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B e a t Cephe ids c o n t i n u e t o p o s e a number of unanswered q u e s t i o n s 
c o n c e r n i n g t h e b e h a v i o u r of s t a r s n e a r t h e s h o r t - p e r i o d end of t h e 
Cepheid i n s t a b i l i t y s t r i p ; i n p a r t i c u l a r , why i s i t t h a t s u c h a h i g h 
p r o p o r t i o n of s t a r s w i t h f u n d a m e n t a l p e r i o d d 5 days e x h i b i t s i m u l t a n e o u s 
p u l s a t i o n i n b o t h t h e f u n d a m e n t a l and f i r s t - o v e r t o n e r a d i a l modes , and 
why i s i t t h a t t h e s e s t a r s e x h i b i t s u c h a n a r r o w r a n g e of p e r i o d r a t i o 
( ^ l / ^O - 0 - 7 1 ) ? A programme of o b s e r v a t i o n and F o u r i e r a n a l y s i s of 
b e a t Cepheids i s p r e s e n t l y b e i n g u n d e r t a k e n a t Mount S t r o m l o and S i d i n g 
S p r i n g i n an e f f o r t t o u n d e r s t a n d t h e s e phenomena. 

There i s now e v i d e n c e t h a t , f o r t h e two b e s t o b s e r v e d s t a r s of 
t h i s c l a s s - U TrA and TU C a s , b o t h t h e p e r i o d and t h e r e l a t i v e mode 
a m p l i t u d e s a r e s l o w l y c h a n g i n g w i t h t i m e . U TrA was o b s e r v e d i n d e t a i l 
d u r i n g t h e y e a r s 1953-59 by O o s t e r h o f f (1957) and J a n s e n ( 1 9 6 2 ) , and a 
new s e r i e s of 481 f i v e c o l o u r o b s e r v a t i o n s of t h i s s t a r was o b t a i n e d 
by F a u l k n e r and Shobbrook (1979) i n 1977 . Us ing E = E(Amp x F r e q ) 2 

summed o v e r a l l t h e F o u r i e r t e rms f o r a g i v e n mode as a measu re of t h e 
p u l s a t i o n a l e n e r g y a s s o c i a t e d w i t h t h a t mode,we can u s e t h i s 20 y e a r 
t i m e b a s e t o c a l c u l a t e t h e change i n r e l a t i v e mode e n e r g y . For U TrA 
t h e e n e r g y of t h e o v e r t o n e i s i n c r e a s i n g ( s e e T a b l e I ) . S i m i l a r l y we 
can compare t h e f u n d a m e n t a l p e r i o d d e r i v e d f o r t h e s e 20 y e a r s w i t h an 
e a r l i e r p e r i o d e s t i m a t e of O o s t e r h o f f (1957) t o o b t a i n t h e r a t e of 
f requency change shown. 

For TU Cas t h e r e a r e 1194 p h o t o e l e c t r i c m e a s u r e s p u b l i s h e d i n 
s u b s t a n t i a l s e t s , c o v e r i n g t h e y e a r s 1954-78 (Worley and Eggen 1957 ; 
C o c i t o and Masanl 1960 ; V a s i l j a n o v s k a j a 1966 ; G i e s e k i n g and Radeke 
1978 ; Niva and Schmid t 1 9 7 9 ) . These h a v e b e e n F o u r i e r a n a l y z e d by 
F a u l k n e r and Cogan (1979) y i e l d i n g t h e r e s u l t s f o r p e r i o d and a m p l i t u d e 
change shown i n T a b l e I . I t w i l l b e s e e n t h a t t h e - c h a n g e s f o r TU Cas 
a r e i n t h e o p p o s i t e s e n s e t o t h o s e f o r U TrA and a r e a p p r e c i a b l y more 
r a p i d . The f r e q u e n c y changes may b e compared w i t h t h o s e p r e d i c t e d by 
e v o l u t i o n a r y t h e o r y f o r a 5 MQ s t a r - H-4 x 1 0 - ^ d - 2 f o r t h e b l u e w a r d 
and —2 x 1 0 - 9 d~2 f o r t h e s u b s e q u e n t r edward e v o l u t i o n . 
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F i g u r e 1 R a d i a l v e l o c i t i e s of NGC 6649 c l u s t e r s t a r s and V367 S e t 
w i t h r e s p e c t t o s t a r 19 ( l e f t hand o r d i n a t e ) and w i t h h e l i o c e n t r i c 
c o r r e c t i o n s ( r i g h t hand o r d i n a t e ) . C l u s t e r s t a r s a r e shown by open 
c i r c l e s w i t h an open s q u a r e f o r s t a r 19 and open t r i a n g l e f o r s t a r 
5 6 , a p o s s i b l e non-member . 

The v a r i o u s v e l o c i t i e s of V367 S e t , d o t s , a r e p l o t t e d 
a g a i n s t f u n d a m e n t a l p h a s e and a s c h e m a t i c s c a l e d l i g h t c u r v e i s 
s u p e r i m p o s e d 
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T a b l e I 
F r equency and Mode Ene rgy Changes i n B e a t Cephe ids 
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d f n / d t ( d ~ 2 ) 

+ ( 1 . 8 ± 3) x l O " 1 0 

- ( 2 . 6 ± 0 . 5 ) x 1 0 ~ 9 

A(E 1 /E Q ) ( o v e r 20 y r ) 

+ 0 . 1 0 ± 0 . 0 2 

- 0 . 4 9 ± 0 . 0 4 
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V367 Set is a key object among the beat Cepheids, being a 
probable member of the cluster NGC 6649. I ts beat character is now 
well substantiated (Madore, Stobie and van den Bergh 1978), and 
confirmation of i t s cluster membership would provide valuable 
information concerning i t s reddening and luminosity. The positional, 
PLC, and C-M array data all support membership, although Flower (1978) 
has claimed that this would imply an abnormal time spread of star 
formation within the cluster. Recently Barrell (1979) has obtained 
radial velocity measurements for this Cepheid and for 12 cluster stars, 
which are summarized in Figure 1. Clearly the Cepheid velocity is 
very close to the systemic cluster velocity, which provides another 
piece of supporting evidence for membership. This implies that this 
beat Cepheid obeys the same PLC relationship as do normal Cepheids of 
the same fundamental period, indicating that their multi-mode character 
is not due to their being in some unexplained evolutionary state. 

At first sight this result, coupled with that for period and 
mode energy changes, might appear to indicate that the double-mode 
behaviour is due to "mode-switching" as the s tar 's evolution carries 
i t across a boundary between regions of fundamental and first overtone 
instability. This explanation can hardly be correct, however, since 
the proportion of stars with 2d < PQ < 4d e x h i b i t i n g b e a t b e h a v i o u r i s 
~20% ( S t o b i e 1977) w h i c h i s f a r t o o l a r g e t o b e c o n s i s t e n t w i t h mode-
s w i t c h i n g o v e r a t i m e s c a l e of ~100 y r . P o s s i b l y t h e a m p l i t u d e 
changes a r e due t o some form of mode i n t e r a c t i o n i n which e n e r g y i s 
t r a n s f e r r e d b a c k and f o r t h b e t w e e n t h e modes . 
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