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My thesis now is all cémplete,
My obligations I did meet.

A new degree

Awarded me,

'Twas not a trifling feat.



-

V. Results

Table of Contenhts

v

Ackngwledgements ' - . . ‘-

Abstract . ) o .
I. Introduction .o~
II. Ccmputer Program Development

III. Program Testing ‘ - . .
i) Fi%g’togmodel isotﬁefmai.gas sphereA
it) Comparieon with results published by
hTaff for .the Perseus clustef
and gless :

iii) Comparison with-gesnlts published

by Bahcall for twelve clusters '

1v. Observational Material I ‘
i) Program input file
ii) Photographic enlargements

iii) Limiting magnitudes

S

iv) Cluster centres from strip counts

v) Ring counts

-

s o
i)%ReéﬁI;s tabulated .
N 'ﬂ . *.
1i) Comparison of Ipg and Ohg

iii) Com@brison'of 10 ring core radii
-
and 20 ring core radii

iv)’CompariSOn of R, and‘Rc .
- ' ¢

v) Individual cluster abnormalities -

‘Y

17

21

31

36
37 -
39

41]

43

48

52.

53

54

57



(

vi)

vii) Comparison with published core radii

viii) Combination of present core radii

ix)

References

Appendix
-Appendix
Appendix
Appendix
Appendix
a Appendix
Appendix
Appendix
Appendix

. Appendix

A

‘B -

_—

.\’\ /\

The mass segregation- question

with those of Bahcali"

Conclusions

Program lis§ing

Auxiliary listings

Detailed program explanations
Plate and’clus;;;linformation
Strip'counts

Ring counts -

~Background counts

Complete results
Density profiles

Sample output

61 .

64

66
68
71
72
90
99

132

134

143

148

151

157

164

I,



‘consisting of Drs. Chia, Dup.

-y '
i
w
. 3 y
< . .
 Many many thapks go to Dr. Gary Welch for a -«
mﬁltitude of r
. sugges¥ing this topic '
- providing the plates used R
» ~ giving a seemingly endleés supply of hints,
suggestioqs; and
= going ovex all tﬁe maAy versions of ‘this thésis
and supp}yihg evin more of he above * !
‘ - prbvfﬂing encou;aéement whéhtdays'were dark and
computer programs seeﬁed to be proving their éqmplete
‘non-operability. ‘ |
‘ Thanks élso goes tp the thesist defenbe committee

Reynolds/and Welch for
N .

further suggestions. when I ¥hGught I was almost finished and

to the computer centre staff at.St. Mary's for a lot of help
beforé, after, and especially  during the aforementioned dark

days. ’ ' -

e m—ketanin « e o




LEd

- universe.

*
Abstract

Bahcall (1975) has fgund th§£ thé average core
_radius forla group'of lS.clusters 6f ggiaxies is 0.25t0:05 .
Mpc. At the suggestion of Dr. G. Weich it was decided to
study four nearby cluséers of gaiaxies (A2052, A25?3, A2626,

and Al54) in order to determine their core radii. If it

turned out that the dispersion of core radii at low redshifts

is gmall, then these core radii could Be said to be
effectively constant. Any variation of the core radius at

large redshifts would then be due to the geoﬁetry of the

Acbordingly, a compuﬁértprogram was written that
would find a core radius by fitting ring countsdata from the
chosen clusters to an Emden_isothefmal gas sphere. The ring

couﬂts were que to three magnitude limits, one oﬁ_which

.
> approximated that of Bahcall. Also, each magnitude limit
~—.

was used to find four core radii: one using all the ring
count data and a counted background density; one using half

the ring ceunt data (only the core region) and a counted

~background density; one using all thg data but selving fox

a background dgg;ity (among other parameters); and one‘ﬁsing.
half éﬁe data and solving for the backgrpound density. These
féur results were compared in various ways in order to
determine which method‘producea the "best" core radius. Then

1

the "best" core radius for each cluster at the magnitude
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limit used by Bahcall was added to her results. to ébtain a
" new average and standard deviation. \ ‘
. Several conclusions were drawn from the overall
fesults. .
1. In the course of testing the program it was
» found that different results. were found between this.and
A\ other programs using the same data. This indicates the neéd
of a unique érogram to be used .exclusively.
2. Better results geqm to be found when\the
5ackgr6und density is counted. ‘ ‘
3. Better|resu1ts seem to be found when all data’

. {dbout out to the Abell'radius)bisiused as opposed to only

»

the cote data.:

. 4. Two clusters show evidence of mass segregation

(22052 and A2593).

5. The spread;of core radii from the four clusters
of this thesis at.(of more precisely, "near") Béhcall's
magnitude liﬁit is large enough to cast doubt 5n the idea

bofﬁﬁsing core radii as universal geometry indicators °
(R, (average) =0.2010.13 Mpc for the four ¢lusters of this\

thesis). . o
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Introduction v

~

¥

ne of the fuﬁéamental questions about the uni-
verse concerns its geometry; more specifically, whether
it is open or closed. An indicator of thils property is the

deceleration parameter qb,‘which is the measure of the

" deceleration rate of the expanding universe.

For values of qo<k, the universe is expanding too
fast to'ever stop and will continue forever; the universe is

open. For~q,=%, the expansior 'will stop, but only at an
. o

infinite time in the future. If 9,>%, the universe will
h * ’

-

\
\

stop expanding to begin contracting at a definite time in
the future, and the greater the value of éo the nearer is
this time. WithAqo>& the universe 'is said to be cldsgé.

{f there were a}standa;d metrestigk tha? gould be
placed in space at different distances (as indicated by’
recessional speed, or redshift), then the manner in which

its apparent size changed with redshift would depend on gu.

Therefore a plot of apparent size versus redshlft would ,'..
enable a user to determine the va}ue of dg-

As it happens, a standard metreét;ck may be
available. Studies of clusters of galaxies, principally by

i .
Bahcall (Bahcall 1975, and references‘therein} have shown

that rich galaxy clusters of low redshift (zéo.ld, where

z=radial velocity/speed of light) have a linear core radius _



Ro (to be explained later) which is approximately constant.
For fifteen clusters in the redshift range 0.0181§2s0.13{
t@eﬂaverage of Re is 0.25%0.05 Mpc- {Hy=50 km s~ !Mpc-!,
Bahcall, 1975). If this value is pharac;eristic of clusters

of galaxies to within sufficiently narrow limits then Rg

. may serve as a standard metrestick. : B »

@ . . . .
- For quite scme time it has been known that the

radial number density distribution of the members of rich
clusters could be closely matched to the radyri“aen51ty
distribution of a bounded ‘Emden isothermal gas sphere
pfojected fo“two dimensions (Zwicky, 1557). To fit .
obaérQations, the usual model, which is cénstructed with
dimensionless vériables, must be scaled in density and siée.

N

The core radius is the radius at which the density is about
half the central value‘(see Figure 1), }
Aétually, by definition r_=3a, where xrc is the
observed core radius.in q;cmin and ¢ is the structural
”&ength (or scale factor) of the cluster in arcmin, a value
-foun& during the Eomputer fitting process. (In Figure 1
g=r/a, and at r=rgo, i.e. £=3, the actual value of the
density is about 0.43.)
Knowing r,, the redshift of the clustef, and a
value for Hubble's constant, the physical core radius Rc in

Mpc can be determined. Then a plot of Rc versus z for-a

large pumber of clusters can be used to find go.

Despite the fact that the physical data are fitted

A ren o e o e e e R T AT BT
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to an, isothermal gas sphere, it is not necessarily true

that the particles {(galaxies) behave as the particles in a

S
perfect isothermal gas sphere. The only justifications for

using this model are that it fits well to the observed data

‘and enables definition of a useful parameter, r. (and so

Rc): Undoubtedly other mathematical fe}ations would do
just as well} and could also (or alternatively) be used.
(Two other relatiéns that also.fit well are given by King
1966 and de Vaucouleurs 1960.) The major criteria in
choosing a mathematical relation a;; its ability to give a
éood mathematical fit and a structural size parametef.

"The major purpose of this thesis is to obtain
core radii for four r%ph galaxy clusters at low redshift
(a2052, z=0;03517 A2593, z=0.044; A2626, 2=0.055; ana Al54,
z=0.0§6). When combined_with Bahcall's results these radii
wili possibly provide an improved averaée value and standard
deviation for Rs. If it turns out that the standard
deQiation in Rg ié/ﬁmall for low redshifthlusterg then the
assumption can bé made that Rc is nearly conézght._ In that

case, deviations in Rg at high redshifts from this constant °

value (assuming the deviations occur in a systematic manner)

<- can be assumed to be due to the value of do., which may then

be determined. Another possibility to explain a‘ changing Rg
with z is that clusters evolve dynamically,-and that the
more distant elusters have a different radial distribution. .

However, since dynamical cluster evolution is poorly under-

<« !



stood it is necessary to neglect it. Since the clusters
being studied in this thesis are éll nearby and within a
narrow range of redshifts, then dynamical evolution is not
expected to be of'any importance in.comparing with the

results of Bahcall.
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‘Computer Program Development

A major taskvwas the writing of a computer prograﬁ‘
that uses the:data (in tﬂéjgorm of the numbers of galaxies
in rings centfed on the cluster centre and the corresponding
ring sizes) to find the parameters leading.to a best fit
with‘a projected isothermal gas sphere. The-bafis for most
of what follows 1is a technique suggested by“@E&f (1975). >

Since the isothermal gas sphe&e mo&é} is expressed
in terms of particle number density, it is nebgésgry to

~
change the-observed counts to number densities:

Nobs (1)

e (1)= s (1)

7 (rg41-r)
where oghg (i) is the observed number density of gaiaxies in
the 'ith ring; Ngpg(i) is the observed number of galaxies in
the ith ring; aﬁa ri and rj4; are the inner and outer radii
of the ith riﬁg..'ﬁote that for the first ring (actually a
circle) the inner radius, rj, is equal to zero. The values
Nopg (1) and fi are the &nput déta.

Also needed for the construction of a model are \
the distance from the centre at which these densities occur.
These values, r,y(i), are taken tq 5e the radii that divide

ring (i) into two rings, of equal area. .So

-

¥4y (1) ={ (2, +xd) /2}% i 2).

’
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The expression for an isothermal gas sphere in 7

terms of the observable quantities is

gcalc(i)=°c°iso(:av(i)/%)+cbg F3)

where ocalc(i) is the calculated projected number density
corresponding to ray,(i); o, is the projected central number
density; and Obg is the background number density édded té
the model cluster. The function oj.4(ray(i)/a) gives the
projected normalizedidengityuof the isothermal gas sphere
alone at the unitless distance r ,(i)/a. ~

s

If we let

q/' xi=rav(i) .-

then the expression for ojgo *s given by

X
[ OV/e2-xT eV y' ag
X4 .
05 g0 (%)= —— (4)
xO
[P eV yroa
0 |

(see Chandrasekhar, 1942). ‘Here ¢'=dy/dg¢ and the quahtity
e™¥ is the solution to the equilibritm aquation for the

three dimensional isothermal sphere, as iﬁ: {
e~¥=£~2 a/dg (£2dp/dE) (5) ./X

The upper boundary limit x, in equation (4) is q/(~



convenient cutoff to integration. For globular clusters,

the stellar distribution ceases to aﬁproximate an’ésothermal
gas sphere at about £=10, and so for these clusters the limit
is set at about x,=10 (Chandrasekhar, 1942). For galaxy
clusters x, will be allowed to vary to see which value best
fits the cluster.

Equation (4) produces a radial density curve of

the type shown in Figure 1, where the projected density

becomes zerc at xg.

Numerical values for e™%, ¢', and £ can be
obtained from various sources. The ones for this thesis were

generated by a BASIC program (see Appendix B for a listing)

" which calculated values at increments of & by using the

Runga-Kutta method on equation (5). Then 0igpo (Xj) can be.
found by numerical integration.

- The above equations leave fouf parameters to be
determined for a beét fit with the isothermal gas sphere; -
namel?: oo, the central density; Thgr the background density;

., .
a, the scale factor; and x5, the upper limit of integration.

’* The method of obtaining these is, to some extent,
< ] ‘

dependant on the procedure used to test the goodnéss of fit
of the model. A common procedure, and.the 6ne used here, is
the letest. .Besides the fact that- the minimum of x? is a
well defined indicatér of the best fit, there is the .
advantage that the value of x2 can be used to estimate the

p;ébability of this specific x? occurring randomly.
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The usual way of expressing x? is

b4

x?=[(oj-t3) 2/t;
4

where t; is: the ith theoretical value and o5 is the ith

observed value. In the present case we get

2,

XZ:Z{Nobs(i)"Ncalc(i)}Z/Ncalc(i) (&)

where N_,1.(i) is the number of galaxies predicted for the

ith ring from the equation
Noaje(i)=ogaicli)mir?, -2 (7
calc calc i+l i _
From equations (1) and (3) the equation for x? becomes

' {°obs(i)'°c°isoixi)"°b r2
; g
x*=mriyy-r}) (8) -
< 90350 (¥i)+9pg

This form possesses only three unknown factors:
UigolxXil, oo, and 5bg; If the assumption is made, for the
moment, that the set of values o4, is known, then Ehe
equation becomes one with £wo unknown~constanté{ whose
values can be found through the minimization of x2 with
respeét to each of them. Since equations of the form of (8)
cannot be solved analytically, a numerical method must be
used. The methéd chosen-is the Newton-Raphson method, which

states
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==Y (9)

Y1+1 Yi Ix gy g

X341 [%x1] (£, Eol (£

when £({(x,y}=0 and g(x,y)=0. 1In equation (9): £ =3E/3%;
fy=af/ag} gy=3g9/3%; gy=ag/ay; fff(x,y); and g=g(x,y). All
expressions involving f and g and their partial derivatives
are evaluated at x; and yj. X o

This method is an iterative one which, given
sufficiently accurate initial estimates for the qﬁaﬂtities
to be found, will quickly converge to the correct value,
Since the initial equation (8) has sums of squapeé over a
number of rings, the number of éolutions is greater than one.
However, if the initial estimates are close to the physically
correct solutions, then these solutionslwillﬁbe found.

In this case, to satisfy the cohditions for
equation (9), and due to the fact that solutions will be
found by minimization of Qz.as expressed iq equation (8),

the following relations are used._Qéfining

. . oo=xj (successively)

obgsyi(successively)

8.:2 _?
i%Fi+1771

. Iobs (1)=000150 (X1)=0pg :
i -
0o%igo (Xi)+opg

¢*
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and

terms related to the isothermal gas sphere:

11

1 2{oopg (1) =004 50 (X1) ~0pg!
+

- +
UcOiso (Xi)topg fogojgo (%) +opgh? —

{Uobs(i)"°c°iso(xi)'°bg}2

{Ucoiso (Xi) +0bg} 3

We can further define the terms of equation (9) as:

£z3x2/30,
gzaxz/aobg
fxzazxz/aoé
fy=gx532x2/aocaubg

gysazxz/azuég .

The terms of equation (9) can now be written in

£=1830150 (x1) (2¢5+¢)=0
' 2
g=ZBi(2£i+£i)=0

180

fy=gx=228i°iso(xi)”i
gy=§3‘.BiUi

Furthermore, solving equation (9) gives
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gfy-£fg
- g
xi+1‘xi'~g———?;r
xIy~ry
f—
: | ££ ~gf,
and Yie1TYs*
f.g,~f2
X=y Y

However, to get this far the assumption was made
that in equation (8) thexfet of valﬁes Ujgo Was known, whiéh
means that X, and o must first be chosen.

Initially x, is set to 10 and a to 0.999rav(l)/xo,
which altows the calculation of Oigo’ and so allows Oar Shgr
and x?2 to be found. Then a is incremented by increasiﬁé loga
in steps of 0.08. This is continued until either .
loga=logainitial+4 or until the results for oy and opg -
arising from the a-xX5 combination become-physically
unreasonable. During the process of incrementing o the x2
values drop to a minimum and then rise again. The values
for a, o;, and Ihg that produce the minimum x2 are the ones
producing the best fitting isothermal gas sphere model for
the x, used.

A new X, is obtained by adding 10 to the previous -
value, a new o is calculated and incremented as for xo=10,
and new o, Opg’ and x2 values are found for each a; the

usual maximum for x, is 200. T
What is produced is a set of values of Xy, for

each of which exists a set of "chosen" values of & and the

N4
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values of o, Ohgr and x? resulting from the Newton-Raphson
method. From the set of xZ; ~(minimum x? for a specific Xg)
the x, which.produces X2psmin (khe minimum'xéin) is found.
ngsmin' therefore, determines the four parameters which
produce the best fitting isothermal gasf%phere model.

Since values of o are chosen ih discrete steps it
is probable that the minimum x? for a given Xy will occur
somewhere between two o« values. However, since x? decreases
monotonically to a minimum and then rises again in a similar
fashion, a simple approach to look for a "better" « is
adopted. The two consecutive values of a.giving the 1owest/'
x2 values are averaged and this average is used to get new
T.r Opg: and x2. The %2 found for the new a is always
lower than at least one of the two original x? values. The
new o« is then averaged with the « giving the smallest of
the two original x2? values to get anothér @. This new «
value is used to get an even smaller x? value. The
procedure of averaging the as that produce the two smallest
x? Qalues is repeated twenty times, at which point .
successive differences in all other parameters occur only
in the fifth or higher significant digit.

A general schematic of what the computer program

must be designed to do can be drawn up:
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-

Nops (1), T3 -observed galaxy
counts and ring
sizes

£, e-¢w' -model three'dimen—

Input < :
sional gas sphere
0c(1), opg(l) -initial estimates
for central and
background densities
aobS(i) calcaiated -equation (1)
raQ(i) calculated Qequaﬁion (2)

Begin iteration to get minimum x 2
Xo=10 to 2007in steps of 10 ‘
' ( loga=log{0.999ravﬂl)/xo} to .
4+10g{0.999%,, (1) /x,} in
- steps of‘0.0B
0ijgol{fav(i)/al calculated frém
‘e integration subroutine
| (QSF in IBM's Scientific
Subroutiné Package) and

For each Xq J
isothermal sphere

-

densities -equation (4)

roc calculated by
for Obg Newton-Raphson
each N method
a x2 calculated

% equation (8)

ARSIy SERSIES
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From two smallest x2 values, iter-
ative averaging of associated a
values gives a smaller x? and

"better" associated values for'a,

gc, and Ihg

The computer program is written in Fortran IV and
a listing is provided in Appendix A, with detailed notes in
Appendix C.

Another way to approach tﬁe problem is to obtain
a value for Shg by counting galaxigs on an area of the
photographié plate removed from the cluster. 1In this case
only x5, a, and op are left to be found as free parameters,
If the assumption is again made that ojgo is known (#ee
eguation 8) then only oo is left to be found. The Newton-
Raphson method can again be used to f%nd 6o iteratively,

the form for oné unknown is

Xj4+1=%;-£/Ex

when f(x)=0. In this equation xj=o(successively);
f=dx2/dog; £y=d?x2/do?; f=f(x); and £ and f, are evaluated
for x;

The only changes this would make in the. schematic
is that instead of og and Ihg being caleulated, only oc is
found, and Obhg is entered as part of the input. A program

\ .
was written for each method, total results from both are
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presented in Appendix H, partial results (including core
radii in Mpc) are presented in Chaptef V. ‘Modifications to
the original program.to get one for the second method are
listed in Appendix B and explanations of these changes are

in Appendix c.

it st e s
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Program Testing
i) Fits to model isothermal gas sphere

For initial testing of the computer program a daté
set was fabricated dhich described a projected isothermal
gas sphere with known values of x5, &, o¢, and opg. It was
expected that if the program was working properly the Newton-
Raphsbn method would cause convergence to the correct gqg
and Ibg values and thaé the iferative dividing method for «
would provide a minimum x2 for the correct a.

The values chosén to prodyce the data fo; this
test were: xo=10{ d=2.40 ércmin; ge=0.50 galaxies/arcmiﬁz;
and cgg=0.05 galaxies/aréminz. )

Figure 2 displays part of the resqltsf‘ Thé three
curves are constructed- from the oc;andvcbg valués to whibhf
the, program converges at the stated o values. These are
only three représentative casés; many mofé u:vélues‘ﬁefe
produced than are displayed in Figure'é but’thé trend with
changing uAis as shown. . = S ;1 ) :

As can bé seen‘from‘thié\d;aéram”afémall value of
a téﬁdu to produce a compréssed gas sphere ﬁédel and »
increasingly lérger values give increasingly extended models.
At large a values, qbg:vaiues ére eventually produced which
are large and negative and are'obvious;y physically

unreasonable.
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O O contrived data points
.......... a=0.66 arcmin

\ : a=2.40 arcmin
] B —~——a=10.88 arcmin

(galaxies/arcmin?)

Yav ‘(arcmi:n)

’
v

Figure 2° Fits to isothermal. gas sphere data

'<\
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Table 1

Results of fits to isothermal gas

sphere data

(xo=lO)
a Oc cbg : X2
.1048 -17.55 .224) 35.30
.6610 - 1.055 .1887 19.26
1.149 .7635 .14863 '5.772
1.660 .5840 .1067 ,l.OOl“fin
2.400 .5000 .05000 3.944{=8)*
4.171 .5398 « =-.1031 1.356
10.48 1.514, ~-1.139 4.251
.* 3.944(-8)=3.944x10"% This notation
is used elsewhere in this thesis
<: Units: a—arcmin .
. oc-galaxies/arcmin?
obg-galaxies/arcmin2
Table' 2
2 . ;
Xmin rgsu%ts for various xg, .
. - 2.
Xo a O¢c . “bg - Xmin
10 2.400 .5000 .5000 (-1) 3.944(~8)
40 2,358 .5572 -.5711(-2) 2.160(~-4) -
70 2.358 . .5637 -.1226(-1) 2.218(~4)
100 2.358 .5664 -.1493(-1) 2.203(~4)
130 2.357 .5681 -.1642(-1) 2.278(~4)
160 2.357 .5689 -.1774(-1) v 2.202(-4)
190 2.358 .5696 -.1814(-1) ©2.209(-4)
Units: '

as in Table 1~

19
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u Columns 2 to 4 of Table 1 show the o, Opgs and

x2 values thaf result from the o values in column 1. These
particular results are all calculated with x5=10 and are
only a small sampie of the total-but are typical of the val-
_ues for dﬁher~iptegration cutoff limits. Rows 2, 5, and 7
of this table correspond to the three curves of Figure 2.
It must-beApoiﬁted ouf that to get c(rav=0) the valqes'ofA
oc and bg must be addegd. "
One of the firat;thingsvobvious from Table l_isx

that the program did convérge to the correct values, . °

.+

producing the extremely” good fit for the o=2.400 case. Also
as-e¢ increases og decgeaees to'a minimam in the neighbourhood
of the correct a. A more comprehensive version of Table 1
shows that the minimum oo is not reached exactly at a=2.400
but at «=2.886, the next incremental value of a. For other
Xo values the oc also reaches a mfgimum just after the

’ minimum x?,hahd rises again as dtcontinqgs to increase.

'The backgfoﬁﬂé dépéi;y, however, decreaséé monotonically
with increasing & gﬁéieventually bepoméé negative, a”
physically unréqéonable possibiliﬁy. The x?2 is found to
decrease monétOnic§lly'to a minimum at thé“éorrect a, Og,
Lﬂaﬁd'cbg combination, and then rise again ﬁonotonically with
the rate of anrease,bg;ng)}ess than thgt of decrease.

Table 2 shows the a, odg, and'cbg values producing

the y2;, for-the given xo values. It can be seen that a

changes E6_$2:358 and .remains roughly constant as soon as -

o

>
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Xo exceeds 10, and oc slowly increases as 9hg slowly

decreases at about the same rate. In fact, the sum of opo

.
?

and obg-produces a minimum of 0.5500 for xp=10 and averages
about 0,5515 for the other integration limits, with the sum
of 0.5523 for xo=100 being an extreme case. Aside from the
absolute minimum for x45=10, X%in maintains a fairly constant
value as x, increases. The product aog, which Bahcall (1972)
finds to remain fairly constant for various Xéiﬁ' has a
minimum of 1.200 for xo=10 and rises slowly to 1.343 for
%=190, a change of only 12%.-

Table 2 indicates that the x&;ip values of ¢ and

. arrivedh§£ by the fitting process are fairly insensitive
. to the choice of x5, even if the choice is far from the one’
producing X%bsmin'
Initial testing described above showed that the
program successfully converged to the correct parameters

when giQen an artificial data set generated from a

projected, bounded isothermal gas sphere.

ii) Comparison with results published by Taff for the

Perseus cluster and A2199

Secondary testing involved running the program-

using published data and comparing the results to those
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published for these data. Since the program was written
following the technique suggested by Taff (1975) it is
presumably similar to theione used by hiﬁ, and since the
program and Taff used the same data his results form the
basis for compari;on.

. Results for the Perseus cluster are found in
Table 3, the data used is from Bahcall (1974). Case [(a)
uses counts with galaxies brighter than 16M0 and case (b)
-uses counts with galaxies brigﬁfer than 17@5;~in_56th cases
" the numﬁer and size of the rings used for counting were the

same. For each éase there afe three lines of values: the
top line gives faff's results with the value in parentheses
. to fhg right of the *2 column being the x2? found by this
program when forced to fit the data to the model made with
Taff's vaiues for x5, @, oc, and obg; the second line gives
the xgbsmin-parameters produced by this program; and the
‘third line consists of the x&j, parameters produced by this
program using the minimizing value of xo found by Taff.

The large discrepancy between faff's x?2 and the

— 4

one calculated by this program from his parameters may be-j

s

due to differences in the fitting proceaures. However, if.
the value of %o is set equal to the best fit value found by
Taff, the values of the three other independant variables
(i.e,la, oc, and opg) are close to those of Taff, as seen
in row three of each case.

A plot of xg versus xfin is shown in Figure 3 to



Table 3

Perseus cluster results

(%
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Xmin

Xo a oc . Ihg X
(a) 10 2.89 7.28(-2) 4,24 (-3) 1.28 (22.14)
160 1.95 1.03(~1) 3.19(-3) 6.49
10 2.98 7.82{(-2) 6.37(-3) 6.78
- {b) 10 A 3.47 1.33(-1) 1.12(-2) 3.35 {(12.55}
20 2.92 1.65(-1) 1.07{-2) 3.07
10 4.28 1.22(-1) 1.14(-2) 4.36
Units: g—arcmin
c-—galaxies/arcmin2
obg-galaxies/arcmin2
7.5 ™ T T T |
Xfiin "
2. .
) Xabsmin
6-5 - ¢ . - . - - - - . - . l . v b . -
1 L ) 1 1
50 / 100 150 200
Xo
Figure 3 . :
Plot of x2. to x5 for case (a) of the Perseus cluster
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illustrate the fact that fits can be rather insensitive to
the value of X5. This was also found in the initial testing.
Beyond a certain walue of Xg f(about 40 in this case) , the
,%ﬁin values appear to fluctuate randomly, here aboug a value
of -6.5. The fact that x2pgmin Occurs at x§=160 is not
consideréd significant, that is, the minimizing value of Xo

does not seem to be well determined. This raises the

question of how well determined x3pgmin and X, are, a e

guestion that will be discussed later:”

) §/graph similar to Figure 3 for case (b) shows the
largest xZ;, for x4=10, the smallest for Xo=20, and
increasingly larger Xéin values up to x,=80, beyond which
it. fluctuates about Xéin=3'85‘

Another - indication that differences exist between
the program described in this thesis and the one used by
Taff is thgi éhis program did not find, for the Perseus
cluster, minimum x?2 values using Taff's best fit parameters
@, 6c, and opg at the values of x, cited by Tgff. In case
{a) use of Taff's parameters produced x3psmin ©f 7.91 at

X0=40 (as opposed to x2=22.14 at x,=10) and case (b)

2

Xibsmin=6°26 at Xo=20 (as opposed to x2=12.55 at xo=10).

It should be pointed out that although this

program produces a X%in that fluctuates about a certain
value for large x, values (as in Figure 3), the variations
of x% on X, found when the_prdgram uses Taff's a, Oy and

dhyg shows a pronounced minimum, as illustrated in Figure 4.
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Figure 4

Comparison of a values (in arcmin) for the Perseus cluster

Xo

Table 4

.

x? versus xo for fixed values of o, oo, and Obg-

?

mag.

case limit Taff Bahcall this program
(a) 1670 2.89 2.9 1.95
(b) 17.5 3.47 2,7 2.92
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This difference in behaviour arises from the fact that in
the latter case x5 is the only remaining variable, whereas
normally the parameters a, o, and opg are all varied for
each xg.

Table 4 compares the best fit a values found by
Taff, Bahcall, and this program. The « values for Taff and
this program have been given in Table 3, and Bahcall's
results are published with her data (Bahcall, 1974). The
case (a) résult from this program is significantly different
from the other two, but this a value occured when x5=160
(see Table 3). For xo=10, Taff's best fit value, this
program finds a=2,98. The case (b) result for this program
lies between Taff's and Bahcall's values, and so is nlt
significantly different.

Table 5 compares the best fitting models of the
;luster A2199. Data for the calculations were obtained
from Bahcall (1973). Again, the top line in each case gives
Taff's results, the second line those of this program, and
the third iine this program's results at Taff's best fit x_.
A third line is omitted when this program and Taff agree on
the best fit‘xo1 Cases {(a) and (d) use galaxy counts down
to 1775; (b) and (e) use galaxy counts down to 18T5; and (c)
and (f) use galaxy counts down to 19™0. Also, cases (a),
kb), and (c) use 15 rings out to 30° on a 103a-D plater
while cases (d), (e), and (f) use 26 rings out to 58724

from the cluster centre on a IIIa-J plate.



¢
Table 5
A2199 results
o) a Oc Ibg x? n
{a) 30 .897 .525 1.31(-2) 7.22 (18.07)
20 1.236 .393 2,11(-2) 7.40
30 .971 .507 2.01(-2) 7.41
{b) 20 .931 .721 8.65(-2) 3.29 (6.93)
30 1.073 .633 .8.45(-2)  4.10
20 1.233 .558 8.78(-2) 4,15
{c) 200 .135 9,84 . 3.63(-1) 50.2 (10.27)
150 1.261 .768 3.51(-1) 6.33
200 1;261 .770 3.50(-1) 6.33
(d) 200 ;262 1.85 6.27{(-3) 18.0 (68.53)
200 .455 1.12 8.35(-3) 24.11
— . -
(&) 200 ~.252 3.38  1.36(-2) 19.5 (66.48)
200 .386 2.61 1.58(-2) 24,17
(£) 200 .262 4.20 2.86(-2) 14.5 (45.39)'”:l
200 .315 4.19 3.25(-2) 19.46
Table 6
Case (e) extended from Table 5
X, a o G 2
0 c . bg X
500 .1730 5.994 1.242(-2) 20.47
700 .1564 6.567 9.293(-3) 19.90
1000 .1520 6.722 5.922(-3) 19.71

Units for Tabies 5 and 6:

a =~ arcmin
oc ~ gataxigs/arcmin?
Ohg = galaxies/arcmin?

27
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For cases (a), (b), and {(c) the xéin values begin
flhctuating at Xo equal to about 20, 20, and BO respectively.
When constrained to Taff's results this program produced
Aébsmin at xo=70 for case (a) and at xo=30 for case (b).
Case (c) has x3pgpin for Taff's parameters at 200, where it «
was still decreasing.” The last three cases show X%in for
Taff's parameters and for this program's results still
decreasing at x5=200, which implies that xgbsmin actually
occurs beyond this limit, In fact, case (e) was extended
out to-¥o=1000 and was still decreasing, but very slowly,
From xo=500 to x%5=1000 Xéin decreased from 19.98 to 19.71,

a decline of less than 1%. Table 6 gives the x2;_
parameters for the caées X,=500, 700, and 1000. For these
large x, values the parameters are changing very slowly.
Although it is possible to extend the program beyond
x0=1000, for the testing it was not deémed necessary.

Case (c) in Table 5 is anomalous in that Taff's
results differ by almost'aﬁ order of magnitude from his
resuits for the first two cases. However, the parameters
fér the last three cases found by Taff and this program)
chénge.in more or less the same manner from case to case,
as:do this program's results for the first three cases. It
appearﬁ.that Taff's resulﬁs may be in error for case (c).

For the Perseus cluster thg a values found by this
program appear to be somewhat smaller than those of Taff,

bﬁt for A2199 Taff's values are consistently smaller. It
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was hoped that a study of Taff's computer p;ogrém could be
made to determine the reason for these differences.

However it was not possible to obtain a copy of his program,

In general, fairly good agreement is found between

results from this prograﬁ and those published by Taff and
Bahcall. However, a possible problem arises because of the
fluctuations of Xéin with changing X,. Figure 5‘i11ustrates
ways in which Xéin is found to‘vary with x5 in the tests
described above.

In Figure SIthe ordinate.represents a possible

range of x2. wvalues for the range of X, along the abscissa.
min 9 o

In cases 5(a) to 5(d) the choice of ngsmin is obvious, but

in case 5(e) there are several choices since more than one
X%in have the same minimum value (within truncation limits).
. 2 - ry
It was decided to take as. X3psmin the first value arrived
at (i.e. that with theAlowest Xs value) because if there
0] - 1) . 2 -
may be an indefinite series of Xabgmin 25 ¥o 1lncreases, and
since an arbitrary choice must be made, the first will be

chosen; and ii) the o values for similar values of x%in are

nearly identical,.as will be séen later,

~
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iii) Comparison with,reﬁults published by Bahcall for

_twelve clusters

A third test of the program was made by comparing
results of Bahcall with ;hase of this program using her
data. In one of ﬂer papers, Bahcall (1975) lists ring
counts and ring sizes.é§~well as core radii for twelve
clusters. A tabulation Sf resﬁitélis shown;in Table 7.

For this table all o values were converted to core radii in

Mpc through the equation

- - Rg (Mpc)=5.25az (1+z) =2, :

In Table 7 (B) identif;es,Bahcall's resilts and

(C) identifies the results of this program. -

:; If the two éolumns °f,Rc values are compared no
systematic differences can be seen. However this prograg's
values are occasionally quite different from those of
Bahcall. Two notable examples areSA2052 and A2319. These
"¢lustérs also happen to have, probably not coincidentally,
xéin'xo relations different from the qthérs, which tend to
resemble one of the relations shown in Figure 5. Tha two:
“anomalous relations are shown in Figure 6.
For A2052 the first xéin (for x,=10) is much
- smaller ghan the rest. The corresponding R, is 0.43 Mpc.
Fgr_xo=2ﬁ through xo=206'Rc=0.35 or 0.36 Mpc, much nearer

Bahcall's value. But although the core radius is almost



Table 7 ‘

Results of fits to Bahcall's data —

Cluster z

RC (B) RC (C) *%bsmin (B) ' X-gbsmin (F)
aAl94 .0181 " - .23 .13 1.9 0.50
Al367 . ° .0205 ' ' .34 .35 1.9 1.84
A2052 .0351° °© .28 .43 3.2 1.38
oy . ‘ : . : :
A2319 °  .0549 .22 | .02 2.4 1.43
A2256 - ~.06 .20 .17 7.5 5.84 -
A401 - .075. " .24 . .19 2.3 1.43
A1775 .0718, .26 .18 1.3 0.15
Al904 .0719 .24 .24 0.3 0.18
A2065 - .0722 .29 .33 7 11,6 8.63
A2029 0777 .27 . .28 1.3 1.27
A1795 063 .25 .22 0.5 0,12
CAll3R .134 .20 .23 2.3 1.81

Both R (B) and Rs (C) are in Mpc

<RC(B)>=0.251930§ Mpc

<R (C) =0. 2_3':!:0 .11 Mpc

4
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constant for all x, values greater than 10, it is thié

. v . . - . 2 ’
first value that is used simce it produces Xjpcmin®

The xfin values for A2319 decrea;a out to x,=60,

are’nearly constant out to x =160, and decrease again at
least as far as xo=200,'where ngsmin occurs. For xo=60
and 160, R,=0.11 Mpc, as well as for most cases in between.
However, for the X;bsmin at x,=200, R.=0.02 Mpc. From

. : . . 2 .
Figure 6(b) it is expected that Xabsmin’ and possibly R,
will decrease even further if x is increased beyond 200,
but this expectation has not been tested.

It is also seen in Table 7 that the ngsmin

values as found by this program are€ either lower thamn or 7

_equal to those cited by Bahcall, at least to the accuracy

quoted by her. This means that the parameters foundiby
this program produce isothermal gas sphere models that fit
the published data better than the parameters found by
Bahcall. However it must be remembered that different
proceaures for fiéting,were used: where this program fit by
changing a, o, and‘obg, the background densities were
fixed'éé part of th; input to Bahcall's program. It is
possible that the background densities found by this
program are vastly different from the actual (counted)

values used by Bahcall, but since she did not publish her

background counts comparison is not possibie.
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Xmin .o

-

2.
Xmin

] X (b) A2319
Figure 6 Xéin_xo relations for-two clusters:
x ’ ’ =
./’ . 7
- . Table 8. ] v
. A b <
« variations with x5 for like values of x2 .
L A A e - -~ “absmin
Cluster A1367 | A2029
2 o ) :
X3bsmin 1.835 1.270
' X5 a X5 a _H\\\_ -
60 3.359 110 .8014
. 70 3.358 130 .8011
@ = arcmin 150  3.358 150  .8012
' 160 3.358 170 .8013
180  3.357 P
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Two of the clusters of Table 7 showed variationsA

of 2
Xmi

with x, which corresponded to the case shown in

o
Figure 5(e). For these two clusters more than one x5, was
, ) , _
found to produce the same value for xj,cnin+ Table 8 below
: . < . - 2
shows how a varies with x, for the same values of X3bsmin®

In each case the R, values were the same to three

. decimal places for each value of X4 shown. This indicates

that in cases such as Figure 5(e)} the decision to use results

from the lowest x5 producing ngsmin wi f1 prqbably not ,
greatly afﬁgct the cqre.raQius obtained for’the cluster.

In summary, éithough individual values for the
core radius may differ from<Bahcalf's valuqs1§§he‘average
Re values are within a standard deviation of each other.

It can also be seen thag the fgsults éf this program show a
standard'deviation over twice that of Bahcall, even,though
the models of this pfogram afe found in all but one Qése to
yield lower x2. This resﬁlt is ofydrnterest because itnis_
the standard deviation of the core radius which‘measurés N
its usefulness as a cosmological~metréstick.‘ﬁFurther work‘
should be done to determine whether'thié’difference\is
produced by the differg;t methods of treating £he Qackgrqund

or whether.,it originates within the programs’theméélves.
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Observational Material

i) Program input file . . -

To be used by the program a data file must ?? .

consist of: |
1) a line of 80 characters. This line is

reproduced by the program as entered and is placed in the

data file to ensure that the computer terminal is set at

the proper line width and is operating corgectly; o
2) the isothermal gas sphere data. The! alues,

entered in E8.5 format, correspondjto ‘the values of ww'

in equation (4) and are obtained for the ¢ valués’a.o, 0.1,

6.2, 0.3, .7., 9.8, 9.9, 10.0, 11, 12, 13, ..., 98, 99,

iOO, lio, 120, 130, ..., 580, 990, 1000. These 281 values

were produced by a BASIC program reproduced in Appendix B;

) 3) another line of characters which describés the
form&t of the next three items; This line is skipped by the
program;

4) the number of rings to_be used, entered in I2
forﬁat; _

5) the numbér of galaxies in each ring, from the
centre outwards, in F4.0 format;

6) the outer radius of each ring in arcmin, from

the centre outwardé, in F4.2 format;

7) the initial estimates of central and background

et ot e B ey e M - At R B e 2 4am
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densities in galaxies/arcmin?, entered respectively in

E5.2, 2X, E5.2 format; and

8% a line of charactefs describing the format. of
item 7). Since this line and anything following it aré
ignored by the program it may be omitted.

N.B. If the program version TAFCHEC is being
used a line ié inserted between items 7) and 8). This
contains Taff's values for a, oo, and opg for the cluster ’
under study. These values are entered respectively in the
format E5.2, 2(2X, E5.2).

The necessary data for each cluster are the
number of ?ings; number of galaxies per ring, ring sizes,
and initial estimates of oc and opg. Furthermore, each
cluster was studied to three magnitude limits: two on a
IITa-J plate and one on a 103a-D plate, all plates were
taken by Dr; G. Welch on the Hale Observatory's 48 inch

Schmidt telescope.

ii) Photographic enlargements

The galaxies were identified on the original
plates- and their images marked on an enlarged photographic
print of the cluster. All further work was perfofmed using

the print.

/x—

—
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To cobtain the prints; contact copies were made of

the IIIa-J plates of each of the four clusters studied.
The Abell radius of each cluster on the copy was calculated

through the equation given by Abell (1958)
R(abe11)=4.6%10°/cz mm =1.53/z mm,

The contact copies were used to make prints
enlarged so that the Abell diameter was just inside the
border éf the‘prints, which were 14 by 14 inches. Two
identical prints were made for each cluster, one for
marking the location of galaxies identified on the IIIa-J
plate and another for the l03a-D plate.

The 10X stereo microscope to be used for
identifying galaxies on the original plates was found to
have a comfortaljle viewing area of about 10° by 107, so the
prints were divided into areas of approximately this angular
size, AThese areas were numbered and a BASIC random nuﬁber
generator was used to determine the order in which they
would be examined. It was felt that this process would
ninimize the systefiatic effect of any time-dependant errors
in identifying galaxies. During the course of examining
different areas of the print, some of the first areas
checked were re—e#%mined to ensure the consistent use of

the chosen limiting magnitude.
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iii) Limiting magnitudes

Fo£ each of the eight plates the objects
identified as galaxies were marked on the prints. In all
céses identification was made to the plate limit, where the
plate limit is defined as the faintest magnitude at which
it is possible to distinguish with certainty stellar from
galaxian images.

Since this thesis is attempting to augment the
work-of thcall {(1975) who couhted galaxies within 3M of
the brightest galaxy of each cluster, and since photometry
is unavailable for the clusters being studied-here, an
approximation to Bahcall's 3™ difference mugt be made.

From the relation
AM=6.001og (x) -

{from Holmberg, ;975) where AM is the magnitude difference
betﬁéen two galaxies whose absolute major axes differ by a
ﬁactor of x; it is found that an axial ratio of 3 corresponds
‘to a magnitude difference of almost 3. The use of such a
relation to approximate é magnitude difference is possible
in the'present case because the galaxies are assumed to be
at the same distance. It must be remembered that Holmberg
bases his results on an exdmination of normal galaxies,
whereas the brightest members of A2052, A2593, A2626, and

'Al54 have extended halos characteristic of.supergiant
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galaxies. It is therefore clear that aﬁplying the Holmberg
relation will allow a derived magnitude difference to be
only roughly approximated. |

The prints used for I1Ila-J counts were examined
under a 4X eyepiece with a graduated reticle and the size
of the major axis of the cluster's brightest galaxy was
estimated. All galaxies on this print that had major axes
greate; than or equal to 1/3 this size were identified.
Since the-galaxies do not have well defined edges, a cutoff
was chbsen arbitrarily where the image density 1essgﬁed
perceptibly ffom that éf its céntre., The use of the print
for this identification was necessary because ﬁo means -were
available to measure the image size on the original plates
with sufficient accuracy.

Vi83%L examination of the prints showed no evidence
of background density variations which could have arisen
duriﬁg the production of the brints and ﬁight introduce
systematic position-dependent variations in the cutoff
density. Also, as will be seen in the next chapter the
background number densities computed by the program for this
briéht limit agrees well with the background densities
“counted at the print corners, which suggesté that such
errors ére not significant. -

.

This process identifies three magnitude limits: the

faintest being that of the IIIa-J plate; the next being that

of the 103a~D plate; and the brightest corresponding’to the
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size ratio of 1:3 on the IIIa-J plate. No bright limit was
found for the 103a-D plates because the image resolution
was noticibly poorer than on the IITa-J plates, making the

establishment of a uniform density‘cutoff more difficult,

iv) Cluster centres from strip counts

The location of the cluster centre corresponding
to edch magnitude limit now had to be obtained. Since
previous work has shown that if a cluster possesses a
dominant galaxy it is usually at or near the cluster centré,
it was assumed that such was the case for the clusters‘
being studied here. 0f the four, thfee have a déminant,
wprobably cD, galaxy and the other (Al1l54) hasra dominant
binary galaxy.

“A square grid of strips 1.5 cm by 18 cm was
centred over the dominant galaxy (or between the pair of
Al54) and strip counts were taken of all galaxies to the
" limit being studied. Cogﬂts were made on the print in four
ordentations: N-S; E-W; NE—SW;:and SE-NW. The estimated |
cluster centre for each orientation was the point having
egual nﬁmbers of galaxies on either side. . The cluster
centre for each magritude limit was found by averaging the

estimates of each orientation.
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Table 9 is a partial result of strip counting.
In it is presented thé maximum difference between the
cluster centres determined from the three limits, both in
arcmin and as a fraction of the width of the rings used to

tabulate the radial density distribution.

Table 9

Separation of magnitude limit centres

cluster I A2052  A2593 A2626 Al54

distance {(arcnmin) 06.79 0.88 2,08 0.84
dist/(ring width) 0.35 0.42 1.28 0.54

Three of the clusters show all three estimates to
lie much closer together than ghe resolution of the ring
counts, but the IIXIa-J bright limit estimate for A2626
differs significantly from the other two (the IIIa-J faint
~and the 103a~D limits for A2626 are 0.31 ring widths apart).
The difference is assumed to be real and so the centres for
each limit will be taken as those found from the strip
counﬁs. The small diffe?ences amogg Sentre positions 1is

not considered likely to introduce significant differences

4
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in the ring counts and eventually core radii. Complete
.

£y

results of strip counting are presented in Appendix E.

‘v) Ring counts

After the centre was chosen for each magnitude
limit a grid of 20 concentric rings, having radii*-differing
by 7.9 mm, was laid over the centre and ring counts were made.
These counts were performed on one quadrant at a time to
check for major azimuthal density variations that might
suggest a mislocation of the cluster's centre. No such
variations were found. The ring‘count results are presented
in Appendix F.

Table 10 gives, in arcmin, strip widths and
lengths, the width of each ring, the overall ring radius
(1.e. the radius of the 20th ring), and the Abell radius for
each cluster s;gfied.

The ring sizes and number of galaxies per ring
for each magnitude limit were converted into densities and
average radii (rav; see equation 2), and a plot of density
versus r,, was made. A smoothed curve was drawn by eye to
obtain an initial estimate for o..

Thé initiall estimate for opg was obtained in a

different manner. Since the actual background density is
ﬂu
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Table 10 //

Strip width and length, ring size, and total and Abell radii
b

~

clusfer A2052 A2593 . A2626 Al54
strip width 4.28 4.04 3,12 2.97
strip' length 51.36 48.48 37.44 35.64
ring width 2.24 2.12 1.63 1.55
outer ring radius 44.80 42,40 - 32,66 31,09
Abell radius 48.96 38.95 31.16 30.60

Units: all values are in arcmin

Table 11 v

Areas involved in background counts

(see Figﬁre 7)

i~ ’ v
RN ) .
cluster I 272052 A2593 A2626 Al54
one corner area I 620.0 587.0 350.4 '317.6
Units: all values are in arcmin?
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'needed fpr the brogram BGIN, which more cloéely approximates
Bahcall's program, it was decided that the estimate sﬂould
"be the background density as obtained from counts.

" An-area about 9 cm by 9 cm was marked ‘off at each
corner of each print (NE NW, SE, and SW, the prints being
so allgned) and the galaxxe; in each. corner were_counted to
the‘l;mits previously discussed. This provided the estimate
for ?bgr the counts for these are in Appeﬁdix G.~” o

. The diagram on the next page (Figure f) is_a scale.
draw1ng of the worklng features of the prints'ﬁsed. The
concentric circles indicate the 10 and 20 ring sizes and the
four cornef squares representﬁthe areas used for background : AE
counting. It can be seen that the background areas overiap

rings out to about fifteen. This is not considered a~maﬁter

of concern since the density profiles usually reach
background levels by the 10th and almost always by “the 14th

ring.

Of the original list of required data all values
are fixed but the number of rings.v Since the backéroundiﬁas
usually just reached by the 10th ring and becahse data were
obtained for all 20 rings, it was decided to run the programﬁ

twice for each set of data, once w1th all 20 rings and once

P A TSP RISV L PR RS RIVETA APSAE Y5 S OR. SULSP

with'only the inner lb. The 20 ring case gives higher weight
to the background and the 10 ring case emphasizes the _

cluster but loses information regarding background. It is .



e
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. . . e
expected that if the program produces realistic fits and the
background is uniform throughout the cluster then results
from both runs should be similar. For the purpose of this
thesis nothing was done with the rings but use either all

20 or just the inner 10. At no time were rings combined

in any fashion (e.g. as done by Bahcall, 1975).:



Results
' v

1) Results tabulated 2

a table containing core radii and backgrdund
densities is pgesgnted on the next page, Appéndix H contains
the completeAresﬁits. The cémputer progrgﬁs used to pfoduce
the vaiues for the tables in this chapter do not output
:‘liﬁegr'core radii buf givéAstructérai lengths, a, in
arcminutes. - Conversion tq linear core radii is done thféughj

PV

thé relation
RG=5.250z (1+2) "2 Mpc.

In Table 12, for each cluster there are three
double.ro§s ofwnumbers. The top pair. corresponds to the
IITa-J bright' magnitude limit (the brightest limit), the
second pair to the 103a-D limit, and the third to the IIla-J
iaig&i}imit (the faintest limit). Henceforth theée limits
" are to be reﬁerréé to as the "b"‘ "D", and "f" iimits.
reséectiégly. The top line of each pair presentsq;esults
- obtained when the counts from all 20-rings are.ﬁsed and'the
eqtom line_gives€the rg;ulﬁs when the counts from the inner
10.rings.are used. |
) The columnsfshow, from Ieft to right: the emﬁlsiop{'
ML - the magnitude limii; AM - the aLproximafe magnitude ;\\n

difference between the b limit and the D and £ limits;
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Table 12

Final results

Cluster/ | - . *
.. Emulsion | ML, AM}{ NR NG Rg Rc abg abg
~ A2052:
ITIIa-J | b - 20 58 | .037 .031] 2.42(-3) 4.44(-3)

. 10 - 40| .023 .030| B8.52(-3)

-103a-D YD 1.6 .20 341} .495 .5081 4.31(-2) 4.15(-2)
10 140 | .499 .458] 8.20(-3) "

. . ' \
IITa-J { £ 2.3| 20 848 | .467 .477] 1.13(-1) 1.12(-1)
10 315 | .413 .467} 1.28(-1) " .

~ ol

A2593: Lo S :
IIIa-J | b - 20 78 | .303 .253| 1.19(-2) 6.39(-3)
10 36 | .311 .318 3.15(—3) "

103a-D | D 1.8 20 678 | .554 ,481 ] 4.52(-2) 7.75(-2)
10 312 | .656 .672| 5.74(-3) "

ITTa-J | £ 2.1| 20 882 (.829 .847( 6.34(-2) 1.13(-I)
n

. 10 359 .794 .780) 4.55(~2) , -

A2626: ~ ‘ - ¢
IIta-d |b - .| 20 91|.336 .330f 1.19(-2) 1.85(-2)
10 40/ .365 .334] 9.67(-3) " :
.103a-D |D 1.8 20 697 | .408 .299) 1.67(-1) * 2.14(-1) . !
‘ {10 228 |.268 .251| 2.02(=1) " ;
IITa-J | £ 2.3| 20 1528 | .378 .313| 3.79(-1) 4.44(-1) '
10. 498 | .280 .,250{ 5.36(-1) = " - !
_Al54 : : & g’
IITa-d |b - |20 95}.167 .178| 1.79(-2) 1.65(~-2) !
10 40 | .014 .178| 3.77.(-2)" L
, - :
_103a-D | D 1.3| 20 498 |.133 .144] 1.05(-1) 1.06(~1) - ~_
- 10 187 |.016 .146| 1.70(-1) " !
- . <
IITa-J | £ 1.5] 20 634 |.051 ,070| 1,51(-1) 1.37(-1) %
10 232 |.027 .038| 1.71(-1) " :
Units: " AM - magnitudes
Rc and RS - Mpc-

opg and °b§ - galaxies/arcmin?

e e i S hrmrbecgt nrt e e o ot



50

NR - the munber of rings used; NG - thé number of galaxies
included; R, - the core radius in Mpc obt;ined when hg is
treated as a free parameter; R; - the core radius in Mpc
~obtained uging the observed background density as a fixed
value; 9pg the background density in gaiaxies/arcminzv
obtained by treating this density as a free parameter; and
dgg ~ the observed background density in galaxies/arcmin?,
a value that is the same for the 20 and 10iring cases for a
gi&én magnitude limit.‘ In addition, the cluster to which
eéch set of figures pertains is listed at the upper left.

.

The values of AM are obtained. from the relation
8M=1.666710g(N,/N,)

where N, is either the D or f background count and N, is the
b baﬁkgrqund count.> The only major assumption incorporated
into this relation is that the galaxies counted are
uniformly distributed in space. For a derivation of this
relation see Mihalas' (1968).

‘Tabl® 12 shows that in cases where the same
‘number of rings are used the greatest number of galaxies is
included in the f limit and the smallest number in. g¢he b
limit. This reflects the different magnitude limits to
which galaxies are counted.:'

The core radii alone, in Mpc, are presented in .

Table 13 in the same format as in Table 12.
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Téble 13 %
Core radii only “
|
\A2052 A2593 A2626 Al54
Emulsion|ML NR | R, R} R, RS R, RY | R. RE
IIIa~-J 20°1.037 .031| .303 .253 | .336 .330 | .167 .178
10 1.023 .030 | .311 .318 | .365 .334 ] .014 .178
iO3a-D 20 | . 495 .508 | .BB4 .481 .408 299 [ .133 ,144
10 1.499 .458 1 .656 .672 | .268 ,251 | .016 .146
IlIa-Jd 20 |.467 .477 | .829 .847 | .378 .313 | .051 .070
%0 .413 .467 | .794 .780 | .280 .250 027,038
r
Units for R. and Ré are Mpc
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N :
ii) Comparison of Sbg and Ugg

When the computer generated opg values are
compared to the corresponding- ocbserved “gg values, ig is
found that the computer program generally’produces a \
realistic background dehsity. Only a few computed values
are significantly different from the observed ones.

However, whenever the relativé difference is greatest for
each cluster (A2052-D, A2593-D, A2626-b, and Al54-b) the
combuted value is obtained for the 10 ring case. This is
probably because the counts reach background by about the
10th fing, allowing a more a;curate backgrcocund fit to the

20 ring counts. The 10 ring counts, therefore, refer ' mainly
to clustér galaxies and the background is giﬁen little
weight. As Table 10 sths, the d;ameteg of the 20th ring
is almost coincident with the Abell diameter.

These ﬁacts suggest~that if a computer program
gimiiar to the one used here is to consistently obtain a
reélistic baékground density as part of the fitting process,
galaxy-counté should be made-out to the Abell radius. This
further suggests that core radii obtained from 10 ring
counts with Obg tfeated'as a free parameter may also bé

unrealistic, a possibility that will be checked in the next

section.































































































































































































































































































































































