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R ' ABSTRACT .

PhotograpdiC'end photoelectric photometry are used to obtain
intensity profiles, of the A1775 double galaxy. The 1q§en;:;>\prof1]es
are f1tted t6 the standard {c = 2.25) K1ng models, from which com-
posite models are ‘constructed. The a parent core Tadil of the SE and,
" NM components\are found to be 574 kpc nd 3 9 kdc respect1ve]y (H =
75 km/sec/Mpc). The composite models consist of isophotal c0nt0ur

3 - : ,
‘maps and a modelled surface brightness profile along the line joining

" the two components. The mode1s.coﬁstructed do not fit the data.very

«

well in the ouier’portions of the_brightneSS profile, in that they over-

. . B
estimate the amouht of light coming from these regions. On the basis’
N _

o% the models however, it seems unlikely thaelzpe A1775 system is a

-

more Tikely to be some_sw——1u0

o . \ .
. sort of interacting system. The nature of the interaction, however,

superposition of two unrelated galaxies, but 3

L 4

: cannot be answered “nor can the existance of a large d]ffuse halo be

demonstrated on the basis of the present data
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_ SECTION 'I: INTRODUCTION

2

The double galaxy in Abell Cluster 1775 has been studied by-
Chincarini et al (1977) and by Hintzen {1979). Tme‘conc]usions'feaehed..
“in these two papers are quite different. Chincarini'eu ai uetermined
that the A1775 system forms a bound, closed system ef extremely large .-
N mass, while Hintzen found that the system was not bound but the super-
position of two e111pt1ca1 galaxies. The aim of thTS study is to use
photograph1c and photoelectr1c photometry of the A1775 system as a .
starting point for the constructﬂon of compOSIte models for the light
distribution of the system i ' - .
. ngﬁmdels chosen %or the fitting process are those of - K1ng (1966)
and it is upon the goodness of the f}t of these compOSJte mode1s to the .
L N : observations that it may be possible to determ1ne which hypothes1s ) |
(e1ther Ch1ncar1n1 et al's or Hintzen's) most accurate]y descrlbes the
FA1775 system *
Sect1on II “of this. study WIII deal with the observatlons and con-_ . .
clusions of earlier 1nvest1gat1ons of the A1775 system. Section III .~
will be concerned w1th the present data and its reduct1on to a po1nt

T where model f1tt1ng is poss1ble. Section IV will be ¢ ncerned with the ‘
o ) King. models and the(procedure used to fit theundﬂé?§>§i the observations.

Sect1on v W111 discuss the construct1on of the composite model, of the

s R A WS 0 1 ey s e e

‘ S Al775 system, wh11e Sect10n VI will d1scuss the conc1us1ons wh1ch may

be drawn from the mode111ng of the A1775 double, and suggestlons for

N R «



SECTION II: PREVIQUS™ STUDIES

) The double galaxy in A1775 has-been studied before by two sepafate

invesfﬁgatihg teams.- Chincarini et al in 1?7]’conc1uded that the A1775

system is a bound one, where the two components are in mutual orbit.

The mass of the. system was estimated to be ~2 X ]0]3

L

of the most massive known.

Me, making it one
Hintzen's'(1§79) study‘concluded that the A1775 system_was not
bound, but a superposition of bdssibly unrelated elliptical ga1axies.
. The evidence cited by each of thélébdve studies will be recapitu- -

o

lated. vThe‘evidence(that Cﬁinéarini et al cite will be discussed»first.

On the basis of photometry an&;éﬁectroscépy, Chincqfini et al
cohcluded that'the A1775 system isfg singTe bound system. They base
the1r claim on several pTeces of.evwdence (“\

F1rst1y, the isophotes of the system show that the two components

“appear to be 1mmersed in a common envelope. Second]y, microdensitometry
_indicates a deficiency of sﬁrfgce brightness at the minimum between the

two components when compared 'to the sum of the surface brightnésses at

IR

an equal distance on either side.
. According to-Chincarini\gt'a1 the deficiency of surface brightness

is expected if the two components are bound, for the fo1Towing reason. - .
\.
An 0pt1ca1 dust- free double system would nge no such” def1c1ency of )

surface br1ghtness. ‘Consider two 1dent1ca] point masses. The gray1téfm‘“
tional potentia¥ m1dway between them is weaker than the sum at identical
distances on either side If it is ;ssumed:that the mass distribution
w1th1n the bound dnub]e system tends to be located at a pos1t1on w1th
stronger potent1a1, and the surface br1ghtness is a mass-dens1ty ind1cator,

then the observed def1c1ency can be plauswny accounted for.

Ky

L 4



) ";_fﬁﬁlﬁaTng the two components of the system to be 20859 km/sec, with a

In addition to"the:above, Chincarini -et. al. also cite the colour A
. o -
and. late-type absorption-line spectrum of the system. Both give no

indication of any violent activity, which might ﬁe expected if one were

-~
e

observing a colliding pair of galaxies. «
N : o L :
Also, on 48-inch Schmidt plates, the two components of this system

L

(see Figure la) are the brightest objects within a circular area whose .

radius is at least 25 times the individual angular diameter of each

&

- nucleus. - If one considers the prdbabi1ity of such a chance superposition

€

of galaxfes within the cluster, the odds aré approximately 1 in 1000. -

Using these arguments, Chincarini et. al. donclude that the system -

in A1775 is one in,whiéh the two components are bound. If one as§umesA

1{§hat the components are in circular orbits, and with the observed

dif%érence in radial velocities of.1720 km/sec (see Table I}, the Tower

Timit to the mass is ~2 X 10]3 M@. This would make it one of the most

- ey =T

massive systeﬁs known.

HintZen‘s‘(197§) paper is.considered-nex%z along with the evidence
he cfteé'to.support his conciusiéﬁ-that.the system‘in'A1775 is not a
‘Bouﬁd system.

~:  First, Hinf;en cites the velocity dispersion of'the cluster of

“«;galéxies. ‘He finds the mean velocity of nine galaxies in the cluster,

vgrxhlarge velocity'dispersiqn of 1522 km/sec. Hintzen says there are

" two ways to expiain this dispersion. {one of the largest measured).

~———Either the CTUSter 1tself has a very iarge intrinsic velocity dispersion,

or there are two clusters of galaxies superimposed along the 1ine of
sight. Due to the fact that the two components of the system are the

brightest and largest galaxies in_the central region of the A1775
’ ! ' - ' .

s
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Figure 1a. The A1775 system orientation:
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cluster, Hintzen concludes that the probability-of the superposition of

two large galaxies, One'each in a cluster of high and low ue]ocity

dispersion respectively, to be sﬁa]]. Hintzen, therefore, considers the
single. cluster model. The dtfference between.the. models_of Chincarini
et. al. and H1ntzen :s that the former conclude that the system is- bound,
while the latter does not. T counter—arguments that H1ntzen uses
against Chincarini et. e} 's gonclusions follow. . )

The velocities of the 1nd1uodua1 components of the A1775 system
are 797 km/sec and 853 km/sec below and above the mean veloc1ty of the
" cluster for the SE and yw components respectuyely. This 1nd1cates that
it is not necessary'for the two components to be oound;-as the difference
between their ve]ocities are comparable to the velocity dispersion_of the
cluster end cén_be‘attributed to the_individual'tandom motions of the
*galaxies w1th1n the cluster. :' ‘i o .

3

Next, considering the fact that the. reg1on mldway between the two
components is hot as br1ght as one wou]d expect from the addition of
the 1ntens1t1es of two separate galax1es H1ntzen states that the argu-
ment upon which 1t is based is phys1ca11y 1ncorrect The argument ;s
that. the. mater1al of the halo wou]d be preferentta]ly located near
reg1ons of strong grav1tat1ona1 potent1a1 He cont1nues his argument
by saying that the halo or enve1ope material need not be bound to e1ther
of - the components but could stil be found to the system as a whole. . '

Such materia] would. be distr1buted within an equ1potentia1 surface con-

’ ta1n1ng both components of the system, and:the voTume between them.

Therefore, if the A1775 system 1s ‘bound, and if the halo structure is a
comman envelope of both components, one wou1d expect the surface br1ght-

ness to be greater than-or equal to the superposition of-two.sepangte
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galaxies Hintzen conc]udes that the hypothes1s that the A1775 system

- N

is bound has no physical support.
“As to the cause of’the observed effect Hintzen suggests that the
“Kost1nsky ef‘ect (Kodak 1967) could be the cause. The Kostinsky effect
15 photograph1<#1n nature and is ane 1n wh1ch the heavily. exposed 1mages, “;_fx—j
such as the components on the plates used by_Ch1ncqr1n1 et. al., wou]ﬁ
exhaust the develaper in the neighbcukhood betweenvthe two components. _
- The inter-component renion would thérefofe be'compematively underdeveiopéaﬂ
This effect must be guarded ;gainstNin any ekposure of extended,ebjects, < ;'
such as galaxies. _Hintzen notes that nh%le mS@king tne p]ftes during "f{
developing would reduce the\effect, it;mfght'not‘eliminate it entinely.v
Hintzen continues his critique of the.conc]usions.dra;ntby Chincarini”

.

et. al. by answering their érgument abeut the colour and spectrum not
sn;uing any s}gns of violent'actiyity.‘ As'poth components have the
appeanance_of elliptical galaxfes, their colours. should be dominated.
by older population objects and contain very Tittle'inter—ste1ién gas.
He therefofe conc]udes that even in a hfgh‘sbeeé collision, one would
not expect to fxnd a difference in either the ‘colour or the spectra]
character1st1cs Rep1y1ng to the argument that the chance superpos1tmon
of two 1arge galax1es fbund at the. centre of a c]uster is very 1ow, '
Hintzen poxnts out tHat numerous other 1nvest1gators have noted the
tendency of 1arge galax1es to be locgted in the central reg1ons of
) ‘clusters of ga]ax1es. H;sedds that’ Nh1te (19769, in h1s N-body models
of c]usters~ found" that mass concentrat1ons develop as the number of
galaxy—ga}axy encounters increases. This Teaves the most mass1ve ga?ax1es
at the centre of the cluster. fnerefore, in H1ntzen S op1n1on~ the two
. components of the Al775 system cou1d be 1nteract1ng, but not necessar11y

>

: bound grav1tat1ona]1y . 1 , o -
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B Perhaps ‘the most damag1ng piece of evtdence against the 1dea that
the A1775 double is bound is that the SE component has been found to
be a taﬂed radm source by Mﬂey and Harris (1977) These authors
state that un]ess our ideas about the formatlon of tailed radio sources
are wrong, there is no way that ‘the A1775 system could be bound. Th‘is.,.,
is because it is hard to see how two massive galaxies orbiténg each ‘-;;-
,utﬁer at a separation of on1y 30,kpcv(H0 ='75 km/sec/Mpc):could produce
a‘straight 300 kpe Tong radio tail. Even if there were some inter-
cluster medium or buoyancy, it would still oe difficult to model the .
rad1o morpho]ogy (see F1gure lb) In the‘opin;on of Miley and Harris,
the ex1stance of this long, straight rad1 tail indicates that the A1775

%

doubTe is not bound.
o  To. sum up, one\has three poss1b?e mode]s of the Al1775 systen. _
- Thewfwrst is that the A1775 doubie is a bound system, as forwarded by

h1ncar1n1 et al¢ Second, that the AI775 double is formed by the

’If___‘._-—-‘_t____,_)

. collision of two e111pt1ca1 ga]ax1es, as forwarded by Hlntzen. The
third poss1b1l1ty is that the A1775 double is' a superpos1t1on of. two
unre]ated obgects. " The aim of th1s study is to .try to d1st1ngu1sh

- between these three hypotheses by mode1]1ng the surface br1ghtness

H

d1str1butwon us1ng the. K1ng models (1966) as fitting funct1ons

Cons1der the br1ghtness distribution of the A1775 system 1f the

F2

‘system .is bound. One m1ght expect the halo to contr1bute an apprec1ab1e

fract1on of the llght Trom ‘both the outskirts and from between the two

components Also, the ha1o would be an integral part of the system, and
one would expect’ the brlghtness distribution of the halo to fall off

x

' gradua11y over a Targe angu]ar extent (e g. Oemler 1978).

v .
. Houi;er’\Lﬁfthe Al775°system is unbound but 1nteract1ng, there
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(+) marks the p9s1tion of the optical components.

‘/

(1977). Orientation is;.

Figure 1b. Radio contours of the A1775 system from Miley & Harris




L T

e TR Uy
264y’ (- S - O

O
|

(7]

o .
 26'u0’ —

0 v
) L
| 0 )

{
—_ ) - \e —

: N T

. 3 “ l\"
636 — (. —
. . O o

o I o o
13HygMQQS o 13H39Mu08 13H34M205 !



. system is unbounded; whereas if a more comp]ex mode1 1s necessary to
, T reggeséﬁé?the contribution to the surface brightness by the balo, then

are two poinis to be made. First, one would expect the components to

have a small angular separation. Second, ass::jf? that a King model

is appropriafe for interacting objects, thdn halo may not be either

as extensive as in the bound case, ovy ontﬁ1bute as much 11ght to the
- overall surface br1gh&ness dxstr1but1 n. .In v1ew of the fact that King' s
}:‘ ‘quas1 1sotherma1 spheres may not be appropriate to model t1da4—1nter-
'act1ons, the most important factor in determ1n1ng an interacting, but
unbound system would be the,angular separation between the components."
) By the construCtion_of'composite models, one may be.abie.to
'-different{ate_betﬁeen'the bounded and unbounded hypofhesef outlined

above. If a simple suoerposition of two sca]ed King models accurately

describes the light distribution,.then one may conclude that the A1775 /

4 -

one may say that £Be'AI}75dsystem is bound
The comp051te models will be of two parts, con51st1ng of an 1sophotal

contour map, and an 1ntens1ty prof11e along the T1ne joining the two

“centres of 1ight (called hereafter the system maJor-ax1s). A more cgm—

pletehand detailed discussion about the composite modeTs will be found:

. /:I
in Sections V and VI. B 7

la
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TABLE 1.

*

Observed Parameters of the A1775 System.

Parameter | .
Position ‘ @ lggbggt ' (e 1550)
Ve ’ ' 14.1 i_0r04 : (4é?b diaphram)
M, R
(B-V) . 1.34 + 0.01
Mass sy x41013 M, (if bound)
T o 22, 673 + 65 kn/sec
rad °“SE 20, 837 + 60 km/sec
v - S | 1846 1:125 km/sec
ML | s > 83 solar unifé:if bound
'Projeéted.Separation f'h30'kpc*« .
Projected Linear Size 210 kpek
Projeczéd Lenéth of SE f 300 kpc*
- radio tail ,

Note: “*value calculated with H0 = 75 km/sec/Mpc
References; (1) Chincarini et. al. (1971)
(2) Huchra (1982) :
(3) Miley & Harris (1977)

Reference

*
84
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SECTION III: OBSERVATIONS AND DATA REDUCTIDN

~3.1 Data :
There are two forms of observations which were used in this study.
There are photoelectric photometry and direct photography of the A1775

' system. The d1rect photography wiT] be discussed first.

3.2 Direct Photography

Five: 48-inch Palomar Sehmidt plates are used 1nkthls study. Four
of the plates are in the v bandpass, w1th the fifth pla?e in the J
bandpass. The four V plates were obta1ned by Dr. G.A. Welch in May
1970, and the J plate was gbtained also by Dr:. Welech in June(1971.

A1l five piatés weré calibrated in density by means of spot
sensitometry. The sensitopat%y was applied immediatélylafteﬁ exposyre
:at the telescope,‘and thevexposure time was one-half of the exposﬂ/y+
time at the teiéscope. Fiitres'were'used to approximate the spectra1"‘
range- covered by the exposure at the telescope.

Four of the p]ates {three V bandpass and the J bandpass) were
traced at St. Mary s University using the Department of Astronomy s -
Joyce-Lobel microdensitometer (Model MX III C.S.).

: Thesa platesAwere traced using a 2;4'density wedge. The fitth
plate was traced previousiy by.Dr. Welch using a 3.0 density wedge.

Table II 1lists the p1atas‘used in this study, along with the -band-

pass, filtre, emulsion type and exposure times. ,,

3.3 Photoelectric Photometry : ‘
The photoelectric data was obtained by Dr. Welch in February and
March 1970 at Kitt Peak National Obseryatory. It was obtained using a

. ) R . i : *
1P21 photocathode and DL electronics in conjunction with the #1 36-inch’

»



.j;>‘ . . . TABLE 1I

€

Plate Materia) Used in This Study

Plate No. . Exposure Time Emulsion kFﬂ'tr'e -.‘ Bandpasé o Date

Ps 5719 " 0min 7. 103D . , Wratten 12 v 25/5/70
PS 5720 . 05 min 103D . - Wratten 12 ' 25/5/70
PS 5724 . 20 min © 103aD; Wratten 12 v . 26/5/70
pS 5748 05 min - 103aD Wratten 12 v 29/5/70
PS 6864 , 120 min ITTad © Wratten 4 J 21/6/71

~
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te1escope and the 84-inch telescope. .Table IIflfsts the"ghotoefeétrtt;
magnitudes, elong with the diaphram diaheters, the filters used and the
telescopes. Most of the.photoeTeCtric 6bser§ations eppear, in‘an averaged -
form in Cﬁincarini et.‘al.‘s’paper_(197f) (see their Table II , for each |

4
component of the A1775 systenm. o A o~

v, 4
« " .."(

3.4 Data Reduction

_ : »

A number of density tracings wer€ obtained from each of the plates.
The first series of tracings taken from each p1ete were those of the spot .
sensitometry. All 12 of the Spots_were traced, along with the clear-

plate faog level. From the spot sensitometry;*charactehist@é’curves for
. - 2 . - i{-

‘ot

-each of the plates could be consthucted ‘ e T
The den31t1es of the spots were determ1ned by draw1ng a stra1ght
line through the clear plate level and the tops of the ‘tracings of the
spots. Measuring the d1fference (in the sense spot minus clear plate
level) in densities gave the density co-ordinate of the character1st1c
curve. The intensity co-ord1nate for each of the spots-was prov1ded

by Dr..d. Kormeﬁdy In add1t10n to the sens1tometry tracings, the p]ates

~ °

were traced in 3 d1rect1ons at var1oﬁs magn1f1cat1ons

Each of the -plates were traced on a line Jo1ning the two>components
referred to throughout the rest of th1s study as the" system maJor axis,
and through each of. the components in a dxrectlon perpend1cu1ar to the
system major axis. These latter two tracings are called the SE and NW
minor aXis}Aas‘th designatjon‘suggests, the minor axis were named for-

the positions f the components with respect to a 901nt on the system

v
«
v

ma jor axis between them

v

All of the plates were traced intt1a11y at a magn1f1cat1on of 10

'1n order to measure the denswty of the sky The galaxy,was centred on

£ \

v
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Component Date
NW ., 14/3[70
NW 15/3/70
SE 14/3/70
SE . 15/3/70

Both

0z2/2/70 .

: . 3
—7 ."‘ . | ' '
o ' ) ot
L}
\v
TABLE III
Photoelectric Photometry of A1775 System
Diaphram ' v . cs* Comments
18.3 15.41 0.03 KPNO 84-inch =
1.3 . 15.54 ©0.08 "
1l\ .
©18.3 15.26 . 0.02 v
o : :
18.3 .. 15,22 0.05 _ "
s _ & _
46.6 asa ©0.04 KPNO #1 36-inch

*The formal standard deviation between settings of the diaphram on the component in question. °

il
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‘these tradlings. -The plates were then retraced at higher magnifications
‘(>_50), and .then retraced at the low magnification. Such a procedure

~ was carried out for all three axes. \\\

The reason for retracing the axes at the Tow (10) magnification is
two-fold. The first reason was to check that the plate did not move
when the lever arm was changed in arder to chanéeAthe magnification.

The second reason was to check for machine drift in the zero-point of

- . the density Tevel. It was fdﬁnd, by comparing the first and 'second Tow

magnification tﬁacing§ by eye, that there was no evidence forleither
plate movement or zero-point drift for all five plates.
~ The measured values of the magnification were found to be different

than the nominal values engraved on the lever arms of the micro-densito-

meter. The measured values of the magnifications are needed as it is

S

essential to kndw the precise Value.at which a density tracing Qas traced

when a series of such tracings are averaged together.

The measured values of the'maghifications were found by tracing a

- standard grid of Tines incised on a piece of glass. A reticle from an

'eyepiece marked in 0.1 millimetre:intervals was used as the standard grid.

The reticle was traced using a'given Tever arm, and the distance between

.

successive peaks on the tracing measured using a centimetre ryle and

estimating to the nearest 0.1 millimetre. These distances were measured

v

peak to peak. The grid lines were measured on the'Departmentﬁdf Astronomy's
measuring engine. Table IV 1ists both th§ nominal énﬁ measuréd values of
all the lever arms used .in this investigation. In the remainder of this
%tudy the nominal values of the magnification will be quoted for-e&sé of -

notation; however, it should be understood that,thé-measured-values of

]

“the magnification, as given in‘TabTe IV, were used in all the calculations. .



rorrarpg srde g o

[ L b it ot L ite Sbct e alete DGl ml e e S Al

.y 3
TABLE IV

Nominal and Measure Value of Magn§ﬁ‘cat1’on

| of Microdensitometer _Af'm
Nominal Measured
0 - , ‘ " 10.08
s | . 5186
100 : 104.07
2000 . . 19.30

. : . ‘ "
¢
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The éparature which admits the Tight to the photocatho&é of the -
microdensitometer is used as a projection screen. Projected upon this i-_
aperature (or slit) is the portion.ngthe‘plate which is bg?ng traced.
The size of the aperature qpth be.Ehaﬁged anﬁ its size was determined
by the exposure time of the plate being traced. The s1it width was
choosen as a’compromise between the best resglution of the object
being traced and yet ﬁinimi;e the noise dué to the individual grainé
within the emulsion. As the need for high resolution }s greater in the
short exposures, since thé central regions are overexposed in the'lbngerA
'.éXposures, a sma11‘;11t width was chosen. Conversely, the need to
suppresstﬁhe noise is g;eater‘in the longer exposures and one'wod1d
not expect to find much fine detail in either the overexposed central
fegioné'or the faint outer regions. Table V Tists the‘plates,.and
.exposures, along wfth the projected.slit width (both in microns and arc-
secéﬁds) and the magnification at which it was traced. Lt

After the density tracings of the A1775 system were'made, these
tracings were digitized. The d1g?t1zat10n process involved settlng up
a co-ordinate axis on ‘each one of the trac1ngs and poting the pos1t1on
of an origin of this co-ordinate systen. Wril@the precise origin of
the co-ordinate axis was arbifrary, it was always in the lower 1eft—
hand cornerof the microdensitometer tratings below 'the level of the sky.

Digitization consisted of meésuring at one millfmetre intervals,
points‘a1oﬁg the length of the density'trécﬁngs of the galaxy,‘with
'fespect to the origih of the"co-ordinate axis. The digitiiation process
was carr1ed out by a computer programme called GALAXY, written by Mr.

T. d. Deveau, on the St. Mary s UniverSIty POP 11/70 in the BASIC 1anguage§

The programme used a Textron1x 4662 p1otter in the data transm1ssion mode.

.
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Plate Number

PS 5719
PS 5720
' PS 5724 -
PS 5748
PS 6864

R ‘
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' TABLE V
Projected S1it Widths Used for
Microdensitometry
- Projected S1it Width o Magnification
mn v 3 arc-sec —
00 470 ' 100
3% 2.3 200
70 _ 4.70- : Co. 100 -
£ 2.35 200
140 . 9.4 o - 50
rd
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" Data files of (x, y) points were formed by the prograhme. Each of.the

(x,y} pairs cofrespond to a point on the density'tracing of the system.”

- The h1gh magnification trac1ngs and one of the low magn1f1cat1on trac1ngs

were d191t1zed for each axis of the system (i.e. the system major axis

and the NW and'SE minor axes). This was done for all five plates.

<::j/\ It should be pointed out that stars and other galaxies.were omitted
W

here digitizéting the Tow magnification tracﬁngs,«és Qere.regions
surrouﬁdiﬁg4the double oa?axy itself in order to reduce;the possible
effects of a faiot extended halo on tHe determination.of the skx level.
The data fi]es of (x,y) pa%%s?were transmitted to the Dalhousie

University Cyber 170/720 computer, where the remajning.steps in the

data reduction were carried out. More information on the programme

GALAXY may be found in Appendix 1. =
~ The next step in the data reduction was the conversion of the N
relat1ve density trac1ngs from the plates into pIots of re1at1ve 1ntens1ty

versus radrus with the ga]axy This process is. perfbrmed by a FORTRAN

computer programme called PROFIL © This computer &EogzngL uses as -

v input the d1g1t1zed data from the m1crodens1tometer tracings and the

characteras§1c curves. The programme also performS“a linear regression

on the data-input from one of the Tow mégnification tracings, to obtain

the Tevel of the sky. Standard deviations of the scatter about this

Tine are pfinted out in the form of dsky. This standardvdeviation is> :
fmportant 1h determining the boundafy‘of thevmatching region when a’
series of microdensitometer tracings ere avefeged {or sxacked)'tOQether.
As each density trac1ng is reduced, the computer programme produces two
graphs. These graphs are 1n the form 1oglor versus 109101 (I is the

relat1ve 1ntenszty<w1th 3.00 being the br1ghtest po1nt and,r is the

~
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rad1a1 pos1t1on in arc- seconds). - The %irst plot shows the average of

all the previous profiles and displays the current prof11e to be

_averaged in, sh1fted in 10910 I to give the best fit with the prev1ous

-

average The second plot shows the new average obtalned .
During the averaging process the programme chooses a segment of
eacﬁ of thewprofiles to serve as a matchiug'interval. The inner -
boundary of this interval is defined as the first point of the trae?ng‘
to be averaged-in whieh.is farther than. the projected slit-width (used
to trace the plate on the microdensitometer) from;the eénsue of the;¢~
system. Tfeayuter boundary is chosen as.the disuance at‘which‘I =
5X g sky: These boundary criteria For thelmatching intervals wereé
used for the two short exposures and one of the 20 minute exposures‘
For the remaln1ng 20 m1nute exposure and ghe J p1ate the outer boundary
was tightened up some- what to be_}ue point at which I = 10 Xa sky”
There was no preference in us1ng oue 20 minute exposure ‘over another.
It was necessary to raise the outer -boundary cr1ter10n for the longer
exposures because any values of intensity outside the range of the
programme's capab111ty (for example points found to have negatnye
intensities within the matching reg1on) would cause the programme to
fail to runAcoérectiy'fou all the plates. .,
| It should be pointed out that the plates used in this study are of
_])

e
small sca]e (67.2 mm ' ); all the exposures are Timited 1n the radial

dlrect1on This is ih the sense that the sem]-axes-of the prof11es

. .have less than 25 points in the match1ng region, and th1s presented

some d1ff1cu1t1es as the programme will not average in a proflle with

. ¥
less than 25 po1nts in the matching region. However, using the boundary

criteria outlined above, stacked profiles of all. the semi-axes of the

-



- istic curves or errors in interpolating intensities using the curves. -
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K775 system, using all five plates were obtained. For a more complete

discussion of the pr0gramme PROFIL, the reader is urged to consult the
stugg of English (1979). A sample rurm of the programme prof11e is to-
be found in Appendix 2 of this study. =

Ancther form of data used for this study are isophotometric tracings

“of the plate PS5724. There are two such tracings, and one of them is

found in this study; Figure 2.
This form of data is‘importqnf‘is it allows one to'sée mofe ciearlgz
the various’regions of tﬁe system;ﬁ;der study. By insﬁection of Figure
2 one notes&that the A1775 system 1s composed of 2_cComponents -surrounded
by, and poss1bly enc]osed by, a haTo- The halo is notable in two ways.
F1rst the-ha]o is very ‘boxy in shape. Second, the ha]d may not be as
extens1ve as those of cD ga]ax1es studied by Oemler (1976) and Dressler
(1979)." The angu]ar extent of the halo of A1775 from the centre (i.e.
the- radius of the ha]o from one of the components) is some 45 to 50 arc.
seconds. The isophotometric tracinés of the A1775 system were obtained
by Dr. G. Ng1¢h’in 1971 using a 2-diqensfona1 scahning Joyce-Lobel micro-
densitometer-at Michigan State University.

. !
3.5 Errors in the Data Reduction

-
The most critical step in the data reduction process is the con-

étruction of the characteristic curve. 'Ihdéed the‘accuracy with which‘-
one can construct the character1st1c curye will determine the errors in
the 1ntens1ty ata given- pos1t1on w1th1n the galaxy. - ‘

The plates used in this study were stacked togethervto form an
average intensity-fgdius profile. The stacking process was carried out

in an attempt to minimize erroré incorporated when plotting the character-

L



25

"

Figure 2. Isoplates of A1775 system. Orientation

T

N
™

"Scale = 1 em = 7.45 from a 102aD 20" plate.
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typical semi—axés;‘namé]y, the NW semi-axes of the NW component (j.e.-
. : , o .
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Stacking of the tracings also help minimize tﬁe errors and uncertainties

involved slit-smearing and seeing effects which would be recorded when -

i~
.

the plates were traced., Therefore, by stacking the blates one .d

see, plate by plate, the run of intensity. in comparison with other
prafiles as well as any deviations in the relative intensity whjch might
appear in one of the prafiles. _For example, if one were to see an
increase in relative‘intensity at a given radial bosjtion-on only one

of the five profiles, one would be inclined to disbefieve the increment
in bfightness as being an intrinsic properfy of the galaxy, but ascribe ~
its nature to either an incorrectly plotted poiﬁt on the characteristic
curve or an inétcurate intefpo]atjon in the computer programme PROFIL.

Naturally, each of the plates will have a slightly different sen-

 sitivity and will havéfﬁéén traced on the microdénsftomefer under slightly

d1ff€rent cond1t1ons and the averag1ng process is perforned to try to
minimize these d1fferences as much as possible. - -
By the process of stacking, one could see the differences in relative

intensity caused by the differences in plate sensitivity, tracing con-

“«

-ditions (s1it smearing) and in ihterpolation of intensities using the

different character1st1c curves. Using the deviations in relative
1ﬁ/;ns1ty from plate to plate allows one to attempt to quantify the
uncertainties caused by all the above mentioned processes. This quantify~ L
ing process was done in the following manner. A root mean squﬁre (RMS)
deviation for the intensity was obtained by comparing the averége of the

5 stacked plates with each separaté profile at Ié radial-positions for 2

along the system major axis) and along the NE semi axeg of the SE com-' '

| : . s
_ponent.' These RMS deviations are found in Table VI. OnevnoFes that the

A



!’J . oL

-8

TABLE VI

Deviations in the Stacking of Infensity Profiles

NW Component, NW Semi-axis

Radius . ¢ RMS Deviatiom
; ] r(in arc-sec) o ng]Or ~ Intensity Surface
T o , © {%-age) Brightness,
: ~ (mag/arc sec”)
o eew w3
Lo ‘ 1.46 0167 22 o .';8133
1.78  0.250 a 021
261 o7 R
S w 3%
. 6.81 ) N 0.833 . 28 “ : ;ggg BN
, 10.00 L0 1,000 o s
i m w3
20.00 Rk 55 e
,g R
£
1 .

i
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TABLE VI {cont.)

SE Component, NE Semi-axis

‘Radius - RMS .Deviation
r(iﬁ arc-sec) ALog]Or _ Intensity | . Surface
- (%4-age) Brightness
(mag/arc sec”)
- 1.00 0.000 25 - A
1.46 | 0.167 18 g
1.78 0.250 ¢ L
2.15 0.333 8 e
2.6 a7 L2
3.16 0500 20 o 2
4.65 0.667 | 18 0
62 o7 2 - ;8:33.
6.81 0.8 20 - e
10.00 .00 0 52 07
17.78. 1.250 | 33 oo
20,00 . 1.301 8 - 03
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"minimum RMS deviation occurs in the range 1.5 to ~7 arc seconds; this

1s the region of matching in the-stacking process. This is reasonab]e;

- as one would-expect the RMS deviation to be @ minimum in this intervai.

The values for the RMS deviations are somewhat larger for points

interior radially and exterior radially from the matching region. The

»

increase in the RMS deviation interior to the matching region; while

due io all the above problems would also include differences in seeing
and guiaing of the plates, sTit smearing and'éentehing when the plates
were traced on the micyodensitometer, -ﬁor points exterior to thé
matching region, the increase in the RMS deviation is attributab]é to i
the fact that one is a ;ery Tow 1§ght Tevels, énd one is tracing the
galaxy out to where it is becoming'fainter than -the sky.

" There is another source of error which will be included in the RMS
dev%ations, and this will be the fact that the actual digitization process
(using the Textronix 4662 plbtter) will be repeatable only to-a certain
accuracy. ft was found thét the digitization process is EEpeatable to

* 0.15 millimetres, which corresponds .to + 0.05 arc-seconds on a tracing.

of magnification 200. While this error is not as great as those intro- .
-duced due to the microdensitometry or even more so the characteristic

curve, it will add its éontribﬁtion to the RMS‘deQiation.

There are two remaining reasons for stacking the profiles of the

galaxy. First, it allows one to cover a larger range of surface bright-

A\ ' : . L :
ness within the system, by using .short exposures to delineate the central
regions and the. Tonger (> 5 minutes) to delineate the outer regions to
the halo. Second, Stécking allows one to increase the signal-to-noise

ratio, which is tied into the discussion above.

Pna
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3.6 Calibration of the Profiles. in Magnitudes

The'rglative interaction ﬁsed in the construction of the intensity
profiles were converted into standard surface brightnesses via two methods
in this study. _

-Tbe first method uses the Newton-Ralphson 1tera£ion method Eo find
a value for a coﬁstaht,which'is added to the relative magnitudes of

- poihts on- the profiie to give a standard surface brightness in magnitudes
‘per.square‘arc-sécond. A more complete discussion of this method fs
found in English (1979)..

The second method of calibrating the isophotal contours involves
spmmingAthe re]ative-magnitudes of each of the isophotal cdntburs (see
Figure 2}, to find a constant; which when added to the-faintest contour
wi]f convert the relative magnitudes into standard surféce brightness.
Analytically this'expfessfon is of the form

N
-2.5 ¢

(I11-1)
i=] '

Log]0 (Ii + R) a; + Mpe = Moe

where

L is the reldtive intensity of the‘%ih contour .

ai'is the area of the 1Eﬂ contour’

R is the constant to be found

Mpe is the apparent,photo-e]ectricAmag of each compohent'
. oflfhe A1775 doﬁb1é in the V bandpass using a diaphram of
9.2 arc-sec. | | ‘
Two semi-axes of the A1775. system were ca]ibrate& using both of the

methods outlined above. It was found that the two methods gave the same

1

central surface brightnesses to within 0.08 mags/[3 . Table VII lists
" 'the central surface brightnesses of the eight semi-axes, along with

" -the éverages each of the components.
. " Q . -
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TABLE VII

Measured Values d% Central Surface Brightnesses of the A1775 System

.(in mags/g™)

- SE Component

Semi-axis - NH NE . SW - SE

Iteration Method 19.27 ©19.24 19.15 19;3f
Analytic Method L~ ' - - 16.40

NW_Component _
" Semi-axis | NW NE SW OSE

Iteration Method 19.60 19.46° 19.50 19.56
- © 19.44 .., <

Analytic Method . -

Averaged Surface Bﬁightnesses of the Components

SE Component - 19.24
NW Component = 19.53
o
RS
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SECTION IV: KING MODELS AND MODEL FITTING

4

4.1 King Models

The fitting functions used in this study are King's (1966) isothermal

spheres. ) s

! , .
King's models were developed in an attempt to form more realistic

. 3 J",.;
fitting function, and are a step away from the purely emperical function of
. ’ . ) &
deVaucouleurs {1959) and Hubble {1930). The King yodeis are based upon
the dynamics of the stars within the system, and assume a vigocity dis-

tribution which is everywhere within the system isothermal and Gaussian. ..

To‘a11e;iate the problem of an infinite mdss inherent in an isothermal

,sphere, the Gaussian is trucated at a spec1f1c point corresponding to the

escape velocity of the system
The models were originally deye1oped for use with globular star
clusters, but hake beeﬁ found to describe elliptical galaxies reasonably
well (King 1966, 1978). | )
The modé1s have three parameters, two of whicﬁ describe the core of
the-system. These two parameters are fo,:tﬁe CQEtral surface brightness

and r_. .., the ‘core-radius'; at which the surface brightness.has fallen

to approximately one-half its central velue. If one defines a Timiting

fadius.rtidQT, then one can define the third parameter, of the form

t1da1
Tcore -

c = 10910 (

A seriés of numerica] ﬁa]cu]ations defining the profiles‘of the
King models have been made avallable by Dr. King (1980). A11 the models '
have similar cores, but behave deferently in the-outer regions.

Models with ¢ < 1.5 are cut off sharply and of e111ptica1 galaxies,

only ?ida]ly limited objects such as the dwarf elliptical systems of the
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Local Group are well described by them (Hodge 1971).

If %s these models which also fit theLgIobular clusters. In the
range 1.5 < ¢ < 2.0, the models are similar to the ri deVaucouleurs '
relation. For ¢ » 2.0, fhe central concentration becomes so 1érge that
a distinct outer ha]o_is formed that is brighter than the deVaucouTeurS
reTétion. ~Fof"c >> 2.0, the surface brightness.of the models aﬁproach‘
the v~ r;iation of the isothermal relation.

The King model used in this study has ¢ = 2.25, the so-called  ‘ —
'standafd' King models useq by other invéstigé%ors of alliptical
galaxies (King 1966, Kormendy 1977, Dressler 1979).
| The King mode%Ais used in this study in prefefence to either
deVaucouTeurs {1959) or Hubble's (1930) because each of these relations
implies an infinite central space density, whereaS'the(king ﬁodels &9:not.

However, there are»difficu1tiés wi?h King's models. The models ‘are
" based upon the idealized Gaussiaﬁ distribution, which while applicable
to relaxed systems such asg]obq?ar clusters, wifl not be applicable to
galaxies. King's models were developed with tidally 1imited objects
in mind, and elliptical gaiaxies are not Timitgd, at least in the sense
. of the tidal intefac?ion defined by King (1962; 1966).

Thghe are other factors.which differentiate eI]ibtica] galaxies

~ from globular cTustérs, and'these will be recapitulated briefly.

The profile of the halo of an e1iiptical galéxy in the framework
of the King model is relateq\fgéﬂhé.highFenergy;ta11'Of the velocity
.distribution . in the centre of fhé'galéxy. There i no reason to believe
this true for e11iptfca1 éalaxies, The models are.baéed upon an %sotrogic

“velocity distributibn. Again, there is no reason to believe this is true
. a . = . - .

. in the halo of an e]]ipticai galaxy. Also,the models are self-gravitating,
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whereas.thefe-is a growing body oflevidence that the outer portions of
elliptical galaxies are dominated by an unseen mass which is distributed
differently than the visible material. -If this is so, then the halo
density distributﬁon (and hence the veiocify di§tribution) depends” on
both the grav1tat1ona1 potent1al and V810C1t§ distribution of this unseen
material. ) S \ \ : .
| It has been recent!y'pointed out by ITlingsworth (1977)'that the
vélocity dispersions in:thé'coreé of e11ipticé1 ga]axiesar;not isotropic{
[t this is found to be true, then the dynamical model for K1ng s models
has no app11cab1]1ty to e111pt1ca1 galaxies.
Finally, thwelzer (1979/81) recently pomnted out tha@, except in.
' galaxies in the Local Group, the centra} portions of gdlaxies are not
being resolved. This would imply that'King's models ovéreSfimate the

core radii of galaxies (except in the Local Group) by an order of _

—

magnitude. While the dynamical construction of King's .models are not
affec;gq;bx Bp%s facf; it does call into questio;>any conclusions about
the ﬁynami€; in the cores of e11iptica1'ga1axies.' ‘
Thus, while the dynam1ca1 51gn1f1cance of the "standard" K1ng mode]
is in some doubt with respect to e111pt1ca1 galax1es, they are used in
'preference to the relations of deVaucouleurs and Hubble because they do
;Z;‘f1t thelcentrgs of e111pt1;§1 galaxies well. A brief descr1pt1on
of the dynamica?;caTCdlatibnsfbéhind Kingfs}mOQels is fﬁund in Appendix 3.

>

4.2 ModeI F1tt1ngA#_

The mode] fltt1ng process consists of scal1ng the 'standard' King

P

model to each of the intensity profiles for each of the eight semi-axes

'y of the A1775 system.-'Tﬁ% sca]fng broceSs is in both the radial and
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intensity co-ordinates and the fitting process was carried out in two

steps.

.

The first step involves plotting the eight averaged intensity pro-

" files in the'same scale as that of the 'standard' King model (the scale™

used was %-inch for 0.10 in Tog,r). - A sliding fit was made in the

radial co- ord1nate between the unscaled K1ng model and the intensity

: prof1le in quest1on. This was used to obtaln the d anrent core radius

gy

(in view of Schweizer's work, it would be 1nau?ropr1ate to denote th1s
fitted va]ué as the core radius - ipplying the intrinsic value}. At the
same uime Timits were found on this apparent core radius. This was
found: by’ flﬂd]hg where the sliding fit was on]y to]erabIe in both
“directions radially.

«  The points -defining the given intensity profile, along with its the

- apparent core radius, and with the unscaled standard King model (in the -

?%?m‘bf poipts) were used as input to a computer programme whicﬁ performed *

o the second step in the model fitting process.

Three other parameters are also needed by this'computer programme.

These are arbitrary maximum and minimum trial values for the central

" intensity, and the number of steps‘deﬁired between these two values.

The éecond'step ih_the model fitting process was perforged by a

computer programmed cal]ed’REDUCE'(see Appendix 4 for a Tist)

code). The points_defining a given intensity profile and the unscaled -

' Kjﬁg model {c = 2.25) are entered into the progrémme Togarithmically ’

and are cdnverted'into Tinear co-ordinates. The radial co-ordinate of the
King-mode] is then scaled by using the value of the apparent core radius,

found in the above procedure, and the King model is truncated at the .

_outer-most po1nt of the 1ntensity profile. ~ The King model is then scaled
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for the central intensity The central 1ntens1ty of the‘K1ng model is .
f1rst Set equa1 to the arbitrary m1n1mum value of the 1ntens1ty used as
1nput to the programﬁg Th1s intensity is then increased by a g1ven
amount (determined'by the difference between the maximum and minimum
1ntens1ty values and the number of steps) and the centraT 1ntens1ty 1s
stepped through a series of values, from the minimum to the max1mum

1nput ya1ues for the 1ntens1ty. Thus a- fam11y of King- mode]s is formed,

. each with the same_apparent core radius; but with dlfferent central

-Vintensitiesffor eaCh of the eight semi—axes//; the A1775 system.

An 1nterpo]at1on between each -of the King models and the po1nts

def1n1ng the observed 1ntens1ty prof11e is thed’performed.. The points

def1n1ng a given sca]ed K1ng model are numer1ca11y fitted by a cub1q

~ spline in a smooth curve. At each radial value of" the observed 1ntens1ty ,
;proffle;;a‘valde of intensity on the King model is found byipub1c spline

interpo]ation The observed and interpo1ated-intensities are then com-

pared at each rad1a1 posptxon, ‘and the differences (1n the sense observed
minus 1nterpo]ated) calcuTated A root mean square (RMS) dev1at1on 1s

calciilated m'm these differentes and-the total RNS deviation is divided

"~ by the central 1ntens1ty of the Klng model in quest]on. The ratio formed

by th1s process 1nd1cates the goodness of fit of the: sca]ed model to the

—n

observed prof11e. The interpoTat1on_process was~carr1ed out fbr each
L4

~of the sca]ed King models in each family. “for al e1ght serm -axes. The
v

smallest va]uébof the ratio of RMS deviat1on over centra] 1ntens1ty was

cons1dered to be the best f1tting.model w1th a given apparent core rad1us.
The entr;e 1nterpoIatlon process and the constructzon of fam111es of

Klng models outlined above was carr1ed out for each of the eight sem1-axes

core nadius. -

w1th different values: of pgare\t

-

a.
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Each of the core radii found in the first step of-the model fitting

process was fpuhg to have an uncertajhty of about i_O.ZO’ahc-seconds. 
Each of‘the\se@i;axes of the A1775 system was fitted using a total

: : d ) . : . ..
of 5 values of app .core radii from the maximum to minimum values

of the uncertainty The steps in apparent core radius were ~'0 10 arc-

ds. Therefpye for. each of the eight semi-axes, one- was 1eft with

i

five 'best-Titti 'K1ng models. A plot of the RMS deviation ‘central

intensity ratio versus coré radius was made for each of the semi-axes,

_and a. smooth curve was fittedéhy eye through the points.- The apparent

Lid

core radius and central intensity (r and Io) corresponding to the

c, app
minimum of the smooth curve were used as the parameters for the overall

. best fitting‘King mode] This was done for each of the eight semi-axes.

TabIe VI 11$ts the best fitting apparent core rad11 and_central

1ntens1t1e§\for each Qf the semi-axes. .Figures 3 to 10 are ca11brated
intensity profiles for eaph_of the sem1~axes. Also on each of the
Natura]ly, ‘the goodness of the fit of the models is determ1ned by -
seeing effects and instrumental smearing of the observed data. By
o .,

inspection of Figuees 3 to 10, one sees that the best fitting portions

of the K1ng models is found in the same rad1a1 1nterva1 as the reg1on

used for match1ng prof11es in the stacking process (see Sect1on 3.5).

This is natural as the uncertainties in the data are m1n1m1zed in th1s

" region. Inspect1on of the stack1ng runs (see Append1x 2) 1nd1cates that

e ——ey -

"__the centra] regions of a profxle are fa1nter in 1ntens1ty for longer

exposure p]ates than shorter exposure ones. Th1s is in part caused by

. see1ng effects and s]1t smearIng 1n the m1crodens1tometer and 1s partly:

the cause of the RMS deviation ca]culated in Section III;_.However,u

—

. . - - -
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stacking the plates was done partly to eliminate this very problem as

fitting models to unaQeraged profiles would lead one to conclude that

‘the central intensity would be fa'inter for progressively longer

s
exposures. By fitting standard King models to averaged profiles, one

is ﬁfbimizing'thé seeing and instrumental uncertainties, and it is felt
thét the best fitting King models found in this study are not sub--
stahtia}ly affected by the above uncertainties.

Finally, it should be noted.that in the mode]]éng fitiing process,
all the points on the obgérved intensity profiles ;ere used, with the -
exceptioq of pointg-which defined identffied fie]d objects intersectingv“
tﬁé‘intensffyﬂprofiWe. These pointé were omitted and replaced by points
representing an eye interpolatioﬁ'of.the gélaxy'S'profi}e. An example

of this process is seen in.Figure 3. The reason for using all the points

‘oﬁ a profile [even in light of Schweizer;s (1979) work, which indicates -

- : . _ A
the problems involved especially in the central regiogs] is simple; there

. were not enough data points to allew one the option of emitting. points,

. . . - .;5"‘ e
either near the centre or in the outskirts. One was obliged fo use all’ -

the data points one could get.
I ’ - : _ : B ’
. The apparent core radii found in the above analysis were 2.74 and
1.68 arc-seconds” for the NW and SE components respectively. Using q,?a]ue.‘"

of H "= 75,km/3ec/Mpc, the Tinear.sizes of these core radii are 3.9 and

2.4 kpc réspecfively.' These values are quite a bit targer than the value

of re. app for M87, a ‘typica1' e]lipfiéa] ga]axy, of ~ Ofébkpc, b
half as large as T, app for the A2029 cD gaiéxy of ~ 7.5 kpc. Both of

thesg values are calculated ;assuming Hd =75 km/sec-/Mpc']-add are quoted

by Dressler (1979).°
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Figure 3. SE component, NE semi-axiss”plot of surface brightness
versus Togy, radius (in arc seconds). The op}ah circles are data
points and the full line is the best fjttirig standard King model.
The error bars are from the RMS deviatfilc)ns found in Table VI.
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Figure 5. Same as Figure 3 except for NW semi-axis of SE component.

Note this semi-axis is between the components and is terminated half
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Figure 7. NW component, NW semi-skis; plot of surface brightness
versus Iog]0 radius (in arc'seconds). The .open circles are data

points énd_?he full curve is the best fitting standard King model.
The errora!!fs are from Tab]e'Vi; The triéng]es ar; fntéf&gTBtéd

points to avoid the field object.
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LY
Figu}e 10. Same as Figure 7‘éxcept for SE semi-axis’ of Nw comppnent.’
This semi-axisvis midway between the components and ié;truncatgd at

Half way between them. . . ' .
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~ SECTION V: COMPOSITE MODELS

5.1 Introduction °

‘ ‘ ’ ‘ : <
There are two compoSite mode]svconstructed in this_study, and they

are constructed using tﬁe_besf'fitting King models described in Section
Ivvaboye.i The composite models consist of 2'components-and are made up
of two parts: (i)'an'isophota1 contour map and; (2) an intensity profile

" " of the system major'axis-

5.2 The Compos1te Models; The CC Model ‘: : s

For ease of notatIon, the compos1te models w111 be denoted by CC .
"ahd CE.
The CC conpbsite'mode1 is composed of‘fﬁo_c5rcufar1y symmecric scaied :
King models, .while the CE model is composed of one circularly symmetric
King mbdei and one5e]]iptica1 King mddel. The elliptical King model was-'_
constructed because it was found by 1nspect1ng the 1sophotes of the A1775

double galaxy that the SE component was elliptical in form (see Figures

N
2 and 11). o

BN

The composite models were constructed in the following manner;
standard King models (i.e. ¢ = 2.25) were sca]ed ueing the averaged~
Y\;—

values of the apparent core radius and centra] intensity found in Tab1e

Ah‘é&fVIII for the SE and NN compouents The scaling procedure was carried -

out by means of a computer programme called MODEL (see Appendwx 5)

The computer programme uses as- lnput the averaoed values for” the apparent

,core rad1us and central intensity for a g1ven'component of the A1775-- B
system,.and afso‘the'points which define:the‘unsca]ed stanoard King models. i

5 A]so used as 1nput is a cut—off rad1us The cut off rad1us is an arbitrary

radxa] 11m1t to the component being model]ed - Acut off radius was used |

e

) -~ "
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, _Figure 11. Smoothed 'i?é'bphotes (taken from Figure 2a) of the A1775
o : double sys.tem. The dottedA circles .are the aperature’ diaphrams 'used."

‘'

in the photo-electric photometry of the system. *
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- . TABLE VIII

/

R 4

£

. Apparent core radii, modelled central intensities and
ca]1brated surface.brightnesses for each semi-axis of

59

T
i

a0, i b et n o e

IR

+

. ) S the A1775 system .
. semi-axis . Apparent :Mode1 Central - Calibrated
> - core radius. - ~ Intensity Surface’
- - “ . (arc-secs) (as in'PROFIL) Brightness
. : Te, app. Io’ . (mags/a™) :
S ‘ "
NW_Component o
- SE. o . 2.75 948 4 19.55
SW 2.82 - ' 912.0 . - 19.46
. NW .~ . 2.7 "o 949.0 19.50 P
: NE 2.69 898.3 19.60 -
\\.-" .- - [} e
. . SE Component _
- SE . . 1.78 . 1118.9 19.31 -
SHW - 1.67 1125.2 19:.27 -
. NW 170 v 116873 19724l
- . NE- . - T.e0 . 1189.4 19.15. ©
: Averages -~ Te; app. | _Io » By, B
NW Component . 274 + 0%06 927 %27 19.53 + 0.05
SE Component - 1768 + 0%08 1178 + 68 19.24 + 0.06
T  ?The-untertaintiesVafe the standard deviations. 3
j,;)f JZQ e
\. i - ‘
» »'



: upon the scaled King models in order to allow one to model the'regions

No such problems were encountered.

LA A vy M A o e e v
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because a scaled King model with c = 2. 25 and e, app " = 2 arc-seconds

can be éxtended out to 356 arc-seconds from the central regions; This

'angular extent is simply not seen in the present data, which is at most

some 50 arc-seconds in extent. Therefore, the cut off radius was imposed

for which data exists. The cut off radii for the components were chosen
to be 45 arc- seconds. Largedk/ut off rad11 were tried, to determine whether

or not the brightness distributions were seriously affected by the cut off.

In construct1ng the compos1te models, the model 1sophotes were

constructed f1rst.’ The centres of the NW and SE model components were

‘separated by an amount wh1ch when sca]ed gives the true angu]ar separa- -

tion of the components in the .plane of the sky. This separat1on wWas -

measured to be 20.77 + O. 05 arc-seconds, and was found by d1rect measure-

jment of the 1sophbtes in Figure 2..

- .

The next step in the model'construction is to use the output of the

computer programme MODEL to obta1n contours -of. equal 1ntens1ty for each

‘”of “the appropriately scaled compoﬁents. Radial va]ues~are_read off the -

scaled King models'for each of the components in 2 arcfsecond‘interva1sl
from the cent;e to the cut off radius. As these radii ere aTI‘associeted N
uith specific intensjties (which is due to_the circular symmetry of the
models), one may drau fn the co tours of constant intensity simply by -

using a compass. This is not true for the CE mode], as the SE.conponent_

is modelled as elliptical. ' The CE model will be discussed below in more

detail. Finally one displaces the centres of the'modelsﬂby:thezsca1ed _

seoahation, Where the contoursvof intensity intersect, they are identifjed

. ay N

and the net intensities (i.e. the sums of the individual .intensities)} are



~

A

calculated. The net intensities are then 'binned’. 1nto interuals of

. 0 10 in the Togarithim of the re1ative-intensity Any p01nts within a

g1ven 'bin' were 301ned together ta form the cantaurs of the mode1s
The bin' intervals correspond to 0.25 magnitudes per square arc-second
in terms of surface brightness. ~ The contours were drawn in by hand

* L

using French curves.

'5.3 The CE Model

<

The same procedure was carried out for the CE model, except that the

SE component was modelled és'e111ptica1 in'form- As mentioned above, eye

inspection f the isophotes of the A1775 system (Figures 2 or 11) show
that the SE component is e111pt1ca1 in form .The eccentricity of the
ellxptrcal contours was found by meesur1ng ma jor/minor ex{s peirsno? the
10 inner~most smoothed'isophofes (see Figure IT)l The eccentricity was
found for each majorfmqnor axis pa1r, and from these calculated. eccentr1—
cities, an average vajue was found. The va1ue of the average eccentr1c1ty
was found to be -
e = 0.28+ 0,02,

The same process was carrIed out for the NW component and 1t was i
found to be essentia]ly c1rcu1ar.

In constructang ‘the e111pt1ca1 1ntenslty contours of the SE component
the proflle of the 1ntens1ty along the system maJor axis was constructed

fzrst. By eye 1nspect1on, ‘the maaor axis of the SE. component was fbund

'to be 1n«an essent1a11y north-south or1entat1on,has opposed to, the system

2

major axis, . which had a posftaon ang1e of ]28° + 0. 5° (by d1rect measure-

ment). Then, glven the known d1fference in or1entatlon hetween the system

- and componen} major axes, one could calcu1ate«rad1a1 values on the SE

componentfs major end minor daxes by the relations

-

(S
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| compoéite models by~ 0.5 mags/arc-sec”.
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» ©

L2y = r; (1 + ecosD) - ' : - - (5.1)
. (T -e?] o |
and , y ' . X
b% = ry (1 + ecosD) | B B k (5.2)
| T-e% . " |

where D istthe.angle between the system and component ma jor .axes, and rs
.fs a radial position a1ong the. system major aiﬁs With the use of‘the
above equat1ons it was then possible to construct'an e]11pt1ca1 model

of the SE component wh1ch fitted the observed 1ntens1ty profile along. the
system maJor axis, and hence 1t was poss1ble to draw contours of 1nten51ty
with an e11ipsognaph,"The«modelkcontours'were constrdcted~in tne‘same

fashion as those for the CC model outlined above. The model system =

major axes were constructed from the isophotal contour maps of. both the

cC ano‘CE modeTs; These mode) system major axes are piotteo a]ong;with
the oatalpointe‘oefining the obsenved‘s}stem major.axis. The parameters_:
for both the CC and CE modAI; are found in-Table IX. “The CC odel s
found in Figures 12 and 13, and thekCE-modei-is fbundﬂin Figures 14 and
15..

5.4 Qther Models .

/ AN

The CC and CE mode]s were constructed by f1tt1ng each of the com-

ponents separately, and then super- 1mposing them to form the compos1te-

models: By 1nspect1ng Figures 13 and 15 ‘one notes that the outskirts

of ‘the prof13es along the system major ax1s,are over-est1mated by the

2 Therefore,'modifications'wefe

Imade to the composite- mode1s ‘to see if the prob]em in the outskirts

cou1d be rect1f1ed

 The approach taken was to try to fit the overatt‘brlghtness profi]e

;-
AN -
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) , : - :

Fig;n"e 12, Model Aisopkhotes for fhe CC model of the A1775 sysfem.__

: The scale is 2 cm= 12". The contour interval is 0.25 mag/0™.
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. ‘1ine is the model and the filled circles are th'e_observe_d points

. 7 . - ’ . S , .
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" Figure 14.. Model ‘isophotes ‘of the CE model. The SE component is
modelled as elliptical. Same contour interval as Figure-12 and
the Sga1e is 3 cm-= 127, . -
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Figure 15. Model system' major axis for the CE model. The symb_o1sA'
" have the same meaning as in Figure 13.
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_that'by'reducing the appareht core radii of each‘component by -1/2, the

. without worrying about whether or not the ‘individual companents were +
well modelled. . To do so, the apparent core radii of each component
- . was changed. The central intensities (and therefore the surface bright-

'nesses) were not changed, although it is certain that the values found

under-estimate the true surface br%ghtnesses at the centres, due to

~.seeing and instrumentation effects. The reason for not changing the ,

central surface brightnesses, is that the intermediate regipns of the

. : ’ 0.--
profiles (i.e. r = 2 arc-sec to r = 8 arc-sec) are fairly wel]vmode11ed
~and in these regions the seeing and smear1ng effects of the 1nstruments

should be small, Tmp1y1ng that the>d1str1but1on of brightness seen is. the

" true distribution of light.

The values of the apparent core rad11 were reduced to oné-half and

3/4 of the values found .in Table X, for each component. With these

modifications, model system major axes were constructed. It was found

brightness profile produced badly under-estimated the observed profile

everywhere, including the outskirts (see'Figure 16).. éyjreducfng the

‘appérent‘core radi‘ by a factor of 1/4, the outskirts of the profile

-

]

were fairly well modelled, but the inner portions ofqiﬁg profile Q;;e,.

. again, underestimatéd (see Figure 17).

To sum up then, 1in decrea51ng the apparent core radlw, the fit to the
observed brightness prof11e was not at a11 1mproved One SJmply gnded;“
up exchanpfz:g;n oxer—estlmat1on jn brightness in the outskirts‘for'an
upﬂer*estimétion in. the innér poftibns of the profile. 'As one.ig only .
redistribaping the bad fit of»thé,que1s and not e11imipating,it,'it
was dpcided to retain the CC and CE models as originafly constructed.

-
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- TABLE IX
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k4

Comhéhénféwof.the Composite Models

-Abpérént Core
' Radius -
' rc,app.(arc—sec)

" “Central
Intensity

(as in PROFIL)

-~

a Surface
Brightness
u,(mag/a™)

cc.

CE

SE

SE

NH -

1.68

2.75

1.68

2.74.

: 1189
- 927

1189
927

19.24
19.53

19.24
19.53
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'F%gure 16. The model system major axis of the A1775 system, with ’

fhe»Values of .the apparent core radii of the two components reduced

by a factdr of one-half. .

" The model is the dotted line, while the observed data are the

filled circles. .
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Figure 17: The model system majoffaxis with the values of the
apparent core radii reduced by:a factor o% one-quarter.

Symbols have the same ﬁeaning as in Figure 16.
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~ SECTION VI: CONCLUSIONS AND DISCUSSION -

-

It is ﬁossible to dram a-few conclusions about the A1775 douoTef_
ga]axy.dpon the basis of the composite models construtted tn Section V
) a-bove': ' . S : ,
Consider Figure 11 “the smoothed isophotes of the AT775 double.
One notes that the most distinctive feature of these TSOphOteS 1s the
fact. that the two centres of 11ght are surrounded by a ha]o with a very
d]StTﬂCt box shape. This box-shaped ha]o is qua11tat1ve1y well repro-
e duced by the 1sophotes of the CE model (Figure 14) _ ‘
By mode111ng ‘the SE component of the A1775 system as e11iptica]
the fit to the observed 1sophotes in both the central reg1ons of the SE

4

componeuf"End\Jn the halo, - is. sxgn1f1cant1y 1mpr0ved over the Isophotes _
of the CC mode14 On the- face of it, th1s is what would- be expected in )
the case of the superp051t10n of two unre]ated e111pt1ca1 galaxtes, but
it may be poss1b1e to form such a d1st1nct1vely box-11ke halo through ar»
_ érav1tat1ona1 1nteract1on as we11
“.; “ If one now cons1ders the brightness profile of the AT775 system )
/ along the system major axis, one not1ces 1mmed1ate1y that in both the
?j”CC and CE models (Figures 13 and 15 respectively), the outskirts of th
'profi]e:are over-estimeted by about .3 times (or rOughly.l maonttude)b
b ‘- : As outlined in Section 5.4 above, expenimentsAmere carried out to see if
it‘was-possibIE‘to'eliminate-or at Teast minimize this over-estimation
by adjusttng the appanent.core radii‘ot eaeh of the components The
JJ//// .resu]ts of these exper1ments were either to sh1ft the portlon of the

br1ghtness prof11e where the composite models were bad f1ts or to make

i the overall fit to-the obser ved prof11e worse,



<

A couple of points can be made in 1¥ght of the results of the,
models constructed. These points canibest be outlined under the two
major possibi]itiesktoheerning the nature of the A1775 double system;\
The two possxb111t1es are that: 1) the Al1775 system is the result of

a superposition of unrelated and non- 1nteract1ng galax1es or; 2) the .

s Q;g :

-

system is 1nteract1ng {and is elther hound or unbound)

Consider the case if the A1775 s;stem is a SUDEPDOSlt10n of two

unrelated ga]ax1es. From the results/of the models and~the results

l ~ <

of trylng to modify these mode]s as loutlined in Section 5. 4 above, one-
ot

“can conclude that both of thetgalaxges which are superimposed must

have brightness profiles‘which-are dﬁfferent thanithose of most otheh

-
‘Targe 1so1ated ellnpt1ca1 systems. Thts conc1u51on is unattract1ve for

~two reasons. First, if both of the components are members‘é; the A1775

cluster, then- the photometry is sugh as to 1nd1cate that each is abqut as

Tuminous as a typica] bright elliptical gqlaxy. One would therefore

expect the standard {c = 2.25) King model to be appropriate. The second
reason is that this sets up a special case for the A1775 cluster. However,

it .should be pointed out that throyﬁhout_this_study, it has been tacitly

-assumeo that the standard kiég model is appropriate. While this seems
: to be the case in Tight of the present photometry, some 1nvestigators
' (e g. 'King 1978) have fbund that ‘some ellxpt1ca1 galaxies in rich

" clusters of galax1es are better fitted by King models withc = 2. 00

A (1 e. with steeper br1ghtness proflles) Th}s poss1b111ty does not

seem too likely 1n'v1ew of the fact that one was ab]e to get qulte‘good

 fits to the data by fittlng each component qnd1v1dua11y. using the

standérd King mode] Tt s for these reasons, that {he superDOSItion
- ) . - %

model for the A1775 system is considered unlikely. -




Consider next-the~possibi1ity,that thé A1775 double is the result

j?of some sort of interaction. In this case, one mibh{ reasonably EXpect
-the procedure of f1tt1ng thestandard King models to each of the components

' 1nd1v1dua11y and then superim 1ng them, to break down somewhat. This

<

is because it is either notuposetble or even valld to 1nd1v1dd§11y fit |

-the components ina dynam1ca1 system. It mxght be more réa11st1c to-
c”

cons1der the overali prof11e of the system and try to fit it w1thout
i any regard to how good the fit is to the 1nd1v1dua1 components
o By way of a qua]itat1ve examp]e consider a K1ng model.. w1th Log10A.:, {
t/ Sc=2. 00 }h1sﬁmode1 has a steeper brightness grad1ent, but ) .
in the central reg1ons of’ tﬁe modeT there 1s not, too mUCh dtfference
from‘the standard (c-='2 25)ﬁK1ngq%ode] It is on]y in tbe outsk1rts
(as ;s to be expected) where the d1fferences~of tﬁe prof11es man1fest A

th!ﬁ%e]ves {see F1gure AT in Appendix 3) Indeed, at the point where —

- -~

N the present Jdata cuts off (at u, = 24.5 mags/arc sec2 or r = 32 arc- VT

- 3. 1n 1nten51ty, w1th the ¢ 2 25 modeT bei !

0
sec) the d1fference between ttg;pwo K1ng mode]s is about a factor\of

r1ghter One m1ght

' reasonab]y expect a comp 1te modei formedyfr

sca]ed King models w1th c 2 00 to bewélmo t/the same as. the CC and
CE mﬂﬂblswconstFﬁcted us1ng c 2!25, in ther1nner portions, bt to
be fa1nter in the outsk1rts, More ovei not only m1ght the f}t be

better t0»the observed ;\\ghtness prof11e, but one “would a]so have a -
v @ ‘

plaus1b1e exp1anat1on for the 9X13ta"Cé of. the Steeper gradlents in the B

e

R centna1 reglonsJ%f the pr fx]e The steeper gradIents wo d be attr1-

.'.

butable to t1da] 1nteract10n affects<§wﬁich wou]d cause,the surface

'

brightness to. fa11 off mbre rap1d1y Zthan 4n an 1so]ated system Th1s

sort of tlda1 steepening of; the brlghtness proflle has been seen 1n
. 0“"”'.. .,.\_“ .A ,r’-A A . u ‘ '_:' .



- S . Ansther interesting point. uhich can-be brought out 1is to consider
L . e

.i; % o . the A1775 system not on]y to be 1nteract1ng but to be bound If this -
\ were the case, then one wou]d expect the centres of 1ﬁght to be surrounded
' . .rgii | and emhedded in a large d1ffuse halo. The halo cou1d be formed by one’

. . o of two mechan1sms. If a b1nary ga]axy is’ formed out of a ‘proto- ga]actlc .

nebula, then some of the original material may not have co]laysed Into 4

: the central regions Assuminé lttt1e overa11 net rotation (I]]ingsworfh'

S -

%, R o -
€. . 1977),athls mater1a1 could be qu1te{exteq§§%e and 1ts distribution isotropic.
. 'g'“'““'“ne If on the other hand the A1775 system was fxrmgd by a tidal meﬁ@er tha .

P the halo may be str1pped mater1a1 which, while Tost to thte individual O

I R n’ e galax1es, is. reta1ned by both 1n common. In any event one wou]d expect

13 ) .- - l . w4

| a 1arge d1ffuse comgon ha1o about the A775 system such as s seen in” f_'
» i ‘the A2029 and A2670.cD garames J ' -
*; ,4‘, f"“' ._ - Unfbrtunately, Dressler 5. (1979) study of the A2029° cD ga]axy on]y
- . goes down to My = 24 mags/arc secz, wh1ch 1s to about the same surface
hi br]ghtness as the present study Compar1ng the A1775 ‘and A2029 systems
. ,“' o . . does not 1ead to any useful resu]ts as the A2029 system 1ooks just
| “ A 11ke the A1775 system except.tt has been rad1a11y scaled 1arger There
L 1s no- ev1dence in Dness]er s'data for A2029, that the ha]o has beeg o
s , N

SRS A detected The stpdy of the A2670 cB. by. 0em1er (1973) 1s far more - prom1sxng

?"‘" _ TA_V’;;AL in that his data extends down to uv = 30 mags/arc-secz, and there is

al 2'? LJJ ,;;;l'f def1n1te ev1dence for'a Targe d1ff“$e ha}°'t7 S |

| Unfortunate1y, the evldence fbr the ha]o f1rst apgears at wHy ® 26
1:=411' .. mags/arc secg wh1ch is about a magn1tude and -a- ha]f fainter than the cut
. -‘J : _ off of the surface-brlghtness data 1n this present data’, Aga1n no “SEfUT -A
f~.n" 7»_ - concTus10ns can. be drawn by comparlng the A1775 and A2670 systems due to

.o

.« -



‘¢t

the lack of Surface brightness data on_ the A1775 syster. One cannot

say anything about the existance of a large faint halo-which may

surhound the AT??S’system._'

To sum up then,‘the A1775 double seems to be some sert'df inter-

"acting;system.- It is unlikely to be a superpositidhlof tho’unfeIated .

ellipticals asithese objects would not be fitted by a standard King n

model, and'thfs would hequire these eTlipticals to haVe surface bright-

-~

ness proflles different than other isolated e111pt1ca1 gaIax1es. Due

) to the lack of surface br1ghtnessidata, no conclus1on5ncan be drawn

At

?

" about the nature of the 1nteract1on that the A]775 system is undergoing,

. nor can 1nformat1on be gained abowt the 1nteract1on by compar1ng the

A1775 data w1th other large gaTax1es ' '

' Further study of the Al1775 doub]e system, and systems Tike it;

" are des1rab1e as these systems may. be 1ntermed1ate between 1solated

,eTTtptlca1s in c1usters in rlch c1usters “and the 1arge cann1ba11st1c _

cQ_galax1es seen 1n.the centresﬂpf rich clusteps.' sukh a study will =~

» _ . S L T
need to be carried out on large:instruments (e.g. the KPNO 4 metre) in .

order to. obtain high resolution and-to reach fainter surface brightness
-~ o S .

© levels. :Thus, one may be able to come ‘to morepositive conciusions

concerning the nature of these types 'of systems. ‘;_. ' -

>
o
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NOTE TO APPENDICIES

A1l the programmes used in th1s study are 115ted except1ng the

'programmes GALAXY and PR¢FIL. More 1nformat1on on these two programmes‘

may be obta1ned from their respective atthors. M;\‘T/ =J. Deveau and

[¢]

Or. G. A, Welch. : _ o

~ A1l the ﬁrogrammes are writ%en_iﬁ FORTRAN IV, except GALAXY whfch
is written‘in.PDP BAﬁlﬂ. AlY of the FORTRAN programmes were run ih
the BATCH mode. on the Dalhousie University Cyber 170. A sample BATCH
command programme is found in Appendix 2. The vagramme GALAXY was
run on aitihe—sharing.bésis:on the St. Mary‘s University PDOP 11/76.
A1l of fﬁe:out-puts of.the EATﬁH—FﬁQ pr09ramme§ wereSQirected to the
Tine printef at St._Mary'qunivérsity}" - |




APPENDIX 1: SUBSYSTEM GALAXY ' ‘) v

The subsystem GALAXY is a computer rout1ne written for the St
Mary's Unxvers1ty PDP 11/70 computer and uses a- Tekron1x 4662 plotter.
The subsystem was writtep by Mr. T, Jd. Deveau and js used to digitize
Amierodehsitpmeter tracings, fofmingléafe files which may be processed
further. -

The dTgitizing process ie as fbl]ows; the mier;densitometer
trac1ng is placed on the Tekron1x‘%]otter, which is set in data trans-
mission mode, and the system GALAXY is ca11ed Three po1nts are
se]ected to form a coford1nate axis on the trac1ng, and these points
Vare digitized. Starting at the extreme.1eft'end of'the.tfacing, peints
along the tracing are digitized at 1 mm intervals. The 3 points
defining the.co-ordinate axis'efe redigitjzed to check for ény movement

of the tracing during the digftizatiOn erdEess. Upon sutcessfu?1y‘
| d1git1z1ng a trac1ng, one enters a name for the data file wh1ch has :
been created and stored on the- PDP 11/70. These data files may be oo
transferred to the Da]hous1e Un1vers1ty Cyber 170 by ca111ng the .

programme CDC. dﬁb»and the file name of the data one w1shes transmwtted

s
*

Further 1nfbrmat1on concerning this subsystem may be. obta1ned

~

from e1ther the present writer or Mr. Déveau.

-

‘\. 7
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APPENDIX 2: THE PROGRAMME PROFIL

" The prpgramme PROFIL converts the-densities of the digitized

» .

 microdensitometer tracings into relative intensity-radius profiles.

The_programme can b1ot the intensity profiles individually, or averaged
together.

The‘input data cards, formats and type of data bein§ entered into

,the programmé are 1{stéd belpw. 'Morg informatiop‘concerning P
can be found from English (19?9); Included in fhjs appendix re the
file used to submit thé bfogramme and any data files to'the Dalhousie
University Cybéf 170 COmputer‘andlé'samé1é run of PROFIL in the averaging

mode. The run is of 5 plates on the system major axis and-is the N -

semi-axis of the NU cohpohent..

Input Data Cards (In order of appearancg)

NAME -~ FORMAT . # CARDS  ° COMMENTS
'NPLATE | 12 - 1 -# of plates to be reduced
"COMBIN . ATO .1 :governs the way the data
. ~.— . . 777777 is processed. .
0BJT Mo ~If = STAR the programme will
' : . \ - v - .bypass the 3x smear of =~ "
_ T T the projected slit width
CNPRINT .. 12 - . 1 - 200 =full printoGt .
c T . 01 ="minimum printout
; o .o R 10 = both data pts and plots
NPTS, DINIT .. 13, F8.1 1 .7 -the # of points in the

characteristic curve and
the initial density ’

~

CURVE ©T0F8.2° . 3 _pelative\intensity at 1 cm
' : L . : “intervals\of density points
’ on the characteristic curve

-
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L ST S

NAME ' FORMAT
SKYCAL . F5.1
CIsky T 2014
IGAL 214
180 . 2014
ICENTR 214
NPLOT - 12
DEL  — F4.2

APPENDIX 2 (cont.)

- # CARDS

85

COMMENTS

-density of sky (in mm)
above clear plate Tevel

-digitfied sky tracing

-location of galaxy nucleus
on sky tracing :
.

-digitized‘§q1axy tracing

—1ocat1on of nucleus on

ga1axy tracing -

-00 = no plots L
01 = plots on a plotter o
10 = plots on a line printer

-included if NPLQT f 00. It
governs,the increment for
-setecting the points to be -

plotted. oA
~
_- t .
3 ‘
r
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Sample Run of PROFIL

NW component, NW semi-axis.
) . 4 . ’ S - ’ !
A1l five plat¢s of this study have been stacked {averaged) to form
he 10th profile ﬂfnd in this run.
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APPENDIX 3: TNTROD@CTION
" The fo]lowfng appendfx deals very briefly with the dynamical argu-
ments Gsed to construct the King models. Only the essential ideas are

presented, aTong with some of the more important equations. The actual

~déscription of the construction 6f a King isothermal model is to be

faound in King®s original paper'of=1966.
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APPENDIX 3:. MATHEMATICAL BACKGROUND FOR STAR CLUSTERS

After_a long enough time, an iso]ate& cluster of stars will be
in complete statistical equilibrium. Indeed, even the richest‘start
’I‘)6Justers will be iﬁ statistical equilibrium in their centres.. -
Chandrasekhar {1960} and Freeman- {1975) have shown that the mean
freepath of.a star in a c]ﬁster.is many times the radiu; of the cluster.
Thefefdre, patia]ymixing‘is hofe important than relaxation through
. stellar encounters._ Chandrasekhar (1960) has also shown that the
A structure of a star cluster is c]osely represented by a so]ut1on of
the encounterless Liouville equation with the stellar encounters
produc1ng a slow evolution from one solution to another.
- The general solution to ‘the steady-state encounterless Liouville
equation was 91:en by Jeans (1915) The d1str1but1on funct1on in
phase space must be expressible as a function of the isolating 1ntegra1s
of the equations of motion'of a Etar For the case of spherxca1 symmetry
in position space the only known isolating - 1ntegrals for a genera]

potential function V(r) are the energy and angular momentum/ per unit

mass,
2 ’ . ) s ’
E=1/2v" + ¥(r) : e (1)
and :4
h.= rvy : : . A . (2)

In the above, v is the magnitudes of the velocity and v, its
tangential eomponent. Even afier.spectfying these integrals, Jeans’
theorem pe?mi%s a very 1arge.range of cluster models. “One needs only

'»tpfglance at real cluster -and galaxies to see that there are strong

-
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similarities between one object of a given class and others. The real
clusters and galaxies are best described by a particular set of distri-
bution functions. If one assumes that at the relaxation time at ibe centre

of a galaxy is a small fraction of its age, it is natural for stellar

encounters to provide the regulartzing mechanism in galaxies. One approach

to the problem is to ask that the stellar e;counters determine a ve1ocit;
distribution, which then in turn detgrmines thelspatial characteristics’
of the model. .This approach has been qéed by a number of investigatoré
{Chandrasekhar 1960; Spitzér and Harm 1958; King 1966), each of whom
chose somewhat different velocity d%stribptipns. ' A ]

The remainder of this discussion follows the work of King.

Tq start with, céns%der the ideal, but unattainable Gaussian velocity
distribution. This distributién ha§ been showh by Chéndrasekhaﬁ_(1960) to
Tead to'a density distribution that corresponﬁs te an isothermal ‘gas N
spherel The model has a total mass phat is infinite; whep r is Iérge,
the mass contained within that radius increases in direct proportion
to rt In fact, the Gaussian distributjonzcoqu have been rejected
initia]}y,_qQ a cTustér-or ga1a§y‘cannot retain stars whose velocity -

exceeds a finite escape ve]bcity. What' is needed is a-velocity distri-

- butfor that will be produced.by stellar encounters, yet drops to zero

at a finite 1imiting velocity. The mechanism for'solving this problem

. . A .
was provided by Chandrasekhar {1943), who introduced the Fokker-Planck
equation into stellar dynamics to calculate the effect of encounters on a

velocity distribution. The Fokker-Planck equation js a differential

" equation involving the probability fynctibn governing the occurrence

of a Ve1oq1ty‘at a given time. The probability function must satisfy

the diffusion equation:
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. 3t = qVZW . (3)
where q is the diffusion co-efficient and w\is the probability function.
. . N
To describe the velocity distribution in a\c1uster, Chandrasekhar

found a steady-state solution of the Fokker-Planck equation with a finite

. 6&; off Vé]ocity. He used this soluticn only to determine the rate of .

escape of stars, and not the velocity distribution explicitly.

Spitzer and Harm (f958) tagu]atedbthe steady-stéte vé]ocity distri-
bution and attémpted %o use this distribution to deriQe a cluster moadel
but were unsuccessful. 'No matter what they chose for the central value
§f the potential, the dénsitf of thgir model went to zero at some.finite

value of the radius, contradicting their identification of the cut off

velocity with the escape velocity of the cluster.

In the approach used by King (1966), the model ‘is’constructed by

choosing a veiocity distribution at the centre of the model of the form,

L 2 2 2.2
f(o,\_/),r k[exp(-§°v _)~exp(J ve )] (4)
where Vo is the escape velocity and j is given by
i = 213e05%, - N )

where <v> is the mean velocity of a Maxwell-Boltzmann distribution.

The energy inteégral for a star is - ‘ -

o Eeuafevn) E (s

-

If one lets ¥(r) equal zero at the surface of the cluster, a star
with zerc energy then is barely able to reach the surface. The escape

velocity is thus given at any“p&ini by

-

,.,-VEZ = "ZV(I") ) " ' ' R T . (6)

S d B e
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Above zero eneréy, f(v) is taken to be zero since stars of positive
energy have jjcaped from the cluster. Tidal distoftion of the shape
of the cluster has been neglected in the discussion. It affects only
the.outermost regions and is taken into account by applying perfurbation
theory at a.later stage. T

In term; of E, the distribﬁtion function at the centre of the

cluster is

~ . 5 . ’
flo,v) = k(exp(—ZJ’Z-V(O))Eexp(-Z_Ejz)-ll._ (7)

But according to Jeans® theorem, the distribution function must be the
same at all points; therefo;e at any point the distribution is of the
form. : o ‘

#r,v) = k(exp(-23%(V(r)-¥(0))[expl-32v -exp(-52, )] (8)

Equation (8} is of the same form-as equation (4). That is the velocity .

distribution at every point within the cluster is the appropriate steady-

_ state solution to the Fokker-Planck equation for the velocity cut off

that appIie; at that point. Stellar encounters &Té automatically taken
into account everywhere in the cluster, not only at the centre.
The denéity at any point is found by integrating the velocity

distribution f{r,v) with respect to velocity. As a simplification, the

following substitutions aré made. .- . e
o 2
w = =2¥{r)j (9)
‘.t;x,;‘ )
and " )
R S T ; (10)

However, in performing this substitution, one no longer has an
equation .for the density in terms of potential {and hence radius), but

-

.
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S as a function of the variables w and n. The w{r) relation is solved

by using Poisson's eguation .

~ 2 .
5 §5;§1IQ- Ly —!if-— 4xGo (10)
[ ' v
. In terms of a dimensionless radius R (= -J, equation {10) maybe

. core
o S . ‘
. rewritten as

291

Q)

= BaGpirl, A 1))

~

2
*R3

3
2

3

‘ e
~ -

Upon substituting for a pbwer series for the function o% w(R), bné

will obtain values of r which will be close to Teore if the centraj

value of the equation {11) is set to -9. Therefore, if 6ne sets the
- const}ﬁt term on the righthand side of {11) to -9, one only needs the

relative values of the density and not xhe density itself;
= -8 p/ , (12)

The caIcu]at1ons to obta1n the relat1on between 1ntens1ty and radius

-

are performed from equation {12) on the basis that the density is, reTated

-

.. to the distribution of Tight within the cluster. These caTculations are-.. .

e ? ’ found in King {1966). The interested reader may consult that paper

B 2
for further details. -0

. The resulting models are modifjcations of .an isothermal gas sphere.
Near the centre their densities are very close to isothermal, but pro-
“jected it falls below the isothermal. curve and)drops to zero. The pro-

jected densities are shown in Figure A-1 (taken from Figure 1 of King

gy

1966), where the‘surface density is ca]Ied £, The quant1t1es fand r

m gt

are unitless rat1os of the central va]ues f and rcore’ respect1ve1y

: %
i - The curves are 1abe1ﬂed with the values of the parameter C.
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' FigureAA-l. The family of King's isothermal sﬁheres, plotted in terms

of brightness relative ta the central brightness and radius in terms

of the ‘core radius' logarithmically. -
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«’“}\;;/, APPENDIX 4: PROGRAMME REOUCE

The prog;amme REDUCE uses as input a datk file containing the

points defining a standard King model (¢ = 2.25}, and points defining

the average intgnsity-faaigg profile produced.by PROFIL. It then.

scales the King model in both radius and intensity and compares the

observed data points to the fitting King model. The best fitting King

model is printed out, a listing of the pregramme is given below, as is

a 1ist of the input data cards.

BVALU, NSTEPS, F10.3, 3X, 1;}\
AXIS, VALUE,  3X, A5, 3X,
PLATE .  F5.0, 3X, A6

Input Data Cards {In Order) ‘

NAME FORMAT " . # CARDS COMMENTS
NPKR, NPKB,  4(2X,I3) 1 -number of points in the
NPCR, NPOB : standard King model and

‘ the observed profiles
KINGR '10F8.3_ . <20 -the radial values of
) . the King model T
. . ~ .
KINGB 10F8.3 . <20 -the intensity values

: of the King model
0BSR . - 10F8.3 <20 -the radial value of
' _ the data points
0BSB - . 10F8.3 <20 -th;\ﬁnsgnsity values
of the\data points

RCORE F5.2 1 -the value of the core

radius of the King -
model.

-the min. value of intensity
to start scaling process;
the number of steps for the
scaling. The semi-axis
being fitted. The maximum
value of intensity and the
name of the galaxy.

V-

ECPIRS UM

3o :;':r‘“ ERTVICR



cidrreduce
o N /I‘St
~ C 741 _wiTh THE FEILCTION OF

C I . FROZRANME 'Fr]’ILE’ 43
C FEOSES TARES T 5 E
C FFEH TEROFILE” (ra.:FGTvLULl nDIHg EP’L“I tt’ﬂf‘:)

‘\\ C vL'GID‘INIEN:IYTrIN ARBITRARY UNITS)) § LS5 THE FOLLIWINGS
C 1} CONVERTS THZ LOG VALUES TO CAKTEASIAN £O- LFba. -

L2 WORAALISES THE RADIAL VALUE TO THE CESERVER FAllab
T SIZE OF EACH SFECIFIC CENTRE 67 LIGHT.
£ 3 (TAHS 4 DO LOOP ¥HERE & BESF FIT IS ACHIEVED
C FDR HE INTENSITY OF THE SYSTEN.
f € 4} A CUBIC SFLINE IS USED TO FIT THE UE:ER&ED DATA
% 10 A STANDARD KING MODEL WITR (RTIFAL/RCORE)=2.25 .
Ly .S). -FERFGRNING STEP {3) WITHIK THE DG LGGP WILL GIVE /. .
c * DIFFERENCE BETWEEN KING’S VALUES  THE OBSERVED
C -VALUES AS DETERMINED BY ‘FROFILE’y -THE
4 € BIFFERENCE GIVINGy EVENTUALLY A LEAST-SOUARES
. C = The LOWZST VALUE OF THE LEAST-SPUARES FIT BEING CONSIPERED
) . . g- THE BEST FIT.

© FROGRAN REDUCE(DATAL,QUTPUTS TAFES=DATALs TATEA=CU

ur)
DIMENSIGH KRAD{133)9RBRT(1SI) 1 ADUHP (153) yCBUNF (J00) 1RATIOIS0)

-RADIUS(!OO):BRTN;S(100);Rnﬁh$(§5§)vﬁ¥l(“0)

2 »ENORN{S0+155}

1
N
C
C

C
C

3000
3001

780

‘ 1032
1933

> L

1107

THE NEXT PART OF THE PROGRANN
AND TAKE THE ANTI-LOGS OF
ADEI AND INTENSITI

1007
T N=MEID

C -—---

DIKENSTON CHORK(155), YVALUS(75) yRKLOG155) + BXLOG(15S)
DIMENSION KINGR(155) 1 KINGR(155) 1 0BSR(162) 155
CORKON LAST1,LAST2,LAST3/LAS T4

REAL | RATK» LERTK KRAD KERTLOGRILOGT sHEFAD, HAYERT
CORAOR YUALUS(7S) 2
REAL KINGR» KINGBs OHSR» UBSH. .

READ(S:11) KPRy WPKB, NPORy HPOB

FORNAT (4(2Xr13))

TLL READ IN THE DATA

THE 2
BOTH THE NING BODEL AND JHE
3

mmmeee KING KODEL -—ve—m

N=
0 3000 J=1,20

NH=R

READ(5;1007) (KINGR{I) 1 I=HsNN)
FGREAT(10F8,3)

IF (hINGR(&N) £0.0) GO T0O 3001

COHTINUE

CONTIRUE . -

D0 770 I=1:HPKR

IF(KINGR(I}+HE.O) GO TO 770

LAST1=I-1 ;
60 10 780 ’

770 - CONTINUE

00 750 I=1,L&ST1
ADUKP(I)=KINGR{I}

750 CORTINUE

KRITE{871032)

'0r%ﬁT(///l////r2QXr'TH: RGDIAL VALUES OF THE KING HfEL nFEy‘)
URITE(851033) (ADUNF(J)s )= 19LR§TI)

FORHAT(/12X210F8.3)

CALL RADUS(KINGR:KRADyLAST

-— NUH FOK THE KING MODEL INTEN:ITY-—- -------

DO 2000 J=1,20
KR=|

READ(Ss1107) (KINGBLI)+I=XsKK}
FORMAT(10F8.3)

ey

L 2000
: 2001

740

1634

e, AN G T B

- 1635

R

» 1207

5000

N
,l,.—ﬁ'_r“\'.’i"ﬂ'»‘»i“'r'.'ﬁ's [aa

720 COHT

5001 - C

- IF(KINGE{XK2.EQ.0} GO 10 2001 -
K=X$10 : .

CONTIRUE
CONTINUE

10 730 I=1:MPKB '

TF(KINGB(I} ,NE,0) GO TO 730

LAST2=1-1

GO T0 740 . .

730 CUNTI 3

N
D0 720 1=1,LA5T2
ﬁDUKP(ﬁi-KINGH(I)

WRITE(&e
085&7(//1//120XaéTHE UALUES OF IMTENSITY FOR THE®

1 91X KING

RITE(671635) (ABUKP ()} +J=1,LAST2)
FDRHQ?(/ 07 8,3} :
CatL BRGTNS(KINGB KBRTsLAST2)

Loomen— --—SﬁﬂE AS ABOVE BUT NOW FOR DESERVED [ —
K=1 .
gO 300 J=1,15 ’ -

READ(S;IZO?) (UBSR(I):I HiBNY bt
FORHAT(1

IFH(UBSR(KH) ED 0) 60 10 S001

CORTINUE .

ONTIHUE
D 870 I=L,NPOR

D S RN




8

SeA{5e1207) (CESR(I) o I=K,0¥) ¢ .

1207 FORKAT{(1078.3) -
IF {DZGR(XK}.EQ.0} 68 TO 5001 -
K=K$10

S0 LONTINE

3601 CONTIHUE

19 80 1=
Rt hED 60 10 870
{AST3=]-1
50 10 850
870 CONTINUE
B30 D0 850 I=1,LA5T3
. COUXP(I)=03SRID)
850 CORTINGE
CRITE(611034)
1034 FORKAT(/////,20% "THE RADIAL VALUES D7 THE OBSERVED DATA ARES®)
SRITE(&y 1033} (CDUNP(J}yJ=1,LASTI)
1035 FORKAT(/+2%r1078,3)
CALL- RATUS(OBSRRARIUSLAST3)
EALL HAX (RADIUSIRRAXsLASTS) .

L=1
DU 6000 115

REM)(S:HO?) (DBSB(I)vI-LyLL)

o 1307 FORNAT{10FB.3)
IF(OBSR(LL).EG.O) GO TO 4001
L=L10

&000 CONTINUE . : -
£001- CONTINUE
00 960 I=1.XPOR ) ’
IF(DBSR(I}.NE.O) B0 TO 350 . -
LAST4=I-1
60 70 970
960 CONTINUE
970 DO 550 I=1,LAST4
COUMPEI)=6R3R(1)
580 CONTINUE
: *EITE(4,1332)
2 FORMAT{////7+20Xs "THE INTENSITY YALUES OF THE®
1 y1%:"OESERVED DATA ARES
WRITE(4,1333) (CDUHP(J)vJ leRSTé)
1333 FORMAT(/+2Xs10FB.3)
CALL BRGTNS(CBSBrBRTNSS+LAST4)

T NOW TO NORMALIZE THE KIN NG_HODEL A4S IO RADTHS &WD INTEWSTTY.

A S NN SN £, VT . P 07 i a1

Bl Y

e

L THE CORE RADIUS IN THE KING AGBEL IS SET 13 RCORE

C IN ARC-SECS, TAIS IS ThEN USED WLE TRE

[ 1K GESERURTION. ED TQ STALE THE pinG ﬂul'{k T80 THE
FEE@(MZZ) REBRE

22 1] éT(F?:?)
 RATSUTT KRR LD ARCORE
TFRAEKS (11, LE . FHAY) GO TDYO .
JEND=IT \‘/
80 10 12 r
10 CONTINUE i
12 CONTIMUE
€0 - NEXT 10 NORNGLIZE FOR THE INTENSITY-OUE WANTS T0 HAVE & READ-IN
L UALLE SET ERAL TO TiE WAXDXH TNTENSITY) BUT O VISKES 10 STEP
€ - THROUGH & UKSER OF INTENSITIES, 10 GeT A JEST FIT
READIS/101) BVALU, WSTEPS, AXIS.VALUE.PLATE
101 FORMATIELO. S, 3001503105 05,0, 0

. STEPS=FLOAT(NSTEFS)

N TELTA=(VALUE-RVALU)/STEPS
DELHLD=DELTA
D0 50 .KK=1,MSTEFS .
CQL}SHAX(KBRTMAXBPT; 1END)

Do I1=1,IEND
BHORK (KK T1)={BUALU/MAXER T ) IXBRT(IT)
- CNORE{IT)=BNORM(XKs11)
15 CONTIMUE
CALL INTPRL (41 IEND: RAIKS 1CHORM, LAST 31 RADIUS: YUALUS) . -
CALL CHISD{YVALUS»BRTNSS:LASTI+CHIONE)
CHI (KX)=CHIORE
RATIG(KK) =CHI(KK)/RVALLS .
BUALU=RUALUDELTA : -
30 COMTINUE . : .

KHIN=1
XHIR—RMIU(I)
D0 51 KK=1+NSTEPS -
IF(XHIN LE RATIO(KK)) GO T0 S1 *
XHIH‘RM’ID(KK) .
> KNIN=KK
St CONTINUE

D0 8 1=1,IEND
RKLOG(1)=ALOG10(RADKS(I})
RKLEBG(1)=ALOG10(BNORK{XHINyI))
CONTINUE

NOW TO WRITE EVERYTHING CUT.
HRITE(éyBO)

ITE(8,83)
RITE(érSZ) (RQDKS(II) BNGRH(KHINyII)vRKLﬂG(II)!
1 BXLOB(II)»11=1,]END .
URITE(8,83) AXISy PLATE
WRITE(5,B84)
SRITE(8,88) (RADIUS(J) sBRTNSS(J) »OBSR(J) ¢DBSBLJ)1J=1,LAST3)
B0 - FORMAT(//7/925Xy *THE VALUES FOR THE NOAMSLIZED KING MODEL ARES®)
81 FORHAT(//215Xy *RADIUSCARC-SEC, )" 10Xy* INTE&:XTY‘;IOX;
17 10X, "LOGIRADIUS) " y10X» "LOG( IRTENSITYY") v
82  FORMAT{/s16X:F10,4+14X:F10,4118XsF10, 6:1‘XvF10 g e
B3 FORMAT{///+25Xs "THE VALUES OF THE TRéﬁINu D* 51X+ASy
1 1X2°AXISy OF TRE CLUSTER 'sibs" f\RE
84  FORNAT(//»15Ks* RADIUS(ARC-SEC.) vBXr INTENSITY *y
1 10X+ LOGIRADIUS)*+ 10Xy *LOGCINTENSITY)®)

. 98 FURHM(/:IAK;FIO 414X, F10,85 1OX:F 10,41 1200F10,6) y
RTICIL.ARY AY

xlx1x]



WRITE(4,83) AXIS» FLATE .
NRITE(4:84) S
VRITE(6:88) (RADIUS(J) s BRTNSS(J), CESR(L) s DESBLLY s JE11LASTE)

80  FORMAT(///+25%»*THE VALUES FGR THE NORFALIZEE KINS NODEL ARE3) .

Bl FORNAT(//715Xs "RADIUS(ARG-GEC.)*+10X," INTENSITY®+10%, :

10Xy "LEG(RADIUS)* +10Xs * LDG( INTENSITY) ") -

. B2 FORMATOYs1XoF10. s 1AFID 4 18X FL0. 51 10F 10,60

837 FOMATU///250 “THE VALLES 0F THE TRACING 07*»1Xo5:
D axles OF THE CLUSTER *ag.® BaEs *)

84 FORMAT(//y15Xs" RADIUS{SRC-SEC.) o INTENSITY * -

10X+ *LOGIRADIUS) * 1 10Xs *LOGCTATENSITY) *)

B9 FGRHATL/I6XaF10. 40 HK1F10.41 10X F10,£+120F10,6) : .
VRITE(5+B5) AXI5 3
VRITE(4:99) RCORE

99  FORMAI(/225Xs "VITH & CORE RADIUS OF *»F5.2:" ARC-SECS.*)

[y

.

85 _ FDRMT(///U,!OX,'T}E THE VALUE OF mﬂis B.‘ICHT}»-'SS Mm THE®y
PITN b”.l- ULU: V‘u‘.h":(tk ﬁh‘h'!//!}jll.}UK {He * X"QIIX’ thb } ~
WRITE(6186 o R
Bé FG‘«HQT(//'HX! ~UCLEUS INYENSITY'J?X! STANIARI DEVIATION®S -
o 2 BX»* RATIO OF LEV./I{CENTRE) *y 77912y (KGFM=1000.027) R
s B0 1111 KNK=1,N5TEPS

MRITE{A+87) BHOLD» CHI(KK) +RATIDIKK}
B7  FORMAT(/r15XsF10.3+26X+1FE18.4+1BX»1FE12.5)
ESOLD=BHOLD + LELHLD - .
1111 CONTINUE
STop

END
c .
g THESE ARE THE SUBROUTINES WHICH FOLLOW.
C

SUBROUTINE RADUS(LRADsRAD NP}
THIS DET{RNED FINDS THE ANTI-LDG OF THE RADII.

REA . . ‘
DIMENSION LRAD(NP): RAD(NP) -
00 i5 Il=tsHp
ML= 10.180RRDULD) R -
15 CONTINU .. : - o
KT . < .
END :
C . ' :
T

"SUERDUTINE BRETNS(LERT,BRY7NP)

C  THIS ROUTIME TAKES THE ANTI-LDG OF LERT
REAL LBRT
DINENSION LERTCHP), BRTCHP)
B0 20 JJ=IskP

BRT(JJ) 10. XX(LBRT(JJ))

20 CONTINUE -

" RETURN

FND

£ .
L
SUBROUTINE uax(x,xnnxmm
C "THIS ROUTIME FINDS THE AXINUM UALUE OF THE DATA SET INVOLVED m{n
C CAUSES THAT MAXIMUM TC BE SET BACK 10 THE MAIN PROGRAHNE.
DIKENSION X(HP)
; ) XHAX=0.D . _
: 10 111 KI=1.NP . : . . ~
t IFOMAX,LT.X(KI}} 68 TO 110 : A
i €070 111 - . : :
¢ 110 - XKAX=X(KD) . . o -
: 111 CONTINUE ~ . _ :
. RETURN- - - , . : i
i By . o : o :
i C ) : : :
i c .
i ¢ ) .
i C
; . SUBROUTINE msu(mpommss,mp,smnsv) ;
{ c msRE AETI:J‘EPFENDS THE CHI-SGUARE PARAMETER FOR THE SPLINE FITTING . ;
i Iczmmsmn INTPOLNTP}s BRTNSS(NTP) :
¢ 10 B HN=1/NTP i
! LHI= cxmtmusmw-mmunmmz ) ;
; 8 EONTINUE - !
5 YAR=CHI/{NN-1) .
i STDDEV=SORT{VAR) /
§ RETURN _ ;
3 c ’ : y
e £ :
-3 SUBROUTINE Immm't,xym.u,vi‘ . ' .
1 . DIKENSION X(L)oY(L) oULHI VINY' , I .
¥ 7T T THIS ROUTIRE INTERFOLATES Y-UALUCS AT & GIVCR X FOSLIION ] S
£ C WHICH IS READ IN AS UINY, -THE msmmﬁn IS C&RRIED QT :
; C BY A SFLINE ON THE READ IN VALLES X(L) § Y
{ C THE DUTPUT COMES OUT AS V(NI oTHE ACTUAL mzmmzn UALUE,
o EGUTUALEK Hs épo,p),(ua.m,tm, 13)
& . ¥
5 EGUIVALENCE (UsDXYe CIHNIX20ATs M1 } s ETMX1 XS0AS 15} o
1 u.su.smmz,uzm.oz) (Y5:43,03) - .
T SEVTING UP.
10 (0L : B
§ (A1=L0-
; LK2=LH1-1
3 LP1=L0H
: NO=N
i . IF(LK2.LT,0) 60 10 90
¥ IFCNO.LE,0} 5O 1D 91 ‘ ‘
3 D0 11 I=2:L0 : o R
b - IF()Ttgﬁ%)-xm) 11195:96 ) e ;
IPV=0 C . 3 F :
c mmnno LOGP. ' ) o , 3

0 BO K=1sK0 ‘ , L
L1 Locm THE DESIRED POIAT. . R

UK=beX3) . . <
. 20 IF(LM2.EG.0} GO TO T -
. 2 }F(hKZSE.X(LD)) 60 Tﬂ 26 . .

\
\



£ %_aug%grcg:_sngu%mg In vauss iy s oo,
&5 ViK),THE ACTUAL INTER? '+ VALLE
EGUIVALERCE wn.xz),mn,m.tsﬁlizli I¥TERFOLATEL VRLLS.
REAL  M1aNZ,83)N4s 25
EQUIVALENCE (UK)BX)!(IHN:Xl’vilvﬂI)t(IHXQXStﬁSvHSIv
1 u,smsm.(rz.uz W4:02) 5 (Y5,43,03)
C SETTING UP °
10 L0=L :
LK1=10-1
LM27L01-1
P1=10#1
KO=N
IF(LM2,LT,0) 60 10 %0
N %E(ND.LE‘O) -60 10 9t

~ A 11 1=2,L0
. . B o IFOX(I-1-XTTY)  11495:58
; - CONTINUE

IPV=0
C HAIN DO LOGP.
D0 80 X=1,K) :
€ 710 LOCATE THE DESIRED POINT, v
=U(X)
20 IF(LN2.ED.0) sn J0 27

IF(UK.GE.X(LB}} "GO 10 26
IFWUKLT.X(1) % BO 70 25
IHR=2 .

I
S 21 I=(IXNAIMX)/2
K s IFLUK.BE (D)) B0 T0 23
2 R ' : 2 Ix=

@70 24
2 : \
23 M=l ) .

1
24 IFUMX.GT.IEN) 60 T0 21
I=Isx
50 10 30
: 25
. : so Jo 30
Co 2%
878 30

‘ G 1=2
€ CH:CK 70 SEE IF 1=1PV,
: 30 (I.EG 1fV) 60 70 70

1PY=1
€ ROUTINE T0 PICK UP NECESSARY X QND Y VALUZS 4ND
¢ 50 TQ ESTIHATE THEM. IF NECESSARY. ..

IF(J E0,1)  J=2 f{ ™
: IFULEQ.LPL) ™ J=L0, £
: ; . X3=X{J-1) 4

e : A : S (WST]

. o XA=X(d)
Ya=Y(3)
A3=X4-X3
H3=(Y&-Y3)/43
IF (L42,E5.0) 50 70 43
IF(,E0.2) 60 Ta 41

#2:X3-X2 -
H2=(Y3-Y2)/A2 ' :
IFLLEDLD) 60 10 42
4 X5=X(HD)
Y5=Y(H1).
i A4=Y5"X4
: Ke=(Ya-YAy/M

Sy

4 R w.;r PEASINIRE -

L

-y

2
3
15

60 10 4

Hd= 113#}13*52

GO 1D 45

U2=H3 : ' N

H4=H3
IF(JLLE,3) 60 T0 44

© A1=X2-X(J-3) . ..

M= (12 viJ-31 ¢t o
60 TO 4 ,

4% K= nzmz K3 ‘

7 I uu) BO°TO 48 . - -
KoY 21 35 /05
su m so

48

' hUKER%E% P&FF RgKTIATIUN.

®2=ABS(H4-H3)
N3cABS(M2-H1)

SN=R2{M3
IF(SHéRE.O-O) GO T0 51

W3=0 .5

Sé=1,0
51 T3-(WZIM2HUIAH3)/SH . v
IFU1.ED.D) 60 TO 58 |- :
N . 52 W3-ABS(MS-HA)
o C AR -N)

IF{SW,NE,0,0) 60 10 §

. . 3=0.

o . H4;0;5 '
Th=(U3SHIIN4N4) /SN
N . IFEI.NE.LPI) GO 10 40

e AT A o 8 A s bt A 1 X R

SA=A21A3 : '
‘)[(§=§35$(H4+H5-A2!(62-_A3)X (H2-H3)/{SASSA))

Y3=Y4 . .
AI=A2 -

* e K3oH
. G0 10 &0

%

-)v:-"’."d’ T e e S
a

[P



8010 30 .-
26 I=LPL R .
£0 10 30 ' , "

a2 1=2
C CHECK 10 SEE IF I=IPV. : ’ .
30 gvziEQ.IW) 60 70 70 i *

" £ ROUTIME TD FICK UP NECESSARY X AND Y VALUZS &MD - s -
t 4oTU ESTIMATE THEN IF KECESSARY, . - :

Fi .
IFCJER.YY 2 : .
JIZAN EQ.LPU .H.G .
: C . X3=X(4 . - )
4 ' L. Y3—Y(J-1) . "
. . X4=X{.J) . )
o . % Y4=Y(H )
R - AZ=X4 -X3 ’ B
) H3={Y4-13 . :
iF(Lﬁ..ED 0) 50 10 43 ’
* IF(J.E0.2) 60 70 41 -

(4 . .
- . IF(J.ER.LO) GO TO 42 : . T 4 .
. 41 X5=X(HD) ; . . ) ‘
- Y5=Y(H1} : : :
AL=XS-X4
MUY,
ERTTER LTIV Vo K1 S
aQp 52 Tr3’+;5 2
; pd=nTHNG-A, - !
.f‘ . ) ¥ GO 10 45 ' \
) 3 H=N3 ' '

K4=M3 ) L ,
45 IFCIAEDY G0 1O & : .
< ALKX(A-3 . ] . . )
BL={Y2-Y (DAL | - ‘
50 10 47- N . o .
: 46 Ni=H24M2-K1 : :
: 47 TF(J.GE.LM) GO TO 48
AS=X{J12)-X5
H5= (m+z)-rsms
50 g 50

e e e s e T =

] ‘ oo 18

. 4144-K3 . .
: € HUH;RIC?L BIFF-RENTIMIUN. N
. 50 052 . . .
: RZ—RBS(M-B) 3 B
; ) H3—éﬁ8(!!2—ﬁi) \ )
. SH=N21K d - : ‘
i : IF(SV. NE 6.0) &0 10 51
) B ; ¥2=0.5 . .
- H . W3=0.3 : -

. :
o 51 T3={MITK2HUTINT) /SH
R “- IF{1.20.1) 60 TO 54 o :
i 7 32 W3=ARS(NG-HA)
f §4=%§S(K3-R2)

SW=THIA :
{ IF(SUNEO.0) BOTOSE - L c
- S CW30,5 -

' - WA=0,5

§¥=1,0 . :

53 TAc(W3ISHIUASHA) /SN ~ . i
IF(I.NE,LPY) GO TO 40 ST
13=T4 ;

Sh=A24A3 _ o
TA, SHHASNS- A28 A2 A3 (02-H)/ (SRISAD) . .
Y34 .o
A3

*
RY)

ST SOOI SN

AT A

o 54 g4:r3 ) _
T S -o}sstmw-mm-mmhz-m/(smsm> . ’ 4
. ', . x - . - ) . .-
e ! € U . .

3 -
" € DETERMINATION UF THE CO-EFFICIENTS. . ) :
&0 02=(2,01{K3-T3}1K3-T4}/A3 : .
(3=(-H3-H3T34T4)/(ATAT) . 3.
C COHPUTATION ORJHE POLYNOMIAL, N - IR
. 70 -DIX=UK-PT : .
. 80 V(K)=00EDX%(D1$DXY{G24DX¥D3)).
RETURN

€ IF ERRORs EXIT, :
0 ROEIh0 oL

Kz, o

v
N
W»Vr{’.!";’«""«‘"ﬁ'ﬁ"ﬂmﬂ”»!'f! Ry s g
he MR RES A
-

80 1 , .
u WL LLr2090) T s
- 6010 93 . : - S
.55 mrmu.zoes) - .
© 60 10 97 oo : o :
. 98  WRITE(IU:2098) : . . o
: 97 WRITE(IDs2097) 1oXID : T ,
LS S99 WRITEUAOADND e o - -
= RETURN ;
. .t Fem S, 5,
- 090 Fssmux./zzu 11 Lx)OR LESS./) ;,’}
A 2091 FORMAT(IX)* 8% H=0 (R L£SS : 1.
t 2095  EGREAT(1Xs® . ¥3% memm %UEE ') K
b 2098 " FORMAT(IX»® 433 o0 OF SEusnoe:) 3
, i . -2097 FORMATC®  Is ST RO 1 -
- b 2099 FORMAT(IXs* 1=*217/10X)" N= -17. . 1
» \ : 1 JERAOR TETECTED IN SUBFOUTIHE TNTPRL®)
o IDLE S i
l / A N G ‘? a3
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APPENDIX 5: PROGRAMME MODEL

After all 4-semi-axes of each nucleus have been fitted usiné the
AN

programme REDUCE (Appendii 3), one obtains average va{ues for the cére
radius and the central intensit;y. The Aprég'ramme MODEL .is designed 1.;0.
scale a King model from the avérage core radii and central intensities.
Theée' model nuclei are then used to cgps_t;r;lct‘ the mociel Vsys.tem major
onef and isoplates. . o |

A listing of the programme and the input data cards is given below.

Input Data Cards - {In Order) .

-

‘NAME : " FORMAT -~ # CARDS COMMENTS
NPKR, NPKB 2{2x,13) o -The. number of pts

- {radial and ifitensity)
of the standard King -

del..
. _ o | "ot
KINGR : "10F8.3 . <20, . -The radial values of
’ R : the King model
KINGB _ - 10F8.3 .. <20 -The intensity values - -
- : : of the King model LIV
- RMAX _Fe2 1 _The maxinun extent

of the model desired

/

RCORE - . F5.2 - 1 -average value of the
o ' o ‘core radius )

"BVALU F6.0 - 1 © . -average value of the -
) ‘ o o central intensity




4

b
£
\

5
i
2
‘l .
{

.%qv:ndel

is

THIS FROGRAKME IS MADE FDR THE REFUCTIOH OF

DATA AS PRODUCED BY THE FROGRAMME ‘REDUCE’ AS

MRITTEN BY J. KAYES. THIS FPOGRAAME TAKES THE

DATA FOINTS OF THS KING MODEL AND NORMALIZES TheH T0

THE OBSERVED CORE RADIUS AND CENTRAL INTENSITY. -

THE QUTPUT FDRMAT OF THIS FRUGRBHH. IS THE SAME &5 THAT

OF THE PROGRAMME “REDUCE’.
PROGRAY HDBEL(INPUT'OUTPUT’TQPLS-INFUT:Tﬁ?Eé-uUTPUT) )
DIXENSION KPAD(lSS);FBRT 5) rADUNP (159} 2 CIUKP(100) ©

1 sRADKS(155) sBNORK({

gég;m{ ON KINGR{13 INGB(ISS);RKLDEHSS):B!G.BG(ISS)
REAL KRAD:KBRT:KAXBRT

(eleTelulelnlel

11 FORMAT{(2(2X,132) LT

€
C THE NEXT PART OF THE PRGERAHHE WILL READ IN THE BATA
€ AND'TANE THE ANTI~LOGS O H
Ié RADIT AND INTEESITIES FOR THE KING MODEL. '
E-——i-l—-KING KOBEL »RADIAL VALUES——
DO 3000 J<1,20
Hi=H9 .
- READ(S,2007) (KINGR(I}sI=NsNR
1007 FORHAT(10F8,3) .
IF (KINGR{KN).ED.0) GO T0 3001 P
. N=Nt10 o
3000 CONTINUE v
"3001 CONTINUE
. D0 770 I=1yHPKR
IF(KINGR(I}.NE.Q) GO TO 770
LAST1=1-1 .
GO 10 780

770 CONTINUE
780 DO 750 I=1/LASTL . .
ADUHP(I)'KIHBR(I) . : .
750 CONTINUE
MRITE{4,1032)
1032 FORKAT(////77/7+20Xs*THE RARIAL VALUES OF THE KING MODEL ARE:")
WRITE(4,1033) (AIIUHP(J)rJ 1eLAST1) i
1033 FORHAT(/s2X,10F8
CaLL RABUS(KINGRyKRAB:LRST

i “'THE KING NODEL 1mznsm-—~5--- C
A ..nu 2000 J=1120 _
XK=KH9 ‘
<o/ EADSILION (KB IR0 -

1107 / FGRKA

IF(KINGB(KK) EQ 0) 60 10 2001 e

2000 QIR :

2001 CONTINUE .

DD 730 I=1;NPKB -
TF(KINGE(1) ME0) 60 TR 730 ¢ .
LAST2:I-1 - .- , \
50 10 740 o :

730 " GONTINOE e BT &
740 4 720 I=biLesT2 '
P(1)=KINGB(I) _ ‘

70 COHTI}\UE
WRITE(6,1634)
1634 FURHRT(/////vZOXr'THE VALUES OF INTENSITY FOR THE®
1 +1Xs*KING NODEL ARE}®)

WHITE(6+1635) (ﬁiiUHF(J Y2 J=1,14572)
1635 FORKAT(/12Xv10FB,3 ’
‘ CALL BRSTNS(KING&KBH;LQSTZ)

C 4 -
C HOU TO NORMALIZE THE KING MO FA TERSTTY. -
€ THE CORE RAOIUS 1N Tt King kel gusﬂn%s ke EwsiY

IN ARC-SECONDS, THIS IS THEN USED T0 SCALE THE KING MODEL.
READ(5,232RNAX
"+ 23 FORMAT(FHs2) ’
* "_REQD(SrZZ) RCORE
.22 FORMAT(F3.2)
-D0 10 -1I=1sLAST1
RQUKS{II)«KRM(IIHRCORE
%EE!ERIIHI(S(II) «LEJRHAX) GG 10 10

$ E%"‘&““E | -
NEXT T0 NORMALIZE FOR THE INTENSITY. WE WISH TO SET THE CENTRA
. INTENSITY VALUE OF THE KING NODEL 70 A RELATIVE INTENSITY WHIC
1S THE BEST AVERAGE OF THE FITTING PROCESS FERFORMED BY TH
PROGRAMNE ‘REDULE’+(IEs THE AVERAGE BEST FIT OF A KING MODEL AND THE
OBSERVED TRACDIE).
.‘_ REﬁB(S-lOI) mw
101 *EORAAT(FL,D
CAL KAk (KBRToMAXBRT TEND)
D0 15 - 11=15 IERD
BNORN(I1)=(BUALU/KAXBRT)2XBRT(IT)
15 CONTINUE

; 1JEND

RKLOG{ I)-ﬁLUﬁIO(RhDXS( m

BKLOG(1)=ALOG10{BNORM(I))
. B CONTINUE

£
g" HGH T0 WRITE E‘)ERYTHIRG 0uT.

.
[ 4

ﬂﬂﬁﬂﬂ._‘._‘

URITE(é 83)
WRITE(4:84) RC(]RE' BUALU .
- NRITECAeBOY - - ’

UBTYCT2.01Y

o ot

il



2001

730
740

720
1534

-

CONTINUE o -

DO 730 I=1,NFKD

IF{KINSB(I). h:.O) 50 70 730

LAST2=]1-1

58 10 740

CONTIRUE

B3 720 1=1sLAST2

ADUNP (I }=KINEB(I)

CONTINUE L.
WRITE(&s1634) o
FORMRT(//77/520Xs* THE VALUES OF INTENSITY FOR THE*

+1Xy "KING KODEL ARE?®)

1633
C
C
S {
€ IN

23
22

NOU TO NORMALIZE THE XING HDP'&
HE CORE RADIUS IN THE KING K

WxITE(&v1635) (ADUMF(I)e1vi85T2)
FORMAT(Z42X210F8. 3}
C&LL BREINS (KINGR+XERT+LAST2)

£S5 TO FPADTUS &Np lt'Eh 1Y,
L 16 ET FLReper ol
KRC-SECONDS. THIS 15 THEN USED 10 SCALE THE nING napeL.
READ(5,23)RNAX

FORNAT (F4.2)

READ{S+122) RCORE

FORMAT(F5.2)

10 10 11=1,L4ST1

RADKSUTT) RREDCT [ IRCORE

- IF¢ RAB§S(II).LE R¥AX) 60 TO 10

bt
NS

O OI™

101

15
C
C
c

1
B0
Bl

H
- v 82
83

1

1
B84
- 1

98
99

SR e R Hen Al e

o s sa

>
—

15

NEXT TO NORMALIZE FOR THE INTENSITY, WE WISH TD SET THE CEMTRAL
INTENSITY UQLUE Dn THE KING MOBEL TO A RELATIVE INTEHSITY UHIEH
THE BEST AVERAGE OF THE FITTING PRCCESS FERFORMZD Y

S
PROGRANKE ’REDUCE'.(IE; THE AVERAGE BEST FIT>OF A KING HOBEL D THE
OBSERVED TRACING).

READ(Sr 101). BVALU

FORNAT(F5.0)

CALL HAX(KBRTsMAXERTsIEND)

B0 13 I1=1,IEND
BNORMUIT)={BYALU/HAXBRT I $KBRT{II)
CONTIHUE .

D0 8 I=1,IEND
RKLUG(I)'QLBGIO(RGBKS(I))
BKLOG{I)=ALOG10(BRORM(I))
CONTINUE

NOW T0 WRITE EVERYTHING OUT.

- ¥RITE(,83) .

WRITE($:B4) RCORE: BUQLU °

WRITE(4:80)

URITE(S:81)

WRITE(8:82) (RADKS(II):BNBRH(II);RKLDG(II)»

BKLOG(IT)»TI=1 IEN

FDRHAT(//I:ZSX:'THE UALUES FOR THE NDRhALIZED KING MOBEL ARE3*

FORMAT(//»13X¢ "RADIUS(ARC~SEC, }* 110Xy * INTENSITY® 517Xy
"LOG(RAPIUS)* r 10X "LOG(INTERSITY} ")

FORMAT(/516X:F10,4514X2F10,4018X,F10,8012X:F10.6)

FORMAT(//520X»* THE MODEL GALAXY » USING R NORMALIZED®

+1X2 "KINE QDBEL IS LISTED BELOW."r//535X»* NOTE} LOGI10{R/RCORE)"

' = 2,25 %) . .

FORKAT(//515Xs" THE VALUE OF THE CORE RADIUS USED IS *sF5.2y

* ARC-SEC. AND THE VALUE OF THE CENTRAL INTENSITY IS '+F4.0)

WRITE{4:98) (RADKS{I}:I=1+IEND)

WRITE(&,9%) (BNDRH(I):I 1+ IEHD)

FORKAT(10FB.3)

FORMAT(10F8.3) .

STOP R

END

t .
. E THESE ARE THZ SUBROUTINES WHICH FOLLOW,

SUBRONTINE RADUS(LRADsRAD/NP)

c THISRROUIENED FINDS THE ANTI-LOG OF THE RALIY.:

DIMENSION LRAB(NP)v RAD(NP} .
B0 15 1J=1+H e
RAD(IJ]= IO.XXtLRhD(IJ)) "

_EONTINUE

RETURN

£
L

C THI

o

THIS

;. OO0

110
111

RETURN
"~ END

EXD

SUBRQUTINE BRGTNS(LFRT-BRT:HP)
E ROUTINE TAKES THE ANTI-LOG OF LERT

DINENSION LBRT(NP); BRT(KP) Co

B0 20 JJ=LiK . .o
EET(JJ)' 10, t!(LBRT(JJ))

RETURN

END

SUBROUTINRE HﬁX(X:XHﬁX:NP)

ROUTINE FINDS THE MAXIMUM VALUE OF THE DATA SET INVOLVED AND

CAUSES 11&7 MAXIKUM 10 BE SET BACK TO THE KAIN PRGBRQHHE.
DIHE 10N X(NP}

0

BO K1=1sNP
IF(XgﬁX LTo X(KI)) el] Tﬂ 110

(KD S
CONTIHUE

AT YRR

et BRI PROTIT RIS o

|
|

N

|

[P TTARPINNPVN
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