
VIII. On the Upper Limit of Stellar Masses. 
By E. Ö p i k . 

A w ide ly adopted opinion, f i rst expressed by Eddington, 
is that stars of large mass are unl ikely to persist for a very 
long interva l of t i m e ; because of the large ratio of radiation 
pressure to gravitat ion ( 1 — ß approaching l), these stars, under 
the action of external or internal disturbing factors, may 
perhaps more easily divide into smaller masses than small stars 
with a small value of 1 — ß. 

Alternative speculations, intended to demonstrate the 
existence of an upper limit to stellar masses, and based upon 
theoretical considerations of stellar structure, have been put 
forward by H. Vogt and W. Anderson. 

Disregarding the uncertainty of such theoretical specu-
lations, an uncertainty which stiil appears unavoidable when 
dealing with stellar interiors, we notice that the theoretical 
reasons are never physically prohibitive for the existence of 
large masses; the persistence of such masses, never being 
regarded as impossible, becomes from the theoretical standpoint 
a question of mere probability. The considerable attention paid 
to the question of an upper l imit to stellar masses seems to 
have been stimulated by a general be lief, or impression, that 
observations indicate the existence of such an upper limit. 
Below we try to demonstrate that the belief is not well founded. 

In the first place, the absence of very large stellar masses 
from our observational records may be a mere Statistical pheno-
menon, referring to the probability of origin, and not to the 
probability of persistence. A universal law makes large masses 
Iess numerous than small masses; the law holds, in broad 
outline, equally for meteors, planets, and stars; the trivial 
explanation of the law is that from a limited amount of material 
there can be made more small bodies than large ones. If F i s 
the total võlume (may be proportional to the total n u m b e r of 
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objects , or to the võlume of space) of a sample, p(m) the 
probabil i ty for a mass to exceed m, the expected observable 
number of masses g r e a t e r than m i s Vp (m). When p(m) is a 
rapidly d e c r e a s i n g function (such as a Gaussian at l a r g e 
va lues of the argument), the "observat ional" , or catalogue limit 
of m is with a most ly low accidental error practical ly def ined 
by the equation 

Vp (tn) = 1 (1); 

fur ther , the limit of m def ined in such a manner var ies but 
s lowly with V, and an apparent "upper l imi t " of m may resul t 
when the d i f f e r e n t volumes V in d i f f e r e n t samples remain of 
the same order of magni tude. 

Thus, if our knowledge of the m a s s e s of celest ial bodies 
were l imited to those direct ly s t r i k i n g the earth (T = võlume 
s w e p t by the earth in historical time), 100 or 1000 tons might, 
appear to us as an upper limit of m a s s ; wi th respect to meteoric 
bodies we know that there is no physical reason for the 
ex i s tence of such an upper l imit of m a s s and that actually no 
upper l imit exists. The apparent upper limit of stel lar m a s s e s 
( - Toq at least) may be of a s imilar character. To t e s t this, 
with respect to the order of m a g n i t u d e we are allowed to 
a s s u m e Kapteyn's Gaussian "Luminosi ty-Cuive ' ' for the f requency 
of stel lar luminosi t ies (which genera l ly represent s the high-
luminosi ty branch of the distr ibution sat i s factor i ly) ,and t o a s s u m e 
luminosi ty proportional to the cube of the mass, 

L = mH (2), 

which again is an order-of-magnitude s impli f icat ion. We get, 
u s i n g a well known approximation for the Gaussian integral at 
large va lues of the a r g u m e n t : 

0.045 Ve-*2  

Vp (tn)= (3), 
y jt x 

where x = ^0^ mJmO jT ^inagreement with K a p t e v n ' s f i g u r e s 
0.473 " 

(Mt. Wi l son Contr. 188); V is the võlume of space in cubic 
parsecs, of constant s ta rdens i ty equal to the s t a r d e n s i t y in the 
neighbourhood of the sun. 

Below are computed upper l imi t s to s te l lar masses , according 
to formulae (1) and (3). 
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T a b l e l. 

Statist ical Apparent Upper Limits of Stellar Masses for 
a Gaussian Distr ibut ion 

V, cubic parsecs IO3 IOfci IO9 IO12 IO15 

Total stel lar population 45 4,5.104 4,5.107 4,5.101 0 4,5.101 3  

m/mQ l imit 4.7 11.5 32 74 162 

The case F = I O 1 2 corresponds approximately to the s te l lar 
population of the whole g a l a x y ; the Statistical upper l imit, 
70—80 solar masses , corresponds approximately to what is 
believed to have been observed actual ly 1 . It is interes t ing to 
follow the g r a d u a l increase of the " l imit" of mass as the võlume 
of selection increases ; for F = I O 3 (^>>o".l6), among the neares t 
s t a r s a normal g iant or an AO star, of m a s s 4 — 5 0 may be 
found; for F = I O 6 ( jt;>0".016), B s tars , of mass 1 0 — 1 2 0 
occur; F = I O 9 corresponds more or Iess to the actual selection 
of our observational data w i t h respect to s t a r s of high luminosity 
and mass in our g a l a x y ; F Puppis, Y Cygni, wi th m a s s e s 
r a n g i n g up to 20O, indicate that the tabular limit, 320, is not 
much beside the point. The b r i g h t e s t s tar in the L a r g e 
Magellanic Cloud, S Doradus, according to Shapley has a 
luminosi ty — 4.IO5O, which with the conventional cubic relation 
g i v e s a mass of about 70—80O, which corresponds to F = I O 1 2  

in our table (the true m a s s of S Doradus is probably greater , 
as for the Trumpler stars). If there is anyth ing peculiar in 
the f requency of the more mass ive s tars , it appears that they 
are observed more readi ly and in greater numbers than would 
follow f rom our a s sumed Statist ical law (Trumpler 's 0 s tars , 
loe. eit.); thus, if there i s any deviation, it is in the sense that 
the existence of mass ive s t a r s may be more secure than the 
existence of the smal ler ones. In any case, the actual data do 
not imply a phys ica l upper l imit to stel lar m a s s e s ; the f requency 
of large m a s s e s seems to be governed practically by the same 
law as the f requency of small m a s s e s (with an excess of large 
masses); the law is apparently a Statistical one connected with 

1 Larger masses as found by Trumpler for 0 stars, 100— 300Q (?• A 
S. P. 47, 249, 1935), do not interfere yet with our formal way of reasoning, in 
which luminosity is the cube of mass, and the frequency of luminosities is 
actually considered. The luminosity of Trumpler's stars is only > 2.IO4Q, 
corresponding to a "luminosity-mass" of — 30Q for our formulae. 
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the mode of or ig in of the s ta r s , not wi th their phys ical s t a b i l i t y . 
Prom Table 1, 7 = 1 0 ] 5 corresponding to a population of about 
1000 ga lax ies , w e in fer that the maximum ste l lar " c u b e - l a w " 
mass we m a y some day d i scover in a spira l nebula m a y be of 
the order of 160O, c o r r e s p o n d i n g approximately to absolute 
m a g n i t u d e — 12. These data, of course, are extrapolat ions. 

Prom the above it a p p e a r s that our present s t a t e of ob-
s e r v a t i o n a l data does not a l low u s to decide w h e t h e r there 
e x i s t s an actual upper limit to s t e l l a r masses , or w h e t h e r the 
o b s e r v e d l imit is only the r e s u l t of a "Stat ist ical p e r s p e c t i v e " . 
But even if s u c h a real l imit could ever be observat ional ly 
e s t a b l i s h e d , the in terpreta t ion is not n e c e s s a r i l y bound to 
cons idera t ions of physical ins tab i l i ty . On the contrary, be low 
w e t r y to s h o w that a limit of this order of m a g n i t u d e , produced 
by energe t ic causes , is v e r y l ike ly to exis t , even w h e n s te l lar 
m a s s e s of d i f f e r e n t size are mechanical ly equal ly s t a b l e . 

According to the modern phys ica l theory of s te l la r inter iors , 
a s f i r s t outl ined by Eddington, there e x i s t s a certain mass-
luminos i ty relat ion for g a s e o u s s t a r s , such that the luminos i ty is 
more or Iess independent of the d e g r e e of compress ion of the s te l lar 
mater ia l ; for s u p e r g i a n t s t a r s any k i n d of atomic t r a n s m u t a t i o n s 
(Atk inson) as a source of s te l lar e n e r g y s e e m s to be inadequate 
even w i t h the s h o r t t ime sea le ; these sources are soon exhausted 
and the s ta r (as a whole, or i t s n u c l e u s only) s t a r t s to contract ; 
u n l e s s a n e w source of e n e r g y comes into action (annihi lat ion 
of matter), the s t a r m u s t i ive at the expense of i t s g r a v i t a t i o n a l 
e n e r g y — which, a f t e r all, r e p r e s e n t s an ideal mechanism for 
Convert ing m a s s into radiant e n e r g y (cf. W . Anderson, T. P. 29 1 ; 

1936); a s t a r of s u f f i c i e n t l y g r e a t mass , > 1.6Q for matter not 
c o n t a i n i n g hydrogen (cf. C h a n d r a s e k h a r , Zts. f. As t roph. 5, 321, 
1932), cannot become a " d e g e n e r a t e " w h i t e d w a r f ; it i s thus 
compelled to radia te wi th non-decreas ing in tens i ty (with the 
exhaust ion of hydrogen, even an i n c r e a s e of the l u m i n o s i t y 
m a y fol low). Thus, in one or another w a y , the s u p e r g i a n t 
rapidly b u r n s down i t s mass . W i t h (2) as the conventional law 
of luminos i ty ( o = l ) , the equation of v a r i a b l e m a s s (year as 
uni t of t ime) b e c o m e s : 

1 dm 
m dt 

2 
IO"13 m2, w h e n c e 

M ' 
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1 1 
~b (4): 

m-2 2 

here m0 i s the initial mass , m the m a s s a f t e r the t ime interval t. 
A s s u m i n g m0 = oo, (4) y i e l d s a maximum va lue for the m a s s e s 
of s t a r s of an age t. N o w . i t is probable, a l though not certain, 
that most s t a r s are more or Iess of the same age, t= 3.IO9 y 
(the " s h o r t " time seale); s u b s t i t u t i n g th i s into (4), we g e t a s 
an upper l imit of s te l lar m a s s e s o b s e r v a b l e at p r e s e n t 

Such is the present m a s s of a s ta r which s t a r t e d 3.IO9 v e a r s 
ago with an i n f i n i t e m a s s . 

This, again, is r e m a r k a b l y close to the " o b s e r v e d " , as well 
as to the " s t a t i s t i c a l l y pred ic ted" upper l imit of the "cube- law" 
m a s s . W i t h o u t doubt, there m a y e x i s t m a s s i v e s ta r s of a 
younger age, and consequent ly of a g rea ter present mass . For 
t= 7,5.108 y, m = I O O q is the maximum. Further , the luminos i ty 
Eorlarge m a s s e s v a r i e s Iess rapidly than with m3, so that a longer 
life, or a l a r g e r upper l imit of the t rue m a s s re su l t s . On the 
other hand, mQ = co cannot r e p r e s e n t a real c a s e ; for a f i n i t e 
init ial mass , the f ina l m a s s is o b v i o u s l y smal le r . 

It is not a d v i s a b l e to lead our d i seuss ion f u r t h e r , because 
our considerations are based on s impl i f ica t ions and schemati-
zations. W e fee l contented to point out, however, that by u s i n g 
more detai led Iaws instead of those e x p r e s s e d by formulae (2) 
and (3) (cf. Eddington, Internal Consti tut ion of Stars , C a m b r i d g e 
1926, p. 308 ff.), we do not a r r ive at e s sent ia l c h a n g e s in our 
conclusions. 

S u m m a r y . There is no observat ional ev idence for the 
exis tence of a de f in i te upper l imit to s te l lar m a s s e s ; the o b s e r v e d 
f r e q u e n c y of la rge m a s s e s corresponds more or Iess to w h a t 
would occur in a Gauss ian d i s t r i b u t i o n of m a s s l o g a r i t h m s 
such as s u g g e s t e d by Kapteyn for s tel lar luminos i t ie s ; on the 
other hand, a t rue upper l imit to s te l lar m a s s e s may ex i s t a s 
the r e s u l t of the radiat ion of m a s s d u r i n g the l i fe t ime of t h e 
s tar s , if the l i fe t ime a m o u n t s to a large f r a c t i o n of the supposed 
a g e of the univer se (3.IO9 y on the short t ime seale). 

m = 5 0 0 . 

Tartu, Sept. 6, 1937. 


