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characterization 0£ the bad i•posters has been correct. It 

will be important to use these predictions as a check on 

the correctness 0£ our proposals. 

Let A and B represent any two variables such that one 

is the product 0£ so•e independent proJection £unction£ 

times the other. 

(40) 

In our case, the "A" represents values 0£ MIL calculated 

£ram our sample, while B represents the true value 0£ MIL. 

Herea£ter we will use angular brackets around variables to 

denote mean values, and we will use "<r'' with appropriate 

subscripts to denote standard deviations. Given (40>, the 

£allowing two relationships are easy to establish <see Rei£ 

(1965) and Squires (1976>>: 

(41) <A>=<£> x <B> 

(42) 

For the case 0£ interest to us, the proJection £unction 

is given by (34) above. To obtain the mean 0£ the 

proJection £unction, we must consider the probability 

distribution 0£ the angles. We assume that there is no 



Chapter III 51 

preferred direction £or the axes, i.e., for the relative 

velocity vector and the lirie Joining the two galaxies. In 

other words, if we think 0£ a "point 0£ view" as a location 

on the hemispherical shell determined by the ranges of 9 

and$, then each point 0£ view is equally probable. Hence 

the probability that 9 is in the range e toe+ d9 and$ is 

in the range$ to$+ d$ is Just the element 0£ solid 

angle, sine x d9 x d$, divided by the total solid angle 

in the hemisphere, 2v. Using this probability and equation 

(34), we find: 

(43) <£> = 3v/32 "' o. 295 

(44) 

So, the ratio of the mean 0£ the proJection function to its 

standard deviation is .about 1. Thus, from (42), we obtain 

the following important relationship: 

(45) 

0£ course C in (45) is Just the square of the ratio of the 

standard deviation in B to the mean of B. 

We are now in a position to predict how the mean and 

standard deviation in M/L should behave under our culling 
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technique. As discussed above, both the mean and the 

standard deviation should show a steady decline as the 

extreme values 0£ the bad imposters are eliminated. More 

importantly, £ram equation (45), we can predict that the 

standard deviation should be a bit greater than the mean. 

The ratio of the standard deviation in the true M/L value 

to its mean is 0£ course unknown, but on~ priori grounds, 

we would not expect ·{t to be large. After all, if the 

standard deviation is much . larger than the mean, then the 

mass to light ratio ceases to be of much value on any scale 

less than that 0£ the entire universe. In any case, once 

the bad imposters are removed £ram the sample, the mean and 

the standard deviation in calculated M/L should both level 

off and remain a constant distance apart. 

We could have used this predicted behaviour as an 

indication of where to stop the cull. However, it seemed to 

us better to use the predicted relationship between the 

~ean and the standard deviation as a check on our 

underlying assumptions and to use a more obJective 

criterion for ending the cull. Thus, in actual practice, we 

computed statistics on samples culled at one tenth 

~agnitude intervals over a range of one and a half 

magnitudes; we then used that sample which had the lowest 

standard deviation in computed ~/L. In all cases which we 

examined, using values of Oo £ram 1 to .01, the means and 
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standard deviations behaved exactly as predicted <see the 

following chapter). 

It is extremely important to note that our culling 

procedure does not in any way bias the sample in terms of 

the proJection angles. Note that a faint galaxy may occur 

in a pair with any arbitrary proJection angles, as may a 

bright galaxy. Culling on the basis of apparent magnitude 

amounts to simply using only a shallower sub-catalog of the 

original. If the original catalog was complete to some 

limiting apparent magnitude, then it should be complete at 

all smaller apparent magnitudes. 

Since corrected values of MIL computed according to 

equation (28> introduce spuriously high standard 

deviations, we used statistjcs based on the uncorrected 

values of MIL, computed according to equation <27>, when 

performing the culling procedure. However, when calculating 

the true value of MIL, we used the mean of the corrected 

values, as in equations . <28 and 35) in order to be 

statistically unbiased. 
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C:hEapt..~:r- IV 

Appl .:Lc::E1.t...:L<:>r1.e. Ea.rid. Re!=.e.'-Jlt...e. 

IV.A: Initial conditions 

As stated previously~ our techniques were designed 

primarily £or the C£A _surv~y, Huchra et al. <1983). We 

obtained the C£A survey on . computer tape and found it to 

di££er in only three records £ram the published version; 
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our version contained data on 2398 galaxies. Morphological 

information was not used by the group £inding algorithm. 

Further, no attempt was made to use the CfA supplied maJor 

and minor axis data to correct magnitudes £or galaxy 

inclination. Velocities were converted from heliocentric to 

galactocentric values and corrected for Virgo-centric flow 

as in Geller and Huchra (1983). By direct integration of 

the boundary conditions 0£ the survey, it was determined 

that the catalog coverage totals 2.674 steradians, as 

opposed to the value of 2.66 reported in Huchra et · tl• 

(1983). 

In order £or th~ iesults 0£ applying the group finding 

algorithm to be at all accurate, the catalog must be 

reasonably complete to some limiting magnitude. The CfA 

survey is stated to ·be complete to apparent magnitude 14.5. 
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Just to be sure, we per£ormed a V/Vmax test, see Schmidt 

(1968), in two versions on the C£A survey. In one version, 

we adJusted all redahi£ts quoted at less than 300 km/s to 

300 km/s; we obtained a test value 0£ 0.474. In the other 

version, we eliminated the 22 galaxies with quoted 

redshi£ts less than 300 km/s; we then obtained a test value 

0£ 0.477. On the basis 0£ these tests, we concluded that 

the C£A survey is reasonably complete to the stated 

limiting magnitude. 

During the course 0£ the group £inding algorithm, if 

the computation 0£ the redshift velocity 0£ the center 0£ 

mass 0£ a pair resulted in a value less than 300 km/s, the 

value was revised t6 be 300 km/s. In all cases, we used a 

value 0£ -23 £or the limiting absolute magnitude of the 

brightest possible galaxy. This value was selected 

following Schmidt and Green <1983) as the upper edge of the 

galaxy distribution and the lower edge 0£ the quasar 

distribution. As indicated previously, we found virtually 

no change in our binary lists when changing our value of H0 

from 100 to 50, even when all other parameters remained 

constant. Thus, we will henceforth assume an H0 value of 

100 km/s/Mpc. Recall that only the brightest galaxy 

criterion depends on H0 . Thus £rem equations (4 and 5), a 

change in H0 by a £actor of two is equivalent to a change 

in the limiting absolute magnitude 0£ about 1.5. 
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Consequently it is clear that our results depend very 

little on the value chosen £or the limiting absolute 

magnitude. For Oo, we used the £allowing values: 1.0, 0.2, 

0.1, 0.05, 0.04, 0.0~, 0.02, and 0.01. For speed in 

computation, the observable luminosity density function, 

defined by equation (16), was calculated at half-magnitude 

points. A plot of the result as a function of redshift 

distance is given in figure 2. 

A very strong body of opinion presently seems to 

support the value 0£ 0.2 £or Oo; see Davis and Peebles 

<1983) and Peebles (1984). Remarkably, our self-consistency 

technique comes up with a value 0£ about 0.03, as we will 

discuss below. Consequently, instead of reproducing 

complete data for all values 0£ Oo actually tried, we will 

concentrate our analysis on the results obtained for the 

two cases 0.2 and 0.03. 

IV.B: Resultant binary galaxies 

A complete list bf the binary galaxies for Oo equal to 

0.2 and 0.03 will be found in tables 1-4. Tables 1 and 3 

give the characteristics of the binaries themselves. The 

column labeled "No." is Just the ordinal number assigned to 

the binary. The numbers in table 1 do not correspond to the 

numbers in table 3. The column labeled "BCPT" is a 
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transparent code :for purposes o:f comparison: "B" means the 

binary is on the unculled lists for both 0o values 0.2 and 

0. 03.; !'C" means the binary passes the cul 1 ing procedure 

£or the given value 0£ Oo; "P" means the binary was also 

identi:fied as such by Peterson (1979>; and "T" means the 

binary was also identi£ied by Turner (1976). The column 

labelled "R.A." gives the computed right ascension :for the 

center 0£ mass in hours and minutes. The column labelled 

"Dec." gives the computed declination for the center of 

mass in degrees and ~inutes. Coordinates are all given in 

epoch 1950. The column labeled "mag." gives the computed 

apparent photographic magnitude of the binary. The column 

labeled "V" gives the computed galactocentric redshift 

velocity 0£ the center of mass in km/s; note that these 

velocities have also been corrected for Virgo-centric flow 

as in Geller and Huchra <1983). The column labeled "6.V" 

gives the radial velocity di:£:ference between the two 

galaxies in km/a. The column labeled ''0'' gives the computed 

angular separation in degrees between the two galaxies. 

Tables 2 and 4 list the characteristics of the ­

galaxies. This in:for~ation is all taken from the CfA 

survey, Huchra et al. (1983). As be£ore, the column labeled 

"No." gives the ordinal number assigned to the binary. The 

numbers in table 2 correspond to those in table 1, while 

the numbers in tabl• 4 corr~spond to those in table 3. The 
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numbers in table 2 d.o not correspond to those in table 4. 

The column labeled "Name'•' gives the designation from the 

CfA survey, and - is either the NGC number, the IC number, or 

a positional designation. The columns labeled "R.A.", 

"Dec.", and "mag." give the inforJAation described above, 

only £or the individual galaxies rather than £or the binary 

itsel£. The colunm labeled "V" gives the galactocentric 

red shift velocity in km/a, and it has been corrected £or 

Virgo-centric £low as in Geller and Huchra (1983). The 

column labeled "E" gives the estimated error in the red 

shi£t. The column labeled "Mor." gives the morphological 

characteristics £ram the C£A survey. 

For no= 0.2, an initial total 0£ 174 galaxy pairs 

were identified. 0£ these, 78 were identified by Peterson 

(1979) and 25 were . identi£ied by Turner <1976). For 

no = 0. 03, an initial. total 0£ 166 galaxy pairs were 

identi£ied. 0£ thes~~ 77 were identi£ied by Peterson and 32 

were identified by Turner. The lists £or the two values of 

no have 107 pairs in common. 

IV.C: Variable interrelationahipa 

As a check on our procedures, we made various scatter 

plots 0£ the unculled data to illustrate the expected 

interdependencies among the variables. The plots £or all 
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values of Oo were quite similar in shape, so for 

illustrative purposes, we have chosen to include only some 

plots for 0.2 and some for 0.03. It should be carefully 

noted that plots 0£ actual data will exhibit a convolution 

of variable dependencies induced by our techniques with 

variable dependencies inherent in the data. 

We will first deal with the variable dependencies on 

proJected separation. Equations <36-37) lead us to expect 

that the miniaum L will be proportional both to the cube of 

6V and to cube of Rp. However, the effect of the magnitude 

limited saaple and equation (38) combine to alter the 

dependency soaewhat. The relationships between Land 6V and 

between Land Rp are quite evident in figures 3 and 4, 

respectively. In both cases, note the diagonal edge of the 

envelope of points and the absence of points on the lower 

right of the plot. In each case, a line of slope 3 has been 

included £or reference. In both cases the edge of the plot 

appears closer to slope 2 than to 3. 

The relationship between 6V and Rp is illustrated in 

figure 5. Note the absence of points on the upper left of 

the plot. Since we expect the one variable to be directly 

proportional to the other, we have included a reference 

line of slope 1 along the edge of the points. 

In figures 6 and 7, we have plotted M/L against 

proJected separation for the two values of f>o. For the 0.2 
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plot, there does seem to · be an increase in maximum M/L over 

the entire range 5 to 1000 kpc. But for the 0.03 plot, 

maximum M/L seems to be constant up to about 50 kpc, at 

which point it increases out to 100 kpc where it again 

levels off. However, we must caution that these apparent 

relationships may be due to the presence of bad imposters 

in the unculled sample, and we will comment more fully when 

we discuss the culled samples. 

Next we consider variable dependencies on redshift. The 

relationship expected £rom equation (38> between 6V and 

redshift is illustr~ted in figure 8. We used the observable 

luminosity density £unction and equation (38> to derive the 

shape of the expected upper. bound on 6V, which we have 

plotted on the diagram for reference. 

From equations <36-38), we expect a relation.snip 

between Rp and redshi£t, and this relationship shows up 

clearly in figure 9. As with figure 8, we have included a 

plot of the expected boundary curve as derived from 

equations <36-38) and the observable luminosity density 

function. 

In figure 10 we have plotted the relationship between 

absolute luminosity and redshift. As we discussed 

previously, we expect this relationship to be determined 

primarily from the fact that we are working with a cata l og 

with an apparen;- magnitude limit. As we have illustrated on the 
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plot, the lower boundary 0£ the points is a good £it to a 

line determined by the square a£ the distance. 

From the binary mass c•lcul~tion given in equation <26) 

we can see £ram equation (36> that luminosity and mass 

should have inverse ~epend~ncies on redshi£t; th~t expected 

trend can be seen by comparing £igures 10 and 11. 

Consequently, we would ~~pect MIL to show no dependency on 

redshi£t. Figure 12 .£or the ·0.2 case is weakly suggestive 

that such a trend may be present, but the data points are 

too sparse on the upper edge to really decide the issue. 

Figure 13 £or the 0.03 case shows no such trend. Thus any 

such trend present in the 0.2 case is most likely inherent 

in the data and not due to our techniques. 

Figures 14 and 15 are 0£ considerable interest, as we 

have plotted mass against luminosity £or the two indicated 

values 0£ f>o. For re£erence·, we have included the two lines 

£or M = 1000 Land M = 100 L. In both plots, the upper edge 

is the crucial part, the lower portions obviously being due 

to the effects 0£ the proJectiort £Jnction. It does appear 

that a power law :e~porient di££e~ent from 1 would be a 

better fit for the ~-2 cas~; ho~ever, a power 0£ 1 seems to 

fit the 0.03 case quite well. But, in both cases, the upper 

edge is too sparsely populated to be precisely defined. We 

wish to emphasize that no firm conclusions can be ~rawn 

£ram the unculled samples due to the likely presence 0£ bad 
/ 
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iJl\posters. 

To check the p~ssibility 0£ an induced relationship 

between MIL and L, we have plotted L vs MIL :for the 

6 2 

unculled binaries ,in :tigures 16 and 17. A very weak trend 

may be present .in :figure 16, but no such trend appe.ars in 

figure 17. Since the trend .does not eihow .up in both case s, 

it cannot be a systematic e:f:fect due to our technique. 

IV.D: Results o:f the cull procedure 

We now turn our attent~on to the e:f:fects 0£ our cul l ing 

procedure. In table 5 we have recorded the e:f:fect o:f the 

culling procedure on the number o:f binaries in the samples 

:for all values o:f Oo- It is interesting to note that at 

each level o:f culling, the numbers o:f binaries in the 

samples :for di:f:ferent values o:f Oo are remarkably 

consistent. 

The e:f:fects o:f the culling procedure are clearly 

apparent in :figures 18-25. Note that .progression to the 

right along the abc i ssa includes more and more o:f the 

original set of binaries, until at the extreme right 

(culling all pairs with at least one member :fainter t h an 

apparent magnit~de 14.5) no pairs at all are culled. I n 

other words, the culling is more severe as we move :f rom t h e 

right to the lej"t along the abcissa. For il l us t rative 
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purposes, figures 18-25 deal only with Oo values of 0 . 2 and 

0.03. The corresponding diagrams for other values of Oo are 

quite similar in shape. 

Figure 18 deals with proJected separation. Recall from 

equation <29) that the proJection function for separation 

is Just sin a, so we do not expect the same variation in 

proJected separation that we do in MIL. At about 14.1, 

both mean and standard deviation become quite stable, wi th 

very little change until we begin to cull at 13.5. Even 

so, the mean changes by only about 50 kpc throughout the 

entire range. In general, the culling procedure s8ems to 

affect the distribution of '. proJected separations very 

little, as is especially apparent from the behaviour of t he 

median. 

Figure 19 deals with 6.V. Recall from equation (30) that 

the proJection function for 6.V is sin~ sin a, so again we 

do not expect the same variation in 6.V that we do in M/L. 

Nevertheless, the graph exhibits the characteristic trend 

of marked decrease in standard deviation as we begin to 

cull <moving from right to left along the abscissa) unt il a 

point of stabilization ia reached, after which the standard 

deviation remains relatively constant. The mean shows a 

similar, but less drastic change, reaching stability at the 

same point as the standard deviation. Of particu lar 

importance to note ia the behaviour of the median, which 
/ 
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remains practically constant throughout. The constancy of 

the median in the face of large changes in standard 

deviation is an indication that the relative percentages of 

higher vs lower values of the variable remain unaffected by 

the culling procedure~ Thus the . culling procedure does not 

introduce any · particular bias toward higher or lower 

values. 

ProJected separation and 6V are combined as in equation 

<26) to compute an indicative total mass. Mass is sub Ject 

to the total proJection function given in (34). However, we 

do expect considerable inherent variation in the mass of 

galaxies, because there is so much variation in their 

absolute luminosities. The effect of the culling procedure 

on mass is illustrated in figures 20 and 2 1 . For the 

no= 0.2 case, figure 20, the mean and standard deviation 

remain relatively parallel, except at the sharp downward 

steps. At these steps# the difference between the mean and 

the standard deviation decr•ases slightly, remaining rather 

constant until the next sh~rp downward trend. However, the 

case £or no= 0.03, figure 41, follows the more 

characteristic pattern we e~pect from our previous 

discussion of the theory of our culling procedure. Note the 

characteristic steep change and leveling off of both the 

Reen and standard deviatio~ as the culling proceeds. In 

both cases, note the relative constancy of the median in 
/ 
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spite 0£ the changes 1n mean and standard deviation. 

Figures 22 and 23 deal with absolute luminosity. 

Absolute luminosity is not subJect to proJections based on 

the angles a and~, so we do not expect the distribution to 

be a££ected by our culling procedure in the same way as 

distributions 0£ variables that are subJect to such 

proJections. The mean and standard deviation continue to 

change in non-parallel ways throughout the range 0£ the 

cull procedure, while the changes in the median roughly 

parallel the changes in the_ mea~. The general trend in mean 

luminosity is downward as more pairs are culled, indicating 

that we are eliminating th~ bin~ries with great~st combined 

luminosity. 

Figures 24 and 25 give the changes in M/L throughout 

the culling procedure. As we predicted earlier, the 

standard deviation and the ~ean both drop as the cull 

begins, until both level out, the standard deviation 

remaining greater than the ~ean. The same strong trend was 

very evident for all values 0£ f>o. As above, it is 

important to note that the aedian is extremely stable 

throughout the cull procedure, indicating that no 

systematic bias toward higher or lower values has been 

introduced. 

We suggest that the point at which it is appropriate to 

stop the cull 1, quite evident from the graphs--simply 
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select the point at which the mean and standard deviation 

settle down and "march alon.g together." However, we £eel 

that a more obJectiv.e . criterion might be deemed : desirable, 

so we have used the point at which the standard deviation 

reaches its lowest value. 0£ course the choice 0£ this 

criterion has an element o£ ·subJectivity to it as well. In 

any case, once the statist~cal characteristics of the 

sample have settled down, it will not matter much where we 

choose to stop the cull. Thus £or Oo = 0.2, we used the 

sample culled at apparent magnitude 13.8, while £or 

Oo = 0.03, we used the sample culled at apparent magnitude 

13.4. 

Returning to tables 1 and 3, we can see the differences 

made by the value of Oo in the culled samples. For 

Oo = 0.2, 19 out of 53 binaries in the "culled list" <the 

list remaining after the cull procedure> are not on the 

original list £or f>o. = 0.03. For 0o = 0.03, 23 out of 4 2 

binaries are not ·on ~he culled list for the other value o f 

f>o. <Recall that the cull criterion £or Oo = 0.2 is 1 3 . 8 , 

while £or Oo = Q.03 it is 13.4.) 

In figures 26 and 27 we have plotted mass against 

absolute luminosity. In figure 26, Oo = 0.2, we have 

included the two reference lines M = 1000 Land M = 1 0 0 L. 

In figure 27, Oo = 0.03, we have included the two reteren c e 

lines M = 100 Land M = 10 L. In both cases it seems c l ear 
/ 
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that the upper edge of the distribution £alls between the 

two reference lines . . If orily the distributi6ns contained 

~any more points, it ~ould ; be possible to obtain an 

accurate determination 6f the true value of M/L in each 

case directly from the graph. Since the distributions are 

so sparse, we must instead utilize the mean of the 

proJection function and the means of the samples. 

In figures 28 and 29, we have plotted M/L against 

separation to check for any trend. In figure 28, Oo = 0.2, 

the trend tentatively noted in the unculled sample can 

still be seen. There seems to be a trend to increasing M/L 

with increasing separation out to 100 kpc, where values 

appear to level 0££. But the data points are even more 

sparse than before, so any conclusions based on figure 28 

~ust remain tentative at best. Figure 29, n = 0.03, shows 

no trend in M/L with increasing separation. However, as 

before, there are too few data points to warrant any firm 

conclusions. 

In figures 30 arid 31 we have plotted L Vs M/L £or the 

culled samples. For the 0.2 case, £igure 30, M/L still 

seems to vary with · L. However, for the 0.03 case, figure 

31, there is no such trend. Recall from equation (37) that 

~inimum absolute luminosity observed at a given separation 

is proportional to the cube of the separation. Thus if the 

data contains an intrinsic relationship betweem M/L and 
/ 
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separation, this relationship will also be exhibited as a 

relation between M/L and L. For the 0.2 case, we seea to 

have £ound a relation between M/L and separation, and hence 

we also see a relation between M/L and L. But £or the 0.03 

case, there is no inherent relation between M/L and 

separation, and hence we £ind no relation between M/L and 

L. Thus there -appears to be no induced systematic relation 

between M/L and L. 

IV.E: Siaulationa 

As an additional check on our approach, we attempted to 

reproduce sample distributions 0£ M/L £ram a simulation 0£ 

the proJection £unction and various presuJRed "true" 

distributions in MIL. All 0£ our simulations were 10,000 

points. Figure 32 ia a plot 0£ 10,000 points £or the 

proJection £unction distribution. The mean and standard 

deviation 0£ the siaulation C0.295 and 0.291) are the 

analytically deterained values. The aedian C0.186> was 

eapirically dete~ained £roa the distribution 0£ points. 

We will report only on the s{mulations £or n = 0.2, as 

the other cases were all quite aiailar. We used £our 

di££erent simulations for the "truelf M/L distribution: a 

delta £unction, a tri·angle distribution, an exponential 

distribution, and a log nor~al 4istribution. We siaply 
/ 
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divided the aean 0£ the sample M/L as determined by 

equation (27) by the aean 0£ the proJection ~unction to 

obtain the mean 0£ the "true" distribution. 0£ course £or 

the delta £unction, 100~ 0£ the values were at the aean. 

For the triangle distribution, an isosceles triangle was 

uaed, the base 0£ the triangle being twice the·aean. The 

standard deviation £or the log normal distribution was 

deterained £roa that 0£ the sample by using equation (42). 

A plot 0£ all distributions except the delta £unction are 

given as £igures 33-35. 

The points in the simulated distributions were obtained 

by taking the product 0£ a randomly selected proJection and 

a randomly selected "true" value. The simulations are 

plotted with the actu~l sample distribution in £igures 

36-39. 

To analyticali~ ~beck the goodness 0£ £it, we binned 

the actual distribution and the simulations into bins 0£ 

width 5 and per£oraed a chi~square test £or each 

simulation. In each case we used the simulation as the 

expected distribution. For all cases except the delta 

£unction, we used the simulated values out to £our times 

the mean 0£ the simulation when calculating the test 

statistic; since the delta £unction yielded zero expected 

£requency at £our times the aean, we used simulated values 

only to three times the mean. The highest value 0£ the test 
/ 
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statistic was 0.58 £or the delta £unction simulation; the 

test £or the delta £unction siaulation was made over 30 

bins, while the test £or the others was made on the basis 

0£ 41 bins. Thus in all cases, the di££erences between the 

simulation and the actual distribution were statistically 

quite negligible. 

The good success 0£ our aiaulations points to two 

important points~ .First, •it should be obvious that except 

£or the mean value, ~irtually no details abdut an 

underlying "true" distribution in MIL can be obtained £ram 

the observed sample. The e£fects 0£ the proJection £unction 

are so strong that they mask all other details. Second, our 

successful siaulations provide yet one more piece 0£ 

evidence that our original companionship criteria and our 

cull procedure do not bias the resulting sample with 

respect to the proJection angles. Consquently, it will be 

legitiaate to use the aeans 0£ the sample distributions and 

the proJection :function to obtain a "true" mean value £or 

MIL. 

IV.F: Deteraination 6£ 0o 

As indic~ted pr~viou~ly, we have obtained binary 

samples £or values 0£ Oo £ram 0.01 to 1. The results are 

summarized in table 6. The column labeled "Ooin" is the 
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input value 0£ Oc,. The column labeled "Cull." gives the 

apparent •agnitude . at which·. the standard deviation in MIL 

was least; we eliminated all pairs with at least one member 

£sinter than the indicated apparent magnitude. The column 

labeled"#" .gives the number 0£ binaries le£t in the culled 

sample. The column labeled "<MIL>c" contains the mean 

statistically corrected values 0£ MIL in solar units, as in 

equation <28>. The coiunm labeled "<MIL>t" lists the 

proposed "true" . values 0£ MIL in solar units; the values 

are obtained £ro• the "<MIL>c" column by dividing by the 

~ean 0£ the proJection £unc~ion. Finally, the column 

labeled "f>oOUt" contains the values of Oo calculated from 

the "true" MIL values. Using equations <14 and 15), we 

have: 

(46) Oo = 
8 x · '11' x G x PL 

3 X Hoz 
x MIL 

The value 0£ PL ia Just the total luminosity density 

obtained from the catalog. We £ound PL~ 1.781 x 10 8 in 

units of suns per cubic Mpc. For our units, we used the 

£ollowiog equation: 

(47) 0o = <MIL>t I 1558 

/ 
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The data in table 6 are plotted in figure 40. For 

convenience in plotting the data, the point £or Ooin = 1 

has been o•itted. For reference, we have included the line 

indicating equality of Ooin and noout. It is abundantly 

clear, both £rom the table and from the graph, that the 

self-consistency requirement dictates Oo between 0.02 and 

0.03. 

It should be emphasized . that the standard deviation in 

our observed M/L is not a good guide to the errors in our 

technique. The standard deviation in observed MIL is a 

convolution 0£ the standard deviation in the proJection 

£unction, the standard deviation inherent in the true M/L 

distribution, the errors in the input data, and the 

internal errors resulting from our approach. 

One simple way to estimate the error in <MIL>c is to 

recall that once the aean and standard deviation stabilize 

during the cull procedure, they change very little . From an 

~xamination of the results of the culling procedure for all 

the _values of Oo used, we can state that the maximum ~hange 

in the value of <M/L>c over the rang~ of statistical 

stability is 10%. Thus the internal error in the values 0£ 

<MIL>c for each value ·of Ooin may be taken to be 10~. 

Obviously 10~ .errors in the values of <M/L>c yield 

corresponding 10% errors i ·n the values 0£ noout computed 

£or the values of Ooin. Another source of uncertainty in 
/ 
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our adopted value of Oo arises from the step size in Ooin 

in the vicinity of the equilibrium point between Ooin and 

noout. And finally, some uncertainty is due to the 

"graininess" 0£ the samples; that is, the small number of 

binaries in the samples means that our "black box £unction" 

is not very smooth, and hence the degree 0£ resolution is 

rather limited. There is no analytic way to calculate an 

error baaed on all these considerations. However, from 

figure 40, we estimate that the potential internal error in 

identi£ying Oo is about 0.01. Thus from our analysis, we 

suggest that the appropriate vaiue is Oo = 0.03 + 0.01. 
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V.A: 

Chapt.E!I~ V 

D~~~~~~~~~ ~~d c~~~l~~~~~~ 

Discussion 

Almost every attempt to determine a value for Oo seems 

to yield a different value. Hence it is not too surprising 

that our value of 0.03 agrees with some and disagrees with 

others. We have already noted that our value is in better 

agreement with the generally low values 0£ Oo which result 

£ram nucleoaynthesis analyses than the currently popular 

values 0£ 0.2 and higher; see Yang et al. (1984) £or a good 

summary 0£ recent work in this area. It is also worth 

noting that using a di££erent technique £ram ours for 

finding groups, Press and Davis (1982> obtain a lower bound 

of 0.07 from the C£A survey. 

In spite of these agreements, w·e must c _omment on the 

fact that Da~is and ~~eble~ (1983) atialyze the tfA survey 

based on two-point correlations and argue for Oo ~ - 0.2. 

Although their approach is different from ours, both assume 

that gravity is the pri•ary £orce af£ecting the galaxies. 

Thus it is quite surprising that the two approaches give 

such di££erent results when applied to the same data base. 

Without going ipto tremendous detail, it is easy to point 
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to many places in their analysis where Davis and Peebles 

aake a choice, not dictated by the data, which 

substantially a££ects the outcome. We will mention only 

three such points. 

75 

The £irst point concerns certain model parameters used 

in the analysis. As part 0£ the analysis, Press and Davis 

attempt to model the relative velocity distribution and £it 

it to the observations. Two £ree parameters are the pair­

wise relative velocity dispersion and a £actor designated 

by F. Note tha.t Davia and Peebles use "q" £or the 

dispersion, while Jn keeping with statistical practice, we 

have used the same symbol for standard deviatio~. 

Henceforth, to avoid .con£u.sion we will use "qd" for the 

pair-wise velocity dispersion. Note that the pair-wise 

velocity dispersion is presumed to vary with the separation 

0£ the individuals. As the authors note, the data do not 

provide enough sensitivity to simultaneously fit £or both F 

and ~d• · They opt to use a value of 1 for F, in part 

because the value of ~d does not seem to vary much with F 

in the range 0.8 to 1.5. 

However, the choice 0£ a value 0£ Fis intimately 

connected with the crucial cosmological parameter Oo- As 

the authors note <p. 474) "A small value of F implies that 

galaxies on all sc~les are expanding with the Hubble 

flow ••. ••, while / large·r values of F imply that g.rav i tational 
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forces are more effective in overcoming the Hubble flow. In 

brief, a lower va.lue 6f F yields lower values £or the 

velocity dispersions at · various separations, as Davis and 

Peebles clearly indi~ate. u•ing a value of F = 1. 0 , Davis 

and Peebles note <p. 474) that for small separations <less 

than 200 kpc) " •.• we get a value of~ that we suspect is 

unrealistically large .•• ". Similarly, they note that for 

large separations <greater than 6.4 Mpc) the data do no t 

fit the model. For these reasons they choose not to use the 

values from their model for both small and large 

separations. We would suggest that a lower value 0£ F wou l d 

yield more reasonable results. A lower value of F would 

yield a lower velocity dispersion from the data, and hence 

a lower value of Oo: consequently, Fis obviously not 

independent of the cosmological parameter the authors are 

trying to derive. 

The second point con9erns the relationship between the 

pair-wise velocity dispersl6n and the sing l e-galaxy one­

dimensional (peculi~r) velocity dispersion, which we wi ll 

designate by <vp>. Because the observed redshift is a 

vector sum of the peculiar velocity of the galaxy as well 

as its true Hubble recession velocity, we cannot determine 

a single galaxy peculiar velocity directly from the 

observations. Hence the pair-wise velocity dispersion must 

be used as a basis for estimating the peculiar velocity 
/ 
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dispersion. Davis arid Peebles note that N-body studies 

indicate that <vp> is - about hal:f the value o:f <Id at a 

separation 0£ 1 Mpc. However, £or certain analytical 

reasons, the authors exp~ct <vp> to be roughly equal to <rd 

at 1 Mpc separation. They opt to use <vp> equal to <Ict at 1 

Npc. For dispersions in ka/s, they use the :following to 

COl\pute flo: 

(49) Oo "' < <vp> /660 > z 

Froa their analysis, they :find Oo = 0.27. Note that simply 

taking <vp> to be one hal:f <Id at 1 Mpc would reduce the 

value o:f Oo by a :factor o:f 4, giving Oo = 0.07, in ~uch 

better agreeaent with our result. 

The :final point we will note concerns the pair - wise 

velocity dispersion at small separations. Because of 

perceived inadequacies with their model, Davis and Peebles 

opt to use the binary gal~xies 0£ Turner (1976> to 

deteraine the velocity dispersion at smaller separations. 

It should be care:fully noted that Davis and Peebles use 

the velocities reported in White et al. <1983>; these 

velocities were deterained by methods similar to those used 

:for the C:fA survey and are •ore accurate than those 

originally given by Turner. 

As we have already noted, selection criteria o:f the 
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sort that Turner em~l6yed involve covert assumptions about 

f>o. Using a di££erent set 0£ binaries selected on the 

basis 0£ other criteria might very well yield di££erent 

results. For purposes 0£ comparison, in table 7 we have 

tabulated the velocity dispersions in km/a, corrected £or 

statistical bias due to observational errors, binned at 

various separations, £or each 0£ our unculled binary lists. 

We have also listed the corresponding values £or the Turner 

sample taken £ram Davis and Peebles <1984). The columns 

headed "10", "30", "90", and "270" are £or the bins 5-15, 

15-45, 45-135, and 135-405, respectively, all in kpc. 

Obviously the distributions 0£ velocity dispersions £or our 

samples are all quite di££erent £ram the Turner data, and 

with the exceptio.n of . the 9 .0 kpc bin £or Oo = 0. 2 and O .1, 

all 0£ our values .a~e ·substantially .lower than the 

corresponding Turner sample · values. Our culled samples 

would have produced even smaller dispersions than those 

listed in table 7. 

In sum•ary, it would be very surprising 1£ two analyses 

of the same data, both baaed on the same underlying force, 

would yield radically di££erent results. We suggest that 

there are enough £ree choices in the Davis and Peebles 

analysis to bring their result into good agreement with 

ours. 
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V.B: Concluaiona 

In conclusion, there are a number 0£ important points 

that warrant emphasis. First, we do not believe that it is 

possible to identi£y gravitationally bound, dynamically 

isolated, virialized groups 0£ galaxies indep•ndently 0£ 

assumptions about cruqial cosmological parameters. In this 

thesis, we have clearly illustrated the very signi£icant 

e££ect even apparently small changes in these parameters 

will have on even the binaries selected. I£ our contention 

is true, then a sel£-consistency analysis is the only 

logically appropriate way to determine the value 0£ Oo on 

the basis 0£ galaxy binaries and groups. 

Further, a value 0£ Oo = 0.03 ~ 0.01 is clearly 

indicated by our analysis. We caution that this result 

applies only to the region 0£ the universe sampled by the 

C£A survey. Other regions may be •ore or less dense, and 

the same analysis applied elsewhere may yield di££erent 

results. We also caution that our result is based only on 

the binaries. Our data did : not show a clear trend in MIL 

with increasing se~aration~ but they did not rule out such 

a trend either. Consequently, it may very well be the case 

that the present result is appropriate only £or small 

separations and will be revised upward when we analyze the 

groups. 
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We should note several ways in which our technique 

aight be improved. As indicated be£ore, we did not attempt 

to correct the apparent magnitude data £or galaxy 

inclination. Thus, we have probably underestimated the 

luainosities and hence overestiMated the value 0£ MIL. 

Secondly, we have aade no atteapt to cull pairs that are 

close to the edge 0£ the area covered by the C£A. However, 

it may easily happen that a pair we have identi£ied as a 

binary is actually part 0£ a larger system whose other 

aembers are outside the coverage 0£ the C£A. One could 

progressively cull based on an edge distance parameter, 

again checking t6 s~e where the statistical parameters 0£ 

the remaining distribution- stabalize. We did not pursue 

such a course primarily because the numbers in our samples 

were already quite small. 

It would be extremely use£ul to be able to apply our 

technique to other regions 0£ the sky or to a deeper survey 

in the same region. With more data points, the edge 0£ the 

distribution 0£ mass versus light would become quite clear, 

and it would be possible to determine M/L independently 0£ 

the proJection £unction. We look £orward to having such 

data available. 

/ 
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Table 1: Unculled Binaries, Oo = 0.20 

No. BCPT R.A. Dec. mag. V t:N 0 

1 B p 0 7.50 25 36.83 12.69 4563 16 0.1643 

2 p 0 26.58 2 34.38 12.53 4419 1127 0 .1065 

3 0 38.35 25 15.81 12.89 4484 132 0.4715 

4 0 39.79 -- 2 8~64 13.11 5120 5 0.3732 

5 B p 0 45.48 . 27 .22.22 13.01 5035 216 0. 1493 

6 0 48.65 . . .;_3 44.42 12.78 3840 222 0.4874 

7 B p 0 55.04 30 4.05 12.28 4934 126 0 .1065 

8 C 1 12.94 ·-2 37.72 11.95 1613 156 0.7515 

9 BCP 1 17. 37 · 3 9.00 11.87 2174 37 0.0766 

10 1 26.40 -1 0.08 13.34 5280 17 0.4005 

11 B 1 34.06 15 32.il 10.05 542 23 0.8509 

12 BC 1 46.39 5 40.85 10.43 1347 77 0.4614 

13 1 47.37 27 16.31 12.84 3439 89 0.4507 

14 B T 1 56.59 18 45.80 11.34 2389 54 0.0559 

15 B p 1 58.78 26 16.16 13.37 5007 93 0.0625 

16 B PT 2 1.05 14 29.06 13.50 3513 7 0.0395 

17 B 2 3.24 29 37.25 13.47 4898 166 0 .1856 

18 B p 2 15.14 14 19.02 12.52 3741 169 0.1938 

19 2 24.14 -1 28.93 13.37 6152 30 0.3593 

20 B T 2 36.67 10 36.69 13.19 3380 163 0.1119 

21 B p 2 37.31 1 18.94 13.70 5778 165 0 .1047 

22 2 37.88 17 41.68 13.70 8708 405 0.4266 

23 2 46.68 -2 57.56 13.41 6687 671 0 .1887 
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Table 1: continued 

No. BCPT R~A. Dec. mag. V t:::.V a 

24 B p 2 50.96 12 44.96 12.81 3438 19 0 .1736 

25 B 2 52.63 -1 36.93 13.11 8354 176 0.0122 

26 B p 2 55.65 3 11.22 13.11 2912 28 0.1413 

27 2 57.60 5 33.66 13.25 7410 2069 0 .1047 

28 3 9.68 -1 27.40 13.70 6612 21 0.2639 

29 B PT 8 53.22 52 17.23 13.07 4147 252 0.0559 

30 B PT 9 9.31 35 11.42 12.76 2156 66 0.1282 

31 B p 9 14 . 16 20 19.83 13.20 8288 442 0.1506 

32 B p 9 14.23 42 12.75 12.96 1962 149 0.0251 

33 9 17.38 33 59.99 13.00 7060 138 0.4813 

34 B p 9 20~70 49 25 •. 96 13.10 2907 94 0.0484 

35 B p 9 31.22 10 21.17 13.24 3282 83 0.0815 

36 9 34.49 23 37·~ 79 13.49 7681 9 0.4365 

37 BCP 9 40.06 32 · 6 .• 53 11.97 1496 27 0.0949 

38 9 45.81 44 20.97 12.44 4970 171 0.3298 

39 CP 9 46.42 33 41.73 12.07 1725 3 0.5166 

40 BC 9 47.55 13 1 .• 84 12.67 1560 60 0.1101 

41 BC 9 52.64 59 32.28 12.71 3234 59 0.0280 

42 C 9 53.18 16 51.93 13.00 3881 40 0.4571 

43 BC 9 58.49 55 54.72 11.31 1368 58 0.1631 

44 B 10 10.99 38 58.50 13.14 6842 623 0.1467 

45 BC 10 19.07 57 12~69 12.34 1453 66 0.2887 

46 10 29.72 28 49.63 12.36 1616 12 0.5128 

47 BC 10 29 .37 65 11.36 12.48 2094 157 0.2921 
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Table 1: continued 

No. BCPT R.A. Dec. mag. V 6V e 

48 CP 10 33.49 22 3.57 11.98 1500 21 0.5319 

49 10 33.91 . 14 17.97 12.84 3133 2 0.4715 

50 C 10 43.80 72 59.54 12.14 3102 118 0.4419 

51 10 44.97 26 ·49.43 13.70 6492 8 0.3159 

52 B 10 48~80 8 40.19 13.47 6530 365 0.2654 

53 10 58.10 45 57.17 13.49 10142 2531 0.2579 

54 C 10 57.95 29 1~.54 11.01 903 33 0.7271 

55 C 11 · 0.70 45 26.45 12.43 6564 540 0.4837 

56 B 10 59.95 17 0.00 13.75 1211 1 0.0342 

57 11 0.67 50 16.43 13.70 7516 83 0.4252 

58 BC 11 0.74 18 23.11 11.29 1177 158 0.2056 

59 BC· 11 0.68 28 15.69 11.52 1723 140 0 .1824 

60 B 11 3.35 0 13.93 9.81 904 166 0.8774 

61 11 7.70 47 12.00 13.55 7819 85 0.3851 

62 B p 11 15.60 23 42.06 13.43 6948 122 0 .1426 

63 BC 11 18.65 53 24.65 11.09 1467 55 0.4997 

64 B 11 -19.15 20 27 .10 12.01 4424 248 0.1170 

65 BC 11 21.84 38 59_.18 11.72 2340 37 0.2423 

66 11 22.47 63 48 .• 15 12.74 3836 274 0.3007 

67 BC T 11 25 . 71 58 50 .• 18 11.91 3415 14 0.0079 

68 B 11 26.21 · 9 22~52 13.70 6409 121 0 .1028 

69 B p 11 29.10 28 31.80 13.60 7229 4 0.2203 

70 BCPT 11 29.77 1 5.31 12.58 6080 72 0.0280 

71 BC 11 3'0.29 53 22.13 11.20 1332 110 0 .1998 
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.Table 1: continued 

No. BCPT R.A. Dec. mag. V 6V e 

72 C 11 33.51 54 45 .• 15 11.99 1558 95 0.6224 

73 C 11 36.77 60 1.11 12.80 3636 231 0.5004 

74 C 11 38.00 11 50.45 11.23 1172 19 0.9325 

75 BCPT 11 37.10 32 12.14 12.59 2900 30 0.0342 

76 B PT 11 37.60 15 36.78 12.81 3511 15 0.0198 

77 p 11 43.55 14 1.93 12.96 3378 106 0.3220 

78 B PT 11 46.25 59 42.27 12.56 3560 47 0.0280 

79 C 11 46.97 27 4.71 12.05 2045 9 0.5692 

80 11 47.11 26 20.32 13.43 3924 135 0.2698 

81 BCP 11 52.25 58 43.43 12.02 3554 137 0 .1282 

82 CPT 11 56.·1:7 43 0.49 12.43 1045 101 0.0559 

83 B PT 11 59.64 30 7 ·.48 i3.60 3396 88 0 . 0625 

84 12 1.38 18 46.55 12.38 1226 194 0.4247 

85 B p 12 1.81 11 2.49 12.74 2643 125 0.3032 

86 12 1.94 2 9.60 12.74 6331 1064 0.1251 

87 B 12 4.38 67 27.60 12.76 2826 90 0 . 0625 

88 BCP 12 5.42 3 5 .15 11.57 1488 6 0.2220 

89 B 12 6.43 29 30.44 13.19 4057 97 0 .1595 

90 BC 12 7.80 39 52.34 10.66 1286 44 0.4934 

91 BC 12 11.30 28 44.72 12.84 4178 139 0.2549 

92 B PT 12 14.04 33 48.77 13.27 6878 363 0.0395 

93 12 16.89 49 55.12 13.21 4258 469 0.4528 

94 B p 12 20.97 58 42.53 13.21 4901 119 0.1454 

95 BCP 12 24 .19 65 7.90 12.89 1725 103 0.2669 
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Table 1: continued 

No. BCPT R.A~ Dec. mag. V 6V 0 

96 B 12 23.94 9 17 .• .$2 13.55 7770 3 0. 01 98 

97 C 12 32 .18 26 11.54 10.15 1545 119 1. 1 429 

98 CP 12 30.14 o · 26 .. 48 11.18 1379 399 0. 2 914 

99 BCP 12 31.78 · 2 39~02 10.67 1959 82 0.4715 

100 12 38 .19 . 1 31.76 13.21 2003 139 0.2947 

101 B PT 12 39.06 26 19 .• 17 13.23 5007 94 0.0395 

102 C 12 39.24 7 43.79 12.04 2052 94 0.3951 

103 B p 12 40.91 55 8.05 13.34 5021 391 0. 1 3 85 

104 B 12 44.69 54 45.78 13.28 5326 91 0.211 2 

105 p 12 45.67 35 36.53 13.60 4477 200 0.2853 

106 BC 12 48.08 25 47.02 10.14 1489 16 0.4073 

107 12 49.08 73 12.04 12.41 1851 34 0.473 1 

108 C 12 52 .15 4 38.41 12.01 969 14 0 .6691 

109 B 12 52~50 8 19.98 12.84 3022 3 7 0 .0000 

110 12 53.03 58 43.06 12.86 2869 10 0.4257 

111 BCP 12 57.71 37 34.98 12.~4 4993 24 0.3165 

112 p 13 3 . 16 29 22.27 12.99 6670 1165 0 . 2907 

113 13 14. 28 . 31 14 .. 75 13.14 5905 41 0.3274 

1 14 BCP 13 19.53 38 56.54 12.35 1299 39 0 . 2315 

115 B p 13 21.79 14 16.71 12.94 7284 41 2 0 . 1235 

116 13 27~52 46 54.39 12.88 2806 84 0 . 3 183 

117 BC T 13 27.77 47 27.96 8.86 832 84 0. 0 79 1 

118 B 13 30.10 7 30.48 13.65 7031 72 0 .1802 

119 B p 13 30.47 62 59.80 12.71 3234 89 0.0685 
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Table 1: continued 

No. BCPT R.A. Dec. mag. V t:N e 

120 B 13 32.20 34 59.38 13.70 7777 491 0.0906 

121 BCPT 13 37.35 1 5.51 13.00 7003 213 0.0280 

122 B 13 39.68 55 54.78 13.13 7931 24 0.0484 

123 BCP 13 43.12 41 52.98 12.47 2901 67 0.2185 

124 B 13 49.86 14 20.47 13.70 7150 69 0.0713 

125 B p 13 51.10 38 8.66 12.49 3976 16 0. 2027 

126 C 13 54.38 41 57.01 11.78 2583 82 0.6723 

127 B 13 55.28 . 15 ·36 .07 l3.64 5839 58 0 .22 47 

128 B 13 58.30 39 . 11.91 12.80 5554 281 0.2518 

129 13 59~74 8 9-31 13.31 4965 2 74 0. 3 511 

130 BC 14 0.96 49 24 .. 89 11.86 2367 ·27 0.0118 

131 BCPT 14 4.61 50 57.65 12.41 2270 144 0. 0 5 23 

132 B 14 7.63 17 50.33 13.01 5433 444 0. 1866 

133 p 14 12.90 14 26.70 13.39 5579 590 0.23 82 

134 PT 14 14.37 39 47.68 13.06 7554 1850 0.0862 

135 B p 14 15.89 7 42.28 13.40 7769 406 0.22 38 

136 B PT 14 17.25 18 5.47 13.70 5974 111 0.0342 

137 B p 14 20.84 40 34.71 13.39 5909 158 0.1251 

138 B 14 26.80 70 2.68 13.70 9539 375 0.2349 

139 14 27.51 3 23.83 12.39 1849 145 0.5055 

140 14 27. 40 · 29 7.44 12.71 4584 434 0.4648 

141 B p 14 33.86 48 55 .• 74 12.89 2550 113 0.203 7 

142 p 14 34.65 36 45.58 13.29 4532 180 0 . 3 01 3 

, . 
143 BCP 14 42.26 · 2 5.42 1 1.47 1914 1 50 0 . 3103 
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Table ·1: contin.ued 

No. BCPT R.A. Dec. mag. V t::N a 

144 B PT 14 49.0'7 35 45.85 13.59 1592 66 0.0685 

145 B p 14 · 52.81 · 42 43.77 13.13 5834 33 0. 1897 

146 p 14 55.05 30 16.15 12.93 2135 15 0.3449 

147 CP 14 58~26 1 57.99 11.60 1973 609 0.3516 

148 B PT 15 5.27 19 46.35 13.12 5072 10 0.0342 

149 15 7.37 54 48.81 13.24 3471 38 0.3403 

150 C 15 12.77 56 42.29 11.01 1063 109 1.0780 

151 BCP 15 14.53 55 39.36 11.90 3724 82 0.2307 

152 B T 15 24.36 41 51.00 13.03 2949 67 0.0186 

153 15 27.35 43 4.98 13.53 5913 79 0.2921 

154 SCP 15 32.80 12 4.02 12.55 2142 68 0.3159 

155 B PT 15 42.66 41 16.13 13.29 9909 60 0.0395 

156 B 15 47.82 19 6.,69 13.04 4191 242 0.2572 

157 15 54.67 48 6 '.03 13.49 6330 65 0.2961 

158 p 16 18.27 58 o ·.78 12.69 5083 457 0.3522 

159 16 27.54 41 5 '.. 79 13.39 8985 385 0.4829 

160 B p 23 4.77 22 42.09 13.60 6236 50 0.1747 

161 B PT 23 12.15 4 15.56 12.52 2534 41 0.0593 

162 B p 23 12.80 18 43.27 13.24 4921 468 0.0862 

163 23 13.84 13 4.85 13.64 4463 341 0.3577 

164 B p 23 25.30 23 18.02 12.39 3446 140 0.1153 

lb5 B PT 23 26.31 3 14.43 13.05 5017 12 0.0685 

166 B 23 36.57 26 47.87 13.33 9306 357 0.3334 

167 23 4'1..03 25 49.01 12.13 761 10 0.7574 
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Table 1: continued 

No. BCPT R.A. Dec. JUlQ • V 6V a 

168 B p 23 39.05 3 27.56 13.64 2799 89 0.0280 

169 B p 23 44.57 29 11.73 12.86 5197 38 0 . 0280 

.170 B p 23 48.35 26 51.18 13.34 8084 110 0.0685 

171 BCP 23 48 .• 67 19 51.16 12.45 4239 167 0.0989 

172 p 23 59.19 12 46.50 13.27 5315 230 0.2867 

173 B p 23 58 .90 : 31 . 9.49 13.60 4918 121 0.0170 

174 B p 23 59~13 23 i3.35 12.74 4418 147 0.0280 

/ 
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Table 2: Unculled Biriary Galaxies,, 0a = 0.20 

No. Name R.A. . Dec. mag. V E Mor . 

1 N 23 0 7.31 25 38.70 13.12 4558 15 1B0S 
N 26 0 7.90 25 33.00 13.90 4574 15 2AOT 

2 N 125 0 26.30 2 33.00 13.83 5206 24 OAO 
N 128 0 26.70 2 34.98 12.92 4079 21 -2 OP 

3 0036+2522 0 36.80 25 · 22.02 14.50 4586 29 -3 0 
N 214 0 38.80 25 13.98 13.17 4454 20 5X1R 

4 0038-0159 0 38.80 -2 1.02 14.40 5123 21 lAO 
N 227 0 40.10 -2 12.00 13.51 5118 28 -5 0 

5 N 252 0 45.30 27 21.00 13.40 4969 31 -2 0 
N 260 0 45.90 27 25.02 14.30 5185 25 5 OP 

6 N 271 0 48.20 -3 51.00 13.20 3912 22 3B0 
N 279 0 49.60 -3 30.66 14.00 3690 23 -2 0 

7 N 311 0 54.80 30 o.oo 14.10 5037 16 -2 0 
N 315 0 55.10 30 4.98 12.50 4911 18 0-5A 

8 N 448 1 12.80 ~2 7.02 13.20 1719 22 -2 0 
N 450 1 13.00 :-2 52.02 12.37 1563 10 6X8S 

9 N 470 1 1'7.20 3 9.00 12.75 2195 10 3AOT 
N 474 ·1 17.50 · 3 9.00 12.51 2158 21 -2AOP 

10 0126-0049 1 26.40 :_ 1 10~98 14.00 5272 23 2 0 
N 570 1 26.40 ;..2 46.98 14.20 5289 30 lBOT 

11 N 628 1 34~00 ·15 31.98 10.07 542 2 5A1S 
0137+1539 1 37.50 is 39.00 14.38 519 10 10 9 

12 N 676 1 46.30 5 40.02 10.50 1342 20 0 0 
N 693 1 47.90 5 54.00 13.50 1419 24 0 0 

13 !1731 1 47.30 26 57.00 14.20 3375 39 SAO 
N 684 1 47.40 27 24.00 13.20 3464 20 3 0 

14 N 770 1 56.50 18 43.02 14.20 2439 22 -5 0 
N 772 1 56.60 18 46.02 11.42 2385 23 3A1S 

15 0158+2615 1 58.70 26 15.00 13.90 5043 35 1 0 
0158+2618 1 58.90 26 18.00 14.40 4950 15 lXOS 

/ 
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Table 2: continued 

No. Nall\e R.A. Dec. lftag. V E Mor. 

16 l 195 2 1.00 14 28.02 14.30 3517 28 -2 0 
l 196 2 1.10 14 30.00 14.20 3510 21 -3BO 

17 0203+2933 2 3.20 29 33.00 14.00 4962 28 -3 0 
0203+2944 2 3~30 ~9 43.98 14.50 4796 25 3 0 

18 N 871 2 14.50 14 · 19.02 14.30 3605 10 5BOS 
N 877 2 1.5.30 14 19.02 12.76 3774 10 4X1T 

19 N 926 2 23.60 --1 27.00 13.90 6164 38 4BOT 
N 934 2 25.00 ;_ 1 31.98 14.40 6134 22 -2 0 

20 N1024 2 36.50 10 37.98 13.80 3310 25 2AOR 
N1029 2 36.90 10 34.98 14.10 3473 18 0 0 

21 11827 2 37.10 1 19.98 14.50 5692 26 lAO 
N1038 2 37.50 1 18.00 14.40 5857 25 1 0 

22 N1030 2 37.10 17 49.02 14.50 8496 41 1 OP 
l 248 2 38.60 17 34.98 14.40 8901 45 1 0 

23 11856 2 46.30 -1 1.98 14.50 6261 30 3BO 
0246-0105 2 46.90 -2 55.02 13.90 6932 32 3BO 

24 N1134 2 50.90 12 48.00 13.20 3444 20 2 OP 
l 267 2 51.10 12 37.98 14.10 3425 21 3BO 

25 N1143 2 52.60 -1 37.20 14.20 8242 31 -2 OP 
N1144 2 52.64 -1 36.78 13.60 8418 32 10 OP 

26 N1153 2 55.50 3 10.02 13.50 2921 22 -5 0 
0256+0314 2 56.00 3 13.98 14.40 2893 28 -5 OP 

27 0257+0536 2 57.50 5 36.42 14.00 6375 32 0 0 
0257+0530 2 57.70 5 30.90 14.00 8444 27 0 0 

28 0309-0035 3 <3.20 -1 25.02 14.40 6622 35 3B0 
0310-0030 3 10.20 -1 30.00 14.50 6601 21 OBO 

29 0853+5218. 8 , 53.10 52. 18~00 13.60 4,244 21 1 0 
N2692 8 53.40 52 16~02 14.10 3992 30 1 0 

30 N2778 9 9 •. 20 35 13.02 13.10 2174 22 -7 0 
N2780 9 9.60 35 7.02 14.20 2108 32 3 0 

/ , 
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Table 2: continued 

No. Name -R.A. Dec. mag. V E Mor. 

31 N2804 9 14.00 20 24.00 14.00 8519 23 -2 0 
N2809 9 14.30 20 16.02 13.90 8077 75 -2 0 

32 N2798 9 14.20 42 13.02 13.29 1923 35 1BOP 
N2799 9 14.30 42 12.00 14.40 2072 30 9B0S 

33 N2832 9 16.80 33 · 58.98 13.31 7025 34 -4 0 
0919+3403 9 19.10 34 3.00 14.50 7163 23 -2 0 

34 N2854 9 20.60 49 25.02 13.80 2952 20 3B0 
N2856 9 20.80 49 27.00 13.90 2858 19 5 0 

35 N29ll 9 31.10 10 22.02 13.82 3316 25 -2AOP 
N2914 9 31.40 10 19.98 14.19 3233 25 2B0S 

36 N2927 9 34.40 23 49.02 14.10 7685 29 3XO 
N2929 9 34.60 23 22.98 14.40 7676 38 5 0 

37 N2964 9 40.00 . 3 ,2 4~98 ·12.37 1488 20 4X3R 
N2968 9 40.20 32 10.02 13.25 1515 23 0 OP 

38 N2998 9 . 45 ~60 44 19.02 12.62 4996 10 5X3T 
N3009 9 47.00 44 31.98 14.50 4825 36 5 0 

39 N3003 9 45.60 33 39.00 12.52 1726 35 5X6 
N3021 9 48.00 33 46.98 13.23 1723 15 4AOT 

40 N3020 9 47.40 13 3.00 13.20 1537 15 6BOR 
N3024 9 47.80 13 o.oo 13.70 1597 25 5 0 

41 0952+5932 9 52.60 59 31.98 13.30 3259 20 5 0 
N3043 9 52.70 59 32.70 13.66 3200 51 3 0 

42 N3053 9 52.80 16 40.02 13.70 3900 30 lXO 
N3060 9 53.60 17 4.98 13.80 3860 27 3 0 

43 N3073 9 57.50 55 52.02 13.80 1316 105 -3XO 
N3079 9 58.60 55 55.02 11.43 1374 25 583S 

44 N3158 10 10.90 39 1.02 13.55 7037 25 -5 0 
N3163 10 11.20 38 52.98 14.40 6414 27 -3AO 

45 N3206 10 18.50 57 10.98 12.70 1434 15 680S 
N3220 10 20.50 57 16.98 13.70 1500 35 OAO 

/ 
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Table 2: continued 

No. Name R.A. Dec. mag. V E Mor. 

46 N3265 10 28.20 29 4.02 14.10 1626 28 -7 0 
N3277 10 30.10 ~8 46.02 12.60 1614 15 2A3R 

47 N3259 10 29.10 65 18.00 13.02 2033 60 4X7T 
N3266 10 2:9.80 65 1.02 13.50 2190 86 -2XO 

48 N3287 10 . 32~10 21 · 55.02 13.15 1486 33 7B7S 
N3301 10 ' 34~20 22 7.98 12.43 1507 75 OBOT 

49 1033 ... 1358 10 33.70 13 58.02 14.20 3134 · 31 6 0 
N3300 . 10 ·34.00 14 25.98 13.21 3132 31 -2XOR 

50 N3348 10 43.50 73 6.00 12.45 3131 21 -5 0 
N3364 10 44.70 72 40.02 13.65 3013 36 4XOT 

51 1044 ... 2648 10 44.30 26 48.00 14.40 6488 35 3AO 
1045 ... 2651 10 45.70 26 51.00 14.50 6496 10 5AOP 

52 N3425 10 48.80 8 49.98 14.50 6754 24 -2 0 
N3427 10 48.80 8 34.02 14.00 6389 45 0 0 

53 1057 ... 4600 10 57.30 46 0.00 14.40 11581 41 3AO 
1058 ... 4555 10 58.70 45 55.02 14.10 9050 87 1 0 

54 N3486 10 57.70 29 15.00 11.10 900 10 5X3R 
N3510 11 1.00 29 9.00 13.80 933 10 9BOS 

55 1059,..4530 10 59.10 45 30.00 13.40 6245 25 5B0 
1101+4524 11 1.80 45 24.00 13.00 6785 47 5 0 

56 1059+1700 10 59.90 17 0.00 14.50 1211 10 7 0 
1100+1700 11 o.oo 17 o.oo 14.50 1210 10 5 0 

57 1100 ... 5029 11 0.20 5.0 28.98 14.50 7559 18 1B0 
1101+5005 11 1.10 50 4~98 14.40 7476 31. SAO 

58 N3501 11 0.2() 18 15.00 13.80 1319 15 5 0 
N3507 11 0.80 18 24.00 11.40 1161 10 3B0S 

59 N3504 11 0.50 28 15.00 11.80 1755 19 2XOR 
N3512 11 .L3o · 28 18.00 13.12 1615 19 5X5T 

60 N3521 11 3.30 0 13.98 9.82 902 10 4X3T 
I 678 11 6.80 · O 10.02 14.50 1068 47 lAO 

/ 
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Table 2: continued 

No. Name R.A. Dec. mag. V E Mor. 

61 1106+4705 11 6.80 47 4.98 14.30 7776 30 -3 0 
1108+4719 11 8.60 47 19.02 14.30 7861 32 -3 0 

62 N3615 11 15.40 23 40.02 14.00 6898 30 -7 0 
N3618 11 15.90 23 45.00 14.40 7020 25 3AO 

63 N3631 11 18.20 53 "27.00 11.27 1458 8 5A1S 
N3657 11 21.10 53 12.00 13.10 1513 10 5XOT 

64 N3646 11 19.10 , 20 27.00 12.12 4399 24 4 1 
N3649 11 19.60 20 28.02 14.50 4647 44 1 0 

65 N3658 11 21.30 38 49.98 13.30 2312 15 -2AOR 
N3665 11 22.00 39 1.98 12.01 2349 16 -2AOS 

66 1122+6401 11 22.40 64 1.02 14.10 4032 9 5AOT 
N3668 11 22.50 63 43.02 1.3 .10 3758 27 4 0 

67 I 694 11 2:5 •. 69 5 .8 49.98 12.60 3422 35 9BOP 
N3690 11 25. 72 . 58 50.40 12.73 3408 32 9BOP 

68 I 696 11 2.6.00 . 9 22.02 14.50 6472 41 5B0 
I 698 11 26~40 9 22.98 14.40 6351 28 -1 0 

69 N3713 · 11 29.~oo 28 25.02 14.40 7231 26 -3 0 
N3714 11 29.20 28 37.98 14.30 7227 29 -5 OP 

70 N3719 11 29.70 1 6.00 13.80 6031 40 3AOT 
N3720 11 29.80 1 4.98 13.00 6103 25 2 0 

71 N3718 11 29.80 53 21.00 11.72 1290 10 lBOP 
N3729 11 31.10 53 24.00 12.26 1400 37 lBOR 

72 N3733 11 32.30 55 7.98 13.20 1494 10 5XOS 
N3756 11 34.10 54 34.02 12.42 1589 10 4X3T 

73 N3770 11 35.20 59 52.98 13.50 3526 27 1B0 
N3809 11 38.50 60 10.02 13.60 3757 44 -2 0 

74 N3773 11 35.60 12 22.98 13.34 1156 9 -2AO 
N3810 11 38.40 11 45.00 11.40 1175 15 5A1T 

75 N3786 11 37 .10 32 10.98 13.50 2917 30 lXOT 
N3788 11 37.10 32 13.02 13.20 2887 23 2XOT 

/ 
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Table 2: continued 

No. Name R.A. Dec. mag. V E Mor. 

76 N3799 11 37.60 . 15 36~00 14.40 3523 . 28 3BOP 
N3800 11 · 37.60 . 15 37.02 13.10 3508 11 3XOT 

77 N3872 11 43 ~ 20 14 3~00 , 13.30 3466 22 -5 0 
1144+1359 11 44.50 · 13 58~98 14.40 3300 : 33 8 0 

78 N3894 11 46.20 59 - 44.00 12.90 3573 25 -5 0 
N3895 11 . 46.40 59 43.02 14.00 3526 .26 lBOT 

79 N3900 11 46.60 27 18.00 12.63 2049 10 -lASR 
N3912 11 47. so· 26 46.02 .13. 00 2040 19 3X5P 

80 N3902 11 46.70 26 24.00 14.00 3869 31 3XOS 
1147+2615 11 47.70 26 15.00 14.40 4004 46 2 OP 

81 N3958 11 52.00 58 39.00 13.10 3640 23 1B05 
N3963 11 52.40 58 46.02 12.52 3503 20 4X2T 

82 I 749 11 56.00 43 1.02 13.40 1105 10 5B5T 
I 750 11 56.29 43 0.12 13.00 1004 22 2 0 

83 1159-t-3007 11 59.50 30 7.02 14.30 3354 30 5 0 
1159+3008 11 59.80 30 7.98 14.40 3442 23 3 0 

84 N4049 12 0.40 19 1.98 14.20 1068 25 10 0 
N4064 12 1.60 18 43.02 12.60 1262 47 1B5P 

85 N4067 12 1.60 11 7.98 13.20 2600 25 3AOS 
N4078 12 2.20 10 52.02 13.90 2725 28 -2 0 

86 N4073 12 1.90 2 10.98 12.98 6121 20 -3AO 
N4077 12 2.10 2 4.02 14.50 7,185 20 -3 0 

87 N4108 12 4.30 67 27.00 13.00 2808 40 SAOP . 
N4108A 12 4~70 ' 67 30.00 14.50 2898 37 5B0 

88 N4116 · 12 5.10 · 2 58~0.2 12.71 1484 10 8B5T 
N4123 . 12 .5.60 • 3 9 .• 00 12.04 1490 10 5B5R 

89 N4131 12 , 6.20 29 34.98 14.10 4002 25 3 0 
N4134 12 6.60 29 27.00 13.80 4099 26 3 0 

90 N4145 12 7.50 40 10.02 11.68 1313 10 7X3T 
N4151 12 8.00 39 40.98 11.20 1269 0 2XOT 
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Table 2: continued 

No. Name R.A. Dec. mag. V E Mor. 

91 N4185 12 10.80 28 46.98 13.50 4115 42 3 0 
N4196 12 11.90 28 42.00 13.70 4254 100 -2 OP 

92 N4227 12 14.00 33 48.00 13.80 6738 26 oxo 
N4229 12 14.10 33 49.98 14.30 7101 21 -2 0 

93 1216+4938 12 16.70 49 · 37.98 14.30 3960 30 5AO 
1217+5005 12 17.06 50 4.98 13.70 4429 21 0 0 

94 N4335 12 20.60 58 43.98 13.70 4944 22 -5 0 
N4364 12 21.60 58 40.02 14.30 4825 27 -2 0 

95 N4391 12 · 23.00 65 13.02 13.80 1666 74 -3AO 
N4441 12 25.10 6 .5 4.02 13.50 1769 44 -lXOP 

96 N4410A 12 2.3~ 93 · 9 17.82 14.30 7768 31 2 OP 
N4410B 12 23.95 ·9 17.82 14.30 7771 75 -2 OP 

97 N4494 12 28.90 26 3.00 11.31 1623 13 -5 0 
N4565 12 33.90 26 16.02 10.61 1504 10 3A1S 

98 N4517A 12 29.91 0 39.90 12.89 1696 10 8B9T 
N4517 12 30.20 0 22.98 11.43 1297 7 6AOS 

99 N4527 12 31.60 2 55.98 11.68 1909 10 4X3S 
N4536 12 31.90 2 28.02 11.21 1991 8 4X3T 

100 N4599 12 37.90 1 27.00 13.70 2054 23 1 0 
1238+0140 12 38.70 1 40.02 14.30 1915 30 5 0 

101 N4614 12 39.00 26 18.00 14.20 5063 26 OBO 
N4615 12 39.10 26 19.98 13.80 4'369 30 5 0 

102 N4612 12 39.00 7 34.98 12.59 2090 24 -2XOR 
N4623 12 39.60 7 57.00 13.03 1996 56 -1B0 

103 N4646 12 40.60 55 7.02 13.80 4886 127 -5 0 
1241+5510 12 41.50 55 10.02 14.50 5277 31 11 OP 

104 N4686 12 44.40 54 49.02 13.70 5355 28 1 0 
N4695 12 45.30 54 39.00 14.50 5264 21 sxo 

105 N4687 12 45.00 35 37.02 14.30 4572 23 -5 0 
N4711 12 4,6 .40 35 36. 00 · 14.40 4372 25 3 0 

/ 
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Table 2: continued 

No. Name R.A. Dec. mag. V E Mor. 

106 N4725 12 · 48;oo 25 46.02 10.21 1490 10 2X1R 
N4747 · 12 49.30 26 3~00 13.22 1474 10 6BOP 

107 N4750 . 12 ·48.30 73 9.00 12.60 1846 60 2AOT 
1253+7328 12 .53.20 ,73 28.02 14.40 1880 36 5 0 

108 N4765 12 50.70 4 · 43.98 12.90 977 28 15 0 
N4808 12 53.30 4 34.02 12.64 963 15 6A5S 

109 N4795 12 52.50 8 19.98 13.10 3030 21 lBOR 
N4796 12 52.50 8 19.98 14.50 2993 75 -6 0 

110 1252+5902 12 52.50 59 1.98 14.40 2861 35 6 0 
N4814 12 53.20 58 37.02 13.16 2871 65 3A3S 

111 N4868 12 56.80 37 34.98 13.15 5007 28 3A3 
N4914 12 58.40 37 34.98 12.85 4983 25 -3AO 

112 N4952 13 2.60 29 24.00 13.60 6167 71 -5 0 
N4966 13 3.90 29 19.98 13.90 7332 40 --' 2 0 

113 N5056 13 13.80 31 12.00 13.60 5919 15 5 0 
N5065 13 15.20 31 19.98 14.30 5878 20 SAO 

114 N5107 13 19.10 3,8 48.00 13.70 1271 15 6B0S 
N5112 13 . 19~70 39 0.00 12.72 1310 10 6B3T 

115 N5129 13 21.;70 14 15.00 13.30 7167 26 -7 0 
N5132 1.3 22 ·~00 14 21~00 14.30 7579 , 27 -2B0 

116 N5173 13 26. 3b. 46 51.00 14.12 2749 50 -5 0 
N5198 13 28.10 46 55.98 13.30 2833 44 -5 0 

117 N5194 13 ' 27.76 47 27.30 9.03 820 23 4A1P 
N5195 13 27.88 47 31.80 10.94 904 23 0 OP 

118 N5208 13 29.90 7 34.98 14.40 6995 38 -2 0 
N5210 13 30.30 7 25.98 14.40 7067 32 lAO 

119 N5216 13 30.40 62 57.00 14.00 3296 26 -5 0 
N5218 13 30.50 63 1.02 13.10 3207 25 3BOP 

120 N5223 13 32.10 34 57.00 14.40 7543 27 -5 0 
N5228 13 32.30 35 1.98 14.50 8034 28 -3 0 
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Table 2: continued 

No. Name R.A. Dec. mag. V E Mor. 

121 N5257 13 37.30 1 6.00 13.70 7105 30 3XOP 
N5258 13 37.40 1 4.98 13.80 6892 40 3AOP 

122 1339+5554 13 39.50 55 54.00 14.10 7945 23 -2 0 
N5278 13 39.80 55 55.32 13.70 7921 25 3AOP 

123 N5289 13 43.00 41 "45.00 13.50 2860 15 2XOR 
N5290 13 43.20 41 58.02 13.00 2927 15 3 0 

124 I 946 13 . 49.70 f4 21.00 14.50 7114 25 lAO 
I 948 l3 50~00 · 14 19~98 14.40 7183 25 -7 0 

125 N5341 · 13 50.40 38 4~02 14.10 3.988 10 9 0 
N5351 13 51.30 38 10.02 12.77 3972 11 3A3R 

126 N5362 13 ·52.80 ·41 34.02 13.16 2524 0 3 OP 
N5383 13 55.00 42 6.00 12.14 2606 4 3B3T 

127 1354+1541 13 54.90 15 40.98 14.50 5807 24 -1 0 
1355+1532 13 55.60 15 31.98 14.30 5865 30 9 0 

128 N5406 13 58.20 39 9.00 13.05 5495 40 4X2T 
NS407 13 . 58.70 39 22.98 14.50 5776 28 -2 0 

129 NS417 13 59.70 8 16.98 13.80 5065 21 1 0 
N5418 13 59.80 7 55.98 14.40 4791 36 3AO 

130 NS448 14 0.93 49 24.78 12.53 2379 10 1X4R 
N5448 14 1.00 49 25.02 12.70 2352 27 3B0 

131 N5480 14 4.50 50 58.02 12.90 2217 20 5A2S 
N5481 14 4.80 50 57.00 13.50 2361 23 -3AO 

132 N5490 14 7.60 17 46.98 13.40 5298 23 -5B0 
I 983 14 7.70 17 58.02 14.30 5742 17 2B0 

133 1412+1421 14· 12.50 14 21.00 14.30 5244 31 lAO 
N5525 14 13.20 l .4 31.02 14.00 5834 18 -2 0 

134 N5536 14 14.30 39 43.98 14.50 61~7 16 1B0 
N5541 14 14.40 39 49.02 13.40 8047 · 26 5 OP 

135 N5546 14 15.70 .7 48.00 14.10 7575 29 -7 0 
N5549 14 i6.10 7 36.00 14.20 7981 29 -2 0 
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Table 2: continued 

No. Name R •. A. ·oec. mag. V E Mor. 

136 I 999 14 17.20 18 6.00 14.50 6032 33 -1 0 
Il000 14 17.30 18 4.98 14.40 5921 28 -2 0 

137 N5598 14 20.50 40 33.00 14.30 5819 20 -2 0 
N5603 14 21.10 40 36.00 14.00 5977 25 -2 0 

138 1426+7010 14 26.70 70 ' 10.02 14.50 9735 89 -6 OP 
N5671 14 26.90 69 55.98 14.40 9360 27 3B0 

139 N5638 14 27 .10 3 27.00 12.67 1882 19 -5 0 
!1024 14 28.90 3 13.02 14.00 1737 38 -2 0 

140 N5641 14 27.10 29 3.00 12.97 4676 23 2X2R 
N5657 14 28.50 29 24.00 14.40 4242 30 3B0 

141 N5689 14 33.70 48 58.02 13.17 2524 22 OBOS 
N5693 14 34.40 48 48.00 14.50 2637 15 7BOT 

142 N5684 14 33.80 36 45.00 14.20 4430 26 -2 0 
N5695 14 35.30 36 46.02 13.90 4610 31 20 0 

143 N5740 14 . 4,1.90 1 52.98 12.89 1804 20 3X4T 
N5746 14 42~40 2 10~02 11.81 1954 10 3XOT 

144 1448+3547 · 14 48.90 35 46~98 14.50 1554 34 11 OP 
1449+3545 14 49.20 35 45.00 14.20 1620 32 11 OP 

145 N5784 14 · 52.40 ·42 45.00 13.70 5821 26 -2 0 
N5787 14 53.40 42 42.00 14.10 5854 22 0 0 

146 N5789 14 54.40 30 25.02 13.90 2144 35 8 0 
N5798 14 55.50 30 10.02 13.50 2129 8 10 0 

147 N5806 14 57.50 2 4.98 12.70 1585 10 3X5S 
N5813 14 . 58.70 1 54.00 12.09 2194 18 -5 0 

148 N5857 15 5.20 19 46.98 14.29 5079 21 3B0S 
N5859 15 5.30 19 46.02 13.57 5069 31 4B0S 

149 N5874 15 6.50 54 57.00 14.10 3492 10 4XOT 
N5876 15 8.10 54 42.00 13.90 3454 72 2BOR 

150 N5879 15 8.50 57 10.98 12.32 1139 15 4A4T 
N5906 15 14.60 56 30.00 11.40 1030 7 5XOS 

' / 

' 
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Table 2: continued 

No. Name R.A. Dec. mag. V E Mor. 

151 N5905 15, 14 ~ 00 55 42.00 12.41 3755 9 3B1R 
N5908 15 1.5 .40 55 34.98 12.96 3673 10 3AOS 

152 N5929 1,5 24~30 41 51 ~00 14.00 2909 22 2 OP 
N5930 15 24~40 41 51.00 13.60 2976 29 3XOT 

153 N5934 15 26.40 43 · 4.98 14.50 5960 33 5 OP 
N5945 15 ' 28.00 43 4.98 14.10 5881 27 1B0 

154 N5956 15 32.60 11 55.02 13.30 2176 8 5 0 
N5957 15 33.00 12 13.02 13.30 2108 12 3XOR 

155 N5992 15 42.60 41 15.00 14.20 9875 28 3B0 
N5993 15 42.70 41 16.98 13.90 9935 37 3 0 

156 N6003 15 47.10 19 10.98 14.40 4364 29 -2 0 
N6004 15 48.10 19 4.98 13.40 4122 40 5B0 

157 1554+4800 15 54.20 48 o.oo 14.10 6358 21 -2 0 
!1152 15 55.30 48 13.98 14.40 6293 25 -7 0 

158 N6127 16 18.20 58 6.00 13.00 4969 34 -7 0 
N6130 16 18.50 57 45.00 14.20 5426 32 4B0 

159 1626+4120 16 26.80 41 19.98 14.30 8766 35 5 OP 
N6173 16 28.10 40 55.02 14.00 9151 25 -5 0 

160 !5285 23 4.40 22 40.02 14.40 6210 23 0 0 
N7489 23 5.10 22 43.98 14.30 6260 15 5 0 

161 N7537 23 12.00 4 13.98 14.13 2566 28 4AO 
N7541 23 12.20 4 16.02 12.80 2525 30 4B3T 

162 N7550 23 12.80 18 40.98 13.90 5134 31 -3AO 
N7549 23 12.80 18 46.02 14.10 4666 38 6BOP 

163 N7563 23 13~40 12 55.02 14.50 4277 25 1B0 
N7570 23 14.20 13 13.02 14.30 4618 28 1B0 

164 N7673 23 ' 25.20 ·23 19.02 12.70 3411 12 5AOP 
N7677 23 25.60 23 15.00 13.90 3551 15 4XOR 

165 N7679 23 26.23 3 14.16 13.47 5021 25 -2BOP 
N7682 23 26.50 3 15.00 14.30 5009 29 2BOR 

/ 
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Table 2: continued 

No. Name R.A. Dec. mag. V E Mor. 

166 N7720 23 36.00 26 45.00 13.90 9160 29 -3 OP 
N7728 23 37.40 26 52.02 14.30 9517 42 -7 0 

167 2338+2557 23 38.10 25 57.00 14.50 770 8 9 8 
N7741 23 41.40 25 48.00 12.26 760 10 6B3S 

168 N7731 23 39.00 3 · 28.02 14.30 2759 30 1B0 
N7732 23 39.10 3 27.00 14.50 2848 37 8 OP 

169 N7752 23 44.50 29 10.98 14.30 5169 20 0 0 
N7753 23 44.60 29 12.00 13.20 5207 , 26 4XOT 

170 N7767 23 48.30 26 49.02 14.20 .8024 27 0 0 
N7768 23 48.40 26 52.98 14.00 8134 24 - 5 0 

171 N7769 23 48.50 i9 52.02 13.04 4169 25 3 AOT 
N7771 23 48.90 -1~ 49.98 13.39 4336 31 1B0S 

172 N7803 23 . 58.80 12 49.98 13.80 5226 27 0 0 
N7810 23 59~80 12 40.98 14.30 5456 29 -2 0 

173 N7805 23 58.90 31 9.00 14.30 4976 2 1 -2XOP 
N7806 23 58.90 31 10.02 14.40 4855 22 4XOP 

174 2359+2313 23 59.10 .23 13.02 13.20 4367 26 6 OR 
2359+2314 23 59.20 23 13.98 13.90 4514 56 7BOP 

/ 
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Table 3: Unculled ~ineriea, 0o = 0.03 

No. BCPT R.A. Dec. mag. V e 

1 B p 0 7~50 25 36.83 12.69 4563 16 0 .1643 

2 0 18.68 22 6.56 13.20 5900 606 0.0791 

3 0 34.23 23 42.72 13.13 4525 15 0.0050 

4 B p 0 45.48 27 22.22 13.01 5035 216 0 .1493 

5 B p 0 55.04 30 4.05 12.28 4934 126 0. 1065 

6 BCP 1 17.37 3 9.00 11.87 2174 37 0.0766 

7 1 19.61 8 52.30 12.83 2335 14 0.2894 

8 1 ·2s.oa -3 · 51.18 13.45 5380 274 0.0839 

9 B 1 34.06 15 32.11 10.05 542 23 0.8509 

10 C 1 44~94 27 8.58 11.21 368 16 0 .1 342 

11 1 46.25 12 18 .• ~8 13.34 5222 254 0.2646 

12 B 1 46.39 5 40 .. 85 10.43 1347 77 0 .46 14 

13 B T 1 56.59 18 45 .• 80 11.34 2389 54 0.0559 

14 B p 1 58.78 26 16.16 13.37 5007 93 0.0625 

15 B PT 2 1.05 . 14 29.06 13.50 3513 7 0.0395 

16 B 2 3.24 29 37.25 13.47 4898 166 0 .1856 

17 B p 2 15.14 14 19.02 12.52 3741 169 0 .1938 

18 p 2 25.39 20 4.57 13.00 3983 3 0. 1493 

19 B T 2 36.67 10 36.69 13.19 3380 163 0.1119 

20 B p 2 37.31 1 18.94 13.70 5778 165 0 .1047 

21 C 2 39.93 -1 52.14 10.05 902 149 0 .5120 

22 B p 2 50.96 12 44.96 12.81 3438 19 0. 1736 

23 B 2 52. 63 -1 36.93 13.11 8354 176 0.0122 



Tables 1 0 3 

Table 3: continued 

No. BCPT R.A. Dec. mag. V 6V Et 

24 B p 2 55.65 3 11.22 13.11 2912 28 0.141 3 

25 B PT 8 53.22 52 17.23 13.07 4147 252 0 . 0 559 

26 B PT 9 9.31 35 11.42 12.76 2156 66 0. 1282 

27 9 10.97 30 .14. 27 13.41 6922 197 0 . 2 6 2 4 

28 B p 9 14~16 20 19.83 i3.20 8288 442 0. 1506 

29 B p 9 14. 23. 42 . 12.75 12.96 1962 149 0 . 025 1 

3 0 B p 9 20.io 49 25.96 13.10 2907 94 0.0484 

31 B p 9 . 31.22 10 21.17 13.24 3282 8 3 0 . 08 1 5 

3 2 BCP 9 40.06 32 6.53 11.97 1496 27 0.0949 

33 B 9 47.55 13 1.84 12.67 1560 60 0 . 1 1 01 

34 B 9 52.64 59 32.28 12.71 3234 59 0.0280 

35 B 9 58.49 55 54.72 11.31 1368 58 0 . 163 1 

36 B 10 10.99 38 58.50 13.14 6842 623 0.1467 

37 B 10 19.07 57 12.69 12.34 1453 66 0. 2 887 

38 CPT 10 20.76 20 7.76 11.70 1363 105 0.0184 

39 B 10 29.37 65 11.36 12.48 2094 157 0 . 2 9 2 1 

40 10 39.58 13 58.94 11.46 1428 122 0. 3 449 

41 p 10 48.51 2 8 15.88 12.10 1614 138 0 . 135 6 

42 B 10 48.80 8 40 .19 13 .• 47 6530 365 0 .2654 

43 10 56.74 46 20.50 12.79 6886 256 0 . 2341 

44 B 10 59 .95 · 17 OwOO 13.75 1211 1 0. 0342 

45 B 11 o. 74 . 18 23-.• 11 11.29 1177 158 0 . 2056 

4 6 BC 11 0.68 28 15.69 11.52 1 7 23 140 0 . 1824 
I 

47 B 11 
1

3. 35 0 13.93 9.81 904 166 0 .8774 



Tables 104 

Table 3:- continued 

No. BCPT R.A. Dec. mag. V 6V a 

48 B p 11 15.60 23 42.06 13.43 6948 122 0 . 1426 

49 11 16.04 58 13.87 12.04 2340 87 0.3202 

50 BC 11 18.65 5.3 24.65 11.09 1467 55 0.4997 

51 B 11 19.15 20 27.10 12.01 4424 248 0.1170 

52 BC 11 21.84 38 59.18 11.72 2340 37 0.2423 

53 11 24.05 57 15.49 12.53 2109 199 0.2357 

.54 BC T 11 25.71 58 50.18 11.91 3415 14 0. 0079 

55 B 11 26.21 9 22.52 13.70 6409 121 0. 1028 

56 B p 11 29.10 28 31.80 13.60 7229 4 0 .22 0 3 

57 B PT 11 29.77 1 5.31 12.58 6080 72 0 .0280 

58 BC 11 30~29 · 53 22.13 11.20 1332 110 0 .1998 

59 11 ; 30.51 G2 s :.46 13.07 3583 34 0 .1342 

60 11 33.39 55 10.72 13.33 5889 9 0.2167 

61 11 34.07 58 37.79 13.08 1564 43 0.2357 

62 B PT 11 37 .10 32 12.14 12.59 2900 30 0 . 034 2 

63 11 37.58 17 59.75 12.99 3508 179 0 .1 203 

64 B PT 11 37.60 15 36.78 12.81 3511 15 0. 01 98 

65 11 39.38 20 28.37 12.94 5762 11 0.2502 

66 11 43.17 20 41.55 13.47 7067 55 0.2661 

67 B PT 11 46.25 59 42.27 12.56 3560 47 0.0280 

68 11 50.42 20 58.18 13.34 6680 367 0 .1998 

69 BCP 11 52.25 58 43.43 12.02 3554 137 0. 1282 

70 11 54.96 53 38.45 10.75 1367 32 0 .232 4 

71 CPT 11 . 56 .17 43 0.49 12.43 1045 101 0.0559 



Tables 105 

Table 3: continued 

No. BCPT R.A. Dec . . · mag. V 6V e 

72 B PT 11 59.64 30 7 • . 48 13.60 3396 88 0.0625 

73 12 1.35 t:;>4 41.64 13.14 1681 134 0.2 1 40 

74 B p 12 1.81 11 2 ·.49 12.74 2643 125 0.3032 

75 C 12 2.97 50 . 47 .13 11 .19 1067 3 0. 1877 

76 12 3.40 20 '19.34 13.70 7260 590 0. 1251 

77 B 12 4.38 67 27 •.60 12.76 2826 90 0.0625 

78 12 4.58 43 21.~4 11.95 1118 164 0 .1370 

79 BCP 12 5.42 3 5.15 11.57 1488 6 0.2220 

80 B 12 6.43 29 30.44 13.19 4057 97 0 .1595 

81 BC 12 7.80 39 52.34 10.66 1286 44 0.4934 

82 B 12 11.30 28 44.72 12.84 4178 139 0.2549 

83 B PT 12 14.04 33 48.77 13.27 6878 363 0.0395 

84 C 12 14.35 7 34.72 12.27 2809 55 0.3045 

85 p 12 15.06 6 57.36 13.18 2431 27 0.1282 

86 CPT 12 18.86 11 46.98 12.10 517 131 0.0969 

87 CPT 12 19.08 14 52.98 11.78 1370 30 0.0523 

88 B p 1.2 20.97 58 42.53 13.21 4901 119 0. 1454 

89 C T 12 2l..25 16 59 .. 03 11.52 1321 315 0.0766 

90 C T 12 23.00 18 28.22 10.18 1032 157 0 .1203 

91 C 12 23.25 16 36 ·.51 12.15 1953 47 0.3292 

92 B p 12 24: 19 65 7.90 12.89 1725 103 0.2669 

93 12 24.22 15 26.81 11.98 300 29 0.6691 

94 B 12 23.94 9 17.82 13.55 7770 3 0.0198 

95 12 ~-15 9 9.51 13.65 1479 11 0.0766 
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Table 3: continued 

No. BCPT R.A. Dec. mag. V av a 

96 C 12 24.87 13 10.32 11.65 311 7 0.4949 

97 C 12 25.25 9 57.86 11.30 698 85 0.4302 

98 C 12 27.08 14 3.50 11.02 1523 139 0.4126 

99 C T 12 28.19 41 55.34 10.17 883 122 0.0484 

100 12 31.53 7 56.46 10.92 803 31 0.5546 

101 BCP 12 . 31. 78 2 39.02 10.67 1959 82 0.4715 

102 C 12 33.0~ 12 45.76 11.04 560 57 0. 3334 

103 CPT 12 34.06 . 11 31.41 11.41 2434 46 0.0342 

104 CP 12 37.$,7 10 26~63 11.39 2075 1 2 0. 3202 

105 B PT 12 39.06 26 19.17 13.23 5007 94 0.0395 

106 C 12 39.24 7 43.79 12.04 2052 94 0.3951 

107 C 12 39.17 41 27.46 11.38 877 64 0 .1532 

108 C 12 41.08 3 5.44 10.56 1072 149 0.6813 

109 B p 12 40.91 55 8.05 13.34 5021 391 0 .1385 

110 B 12 44.69 54 45.78 13.28 5326 91 0.2112 

111 BC 12 48.08 25 47.02 10.14 1489 16 0.4073 

112 B 12 52.50 8 19.98 12.84 3022 37 0.0000 

113 12 55.37 27 47.89 13.19 7772 105 0.2832 

114 BCP 12 57.71 37 34.98 12.24 4993 24 0.3165 

115 12 57.54 28 14.68 12.76 7018 664 0.1119 

116 12 58 .89 · 27 59.52 13.37 8183 222 0.2669 

117 C 13 9.76 37 6.45 10.17 1285 130 0.6714 

118 B p 13 19.,5~ 38 56.54 12.35 1299 39 0 .. 2315 

119 B p 13 2 1 .79 14 16.71 12.94 7284 412 0 .1235 
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Table 3: continued 

No. BCPT R.A. Dec. . mag. V . 6V e 

120 p 13 22.70 36 38.95 13.20 5576 53 0.0559 

121 BC T 13 27.77 47 27.96 8.86 832 84 0.0791 

122 B 13 30.10 7 30 -.48 13.65 7031 72 0 .1802 

123 B p 13 30~47 62 59.80 12.71 3234 89 0.0685 

124 B 13 32.20 34 59.38 13.70 7777 491 0.0906 

125 B PT 13 37.35 ·1 5.51 13.00 7003 213 0.0280 

126 B 13 39.68 55 54.78 13.13 7931 24 0.0484 

127 B p 13 43.12 41 52.98 12.47 2901 67 0.2185 

128 p 13 47.38 40 13.36 12.59 2936 156 0 .1724 

129 B 13 49.86 14 20.47 13.70 7150 69 0.0713 

130 B p 13 51.10 38 8.66 12.49 3976 16 0.2027 

131 B 13 55.28 15 36.07 13.64 5839 58 0.2247 

132 B 13 58.30 39 11.91 12.80 5554 281 0.2518 

133 BC 14 0.96 49 24.89 11.86 2367 27 0.0118 

134 C 14 4.17 55 10~79 11.98 2354 20 0.3701 

135 B PT 14 4.61 50 57.65 12.41 2270 144 0.0523 

136 B 14 7.63 17 50.33 13.01 5433 144 0 .1866 

137 B p 14 15 .89 . 7 42.28 13.40 7769 406 0.2238 

138 B PT 14 17.25 18 5.47 13.70 5974 111 0.0342 

139 p 14 17.77 4 10.,48 11.44 1829 164 0.0713 

140 p 14 19.43 35 26.38 13.14 3636 149 0.0766 

141 B p 14 20.84 40 34.71 13.39 5909 158 0.1251 

142 B 14 26.80 70 2.68 13.70 9539 375 0.2349 

143 PT 14 28.30 14 12.90 13.30 5436 67 0.0815 
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Table 3: continued 

No. BCPT R.A. Dec. aag, V AV e 

144 B p 14 33.86 48 55.74 12.89 2550 113 0.2037 

145 BCP 14 42.26 2 5.42 11.47 1914 150 0.3103 

146 B PT 14 49~07 35 45.85 13.59 1592 66 0.0685 

147 B p 14 52.81 . 42 43~77 13.13 5834 33 0.1897 

148 15 3.86 1 ' 48.12 11.56 1896 263 0 -1203 

149 B PT 15 5.27 19 46 •. 35 13.12 5072 · 10 0.0342 

150 BCP 15 14.53 · 55 39.36 11.90 3724 82 0.2307 

151 B T 15 24.36 , 41 51.00 13.03 2949 67 0.0186 

152 BCP 15 32.80 12 4.02 12.55 2142 68 0.3159 

153 B PT 15 42.66 41 16.13 13.29 9909 60 0.0395 

154 B 15 47.82 19 6.69 13.04 4191 242 0.2572 

155 B p 23 4.77 22 42.09 13.60 6236 50 0.1747 

156 B PT 23 12.15 4 15.56 12.52 2534 41 0.0593 

157 B p 23 12.80 18 43.27 13.24 4921 468 0.0862 

158 B p 23 25.30 23 18.02 12.39 3446 140 0.1153 

159 B PT 23 26.31 3 14.43 13.05 5017 12 0.0685 

160 B 23 36.57 26 47.87 13.33 9306 357 0.3334 

161 B p 23 39.05 3 27.56 13.64 2799 89 0.0280 

162 B p 23 44.57 29 11.73 12.86 5197 38 0.0280 

163 B p 23 48. 35 · 26 5L.18 13.34 8084 110 0.0685 

164 BCP 23 48 .67 . l9 51·,.16 12. 45. 4239 167 0.0989 

165 B p 23 58~90 31 9 ,.49 13.60 4918 121 0.0170 

166 B p 23 59.13 23 13.35 12.74 4418 147 0.0280 



Tables 109 

Table 4: Unculled Binary Galaxies, no = 0.03 

No. Name R.A. Dec. mag. V E Mor. 

1 N 23 0 7.31 25 38.70 13.12 4558 15 1B0S 
N 26 0 7.90 25 33.00 13.90 4574 15 2AOT 

2 N 80 0 18.60 22 4.98 13.74 5662 22 -3AO 
N 83 0 18.80 22 9.00 14.21 6268 28 -5 0 

3 11559 0 34.23 23 - 42.60 13.70 4519 31 -2XOP 
N 169 0 34.23 23 42.90 14.10 4534 25 2 0 

4 N 252 0 45.30 27 21.00 13.40 4969 31 -2 0 
N 260 0 45.90 27 25.02 14.30 5185 25 5 OP 

5 N 311 0 54.80 30 0.00 14.10 5037 16 -2 0 
N 315 0 55.10 30 4.98 12.50 4911 18 0-5A 

6 N 470 1 17.20 3 9.00 12.75 2195 10 3AOT 
N 474 1 17.50 3 9.00 12.51 2158 21 -2AOP 

7 N 489 1 l,.9.20 8 55.98 13.40 2329 27 5 0 
N 502 l 20.20 8 46.98 13.80 2343 16 -2 0 

8 N 560 1 24.90 -3 49.98 14.41 5219 74 -3 0 
N 564 l 2:5.20 -3 52.02 14.02 5493 74 -5 0 

9 N 628 1 , 34.00 15 31.98 10.07 542 2 5A1S 
0137+1539 1 37.50 15 39~00 14.38 519 10 10 9 

10 11727 1 44.70 27 4.98 12.20 378 33 9B6S 
N 672 l 45.10 27 10.98 11.76 362 6 6B5S 

11 0145+1221 1 45.80 12 21.00 14.00 5337 90 lBOP 
0146+1215 l 46.80 12 15.00 14.20 5083 25 0 0 

12 N 676 1 46.30 5 40.02 10.50 1342 20 0 0 
N 693 1 47.90 5 54.00 13.50 1419 24 0 0 

13 N 770 1 56.50 18 43.02 14.20 2439 22 -5 0 
N 772 1 56.60 18 46.02 11.42 2385 23 3A1S 

14 0158+2615 1 58.70 26 15.00 13.90 5043 35 1 0 
0158+2618 1 58.90 26 18.00 14.40 4950 15 lXOS 

15 l 195 2 1.00 14 28.02 14.30 3517 28 -2 0 
I 196 2 1.10 14 30.00 14.20 3510 21 -3B0 

I 
/ 
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Table 4: continued 

No. NaJR.e R.A. Dec. mag. V E Mor. 

16 0203+2933 ·2 3.20 29 33.00 14.00 4962 28 -3 0 
0203+2944 2 3~30 29 43.98 14.50 4796 · 25 3 0 

17 N 871 2 l,.4.50 1:4 19.02 14.30 3605 10 5B0S 
N 877 2 . 15.30 14 19.02 12.76 3'774 10 4X1T 

18 N 930 2 25.10 20 · 6.00 13.70 3982 37 1 0 
N 938 2 25.70 26 3.00 13.80 3985 34 -7 0 

19 Nl.024 2 . 36. 50 . 10 37.98 13.80 3310 25 2AOR 
N1029 2 36.90 10 34.98 14.10 3473 18 0 0 

20 11827 2 37.10 1 19.98 14.50 5692 26 lAO 
N1038 2 37.50 1 18.00 14.40 5857 25 1 0 

21 N1055 2 39.20 . 0 13.98 11.77 784 10 384 
N1068 2 40.12 -1 46.50 10.30 933 16 3AOT 

22 N1134 2 50.90 12 48.00 13.20 3444 20 2 OP 
I 267 2 51.10 12 37.98 14.10 3425 21 3B0 

23 N1143 2 52.60 -1 37.20 14.20 8242 31 -2 OP 
Nll44 2 52.64 -1 36.78 13.60 8418 32 10 OP 

24 Nll53 2 55.50 3 10.02 13.50 2921 22 -5 0 
0256+0314 2 56.00 3 13.98 14.40 2893 28 -5 OP 

25 0853+5218 8 53.10 52 18.00 13.60 4244 21 1 0 
N2692 8 53.40 52 16.02 14.10 3992 30 1 0 

26 N2778 9 ·9.20 35 13.02 13.10 2174 22 - 7 0 
N2780 9 9.60 35 7.02 14.20 2108 32 3 0 

27 N2783 9 10.60 30 10.98 13.90 6850 28 -7 0 
0911+3020 .9 . 11.60 30 19.98 14.50 7047 28 - 1 0 

28 N2804 9 · 14 ■ - _oo 20· 24 .-00 14.00 8519 23 -2 0 
N2809 9 . 14 •. 30 20 16.02 13.90 8077 75 -2 0 

29 N2798 9 14·.20 42 13.02 13.29 1923 35 lBOP 
N2799 9 ·14 .30 42 12.00 14.40 2072 30 9B0S 

30 N2854 9 20.60 49 25.02 13.80 2952 20 3B0 
N2856 9 20.80 49 27.00 13.90 2858 19 5 0 

/ 
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Table 4: continued 

No. Name R.A. Dec. mag. V E Mor. 

31 N2911 9 31.10 10 22.02 13.82 3316 25 -2AOP 
N2914 9 31.40 10 19.98 14.19 3233 25 2B0S 

32 N2964 9 40.00 32 4.98 12.37 1488 20 4X3R 
N2968 9 40.20 32 10.02 13.25 1515 23 0 OP 

33 N3020 9 47.40 13 · 3.00 13.20 1537 15 6BOR 
N3024 9 47.80 13 0.00 13.70 1597 25 5 0 

34 0952+5932 9 52.60 59 31.98 13.30 3259 20 5 0 
N3043 9 52.70 59 32.70 13.66 3200 51 3 0 

35 N3073 9 57.50 55 52~02 13.80 1316 . 105 - 3XO 
N3079 9 · 58.60 55 55.02 11.43 1.374 25 5B3S 

36 N3158 10 1.0 ~ 90 - 39 1.02 13.55 7037 2 5 -5 0 
N3163 10 1-1. 20 · 38 52~98 1.4 .40 6.4 1 4 27 -3AO 

37 N3206 10 18.50 57 lQ.98 12.70 1434 15 6B0S 
N3220 10 20.50 57 16.98 13.70 1500 35 OAO 

38 N3226 10 20.70 20 9.00 12.77 1429 24 - 5 OP 
N3227 10 20.80 20 7.02 .12.20 1324 4 1 l XOP 

39 N3259 10 29.10 65 18.00 13.02 2 033 60 4X7T 
N3266 10 29.80 65 1.02 13.50 2190 86 -2XO 

40 N3338 10 39.50 14 1.02 11.59 1442 7 5A3S 
1040+1343 10 40.20 13 43.02 13.80 1320 35 7BOP 

41 N3414 10 48. ,50 28 15.00 12.23 1629 20 -2 OP 
N3418 10 48.60 28 22.98 14.50 1491 24 0 0 

42 N3425 10 48.80 8 49.98 14.50 6754 24 -2 0 
N3427 10 48.80 8 34.02 14.00 6389 45 0 0 

43 N3478 10 56.60 46 22.98 13.04 6939 20 4B2T 
1057+4611 10 57.30 46 10.98 14.50 6683 24 -7 0 

44 1059+1700 10 59.90 17 0.00 14.50 1211 10 7 0 
1100+1700 11 o.oo 17 0.00 14.50 1210 1 0 5 0 

45 N3501 11 0.20 18 15.00 13.80 1319 15 5 0 
N3507 11 0.80 18 24.00 11.40 1161 10 3 B0S 

/ , 



Tables 112 

Table 4: continued 

No. Name R.A. Dec. mag. V E - Mor. 

46 N3504 11 0.50 28 15~00 11.80 1.755 19 2XOR 
N3512 . 11 1.30 28 18.00 13 .12 1615 19 5X5T 

47 N3521 · 11 3~30 · o 13.98 9.82 902 10 4X3T 
I 678 11 · 6.80 0 10.02 14.50 1068 47 lAO 

48 N3615 11 15.40 23 - 40.02 14.00 6898 30 -7 0 
N3618 11 15.90 23 45.00 14.40 7020 25 3AO 

49 N3613 11 15.70 58 16.02 12.25 2356 75 -5 0 
N3625 11 17.60 58 4.02 13.90 2269 31 3XOS 

50 N3631 11 18.20 53 27.00 11.27 1458 8 5A1S 
N3~57 11 21.10 53 12.00 13.10 1513 10 5XOT 

51 N3646 11 19.10 20 27.00 12.12 4399 24 4 1 
N3649 11 19.60 20 28.02 14.50 4647 44 1 0 

52 N3658 11 21.30 38 49.98 13.30 2312 15 -2AOR 
N3665 11 22.00 . 39 1.98 12.01 2349 16 -2AOS 

53 N3674 11 23.60 57 19.98 13.10 2190 50 -2 0 
N3683 11 24.70 57 9.00 13.50 1991 18 5B05 

54 I 694 11 25.69 58 49.98 12.60 3422 35 9BOP 
N3690 11 · 25.72 58 50.40 12.73 3408 32 9BOP 

55 I 696 11 2_6. 00 .9 22.02 14.50 64.72 41 5B0 
I 698 11 2.6 .40 ·. 9 22.98 14.40 6351 28 -1 0 

56 N3713 11 29. 00· 28 25.02 14.40 7231 26 -3 0 
N3714 11 29.20 2$ 37.98 14.30 7227 29 -5 OP 

57 N3719 11 29.70 1 6.00 13.80 6031 40 3AOT 
N3720 11 29.80 1 4.98 13.00 6103 25 2 0 

58 N3718 11 29.80 53 21.00 11.72 1290 10 lB0P 
N3729 11 31.10 53 24.00 12.26 1400 37 lBOR 

59 1129+6206 11 29.90 62 6.00 14.10 3562 15 SAO 
N3725 11 30.90 62 10.02 13.60 3596 44 5B0 

60 N3737 11 32.90 55 13.98 13.90 5893 120 - 2B0 
N3759 11 34 .10 55 6.00 14.30 5884 25 -2 0 

/ 



Tables 11 3 

Table 4: continued 

No. Name R.A. Dec. mag. V E Mor. 

61 1133+5829 11 33.60 58 28.98 14.30 1535 38 SAO 
N3757 11 34.30 58 42.00 13.50 1578 21 -2 0 

62 N3786 11 37.10 32 10.98 13.50 2917 30 lXOT 
N3788 11 37 .10 32 13.02 13.20 2887 23 2XOT 

63 N3790 11 37.20 17 -58.98 14.50 3642 27 0 0 
N3801 11 37.70 18 0.00 13.30 3463 70 - 2 OP 

64 N3799 11 3:7 .60 15 36.00 14.40 3523 28 3 BOP 
N3800 11 : 37.60 15 37.02 13.10 3508 11 3XOT 

65 N3816 11 3,9 •. 20 20 22.02 13.60 5767 49 - 2 0 
N3821 · 11 39.60 20 36.00 13.80 5756 44 1B0 

66 1142+2044 · 11 '42.50 20 43.98 14.50 7101 27 -2 0 
N3884 11 '43.60 -~o 40.02 14.00 7046 30 1 0 

67 N3894 11 46.20 59 42.00 12.90 3573 25 -5 0 
N3895 11 46.40 59 43.02 14.00 3526 26 lBOT 

68 N3937 11 50.10 20 55.02 14.00 6847 100 -3 0 
N3947 11 50.80 21 1.98 14.20 6480 33 3B0 

69 N3958 11 52.00 58 39.00 13.10 3640 23 1B0S 
N3~63 11 52.40 58 46.02 12.52 3503 20 4X2T 

70 1154+5327 11 54.20 53 27.00 14.10 1398 15 10 0 
N3992 11 55.00 53 39.00 10.80 1366 10 4B1T 

71 I 749 11 56.00 43 1.02 13.40 1105 10 5B5T 
I 750 11 56.29 43 0.12 13.00 1004 22 2 0 

72 1159+3007 11 59.50 30 7.02 14.30 3354 30 5 0 
1159+3008 11 5,9. 80 30 7.98 14.40 3442 23 3 0 

73 1200+6439 12 0 .10 64 39.00 14.30 1769 28 -2 0 
N4081 12 · 2.00 · 64 43.02 13.60 1635 37 1 0 

74 N4067 · 12 L60. 11 7.98 13.20 26,00 25 . 3AOS 
N4078 12 .2 .,20 ;to 5:2.02 13.90 2725 28 -2 0 

75 N4085 12 2 ,.83 50 37.92 13.11 1065 10 5X5S 
N4088 12 3 .. 00 50 49.02 11.39 1068 10 4X2T 
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No. Name R.A. Dec. mag. V E Mor. 

76 N4092 12 3.30 20 46.02 14.40 6979 29 4 0 
N4098 12 3.50 20 52.98 14.50 7569 34 9 0 

77 N4108 12 4.30 67 27.00 13.00 2808 40 5AOP 
N4108A 12 4.70 67 30.00 14.50 2898 37 580 

78 N4111 12 4.50 43· 21.00 12.08 1099 14 -lAOR 
N4117 12 5.20 43 24.00 14.30 1263 28 -2 0 

79 N4116 12 5.10 2 58.02 12.71 1484 10 8B5T 
N4123 12 5.60 3 9.00 12.04 1490 10 5B5R 

80 N4131 12 6.20 29 34.98 14.10 4002 25 3 0 
N4134 12 6.60 29 27.00 13.80 4099 26 3 0 

81 N4145 12 7.50 40 10.02 11.68 1313 10 7X3T 
N4151 12 8.00 39 40.98 11.20 1269 0 2XOT 

82 N4185 12 10..80 28 46.98 13.50 4115 42 3 0 
N4196 12 11.90 28 42.00 13.70 4254 100 -2 OP 

83 N4227 12 14.00 33 48.00 13.80 6738 26 oxo 
N4229 12 14.iO 33 49.98 14.30 7101 .21 -2 0 

84 N4224 12 ' 14~00 7 43.98 13.21 2841 36 lAOS 
N4235 · 12 14~60 7 28~02 12.86 2786 18 lAOS 

85 N4241 . 12 14.90 6 58.02 13.60 2422 25 OAOS 
13115 12 , 15.40 6 55.98 14.40 2449 23 580 

86 N4294 12 18.70 11 46.98 12.67 571 8 6B6S 
N4299 12 19.10 11 46.98 13.06 440 15 8X7S 

87 N4298 12 19.00 14 52.98 12.34 1358 22 5AOT 
N4302 12 19.20 14 52.98 12.76 1388 22 5 0 

88 N4335 12 20.60 58 43.98 13.70 4944 22 -5 0 
N4364 12 21.60 58 40.02 14.30 4825 27 -2 0 

89 N4340 12 21.10 17 o.oo 12.25 1167 10 -180R 
N4350 12 21.40 16 58.02 12.30 1482 20 -2AO 

90 N4382 12 22.90 18 28.02 10.43 1000 13 -lAOP 
N4394 12 23.40 18 28.98 11.90 1157 8 383R 

I 
I 
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No. Name R.A. Dec. mag. V E Mor. 

91 N4383 12 22.90 16 45.00 12.90 1930 31 1 OP 
N4405 12 23.60 16 28.02 12.90 1977 31 OAOT 

92 N4391 12 , 23~00 65 13.02 13.80 1666 74 -3AO 
N4441 12 25.10 6 ,5 4.02 13.50 1769 44 -lXOP 

93 N4396 12 23.50 15 -57.00 13.70 78 26 7AO 
N4419 12 2°4~40 15 19.02 12.23 49 . 12 1B0S 

94 N4410A 12 23.93 9 17.82 14.30 · 7768 31 2 OP 
N4410B 12 23.95 9 17.82 14.30 7771 75 -2 OP 

95 N4411A 12 24. 00 , 9 9.00 14.40 1484 20 7XO 
N4411B 12 24.30 9 10.02 14.40 1473 20 7AO 

96 N4413 12 24.00 12 52.98 13.04 316 9 3BOT 
N4438 12 25.20 13 16.98 12.00 309 23 OAOP 

97 N4424 12 24.70 9 42.00 12.57 639 15 1B5S 
N4442 12 25.50 10 4.98 11.70 724 19 -2B0S 

98 N4459 12 26.50 14 15.00 11.95 1443 16 -lAOR 
N4477 12 27.50 13 55.02 11.62 1582 11 -2B0S 

99 N4485 12 28.10 41 58.02 12.60 774 50 10B6P 
N4490 12 28.20 41 55.02 10.29 896 26 7B5P 

100 N4526 12 31.50 7 58.02 10.97 805 15 -2XOS 
!3521 12 32.10 7 25.98 14.20 774 35 10 0 

101 N4527 12 31.60 2 55.98 11.68 1909 10 4X3S 
N4536 12 31.90 2 28.02 11.21 1991 8 4X3T 

102 N4550 12 33.00 12 30.00 12.73 605 15 -1B0 
N4552 12 33.10 i2 49.98 11.30 548 13 -5 0 

103 N4567 1:~ 34,.00 . 11 31.98 12.37 2407 43 4AOT 
N4568 1,2 . 34.10 11 31.02 11.98 24.53 40 4AOT 

104 N4596 12 37.40 10 27.00 11.88 2071 28 -lBOR 
N4608 12. 38.70 10 25.98 12.48 2083 24 - 2BOR 

105 N4614 12 39.00 26 18.00 14.20 5063 26 OBO 
N4615 12 39.10 26 19.98 13.80 4969 30 5 0 
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No. Name R.A. Dec. mag. V E Mor. 

106 N4612 12 39.00 7 34.98 12.59 2090 24 -2XOR 
N4623 12 39.60 7 57.00 13.03 1996 56 -1B0 

107 N4618 12 39.10 41 25.98 11.60 865 8 9BOT 
N4625 12 39.50 41 34.02 13.22 929 10 9XOT 

108 N4636 12 40.30 2 · 58.02 11.01 1122 15 -5 0 
N4665 12 42.60 3 19.98 11.74 973 50 OBOS 

109 N4646 12 40.60 55 7.02 13.80 4886 127 -5 0 
1241 ... 5510 12 41.50 55 10.02 14.50 5277 31 11 OP 

110 N4686 12 44.40 54 49.02 13.70 5355 28 1 0 
N4695 12 45.30 54 39.00 14.50 5264 21 5XO 

111 N4725 i2 48.00 2.5 46.02 10.21 1490 10 2X1R 
N4747 12 , 49~30 26 3.00 13.22 1474 10 6BOP 

112 N4795 · 12 52.50 :8 19.98 13.10 3.030 21 lBOR 
N4796 12 5·2 ~ 50 ·. 8 19~98 14.50 2.993 75 -6 0 

113 N4839 12 55.00 27 46.02 13.60 7739 67 -3AO 
N4853 12 56.20 27 52.02 14.46 7844 50 -3AO 

114 N4868 12 · 56.80 37 34.98 13.15 5007 28 3A3 
N4914 12 58.40 37 34.98 12.&5 4983 25 -3AO 

115 N4874 12 57.20 28 13.98 14.01 7472 24 -4 0 
N4889 12 57.70 28 15.00 13.17 6808 23 -4 0 

116 N4911 12 58.50 28 3.00 13.90 8269 30 4XOR 
N4926 12 59.50 27 54.00 14.40 8047 54 -3AO 

117 N5005 13 8.60 37 19.02 10.85 1346 16 4X3T 
N5033 13 11.10 36 52.02 11.00 1216 16 5A2S 

118 N5107 13 19.10 38 48.00 13.70 1271 15 6B0S 
N5112 13 19.70 39 0.00 12.72 1310 10 6B3T 

119 N5129 13 21.70 14 15.00 13.30 7167 26 -7 0 
N5132 13 22 •. 00 14 21.00 14.30 757':J 27 -2B0 

120 N5141 13 22.60 36 37.~8 13.90 5551 33 -2 0 
N5142 13 22.80 36 40.02 14.00 5604 31 -2 0 

/ 
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Table 4: continued 

No. Name R.A. Dec. mag. V E Mor. 

121 N5194 13 27.76 47 27.30 9.03 820 23 4A1P 
N5195 13 27.88 47 31.80 10.94 904 23 0 OP 

122 N5208 1~29.90 , 7 34.9.8 14.40 6995 38 -2 0 
N5210 · 13 . 30.30 7 25.98 14.40 7067 32 lAO 

123 N5216 13 30~40 62 - 57.00 14.00 3296 . 26 -5 0 
N5218 13 30.50 63 1.02 13.10 3207 25 3BOP 

124 N5223 13 32.10 34 57.00 14.40 7543 27 -5 0 
N5228 13 32.30 35 1.98 14.50 8034 28 -3 0 

125 N5257 13 37.30 1 6.00 13.70 7105 30 3XOP 
N5258 13 37.40 1 4.98 13.80 6892 40 3AOP 

126 1339+5554 13 39.50 55 54.00 14.10 7945 23 -2 0 
N5278 13 39.80 55 55.32 13.70 7921 25 3AOP 

127 N5289 13 43.00 41 45.00 13.50 2860 15 2XOR 
N5290 13 43.20 41 58.02 13.00 2927 15 3 0 

1.28 N5311 13 46.80 40 13.98 13.70 3036 23 0 0 
N5313 13 47.70 40 13.02 13.07 2880 25 3 3 

129 I 946 13 49. 70 . 14 21.00 14.50 7114 25 lAO 
I 948 13 50.00 14 19.98 14.40 7183 25 -7 0 

130 N5341 13 50.40 38 4.02 14.10 3988 10 9 0 
N5351 13 SL30 38 10.02 12.77 3972 11 3A3R 

131 1354+1541 13 54.90 15 40.98 14.50 5807 24 -1 0 
1355+1532 . 13 55.60, 15 31. ·.98 14.30 5865 30 9 0 

132 N5406 13 5·8 ~20 39 9~00 13.05 5495 · 40 4X2T 
N5407 13 58.70 39 22.98 14.50 5°776 28 -2 0 

133 N5448 14 0.93 49 24.78 12.53 2379 10 1X4R 
N5448 14 1.00 49 25.02 12.70 23~2 27 3B0 

134 N5473 14 3.00 55 7.98 12.66 2363 38 -3XOS 
N5485 14 5.50 55 13.98 12.80 2343 50 -2AOP 

135 N5480 14 4.50 50 58.02 12.90 2217 20 5A2S 
N5481 14 4.80 50 57.00 13.50 2361 23 -3AO 

/ 
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No. Name R.A. Dec. mag. V E Mor. 

136 N5490 14 7.60 17 46.98 13.40 5298 23 -5B0 
I 983 14 7.70 17 58.02 14.30 5742 17 280 

137 N554G 14 15.70 7 48.00 14.10 7575 29 -7 0 
N5549 14 16.10 7 36.00 14.20 7981 29 -2 0 

138 I 999 14 17.20 18 · G.00 14.50 €,032 33 -1 0 
11000 l.4 17.30 18 4.98 14.40 5921 28 -2 0 

139 N5560 1.4 17.60 4 13.02 13.48 1968 20 3BOP 
N5566 14 17.80 4 10.02 11.62 1804 24 2B4R 

140 N5589 14 19.30 35 28.98 14.30 3734 30 1B0 
N5590 14 19.50 35 25.02 13.60 3585 26 -2 0 

141 N5598 14 20.50 40 33.00 14.30 58i9 20 -2 0 
N5603 i4 21.10 · 40 36.oo 14.00 5977 25 -2 0 

142 142€,+7010 14 26~70 70 10.02 14.50 9735 89 -6 OP 
N5671 · 14, 26. 90 69 55.98 14.40 9360 27 380 

143 N5648 14 ' 28.20 14 15.00 14.10 5401 30 5 0 
N5649 14 28.40 14 10.98 14.00 5468 31 5 0 

144 N5689 14 33.70 48 58.02 13.17 2524 22 OBOS 
N5693 14 34.40 48 48.00 14.50 2637 15 7BOT 

145 N5740 14 41.90 1 52.98 12.89 1804 20 3X4T 
N5746 14 42.40 2 10.02 11.81 1954 10 3XOT 

146 1448+3547 14 48.90 35 46.98 14.50 1554 34 11 OP 
1449+3545 14 49.20 35 45.00 14.20 1620 32 11 OP 

147 N5784 14 52.40 42 45.00 13.70 5821 26 -2 0 
N5787 14 53.40 42 42.00 14.10 5854 22 0 0 

148 N5845 15 3.47 1 49.62 13.51 1677 10 -5 0 
N5846 15 3.94 1 47.82 11.76 1940 11 -5 0 

149 N5857 15 5.20 19 46.98 14.29 5079 21 3BOS 
N5859 15 5.30 19 46.02 13.57 5069 31 480S 

150 N5905 · 15 14.00 . 55 42.00 12.41 3755 9 3B1R 
N5908 15 15~40 55 34 .• 98 12.96 3673 10 3 AOS 

/ 
/ 
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No. Name R.A. Dec. mag. V E Mor. 

151 N5929 15 24.30 41 51.00 14.00 2909 22 2 OP 
N5930 15 24.40 41 51.00 13.60 2976 29 3XOT 

152 N5956 15 ~2.60 11 55.02 13.30 2176 8 5 0 
N5957 15 33.00 12 13.02 13.30 2108 12 3XOR 

153 N5992 15 42.60 41 · 15.00 14.20 9875 28 3 B0 
N5993 15 42.70 41 16.98 13.90 9935 37 3 0 

154 N6003 15 47.10 19 10.98 14.40 4364 29 -2 0 
N6004 15 48.10 19 4.98 13.40 4122 40 5B0 

155 15285 23 4.40 22 40.02 14.40 6210 23 0 0 
N7489 23 5.10 22 43.98 14.30 6260 15 5 0 

156 N7537 23 12.00 4 13.98 14.13 2566 28 4AO 
N7541 23 12.20 4 16.02 12.80 2525 30 4B3T 

157 N7550 23 12.80 18 40.98 13.90 5134 31 - 3 AO 
N7549 23 12.80 18 46.02 14.10 4666 38 6BOP 

158 N7673 23 25.20 23 19.02 12.70 3 411 1 2 5A OP 
N7677 23 25.60 23 15.00 13.90 3551 15 4XOR 

159 N7679 23 26.23 3 14.16 13.47 5021 25 - 2 BOP 
N7682 23 26.50 3 15.00 14.30 5009 29 2 BOR 

160 N7720 23 3·6 .00 26 45.00 13.90 9160 29 - 3 OP 
N7728 2~ 37.-40 . 26 52.02 14.30 95i7 42 . -7 0 

161 N7731 . 23 39.00 · 3 28.02 14.30 2759 3 0 1 B0 
N7732 23 39~10 3 27.00 14.50 2848 37 8 OP 

162 N7752 23 44.50 ,29 10.98 14.30 5169 20 0 0 
N7753 23 44.60 29 12.00 13.20 5207 26 4X OT 

163 N7767 23 48.30 26 49.02 14.20 8024 27 0 0 
N7768 23 48.40 26 52.98 14.00 8134 24 -5 0 

164 N7769 23 48.50 19 52.02 13.04 4169 25 3 AOT 
N7771 23 48.90 19 49.98 13.39 4336 31 lBOS 

165 N7805 23 58.90 31 9.00 14.30 4976 21 - 2 XOP 
N7806 23 58.90 31 10.02 14.40 4855 22 4XOP 

/ , 
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Table 4: continued 

Name R.A. 

2359+2313 23 59.10 
2359+2314 23 59.20 

/ 

Dec. 

23 13.02 
23 13.98 

mag. 

13.20 
13.90 

V 

4367 
4514 

E 

26 
56 

120 

Mor. 

6 OR 
7B0P 
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Table 5: Effect of Culling Procedure on Sample Size 

nc,in 

Cull 0.01 0.02 0.03 0.04 0.05 0 .10 0 . 20 1.00 

14.5 133 155 165 174 173 171 173 172 

14.4 116 134 138 143 141 142 141 140 

14.3 105 120 122 125 121 118 116 112 

14.2 92 105 103 107 103 99 96 87 

14.1 80 93 91 93 89 85 80 69 

14.0 65 78 77 79 75 71 68 58 

13.9 57 72 72 74 70 63 61 48 

13.8 50 65 66 67 63 55 53 40 

13.7 44 56 57 58 53 48 46 33 

13.6 39 49 50 ~1 46 40 40 28 

13 .5 39 48 49 50 46 40 39 27 

13.4 34 42 42 43 39 34 34 21 

13.3 31 40 40 39 37 30 3·0 19 

13.2 26 35 34 33 31 25 25 15 

13.1 22 30 31 30 28 22 19 10 

13.0 20 26 26 · 25 23 18 16 9 

/ 
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Table 6: Omega Determ i nation 

Ooin Cull # <MIL>c <MIL>t noout 

1.00 13.4 21 302 . . 1020 0.66 

0.20 13.8 53 46.3 157. 0 .1 0 

0.10 13.3 30 18.1 61.3 0.039 

0.05 13.4 39 · 13.3 45.1 0 . 02,9 

0.04 ' 13.3 39 9 .,64 32.7 0.021 

0.03 13.4 42 12.2 38.6 0. 025 

0.02 1 3.0 26 10.8 36.7 0.02 3 

0.01 13.6 39 5.61 19.0 0 .012 
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1.00 

0.20 

0.10 

0.05 

0.04 

0.03 

0.02 

0.01 

Turner 

Table 7: Velocity Dispersion Comparisons 

<unculled binaries) 

Rp in kpc 

10 30 90 270 

98 79 172 611 

85 93 342 380 

85 116 280 274 

80 92 148 295 

81 114 147 . 257 

81 113 162 265 

76 116: 125 248 

68 93 114 250 

193 205 267 

/ 
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Figure 24: E££ect 0£ Cull on MIL, Omega= 0.2 
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Figure 29: MIL va Rp, Binariea Culled at 13.4, Omega= 0.03 
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Figure 30: M/Lva L, Binaries Culled at 13.8, Omega= 0.2 
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Figure 32: Binned ProJection Factor, Bin Width= 0.01 
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Figure 34: Binned Exponential Distribution, Bin Width= 5 
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Figure 35: Binned Log Normal Distribution, Bin Width= 5 
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