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Wehave collected data on 45 new flare starsinthe Pleiades, discovered 
mainly during the observational season 1968-1969 at the Tonantzintla. 
Asiago, Byurakan, Budapest, and Alma-Ata Observatories (Table 1). 
Together with the 100 flare stars in the previous lists of the Tonant- 
zintla Observatory the total number of flare stars discovered in the 
region of the Pleiades has now reached 146. One of them (H II 2411) 
belongs to the Hyades. Of the remaining 145 stars, 123 have shown 
one flare, 16 have shown two flares, and 6 more than two flares. 

A special analysis of flare stars has been carried out and it was found 
that the total number of flare stars in the Pleiades should be greater 
than 600. The distribution of flare stars can be satisfactorily represented 
by the sum of two Poisson distributions with different mean frequencies. 

Almost all the members of the Pleiades with V >_ 13.3 are flare stars. 
A sharp boundary between photographically observed flare stars and 
nonflaring stars occurs at V = 13.29. The mean frequency of large 
flares with amplitudes in excess of 0 m 6 is of the order of 4 �9 10-4h -I 
for the majority of the stars. 

The total mass of the Pleiades is greater than the dynamic mass deter- 
mined from the virial theoren (400 M| The difference is due to an 
outer envelope consisting of stars of lower luminosity (mostly flare stars). 

1. I n t r o d u c t i o n ~  P h e n o m e n a  c o n n e c t e d  w i t h  the  o r -  

ig in  and  d e v e l o p m e n t  of s t a r s  and  s t e l l a r  s y s t e m s  h a v e  
a t t r a c t e d  c o n s i d e r a b l e  a t t e n t i o n  d u r i n g  the  l a s t  d e c a d e  

[1].  
The  e v o l u t i o n  of s t a r s  is  u s u a l l y  d i s c u s s e d  t h e o r e t i -  

e a l l y  [2]. A n a l y s e s  of t h i s  k ind  a r e  o f t en  b a s e d  on rood-  
e l s  of t he  i n t e r n a l  s t r u c t u r e ,  and  a t t e m p t s  a r e  m a d e  to 
c a l c u l a t e  t he  m o d e l  p a r a m e t e r s  as  f u n c t i o n s  of t i m e .  
The  m o d e l s  t h e m s e l v e s  a r e  b a s e d  on the  h y p o t h e s i s  of 
the  t h e r m o n u c l e a r  o r i g i n  of t he  e n e r g y  e m i t t e d  by  t he  
s t a r s .  Wi thou t  d e n y i n g  the  g r e a t  v a l u e  of the  v a r i o u s  
r e s e a r c h e s  c a r r i e d  out  in  t h i s  a r e a ,  we m u s t  r e c a l l  
t ha t  a s t r o p h y s i c s  i s ,  above  a l l ,  an  o b s e r v a t i o n a l  s c i -  
e n e e .  One is  t h e r e f o r e  j u s t i f i e d  in  d e m a n d i n g  t h a t  the  
e v o l u t i o n a r y  f e a t u r e s  s h o u l d  be  d e t e r m i n e d  m a i n l y  
t h r o u g h  g e n e r a l i z a t i o n  and  d e t a i l e d  a n a l y s i s  of o b s e r -  
v a t i o n a l  d a t a .  T h e o r e t i c a l  i d e a s  can ,  of c o u r s e ,  p l ay  
an  a u x i l i a r y  r o l e ,  bu t  i t  is  d e s i r a b l e  to  m i n i m i z e  the  
n u m b e r  of h y p o t h e s e s  u s e d  in  t h i s  p r o c e s s  of g e n e r a l -  
i z a t i o n  and  a n a l y s i s .  

In f a c t ,  t he  f i r s t  s t e p s  in  t h i s  d i r e c t i o n  h a v e  a l r e a d y  
b e e n  t a k e n  in  a s t r o p h y s i c s .  C o n s i d e r  t he  p r o b l e m  of 
the  g r o u p  o r i g i n  of s t a r s  [ 3 , 4 ] .  T h i s  p r o b l e m  h a s  not  
e v e n  b e e n  f o r m u l a t e d  by  t h e o r e t i c i a n s .  M o r e o v e r ,  i t  
h a s  b e e n  r e g a r d e d  as  a l m o s t  s e l f - e v i d e n t  t ha t ,  as  a 
r u l e ,  s t a r s  a r e  f o r m e d  i n d e p e n d e n t l y  of e a c h  o t h e r .  
It w a s  on ly  a f t e r  o b s e r v a t i o n a I  d a t a  l ed  to  t he  d i s e o v -  
c r y  of s t e l l a r  a s s o c i a t i o n s  t h a t  i t  w a s  p o s s i b l e  to  e s -  
t a b l i s h  t h a t  s t a r s  o r i g i n a t e d  in g r o u p s .  In p r e c i s e l y  
the  s a m e  way ,  t he  e x i s t e n c e  of T a s s o c i a t i o n s  h a s  l ed  
to  the  c o n c l u s i o n  [3 ,4 ]  t h a t  newly  f o r m e d  s t a r s  e n t e r  
the  m a i n  s e q u e n c e  at  d i f f e r e n t  p o i n t s .  F u r t h e r  s t u d i e s  

S. C h a v u s h y a n ,  

of t h e s e  a s s o c i a t i o n s  h a v e  led  to a n u m b e r  of f u r t h e r  

c o n c l u s i o n s  w i t h  r e g a r d  to t he  e a r l y  p h a s e s  of s t e l l a r  
e v o l u t i o n .  An e x a m p l e  of o b s e r v a t i o n s  of m a j o r  i m -  
p o r t a n c e  f o r  the  p r o b l e m  of s t e l l a r  o r i g i n  is  the  d i s -  
c o v e r y  of the  H a r o - H e r b i g  o b j e c t s  [5] and  s u r p r i s i n g  
c h a n g e s  t h a t  o c c u r  in  t h e m .  H o w e v e r ,  t h e s e  c h a n g e s  

h a v e  so  f a r  r e m a i n e d  o u t s i d e  t he  s c o p e  of m o d e r n  
t h e o r i e s .  

In t h i s  p a p e r ,  we a n a l y z e  c e r t a i n  d a t a  on f l a r e  
s t a r s  in  the  P l e i a d e s .  P r o f e s s o r  H a r o  [6] was  t he  f i r s t  
to  a p p r e c i a t e  and  e s t i m a t e  the  m a j o r  i m p o r t a n c e  of 
f l a r e  s t a r s  in  the  p r o b l e m  of s t e l l a r  e v o l u t i o n .  He 
s h o w e d  tha t  d a t a  on  f l a r e  s t a r s  in  c l u s t e r s  and  a s s o -  

c i a t i o n s  s u g g e s t e d  t h a t  t he  e a r l i e s t  e v o l u t i o n a r y  s t a g e ,  
i.  e . ,  t h e  s t a g e  of RW A u r i g a e  (o r  T T a u r i ) ,  was  f o l -  

l o w e d  b y  a n o t h e r  s t a g e  d u r i n g  w h i c h  one of the  m o s t  
i m p o r t a n t  c h a r a c t e r i s t i c s  of t he  s t a r  was  i t s  a b i l i t y  to  

u n d e r g o  l a r g e - a m p l i t u d e  f l a r e s  f r o m  t i m e  to t i m e  (up to 

t he  f i f th  o r  e v e n  s e v e n t h  m a g n i t u d e  in the  u l t r a v i o l e t ) .  

H a v i n g  u n d e r s t o o d  t he  i m p o r t a n c e  of t h e s e  s t a r s ,  
H a r e  e t  a l .  [7] c o n t i n u e d  to  i n v e s t i g a t e  t h e m  in c l u s t e r s  
and  a s s o c i a t i o n s ,  t h u s  p r o v i d i n g  a n  i m p o r t a n t  b a s i s  f o r  
m o r e  a c c u r a t e  a n a l y s i s  of t he  v a r i o u s  f a c t s  r e l a t i n g  to 
t h e m .  Mos t  of the  c o n c l u s i o n s  r e p o r t e d  by  H a r o  e t  a l .  
w e r e  s u b s e q u e n t l y  c o n f i r m e d  by  R o s i n o  et  al .  [8]. 

S y s t e m a t i c  o b s e r v a t i o n s  of f l a r e  s t a r s  in  s t e l l a r  ag -  
g r e g a t e s  h a v e  a l s o  b e e n  d e v e l o p i n g  in r e c e n t  y e a r s  at  
t he  B y r u a k i n  O b s e r v a t o r y  [9 -12 ] .  In the  f o l l o w i n g  s e c -  
t i o n s  we t r y  to  d e d u c e  s o m e  c o n c r e t e  r e s u l t s  f r o m  e x -  
i s t i n g  da t a ,  l a r g e l y  t h o s e  r e f e r r i n g  to  the  P l e i a d e s .  
O u r  d i s c u s s i o n  wi l l  i nc lude  d a t a  on f l a r e s  o b s e r v e d  in 
the  P l e i a d e s  d u r i n g  the  1968 -1969  s e a s o n .  M o r e  c o m -  
p l e t e  d a t a  o b t a i n e d  as  a r e s u l t  of the  B y u r a k a n  o b s e r -  ' 

r a t i o n s ,  and  the  c o r r e s p o n d i n g  p h o t o g r a p h s ,  wi l l  be  
p u b l i s h e d  e l s e w h e r e .  

w 9~. S t a t i s t i c a l  a n a l y s i s  of o b s e r v a t i o n a l  d a t a  on  f l a r e  
s t a r s  in  a s s o c i a t i o n s  and  c l u s t e r s .  O b s e r v a t i o n s  h a v e  
s h o w n  t h a t  at  l e a s t  s o m e  s t a r s  in  s t e l l a r  a g g r e g a t e s  
e x h i b i t  f l a r e s  f r o m  t i m e  to t i m e ,  bu t  no  f l a r e  p e r i o d -  
i c i t y  h a s  b e e n  o b s e r v e d  f o r  e a c h  f l a r e  s t a r .  On the  c o n -  
t r a r y ,  t h e r e  a r e  i n d i c a t i o n s  t h a t  f l a r e s  a r e  h i g h l y  i r -  
r e g u l a r  in  t i m e .  T h i s  s u g g e s t s  t h a t  the  t i m e  d i s t r i b u -  
t i o n  of  f l a r e s  is  s i m i l a r  to  the  d i s t r i b u t i o n  of r a n d o m  
e v e n t s  and  m u s t  t h e r e f o r e  s a t i s f y  a law s i m i l a r  to  the  
P o i s s o n  d i s t r i b u t i o n .  The  f a c t  i s ,  h o w e v e r ,  t h a t  t he  
validity of the Poisson distribution is very difficult to 

verify for any particular star because this would re- 

quire observations on at least a few hundred successive 

flares; This is, of course, a very difficult problem and 

it is only for the star HII 2411which is projected onto 

the Pleiades that 48 flares have been observed [13]. 
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Tab le  1 

New F l a r e  S t a r s  
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N o t e :  T h e  crosses  (+, ++ an d  +++) ind ica te  f lare s tars  d i scovered ,  respec t ive iy ,  at t h e  Byu rakan ,  
A l m a - A t a ,  an d  Budapes t  ( K o n k o l y )  Observa to r i es ,  the  da ta  o n  w h i c h  are  p u b l i s h e d  here  fo r  the  f i rs t  
t ime .  T h e  s y m b o l  X r ep re s en t s  f lare  s tars  d i scovered  at  the  As inago  Obse rva to ry ,  as r e p o r t e d  by  R o s i n o  
[20].  
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T a b l e  2 

New F l a r e s  of Known F l a r e  S t a r s  
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The  c o r r e s p o n d i n g  n u m b e r  f o r  a l l  the  r e m a i n i n g  f l a r e  

s t a r s  is  m u c h  s m a l l e r .  At the  s a m e  t i m e ,  e v e n  t h i s  
s t a r  h a s  no t  b e e n  c o n t i n u o u s l y  o b s e r v e d  and ,  t h e r e f o r e ,  
it i s  not  p o s s i b l e  to  e s t a b l i s h  any  s t a t i s t i c a l  r e s u l t s  on 

the  i n t e r v a l s  b e t w e e n  s u c c e s s i v e  f l a r e s .  H o w e v e r  the  
a b s e n c e  of c o n t i n u o u s  o b s e r v a t i o n s  and  the  m o r e  o r  l e s s  
i r r e g u l a r  d i s t r i b u t i o n  of t h e s e  o b s e r v a t i o n s ,  w h i c h  i s  
d e t e r m i n e d  b y  f a c t o r s  u n c o n n e c t e d  w i t h  the  g i v e n  s t a r  
( t i m e  of y e a r ,  t i m e  of day ,  w e a t h e r ,  r e l e a s e  of t e l e -  
s c o p e  f o r  o t h e r  w o r k ,  e t c . ) ,  e n a b l e  us  to  s i m p l i f y  the  

s t a t i s t i c a l  a n a l y s i s  of the  o b s e r v e d  f l a r e  d a t a .  In f a c t ,  
o b s e r v e r s  h a v e  i n v e s t i g a t e d  the  b e h a v i o r  of e a c h  s t a r  

f o r  l e s s  t h a n  2 o r  3 ~c of the  t o t a l  t i m e .  T h i s  s m a l l  f r a c -  
t i on  i s ,  in  t u r n ,  s u b d i v i d e d  in to  s m a l l  i n t e r v a l s  w h i c h  
a r e  m o r e  o r  l e s s  r a n d o m l y  d i s t r i b u t e d  a l o n g  the  t i m e  

a x i s .  The  a c t i v i t y  of t he  s t a r  d u r i n g  the  r e m a i n i n g  t i m e  

is  no t  o b s e r v e d ,  a n d  t he  c o r r e s p o n d i n g  p o s s i b l e  f l a r e s  
a r e  l o s t .  

It c a n  t h e r e f o r e  be  a s s u m e d ,  to  a h i g h  d e g r e e  of 
a c c u r a c y ,  t h a t  u n d e r  t h e s e  e o n d i t o n s  the  p r o b a b i l i t y  
of d e t e c t i o n  of k f l a r e s  d u r i n g  an  e f f e c t i v e  o b s e r v a -  

t i o n a l  t i m e  t i s  s a t i s f a e t o r i l y  d e s c r i b e d  fo r  e a c h  s t a r  

by  the  P o i s s o n  d i s t r i b u t i o n  

e-"t (~t) ~ 
Pk - k ! ' (1) 

w h e r e  u is  the  m e a n  f l a r e  f r e q u e n c y  and  t is  the  t o t a l  
t i m e  c o v e r e d  by  the  o b s e r v a t i o n s .  

T h e r e  a r e  no r e a s o n s  to s u p p o s e  t h a t  v s h o u l d  be  
t he  s a m e  f o r  a l l  s t a r s  in a g i v e n  a g g r e g a t e .  In f a c t ,  
t h e r e  s h o u l d  be  a d i s t r i b u t i o n / a w l ( v )  f o r  the  v a l u e s  of 
u c o r r e s p o n d i n g  to d i f f e r e n t  f l a r e  s t a r s  in  a g i v e n  s y s -  
t e m .  The  d e t e r m i n a t i o n  of t h i s  f u n c t i o n  s h o u l d  be  the  
a i m  of t he  o b s e r v a t i o n s .  

Le t  t he  n u m b e r  of s t a r s  w i t h  f r e q u e n c i e s  b e t w e e n  v 
and  v + du be  d e n o t e d  by  Nf(u)du, w h e r e  N is  the  t o t a l  
n u m b e r  of f l a r e  s t a r s  in  the  s y s t e m  u n d e r  i n v e s t i g a t i o n .  
The  d i s t r i b u t i o n  of the  n u m b e r  of f l a r e s  f o r  r a n d o m l y  
s e l e c t e d  s t a r s  in  t h i s  s y s t e m  wi l l  be  g i v e n  by  

co 
k 

p~ = ~) e ~ d~, (2) 

0 

and  the  e m p i r i c a l  e x p e c t a t i o n  of the  n u m b e r  of s t a r s  
w h i c h  h a v e  s u r v i v e d  k f l a r e s  in  a t i m e  t in a s y s t e m  

wi l l  be  NPk. 

D i s t r i b u t i o n  l aws  of the  type  g i v e n  by  Eq.  (2), w h i c h  
a r e ,  in  f a c t ,  s u p e r p o s i t i o n s  of P o i s s o n  d i s t r i b u t i o n s  
w i th  d i f f e r e n t  f r e q u e n c i e s ,  h a v e  b e e n  i n v e s t i g a t e d  in 

g r e a t  d e t a i l  in  the  t h e o r y  of p r o b a b i l i t y  and  in s t a t i s -  
t i e s .  A u x i l i a r y  f o r m u l a s  and t a b u l a t i o n s  a r e  a v a i l a b l e  
[14 ,15]  a n d t h i s  f a c i l i t a t e s  the  d e t e r m i n a t i o n  off l (u) .  

If i t  is  d e s i r e d  to d e t e r m i n e f ( u )  f r o m  o b s e r v a t i o n s ,  
the  f i r s t  a p p r o x i m a t e  m e t h o d  t h a t  c an  be  u s e d  is  to  
e q u a t e  t he  o b s e r v e d  n u m b e r  nk  of s t a r s  u n d e r g o i n g  k 
f l a r e s  in  a t i m e  t w i t h  the  c o r r e s p o n d i n g  m a t h e m a t i c a l  

e x p e c t a t i o n  ~kk = NPk. O b s e r v a t i o n s  can ,  in p r i n c i p l e ,  
be  u s e d  to d e t e r m i n e  N and h e n c e  to p r e d i c t  t he  r e s u l t s  
of f u r t h e r  s t u d i e s  of f l a r e s  in  a g i v e n  s y s t e m  [16].  

w New o b s e r v a t i o n s  on  f l a r e  s t a r s  in  t he  P l e i a d e s ~  

The  o r i g i n a l  p a p e r  by  H a r o  [17] p u b l i s h e d  in 1968 c o n -  
t a i n e d  the  e n t i r e  m a t e r i a l  on  f l a r e  s t a r s  in  a g g r e g a t e s  
up to 1965.  T h e s e  d a t a  s h o w e d  tha t  t he  m e a n  n u m b e r  of 
f l a r e  s t a r s  p e r  h o u r  of o b s e r v a t i o n s  in  the  P l e i a d e s  w a s  
not  v e r y  d i f f e r e n t  f r o m  the  c o r r e s p o n d i n g  n u m b e r  f o r  
one of the  r i c h e s t  a s s o c i a t i o n s ,  i . e . ,  t h e  O r i o n  a s s o c i -  
a t i on .  M o r e o v e r ,  t he  f i r s t  a t t e m p t  at  a s t a t i s t i c a l  a n a l -  
y s i s  of the  f l a r e s  o b s e r v e d  in the  P l e i a d e s ,  b a s e d  on 
the  d a t a  r e p o r t e d  in [17],  l ed  to an  u n e x p e c t e d  r e s u l t  

[16].  It w a s  found  t h a t  a l l ,  o r  a l m o s t  aI1, s t a r s  in  t h i s  

c l u s t e r  w h i c h  w e r e  w e a k e r  t h a n  V = 13.25 s h o u l d  be  
f l a r e  s t a r s .  T h e i r  t o t a l  n u m b e r  w a s  e s t i m a t e d  as  a p -  
p r o x i m a t e l y  320.  

It t h e r e f o r e  b e c a m e  n e c e s s a r y  to v e r i f y  t h i s  c o n c l u -  
s i o n  abou t  the  u n u s u a l l y  l a r g e  n u m b e r  of f l a r e  s t a r s  in 
t he  P l e i a d e s  on t he  b a s i s  of o b s e r v a t i o n a l  da t a .  

The  new o b s e r v a t i o n s  of H a r o  and  C h a v i r a  [18],  
w h i c h  m e r e l y  c o n f i r m e d  t h i s  c o n c l u s i o n ,  b e c a m e  

known to us  s o o n  a f t e r .  T h e s e  o b s e r v a t i o n s ,  c a r r i e d  
out  at  t he  Tonm~tz in t l a  O b s e r v a t o r y  in  1 9 6 5 - 1 9 6 7 ,  
h a v e  added  39 new f l a r e  s t a r s  to the  known  61 f l a r e s  
in  the  P l e i a d e s .  T h e  o b s e r v a t i o n s  of 1 9 6 8 - 1 9 6 9  

h a v e  p r o d u c e d  e v e n  m o r e  da t a .  D u r i n g  t h i s  p e r i o d ,  
the  T o n a n t z i n t l a ,  B y u r a k a n ,  and  A s i a g o  O b s e r v a t o r i e s  
d i s c o v e r e d  43 new f l a r e  s t a r s  [19, 20]. A n o t h e r  t h r e e  
f l a r e s  in  the  P I e i a d e s  w e r e  d i s c o v e r e d  at Konko ly  and  
A l m a  A ta  O b s e r v a t o r i e s .  L i s t s  of new f l a r e  s t a r s  and  
new f l a r e s  w h i c h  h a v e  o c c u r r e d  a r e  g i v e n  in T a b l e s  1 

and  2, r e p e c t i v e l y .  The  c o l u m n s  g ive ,  r e s p e c t i v e l y ,  
the  r u n n i n g  n u m b e r  ( c o n t i n u i n g  t he  n u m e r a t i o n  of 
H a r o ) ,  t he  n u m b e r  ( a c c o r d i n g  to t he  H e r t z s p r u n g  et  a l .  
c a t a l o g  [21]),  the  c o o r d i n a t e s ,  t he  s t e l I a r  m a g n i t u d e  a t  
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min imum (in photographic rays) ,  the photographic or  u l -  

t r av io le t  (U) ampli tude of the f la re ,  the date of the f l a re ,  
the te lescope  (diameter) ,  and the r e f e r ence .  The num- 
ber  of known f l a re  s t a r s  has thus inc reased  to 145. We 
have used these  extens ive  data for  the s ta t i s t i ca l  anal-  
ys is  of f l a re  s t a r s  in the P le iades ,  using the method 
descr ibed  in w 

Table 3 

Telescope  N u m b e r  o f  Effect ive  t i m e  o f  N u m b e r  of  f lares  
( obse rva to ry  f lares de t ec t ed  o b s e rv a t i o n  (hour s )  per hou r  

2 1 "  
Byurakan  9 

26'r I 
T o n a n t  z int ta  ] 22 

26 'r i 
Konkoly 2 

40" 

Byurakan  i 6 

62 

138 

11.7 

6 

0.15 

0.16 

0.17 

1 .G0 

w The effect of the t e l e scope  and the method of 
observat ions  on the number  of observed  f l a r e s .  Not 
all  f l a r e s  are access ib l e  to a t e lescope  of given d iam-  
e te r .  During a given t ime the te lescope  will  r e c o r d  
f l a res  with smal l  ampli tudes in bright  s t a r s ,  and only 
f l a res  with l a rge  ampli tudes in weak s t a r s .  The t e r m s ,  
"bright"  and " w e a k ' ,  a re  r e l a t i ve  des ignat ions ,  depend- 
ing on the quality of the t e lescope .  The exposure  t ime 
also depends on the t e lescope  d i ame te r .  For  t e l e scopes  
with d i ame te r s  of 20-40"  and h igh-sens i t iv i ty  plates ,  
the opt imum exposure  in photographic rays  is between 
5 and 10 min.  Fu r the r  i nc rease  in the exposure  r e su l t s  
in a gain as far  as the l imi t ing  magnitude is concerned 
and weaker  s t a r s  become acces s ib l e ,  but then fast  
f l a res  are  lost .  In the final analysis  the total number  of 
f l a res  which can be r eco rded  is p rac t i ca l ly  the same.  
Moreover ,  the longer  exposure  resu l t s  in a t ime a v e r -  
aging and an ar t f f ical  lower ing of the t rue  f l a re  ampl i -  
tude. 

The choice of the spec t ra l  reg ion  for the observa t ions  
is quite important .  Since the f l a re  amplitude i n c r e a s e s  
toward the u l t rav io le t ,  the use of an ultravi01et f i l t e r  
should ensure  the detect ion of f l a r e s  with smal l  ampl i -  
tudes in bright  s t a r s ,  but f l a r e s  in weak s t a r s  a re  lost .  
.Although, in the case  of observa t ions  without the f i l t e r ,  
a reduct ion in the ampli tude leads to a loss  of a ce r t a in  
f rac t ion  of f l a r e s  in br ight  s t a r s ,  it neve r the l e s s  s eems  
to us that photographic observa t ions  without a f i l t e r  
should be more  effect ive  in s e a r c h e s  for new f lare  s t a r s ,  
and espec ia l ly  weak f l a re  s t a r s .  

In the s ta t i s t i ca l  analysis  of the observed  f l a res  one 
should not, in pr inc ip le ,  use data obtained with t e le -  

s c o p e s  of different  d i a m e t e r s  because  the probabi l i ty  
of detection of low luminos i ty  f l a re  s t a r s  will  change 
with the l imi t ing s t e l l a r  magnitude.  Fo r  example ,  in 
the case  of the 1-m Schmidt t e lescope  at the Byurakan 
Obse rva to ry  an observa t ional  per iod of 6 hr  resu l ted  in 
the d i scovery  of six f l a re  s t a r s ,  i . e . ,  one f l a re  per  
hour, whereas  during 1 hr  of observa t ions  with the 21" 
Schmidt t e lescope  the re  w e r e  0.15 f lare .  Compar i son  
of pa ra l l e l  observa t ions  p e r f o r m e d  with the two t e l e -  
scopes  has shown that p rac t i ca l ly  aI1 the f l a res  de-  
tected with the aid of the 40 ~ t e lescope  produced a 

t r ace  on the photographs obtained wi ththe  21" te lescope  

(owing to the la rge  ampli tudes) ,  but they were  missed  
since only the weak image cor responding  to the light 
max imum was visible,  so that it was not poss ib le  to 
es tab l i sh  re l i ab ly  that the f l a re  had taken place,  it 
became evident  that the 40" Sehmidt t e lescope  r e -  
corded a much b roade r  range of f l a r e s  than the 21". 

For  the purposes  of s t a t i s t i c s ,  it is always d e s i r -  
abIe to have data obtained e i the r  with the same t e l e -  
scope or  with t e l e scopes  having comparab le  d i ame te r s .  
This is conf i rmed by Table 3, which compares  data for 
the1968-1969 season.  It shows that Lhe number  of f l a res  
per  hour is near ly  the same for  t e lescopes  of" c o m p a r -  
able d i ame te r .  

w Distr ibution of the number  of observed  f l a res  
for  a randomly se lec ted  s ta r  in a rea l  ease .  Since not 
all the f l a r e s  are  usually r ecorded  but only a ce r ta in  
percen tage ,  the dis t r ibut ion law given by Eq. (2) must  
be suitably t r a n s f o r m e d  to take this into account.  

Let q(m) be the f rac t ion  of all f l a re  s t a r s  with mag-  
nitude m at min imum,  which can be detected with a 
given te lescope .  It is c l ea r  that q(m) depends on the 
dis t r ibut ion of the f t a re  ampli tudes .  Let the f requency 
dis t r ibut ion of the f l a r e s  for these s t a r s  be fm(~;. The 
mean number  of f l a res  of the given s t a r  in t ime dt wil l  
then be vdt, and the number  of la rge  f l a res  among them 
which can be r eco rded  will  be q(m)udt. 

The probabil i ty  of r ecord ing  k f l a r e s  for a randomly 
se lec ted  f l a re  s t a r  with magnitude m at min imum is,  in 
this ease ,  given by 

c~ 

p~ (m> - < / d  ~ e "'/(,),,%,. (31 / ~ ! J  m 
(t 

Let  Pkbe the probabil i ty  that k f l a r e s  a r e  observed  in a 
t ime t with a given telescope~ We then have 

Pk = ~ p~ (m) a (m) din, (4) 

where  a(m) is the magnitude d is t r ibut ion  function for  
the f l a re  s t a r s  and m 0 is the magnitude of the b r igh t -  
es t  f l a re  s ta r  in the aggregate .  

Substituting for Pk(m) into this express ion ,  weobta in  

Pk - k! ! a ( m ) d m  . e ~r'tf,,(v)q~vkd'~. (5) 
u ,2 

Let us r ep lace  qu in this express ion  with v ' ,  and change 
the o rde r  of integrat ion.  We then have 

co 

m0 0 

co c~ 

--- e "/>d'/ din. (6) 

el m 

It will  be convenient  to wri te  
c~ 

jq(m)~a(rn) f m (]~-- 'dm ~ -  a .  ) - .f~ (,,'). (7) 

m~ 
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F i n a l l y ,  f r o m  Eq .  (6) we have  the fo l l owing  d i s t r i b u -  

t ion law:  
c~ 

k 

P k =  l (~ ' ) e  ~ d~. (8) 
k[ !  

0 

This  d i s t r i b u t i o n  is  ana logous  to Eq .  (2) wi th  the d i f -  
f e r e n c e  tha t ,  in the p r e s e n t  e a s e ,  the e x p r e s s i o n  f o r  
Pk i n c l u d e s  the new f r e q u e n c y  d i s t r i b u t i o n  func t ion  

f~(v') . 

w The effect of flare-frequency dispersion on the 

estimated total number of flare starso The distribution 
law given by Eq. (2) leads to avery important inequality 

for the mathematical expectation of the number of still 
undiscovered flare stars. Before we proceed to its der- 

ivation, let us consider an imaginary case where all 

the stars have the same frequency v, and all the flares 

are equally accessible to observation with a given tele- 
scope. The mathematical expectation of the number of 
observed flares in a time t is then 

~- = N~ -~' (,t) ~ 
k! (9) 

By w r i t i n g  th is  equa t ion  s e p a r a t e l y  f o r  k = 0, 1, 2, we 
i m m e d i a t e l y  have  

--2 
2 non 2 =. n l ,  (10) 

and hence  
--2 

- -  / 2 1  

n o = --=--. (11) 
2ne 

If we r e p l a e e ,  a p p r o x i m a t e l y ,  the  m a t h e m a t i c a l  e x p e c -  
ra t ions  wi th  the  n u m b e r s  of s t a r s  which  have  f l a r e d  
once and t w i c e ,  we can  deduce  f r o m  th is  f o r m u l a  the  
va lue  of fro, i . e . ,  the  n u m b e r  of f l a r e  s t a r s  whose  
f l a r e s  have  not  b e e n  d e t e c t e d .  Thus ,  of the 145 f l a r e  
s t a r s  known at p r e s e n t  in the  P I e i a d e s ,  123 have  shown 
one f l a r e  and 16 have  shown two f l a r e s .  Subs t i tu t ing  
t h e s e  n u m b e r s  fo r  n t  a n d n  2, we  obta in  

~0 = 473, 

and the  to ta l  n u m b e r  of f l a r e  s t a r s  ( r e c o r d e d  and un-  
r e c o r d e d )  should  be c l o s e  to N = 600, which  is v a l i d  ff 
Eq .  (9) is va l i d .  

Th i s  l a r g e  n u m b e r  of f l a r e  s t a r s  r e i n f o r c e s  the  e a r -  
l i e r  c o n c l u s i o n  in [16] that  a l l ,  o r  p r a c t i c a l l y  a l l ,  s t a r s  
in the P l e i a d e s  which  l ie  below a c e r t a i n  abso lu t e  m a g -  
n i tude  a r e  f l a r e  s t a r s .  

Next ,  subs t i t u t i ng  in t u r n  k = 0 and k = 1 in Eq .  (9) 
and d iv id ing  the  r e s u l t i n g  e x p r e s s i o n  b y ~  0, we  ob ta in  

'~t = n l (12) 
n o  

F o r  the a g g r e g a t e  in the  P l e i a d e s  the  above da ta  t aken  
in con junc t ion  wi th  Eq .  ( 1 2 ) y i e l d  ut ~ 0 .26 .  

If we a s s u m e  that  the  to ta l  e f f e c t i v e  t i m e  of o b s e r -  
va t ions  was  a p p r o x i m a t e l y  750 h r ( w e  do not  know p r e -  
c i s e l y  the  e f f e c t i v e  o b s e r v a t i o n a l  t i m e  in [20] and have  
a s s u m e d  that  i t  was  ~100 hr) ,  we f ind that  the  m e a n  
f r e q u e n c y  of f l a r e s  in the P l e i a d e s  is 0. 00035 h r  -1 
,z-t~ 2900 hr) .  

Let  us now c o n s i d e r  the  g e n e r a l  c a s e  of Eq .  (2), 
when  t h e r e  a r e  f l a r e s  wi th  d i f f e r e n t  m e a n  f l a r e  f r e -  
q u e n c i e s .  We have  a l r e a d y  shown that  th is  f o r m u l a  can  
be  used  e v e n  when the t e l e s c o p e  does  not  r e c o r d  al l  the  
f l a r e s .  

Tab le  4 

~k ~k ( obs. ) 

474 ? 
123 123 
16 16 
2 Z 
1 1 

1 1 

1 1 

1 0 

0.5 0 
0.3 1 

A c c o r d i n g  to the S c h w a r t z  inequa l i ty ,  we have  

It will be conven ien t  to substitute 

g =V 

In s t ead  of inequa l i ty  (13) we then  have  

co co 

,,~-~ ,,)d,, 4 '4. ~ / (Od' , .  
0 13 U 

(14) 

Mul t ip ly ing  both s i de s  of th is  i nequa l i t y  by t 2, we obta in  

p~ ~ 2pop2. (15) 

If we now mul t i p ly  the l a s t  i nequa l i t y  by N 2, we obta in  

- -2  

- -  nl  ( 1 6 )  
"o > 2,:,~- 

Thus ,  by u s ing  the f o r m u l a  g iven  by Eq .  (11), which  is  
va l id  f o r  equa l  m e a n  f l a r e  f r e q u e n c i e s ,  we obta in  in 
the  g e n e r a l  c a s e  the l o w e r  l i m i t  fo r  the m a t h e m a t i c a l  
e x p e c t a t i o n  of the  n u m b e r  of s t a r s  f o r  wh ich  the f l a r e s  
have  not as ye t  b e e n  r e c o r d e d .  To obta in  an i d e a  about 
the change in n0 r e s u l t i n g f r o m  the p r e s e n c e  of d i s p e r -  
s ion  among  the m e a n  f r e q u e n c i e s  f r o m  the above l o w e r  
l i m i t ,  le t  us c o n s i d e r  ano the r  i m a g i n a r y  c a s e  f o r  which  

1 -b , J  
f('~) = ---e (17) 

b 

F r o m  Eq.  (2) we can  r e a d i l y  show that ,  in th is  c a s e ,  

2 

/~ 0 = - - - ,  ( 1 8 )  
n 2 

i. e . ,  th i s  va lue  is l a r g e r  by a f a c t o r  of two than p r e -  
d ie ted  by Eq .  (11). H o w e v e r  by r e d u c i n g  the  va lue  of 
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b, we obtain in the l imi t  uniform dis t r ibut ion of all f r e -  
quencies  if Eq. (17) is valid.  It may thus appear  that 
however  g rea t  the f requency d i spers ion ,  ~0 cannot ex-  
ceed the value given by Eq. (18). 

Table 5 

[ N u m b e r  o f  f la res  

Ainu I14['~2--16~'0 16'~'1--17["5 

1"0_1[~'9 
2.0--2.9 

3.0--3.9 
4.0--4.9 
5.0--5.9 

19 6 
13 2l 
7 5 
2 6 
0 3 

However ,  this is not the case .  It is poss ible  to imag-  
ine a d is t r ibut ion which has a sharp  max imum or  tends 
to infinity around the f requency  v = 0. This case  is v e r y  
different  f r o m  the case  r ep re sen ted  by Eq. (17). More -  
over ,  although this imag ina ry  case  s e e m s  a r t i f i c ia l  at 
f i r s t  sight,  it has a deep physical  s ignif icance.  Stars  
fo r  which the f l a re  f requency  is nea r ly  ze ro  are  p rac -  
t i ca l ly  undetectable.  All the bright  s t a r s  in the P le iades  
for  which f l a r e s  have not been observed  can be conve-  
niently r ega rded  as " f l a re  s t a r s  ~ with f requency  close 
to zero. 

Inequality (16) can therefore be strengthened if the 
number of flare stars includes stars which are prac- 
tically nonflare. However, at this stage of our inves- 
tigation this ass ignat ion of br ight  s t a r s  to the c lass  of 
f l a r e  s t a r s  is of no in te res t  because  our f i r s t  p rob lem 
is to de te rmine  the s t a r s  which undergo f l a r e s  over  
prac t icable  observat ional  per iods  (not m o r e  than a few 
thousand hours) .  

If on this bas is  we exclude f r o m  our calculat ions  the 
possible  max imum of the funct ionf(v)  nea r  v = 0, the 
value predic ted  by Eq. (18) will  be p rac t i ca l ly  the upper  
l imi t  fo r  the number  of all nonflare  s t a r s .  

We thus have,  f inal ly,  

- - 2  -2 
~ l  - -  nl  
2n-~ ~ no ~ --=-" (19) 

n 2 

We may t h e r e f o r e  suppose that the total  number  of f l a re  
s t a r s  in the P le iades  which can be detected by t e l e scopes  
of, say, 20-30"  in d i ame te r ,  l ies  somewhere  between 
600 and 1000. 

We have a l ready noted that our  calcula ted values  of 
-rio are  only lower  l imi t s  fo r  the t rue  va lues .  The posi -  
t ion may become more  compl ica ted  for  the following 
reasons .  F l a r e  act ivi ty  may va ry  with t ime  for  some of 
the s t a r s  by analogy with the s i tuat ion in the case  of the 
sun. We assume,  for  s impl ic i ty ,  that a f rac t ion  of the 
s ta r s  undergo no f l a re  act ivi ty  over  a per iod of a few 
yea r s .  Since the observa t ions  of f l a r e  s t a r s  in the 
P le iades  cove r  only a decade,  it is poss ible  that a l a r g e  
group of f l a re  s t a r s  may not be included in our ca lcu-  
la t ions.  In other  words ,  we must  r e m e m b e r  the pos-  
s ibi l i ty  of slow changes in the f requency  v with t ime 
for  an individually se l ec ted  s ta r .  As a resu l t ,  the in- 
equali ty given by Eq. (16) may become s t ronge r  s t i l l .  

w Representation of observations by a combination 
of two Poisson distributions with two mean frequencies. 
The number of stars in the Pleiades which have shown 
repeated flares is very small. The possibility of deter- 
mining the functionf(v) is therefore very limited. The 

observed number (112= 16) is such that its difference 

from the true value may be 25% or more. Henee~ the 

value n0 = nl/2n'2 maybe Isubjeet to a comparable rela- 
tive error. With this qack of information, the best thai 

can be done is to try to represent all the observed val- 

ues of n t by a combination of two Poissen distributions 
with different frequencies. 

It turns out that good agreement can be obtained by 
assuming that there are two groups~ one large with 

total number N l = 615, and the other small with N 2 = 7. 

The corresponding frequencies are such that ~lt = 0.26 

and v2t = 6, where t is the total effective time of obser- 
vation. 

In fact, under these conditions, the mathematical 

expectation of the number of stars for which n k flares 

have been observed, where 

n, = N 1 e -~ ' '  (~1 t)  ~ e ~,,(~#)k 
k~ + N2 k! (20) 

is tabulated in Table 4. 
Column 3 of Table 4 gives the observed  values  of nko 
This exce l len t  ag reement  between observa t ions  and 

the calcula ted mathemat ica l  expectat ions  is ,  of course ,  
the resu l t  of the fact  that we were  able to choose the 
values of four p a r a m e t e r s  (Nil N2, vlt,  v2t ) for  the r e l -  
a t ively short  table of observa t ional  data. 

The value of N = N~ + N 2 = 622 adopted fo r  the total  
number  of f lare  s t a r s  in the  P le iades  is somewhat  g r e a t e r  
than the value of N = 618 obtained in w f rom Eq. (11)~ 
This is pe r fec t ly  acceptable  because  it was shown above 
that Eq. (11) is val id for  the case  of equal mean f l a re  
f r equenc ie s ,  and gives  the lower  l imi t  for  the ma the -  
mat ica l  expectat ion of the number  of f l a re  s t a r s  for  

which f l a r e s  have not as yet been detected in the genera l  
case ,  when the sys tem contains s t a r s  with different  
mean f l a re  f r equenc ies .  

We must  augment the foregoing  with the following 
notes .  

1. Although fu r the r  observat ions  leading to new 
values of n k may fo rce  us to somewhat  change the 
adopted values  of Nll N2, vlt,  P2t, the re  is no doubt 
that, in addition to the main  mass  of s t a r s  in the P l e i -  
ades,  which indicates  r e l a t ive ly  r a r e  f l a r e s  (v~ ~ 
= 2900 h r ) ,  there  is a smal l  group of s t a r s  which 
undergoes frequent  f l a res  (v]t ~ 120 hr).  

2. The group of s t a r s  which undergo r a r e  f l a r e s  
may actual ly have a r e l a t ive ly  broad f requency spec-  
t rum.  There  a re ,  however ,  no data at p resent  which 
would enable us to judge the f requency bandwidth be-  
cause for  any f requency d i spers ion  it is s t i l l  possible  
to obtain good ag reemen t  with observa t ions  by a s sum-  
ing only one value for v t. As r ega rds  the group of 
seven s t a r s  with high f r equenc ies ,  most  of them, ff 
not all ,  have a l ready  been observed .  In all probabi l i ty ,  
four s t a r s  showing m o r e  than th ree  f l a r e s  are  p resen t  
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Table 6 

mpg �9 n nl n~ nn>~3 no N '~t (hours) 

14~, 2--16m7 50 37 9 4 76 126 0.487 1540 
16.8--18.2 50 45 3 2 338 388 0.133 5640 
18.3--=>21 .,5 45 41 4 -- 210 255 0.195 3850 

in this group. M o r e o v e r ,  it is possible  that at l eas t  
one or  two r e p r e s e n t a t i v e s  of this group a re  among the 
16 s t a r s  which have undergone two f l a r e s .  

w Amplitude d is t r ibut ion  of the f l a r e s .  It is im-  
portant  to know the ampli tude d is t r ibut ion  for  the s ta -  
t i s t i c s  of f l a re  s t a r s .  The obse rved  ampli tude d i s t r i -  
bution of f l a r e s  wil l  co r re spond  to the t rue  d is t r ibut ion  
only if one is sure  that all the f l a r e s  above a ce r t a in  
threshold  amplitude have been r eco rded .  F o r  the rough 
photographic observa t ions  used in the p re sen t  case ,  
this threshold amplitude may be assumed tobe A = 0.m6, 

but this is valid only for the brighter flare stars. 

To derive the amplitude distribution of the flares we 
have therefore used only those flare stars whose light 
at minimum was not less than17 .m5 inphotographic rays. 

The total number of such stars in the list turns out to 

be 80, and the total number of their flares 112. How- 
ever, 30 of these flares have an amplitude less than I m 

in the ultraviolet, and not all such flares may have been 

detected by the telescopes, especially in the case of the 

weakest of the selected stars. We therefore decided to 
consider amplitudes corresponding to A -> I m 0 in the 

ultraviolet rays. The use of amplitudes in the ultra- 

violet was due to the fact that most of the flares were 

discovered in these rays. Approximate ultraviolet cor- 

rections to the amplitudes were introduced for flares 

discovered in photographic rays and included in our 

statistics. To simplify the calculations we assumed that 
for all the flare stars U - B = +Imatminimum, andthat 

the color of the flare was U - B = -1 m. 

All the 82 flares which we used were divided into two 
equal groups in accordance with their brightness in pho- 
tographic rays, i.e., 14m2-]6.m0, ]6.ml-17m5.* 

Inspection of Table 5 will show that the distributions 

are considerably different for flare stars of different 
brightness. In particular, for the brighter stars (group 

]) the maximum number of flares has amplitudes in the 
range I .m0-1 .m9, whereas for the second group this 

maximum lies in the next interval. We have the impres- 
sion that the weaker stars more frequently show flares 
with larger amplitudes. 

This is also indicated by the following fact. Out of 
all the flares in the Pleiades which were recorded, 157 

have amplitudes->l.m0 in the ultraviolet, and of these 
42 have amplitudes >-5 .m0. Moreover, the brightest star 

*The photographic ampli tudes  of f l a r e  s t a r s  were  
taken f r o m  the catalog [21]. In the remain ing  cases  we 
used magnitudes as r epor t ed  by the o b s e r v e r s .  In some 
cases ,  when the s t e l l a r  magnitude is fol lowed by the 
symbol > o r ( , t h e  s t e l l a r  magni tudes  were  e s t ima ted  
f r o m  the P a l o m a r  char t s .  

for  which such a f l a r e  was r e c o r d e d  had a br ightness  of 
16m7. Of the 157 f l a r e s  noted above, 51 were  observed  
for  s t a r s  b r igh te r  than 16.m7, and the r e m a i n d e r  for  the 
weaker  s t a r s .  Thus,  out of the 52 f l a r e s  o f b r i g h t s t a r s  
with amplitude ->1 m,  including the above s ta r  of 16.m7, 
only one has an ampli tude ->5.m0, whereas  among the 
105 f l a r e s  of weaker  s t a r s  the re  a re  41 with such a 
l a rge  ampli tude.  The observa t ional  conditions were  
such that f l a r e s  of weak s t a r s  with smal l  amplitude e. g. 
an ampli tude of 2 m in s t a r s  of 20 m) could not be ob- 
se rved .  However ,  it may be supposed that the p e r c e n t a g e  
of lost  f l a res  cannot be much g r e a t e r  than 50. T h e r e -  
fo re ,  even if we assume that for  the weaker  s t a r s  we 
should have observed  210 f l a r e s  during the same t ime,  
it was neve r the l e s s  found that one out of f ive f l a r e s  had 
an ampli tude ->5m0. This cannot be a resu l t  of random 
f luctuat ions,  and indicates  that the mean amplitude of 
f l a r e s  i n c r e a s e s  with dec reas ing  br igh tness .  

The observed  inc rease  of amplitude with dec reas ing  
br igh tness  appears  to support  the conclusion that the 
mean energy  l ibe ra ted  during each f l a re  is not v e r y  
dependent on the luminosi ty  of the f la re  s tars . (We are  
indebted to V. S. Oskanyan for  pointing this out). 

w Dependence of f l a re  f requency  on the br ightness  
of f l a r e  s t a r s .  It is shown in w that the observed  dis-  
t r ibut ion of f l a r e s  among f l a re  s t a r s  for which n k f la res  
have been observed  (k = 1, 2, etc.  ) can be r e p r e s e n t e d  
by the sum of two Poisson  dis t r ibut ions  with different  
mean f r equenc ies .  This in i t se l f  shows that the f l a re  
s t a r s  in the P le iades  have different  f l a r e  f r equenc ies .  
At the same t ime,  it is important  that s t a r s  which f l a re  
up r e l a t i ve ly  more  f requent ly  are  t h e b r i g h t e s t  objects .  
This is an indication of the fact  that the f l a re  f requency  
depends on b r igh tness .  In this connection,  we t r i ed  to 
obtain d i rec t ly  the f l a re  f r equenc ies  for  s t a r s  of d i f fe r -  
ent b r igh tness ,  using the data at our disposal .  All the 
known f l a re  s t a r s  in the P le iades  were  divided into th ree  
roughly equal groups:  14.m2-16m7, 16.rn8-18.m2, 18m3 - 

>21 .m5. Using Eqs.  (11) and (12), we calcula ted thetota l  
number  N of f l a re  s t a r s  and vt independently for  each 
group. Next,  s ince p rac t i ca l ly  all  the observa t ions  on 
the region of the P le iades  which have been used for  the 
d i scove ry  of f l a re  s t a r s  were  c a r r i e d  out with the wide-  
angle Schmidt c a m e r a s ,  we assumed that the ef fec t ive  
t ime of observa t ions  was the same (about 750 hr)for  all 
th ree  groups,  and calculated the mean f l a r e  f requency.  
The resu l t s  of the calcula t ion a re  given in Table 6. 

Although the calcula ted values  of N an-ci v • given in 
l ines 2 and 3 of Table 6 are  subject  to cons iderab le  
e r r o r s ,  because  the cor respond ing  values ofn  2 are  smal l ,  
n e v e r t h e l e s s ,  the h igher  value of the mean f l a re  f r e -  
quencY for the b r igh te r  s t a r s  given in the f i r s t  line of the 
table may be r ega rded  as a rea l  effect .  This fact  de- 
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Table 7 

r '  n n~ n2 n o N ~t I(hours ) 

I I 
0- -  46.6 17.2 49 34 10 5 58 I07 10.596 1280 

i 
46 .7 - -  85.1 17.5 48 45 3 - -  337 385 10.134 5600 

8 5 . 2 - 1 5 5 . 7  17.8 48 44 3 1 I 323 371 0 . !35  5520 

se rves  cons iderab le  attention and we shall  r e tu rn  to it 
in the following sect ion.  On the other  hand, the re  is no 
doubt that, in the ease  of weak s t a r s  (this r e f e r s  pa t t i -  
cu la r ly  to line 3 of Table 6), a cons iderable  f rac t ion  of 
the f l a r e s ,  i . e . ,  f l a r e s  with smal l  ampli tude,  is lost  
in the observa t ions .  The re fo r e ,  the values of v -1 given 
in the var ious  l ines  of Table 6 cannot be compared .  

The data of Table 6 are  conf i rmed by the analogous 
data shown in Table 7. These  r e f e r  to three  groups of 
s t a r s  at different  d is tances  f r o m  the cen te r  of the ag- 
grega te  in p ro jec t ion  onto the ce l e s t i a l  sphere .  The 
groups are  chosen so that there  is an a lmos t  equal num- 
be r  of f la re  s t a r s  in each of them. The f i r s t  column of 
the table shows the l i m i t i n g  dis tances  f r o m  the cen te r  
(in minutes  of arc),  and the second column gives the 
mean photographic magnitude of the f l a re  s t a r s  for  the 
given group. 

Compar ison  of the f i r s t  two columns of Table  7 shows 
that the re  is a definite re la t ion  between the mean  d is -  
tances f rom the cen te r  and the mean s t e l l a r  magni tudes .  
The data of this table can also be cons idered ,  t h e r e -  
fore ,  as conf i rming  the observed  dependence of f l a re  
f requency  on the br ightness  of the f l a re  s t a r s .  

The total  number  of f l a re  s t a r s  in Tables  6 and 7 

is cons iderab ly  g r e a t e r  than the value N = 618 obtained 
in w It s eems  to us that this is a fur ther  a rgument  in 
favor  of the fact  that the values  of N and u - t  obtained 
d i rec t ly  f rom the resul tan t  data using Eqs.  (11) and (12) 
are  actual ly only the lower l imi t s  for the r equ i r ed  quan- 
t i t ies  o 

We will  not go into a more  detai led d i scuss ion  of the 
observed  re la t ion  between the f l a re  f requency and the 
s t e l l a r  magnitude at min imum for  the fol lowing reason .  
The only s ignif icant  conclusions are  those based on the 
compar i son  of comparab le  quant i t ies .  If we are  con- 
cerned  with the compar i son  of f l a r e  f requenc ies  in a 
given amplitude in terva l ,  it is impor tant  to r e m e m b e r  
that our  data suffer  f r o m  an underes t ima te  of l o w - a m -  
plitude f l a res  in weak s t a r s .  On the other  hand, if we 
are  in te res ted  in f l a r e s  fo r  which the energy  r e l ea se  
l ies  within given l imi t s ,  we must  r e m e m b e r  that a 
f l a re  whose amplitude amounts to one magnitude for  

14 m s t a r s  is roughly equivalent  to a f l a r e  of f ive 
magnitudes in the case  of 18m5 s t a r s .  If we are  
not r eco rd ing  f l a r e s  of l e ss  than 0.7 magnitude for  14 m 
s t a r s ,  we should not cons ider  f l a r e s  with amplitude 
less  than four  magnitudes in the case  of 18m5 s t a r s .  

Before  we compare  the f requenc ies  for  s t a r s  of equal 
b r igh tness ,  we must  agree  about the pa r t i cu la r  se ts  of 
f l a r e s  in s t a r s  of different  magnitude in which we a re  
in te res ted .  

w Stars  near ing  the end of f l a re  act ivi ty .  The 
observa t ional  data show that the b r igh tes t  f l a re  s t a r s  

have cons iderab le  f la re  act ivi ty .  We note ~he magni-  
tudes of the four  s t a r s  which have exper ienced  at l eas t  
four  f l a r e s .  

All four  s t a r s  belong to the group of the br ightes t  
f la re  s t a r s ,  and th ree  of them l ie  nea r  the boundary 
(V = 13.30) separa t ing  the reg ion  of f l a r e  s t a r s  f r o m  
nonflare  s t a r s  along the axis of visual  s t e l l a r  magni-  
tudes.  Although one could suspect  that the detect ion of 

f l a r e s  for  the b r igh t e r  s t a r s  is e a s i e r  than for  the 
weaker  s t a r s ,  observa t iona l  se lec t ion  cannot explain 
such a s t r ik ing resu l t .  

We also note the mean ampli tudes  of the th ree  b r igh t -  
es t  s t a r s  shown in Table 8. These  mean ampli tudes a re  
so smal l  in compar i son  with the mean ampli tudes of 
s t a r s  which have undergone one or  two f l a r e s  (3m3 and 
2m3, respec t ive ly)  that it s e e m s  v e r y  probable  that for  
f l a r e  s t a r s  near  the ~/bove boundary between f l a re  and 
nonflare  objects ,  i . e . ,  for  f l a re  s t a r s  for  which the 
f l a re  act ivi ty  has nea r ly  ceased ,  the re  is a reduct ion 
in the mean ampli tude.  

This conclusion means that as the observed  f la re  ac -  
t iv i ty  ends,  the ampli tude gradual ly  d e c r e a s e s .  Hence,  
s t a r s  which have not shown f l a res  of apprec iable  
amplitude rnay be regarded  as objects  i n w h i e h t h e f I a r e  
amplitude l ies  below the l imi t  detectable  by the rough 
photographic method which we have employed (e.g. less  
than 0m4 in U). It would t he re fo re  be very  in te res t ing  
to ase  more  accura te  methods of invest igat ing tile be-  
havior  of s t a r s  with V = 13.25 (or somewhat  br ighter )  

with the aim of detect ing smal l  f l a r e s .  

To es tab l i sh  what happens to a s t a r  just  before  the 
t e rmina t ion  of f la re  act ivi ty ,  we shall  proceed as foi-  
lows. Let us set  up a l i s t  of s t a r s  in the P le iades  in 

o r d e r  of dec reas ing  visual  b r igh tness  in accordance  
wi ththe  photometr ic  m e a s u r e m e n t s  of Johnson and Mit-  
chell  [22]. Table 9 shows ten succe s s ive  s t a r s  in this 
l i s t  (we have excluded HII 1794 and HII t850, w h i e h f o r m  
a bt~ary sys tem with integral  magnitude V = 13.36 [22]) 
on e i the r  side of the boundary separa t ing  f l a re  and non- 
f l a re  s t a r s .  Column 3 of the table g ives  the number  of 
observed  f l a r e s  for  the cor responding  s t a r s  and column 
4 the mean f l a re  ampli tudes in U. 

F r o m  this table we may draw the following two con- 
c lus ions .  

1. There  are sharp  d i f fe rences  in the s te! !ar  mag-  
nitudes between f l a re  and nonflare s t a r s  (we a re ,  of 
course ,  concerned with f l a r e s  of ampli tude not l e ss  
than 0, 5 magnitudeL 

2. If the f l a r e  s t a r s  at the end of the i r  ac t iv i ty  were  
to have f la re  f requency  c lose  to the value for  the en t i re  
aggregate ,  we should detect  a f la re  for  only one ou~ of 
eve ry  four s t a r s .  In fact ,  f l a r e s  have b e e n o b s e r v e d f o r  
all f ive s t a r s  which have come to the end of the i r  f la re  
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No. 

8 

14 

17 

21 

Table 8 

H.II 

357 

906 

1306 

1653 

mY I ~m---~, 

13.46 1.3 

15.24 2.1 

13.39 1.2 

13.31 0 .9  

Sp 

K6Ve 

K7-MOVe 

dK5(e) 

K4.5e 

Number 
of flares 

Reference 

[8, 18. 1~ 
I18, 191 
I18, 221 
[18, 191 

act ivi ty .  This means  that the f l a re  f requency  is h igher  
for  these objects .  

w Poss ib l e  c o r r e c t i o n  to the dynamic m a s s  of the 
P le iades .  The P le iades  should contain at l eas t  600, 
mos t ly  weak, f l a r e  s t a r s .  However ,  the re  a re  br ight  
nonflare  m e m b e r s  of the P le iades  whose total  m a s s  is 
quite cons iderab le .  

Observa t ions  show that none of the s t a r s  with V < 13.30 
in the P le iades  exhibits  a f l a r e .  The total  mass  of all 
the br ight  s t a r s  in the P le iades  up to V = 13.30 is ap- 
p rox ima te ly  260 M 0 [16]. Moreove r ,  the dynamic m a s s  
of the P le iades  de te rmined  f r o m  the v i r i a l  t h e o r e m  can 
be e s t ima ted  as 400 M~ [23,24]. Even if we allow for  
the poss ib i l i ty  of e r r o r  in the m e a s u r e d  mean square  

veloci ty  we must  s t i l l  conclude that the r e su l t  cannot 
exceed  450 M O . 

The re fo r e ,  the f l a re  s t a r s  account for  a total m a s s  
between 140 and 190 so l a r  m a s s e s .  M o r e o v e r ,  the re  is 
no difficulty in e s t ima t ing  the i r  mean  m a s s  f r o m  the 
absolute magnitudes of the f la re  s t a r s  through the m a s s -  
luminos i ty  re la t ion .  This turns  out to be one- th i rd  of 
the so la r  m a s s .  We may,  t h e r e f o r e ,  take 200 M 0 as the 
lower  l imi t  for  the total  m a s s  of all the f l a r e  s t a r s  in 
the P le iades .  

In fact ,  our ca lcula t ions  do not include f l a re  s t a r s  
which are  inaccess ib l e  to t e l e scopes  of in te rmedia te  
s ize  even fo r  l a rge  f l a r e s .  Consequently,  it is probable 
that the total  m a s s  of all  the f l a r e  s t a r s  is much g r e a t e r  
than 200 M 0. T h e r e f o r e ,  whe reas  in [16] we con- 

s ide red  that the f l a re  s t a r s  a re  included in the total  
m a s s  of the Plei~ades de te rmined  dynamica l ly ,  we now 
come to doubt this poss ib i l i ty .  

However ,  the total  mass  de t e rmined  with the aid of 
the v i r i a l  t heo rem applied to the m e m b e r s  of the c lu s t e r  
taken f r o m  the catalog [21] does not include the mass  
of the spher ica l  l ayer  outside a 1~ radius  around Alcyone.  
At the same t ime,  this sphe r i ca l  l aye r  contains not l e ss  
than half the f l a r e  s t a r s  d i s cove red  so fa r .  The at-  
t r ac t ion  of this sphe r i ca l ly  s y m m e t r i c  l a y e r  can have 
no effect  on the motion of the Her t z sp rung  m e m b e r s  
occupying a spher ica l  volume of radius  1 ~ 

The dynamic mass  of the P le i ades  can include only 
hag  or  even l e s s  of the total  mass  of the f l a re  s t a r s  
i. e . ,  no cont radic t ion  with the dynamic mass  is ob- 
tained. At the same t ime ,  the dynamic mass  de te rmined  
so f a r  is not the total m a s s  of the P le i ades .  To obtain 
the total  m a s s  we must  augment the dynamic m a s s  by 
the total  mass  of roughly half  of all  the f l a r e  s t a r s ,  
i. e . ,  not l e s s  than 100 M| 

w Conclusions ,  S ta t i s t ica l  analys is  of the 145 
f l a re  s t a r s  in the P le iades ,  including the 85 s t a r s  r e -  
cently d i scove red ,  leads to the fol lowing conclus ions .  

1. The P le iades  contain more  than 600 f l a r e  dwarfs 
with v i sua l  magnitudes g r e a t e r  than 13m25. 

Table 9 

HII V n HII  V 1 

2588 

3187 

380 

451 

945 

13.10 
13.12 
13.19 
13.25 
13.29 

0 1531 
0 1653 
0 1308 
0 3104 
0 3019 

13.30 
13.31! 
13.39] 
13.41 
13.45 

n ~rn U 

2 0.6 
4 0.9 
5 1.2 
1 4.0 
1 1.0 

2. There  is a sharp  boundary on the v isual  mag-  
nitude axis between f l a re  s t a r s  and s t a r s  for  which 
f l a r e s  are  not observed .  All,  or  p rac t i ca l ly  all ,  m e m -  
b e r s  of the P le iades  for  which V - 13.29 show no f l a res .  
It must  be r e m e m b e r e d ,  however ,  that the photographic 
method which we a re  employing is ve ry  rough and, in 
p r ac t i ce ,  allows us to r eco rd  only f l a r e s  wi thA > 0m5. 
It is poss ib le  that the application of more  accura te  
methods to the "boundary s t a r s " ,  i . e . ,  the detect ion 
of f l a r e s  with smal l  ampli tudes ,  wil l  lead to a shift of 
this boundary toward weaker  s t a r s .  

3. The mean  f requency of detect ion of f l a r e s  for the 
g rea t  ma jo r i t y  of the s t a r s  is of the o rde r  of 0. 0004 h r - !  
The resu l t  is of the same o rde r  both for  the P le iades  
and the Orion assoc ia t ions .  In the P le iades  the f l a re  
s t a r s  whose br igh tness  l ies  near  the boundary V = 13.29 
have a cons iderab ly  h igher  f requency.  At the same t ime,  
the mean amplitude is lower  than for  the o ther  f l a re  
s t a r s .  

It must  be r e m e m b e r e d  that the e s t ima ted  f requen-  
c ies  a re ,  to some extent ,  conventional  and depend on 
the sens i t iv i ty  of the observa t iona l  method.  We may 
suppose,  however ,  that if we were  able to r e c o r d f l a r e s  
with A = 0ml the m e a n f r e q u e n c i e s  wouldbe muchh ighe r .  

4. The t rue  total  mass  of all the s t a r s  i n t h e P l e i a d e s  
should be somewhat  g r e a t e r  than the dynamic mass  de- 
t e r m i n e d  f r o m  the v i r i a l  t heo rem  because  a f r ac t ion  of 
weak f l a r e  s t a r s  f o rms  an outer  spher ica l  envelope 

which has no influence on the motion of the b r igh te r  
s t a r s  which l ie in the in t e r io r  and are  used to  de t e rmine  
the dynamic mass .  The co r r ec t i on  to the dynamic mass  
may reach  100 M(~. 

The authors are  indebted to P r o f e s s o r  G. Haro,  
P r o f e s s o r  L. Rosino,  P r o f e s s o r  L. Detre  and D. A. 
Rozhkovski i  for  supplying data on the new f la re  s t a r s  
p r i o r  to publication.  We are  also indebted to P r o f e s s o r  
G. Haro for  a number  of c r i t i ca l  r e m a r k s  which we 
t r i ed  to include in the prepara t ion  of the final draft  
insofar  as it was possible .  The i nc r ea se  in the number  
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of r e c o r d e d  f l a r e s  achieved dur ing  the l a s t  y e a r  is 
ac tua l ly  the r e s u l t  of c l o s e  in te rna t iona l  coopera t ion  
in this  a rea .  
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