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ABSTRACT

The theory of random fragmentation is applied to the star formationin M 92 and M 8. Tt
is assumed that the prestellar configuration had a homogeneous density distribution of material
and the fragmentation took Pplace as a single event. The various stars have different rates of
evolution depending upon the mass. Consequently at the present time they are found in various
stages of evolution. From comparison of the theoretical mass distribution curve for fragments
and the observed mass frequency curve of stars an estimate of the masses of the two prestellar
cloud configurations has been made. These masges are found of the same order as those
obtained from dynamical considerations.

INTRODUCTION

The problem of random fragmentation of a line has been discussed by
Feller (1940). A line of length  upon random fragmentation gives the average
number N(z) of fragments having their lengths equal to or greater than
z (x <!l). We have the following theoretical relation between N(x) and « :

Nig) = N1—a)¥ 1, .. .. . (D

where N is the total number of fragments. It is also extended by Goudsmith
(1945) to the fragmentation of area.

Auluck and Kothari (1954) have extended this by considering the random
fragmentation of a rectangular parallelepiped by planes parallel to the base.
If Q be the volume of the parallelepiped, the number of fragments having
their volumes equal to or greater than ¥ is given by

2alN, (V\} _
\/ﬁ( )exp{ (ViV}, .. (2

Vo
where N, is the total number of fragments, Vy, the average volume of a frag-
ment

N(V) ==

2o

(3)

Equation (2) is true when V > V,.
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It was indicated that equation (2) will be of great cosmological conse-
quences. The idea has been confirmed by Kushwaha and Kothari (1960) and
Gupta and Kushwaha (1960) who discussed the random fragmentation in
Hyades and some other galactic clusters respectively.

In the present note an attempt has been made to apply the same theory
to two of the globular clusters M 92 and M 3. These are selected in particular
because of the fact that they are among the best studied globular clusters.
One difficulty, which at once becomes clear, is that the total number of stars in
globular clusters cannot be estimated accurately because of the clustering
tendency at the nucleus of the photographs.

In the application of equation (2) in any problem it is tacitly assumed
that (i) the original volume which underwent fragmentation had homogeneous
density distribution, (ii) the fragmentation took place as a single event, and
(iii) once the fragmentation took place, there was no exchange of matter
between various fragments. The effect of evolution was only to change the
volume, i.e. the contraction, to form the stars having the same mass as the
original fragment.

OBSERVATIONAL DATA

(@) Cluster M 92 :

Tayler (1954) obtained for the whole range of magnitude, important from
evolutionary point of view, the luminosity function for globular cluster M 92
by means of star counts on plates taken by Sandage. The 100" telescope was
diaphragmed to 58” which provided a region of 10’ radius free from Coma, the
scale being 16” per mm. The probable error of +0-04 for apparent visual
magnitudes V < 16 and +0-07 for 16 < V < 18-7.

He obtained the number of stars having their photovisual magnitude
equal to or less than V. Drawing a mean colour magnitude diagram from the
observation of Arp, Baum and Sandage (1953), the colour index has been
found. Using the colour index and magnitude data for twenty-nine stars in
M 92 Baum (1952) obtained the photovisual modulus for the cluster as 15™ 24
assuming the absolute magnitude 0-0 for the blue horizontal branch members
bordering the variable star gap. ‘

The Johnson B—V colour was found as a function of the colour index
(C.I.) by means of the following linear relation given by Johnson (1952) :

B—V = +0-16140-917 (C.L.). e @

The spectral type corresponding to B—V is found from the tables of
Johnson and Morgan (1953) and the bolometric correction was applied from
Kuiper’s tables (1938). The effective temperature corresponding to given
B—V and bolometric correction was taken from the table for main sequence
which may not be quite correct for giant stars, but the effect is not expected
to be appreciable on the observed mass frequency curve for the stars in the
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clusters. Thus the number of stars as a function of absolute bolometric
magnitude was obtained.

In case of M 92 error in the luminosity function is likely to oceur at both
the ends. At the bright end the number of stars involved is small and at the
faint end the counts are to the plate limit and the limiting magnitude standard.
The latter being more predominant, the number of the stars of fainter magni-
tudes are to be less relied upon. Another reason of underestimating the star
counts is that one image on the plate may be formed from several fainter stars.

(b) Cluster M 3:

Sandage (1954) obtained the luminosity function of globular cluster M 3
from absolute photovisual magnitude from —3-0 to +6-8, Counts on the
plates taken with a 200" telescope give the total number of stars 44,500 within
8’ from the centre of M 3 brighter than photovisual magnitude 6-9. -In the
densely packed nuclear region, the counts of individual stars are difficult.
To determine the total number of stars N(m) one has to extrapolate the star
counts in the nuclear region. Sandage (1954, Table II) gives the absolute
bolometric magnitude M ; and the number of stars brighter than M,

MassS DETERMINATION

To get the mass frequency distribution curve one has to convert the
observed absolute bolometric magnitude data into mass. Petrie (1950), from
the studies of binary stars, obtained the following mass luminosity relation for
the main sequence stars :

log m = +40-548—0-144 M, +0-002 }" e (B)
where
M. = Mp+2 log (T./5200) . N ()

In the following work it is assumed that this mass luminosity relation is
satisfied by all the stars. The effective temperature 7,, corresponding to
My, is taken from an article by Keenan and Morgan (1951).

For the cluster M 3 the effective temperature 7', corresponding to a given
bolometric magnitude is obtained from Schwarzschild (1958).

OBSERVATIONAL Mass FrReEQUENCY CURVE

The number of stars having their magnitudes equal to or greater than a
particular value is taken from Tayler (1954) and Sandage (1954) for M 92
and M 3 respectively. In their scale of luminosity function the luminosity
points were converted to mass points. Hence the number of stars brighter
than certain magnitude was converted to the number of stars with mass
greater than or equal to the one corresponding to the magnitude. From these
data the graphs are plotted showing the relation between log N(m) and log m
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for the case of two clusters. Here N(m) is the number of stars having their
masses equal to or greater than m.

COMPARISON WITH THEORETICAL CURVE

From equation (2) we have

. 27N, 14 \ 3 -
(V)= log 270 — 1 Jog () —1- . .
log ()~ log -7 olog(vo) 1303 (V/Vo) 7
;2773

A theoretical curve is plotted as log N(V)— log ‘\/50 against log (V/Vy)

which is nearly a straight line for small values of log (V/Vy), i.e. where the
second term on the right-hand side of equation (7) is negligibly small.
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Fic. 1. Mass frequency function of M 92. Dots represent the
observational points and the solid curve represents the
theoretical curve.

According to the hypothesis the fragmentation of a homogeneous mass
occurred as a single event and there was no transfer of material between any two
fragments during evolution. Therefore the present masses are representatives
of the original volumes of the fragments. Then number N(V) can be related
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to N(m), the number of stars with masses equal to or greater than m. Thus
equation (7) can be also written as :

1/3
log. N(m) —log 270 %log(mﬁ)—lﬁ():}(g—) R )
0

V3 0
where m is the average mass of a fragment. The observational mass fre-
quency curve is then superposed on the theoretical one and the best possible
fit of the two curves is obtained. From the shifts in the ordinate and abscissa,
one gets the estimates of N, and mg, the total number of fragments and
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Fi6. 2. Mass frequency function of M 3. Dots represent the
observational points and the solid curve represents the
theoretical curve,

the average mass of a fragment respectively. The product of the two gives
the estimate of the total mass of the whole configuration. These fittings are

shown for M 92 and M 3 in Figs. 1 and 2 respectively.
EstmMaTioN oF Torar Mass

From the best fit of the observed curves on the theoretical one the follow-

ing data are obtained:

(@) Cluster M 92:
From the shift in abscissa we have

I0
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log 27TA_° = 628,
V3
giving
No=2 = 52x105.
Vo
From the shift in ordinates we find
log 0 = — (84,
me
giving
mg = 0-l4mg,

me being the mass of the sun.
The total mass of the original volume which underwent random frag-
mentation is given by

M= NO .My = 0-8x% 105772/@ Y 105"[@
(b) Cluster M 3:

In this case, from the shift in abscissa we obtain

log 2171\/._0 = 6-85,
V'3
giving
Ng=2x 105,

From the shift in ordinates we find

IOg mo/mO = —119,
giving
Mo = 0-06 mG
Therefore the mass of the prestellar unit is given by
M= NO . Mg = 13X105m® R 105m®

CONCLUSION

Wilson and Coffen (1954) obtained the dynamical mass equal to 3:3 X 10°m
for M 92 assuming it to be in statistical equilibrium and taking for the
radius of the cluster as 21 psc obtained from the work of Shapley (1949).
Schwarzschild and Bernstein (1955) obtained a modified value of the mass of
M 92 equal to (1-430-7)x 10%n, still assuming the cluster in statistical
equilibrium but applying a different form of virial theorem. From the com-
parison of the above result it may be said that the two masses are of the same
order (105m;). Assuming the same mass to light ratio for M 3 as for M 92, the
difference in the absolute magnitude of M 3 and M 92 indicates that M 3 is 1-7

times more massive than M 92 giving the dynamical mass 2-4 X 105m, for M 3.
10B
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The mass of M 3 is also obtained from extrapolated luminosity function. This
value is 1:4X 10°ng. It may be noted that the ratio of the theoretical masses
of the two clusters is 1-6 which is in good agreement with the value
mentioned above which was found from the mass to light ratio.

These estimates of the individual cluster masses should not be taken too
seriously because the random fragmentation theory is a very approximate one
and also the dynamical masses are rather uncertain since the authors for M 92
were not able to separate the true velocity dispersion from the variation in the
velocities of the stars. It, therefore, may be stated that the masses of the
two globular clusters, M 92 and M 3, as estimated from the above theory are
of the same order as found from other considerations. Therefore one may
conclude that even in globular clusters the star formation could have taken
place by the random fragmentation of the dense prestellar unit.
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