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1. INTRODUCTION 

Colour gradients in elliptical galaxies and nuclei of spiral galaxies are often taken 
as indicative of chemical abundance gradients. Several of the globular clusters show 
similar colour gradients (Gascoigne and Burr 1956, Chun and Freeman 1979). Mar. 
tin (1938) has demonstrated that the red giants in w Centauri are more concentra. 
ted to the centre than the RR Lyrae stars. Kadla et al (1976) show that there is ra. 
dial change in ellipticity in several globular clusters. w Centauri is elliptical in form. 
Dickens and Woolley (1966) fmd that the flattening observed in the cluster can be 
explained by the observed rotation of the cluster. King (I 980) points out that the 
ellipticity in the inner parts of globular clusters, where the cluster is completely reo 
laxed, must be due to rotation. Hence a radial change in ellipticity in globular clus. 
ters may be indicative of radial differences in rotational velocities in the cluster. 
The structure and stellar content of a cluster are very closely interwoven. In old stel· 
lar systems like glol;)Ular clusters, one should expect mass segregation especially in 
the dense inner regions of the cluster. Hence the cluster should exhibit radial change 
in its luminosity function. We have studied the radial change in the distribution of 
giant branch stars and the horizontal branch stars in w Centauri. We show herein 
how the observed change in their distribution, is related to the radial change in the 
colour of the cluster and also the radial change in its ellipticity. 

2. RADIAL CHANGE IN COLOUR OF THE CLUSTER w CENTAURI 

Photoelectric spot measurements of the cluster w Centauri, were made along the 
major and minor axes in U, B, V, R and I bands using a diaphragm 40 arcsec in dia· 
meter. These spot measures are spaced 40" apart in the East·West direction and 60" 
apart in the North·South direction. Fig. 2.1 shows the way the colour (B-1) changes 
with distance from the centre of the cluster along the major and minor axes. The 
distances from the centre are given in arc minutes. The regions marked Bl and B2 
are 0.45 mag bluer than the centre. The red core extends out to a distance about 2 
arcrninutes from the centre. The extent of the blue Zone is from about 2' to 4' 
from the centre. Beyond B1 B2 , the cluster rapidly reddens in colour. The presence 
of kinks indicated by arrows signify concentration of bright red stars in this region. 
The same bright red stars produce the bumps in the brightness profile of the cluster 
as seen in the scans of Gascoigne and Burr (1956) and Scaria and Bappu (1981). 
These bumps are also seen on both the wings of the surface brightness profile of 47 
Tuc. The kinks in the colour profile are a common feature in globular clusters 
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(Strauss 1978). The outer Zone contains a large number of bright red stars and hence 
the surface brightness in this part of the cluster is dominated by the light coming 
from these stars. Similarly bright red stars dominate the surface brightness at the 
""entre. The blue stars appear in relatively large number only in an intermediate re­
gion. The effect of these 3 zones on the ellipticity curve will be shown later. 

3.-RADIAL CHANGE IN THE DISTRIBUTION OF BLUE HORIZONTAL BRANCH (BHB) 

STARS IN wCENTAURI 

The usual photometric method in identifying the BHB stars fail close to the cen­
tre, because of overcrowding. Hence, we employ a photographic subtraction me­
thod to separate out the horizontal branch stars in the cluster even at the very cen­
tre. In the C·M diagram, the BHB stars stand out as a distinct group of stars well se­
parated in colour from the main sequence and giant branch. Being a metal poor 
cluster, the red side of the RR Lyrae gap, is not well populated by stars. We have 
obtained photographs of the cluster in the B and infrared bands at the f/13 focus of 
the Kavalur 102 cm reflector. The exposures for the blue plate (103aO + GGl3) are 
adjusted in such a way that the plate limits are about 1.0 magnitude fainter than 
the apparent magnitudes of the BHB stars in w Centauri. The infrared plate (IN+ 
RG8) is exposed long enough for the red giants to register, but limited by the re­
quirement that the BHB stars do not appear on the plate. One thereby takes advan­
tage of the fact that these blue stars are 2 to 2.5 magnitudes fainter in the I band, 
than in the B band. The negative of the infrared plate (I) is superimposed over the 
+ve of the blue plate. (B+). The composite photograph (B+ 1-) is shown in plate 3.1. 
By comparing with Geyer's results of photographic photometry of w Centauri 
(1967), we find that only stars bluer than (B-V) = 0.4 mag appear as black dots in 
the composite. All red stars appear as white dots. Stars of intermediate colour al­

most disappear from the composite. Twenty of the Geyer stars, given in Table 3.1, 
are marked in plate 3.1 a. For the central regions, we have plate 3.1 b. Star X is 
marked in both the pia tes for easy identification. Fig. 3.1 a. shows the radial change 
in the distribution of horizontal branch stars in the duster. Log NBHB is the loga­
rithm of the number of horizontal branch stars per sq. arc min and Te is the effec· 
tive radius given by 

(King 1962). Fig. 3.1 b and 3.1 c show the surface brightness distribution in B and I 
bands in the cluster. The important result is that the BHB stars show a sudden in­
crease in density between 2' and 4' from the cluster centre. This is exactly the zone 
where the cluster has become 0.45 mag bluer in B-1 colour. The counts also show 
that the system of blue stars has an elliptical distribution (Scaria and Bappu 19.81). 

4. RADIAL CHANGE IN ELLIPTICITY Of THE CLUSTER w CENTAURI 

Dickens and Woolley (1966) and Seist~ro and Fourcade (1971) show that there 
is radial change in the ellipticity of the cluster. We have used the Sabattier technique 
in photography to obtain equidensity contours of the cluster. Full details are given 
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Plate 3.1 Distribution of BHB stars in the inner region of w Centauri. 20 stars with 

UBV photometry by Geyer (1967) are identified in plate 3.1 a. Stars 
having colour (B-V) < .4 mag are seen as dark points while red stars are 
seen as white points. 
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Table 3.1 
Geyer Numbers of stars identified on Plate 3.la 

Geyer 
V B·V U·B Number 

B 8.78 -0.01' -0.12 
30 14.70 0.13 0.02 
33 15.34 -0.04 -0.31 
66 13.90 1.01 0.10 
68 14.95 -0.03 0.05 

69 12.26 1.29 0.83 
71 12.92 l.23 0.20 
72 15.01 0.05 -0.17 
90 15.07 -0.08 -0.12 
94 15.06 -0.19 -0.03 

96 13.48 0.94 0.08 
129 14.04 1.03 0.01 
131 14.57 0.15 0.02 
138 13.52 0.49 -0.05 
146 13.05 0.56 0.06 

148 14.75 -0.08 0.18 
165 13.39 0.98 0.37 
167 14.78 0.03 0.02 
168 14.66 0.83 -0.06 
178 15.02 0.60 -0.11 

in Scaria (1980). Fig. 4.1 c shows the radial change in ellipticity of the cluster ex­
pressed as bfa, the axial ratio, and 4.1a shows the orientation of the major axis of 
the equidensity contours in the B and infrared (IN + RG8) bands. The results to 
note are (1) the cluster is near spherical close to the centre (2) the elliptiCity shows 
a sudden increase between 2' and 4' from the cluster centre reaching a maximum 
around 3' (3) the increase in ellipticity is more pronounced in the blue band (4) the 
elliptiCity reaches a second minimum beyond 4' from the centre, and (5) the core 

has an orientation much different from the orientation of the cluster in the outer 
regions. In fig. 4.1 b we have plotted the (B-1) colour along the major and minor 

453 



... ... 
Cl 
0 
,.j 

al 
::E: 
III 

z 
Cl 
0 
,.j 

axes for the cast, west. north and south wings separately. Fig. 4.1 shows that the 
near spherical region close to the l..'Cntre corresponds to the red core of the cluster, 
the region showing maximum ellipticity is the region where the cluster is bluer and 
has larger number of horizontal branch stars and the region beyond 4', where the 
second minimum in ellipticity is seen. is the region of "Kinks" in the colour profile. 
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Figure 3.1 Log N as a function of distance from the centre. N is the number of BHB 

stars/Sq arcrnin. Also marked in figure are log fU and log fr values where 
fU and fl refer to surface brightness in U and [ bands. 
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Thus at the centre and in the outer regions where the red stars dominate the surface 
brightness of the duster, the ellipticity is low. This shows that the red stars in the 
duster have a near spherical distribution. The region where the blue stars are in 
greater numbers, is also the one of larger ellipticity, which proves that the blue stars 
have a more elliptical distribl.!tion. 

5. RADIALCHANGF IN ELLIPTICITY OF wC'ENTAURI AND OF OTHER GLOBULAR 

CLUSTI'RS 

In Fig. 5.l we have compared the radial change in ellipticity in w Ccntauri with 
similar changes seen in MS and M92. The distances of M5 and M92 have been nor­
malised to the distance of w Centauri. Data for MS and M92 have been taken from 
Kadla et al (1976). All the three clusters show dose similarity in their ellipticity 
versus distance from the centre, relationship. The core has an orientation much 
different from the orientation seen for the outer regions. This change is about 90° 
in the case of MS. Similar radial changes in ellipticity are seen in M3, M 13, M 15 and 
47 Tue. Scaria and Bappu (1981) have shown that the bluer outer region of the 
cluster 47 Tuc (r > 2') i~ more elIiptical compared to the inner region (r < 2'). 

6. RADIAL CHANGE IN ELLIPTICITY OF w CENT AlJRI AND RADIAL CHANGE IN RO­

TATION OF NUCLEI OF M31 AND M32 

Rotation in w Centauri is dearly shown by Harding (1965). The ellipticity, es­
pecially in the dense inner region of the cluster, must be due to rotation. Hence the 
larger ellipticity seen in the intermediate region (between 2' and 4' from the centre) 
could be due to larger rotational velocities. We have seen before, that, this is to 
some extent due to larger number of blue stars in this zone. In fig. 6.1 we repro­
duce the rotation curve obtained by Peterson (J 978) for the nucleus of M31. The 
dose similarity between the ellipticity curve for globular clusters and rotation curve 
for the nucleus of MJ1, shows that probably similar dynamical processes produce 
both these effects. Scaria and Bappu (1981) have given evidence to show that the 
background radiation has properties similar to the blue horizontal branch stars and 
the increase in colour and ellipticity in the intermediate region in w Centauri is 
partly contributed by the background radiation. In one of the other globular dus­
ters that we are studying currently, M5, a large radial change in ellipticity and posi­
tion angle of the major axis are noticed. The distribution of the BHB stars is found 
to be' very elliptical. Also the orientation of the major axis of th~ system of blue 
stars is found to be very much deviated as compared to the orientation of the red 
central core of the cluster. 

7. CONCLUSIONS 

The red stars in w Centauri and probably in other globular clusters, show a more 
spherical distribution than the BHB stars. The increase in the blueness of the clus­
ter, Omega Centauri, between 2' and 4' from the cluster centre, is partly due to a 
sudden increase in the ratio of BHB/RGB stars. If the analogy between the ellipti­
city curve of w Centauri and the rotation curves of M3 1 and M32 nuclei, is correct, 

456 



~
 

-
J
 

o CI
 ... o I

(
 

CI
 

.....
. 

CI
 -.a 

o.
s 

2
1

-

0
·8

4
1

-
o 

o 
o 

W
 

C
E

N
T

A
U

R
I.

..
.-

""
o

 

o 
.
,
 

0 

95
1-

Q
/ ~O
O~

 
o c:: .2

10
51

-
-·iii ~
 11

0
 I
-

.....
 

o o
~
 

1'
I4

..
0

0
 

W
C

E
N

T
A

U
R

I 

0A
 0

 
O

O
lH

''0
9

iJ
 

A
_

 
0 

n 
0 

Q
).

'-'
U

 
lJ.

 o 
lJ.

 

lJ.
 

lJ.
 

o 

lJ
.-

ln
fr

a
r
e

d
 

0
·8

6
1

-
aO

 
CQ

9 0
 

M
5 • 

'S
- 11

51
-

~l
J.
 

lJ.
 

o 
O

-
B

lu
e

 
-s

o 

0
·
8
S
~
 

• 
• 

• 
0 

0
($

)0
0

 

• 
• 

• ,. 
• 

o 
0 

x 
x 

0
.9

0
1

-
.0. 

• 
x 

• 
x 

O
·g

H
-

'"
 

*,
,",

xX
x 

x 

~ "
 

x 
x 

M
9

2
 

x 
]'

 
M

5 

...
...

...
...

 
0

.9
4

[ 

0
·9

6
 

" 

0
.9

8
 I

-

x 
• 

• 
x 

.;
t/

'X
X

If
#

 
x 

x 
x 

XX
 

x 

'If
 

M
 9

2
 

r 
(a

rc
m

in
) 

r 
(a

rc
m

in
) 

F
ig

ur
e 

5.
1 

R
ad

ia
l 

ch
an

ge
 i

n 
el

li
pt

ic
it

y 
an

d 
po

si
ti

on
 a

ng
le

 o
f 

th
e 

m
aj

or
 a

xi
s 

II
f t

he
 

is
op

ho
te

. 
in

 t
he

 g
lo

bu
la

r 
cl

us
te

rs
 w

 C
en

ta
ur

L
 M

5
 a

nd
 M

Q
2.

 D
at

a 
fo

r 
M

5
 

an
d 

M
92

 a
rc

 t
ak

en
 f

ro
m

 K
ad

la
 c

t 
al

. (
 1

97
6)

. 

• 
x 

-7
0 

.!
 

-6
0

 
g' 

-.4
0 

a 
-2

0
 
~ 

o 
+

2
0

 
~ 

+.
40

 
&

 
-1

+
 6

0 
-s

-

9 



o 

75 

50 

.... .... 
I 
V') 

~ 25 
x: ..... 
> 
~ 

u 
0 0 

-' 
1IJ 
:> 

-25 

0 

10 

"- ..... 

<6 

4 

20 

0 
...... _--

08 
0 

<> 

RADIUS (pc) 

30 

<> 

fj() 
0° 

0 

8 

40 50 60 

M 31 NUCLEUS 

P.A.500 

0 

° 
MODELS 

PETERSON 

RUIZ 

VELOCITY DATA 

0 NE SIDE 

0 S W SIDE 

12 16 18 

RADIUS (ARC SEC) 

Figure 6.1 Rotation curve for the nucleus of M31 taken from Peterson (1978). 

458 

70 



then the BHB stars in the intermediate region in tV C'entauri (between J' and 4') 
should show larger velocity dispersion than stars seen elsewhere in the duster. Mo­
dern methods in measuring radial velocities of stars should be able to solve this pro­
blem. 
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