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r ABSTRACT

Photographic and photoelectric photometry are used to obtain 

in tensity profiles, of the A1775 double galaxy. The in te n s ité  profil es 

are f it te d  to the standard (c = 2.25) King models, from which com

posite models are constructed. The apparent core fa 3 n  o f the SE and,

NW components are found to be 2.4 kpc^pd 3.9 kpic respectively-{H =
r  \  ̂  0

75 km/sec/Mpc). The composite models consist of isophotal contour

^maps and a modelled surface brightness p ro file  along the lin e  joining
. ■ - ■

the two components. The models constructed do not f i t  the data very

well in the outer portions of the brightness p ro file , in that they over-
Ik

estimate the amount of lig h t coming from these regions. On the basis'
» <£5. ■ ■

of the models however, i t  seems unlikely that ^ e  A1775 system is a

superposition of two unrelated galaxies, but3s more lik e ly  to be sc
\

sort of interacting system. The nature o f the in teraction, however, 

cannot be answered, nor can the existance of a large diffuse halo be 

demonstrated on the basis o f the present data.
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SECTION I :  INTRODUCTION '

The double galaxy in Abell Cluster T775 has been studied by 

Chincarini et al (1977) and by Hintzen (1979). The. conclusions reached, 

in these two papers are quite d iffe re n t. Chincarini et al determined 

that the A1775 system forms a bound, closed system o f extremely large 

mass, while Hintzen found that the system was not bound, but the super

position, of two e llip t ic a l galaxies. The aim of this study is to use . 

•photographic and photoelectric photometry o f the A1775 system as a 

starting  point for the construction o f composite models for the lig h t  

distribution o f the system.

TheJhodel's chosen for the f it t in g  process are those of King (1966),

and i t  is upon the goodness of the f i t  of these composite models to the

observations that i t  may be possible to  determine which hypothesis 
. . '

(e ith er Chincarini et a l's  or Hintzen's) most accurately describes the

A1775 system. - ' ■ ^

Section I I  b~f this, study w ill deal with the observations and con-..^ 

elusions of e a rlie r  investigations o f the A1775 system. Section I I I  

w ill be concerned with the present data and its  reduction to a point 

where model .f ittin g  is possible. Section IV w ill be concerned with the 

King models and the^gi^cedure used to f i t  the-PKfdeîà^o the observations. 

Section V w ill discuss \he construction of the composite model, of the 

A1775 system, while Section VI w ill discuss the conclusions which may 

be drawn from the modelling o f the A1775 double, and suggestions for 

further study. •  ...-____ ........,  ----    :--------------



SECTION I I :  PREVIOUS'STUDIES

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

investigating teams. Chincarini et al in 1971* concluded that the A1775 

system is a bound one, where the two components are in mutual o rb it.
*] O

The mass o f the.system was estimated'to be ~2 X 10 Mg, making i t  one 

of the most massive known.

Hintzen's (1979) study concluded that the A1775 system.was not  ̂

bound, but a superposition o f possibly unrelated e llip t ic a l galaxies.

The evidence cited by each o f the above studies w ill be recapitu- 

la ted. The evidence that Chincarini et al c ite  w ill be discussed f i r s t .

On the basis o f photometry and spectroscopy, Chincarini et al
■ 'S'

concluded that the A1775 system is-a  single bound system. They base 

^ e i r  claim orr several pieces o f evidence.

F irs tly , the isophotes of the system show that the two components 

appear to be immersed' in a common envelope. Secondly, microdensitometry 

indicates a deficiency o f surface brightness a t the minimum between the 

two components when compared -to the sum o f the surface brightnesses at 

an equal distance on e ither side.

» According to Chincarini et al the deficiency o f surface brightness 

is expected i f  the two components are bound, for the following reason.

An optical dust-free double system would give no such deficiency o f 

surface brightness. Consider two identical point masses. The grayita- 

tiorial potential midway between them is weaker than the sum a t identical 

distances on e ither side. I f  i t  is assumed that the mass d istribution  

within the bound double system tends to be located at a position with 

stronger po ten tia l, and the surface brightness is a mass-density indicator, 

then the observed deficiency can be plausibly accounted fo r.



In addition to the above, Chincarini e t. a l . also c ite  the: colour 

and. late-type absorption-line spectrum of the system. Both give no 

indication of any vio lent a c tiv ity , which might be expected i f  one were 

observing a co llid ing  pair of galaxies. <

Also, on 48-inch Schmidt plates, the two components o f this system
I

(see Figure la ) are the brightest objects within a c ircu lar area whose 

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

nucleus. I f  one considers the probability o f such a chance superposition 

of galaxies within the c luster, the odds are approximately 1 in 1000.^ 

Using these arguments, Chincarini e t. a l . conclude that the system 

in A1775 is one in.which the two components are bound. I f  one assumes 

%hat the components are in c ircu lar orb its , and with the observed 

difference in radial velocities o f .1720 km/sec (see Table I ) ,  the lower 

l im it  to the mass is "2 X 10^^ Mg. This would make i t  one of the most

massive systems known.

Hintzen's (1979) paper is considered nextf along with the evidence 

^ he cites to support his conclusion that the system in A1775 is not a 

bound system.

F irs t, Hintzen cites the velocity dispersion of the cluster o f 

galaxies. He finds the mean velocity o f nine galaxies in the c luster.

“'iriclLTdin^'the two components o f the system to be 20859 km/sec, with a 

very large velocity dispersion o f 1522 km/sec. Hintzen says there are 

two ways to explain this dispersion (one o f the largest measured).

Eithef the c lüstëf i t s e l f  has a very large in trin s ic  velocity dispersion.

or there are two clusters o f galaxies superimposed along the lin e  of 

sight. Due to the fact that the two components o f the system are the 

brightest and largest galaxies in .the  central region of the A1775



Figure la . The A1775 system orientation:

103aD plate 20^^" exposure; scale = 1 cm = 25.6.
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cluster, Hintzen concludes that the probability*of the superposition of

two large galaxies, one each in a cluster o f high and low velocity

4 dispersion respectively, to be small. Hintzen, therefore, considers the

single cluster model. The difference-between,the.models_of Chincarini
# . . - 

et. a l . and Hintzen is that the former conclude that the system is bound,
1'

while the la t te r  does not. Th^counter-arguments that Hintzen uses 

against Chincarini e t. aT.'s conclusions follow.
*>*

The velocities o f the individual components o f the A1775 system

are 797 km/sec and 853 km/sec below and above the mean velocity o f the

cluster for the SE and NW components respectively. This indicates that

i t  is not necessary for the two components to be bound, as the difference
«

between th e ir velocities are comparable to the velocity dispersion o f the 

cluster and can be attributed to the individual random motions o f the 

, . 'galaxies within the c luster. '

Next, considering the fact th&t the region midway between the two 

components is hot as bright;as one would expect from thé addition of

the in tensities  o f two separate galaxies, Hintzen states that the argu-
-

ment upon which i t  is based is  physically incorrect. The argument is 

that the.material o f the halo would be p re feren tia lly  located near 

regions of strong gravitational potentia l. He continues his argument 

by saying that the halo or envelbpe material need not be bound to either^ 

of the components but could s t i l l  *be found to the system as a whole. . 

Such material would, be distributed within an equipotential surface con

taining both components ô f the system, and:the volume between them. 

T h e re fo re ,if  the A1775 system is bound, and i f  the halo structure is a 

common envelope of both components, one would-expect the surface bright

ness to be greater than-or equal to the superposition o f two separate
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\  -

galaxies. -Hintzen concludes that the hypothesis that the A1775 system
-  -  _   : "1  ^

is bound has no physical support.

As to the cause o f  the observed e ffe c t, Hintzen suggests that the

*

V

Kostinsky e -^ c t  (Kodak 1^57) could be the cause. ■ The Kost-insky e ffec t

is photographiai in nature and is one in which the heavily.exposed'images,

such as the components on the plates used by Chincarini e t. a l . ,  woulè

exhaust the developer in the neighbourhood between .the two components.

The inter-component region would therefore be comparatively underdeveloped.
'•

This e ffec t must be guarded against in any exposure o f extended.objects, 

such as galaxies. Hintzen notes that while rowing the plates during . r

developing would reduce th e 'E ffe c t, it'm ig h t not eliminate i t  en tire ly .
» ■ .. f

Hintzen continues his critique o f the..conclusions drawn by Chincarini

e t. a l. by answering th e ir  argument about the colour and spectrum not 
'

showing any signs o f vio lent a c tiv ity . As both components have the

appearance of e ll ip t ic a l galaxies, th e ir  colours, should be dominated . ^

by older population objects and contain very l i t t l e  in te r -s te lla r  gas. -

He therefore concludes that even in a high speed co llis io n , one would
- '

• a *
not expect to find a difference in e ither the. colour or the spectral

characteristics. Replying to the argument that the chance superposition.
. ' 

of two large galaxies found at the centre o f a cluster is very low,

Hintzen points out that numerous other investigators have noted the

tendency o f large galaxies'to be loqated in the central regions o f

clusters o f galaxies. He adds that White (1976-), in his N-body models 
' ' 

of clusters*, found that mass concentrations develop as the number of

galaxy-galaxy encounters increases. This leavet the most massive galfex-ies

at the centre o f the cluster. Therefore, in Hintzen's opinion; the two

components o f the A1775 system could be in teracting , but not necessarily

bound gravitationalTy. '

A -
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Perhaps the most damaging piece of evidence against the idea that 

the Al775 double is bound is that the SE component has been found to 

be a ta iled  radio source by Miley and Harris (1977). These authors 

state that unless our ideas about the formation of ta iled  radio sources

are wrong, there is no way that the A1775 system could be bound. This.
*

is because i t  is hard to see how two massive galaxies orbiting each 

o&her at a separation of only 30 kpc (H  ̂ = 75 km/sec/Mpc) could produce 

a straight 300 kpc long radio t a i l .  Even i f  there were some in te r

cluster medium or buoyancy, i t  would s t i l l  be d if f ic u lt  to model the 

radio morphology (see F igure.lb ). In the opinion of Miley and Harris, 

the existance o f this long, straight radifctail indicates that the A1775 

double is not bound. ' &

To sum up, one,has three possible models o f the A1775 system. 

T h ^ ^ rs t  is that the AT%75 double is  a bound system, as forwarded by

hincarini et a l /  Second, that the.^A1775 double is  formed by the
-      "  —  -------

collis ion o f two e ll ip t ic a l  galaxies, as forwarded by Hjntzen. The

third possib ility  is  that the A1775 double is a superposition o f two,

unrelated objects. The aim o f this study is to try  to’ distinguish - 
.

between these three hypotheses by modelling the surface brightness
■ . '  ,  • 

distribution using the. King model s (1955) as. f i t t in g  functions.

Consider the brightness distribution o f the A1775 system i f  the

system.is bound. One might expect the halo to contribute an appreciable

fraction of ths lig h t ‘from both the outskirts and from between the two
■ ■ , '  ' ' 

components. Also, the _halo would be an integral part of the system, and

one would expect the-brightness distribution o f the halo to fa ll o ff

gradually over a large angular extent (e .g . Dernier 1978).

Howeverv'lj^he Al775” system is unbound, but in teracting, there
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Figure lb . Radio contours o f the A1775 system from Miley & Harris 

(1977). Orientation i j j ^  -

N

(+=) marks the position o f the optical components,

y
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/are two points to be made. F irs t, one would expect the components to 

have a small angular separation. Second, assuming that a King model 

Hs appropriate for interacting objects, then {Tie halo may not be either 

as ^tensive  as In the bound case, or/Contribute as much lig h t to the 

■ overall surface brighjtness d istribution . In view of fbe fa c t that King's 

y  quasi-isothermal spheres may not be appropriate to model tida4—in te r

actions, the most important factor in determining an interacting, but 

unbound system would be the.angular separation between the components.

By the construction o f composite models, one may be able to

d iffe re n tia te  between the bounded and unbounded hypotheses outlined

above. I f  a simple superposition o f two scaled King models accurately
. *

describes the lig h t d istribu tion , then one may conclude that the A1775 f

system is/unbounded; whereas i f  a more complex model is necessary to

repr^s^t the contribution to the surface brightness by the balo, then

one may say that the A1775 system is bound.

The coifiposite models w ill be of two parts, consisting of an isophotal 

contour map, and an in tensity p ro file  along the lin e  joining the two 

centres of lig h t (called hereafter the system m ajor-axis). A more cora- 

pleteSgnd detailed discussion about the composite models w ill be found 

in Sections V and V I. • /



tor-

Parameter

Position

y « - -

«V

(B-'V)

Mass

{NW
SE'rad

.  ■ ;  - 

M/L

Projected Separation 

Projected Linear Size
jk.

Projected Length o f SE 
radio ta i l

TABLE I :
*

Observed Parameters of the A1775 System.

.a = 13^36"' 
^5 = + 26° 06 >

14.1 +  0 .04  ■

- 2 3 . 7*

1 .3 4  +  0.01

= 2 X lO^S M

(e 1950}

(46.6 diaphram)

( i f  bound)

22, 673 + 6 5  km/sec 
20, 837 + 60 km/sec

1846 +125 km/sec

> 83 solar units i f  bound

30 kpc* . '

210 kpc*

300 kpc* ,

Reference

1

1

1

1

1

3

Note: *value calculated with H = 75 km/sec/Mpc
References; (1) Chincarini e t. a l. (1971)

(2) Huchra (1982)
(3) Miley & Harris (1977)
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SECTION I I I :  OBSERVATIONS AND DATA REDUCTION

3.1 Data j

There are two forms of observations which were used in this study. '
V

There are 'photoelectric photometry and d irect photography of the A1775 

system. The direct photography w ill be discussed f i r s t .

.

3.2 Direct Photography .

Five 48-inch Paloraar Sshmidt plates are used in this study. Four

of the plates are in the V bandpass, with thé f i f t h  pi ate in the J

bandpass. The four V plates were obtained by Dr. G. 'A. Welch in May

1970, and the J plate was obtained also by Dr: Welch in June«1971.

All f iv e  plates were calibrated in  density by means o f spot

sensitometry. The sensitometry was applied immediately a fte r  exposufe

at the telescope, and the exposure time was one-half o f the ex^padre

time a t the telescope. F iltres  were used to approximate the spectral

range-covered by the exposure at the telescope.
\

Four o f the plates (three V bandpass and the J bandpass) were 

traced at S t. Mary's University using the Department o f Astronomy's 

Joyce-Lobel microdensitometer (Model MK I I I  C .S .).

These plates were traced using a 2.4 density wedge. The f i f th  

plate was traced previously by Dr. Welch using a 3.0 density wedge.

Table I I  l is ts  the plates used in th is  study, along with the band-
/

pass, f i l t r e ,  emulsion type and exposure times.

3.3 Photoelectric Photometry •

The photoelectric data was obtained by Dr. Welch in February and

March 1970 a t K itt Peak National Observatory. I t  was obtained using a
*

lp21 photocathode and DC electronics in  conjunction with the #1 36-inch



Plate No. 

PS 5719 

PS 5720 

PS 5724 

PS 5748 

PS 6864 J

>
Exposure Time 

20 min 

' 05 min 

. 20 min 

05 min 

120 min

TABLE I I

Plate Material Used in This Study

Emulsion 

lOSaD , 

103aD 

103aD: ' 

103aD 

I l la J

F iltre  

Wratten 12 

Wratten 12 

Wratten 12 

Wratten 12 

Wratten 4

Bandpass

V

V 

■V

V 

J

Date

25/5/70

25/5/70

26/5/70

29/5/70

21/6/71
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telescope and the 84-inch telescope. Jafale I I I  l is ts  the photoelectric . 

magnitudes, along with the diaphram diameters, the f i l te r s  used and the 

telescopes. Most o f the photoelectric observations appear, in an averaged 

form in Cfiincarini e t. a l . ‘ s-paper (1971 ) (see th e ir  Table Il j} , for each
r

component of the A1775 system.

3.4 Data Reduction

A number o f density tracings weré^btained from each of the plates.

The f i r s t  series o f tracings taken from each plate were those o f the spot

sensitometry. A ll 12 o f the spots were traced, along with the c lear- 

plate fog leve l. From the spot sensitometry,'characteristic^curves for 

each of the plates could be constructed.

The densities o f the spots were determined by drawing a straight 

lin e  through the clear plate level and the tops o f the tracings o f the 

spots. Measuring the difference (in  the sense spot minus clear plate  

leve l) in densities gave the density co-ordinate o f the characteristic  

curve. The in tensity co-ordinate for each o f the spots was provided

by Dr. J. Kormendy. In addition to the sensitometry tracings, the plates
■

were traced in 3 directions at varioüs magnifications.

Each of the plates were traced on a lin e  joining the two components

referred to throughout the rest o f th is study as the system major ax is , 

and through each of the components in a direction perpendicular to the
J  '■

system major axis. "These la t te r  two tracings are called the SE and NW 

minor axis; as the designation suggests, the minor axis were named for 

the positionsSpf the components with respect to a point on the system
•»

major axis between them. , ■

A ll o f the plates were traced in i t ia l ly  at a magnification of 10
- -

in order to measure the density o f the sky. The galaxy.was centred on

X

?



."L

ç

' c

'

TABLE I I I

Photoelectric Photometry o f A l775 System L
Component Date Diaphram V . a  * Comments

NW 14/3/70 18.3 ■' 15.41 0.03 KPNO 84-inch

' NW 15/3/70 18L3 15.54 0.08

SE 14/3/70 ■ 18.3 15.26 0.02

SE . 15/3/70 18.3 . 15.22 0.05

Both 02/2/70 46?6 14:1 ■ 0.04 KPNO #1 36-inch

*The formai standard deviation

V •

between settings o f the diaphram on the component in  question.
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these tracings. The plates were then retraced at higher magnifications 

(>. 50), and.then retraced at the low magnification. Such a procedure 

was carried out for a ll three axes.

The. reason for retracing the axes a t the low (10) magnification is

two-fold. The f i r s t  reason was to check that the plate did not move 

when the lever arm was changed in order to change the magnification.

The second reason was to check for machine d r i f t  in the zero-point of 

the density le v e l. I t  was found, by comparing the f i r s t  and second low 

magnification tracings' by eye, that there was no evidence for e ither 

plate movement or zero-point d r i f t  for a ll five  plates.

The, measured values o f the magnification were found to be d iffe ren t

than the nominal values engraved on the lever arms o f the micro-densito

meter. The measured values o f the magnifications are needed as i t  is 
■ '  V  ^ : .

essential to know the precise value at which a density tracing was traced

when a series o f such tracings'are averaged together.

The measured values of the magnifications were found by tracing a 

standard grid o f lines incised on a piece o f glass. A re tic le  from an 

eyepiece marked in 0.1 m illim etre;in tervals  was used as the standard grid . 

The re tic le  was traced using a given lever arm, and the distance between
N

successive peaks on the tracing measured using a centimetre rule and 

estimating to the nearest 0.1 m illim etre. These distances were measured 

peak to peak. The grid lines were measured on the Department of. Astronomy's 

measuring engine. Table IV lis ts  both the nominal and measured values o f 

a ll the lever arms used in this investigation. In the remainder o f this  

study the nominal values of the magnification w ill be quoted for ease of ‘ 

notation; however, i t  should be understood that, the measured values o f 

the magnification, as given in Table IV , were used in a ll the calculations. .
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TABLE IV

Nominal and Measure Value o f Magnification 

of Microdensitometer Arm

Nominal Measured

10 

50 

100 ' 

200

10.08

51.85

104.07

199.30

- i .
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The aparature which admits the lig h t to the photocathode of the ' 

microdensitometer is used as a projection screen. Projected upon th is  ' 

aperature (or s l i t )  is the portion o f the plate which is being traced.

The size o f the aperature could be changed and its  size was determined 

by the exposure time of the plate being traced. The s l i t  width was 

chooser,as a compromise between the best resolution of the object 

being traced and yet minimize the noise due to the individual grains 

within the emulsion. As the need for high resolution is greater in the 

short exposures, since the central regions are overexposed in the longer 

exposures, a small s l i t  width was chosen. Conversely, the need to 

suppress the noise is greater in the longer exposures and one would
V

not expect to find much fine detail in e ither the overexposed central 

regions or the fa in t outer regions. Table V lis ts  th e ‘plates, and 

exposures, along with the projected s l i t  width (both in microns and arc- 

seconds) and the magnification a t which i t  was traced.  ̂ •

A fter the density tracings’ "of the A1775 system were made, these 

tracings were d ig itized . The d ig itiza tio n  process involved setting up 

a co-ordinate axis on each one of, the tracings and çoting the position 

of an origin o f this co-ordfnate system. While*the.precise orig in  of 

the co-ordinate axis was a rb itra ry , i t  was always in the lower le f t -  

hand corner'of the microdensitometer tracings below"the level o f the sky.

^ D ig itization  consisted o f measuring a t one m illim etre in tervals , 

points along the length o f the density tracings o f the galaxy, with 

respect to the origin o f therco-ordinate axis. The d ig itiza tio n  process 

was carried out by a computer programme called GALAXY, written by Mr.

T. J. Deveau, on the St. Mary's University PDF 11/70 in the BASIC language.
V -

The programme used a Textronix 4662 p lo tter in the data transmission mode.
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TABLE V

Projected S l i t  Widths Used for 

Microdens i tometry

Plate Number Projected S l i t  Width

pm arc-sec

Magnification

PS 5719 

PS 5720 

PS 5724 

PS 5748 

PS 6864

70

35

70

35

140

4.70

2.35

4.70

2.35 

9-. 41

100

200

100

200

50

ty

V . .
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Data f ile s  o f (x, y) points were formed by the programme. Each of.the

(x,y) pairs correspond to a point on the density ’tracing of the system.'

- The high magnification tracings and one o f the low magnification tracings

were d ig itized  for each axis o f the system ( i . e .  the system major axis

• and the NW and"SE minor axes). This was done for a ll five  plates.

/  I t  should be pointed out that stars and other galaxies were omitted 

(where d ig itiza tin g  the low magnification tracings, as were, regions 

surrounding the double galaxy i t s e l f  in order to reduce the possible 

effects o f a fa in t extended halo on tite determination of the sky le v e l.

The data f ile s  o f (x ,y ) pairs were transmitted to the Dalhousie 

University Cyber 170/720 computer, where the remaining 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 o f the ■ 

re la tive  density tracings from the plates into plots o f re la tive  in tensity  

versus radius with the galaxy. This process is performed.by a FORTRAN 

computer programme called PROFIL.. This computer l^grajjwe uses as 

^ input the d ig itized  data from the microdensitometer tracings and the 

characteristic curves. The programme also performs a linear regression 

on the data input from one o f the low magnification tracing^, to obtain 

the level of the sky. Standard deviations o f the scatter about this  

lin e  are printed out in the form of 6^^^. This standard deviation is  

important in determining the boundary o f the matching region when a 

series o f microdensitometer tracings are averaged (or stacked) together.

As each density tracing is reduced, the computer programme produces two

graphs. These graphs are in the form log-jgr versus log-jgl ( I  is the
L T: *

re la tive  in tensity  with 3.00 being the brightest point and r is the
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radial position in arc-seconds). The f i r s t  plot shows the average of 

a ll the previous profiles and displays the current p ro file  to be 

averaged in , shifted in log^q I to give the best f i t  with the previous 

average. The second plot shows the new average obtained.

During the averaging process the programme chooses a segment of 

each of the profiles to serve as a matching in terva l. The* inner 

boundary of this interval- is defined as the f i r s t  point o f the tracing

to be averaged-in which is farther than the projected s iit-w id th  (used
. .

to trace the plate on the microdensitometer) from the centre of the,^

system. The outer boundary is chosen as.the distance a t  which I =

5 X These boundary c r ite r ia  for the matching intervals were

used for the two short exposures and. one o f the 20 minute exposures.

For the remaining 20 minuté exposure and the J p late/the outer boundary

was tightened up some-what to be the point a t which I = 10 X o:* sxy
There was no preference in using"'one 20 minute exposure over another.

I t  was necessary to raise the outer boundary c rite rio n  for the longer

exposures because any values of in tensity outside the range of the

programme's capability  (fo r example points found to have negative

intensities within, the matching region) would cause the programme to

fa il  to run correctly for a ll the p l - a t e s . '

I t  should be pointed out that the plates used in th is  study are of

small scale (67.2 mm" ) ;  a ll the exposures are lim ited in the radial

d irection. This is in the sense that the semi-axes of the profiles

. haye less than 25 points in the matching region, and this presented

some d iff ic u lt ie s  as the"programme w ill not average in a p ro file  with
»

less than 25 points in the matching region. However, using the boundary 
*■ ' •• ' ' . 

c r ite r ia  outljjied above, stacked profiles o f a ll the semi-axes o f the
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AT775 system, using a ll five  plates were obtained. For a more complete
Q

discussion of the programme PROFIL, the reader is urged to consult the 

study o f English (1979). A sample rurr of the programme p ro file  is to 

be found in^Appendix 2 of th is study.

Another 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.

Thiè form o f data is important 3*3 i t  allows one to see more c learly  

the various regions o f the system under study. By inspection of Figure 

2, one notesi that the A17Z5 system is composed of 2 .Components surrounded 

by, and possibly enclosed by, a halo. The halo is notable in two ways. 

F irs t, the halo is very 'boxy' in shape. Second, the halo may not be as 

extensive;as those o f cD galaxies studied by Oemler (1976) and Dressier 

(1979). The angular extent of the halo o f A1775 from the centre ( i . e .  

the radius of the halo from one of the components) is some 45 to 50 arc 

seconds. The isophotometric tracings of the A1775 system were obtained 

by Dr. G. Welch'in 1971 using a 2-dimensional scanning Joyce-Lobel micro- 

densitometer at Michigan State University.

I ■ '

3.5 Errors in the Data Reduction. ^

The most c r it ic a l step in the data reduction process is the con

struction of the characteristic curve. Indeed the accuracy with which 

one can construct the characteristic curve w ill determine the errors in 

the in tensity a t a given position within the galaxy.

The plates used in th is study were stacked together to form an 

average intensity-radius p ro file . The stacking process was carried out 

in an attempt to minimize errors Incorporated when plotting the character

is t ic  curves or errors in interpolating in tensities using the curves. '
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Figure 2. Isoplates o f A1775 system. Orientation 

N
^  m

Scale = 1 cm = 7.45 from a 102aD 20 plate.
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Stacking of the tracings also help minimize t^e errors and uncertainties  

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

the plates were traced., Therefore, by stacking the plates oneyèçrrfld  

see, plate by p late , the run of in tensity , in comparison with other 

profiles as well as any deviations in the re la tiv e  in tensity which might 

appear in one o f the p ro files . For example, i f  one were to see an ■* 

increase in re la tiv e  in tensity a t a given, radial position on only one 

of the five  p ro files , one would be inclined to disbelieve the increment 

in brightness as being an in trin s ic  property o f the galaxy, but ascribe 

its  nature to either an incorrectly plotted point on the characteristic  

curve or an inaccurate interpolation in the computer programme PROFIL.

Naturally, each of the plates w ill have a s lig h tly  d iffe ren t sen

s it iv i ty  and w ill have b^n traced on the microdensitometer under s lig h tly  

diffe ren t conditions, and the averaging process is performed to try  to 

minimize these differences as much as possible.

By the process of stacking, one could see the differences in^relative  

in tensity caused by the differences in plate sen s itiv ity , tracing con

ditions ( s l i t  smearing) and in interpolation o f in tensities using the 

d iffe ren t characteristic curves. Using the deviations in re la tive  

itftensity from plate to plate allows one to attempt to quantify the 

uncertainties caused by a ll the above mentioned processes. This quantify

ing process was done in the following manner. A root mean square (RMS) 

deviation for the in tensity  was obtained by comparing the average of the 

5 stacked plates with each separate p ro fije  a t 12 radial positions for 2 

typical semi-axes; namely, the NW semi-axes o f the NW component ( i .e .

along the system major axis) and along the NE serai axe§ of the SE com-
'  : /  

ponent. These RMS deviations are found in Table V I. Oner notes that the
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• . TABLE VI

Deviations in the Stacking o f Intensity Profiles  

NW Component, NW Semi-axis 

Radius

r ( in  arc-sec)

1.00

1.46

1.78

2.15 

2.51

3.16

' 4.65
Ip

^762  

6.81 

10.00 _ ' 

17.78 

20.00

Log^^r

0.000 

0.167 

0.250 

0.333 

0.417 

0.500 

0.667 

0.750 

0.833 

1.000 

1.250 

1,301'

RMS Deviation

In tensity
(%-age)

20

22

21

19

17

16

13

16

28

42;

60

55

Surface 
Brightness^ 

(mag/arc sec )
-0.19  
+0.24 
- 0.22  

. +0.27 
- 0.21 
+0.26 
-0.19  
+0.23 
-0.17  
+ 0.20  
-0.16  
+0.19 
-0.13  
+0.15 
-0.16 . 
+0.19 
-0.27 Sc 
+0.36 
/'PfSS 

\'f0K59
-oCsi
+0.94 

' -0.48
+0.87
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TABLE VI (cont.)

SE Component, NE Semi-axis

Radius RMS.Deviation

r(in  arc-sec) In tensity Surface
(%-age) Brightness^

(mag/arc sec )

1.00 0.000 25 :0'Z4
+ U . o I

1.46 0.167 18

L78  0.250 ' 10

2.15 0.333 8

2.61 0.417 12

3.16 0.500 20

4.65 0.667 18

5.62 . ■ . 0.750 23

6.81 0.833 20

10.00 1.000 52

-0.18
+0 .2 2
- 0.10
+0.11
-0.08
+0.09
- 0.12
+0.T4
-0.19
+0.24
-0.18
+0.22
-0.23
+0.28
-0.19
+0.24
-0.45
+0.79

17.78 1.250 33

20.00 1.301 48 -0.43
+0.71



30

minimum RMS deviation occurs in the range 1.5 to ~1 arc seconds; th is  

is the region of matching'in the-stacking process. This is reasonable, 

as one would expect the RMS deviation to be a minimum in this in terva l.

The values for the RMS deviations are somewhat larger for points 

in te rio r rad ia lly  and exterior rad ia lly  from the matching region. The 

increase in the RMS deviation in te rio r to the matching region; while 

due to a ll  the above problems would also include differences in seeing 

and guiding of the p lates, s l i t  smearing and centering when the plates 

were traced on the microdensitometer. For points exterio r to the 

matching region, the increase in the RMS deviation is a ttributable  to 

the fact that one is a very low lig h t leve ls , and one is tracing, the 

galaxy out to where i t  is becoming fa in te r than the sky.

■ There is another source o f error which w ill be included in the RMS 

deviations, and this w ill be the fact that the actual d ig itiza tio n  process 

(using the Textronix 4662 p lo tte r) w ill be repeatable only to a certain  

accuracy. I t  was found that the d ig itiza tio n  process is repeatable to 

+ 0.15 m illim etres, which corresponds to + 0.05 arc-seconds on a tracing, 

of magnification 200. While th is error is not as great as those in tro 

duced due to the microdensitometry or even more so the characteristic  

curve, i t  w ill add its  contribution to the RMS'deviation.

There are two remaining reasons fo r stacking the profiles o f the

galaxy. F irs t, i t  allows one to cover a larger range of surface bright- 
%

ness within the system, by using short exposures to delineate the central 

regions and the. longer (> 5 minutes) to delineate the outer regions to 

the halo. Smzond, stacking allows one to increase the signal-to-noise  

ra tio , which is tied  into the discussion above.
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3.6 Calibration o f the P ro files .in  Magnitudes

The re la tive  Interaction used in the construction o f the in tensity  

profiles were converted into standard surface brightnesses via two methods 

in th is study.

•The f i r s t  method uses the Newton-Ralphson itera tion  method to find

a value fo r a constant.which is added to the re la tive  magnitudes of

points on the p ro file  to give a standard surface brightness in magnitudes

per square arc-second. A more complete discussion o f this method is

found in English (1979)..

The second method of calibrating the isophotal contours involves

summing the relative-magnitudes of each o f the isophotal contours (see

Figure 2 ), to find a constant, which when added to the fa in tes t contour

w ill convert the re la tive  magnitudes into standard surface brightness.

A nalytically  th is  expression is o f the form 
N

-2 .5  Log-[Q ( I .  + R) a- -f Mpe = ( I I I - l )

where -  I .  is the re la tive  in tensity o f the i— contour1 .

-  a . is the area of the i—  contour

- R is the constant to be found

-  Mpe is  the apparent.photo-electric mag of each component 

o f the A1775 double in the V bandpass using a diaphrara of 

9.2 arc-sec.

Two semi-axes o f the A1775 system were calibrated using.Both o f the

methods outlined above. I t  was found that the two methods gave the same

central surface brightnesses to w ith in .0.08 mags/n • Table V II l is ts

the central surface brightnesses o f the eight semi-axes, along with

the averages each o f the components.
' .
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TABLE V II f!

Measured Values o f Central Surface Brightnesses of the A1775 System

.(In  mags/o'^)

SE Component

Semi-axis NW NE SW SE

Itera tion  Method 19.27 19.24 19.15 19.31
Analytic Method -  - 19.40

NW Component

Semi-axis NW NE SW SE

Itera tion  Method 19.60 19.45' 19.50 19.55
Analytic Method  ̂ -  -  19.44 . .

Averaged Surface Brightnesses o f the Components

SE Component . 19.24
NW Component 19.53 .
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SECTION IV: KING MODELS AND MODEL FITTING

4.1 King Models

The f it t in g  functions used in this study are King's (1966) isothermal 

spheres. .

King’ s models were developed in an attempt to form more re a lis tic  

f i t t in g  function, and are a step away from the purely emperical function of 

deVaucouleurs (1959) and Hubble (1930). The King ^odels are based upon 

the dynamics of the stars within the system, and assume a v ^ o c ity  dis

tribu tion  which is  everywhere within the system isothermal and Gaussian,

To a llev ia te  the problem of an in f in ite  mass inherent in an isothermal 
# -

.sphere, the Gaussian is trucated a t a specific point corresponding to the

escape velocity o f the system.

The models were o rig in a lly  developed for use with globular star 
»

clusters, but have been found to describe e llip t ic a l galaxies reasonably 

well (King 1966, 1978).

The models have three parameters, two of which describe the core of 

the system. These two parameters are fo , the central surface brightness 

and r^Qpg, the 'core-rad ius ', at which the surface brightness has fa llen  

to approximately one-half its  central velue. I f  one defines a lim itin g  

radius then one can define the th ird  parameter, o f the form

A series o f numerical calculations defining the profiles of the 

King models have been made available by Dr. King (1980). All the.models 

have sim ilar cores, but behave d iffe re n tly  in the-outer regions.

Models with c < 1.5 are cut o f f  sharply and o f e llip t ic a l galaxies, 

only t id a lly  lim ited objects such as the dwarf e llip t ic a l systems o f the
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Local Group are well described by them (Hodge 1971),

I t  is these models which also f i t  the globular clusters. In the 

range 1.5 < c < 2 .0 , the models are sim ilar to the rî£ deVaucouleurs 

re la tio n . For c > 2 .0 , the central concentration becomes so large that 

a d is tin c t outer halo Is formed that Is  brighter than the deVaucouleurs 

re la tio n . For c »  2 .0 , the surface brightness,of the models approach 

the r~ re lation o f the Isothermal re la tio n .

The King model used in th is study has c = 2.25, the so-called -

'standard' King models used by other Investigators o f e llip t ic a l  

galaxies (King 1966, Kormendy 1977, Dressier 1979).

The King model Is used In this study in preference to either

deVaucouleurs (1959) or Hubble's (1930) because each of these relations  

Implies an In f in ite  central space density, whereas the King models do not.

, However, there are d if f ic u lt ie s  with King's models. The models are 

based upon the Idealized Gaussian d is trib u tio n , which while applicable 

to relaxed systems such as globular clusters, w ill not be applicable to 

galaxies. King's models were developed with t id a lly  lim ited objects 

In mind, and. e llip t ic a l galaxies are not lim ited , at least In the sense

of the tid a l Interaction defined by King (1962; 1966).

There are other factors.which d iffe re n tia te  e llip t ic a l galaxies 

from globular clusters, and these w ill be recapitulated b rie fly .

The p ro file  of the halo o f an e l l ip t ic a l  galaxy In the framework

of the King model is related t o ^ he high-energy ta i l  of the velocity

.d istribution in the centré o f the galaxy. There is no reason to believe

this true for e llip t ic a l galaxies. The models are based upon an isotropic  
*

'v e lo c ity  d istribu tion . Again, there Is no reason to believe this Is true  

in the halo o f an e llip t ic a l galaxy. Also,the models are s e lf-g rav ita tin g .

/
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whereas there is a growing body of evidence that the outer portions o f

e llip t ic a l galaxies are dominated by an unseen mass which is distributed

d iffe re n tly  than the visible.m aterial-.. I f  th is  is so, then the halo

density d istribution (and hence the velocity d istribution) depends'on

both the gravitational potential and vélocité  d istribution of this unseen
' \  \

m aterial. • ' ' a  ' .

I t  has been recently pointed out by Illingsworth (1977) that the 

velocity dispersions in the cores o f e llip t ic a l galaxies are not isotropic. 

I f  th is  is found to be true, then the dynamical model for King's models

has no a p p lic a b ility  to e llip t ic a l galaxies.
'

F inally , Schweizer (1979/81) recently pointed out th a t, except in 

galaxies in  the Local.Group, the central portions of galaxies are not 

being resolved. This would imply that King's models overestimate the
J

core rad ii o f galaxies (except in the Local Group) by an order of  ̂ /  

magnitude. While the dynamical construction o f King's models are not 

affected.b^ this fac t, i t  does call into question any conclusions about 

the dynamics in the cores o f e llip t ic a l galaxies. -

Thus, while the dynamical significance of the 'standard' King model 

is in some doubt with respect to e llip t ic a l galaxies, they are used in 

preference to the relations of deVaucouleurs and Hubble because they do
^  ' i
not f i t  the centres of e llip t ic a l galaxies w e ll. A b rie f description

of the dynamical calculations behind King's models is found in  Appendix 3.

'

4.2 Model F ittin g  . ■ -

The model f i t t in g  process consists of scaling the 'standard' King
/  o '

model to each o f the intensity profiles for each o f the eight semi-axes 

 ̂ o f the A1775 system. Tire scaling process is  in both the radial and
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in tensity co-ordinates and the f it t in g  process was carried out in two 

steps.

The f i r s t  step involves plotting the eight averaged in tensity pro

file s  in the same scale as that of the 'standard' King model (the scale~~ 

used was %-inch for 0.10 in log^gr). A s lid ing f i t  was made in the 

radial co-ordinate between the unsealed King model and the in tensity  

• p ro file  in question. This was used to obtain the apparent core radius

(in view o f Schweizer's work, i t  would be inappropriate to denote this  
, . /  ■ 

f it te d  value as the core radius -  implying the in trin s ic  value). At the

same time lim its  were found on this apparent core radius. This was

found by finding where the sliding f i t  was only tolerable in both

-directions ra d ia lly . - -

The points defining the given in tensity  p ro file , along wlih its  the

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

■form'of poipts) were used as input to a computer programme which performed'

a the second step in the model f i t t in g  process.

Three other parameters are also needed by this computer programme.

These are arb itra ry  maximum and minimum t r ia l  values for the central

in tensity, and the number o f steps desired between,these two values.

The second step in the model f i t t in g  process was perfoméd by a

computer programmed called REDUCE (see Appendix 4 for a listrng^of the

code). The points^defining a' given in tensity  p ro file  and the unsealed

King model (c = 2.25) are entered into the programme logarithm ically

and are converted into linear co-ordinates'. The radial co-ordinate of the

King model is then scaled by using the value o f the apparent core radius,

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

outer-trtost point o f the intensity p ro file . The King model is then scaled
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for the central in tensity . The central in tensity o f the"King model is

f ir s t  Set equal to the a rb itra ry  minimum Value of the in tensity used as
é  ' - J

input to the programme.. This in tensity  is  then increased by a given

amount (determined by the difference between the maximum and minimum

intensity v.alues and the number o f steps) and the central intensity is

stepped through a series o f values, from the minimum to the maximum

input yalues for the in tensity. Thus a family o f King models is formed,

each with the same apparent core radius^ but with d iffe ren t central

in tensities for each o f the eight semi-axçs^f the A1775 system.

An interpolation between each o f the King models and the points

defining the observed in te n s ity 'p ro file  is  thetr performed. . The points

defining a given sealed King model are numerically f it te d  by a cubiq

spline in a smooth curve. At each radial value o f the'observed in tensity

-p ro file , a'value of in tensity  on the King model is found by jcubic spline

interpolation. The observed and interpolated in tensities  are then com-

pared a t each .radial position, and the differences (in  the sense observed
. • . . ' ' ;

minus interpolated) calculated. A root mean square (RMS) deviation is
\ : '

calculated from these differences,, and the to ta l RMS deviation is divided 

by the central in tensity  of the King model in question. The ra tio  formed 

by this process indicates the goodness o f f i t  of the scaled model to the 

observed p ro file . The interpolation, process was carried out for each 

of the scaled King models in each fam ily .for a ll eight semi-axes. The 

smallest, value^of the ra tio  o f RMS deviation oyer central in tensity  was 

considered.to be the best fitting.m odel with a given apparent core radius.

%

i , "The entire interpolation process and the construction o f families o f

1 - King models outlined above^was carried out for each o f the eight semi-axes

I • . .with d iffe ren t valuee.^'f appare^'vpore radius. -
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Each of the core rad ii found in the f i r s t  step of-the model f it t in g  

process was found to have an uncertainty of about + 0,20’ arc-seconds.

Each o f the\gm ^axes o f the A1775 system was f it te d  using a total 

of 5 values of app^W t core rad ii from the maximum to minimum values

o f the uncertainty/ The steps in apparent core radius were ~ 0.10 arc-
%

^ seAyids. Ihere^^^e for..each of the eight semi-axes, one was le f t  with, 

five  ' bes.t-fvttitrç.' King models. A plot of the RMS deviation ’central 

in tensity  ra tio  versus core radius was made fo r  each o f the semi-axes, 

and a. smooth curve was fitte d % y  eye through the p o in ts .• The apparent 

core radius and central in tensity ( r  and I ) corresponding to the
C j  a  p p  0

minimum of the smooth curve were used as the parameters for the overall 

best f i t t in g  King model. This was done for each o f the eight semi-axes. 

T ab le .V III lis ts  the best f i t t in g  apparent core ra d ii and central 

in tensities for each of the semi-axes. Figures 3 to 10 are calibrated  

in tensity  profiles for eap^of the semi-axes. Also on each o f the
' a

figufes are t^e best fitting^King models.

N atu ra lly ,'the  goodness o f the f i t  o f the models is determined by 

seeing effects and instrumental smearing of the observed data. By 

inspection o f Figures 3 to 10, one sees that the best f it t in g  portions 

o f the King models is found in the same radial interval as the region 

used for matching profiles in the stacking process (see Section 3 .5 ) . 

This is  natural as the uncertainties in the data are minimized in this  

region. Inspection of the stacking runs (see Appendix 2) indicates that 

the central regions of a p ro file  are fa in te r in in tensity  for longer 

exposure plates than shorter exposure ones. This is in p^rt caused by 

seeing effects and s l i t  smearing in the microdensitometer and is  partly ' 

the cause o f the RMS deviation calculated In Section I I I - .  However,
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stacking the plates was done partly  to elim inate this very problem as 

f it t in g  models to unaveraged profiles would lead one to conclude that

the central In tensity  would be fa'inter for progressively longer
/

exposures. By f it t in g  standard King models to averaged pro files, one 

Is minimizing the seeing and Instrumental uncertainties, and i t  is f e l t  

that the best f i t t in g  King models found In this study are not sub

s ta n tia lly  affected by the above uncertainties.

F in a lly , I t  should be noted that In the modelling f it t in g  process, 

a ll the points on the observed In tensity  profiles were used, with the 

exception o f points which defined Id en tified  f ie ld  objects Intersecting
« \i'‘

the In ten s ity  p ro file . These points were omitted and replaced by points 

representing an eye Interpolation of the galaxy's p ro file . An example 

of this process Is seen In-Figure 31 The reason for using a ll the. points 

on a p ro file  [even In lig h t o f Schweizer's (1979) work, which Indicates •< 

the problems Involved especially In the central rejioos] Is simple; there 

were not enough data points to allow one the option of omitting, points, 

either near the centre or In the outskirts . One was obliged to use a ll

the data points one could get,
' i

The apparent core rad ii found In the above analysis were 2.74 and

1.68 arc-seconds for the NW and SE components respectively. Using a value

of Hq'= 75 km/sec/Mpc, the linear.s izes  o f these core rad ii are 3.9 and

2.4 kpc respectively. These values are quite a b it larger than the value

of r_ for M87, a 'ty p ic a l' e llip t ic a l galaxy, o f “ ofs kpc cj app . ,
h a lf as large as r^ fa r the A2-029 cD galaxy o f ~ 7.5 kpc. Both o f c, app
these values are calculated assuming = 75 km/sec-/Mpc~^ and are quoted

by Dressier (1979).*
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Figure 3 . SE component, NE semi-axf%;^pldt of surface brightness 

versus log-jg radius (in  arc seconds). The open circles are data 

points and the fu ll  lin e  is' the best f i t t in g  standard King model. 

The error bars are from the RMS deviations found in Table VI.

«

I
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Figure 4. Same as Figure 3 except for SW semi-axis o f SE component.
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Figure 5. Same as Figure 3 except for NW semi-axis o f SE component. 

Note this semi-axis is between the components and is terminated h a lf 

way between them. ^
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Figure .6. Same as Figure 3 except fo r SE semi-axis of SE component.
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c»
Figure 7. NW component, NW semi-axis; plot of surface brightness 

versus log-|g radius (in  arc seconds). The.open circles are data 

points and the fu ll curve is the best f i t t in g  standard King model. 

The e r ro r '^ rs  are from Table V I. The triangles are interpolated  

points to avoid the fie ld  object.

/ '
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Figure 8. Same as Figure*7 except fo r SW semi-axis o f NW component.
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/'

9. Same as Figure 7 except for NE semi-axis NW component. /
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/

Figure 10. Same as Figure 7 except for SE sem i-axis'of NW comppnent.’ 

This semi-axis is midway between the components and is truncated at 

h a lf way between them.
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. SECTION V: COMPOSITE MODELS

5.1 Introduction ‘ •

There are two composite models constructed in this-study, and they

are constructed using the best f i t t in g  King, models described in Section
-  ■

IV above.' The composite models consist of 2 components and are made up 

o f two parts: (1) an isophotal contour map and; (2) an in tensity p ro file  

of the system major axis.

5.2 The Composite Models; The CC Model ^

For ease of notation, the composite models w ill be denoted by CC 

and CE.

The CC composite model is composed o f two c ircu larly  symmetric scaled 

King models,.while the CE model is  composed o f one c ircu la rly  symmetric

King model and one e llip t ic a l King mbdel. The e llip t ic a l King model was _

constructed because i t  was found by inspecting the isophotes o f the A1775 

double galaxy that the SE component was e llip t ic a l in form (see Figures 

2 and 11). ^
- • s . ’

The composite models were constructed in the following manner;
- - ' - , 

standard King models ( i .e .  c = 2.25) were scaled using the averaged
' ' ' S '

values of the apparent core radius and central in tensity found in Table

sV IIT  for the SE and NW components. The scaling procedure was carried 

out by means o f a computer programme called MODEL (see Appendix 5 ).

The computer programme uses as input the averaged values for*the apparent

core radius and central in tensity for a given component o f the.A177.5--
‘

system, and also the points which define the unsealed standard King models. 

Also used as input is a c u t-o ff radius. The cut o f f  radius is an arb itra ry  

radial lim it  to the component being modelled. A cut o ff  radius was used
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Figure 11. Smoothed isophotes (taken from Figure 2a) of the AT775
• ' I

double system. The dotted circles are the aperature diaphrams used 

in the photo-electric photometry of the system. *
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TABLE V II I

Apparent core ra d ii, modelled central in tensities and 
calibrated surface.brightnesses for each semi-axis o f 

... the A1775 system ;

serai-axTS Apparent 
' core radius 

(arc-secs)
*'"c, app.

Model Central ' 
In tensity  

(as in PROFIL) 
I

Galibrated 
Surface 

Brightness 
(mags/o'^)

NW Component

SE„ ' 
SW 

.. NW 
NE

2.75
2.82
2.71
2.69

948.4
912:8
949.0
898.3

19.55
19.46
19.50
19.60

SE Component 
. %
SE 
SW 

, NW 
• NE

1.78 
1.57 
1.70 

. 1.60

1118.9
1125.2
1168:3
1189.4

19.31
19:27
19:24-
19.15

Averages*

NW Component 

SE Component

c, app. 
2*̂ 74 + oTo6

1Î68 + G?08

927 f  27 

1178 + 68

19.53 + 0.05 
%  ■ —

19.24 + 0.06

*The uncertainties are the standard deviations,

1
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because a scaled King model with c '= 2.25 and = 2 a.rc-seconds

can be extended out to 356 arc-seconds from the central regions. This 

angular extent is simply not seen in the present data, which is a t most

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

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

for which data exists. The cut o ff  rad ii for the components were chosen 

to  be 45 arc-seconds. Larger^_cyt o f f  rad ii were tr ie d , to determine whether 

or not the brightness distributions were seriously affected by the cut o ff .  

No such problems were encountered.

In constructing the composite models,'the model isophotes were 

constructed f ir s t .^  The centres o f the NW and SE model components were 

separated by an amount, which when scaled, gives the true angular sépara- ■ 

tion o f the components in the,plane o f the sky. This separation was • 

measured to be 20.71 + 0.05 arc-seconds, and was found by direct measure

ment of the isophdtes in Figure 2.

The next step in the model construction is to use the output o f the

computer programme MODEL to obtain contours of. equal in tensity for each 

of "the' appropriately scaled compoiîents. Radial values are.read o f f  the
I

scaled King models for each o f the components in 2 arc-second in tervals , 

from the centre to the cut o ff  radius. As these rad ii are a ll associated ' 

with specific in tensities (which is due to the c ircu la r symmetry o f the 

models), one may draw in the coVitours o f constant in tensity  simply by 

using a compass. This is not true for the CE model, as the SE.component 

is modelled as e l l ip t ic a l .  The CE model w ill be discussed below in more 

d e ta il. F inally  one displaces the centres of the models by the scaled 

separation. Where the contours of in tensity  in tersect, they are iden tified  

and the net in tensities  ( i . e .  the sums of the individual in ten sities ) are

i ^
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> ■
calculated. The net in tensities are then ‘binned*. into intervals o f 

0.10 in the logarithim of the re la tive  in tensity . Any points within a 

given 'bin' were joined together,to form the contours o f the models.

The ’'bin* intervals correspond to 0.25 magnitudes per square arc-second 

in terms o f surface brightness. The contours were drawn in by hand 

using French curves.

5.3 The CE Model

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

SE component Was modelled a’s e llip t ic a l in form. As mentioned above, eye 

inspection\^f th e isophotes o f the A1775 system (Figures 2 or 11) show 

that the SE component is e llip t ic a l in form. The eccentric ity  of the 

e llip t ic a l contours was found by measuring major/minor axis pairs, of the 

10 inner-most smoothed'isophotes (see Figure 11). The eccentric ity  was 

found for each majtTr/minor axis pair, and from these calculated eccentri

c i t ie s ,  an average value was found. The value o f the average eccentricity  

was found to be

<e> = 0.28 + 0.02. .. .

 ̂ The same process was carried out for the NW component, and i t  was

found to be essentially c irc u la r. ,•

In constructing the e llip t ic a l in tensity  contours o f the SE component, 

the p ro file  o f the in tensity  along the system major axis was constructed, 

f i r s t .  By eye inspection, the major axis of the SE component was found 

^ "to be in an essentially north-south orientation,/as opposed to the system

major axis,w hich had a position angle o f 128* + 0.5° (by direct measure

ment). Then, given the known difference in orientation between the system 

and component major axes, one could calculate radial values on the SE 

component's major and minor axes by the relations
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(1 +'.ecosD) . . .  (5 .1 )

and\
rnrg2')

bj = (1 + ecosD) (5 .2 )

■ ^ .(1  -  '

where D ts the angle between the system and component major axes, and r .

is a radial position along the. system major axis. With the use of the
 ̂ * •> ■ ■ 1 _

above equations i t  was fhen possible to construct*an e llip t ic a l model

of the SE component which f it te d  the observed in tensity p ro file  along the

system major axis, and hence i t  was possible to draw contours o f in tensity

with an ellipsograph. The model contours were constructed in th e ‘same

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

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

CC and CE models. These model system major axes are plotted along with 

the data points defining the observed system major axis. The parameters • 

fo r both the CC and CE models are found jn Table IX . The CC model is  

found in Figures 12 and 13, and the CE model is found in Figures 14 and 

15^ '

5.4 Other Models ■ '
  . . ' ■ ■ ' . ■ ■ '
The CC and CE models were constructed by f it t in g  each of the com

ponents separately, and then super-imposing them to form the composite- 

models. By inspecting Figures 13 and 15, one notes that the outskirts

of the p ro f i jes along the system major axis are over-estimated by the
\ - 2 .. ' 

composite models by " 0.5 mags/afc-sec . Therefore, modifications' were

made to the composite models to see i f  the problem in the outskirts

could be re c tifie d ,. ' '

The approach taken was to try  to f i t  the overâtfbrightness p ro file
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Figure 12. Model isophotes fo r the CC model o f the A1775 system. 

The scale is 2 cm -  12*̂ . The contour interval is 0.25 mag/D".

"..'■s'-
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7
, a

. .  ,  .......
Ffqurfr 13f  Model system major axis fo r the CC model. The dashed

line  is the mode'l and the f i l le d  circles are the observed points

of the. p ro file .
r -
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\

Figure'14.. Model Isophotes of tHe CE model. The SE component is 

modelled as e l l ip t ic a l .  Same contour interval as Figure-12 and 

the scale is 3 cm -  12^. _ -

% ;
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Figure 15. Mpdel system major axis for the CE model, The symbols 

have the same meaning as in Figure 13.
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without worrying about whether or not the Individual components were '  

well modelled. • To do so, the apparent core rad ii of each component 

was changed. The central in tensities (and therefore the surface bright

nesses) were not changed, although i t  is certain that the values found 

linder-estimate the true surface brightnesses a t the centres, due to 

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

central surface brightnesses, is that the intermediate regions o f the 

profiles ( i .e .  r  = 2 arc-sec to r “=" 8 arc-sec) are fa ir ly  well «modelled, 

and in these regions the seeing ànd smearing effects o f the instruments 

' , ,  should be small, implying that thâ  d istribution  o f brightness seen:is. the

true d istribution o f lig h t.

' The values o f the apparent core rad ii were reduced to one-half and
' . . .  •

3/4 o f the values found .in Table IX, for each component. With these

modifications, model system major axes were constructed. I t  was found

that "by reducing the apparent core rad ii ,o f each component by -1/2, the

brightness p ro file  produced badly under-estimated the observed p ro file

everywhere, including the outskirts (see Figure 16). By reducing the

apparent core rad if by a factor of 1 /4 , the outskirts o f the p ro file

were fa ir ly  well modelled, but the inner portions o f  p ro file  were,

. again, underestimated (see Figure 17).

To sum up then, in decreasing the apparent core radii', the f i t  to the

observed brightness p ro file  was not at a ll improved. One simply ended

up exchanging an over-estimation in brightness in the outskirts, for an

under-estimation in the inner portions o f the p ro file . As one.is only '
*

redistributing the bad f i t  o f the models and not e llim in a tin g .it , i t  

was decided to reta in  the CC and CE models as o rig in a lly  constructed.
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Components o f the Composite Models ,

Model Components Apparent Core 
Radius

Fc.app.(arc-sec)

Central 
Intensity  

(as in PROFIL)

Surface
Brightness

VyCmag/D*^

CC SE 1.68 \ 1189 19.24
NW 2.75 \  927/ 19.53

CE ' SE 1.68 1189 19.24
NW ' 2.74, 927 19,53

.

Ô
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I
r

Figure 16. The model system major axis o f the A1775,system, with
' ' a

the values o f ̂ the apparent core rad ii o f the two components reduced 

by a factor o f onerhaTf.,

The model is the dotted lin e , while thç observed data are the 

f i l le d  c irc les . .

r . :

I'

/
/



18.00

SE

• #

20.00

22.00

24.00

52 36 ~4■20 4 2 0 35
RADIAL DISTANCE (ARC'SEC.)



I',

75

. ,1

Figure 17. The model system major-axis with the values of the 

apparent core rad ii reduced by a factor of one-quarter.

Symbols have the same meaning as in Figure 16.
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SECTION VI: CONCLUSIONS AND. DISCUSSION

I t  is possible to draw a few conclusions about the A1775 double- • 

galaxy upon the basis of the composite models constructed In Section V 

above. ' , '

Consider Figure 11, the smoothed isophotes o f the A1775 doublé.

One notes that the most d istinctive  feature o f these Isophotes Is the 

fact that the two centres of lig h t are surrounded by a halo with a very 

d is tin c t ‘ box' shape. This box-shaped halo is q u a lita tive ly  well repro- 

duced by the Isophotes o f the CE model (Figure 14).

By modelling the SE component of the. AT775 system as e l l ip t ic a l ,  

the f i t  the observed isophotes in both the central regions o f the SE 

compon%TfT3hd^nthe halo, is s ig n ifican tly  improved over the Isophotes 

of the CC model. . On the face o f i t ,  th is  is  what would be expected in 

the case o f the superposition o f two unrelated e llip t ic a l galaxies, but

I t  may be possible to form such a d is tin c tiv e ly  box-like halo through a^
/ ' - ■ ' ■ gravitational interaction as wel l . . .

I f  one now considers, the brightness p ro file  o f the A1775 system
; a-

along the system major axis, one notices immediately that in both the 

CC and CE models (Figures 13 and 15 respectively), the outskirts o f th 

p ro file  are over-estimated by about .3 times (or roughly 1 magnitude)'.

As outlined in Section 5.4 above, experiments were carried out to see i f  

i t  was possibTeTto eliminate or a t least minimize this over-estimation 

by adjusting the apparent core rad ii o f each o f the components. The 

results o f these experiments were e ith e r to s h ift  the portion o f the 

brightness p ro file  where the composite models were bad f i t s  or to make 

the overalT^fit^o^the_qbserved p ro file  worse.
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A couple of points can be made in Ifg h t o f the results, of the.

models constructed. These points can best be outlined under the two
 ̂ . '

major po ss ib ilities  concerning the nature of the A1775 double systemv^ 

The two possib ilities  are that: 1} the A1775 system is the result o f

a superposition o f unrelated and non-interacting galaxies or; 2) the .
- : f

system is interacting (and is e ither bound or unbound).

Consider the case i f  the A1775 system* is a superposition of two
j

unrelated galaxies. From the resultsl o f the models and^he results

of trying to modify these models, as/outlined in Section 5.4 above, one
' ' ' .  :  . / 

can conclude that both o f the galaxies which are superimposed must

have brightness profiles which-are d iffe ren t than-those of most other

Targe isolated e llip t ic a l systems. Thts conclusion is unattractive for
 ̂  ̂ , - J/ : 'two reasons. F irs t, i f  both o f the components are members o f the A1775

cluster, then-the photometry is suçh as to indicate that each is about as

luminous as a typical bright e llip t ic a l galaxy. One would therefore
- 0

expect the standard (c = 2.25) King model to be appropriate. The second 

reason is  that th is  sets up a special case for the A1775 cluster. However, 

it.should be pointed out that throughout this study, i t  has been ta c it ly  

assumed that the standard K%ng model is appropriate. While this seems 

to be the case in lig h t of the present photometry, some investigators 

(e .g . 'King 1978) hav# found that some e ll ip t ic a l galaxies in rich  

clusters o f galaxies are better f it te d  by King models with c = 2.00

( i .e .  with steeper brightness p ro file s ). This po ss ib ility  does not 

seen too lik e ly  in view of the fact that one was able to get quite good 

TTts to the data by f it t in g  each component ind iv idua lly , using the 

standard King model. I t  is for these reasons, that the superposition 

model for the A1775 system is considered un like ly .
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Consider next the possib ility  .that thé A l775 double is the result '

^ o f  some sort o f in teraction. In this case, one mi'ght reasonably expect

the proc^dure.of f i t t in g  the standard King models to. each of the components

; individually  and then superim^^ing them, to break down somewhat. This

is because i t  is  e ither not-pe-S3Etfale or even valid to individdClly f i t

the components in a'dynamical system. I t  might, be more re a lis tic  t o ' .

.consider the overall p ro file  o f the system and try  to f i t  i t  without 
-

. any Regard to how good the f i t  is to the individual components.

Byway of a qualita tive  example, consider a King model, with Log-|g «
' - ' ' -r.j./f H c = 2.00. This'model has a steeper-brightness gradient, but

in the central regions o f the model', there is' not too much difference ' 

froniyth'e standard (c = 2.25) «King^model. I t ,  is only in tjie outskirts ^

Q . jas js to be expected) where the differences-of the profiles manifest

th ^ e lv e s  (see'Figure AT in Appendix 3 ). Indeed, at the point where
' ' '  ̂ , - 2 ' ' -  -  the present^data cuts o f f  (a t = 24.5 mags/arc-sec- or r  = .32 arc.-

.-V» ■ ' .K'. - .

sec), the difference between the^fwo &ing models is about a factor^ o f.

3 in in ten s ity ,’ with the c = 2.25 model beijigj^riqhter. -One might

reasonably.^expect a com pete modeT._fonfied.fronixwo apprppriately
■ ' I* \ f  '

%

•scaled King models with d = 2.00 to b* -̂wé'lmo/t/the same as'the CC and

CE miMkls constructed 7usfng c = 2fe5, in the/inner portions,'but to

be fa in ter in the outskirts^ More ovejr, not only might the f i t  be

'better to the observed brVghtness p ro file , but one would also have a .

plausible explanation for the existanc#'of_the steeper gradients in the

“ central regionsXf the p ro file .  ̂ The steeper gradients would be a t t r i^
' - . '' - - \  ^  . 

bif t̂able to tid a l interaction a ffec ts ,^ fiich  would cause»the surface^

brightness to fa l l  o f f  mbre rapidly.than dh ah isolated system. This

'sort o f t id a l steepening of the brightness p ro file  has: been seen in
.w

r  ’
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' NGC 4486B and HfiC 5846A (e .g . Faber 1973).

Another interesting point which can be brought out is to consider
- ' ' / < 

the A1775 system not only to b# interacting but to be bound. I f  th is

were the case, then one would expect the centres of ]ig h t to be surrounded

and embedded in a large diffuse halo. The halo could be formed by one

of two mechanisms. I f  a binary galaxy is ’ formed out of a proto-galactic

nebula, then some o f the original material m a /not have collapsed into

.th e  central regions. Assuming l i t t l e  overall net rotation (Illingsw offh

t  ' T977),*this material could be q u it^e x te r^ V e  and'its  d istribution isotropic.

I f  on the other hand, the A1775 system was fwqed by a tid a l merger,- t h ^

I the halo may be stripped material which, while lost to the individual '

. ‘ galaxies, is.retained by both in common. In any event, one would expect ,
: :  ' .. : - x t . - . - .

a large diffuse cor^'n halo about the A1775 system ŝuch as is seen in.'

- -'i the A2029 and A26Î0,cD galaxies, v • ,

■ Unfortunately, Dress!er's (1979) study of the A2029 cD galaxy only
f 2

, goes down to u -  24 mags/arc-sec , which is to about the saAe surface
■ ■ . v ■ ' -  ■ -,

brightness as the present study. Comparing the A1775 and A2029 systems

i , does not lead to'any useful resu lts , as the A202-9 system looks just
'  ■ ' ■ -

lik e  the A1.775 system exceptait has been ra d ia lly  scaled la rger. There 

is no evidence in Dressier’ s.»data for A2029, that the halo has beep

detected. The stpdy o f the A2670 cD by. Oemler (1973) is  fa r more promising
- ■ - 2 

in that his data extends down to u = 30. mâgs/arc-sec , and there is
. :  ̂ % ' 

d e fin ite  evidence fo r a large diffuse IjaTo. * '
’ ' " . -  " -  - '

Unfortunately, the evidence for the halo f i r s t  appears a t Uy -  26>
 ̂ 2 , ' ■ 

mags/arc-sec , which is about a magnitude-and-a-half. fa in te r than the cut
- f - :

o ff  of the surface-brjghtness data 'in this present data'. Again no useful

conclusions can be drawn by comparing the A1775 and A2670 systems due to

'  ̂ : ' . ' 7̂
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the lack o f surface brightness data on the A1775 system. One cannot 

say anything about the existance o f a large fa in t halo which may 

surround the A1775 system. .

To sum up then, the A1775 double seems- to be some sort o f in te r

acting system. I t  is unlikely to be a superposition o f two unrelated * 

e llip t ic a ls  as these objects would not be fit te d  by a standard King 

model, and' th is  would require these e llip t ic a ls  tp have surface bright

ness profiles  d iffe ren t than other isolated e llip t ic a l galaxies. Due 

to the lack o f Surface brightness^Üata,'h6 conclusions>ca'n be drawn 

about the nature of th e . interaction that the A1775 system is undergoing, 

nor can information be gained about the interaction by comparing the 

A1775 data with other large galaxfes. '

Further study of the A1775 double system, and systems lik e  i t ,  ■

are desirable as these systems may be intermediate between isolated
\ ' ' ' '

e llip t ic a ls  in clusters in rich clusters, and the large cannibalistic

cD galaxies seen in ,the centres o f rich clusters. Sufch a study w ill
- - ■ ^ • 

need to be carried out bn large instruments (e .g . the KPNO 4 metre) in .

order to obtain high resolution and to reach fa in te r surface"brightness

levels. -Thus, one may be able to come to more^po'sitive conclusions

concerning the nature o f these types o f systems. . .

' I
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NOTE TO APPENDICIES '

An the programmes used in th is study are lis te d  excepting the 

programmes GALAXY and 'PR0FIL. More information on these two programmes 

may be obtained from th e ir respective aüthors. MrTn^-J. Deveau and 

Dr. G. A. Welch. “

All the programmes are written in FORTRAN IV , except GALAXY which 

is written in PDP BASIC. All o f the FORTRAN programmes were run in 

the BATCH mode, on the Dalhousie University Cyber 170. A.sample BATCH 

command programme is found in Appendix 2. The programme GALAXY was 

run on a time-sharing basis, on the St. Mary's University PDP 11/70.

All of the out-puts o f the BATCH-run programmes were directed to the 

lin e  prin ter at St. Mary's University. -

/
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APPENDIX!: SUBSYSTEM GALAXY

The subsystem GALAXY is a computer routine written for the S t . '  

Mary's University PDP 11/70 computer and̂  uses a-Tekronix 4662 p lo tte r. 

The subsystem was written by Mr. T. J. Deveau and is used to d ig itize
i

microdensitometer tracings, forming data f ile s  whic^jmay be processed 

further.
/

The d ig itiz in g  process is as follows, the microdensitometer 

tracing is placed on the TekronixT^lotter, which is  set in data trans

mission mode, and the system GALAXY is called-. Three points are 

selected to form a co-ordinate axis on the tracing, and these points 

are d ig itized . Starting a t the extreme le f t  end of the tracing, points

along the tracing are d ig itized  a t 1 mm in terva ls . The 3 points

defining the co-ordinate axis are redig itized to check for any movement 

of the tracing during the d ig itiza tio n  process. Upon succes-sfully 

d ig itiz in g  a tracing, one enters a name for the data f i l e  which has

been created and stored on the PDP 11/70. These data f ile s  may be _ .{

transferred to the Dalhousie University Cyber 170 by ca lling  the 

programme CDC.Q&^and the f i l e  name o f the data one wishes transmitted.

Further information, concerning th is subsystem may be.obtained 

from e ither,the  present w riter or Mr. Deveau.

U
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APPENDIX 2: THE PROGRAMME PROFIL

The programme PROFIL converts the-densities of the d ig itized

microdensitometer tracings into re la tiv e  intensity-radius p ro files .

The programme can plot the in tensity profiles indiv idually , or averaged

together. '

The input data cards, formats and type o f data being entered intqj

,the programme are lis ted  below. More information concerning PgAfTL.1 ,

can be found from English (1979). Included in this appendix are the 

f i l e  used to submit the programme and any data f ile s  to the Dalhousie 

University Cyber 170 ComputerLand^a sample run o f PROFIL in the averaging 

mode. The run is o f 5 plates on the system major axis and is the NW 

semi-axis of. the NW component.

Input Data Cards (In  order of appearance)

NAME FORMAT # CARDS " COMMENTS .

NPLATE 12 1 -# of plates to be reduced

COMBIN _ AlO ;l -governs the way the data 
is processed. :

OBJT A4 1 - I f  = STAR the programme w ill 
-bypass the 3x smear of 
the projected s l i t  width

NPRINT 1 ■ -00 = -fu ll printout ;
01 = minimum printout
1-0 = both data pts and plots

NPTS, DINÏT . 13, F8.1
,

1 -the # o f points in the 
characteristic curve and 
the in it ia l  density

CURVE , 10F8.2. . 3

<

-relatTv^V.intensity at 1 cm 
in te rv a l^ o f density points 
on the characteristic curve

' - ;
- - f .  , .

- c , : ' .

 ̂ -

\  •

' 1  ■
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I

NAME

SKYCAL

I S KY 

I  GAL

lOBJ

ICENTR

NPLOT ■ 

DEL -

APPENDIX 2 (cont.)

FORMAT # CARDS

F5.1 1

2014 £  28

214 1 .

2014 . ' 1  28

214 I 1

F4.2 1

COMMENTS

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

-d ig itized  sky tracing

-location of galaxy nucleus 
on sky tracing

-d ig itized 'galaxy tracing

-location of nucleus on 
galaxy trac in g •

-00 = no plots ^
01 = plots on a p lotter 
10 = plots on a lin e  prin ter

-included i f  NPL0T f  00. I t  
govenis^the increment for 
selecting the points to be 
plotted. ^
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Sample Run of PROFIL 

NW component, NW sem.i-;axîs.

All fiv e  p la tK  o f th is  study have been stacked (averaged) to form 

the 10th p ro file  round fn th is  run. :

- 4 - ^

/
/

. 0 -



/ t .

r*

f

iî2

î i î

î i



'/JOB ' ■ • - ' 
AOLXYfT070fi:H110000t  ̂ *

}

USER,SMAS004,BALAXY. '*•
PRINTAT(GMU)
GET(BINBRTl) •
QETCMJAXIB) . 
BINBRTKMJAXIS)
REPLACE (OUT Pin «miTFILE/NAÎ

- ... — .

? NOTIFY. TRACING RAN OK. 
SKIP,ÇOJ.
EXIT.

- NOTIFY. TRACING BOMBED
ENDIFrEOJ.
DAYFILE(DAYFILE) ij

• REPLACE(DAYFILE)
/EOF - 
/

1 -
;

'i

••

O' ' .

.

. / - ' J
' ■ ... 

■•>r

n

■ I  ■-
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I I :

2373.39.

1979% 

7797'
2lf3S:

HACK NAS THROWN OUT P O IN T S . THEY A R E . . . .

B n T A T F  F in n s  V  ,n  n P c p p p t  h f t m f f n  rn n p p T M A T F  s v s t f w s __

ROTATE, FINDS . 0  lIE dR E E S  b e t w e e n  COO RDINATE SYSTEMS

- r l lH V F . FTTTTHO  FOR AVFRAOF MIIMPFR 1 11SFS THTFRVA1. J . 1 3  T H R IIlinH  1-«U IN rT . l is T V F  IN in c R

. Fni.l.ONtNC POINTS ARF H.SFn. TM FnBMTMC SFrnMn APPPnYTNATTnw Tti V t t t t m d ppnrritc

F IT T IN G  P R O C rnnS E  FOR AVFR4 
SECOND CHESSES 1 AND 2 AND 

— ---------------------------------------  BBKSSM-T. TPA«"

DFf.*' XOSlfMM 
.23853 3.90057 

W R K X  O
OFT.l S05U8 OFt.p FO.MlVP 

.16147 2.8725203853 1 .4 2 6 5 4
ÛAUU 65.953



I

9

1

1 « 7

333

Soo

917 X»

JUL
1.167

X

1.230

1 . 3 3 3

T75Ô7

1 . M 3

Î V»5 v * ’ *r.sn«* • "-’î Tsôr* • • • *}.i55r ■•"Î.ÎÎOm '

$Y X B n I,S  X BEPRFSFHT «VRRAGF OF NW S F N IA X P S j t lF ^ F m ,L O V IN G  W .XTFS 

:_BSSHA I'rVFP «PII *■ too in • ' PPn irrTFn <t tt :  33X  3 -< - lt t l—  ----------iaeu.1773
SYMBOLS • '  PEPPFSFNT NW SCNIAXTS OE FOLLOWING PLXTF 7 0  «F AVFBXCFP TN

 t t iF i.t .n T ;  - ____KC5— ’ , ; i.FitEa. » m . = 199. in
SYMBOLS !• *HD ,2 OENOTE^F.SPECTIVF.I.V POIIMOIHY PntNlS ASSICtlEO 70 NVF.HAGK UP pHEVlOÿS PLM-.S ÎKO TO PPF.SFNT Pl.ATF

P itn .iF F T F n  N1.1T

~ IllT e H S IT I» :» 'P r~ C * .> B P R N T  T P H C Iw r. A S S IK H F J^ KIII.LOMJMG R F -I .A T iy E :«FJtÇHTS^.Fnp , A V F R ^G IF G



0.4tft0 l.*4i'0 u,1**44' o,i»**u **,****«' l.oito **,ti«ü u,*m*» u.i'ii*' I o.iinn u ^ t - c . u  î LPf*n.OQO a.000 t.ooo O.OOO o.oon l.oon O.ooo J.oon n.oon l.oan o.oon i.ono O.non i.ooo i.ncP0-001) i.gflo t.OflO n.nofi i.nnn t-Onn t-noo t-nno Q-nno i.non- i i-n<Tn i-OPp t-gga_______ .
"1 .01)0 % .000 1.000 .707 1.414 1.000 1.000 1.000 .577 1.414 1.000 .707 I ̂ ll? .707 1.0001.000 ,816 1.414 .1.000 1.000 .016 1.225 1.000 .816 1.000 1.000, 1.414 1.000 1,000- l.OoO

LENGTH OF PRESENT TRACING ANB PREVIOUS AVERAGE DIFFER BT LESS THAN 5g PERCENT. SET ALL NFIGHTS V TO 1.0

O.OOO

• >-
N I .

. .167

.250

.335 à

.46x2—

,500 . Ù .

.583

.667 . 8

J.5Q Q_
■ X
A

s

p

•.833 5”

.917 Ô
■ ■

1 . 0 0 0  8

1 0R3 8 •



1.000 ô - XXX /

1 0R3 à ,r \ X

,
•

1.167 6
'

X
J

'1 *Y
1.250 c

'■ . X - .

1.333 .0
X X■ X ' 6

1 *17
*
fi

.

» X

1,500 0  .

' y

1.583 6
'

i •

1.667 ô - -

T 1^0
' .
ft

« 1 ,

•

il.ftoS--- - . f i n f i  '  -.505 .205" .... ...................... 5,^66 3.^5o

siKBrii.s. X re pr fsf.pt a v k r a c e OF M« SKHÎAXE5 CF F0LÎO8TNG PLATFÇ,.
• o c i T m < Y ÎÇ Irtt *

AHELL1775 PS574P Ÿ05 LEVER ARM =.199.30 PP0.1ECTFP Pf IT = 35X 35 "U

. ' . X "
■df , ^

‘

' '
/ s

_4BELLli25 I PLATE PS5774 BAMDPASR-FXPnSUPE = Ÿ?0 . RATIO ARM = 104-07 PHOJFCTKD SÏ.'îT = 7pX 70~MlfrRhKS' ---- --- -

CHâBSCTKHISTIC c u r v e DAT*

1 .9 9  S.(t222.13 , 24,R3-7a. M—"83.19-
7.59 J 7 . R 6aa. -lâîllL 35lf9

- i i U M - i l i l L 17.3« 19.4057.00 64,04ft nn _ n,nn
WITH FIPST POIWT AT DENHITY 4.0 MW ABOVE CLEAR PLATF

TWPriT VAI.11g< flg T<KY

10.1710.

1048. 1151.

‘ I f :

4 l l  i f: iii!
il?! 7ĵ q!'Jftn.

,!?: ÎH:
'î lh iü ld îî î:

p i i l L
S l S S i

■ ............% !
1 #« . zv f y . iict. M90. .113.2201.

?lg-
17?: 409
520. 152 164. 639 
7 1 1  109
124. 859 991. 131 142,1109 1199 119

R29 
109 1075 1 &&

R38154
1087ISA

146981
113
L18Q

849971096
ü ü

1004. 145127.11171410 L421Lias 1-367

■li ’ i s.14
1489 1471610

1671839

11716271371-846

15061631740lia

146.1520150!
1331728ISA

1630, 179 1 6 5 0160.1749
1857
155.200919851207270

1999152

1
7109

22 3 4

2610

136.201 , 

»

197. 106. 200. 161 
_104.-1LB .^138.^7 5
Hi: H): Hi: ,3%662. 145. 670. 157 137^ 770- 99^ 777

. 881. 129. B9nl 146. , 158.1024, 135.1035. >1127. 149.1134. 160. ^ O R . 1 431., in.lAiO.
i*!??:»»” :* j5’ :isfi5:

I t h  ÜL i ZL 
H i: A93: Hi:
6 R ! .  1 3 2 .  6 R 9 .

■ T 3 i : . i H :

A i l :
.2031, 91,2041. 170,. 124.2147.-149.2160. .7258, 164.2269. 154.

1561
117,17991 70

7048 151.2060
2172.\ 108777R 144.2289

aHACK has thrown out 2 POINTS. THF7 ARE...
, 160. 717- 750. 777. . *

.
ROTATE FINDS O 0 nFGRERS BETWKEH COORDINATE SYSTEMS {

ROTATE FINDS O.^^ECREES flFTHEEN COgROIpATE SYSTEMS

LEAST-SOUARES FIT TO SKY LEVEL SHOWS DENSITY.CHANGE OF .2E-01 NM PFR CFKTIMETFR OF TR4CTNG 1
SKY DFNSTTY 6T Oar.AYY PO.^ITTnH = 17.7 MM PLUS OR MTNDS 7.7 HH TM COORD. SYSTF» OF TPACTUG

_ SKY DEMSTTY EXCEEOS CLEAR. PDATj^ — 73.3MN .
\

s.

' " ' 
INPUT VALDES or TORJ ,



L iMpiiT Vïi.tirs nr innj A

-n-rrrr: -, c r, «,«;B». IRB. 170. 701. 1»». 717.7B7- lOB. 711_ 11B. 770
77, IB»-. ̂3

IH Iss lllrm m  %: K::i ;̂:i:?n

iinl IBS.27171 173^72331 1S4.72<1, 137.  -----1.. ,13.7351. 1S1.23S7,
24*1. 116. lO.IBin.

t7RQ_7*ll8#*7,
.325.999. 1670. 11 ̂ n.

A < i \

7*1*ini9.S75.
1359.
,15«0,lA

î 140.
1477.
I I ' -161.1213.

?fl49.r l4«^7n5A^ 1 7AAr _llC,7nRR- 1-^0-7007, 1 A4_7in6.

.1971.

714fl.

251», UU----------- .  :------------------------------------------------------------------- in. ” îl;

karr H t %  THonww nur PHTMTyt RRF.
0.

ROTATE FINDS T./ PEGPEES BFT«FEN COOPDINATF SYSTFHS

pnrtTr F7kn< -,n nPrprF.o prrwFPw rnngnTiiATP <Y<Tf*<

CURVE KITTING FOR AVERAGE NUWHFp ? USES INTERVAL *400~THROIIGH* 1,300 INCLUSIVR f u  j.pçp

PASS _L

FOLI.ONING POINTS ARP V S F . l )  IN FORMING SFCONO APPROXTMAIION TN FTTTIMG PPOPFSS 
\ DFf M-P34A«s

SOSIIMN
qlQ DFt.J.?34flS

SOSllN
,7HR7A_

HFLP sn.snpp 
^434n5 3.10R43

7 -.Cf.595 t.05027 .13405 .37R03 ,.13405 1 .hoPf-o$$$$$*$$$$$$$$$$$$*$$##$$$*»$##$*$**$$$**$#$»*»***$$$$*$$$»$$$$$*$$*$$$#$$*$*#*$$$$**###$$»*$#$$$$»»»$»$*$$$$#$*$$$#*4$
fitting PROCPnilRF FOP AVFRAGP MîIMbRR 9  GIVES .2341 .1021 .1071 ,1021 FOP FIRST APPROXIMATION,STfnwn gmrgccc 1_ 7 a>m T l V A j .  nt?PDnYTH&TTnil PP'^PrrTTtfFt.Y FOR TNrNFNFMt TN T.flG T NFrFSfsAPY.^O NATOH--------

PRESENT TRACING WITH FIRST TRACING OR PREVIOUS AVERAGf.

\

. 0 . . .

0 . 0 0 0 0 • 1 ' X

■ • •
' )  j '\“3 A

I  1
■

.167 à

\
' *

X

.250 6 1

I
% :

.333 6 1 ' ' N . X ^  '

. 2 P
, l n  ̂ 1 ■ . ■■1 - X :’ ,  AIfrs,

- 1 Y {
.500 • Ù

r . X

X -

. 5*3 " Ô
: ■ ! - 1 -  ; ■

.667 0 .1 i
XX$Y 1

1 5 * n i i  y / ' A  '

1
.1

' f ç \  : - , -------- -----  —^

.833 0

‘ Î  V  •

i ■ Î .Y
I f f  e > P

. . 9-17 . «
I I  \

:  '
*  -

y "  - 1 . 0 0 0
•
a ■ I1 7

% * %Y V / C

1.0»-* A ' <.L| • - f  4-ÿ i  . - ■ - . V '  . !
r • \ $' "A X -



■ unnt. 41 2 1 4t 1
» X_X___

1.167
1 4

X X$ X

1.250 Ô- 2 4 1 4• t 5
•X$ s#x$ • X

« 2 
1.333 2

Ï 6 1 41 5 -2

1.413----&_

1 6 3 5 1 6

17503 S“

1.5*3 fi 3 ! •» 1
1,667 fi

■4.750 D-T.
i

■Il
3 • 2 .

iî?8a« ;?iôô- -°Î55- •.}°fc5n*“ "3"58o

-ARFLI.1775
SYMROLS % PRPRF5e«T XVEPX<ÎE flF H H  SRPIÂXES ÛF FOLÎ.PWlNC PlATFS.- ^  ■

--------- Îtü5-- L------- LRKFB 4PM - 100.30-----------PPOJCCTF.n tr.TT - 35Y 35 WN
4RELL1775 PSS74R VOS

gÇPgrSCMÆ.MM «LFVTAXI
f.FVFP ARP = 199.30 ' PRAJFCTFO SI TT = 35% 35 H U

i nr rnf.T.nwTwr^DT KTg Tf7 wr h v v ^ ^ K r . v n  tm
ABFUL1775 PS5724 V70 I.FVFR ARM s 104.07 PRnjFfTFO SI TT .= 70X 70 Mil

-SYMBOLS 1 mn- ? n v M n y ^  arçprrT^vgf v ARtifi^rn rn mrpRrr nr ngFviniK OT.arrQ &wn Tr> PQgcrk'T pi >«rr

TUTrwsTTipg fiP riiPPFwT TPtrTwr: &%<Tf:MFn F_PT.t.nwTwr pp; ATTvr WFir.HTS FOR AvrpAfiTFC

0.000
0 . 0 0 0

000 0.000 0.000 «O.Ono 0.000 t. 000 0,000 n%000 o n n 4 , 0 0 0 0.0 0 0 o . o n o n . o o n 2 . R 7 M

PRESENT t r a c i n g  AT LEAST 50 PERCENT LONGER THAN PRFVinitS AVERAGE. ASSIGN HIGH WEIGHT TO PRESENT TRACING f*> KEYPNO MAXI

7

0 . 0 0 0



0,000 - X n

nui
X I X •

.167 - X .X .

.250
X , '

.3 3 3
"x :

* . ■ *
At? .  x’' ' k .

% [

Y ‘
.500 - X n

• X 1
' .* • A «

.583
X i :

«

.667
XX 1X f 0X ■

7*i0
X* ! :

: !

-
.833

’ ' \  T
.917

.
■ nX . .Y

. l.onn . X f t  Y _ , /

1.083 :
‘

-

, 1.167
•0-

1.250
. i ■ - I 5

■IT

X 11.333

1 117
- . ! i

1 ; '

1.500
r • *

X r ! A
; 1 I y  t > r

X
, X

- - ' - t —  ^  1
1.583

■ 7 X
I ±

1.667
t / . i ; 6 .

------------1,780
: ; . n Ï

X * . ■ • • 
»

: : f i
* X X

X

-I^ÔÔÔ -.)5A .Ü5Ü ,&55 î,&66 .... î.S«î***'*/.5««..... î.tS6*"'''O«0

• SYMBOLS .X PFPRESFNT AVERAGE HF NW SEMIAXES or rOt.lOVIHG PLATES. j
--- _ iB rrt

3BELL1775 PS5740 Ÿ05 LEVEP ARM m  199 .30 PROJFCTFn 51 IT * 35X 35 MU !
- 1 * 8 1 1 , 7 7 8  • vin frvrp ftfiit e ini

1

i R E I . t . V 7 7 8 -Pi.MTi: RANnPfc?;s-hypn.snwv =  v?n --KATin ftBM-y t04,n7--- BPr.îFrTFn f.'>t A?



zo

■ ARPT.T tn<i PL^TK PS<7iq wATTn apM = 104.P7 p u r ^ F C T C r t  s IT 49X A? »lC|.r «

THAPACTFHTSTIC CUPVF PATA

5.62 9.2P32.66 >6.3P133.46 143,56
17.67
40.H3— C..00

15.27
AS.A1fi.nn

17.46 
51.BH  O.ÜÜ.

10.41
50.15 31.63 67.76  o.nn.

24.0476.03
-  n  r . n

76.55 20.4490.16 105.440.00 n.rn
WITH FIBST PniNT AT HRNSTTY 7.1 X" APOVF CLfAH PLATF

TfP!iT__tf&T TIP?; nr_T.̂ ifV

10!700.
114,

1810.

1329.
1560;

106,480.
Ui*140.1449.
U S .

1 0 . 1 0.
710, 134. 
'51, fi?9.

%

171.1681,

1 ■ni:31S1

1340, 172.145.1458. 1570. 119, 139.1090,

289.
72oZ
197.

1 0 . . lun

';SS:iiS3:203*. 115,
14Q 2161

1349 139 1578 
A  ■

147,
;3?:*4?_
134. 

jj

390.109.
JÈk

114. 
1 Rft..

AR.iin

160. 509. 
171. BKn ■

1820.
1 2 0 .20S0.
1.45,2

97 
1939 1 09 371

152.1

1 29.
'?5?:

400,
ISO.

1369,130.1599,

134. 
S ? 0 ,
135.964_

i l
159,1951,146.

2740

102.1

'"13:

167
1489,117,%za_

4 0 0 ,
1 4 7 .760,
Iflfl,

137. ■ 209.

177, I960,
178, 7249,

1379, , 154, 1611. 
143,

j i t

mo.

1R4H,14R,
7079,

1 2 2 ,

134,1500,
1 2 9 ,

37flJX,

%2:
i l l

109.-aia.

157
1 9 7 0
109

2 2 & L

1390
1741620
17.R

177.540,
141.-9B7-

/1 8 5 H , , 125, .2090, 10R

. 134,

ilW i; :174. 549. 7?n. 146. 171- qq?_

1 2 0 ,ISBO.
13ft.

2771

'!32;
" it

d n :

119-131-
4 4 0
1437KO
J-4.4-

1869 144 
2 1 0 0  1 49 i i

'f ll1641116

141. 179, .-239.— _ 177. 449. 147. 
560. 138. 570. 701. 789. 144.

1007. IQ 1015,

165. 138,^-137,

1 880 17V 
7110 J3.S

120.1419. 130. ,1530. 134.1541. . 139.1649. 87.J.7 68. 162..̂ TZ1L. , 110.1889. 114, ,2000. 157.2009, 
, 110.711*. , 97,■7289, i?Q,?301

56*16B-. 86:1074_

4 61 
116 799

1430, 1 IB, 1659,
131c1550.inn.

149.
20..

Î15:Bin. -174.
1670.105.17RH. in?.1900151

2 1 2 9

. 117, .2071, 

. 131, 2310

1909.
7 \ l k
J-3H.

'H17 ■isii 1Û l i t
:;a%:2571, 
__U L

134
2461143 a i i i

130.2471,
173,

7 3 6 0
1582590

79, 7370,
154,

2602,
612491
8 4

1 30.
' in :

2391,
166*.262P, 25lo:

141.
7 4 0 0 ,
159,

2632.
100.2410. 125, 2520. *4.2532,130.2641. 110,

7423,132,2651,
1 6 6 ,

2540,
107,

7 4 3 0 .

'13:

MtrK THROWN PUT___2__PriTMTS- THfY &RF.
7P0.'201.2370. 61.

ROTATE FINOS -.0 DECREES BETWEEN COORDINATE SYSTEMS

CriTATP FINOS - n npOHFE< BETWEEN mnonTWlTF SYSTEMS

LE»5T-fi0yARES FIT TU SKY LEVEL SHOWS DENSITY CHANGE OF _ -.lE-Dl MM PER CENTIMETER OF TRACING 

SKY DENSITY AT GALAXY POSITION = 12.1 NH PLUS OR MINUS 2.2 MM IN COORD. SYSTEM OF TRACING 

' 1 ' SKY DENSITY EXCEEDS CLEAR PLATE BY 1 0 1 , 4 m m

INPUT VALUES OF lOBJ

HACK HAS THROWN OUT 0 POINTA. THFY ABF,...

ROTATE FINDS .-.C DECRGRS 9FTHEEN COORnTNATF SYSTEMS

ROTATE FINDS -.0 DECREES BETWEEN COORDINATE SYSTEMS

CURVE FITTING FOR AVFPAGF NUNPFR 3 USES INTERVAL .383 THROUGH 1.3*3 INCLUSIVE TH LOG*

FOLLOWING POINTS ARE USED IN FORMING SECOND APPROXIMATION IN FITTING PROCESS
PASS12

DFl.M.04*78
,05172

SOSUMM
.42006.9791*

DELI.24*70,14*78
SDSUM

1.20184
. 5 1 9 9 5

HELP snsiiMp ,44*7* 4.3*367

121" l i k
nT?T7,T5T?,Tl 
730. 518. 717 627- 210- 640

4 7 9207, 441. 196. 449. 197. 461
-560. 276- 570, 777

136BV84701073

174. 7 4 9 . 701 859. 753* *6* 552. 989. 560 L1Û3U116&UJ-1Q

760. 704 777. 8*3 innn. s4i1711 1120
1 9*

a
1 9 0 .  7 8 9 ' .  1 9 3

21? 1 0071050 1059 12A21140.IIRO.1150 470.1258. 466 1371. 557.1380 10361409 oil

1115 1167 472 1389 
833

1 044 116946914016SA

11*3 1197 1 7 0 0 1 7 0 9 587.121*. 547 1330. 452.1339 
I387.145r.139*

177®. 571 443.1351 1461.1316
tA A  - 1

1740 4*4 1 470
5 P 4  
1367 
1 J < 6

1250. 1768 1277 1790 1799 1308 317
1001 1473 1126 1431 1265 1 4 3 * .L5ÛD l_5t2 L51S1600, 7 5 5.1770 1610 1616 1629

197
1862-152

747 1750 
118 13 R3

1 6 4 11911869
165019*
1877

2361770
173

1658
1971890

2 4 11791
141

1 671 
182. 1903.

236.1679. 73* 1790. 179.1801 
159.1910. 171 2030. 700.3037

?4q7!̂ 176*760?

1690. 735 177.1810 1970. 176
7159. tvn 
716.77*1 238*. 136 L87.7611

I 69V 1*0 
1V31 L2

729 
1 *21  169 2062

1842 16511964 1 9 7 A 7001
2182.2073. 152 

207.2193 205
%

155

744!
2052089

2102320
i&S

2109

■HI
1 *0 2730 206 7461

2 1 2 0 1982240
z lii

21372062359
1_53

2139711. 71 7 07102400
LSL5

1 9 922*7145
757?

7199 771R 2250
'H i:,!? ; 2,17 R 2154 7 4 H !

22312649 17126692551
200

157
26*7

2 5 6 9 1502689 25*1
162 7591 2601. 199.2617. 215 2710. 10 7677. 243 76332643. 1912

O P

..........



0 .0 0 0

*x

.250

333

500

5B3

667

X»

833

9t7

1.333

X*

1.667 X*

J ,750

1.833

1.917

2 .0 0 0

2.250



2.250

2.333

2.500

5Ô5'

SYMBOL^ X PEPRE5FNT *ŸEP»GE OF NW SE«I*XFS OF FOLLOWING PLATES 
. 0SST2A. 3ST 35 miTFUrg lOM ^ 1PQ,in

PROJFCTpfi SI IT X 35X 35 MU 
P B n . i F r T c n  t t  ,  t ô t  i n  m i

LEVER ARM c  199.30PS574R
_________ itM___________l.FVFB ARM i  104.07

SYMBOLS » REPRESENT RM SEMIAXIS OF FOLLOWING PLATE TO BE AVFRAOFO IN,
p«;fT<Q .... '17P___________t.rVFR ABM x 104.07---------- aan,>gCTCn SI IT

VO5

SYMBOLS 1 AND 2 nfHOTE RESPECTIVELY POUMPARY POINTS ASSIGNED TO AVERAGE OF PREVIOUS PLATES A N D  T O  PRESENT PLATF 
 . ; . ■

INTENSITIES OF CURRENT TRACING ASSIGNED FOLLOWING REIATIVF WEIGHTS FOR AVERAGING

O.onn 0.000 O.uno 0.000 
0 .0 0 0  0 .0 0 0  90« n rvA/i

l.noo0*000,a*6

2 1 ;

0*000
0,000
0,000

n,ooo
0 ,0 0 00,000

0 ,0 0 0
0,000
0 ,000

I E ^ 5 3 %723 
1 O O P

0 ,00 0
0,0000,000

—T3̂ b“ 1.0*5 
-1-POO

o.non
0 ,000n,ono

l-APO

0 .000
1 ,000

. JÏ5 l.OBS f-onn

0,-nno xi.ooo ,*R6
0,000 0 ,000 0,000
0 .000 0,000 0,000

1-000

.onn 0.000 .000 1,000 jRPf 0,000 n.AOO
.*4* ,*?h',PAA .8*41 -OOP i.nnn t

,4?#w
,*P4.0P0_

0,000
0 .000
0,000.441

—ftVf,
,WP*1-000 '.P841.000

.f

LENGTH OF PRESENT TRACING AND PREVinHS AVERAGE DIFFER Pt LESS THAN SO PERCENT. SET ALL WEIGHTS V TO 1,0
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SECDND CUESSFS 1 AND 2 an d FINAL tPPPOXlMATTON RESPECTIVELY FOR iMfRFMfNf T* Î-OG I N E CESSARY TO MATCH PRESENT TRACTNC WITH FIRST TRACING 0* PREVIOUS AVERAGE.

o.ooo
,,.n.
X • cr

,167 T "
X .
- r r

.250 6

.533

rA«-

,500

.593 1 ? ___1_
XX *

.667

: 2 ■i
XX $X

3 
1 2 X*.833 .

.917
l.ono

: r -VI
_Wi:

%
, T



1.167

1.250

X*1.333

* »”"x

1,500

1.5R3

1.833

1.917

'2.25/

2.333

&&5 m S.«8o

SYMBOLS X  PEPRE5FMT AYEPAOF OF NH SEMIAXES OF FOLLOWING PLATES 
_essi30. ■LTJim. Aan.s PgnjECTFO SLIT

VOS
JUÛ-

■ LEVER ARM ■ 199.30 
 I.FVFR ABtl-C 106.07-

PROJECTED SLIT = 35X 35 ML
—  gBOJEC rfn SLIT, =_TOY ^ n  mt

PROJECTED SLIT = 62X 62 MUABELL177S ' j ' PS5719 V2.0 LEVER ARM « M M . 07
-T-! 1 SYMBOLS «— JIERRFSFNT/-LW-SEMI AXIS OF rOI.LOMIMC PLATE TO BE :AVER AeED-I«L,_________________________________________

ABELH775 I j PS6864 J>h LEVER ARM « 51.86 PROJECTED SLIT = 140X140 MU
■synaon  L— Aim— ■»' n r u n r r  B r « m r r - T n t E t . Y - n f i i i i i n t B Y  potutm A R K i r . w F n  t n  ivrw&cr 'np p B r Y T n i i s  p i . t T V »  tun -rn prfsfmt ■ Pt.tTF

YRTCpKTTirs Of i-iiBitTUT Toriur «cYrRfn «mi.ntfTiir pfi ittyy wPTru,* rnn

000 O.ooo 1,857 M7M O -----



-ft non ft nnft
*nnn o.nnonfig o.ooo

A.Ann
0.000-Q^gQ_ 1.000o Ann o.nooA-fiPn 0 .0 0 0O-OOft n.ono1 O . o o o

-e-m-
o.ooo0-000=4. o— -O— Aoo A nnn n oon o  f»f o A  n

o .o u n  &.UWU 0,000 7.H2S- ,oao 1 RS? 0 .0 0 0  - *Q1 0.000  .onn 0 . 0 0 0j?-noo 7̂ 449--AOQ-
0̂ 000 
t.7^2. 3.09fi 
1 .0 0 0  
1 .0 0 0

± !S L
olooo■ .ofig

VrnVn
4 #  
1 .000 
1 .000

, r r . r \ir.« » I. o.ouo i».tï7iO' o.ono ?_82* n.ono 1-449 ?)nnn ?_*?*
J.4̂ 4OiCOn o.ooo 1.857 n.nnn 7-#?p4.000 7.193

7.6;* 2.619
1 .0 0 0  1 ,0 0 0

2.4491.B52
1,0 0 0.

o.ooo3.098
1 .000

4.000 4.899 
l.ODO

n.nool.nool.ono
2.1911.000
1 .0 0 0

2.1911.000
1 . 0 0 0

?.nnol.OOn
1 . 0 0 0

7.828 1 .COB 
3 .0 0 0

?.onn l.oon t .nnn
7.01)0 7.97kl.noo l.ono 
1 .000  1 ,000

PRESENT TRACING AT LEAST 50 PERCENT LONGER T%AN PREVIOUS AVERAGE. ASSIGN HIGH NEIGHT TO PRESENT TRACING C»> PFYPNP>AXF
>-

\

*

/ 6  O P

0.000

500

9«3

6*7

1.167



1.167

1.SC3

2 .noo

- f

2.583

2.667

r k .&*' -- vj • 'êS5

SYMBOLS X BEPPESKNT XVE&XGE Of 'ÜwlsEMIAXES Of FOLLOklWC PLATES 
 BAtaaXL I.PVFB IP» I I«q,7n P B nJE fT rn  a i . t t  « 7»;i T :  x ii .

projected'SLIT 4 35X.35 fU ,
P H n .trrT rn  b i . t t  » 7 nx i n  m i

PROJECTED SLIT ■ 62% 6j RÜ
BBn.irfTrn_«t.Tr - mi

. ABELLI73S; 
» » i r t . T . 1 T 7 <

VOS LEVER ARM m 199.30 
J.EXEK-iBH *_106.A7

ABELL1775' 
■ -ABE1.M77S-,:

PS5719
Rÿ6:6t

LEVER ARM n 104.07 
■LrVEB ARM »_5.1.86..



S':

87

APPENDIX 3: INTRODUCTION

The fo llo w in g  appendix deals very  b r ie f ly  w ith  the dynamical argu

ments used to  construct the King models. Only the essentia l ideas are 

presented, aTong w ith  some o f the more important equations. The actual 

descrip tion  o f  the construction  o f a King isothermal model is  to  be 

found in  King's o rig in a l paper o f 1955.

[ ■

1
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APPENDIX 3: MATHEMATICAL BACKGROUND FOR STAR CLUSTERS

A fte r  a long enough tim e, an iso la ted  c lu s te r o f  s ta rs w i l l  be
■ r

in  complete s ta t is t ic a l e q u ilib r iu m . Indeed, even the r ich e s t s ta r 

■lusters w i l l  be in  s ta t is t ic a l equ ilib rium  in  th e ir  centres. 

Cha«drasekhar (1950) and Freeman (1975) have shown th a t the mean 

freepath o f  à s ta r in  a c lu s te r  is  many times the radius o f  the c lu s te r . 

Therefore, spa tia l mixing is  more important than re laxa tion  through 

s te l la r  encounters. Chandrasekhar (1960) has also shown th a t the 

s truc tu re  o f a s ta r c lu s te r is  c lo se ly  represented by a so lu tion  o f 

the encounterless L io u v il le  equation, w ith  the s te l la r  encounters 

producing a slow evolution from one so lu tion  to  another.

-The general so lu tion  to the steady-state  encounterless L io u v il le  

equation was given by Jeans (1915). The d is t r ib u t io n  function  in  

phase space must be expressib le as a func tion  o f  the is o la tin g  in te g ra ls  

o f  the equations o f motion o f  a s ta r. For the case o f  spherical symmetry 

in  p os ition  space the only known is o la tin g  in te g ra ls  fo r  a general 

p o ten tia l function  V (r) are the energy and angular momentum per u n it  

mass, .

E = l/2 v ^  + V (r) 

and 

h.= rv,.

;<'.i
(1)

(2)

In the above, v is  the magnitudes o f  the v e lo c ity  and v^, i t s  

tangen tia l component. Even a f te r  spec ify ing  these in te g ra ls , Jeans’ 

theorem permits a very la rge  range o f  c lu s te r  models. 'One needs only 

to  glance a t real c lu s te r  and galaxies to  see th a t there are strong

%
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s im ila y it ie s  between one object o f  a given class and o thers. The real 

c lu s te rs  and galaxies are best described by a p a r t ic u la r  set o f d i s t r i 

bution func tions . I f  one assumes th a t a t the re laxa tio n  time a t the centre 

o f a galaxy is  a small fra c t io n  o f i t s  age, i t  is .n a tu ra l fo r  s te l la r

encounters to  provide the reg u la riz ing  mechanism in  ga lax ies. One approach
 ̂ »

to  the problem is  to  ask th a t the s te l la r  encounters determine a v e lo c ity

d is t r ib u t io n , which then in  tu rn  determines the spa tia l c h a ra c te r is t ic s ’

o f the model. This approach has been used by a number o f  inve s tiga to rs

(Chandrasekhar 1950; S p itzèr and Harm 1958; King 1956), each o f whom

chose somewhat d if fe re n t v e lo c ity  d is tr ib u t io n s .
.

The remainder o f  th is  discussion fo llow s the work o f King.

To s ta r t  w ith , consider the id e a l, but unatta inable Gaussian v e lo c ity  

d is t r ib u t io n . This d is t r ib u t io n  has "been shown by Chandrasekhar (1950) to 

lead to  a density  d is t r ib u t io n  th a t corresponds to  an isothermal gas 

sphere. The model has a to ta l mass th a t is  in f in i t e ;  when r  is  la rge , 

the mass contained w ith in  th a t radius increases in  d ire c t p roportion 

to  r .  In fa c t ,  the Gaussian d is t r ib u t io n  could have been re jected 

i n i t i a l l y ,  as a c lu s te r  o r galaxy cannot re ta in  stars whose v e lo c ity  

exceeds a f in i t e  escape v e lo c ity . What is  needed is  a v e lo c ity  d is t r i 

bution th a t w i l l  be produced.by s te l la r  encounters, ye t drops to  zero 

a t a f in i t e  l im it in g  v e lo c ity . The mechanism fo r  so lv ing th is  problem 

was provided by Chandrasekhar (1943), who introduced the Fokker-Planck 

equation in to  s te l la r  dynamics to  ca lcu la te  the e ffe c t o f encounters on a 

v e lo c ity  d is t r ib u t io n . The Fokker-Planck equation is  a d if fe re n t ia l 

equation invo lv ing  the p ro b a b ility  func tion  governing the occurrence 

o f a v e lo c ity  a t a given tim e. The p ro b a b ility  function  must s a t is fy  

the d’if fu s io n  equation:
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(3)

where q is  the d if fu s io n  c o -e ff ic ie n t and w is  the p ro b a b ility  func tion .

To describe the v e lo c ity  d is t r ib u t io n  in  a c lu s te r , Chandrasekhar 

found a steady-state so lu tion  o f the Fokker-Planck equation w ith  a f in i t e  

cilt$ o f f  v e lo c ity . He used th is  so lu tion  on ly to  determine the ra te  o f 

escape o f s ta rs , and not the v e lo c ity  d is tri-bu tion  e x p l ic i t ly .

Sp itze r and Harm (1958) tabulated the steady-state v e lo c ity  d is t r i 

bution and attempted to  use th is  d is tr ib u t io n  to  derive a c lu s te r  model 

but were unsuccessful. No matter what they chose fo r  the centra l value 

o f  the p o te n tia l, .the density  o f th e ir  model went to zero a t some f in i t e  

value o f  the rad ius , con trad ic ting  th e ir  id e n t if ic a t io n  o f  the cu t o f f  

v e lo c ity  w ith  the escape v e lo c ity  o f  the c lu s te r .

In the approach used by King (,1956), the model is  constructed by 

choosing a v e lo c ity  d is tr ib u t io n  a t the centre o f  the model o f the form.

f ( o , v ) j r  k [e xp (-o^v^)-exp (j‘^v/■ )].2., 2. (4)

where v^ is  the escape v e lo c ity  and j  is  given by 

= 2/3<v>^, • (5)

where <v> is  the mean v e lo c ity  o f  a Maxwell-Boltzmann d is t r ib u t io n . 

The energy in te g ra l fo r  a s ta r is  - . ■

E = l/2 v ^ ,+  V (r) (5)

I f  one le ts  V (r) equal zero a t the surface o f the c lu s te r , a s ta r 

w ith  zero energy then is  barely able to  reach the surface. The escape 

v e lo c ity  is  thus given a t any 'po in t by

'Vg = -2V (r) . (6)

? :



y.

91

Above zero energy, f( v )  is  taken to  be zero since sta rs o f p os itive  

energy have Reaped from the  c lu s te r . Tidal d is to r t io n  o f the shape 

o f  the c lu s te r has been neglected in  the d iscussion. I t  a ffe c ts  only 

the outermost regions and is  taken in to  account by applying perturbation  

theory a t a - la te r  stage.

In terras o f  E, the d is t r ib u t io n  function  a t the centre o f  the 

c lu s te r  is

f(o ,v )  = k (exp (-2 j •V (o))[exp{-2E j ) - l ] .  (7)

But according to Jeans' theorem, the d is t r ib u t io n  function  must be the 

same a t a l l  po in ts ; there fo re  a t any point the d is t r ib u t io n  is  o f  the 

form.

f ( r , v )  = k (e x p (-2 j^ (V (r)-V (o ))[e x p [- j^ v ^ ]-e x p {- j^V g ^ )] (8)

Equation (8) is  o f  the same form as equation (4 ) . That is  the v e lo c ity  

d is tr ib u t io n  a t every po in t w ith in  the c lu s te r is  the appropriate steady- 

s ta te  so lu tion  to  the Fokker-Planck equation fo r  the v e lo c ity  cu t o f f  

th a t applies a t th a t p o in t. S te lla r  encounters are au tom a tica lly  taken 

in to  account everywhere in  the c lu s te r , riot only a t the centre.

The density a t any p o in t is  found by in te g ra tin g  the v e lo c ity  

d is tr ib u t io n  f ( r , v )  w ith  respect to  v e lo c ity . As a s im p lif ic a t io n , the 

fo llo w in g  subs titu tion s  are made.. » -

w = -2 V (r)jZ  (9)

and

' '  n = jZyZ _ ' (10)

However, in  performing th is  s u b s titu tio n , one no longer has an 

equation fo r  the density  in  terms o f po ten tia l (and hence ra d iu s ), but
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as a func tion  o f the va riab les w and n. The w(r) re la tio n  is  solved 

by using Poisson's  equation

;> ■ no)

In terms o f a dimension!ess radius R (s , equation (10) maybe
’"core

re w ritte n  as

Upon s u b s titu tin g  fo r  a power series fo r  the function  o f w(R), one

w i l l  obta in values o f r  which w i l l  be close to  r  „  i f  the centra lcore
value o f  the equation (11) is  set to  -9 . Therefore, i f 'o n e  sets the 

constant term on the righthand side o f  (11) to  -9 , one only needs the 

re la t iv e  values o f the density  and not the  density  i t s l l f ;

The ca lcu la tio ns  to  obta in  the re la t io n  between in te n s ity  and radius 

are performed from equation (12) on the basis th a t the dens ity  is. re la ted  

to  the d is t r ib u t io n  o f  l ig h t  w ith in  the c lu s te r . These caTculations are - 

found in  King (1966). The in te rested  reader may consu lt th a t paper
. J, ‘ : ■

fo r  fu r th e r  d e ta ils .

The re s u lt in g  models are m od ifica tions o f  an isothermal gas sphere. 

Near the centre th e ir  dens itie s  are very close to  isotherm al, but pro

jec ted  i t  f a l ls  below the isothermal, curve and drops to  zero. The pro

jected dens ities  are shown in  Figure A-1 (taken from Figure 1 o f  King 

1966), where the*surface dens ity  is  ca lle d  f .  The q ua n titie s  f  and r

are u n itle s s  ra tio s  o f  the centra l values f  aqd r  resp ec tive ly .• . 0 core ^
The cui^es are labe lled  w ith  the values o f  the parameter c .
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Figure A-1. The fam ily  o f K ing's isothermal spheres, p lo tted  in  terms 

o f brightness re la t iv e  to the cen tra l brightness and radius in  terms 

o f  the ‘ core rad iu s ' lo g a r ith m ic a lly .

*
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APPENDIX 4: PROGRAMME REDUCE

The programme REDUCE uses as inpu t a datSr f i l e  conta in ing the

points de fin ing  a standard King model (c = 2 .25 ), and points d e fin ing

the average in te n s ity -ra d iy s  p ro f i le  produced.by PROFIL. I t  then
;

scales the King model in  both radius and in te n s ity  and compares the 

observed, data points to  the f i t t i n g  King model. The best f i t t i n g  King 

model is  p rin ted  o u t, a l is t in g  o f the programme is  given below, as is  

a l i s t  o f the inp u t data cards.

Input Data Cards (In  Order)

COMMENTSNAME FORMAT # CARDS

NPKR,
NPGR,

NPKB,
NPOB

4(2X ,I3) 1

KINGR 10F8.3. <20

KINGS 10F8.3 <20

OBSR - 10F8.3 <20

OBSB . 10F8.3 <20

RCORE F5.2

\

1

BVALU
AXIS.

. NSTEPS, 
VALUE,

\
FID.3. 3X. 13, 
3X, A5, 3X,

PLATE F5.0, 3X. AG

-number o f points in  the 
standard King model and 
the observed p ro file s

-the  ra d ia l values o f  ; 
the King model

-the  in te n s ity  values 
o f the King model

-the  ra d ia l value o f 
the data points

- th e T i^ te n s ity  values 
o f t h ^ a t a  points

-the  value o f  the core 
radius o f the King • 
model.

-the  rain, value o f  in te n s ity  
to  s ta r t  sca ling  process; 
the number o f  steps fo r  the 
sca ling . The semi-axis 
being f i t t e d .  The maximum 
value o f  in te n s ity  and the 
name o f  the galaxy.



r

\

ciStrrdure 
/l:sl
C TH!E S -A
C l'ATA AS f;C'i.‘CEP '-Y
c C-.kii-CH. THIS fF,D3SA-,H; TAKES THE CUTFUTTEIi '

,T6 FEOrt 'fRÛrILE' (FSfhaTJLOEIO'RSIiIOS FrOH CEMEE» 
LGGIO'.IHTEHSITTjIN AEBITMET UNITS)) l KES THE FOLLE

TH THE PEî'UCTIQN Of 
■HE FFOSF.AHHE 'FFOFILE' Cf

1) COHvERTS THE LOG L'ALUES TO EARTEASIaH CO-ORüS.
21 NORMALISES THE RADIAL VALUE 10 THE CESERV3 RADIAL 

SIZE Or EACH SPECIFIC CENTRE OT LIGHT.
3! fERFDRHS A DO LOOP WHERE A BEST FIT IS ACHIEVED 

PORCHE INTEKSin OF THE SYSTEM.
4) -.A CUBIC SPLINE IS USED TO FIT THE OBSERVED DATA 

TO A STANDARD KING MODEL WITH (RTII-AL/RC0RE)=2.25 
. .5). PERFORMING STEP (3) WITHIN THE DO LOOP WILL GIVE 

DIFFERENCE BETWEEN RING'S VALUES I  THE OBSERVED 
VALUES AS DETERMINED BY 'PROFILE', -THE 
DIFFERENCE GIVING, EVENTUALLY A LEAST-SOUARES 
-  THE LOWEST VALUE OF THE LEAST-SOUARES FIT BEING CONSIDERED 
THE BEST FIT.

PROGRAM REDUCEIDATAl,OUTPUT,TAFE5=DATA1,TA-E6=0UTPUT)
DIMENSION KKAD(155),KBRT(135),ADUH?(TS5),CIHJM?(I60),RATIQ!50)

1 ,RABIUS(100),BRTN3S(100),RADKS!T53),CHI(5C)
2 ,BNQRM(50,15S!

DIMENSION CNORM(155),YVALUSt75),RKLOG(155),#OG(I55)
DIMENSION KINGR(I55),KINGB(1SS),OBSR(10D),(^5B(100)
COMMON LA5Tl,LA5T2,LAST3,LASfA 
REAL LRAI'K,LBRTK,KRAD,KBRT,LOGR,LOGI,MAitf'AD,MA)(BRT 
COMMON YVALUS(75)
REAL KINGR, KINGB, OBSR, OBSB 
READISill) NPKR, NPKB, NPOR, NPOB

11 F0RMAT(4(2X,I3))

THE NEXT PART OF THE FROGRAMME^ILL READ IN THE DATA 
AND TAKE THE ANTI-LOGS OFJOT THE 
RADII AND INTENSITIEB-WOOTH THE KING MODEL AND THE œStKvnrcÂîA------

/

C --------—  KING MODEL —
N=1
DO 3000 J= li20 
NN=HF?
READ(5,1007) (KINGR(I),I=N,NN)

1007 F0RMAT(10F8.3)
. IF (KINGR(NN).EQ.O) GO TO 3001 

N=NF10
3000 CONTINUE
3001 CONTINUE

DO 770 1=1,NPKR 
IF(KINGRd).NE.O) GO TO 770 
LAST1=I-1 
GO TO 7B0 

770 CONTINUE 
760 DO 750 1=1,LAST1 

ADUMP(I)=KINGR(I)
750 CONTINUE

KRITE(é,1032) ,
1032 FORMAT(////////,20X,'THE RADIAL VALUES OF THE KING MSfiEL 

WRITE(0,1033) (ADUMP(J).J=1,LAST1)
1033 FORMAT!/,2X,10F8.3)

CALL RADUS(MNGR,KRAD,LAST1)
C -----------  NOW FOR THE KING MODEL INTENSITY-----------------

K=1
DO 2000 J=l,20 
KK=KF9
READ{5,1107) (KINSB(I),I=K,KK)

1107 F O R M A T (1 0 F S .3 )___________________________________
• IFIKINGB(KK).ED.O) GO TO 2001 

K=KF10 
CONTINUE 
CONTINUE 
DO 730 I=1,NPKB 
IFtKINGB(I).NE.O) GO TO 730 
LAST2=I-1 
GO TO 740 
CONTINUE 
DO 720 I=1,LAST2 
ADUMP(I)=KINGB(I)
CONTINUE 
URITE(6,16341
FORMAT!/////,20X,'THE VALUES OF INTENSITY FOR THE*

1 , IX,"KING MODEL ARES')
WRITE(6,1635) !ADUMP!J),J=1,LAST2)

1635 FORMAT!/,2X,10F8.3)
• CALL BRGTNS(KINGB,KBRT,LAST2)

C-----------------SAME AS ABOVE BUT NOW FOR OBSERVED DATA---------------
M=1
DO 5000 J=l,15 
MM=Mf9
READ!5,1207) !OBSR!I),I=M,MM) , * •
FORMAT!10F8.3)
IF !OBSR!)?Ml.ED.O) GO TO 5001 
M=MP1Q
CONTINUE V
CONTINUE 
DO 870 1=1,NPOR

/

(RES')

2000
2001

720

1634

1207

5000
5001



St»D(5.1207! (CBSK(I)fl-flTfiM) '
1207 FCWAT<10F8.3)

IF  (QBSRtHKJ.ES.O) BO TO 5001 M=MF10
5000 CONTINUE
5001 CONTINUE

50 870 1=1fNPOR 
IFtOBSStD.NE.O) GO TO 870 
LAST3=I-1 
GO TO S90 

870 CONTINUE 
890 DO 850 I=1,LAST3 

C5Ü)(?(I)=03SR(I)
850 CONTINUE

NRITE(6.1Q34)
1034 FQ E KAT(/////i20X .'TH E RADIAL VALUES OF THE OBSERVED DATA ARE:') 

MRÎTE(6,1035) tCDUNP(J),J=l,LAST3)
1035 F0RHAT(/,2Xil0F8.3)

CALL- EADUS(DB3R.RAPIU3.LAST3)
CALL MAX(RADIUS,RMAX,LAST3)

C .
L=1
DO 6000 J=l,15 
LL=L+9
R£A5(5,1307) (0 5 S B lI) r I= l, lL )  ■

1307 F0RMAT(10F8.3)
IF(OBSB(LL).EO.O) GO TO 6001 
L=L410 

6000 CONTINUE 
6001- CONTINUE

DO 960 1=1,NPOB 
IF(OESB(I).NE.O) BO TO 960 
LAST4=I-1 
GO TO 970 

960 CONTINUE 
970 BO 930 I=1,IA5T4 

CDUKP(I)=GB5B(I)
980 CONTINUE 

œiTE(6,1332)
1332 FO R M AT!/////,20X, 'THE INTENSITY VALUES OF THE'

1 , IX,'OBSERVED DATA ARES')
aSITE(6,1333) (CDUMP(J),J=1,LAST4)

1333 F0RMAT(/,2X,10F8.3)
^  CALL BRSTNS(0BSB,BRTNSS,LAST4)

C NOW TO NORMALIZE THE KING MODEL AS TO RADIUS AND TNTFWSTTY.________
C The core RADIUS IN THE KINS MODEL IS SET TO RCORE 
C THE '̂oKERVATIONS SCALE THE ) IhB mODEL TO THE

, R£AD(5,22) RCÔRE
22 FDRMAT(F5.2) - ■

DO 10 II=1,LA5T1 
RADK5(II!=KRAl!(II)»RC0RE \

-  - IF(RABKSCII).LE.RMAX) GO TO \o ^
IENB=II--------------------------------- ' ------- ^
GO TO 12 r

10 CONTINUE ".47
12 CONTINUE

C NEXT TO NORMALIZE FOR THE INTENSITY-ONE HANTS TO HAVE A READ-IN
C VALUE SET EQUAL TO THE MAXIMUM INTENSITY, BUT ONE WISHES TO STEP.

; ■ C • THROUGH A NUMBER OF INTENSITIES, TO GET A BEST FIT,

READt5,10I) BVALU, NSTEPS, AXIS,UALUE,PLATE ‘
101 FORMAT(F10.3,3X,I3,3X,A5,3X,F5.0,3X,A6)

BHOLD=BVALU 
; - STEPS=F10AT(NST£PS)

\  DELTA=(VALUE-BVALU)/STEPS
DELHLD=DELTA 
DO 50 .KK=1,NSTEPS 

: EALL_MAX(KERT,MAXBPT,IEND)
DOlS II=1,IEHD 

; BNORMtKK,II)={BVALU/MAXBRT)tKERT<JI)
■ CN3RM(II)=BK0RM(KK,II)

15 CONTINUE
CALL INTPRL(6,IEND,RADKS,CN0RM,LAST3,RADIUS,YVAIUS)
CALL CHISD(YVALUS,BRTNSS,LAST3,CHIQNE)
CHItKK)=CHIONE 
RATIO!KK)=CHnKK)/EVALU 
BVALU=BVALURDELTA 

; 50 CONTINUE
I KM1N=1
' XMIN=RATI0U)

DO 51 KK=1,NSTEPS '  •
IFIXMIN.LE.RATIOIKK)) GO TO 51
XHIMATIDIKK)

• KMIH=KK 
i 51 CONTINUE

DO 8 1=1, TEND 
t RKLOG(I)=AL0G10(RADKS(D)
; BKLOG(I!=ALOG10(BNORM(KMIN,I))

8 CONTINUE
! C

C NOW TO WRITE EVERYTHING OUT.[.
. WRITE(6,80) .

WRITE(6,81)
V!RITE<6,82) (RADKS(II),BN0RMCKMIN,II),RKL06!II),

1 BKLOSni),11=1,TEND) .
URITE(6,S3) AXIS, PLATE 
»RITE(6,B4)
WRIT£(&,88) (RADIUSU) ,BRTNS5U) ,OBSRU) ,OBSB(J), J=1,LAST3)

80 F0RMAT(///,25X,'THE VALUES FOR THE NORMALIZED KINS MODEL ARE
81 FORMAT;//,15X,'RADIU5(ARC-SEC.) ' , lOX,' INTENSITY',lOX,

r  10X,'10S(RADIUS)',10X,'LDG(INTENSITY)') ..............
02 FDRMAT(/,16X,F10.4,14X,F10.4,18X,F10.6,12X,F10.6)
83 FORMAT;///,25X,'THE VALUES OF THE TRACING OF',IX,AS,

1 IX ,'AXIS , OF THE CLUSTER ',A 6 , ' ARE: ' )
84 F0RMAT(//,15X,' RADIUS!ARC-SEC.) ',B X ,' INTENSITY ' ,

1 10X,'LOGtRADIUS)',10X,'LDG(INTEHSITY)')
88 ■ format;/,16X,F10.4,14X,F1Q.4,IOX,F1Q.6,12X,F10.6)

U D T T C /i.O ^\ AYTC

1 1 ? "
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URITE(é,83) AXIS, PLATE 
WRITEté.BA)

-  «RITE(é,Sa) (RA5IUS<J)iBRTNSSU),0SS!î{J)iDÎSB(J),J=l,LAST3) 
FDR«AT(///,25X,'THE VALUES FER THE FCRPALIZEI- FINS MODEL fiREj’ ) 
FCRMAT(//,15X,'RADIUS(ARC-SEC.)',10X,' ÎHTEHSITY’ -WX,

1 10Xt 'LQÛ(RAÎIUS)MOX,*LOB(IKT£N3ITT)'.)
F0R«ATCy,î6XiF10.4,lAX,FlO.4,18X,F10.i,12X,F10.6i 

■ F0RMAT(///,25X,'THE VALUES Or THE TRASIN3 OTMX.ASt '
1 IX ,'AXIS, CF THE CLUSTER ',A 6 , ' ARE: ' )

F0RMAT(//,15X,' RADIUS!ARC-SEC.) ',8 X , ' INTENSITY ' ,
1 lOX,'LDG!RADIUS)* , lOX,'LOCtlNTEHSITT)‘ ) 

FÛS«ATt/,i6X,F10.4,HX,F10.A,lDX,F10.è,12X,F10.é)
IfRITEtéiBS) AXIS
WKITE(4,Î9) RCORE 

99 FORMAT!/,25X, "WITH A C0% RADIUS OF S F 5 .2 ,' ARC-SECS.')
85 FERMAT!/////,lOX,"THE UM.UE OF THE HUOEUS ERIEHTKESS AND THE',

2 IX,'bTil.TEV.tEK fiKt'i//,JiX,''H)K'l)iE •,ix,A3,ÏX,''AxIbT' 
iiR ITE!6,8i)

86 FCMATI//,llX,'NiJCLEUS INTENSITY*,27X,'5TANÎ'A?I' DEVIATION',
2 BX,‘  RATIO OF KV./KCENTRE) ' ,  //,12X,'tNOF.M^lOOO.O)')

DO n u  KK=1,K5TEPS
WRITE(6,87) BHOLD, CHKKK) ,RATIO(KK)

87 FORMAT!/,15X,F10.5.26X,1FE1B.4«18X,1FE12.5)
BHOLD=BHOLD i  DELHLD

u n  CONTINUE 
STOP 
END

C
C THESE ARE THE SUBROUTINES WHICH FOLLOW.
C

SUBROUTINE RADUS(LRAD,RAB,KP)
C THIS ROUTINE FINDS THE ANTI-LOG OF THE RADII.

REAL LRAD
DIMENSION LRAD(HP), RAD(NP)
DO 15 IJ=i,HP
RAD!IJ)= 10.»t!LRAD(IJ)) -t

15 CONTINUE ,  , • ■
RETURN . ^
END ^

SUBROUTINE ERGTHSdBRT ,BHT,HP>
: THIS ROUTINE TAKES THE ANTI-LOG OF LDRT

REAL LEST
DIMENSION LERT(HP), BRT(NP)
DO 20 JJ=1,NP 
BRT(JJ)= 10.«!LERT(JJ))

20 CONTINUE . •
RETURN 
END

SUBROUTINE HAX(X,XMAX,NP)

DIMENSION X(NP)
XMAX=0.0 
DO 111 KI=1,NP 
IF(XMAX.LT.X(KD) GO TO 110 
CO TO 111

110 XMAX=X(XI)
111 CONTINUE 

RETURN-
END . .

THIS^RmipJ^FINDS^THpCM^^^ THE SPLINE FITTING .

DIMENSION IHTPOL(NTP), BRTNSS(NTP)
CHI=0,0 ■
DO 8 NN=1,NTP
CHI=CHH( IERTNSS(NN)-INTFOL!HN) )« 2 .  ) 

a CONTINUE - .
VAR=CHI/!NN-1)
STDDEV=SQRT(VAR) /
RETURN /
END

SUBROUTINE IKTPRL(IU,L,X,Y,H,U,vr 
■ DIMENSION X(L),Y(U,U(H),V(N)

Y-VALUES at a given X POSITION 

C BY A SPLINE ON THE R E A D 'lN % L U M % "? Y IL U

- REAL M1,M2,M3,M4,M5
EQUIVALENCE (UK,DX),(Itÿ!,X2,Al,Ml),!IMX,X5,A5,M5),

1 IJ,SU,SA),!Y2,W2,H4,02),(Y5,W3,Q3)- 
C SETTING UP.

10 LO=L 
LM1=L0-1 
LM2=LH1-1 
LP1=L0+1 
NO=N
IF!LM2.LT,0)
IF(NO.LE.O)
DO 11 I=2,L0 
IF (X !I-1 )-X (I))

11 CONTINUE 
IPV=0

C MAIN DO LOOP.
DO 80 K=1,N0 

C TO LOCATE THE DESIRED POINT.
UK=U(K)'

. 20 IF(LM2.E0.0) GO TO 27
- IF(UK.6E.X(L0)) GO TO 26

GO TO 90 
GO TO 91

11,95,96

I

I
.3

I
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• V

Bt A SFLIKE ON T (î RtAB IN VÀLüES'x I lI  S T (L).

REAL Mlih2ih3ïhAi(1S
EQUIVALENCE (UK,M),(IMN,X2,AI,Mn,(IMX,X5,A5,M5] 

1 (JiSUjSA)i(Y2iU2.«4.021,(r5.U3.03)
SEniNS UP.

10 LD=L 
LM1=L0-1 
LN2?Utl-l 
LP1=L0E1 KO=N
IF(UC.LT.O) GO TO ?0 

. : IFtNO.LE.O) GO TO 91
■' DO 11 1=2,LO 

V IF ( X ( I - l ) - m n  11,95,96
11 ■ CONTINUEIPV=0̂
NAIN DO LÔOP.

DO 80 K=1,N0 
TO LOCATE THE DESIRED POINT.

UX=UiK)
IF(LK2.ED.O) GO JO 27

VALLE.

20

21

23

IF(UK.GE.X(L% GO TO 26 
IF lUK .LT.Xd))? GO TO 25 IKN=2 
IHX=LO
I=lINN+I«X)/2 
IFîUK.GEIXd)) GO TO 23 
IKX=I 
GO TO 24

23 IHN=I«
24 IF(IHX.GT.IHN) GO TO 21 

I=INX
GO TO 30

25 1=1
GO TO 30

26 I=LP1
GO TO 30

27 1=2
C CHECK TO SEE IF I=IPV.

30 IF(I.EO.IPV) GO TO 70 
IPV=I

C ROUTINE TO PICK UP NECESSARY X AND Y VALUES AND 
C TO ESTIMATE THEN IF NECESSARY._

40 J=I 
IF (J .E Q .l) J=2 
IF(J.'EO.LPl) J=LO 
X3=X(J-1)
Y3=Y(J-1)
X4=X(Jt
Y4=Y(Jt 
A3=X4-X3 
N3=(Y4-Y3i/A3 
IF(LN2.ED.O) GO TO 43 
IF(J,E0.2) GO TO 41 

■ X2=X(J-2)
Y2=Y(J-2)
A2=X3-X2 
N2=(Y3-Y2)/A2 
IF(J.EO.LO) GO TO 42

41 X5=X(JFI)
Y5=Y(J+1)
A4=X5-X4
H4=(Y5-Y4)/A4

42

43

45

46
47

48
[  _KUMERjC%

IFÎôvÊâTIr-«=ft34fVj-hN ' 
GO TO 45 
M4=«3fM3'N2 
GO TO 45 
N2=M3 
M4=M3
IF(J.LE.3) 60 TO 46 
Al=X2-X(J-3)
H1=(Y2-Y(J-3)J 
GO TO 47 
M1=M24M2;M3
IFCO.GE.Lhl) GO’ TO 48 . 
A5=X(J«)-XS 
H5=(Y(J+2)-Y5)/A5 
GO TO 50 
M5=M4fN4-N3.v

ilV A l

, nrPT

50

51

52

53

Fd.ED.LPl)
W2=ABS<H4-N31
H3=ABS(M2-N1)
SW=B2IW3
IFtSN.NE.O.OI
«2=0.5
«3=0.5

GO TO 52

GO TO 51

S«=1.0 \
T3=(M2»N2«3>N3)/S« \
IF (I.E O .l) GO TO 54 ■
«3=ABSCN5-N41 
«4=ABS(H3-N2J /
SW=W3T«4 J  -
IF(SW.NE.O.O) GO TO 53 
«3=0.5 7
«4=0.5 I___
S«=1.0 — "
T4=(W3*N3T«4*M4)/SW
IF(I.N E.LP l) GS TO 60
T3=T4
SA=A2+A3
T4=0.5»(H4+K5-A2*(A2-A3>»(N2-M3)/(SAtSAt)XW4
Y3=Y4
A3=A2
M3=M4
GO TO 60



GO TO 30
2t\ i-m  

so TO 30
27 1=2

C CHECK TO SEE IF I=IPV.
30 IFh.EO.IFV) GO TO 70 

IFU=I
C ROUTINE TO PICK UP NECESSARY X AND T VALUES AND 
C TO ESTIMATE THEM IF  NECESSAJfY,

40 0=1 
IFCJ.EQ.l) 3=2 
IF(J.EQ.LPl) 0=LQ 
X3=Xt>15 
Y3=Y(J-1)
X4=X(J)

. Y4=Y(J!
A3=X4-X3 
H3=tY4-Y3)/A3 
IF(LM2.ED.O) SO TO 43 

■\ IF (J .£0 .2) GO TO 41
X2=X(J-2)
T2=t(J*2i _
ft2=X3-X2.
M2=tn-YJ)/ft2 
IF(J.EO.LO) GO TO <2

41 X5=X(J+1)
Y5=Y(J«)
A4=X5-X4
M4=(Y5-T457A4

43

45

A

\ k
GO Tfl 51

iP<
GO TO 45 
M=n34M3-M2 
GO TO 45 
m2=M3 
M4=M3
IF(J.LE.31 GO TO 4t 
Al=X2-X<J-3) -
Kl=tY2-Y(J-3n/ftl .
GO TO 47- 

44 «1=«24M2-H3
47 IF(J.GE.U41) 00 Tfl 4B 

A5=X(J«)-X5 
H5=(YtJ+2)-Y5)/A5 
GO TO 50 

4B- M5=(f4«4-H3

«2=A'BS<M4'«3)
«3=ABS{«2-H11 
SW=W2TW3 
IF(SU.NE.O.O)
W2=0.5 .
W3=0,5 

"  . 511=1.0
51 T3=1«2»M2+U3JM3>/SW 

IF U .E O .l) GO TO 54
52 W3=ABS(N5-H4)

«4=ABSC«3-H21
ai=W34«4
IF(Sa.NE.O.O) SO TO 53 

■ «3=0.5 •
. «4=0.5 
SU=1.0 .

53 T4=(«3*M3m*M4)/SW 
IF tl.N E .LP l) GO TO SO 
T3=T4

T4=0T5tlH44«5-fi24<ft2-ft3)»tK2-M3J/(SA»Sft})
X3=X4
Y3=Y4 .
A3=A2 
M3=M4 ■
GO TO 40

54 T4=T3 ^

T3=0.54(M14M2-A4*!A3-A4}t(M3-«4)/<SAtSAÎi
X3=X3-A4 
Y3=Y3-«2»A4 

. A3=A4 
H3=H2

C ■ DETERMINATION OF THE CO-EFFICIENTS.
40 B2=(2.0»(M3-T3)«3-T4)/A3

Q3=(-M3-H3+T3m)/(A3tA3)
COMPUTATION OlkJHE POLYNOMIAL.

70 DX=UK-PO
BO U(K)=0O«X»tDl«XYfB2«X*Q3)).

RETURN 
; IF ERROR. EXIT.

90

îS

• WRITE!lU,2090)
GO TO 99 - V
«RITE<U.209ll 
GO TO 99 
«RITEIIÜ.2095)
GO TO 97 
WRITEdU,20941 
WRITEUU.2097) I ,X I I )
HRITEIIUf2099) LO.ND_________________________—  " m m    - ■ :

C FORMATS.
2090 FGRMAT(1X./22H « *  L = 1 OR LESS./)

FDRMATdX.* ttt N=ODRLESS.') _

TSSB:'' !8
FORMAT!'  1= ', I7 ,1 0 X ,' X !I)=  '.E12.3)
FORMAT!IX.* L=*. I7.10X.* ’ N= '1 7 , / / , .

£  £

91

.95

99

2091
2095
2094

■2097
2099

1
/IDLE

•ERROR DETECTED IK SUBROUTINE IHTPRL') 
END

V
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APPENDIX 5: PROGRAMME MODEL

y

A fte r  a l l  4 -semi-axes o f  each nucleus have been f i t t e d  using the 

programme REDUCE (Appendix 3 ) , one obtains average values fo r  the core 

radius and the cen tra l in te n s ity .  The programme MODEL is  designed to 

scale a King model from the average core ra d ii and cen tra l in te n s it ie s . 

These model nucle i are then used to  construct the model system major 

ones and iso p la te s . ‘

A l is t in g  o f  the programme and the inpu t data cards is  given below.

NAME

NPKR, NPKB

KINGR

KINGB

■ RMAX 

/
RCORE

BVALU

Input Data Cards ( In  Order) . 

FORMAT #- CARDS COMMENTS

2(2X,I3)

10F8.3

10F8.3

F6:2

F5.2

F6.0

1

<20  , 

<20 

1 

1 

1

-The. number o f  pts 
(ra d ia l and i(fftens ity ) 
o f  the standard King • 
model'.

-The rad ia l values o f  
the King model

-The in te n s ity  values 
o f  the King model

-The.maximum extent 
o f the model desired

-average value o f  the 
■core radius

-average value o f  the 
cen tra l in te n s ity

Î

..

I
i



/

/

•olditiotiel
/list
C THIS PROGRAMME IS MADE FDR THE REDUCTION OF 
C DATA AS PRODUCED BT THE PROGRAMME 'REDUCE' AS 
C WRITTEN BY J. HAÏES. THIS PROGRAMME TAKES THE 
C DATA POINTS OF THE KINS MODEL AND NORMALIZES THEM TO 
0 THE OBSERVED CORE RADIUS AND CENTRAL INTENSITY.
C THE OUTPUT FORMAT OF THIS PROGRAMME IS THE SAME AS THAT 
C OF THE PROGRAMME 'REDUCE'.

PRDDRAM MODELdNPUT,OUTPUT,TAPE5=INFUT,TAPE6=0UTPUT) 
DIMENSION KRAD(155) ,KBRTM55) ,ADUMP(155) .CDUHPdOO)

1 ,RADKS(155) iBHORMdSSX 
DIMEtBMN KINBR(lS5><riNGBd55),RKL0G(155),BKLCE(155) 
COMMONCASPkWrnr 
REAL KRADiKBRT.MAXBRT 
REAL KINER, KINGB 
READ;5,11) NPKR, hPKB 

11 F0RHAT(2(2Xt13))

THE NEXT PART OF THE PROGRAMME WILL READ IN THE BATA
AND TAKE THE ANTI-LOGS OF BOTH THE
RADII AND INTENSITIES FOR THE KING MODEL. '

-KING MODEL,RADIAL WALUES-

1007

3000
3001

770
780

750

1032

1033

1107 ■

2000
2001

N=1
DO 3000 J=l,20 
NN=NP9

■ READ(5,I007) (KINGR(I),I=N,
F0RMAT(10F8.3)
IF  (KINERCNN).EQ.O) GO TO 3001 
N=NP10
CONTINUE i
CONTINUE 
DO 770 1=1,NPKR 
IF(KIHERtl).NE.O) GO TO 770 
LAST1=I-1 .
GO TO 780 
COmiNUE
DO 750 I=1,LAST1
ADU«P<I)=KINGR(I) ■ •
CONTINUE -• ■
WRITE(£,1032>
format; / / / / / / / / , 2 0 X , ’ THE RADIAL VALUES OF THE KING MODEL ARE:') 
WRITE;6,1033) ;ADUMP(J),J=1,LA5T1) I
FDRMAT(/,2X,10F8.3)
CALL RADUS(KINGR,KRAD,LAST1) i

'' C ------------------------- THE KING MODEL INTENSITY— —
K=1

. ' . DO 2000 J=l,20
KK=KP?
REAB(5,1107) IK IH G B (I),I=K iK K )

' FORHATI10F8.3)■
1F(KINGB(KK).EQ.0J GO TO 2001 
K=K«0 
CONTINUE- 
CONTINUE 
DO 730 I=1,NPKB
IKKINGEID.NE.O) GO TO 730 <'

730
740

720

1634
1

LAST2=I-1 
GO TO 740 
CONTINUE 
iS  720 I=1,LAST2 
ADbMP;i)=KINGB;i)
CONTINUE 
WRITE(6,1634)
FORMAT(/////,20X,’ TH£ VALUES OF INTENSITY FOR THE’ 
, IX , ’ KING MODEL ARE)’ )

. WRUECé.léSS) (ADUMP;j),J=l,LA5T2) 
1635 format;/,2X,10FB.3)

CALL BRGTNS;k INGB,KBRT,LA5T2)

23

X  IN ARC-SECONDS. THIS IS THEN USED TO SCALE THE KING MODEL. 
READ;5,23)RMAX
FOR«AT{F6.2> »
READ;5,22) RCORE 
F0RHAT;F5.2)
DO 10 II=1,LAST1.
RADKSIII)=KRAD(II)»RCQRE
if;ra d k s ;ii> .le .rm a x ) go to  lo
IEND=II 
GO TO 12

22

II

101

15

clNiLuL
NEXT TO NORMALIZE FOR THE INTENSITY. WE WISH TO SET THE CENTRAL 
INTENSITY VALUE OF THE KING MODEL TO A RELATIVE INTENSITY WHICH 
IS THE BEST AVERAGE OF THE FITTING PROCESS PERFORMED BY THE 
PROGRAMME 'REDUCE'.(IE, THE AVERAGE BEST FIT OF A KING MODEL AND 
OBSERVED TRACING).
READ(5,101) BVALU 

-FORMAT(F6.0)
CALL MAX(KBRT,MAXBRT,IEND)
DO 15 '11=1,lEND
bnorm( i i )=(bvalu/ maxbrt) « brt; i i )
CONTINUE 
DO 8 I=1,IEHD 
RKL0S(I)=AL0G10(RADKS(I))
.BKLOB(I)=ALQB10(BNDRM(I))
CONTINUE

NOW.TO WRITE'everything OUT.

WRITE(6,83)
WRITE(6,84) RCORE, BVALU •
WRITE(6,B0)
UOTTCfl.fli\

THE



V

2001

730
740

720

1&34

CtiKTIXUt
BO 730 I=1,N?KB
IF(KIK3BU).f,E.O) GO TO 750
LA5T2=I-1
SO TO 740
CQirriNUEDO 720 I=liLAST2
ftDun?(I)=KI*<EBtI)
CONTINUE
BRITEC6»lé34)
F0R}«T(/////,20X»*THE VWJJB OF INTENSITY FOR THE* 
, IX,"KINS KOBO, are; ’ )
4kITEI6,1635) (Ai'UnF<J),.tI,LAST2) Ii35 F0R!iAT{/,2Xt1CF3.3)
CALL ÈRBTNS(KINGB.KBRT,LA3T2)

23

22

101

15

8

IN ARC-SECONDS. THIS IS THEN USED TO SCALE THE KING MODEL.
READ(5,23)RNAX 
F0RMAT(F6.2)
READ(5t22) RCORE 
F0RMATIF5.2)
BO 10 IM .LA S T l 
RADNStII)=KRAB(II)YRCORE 
IFIRABNSdD.LE.RHAX) GO TO 10 
IEHD=II 
GO TO 12

K
NEXT TO NORMALIZE FOR THE INTENSITY. BE WISH TO SET THE CENTRAL 
INTENSITY VALUE OF THE KING NOBEL TO A RELATIVE INTENSITY WHICH 
IS THE BEST AVERAGE OF THE FIHINS PROCESS PERFORMED BY THE ,  
PROGRAMME 'REDUCE'.(IE, THE AVERAGE BEST FIT-OF A KING MODEL SND THE 
OBSERVED TRACING).
READ(5,101) BVALU 
FORHAT(Fé.O)
CALL MAX(KBRT,MAXBRT,IEND)
DO 15 11=1,lEND
BNORM!II)={EVALU/MAXBRT)*KBRT(II)
CONTINUE ,
DO 8 I=1,IEND 
RKLOG[I)=ALOG10(RADKS(D)
BKLOG{I)=AIQB10(BKORM(I))
CONTINUE

NOW TO WRITE EVERYTHING OUT.

WRITE(6,83)
WRITE(6,B4) RCORE, BVALU 
WRITE(i,SOi 
WRITE(6,81)
WRITE(6,B2) (RADKS(II),BNORM(II),RKLOG(II),

1 BXLOGiII),n=i,IENBl 
FORMAT!///,25X,'THE VALUES FOR THE NORMALIZED KING MODEL ARE)’ ) 
F0RMAT(//,15X,'RADIUS(ARC-SEC.)M0X,' INTENSITY’ ,17X,

1 ’ LOG(RAriUS)’ ,lC X ,’ LOG(IHTEHSITY)’ ) 
FORMAT(/,14X,F10.4,14X,F10.4,1BX,F10.6,12X,F10.4)
F0RMAT(//,2OX,’  THE MODEL GALAXY , USING A NORMALIZED’
,1X,'KING MODEL IS LISTED BELOW.’ ,/ / ,3 5 X , ’ NOTE! LQ810(R/RCORE)’ 
, ’  = 2.25 ’ )
FDRMAT(//,15X,' THE VALUE OF THE CORE RADIUS USED IS ’ ,F5.2>

1 ’  ARC-SEC. AND THE VALUE OF THE CENTRAL INTENSITY IS ',F6 .0) 
WRITE(6,98) (RADKS(I),I=1,IEND)
WRITE(6,9?) (BNDRM(I),I=1,IEND)

98 FORMAT(10F8.3)
99 FORMAT*10F8.3)

STOP
END

80
81

82
83

84

THESE ARE THE SUBROUTINES WHICH FOLLOW.

SUBROUTINE RADU5(LRAD,RAD,NP) 
THIS ROUTINE FINDS THE ANTI-LOG OF 

REAL LRAD
DIMENSION LRAD(NF), RAD(NP) . 
BO 15 IJ=1,NP 
RAD(IJ)= 10.«(LRAD(IJ))

15 CONTINUE 
RETURN

THE RADII.-

END

SUBROUTINE BRGTNS(LBRT,BRT,NP)
THIS ROUTINE TAKES THE ANTI-LOG OF LERT 

REAL LBRT
DIMENSION LBRT(HP), BRT(NP)
DO 20 JJ=1,KP . .
BRT(JJ)= 10.»*(LBRT(JJ))

20 CONTINUE 
RETURN 
END

SUBROUTINE MAX(X,XMAX,NP)
THIS ROUTINE FINDS THE MAXIMUM VALUE OF THE DATA SET INVOLVED AND 
CAUSES THAT MAXIMUM TO BE SET BACK TO THE MAIN PROGRAMME, 

DIMENSION X(NP)
XMAX=0.0 
DO 111 KI=1,NP 
IF(XMAX,LT.X(KD) GO TO 110 
GO TO 111 '

110 XMAX=X(KI)
111 CONTINUE 

RETURN
END • •

i *
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