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T H E D W A R F N O V A C U V E L O R U M 

F r a n k M . B a t e s o n 
R e s e a r c h A s s o c i a t e , C a r t e r O b s e r v a t o r y , W e l l i n g t o n 
a n d D i r e c t o r , V a r i a b l e S t a r S e c t i o n , R . A . S . N . Z . 

S U M M A R Y : V i s u a l o b s e r v a t i o n s f r o m J . D . 2 , 4 3 8 , 8 4 6 t o 2 , 4 4 2 , 9 3 0 
of C U V e l a r e d i s c u s s e d . D a t a f o r t h e 4 9 o u t b u r s t s o b s e r v e d 
a r e t a b u l a t e d . A l l o u t b u r s t s w e r e e i t h e r n a r r o w o r w i d e , a c c o r d i n g 
to t h e t i m e t h e v a r i a b l e w a s b r i g h t e r t h a n m a g n i t u d e 1 3 - 0 . N o 
o u t b u r s t s i n t e r m e d i a t e to t h e s e t w o t y p e s w e r e o b s e r v e d . T h e m e a n 
c y c l e i s 1 6 4 . 7 d a y s . M e a n m a x i m u m m a g n i t u d e i s 1 0 . 7 1 f o r w i d e 
m a x i m a a n d 1 1 - 1 3 f o r n a r r o w m a x i m a - N o i n f o r m a t i o n c a n b e g i v e n 
o n b e h a v i o u r a t m i n i m u m a s C U V e l f a l l s w e l l b e l o w t h e t h r e s h o l d 
o f t h e i n s t r u m e n t s u s e d . 

I N T R O D U C T I O N : C . H o f f m e i s t e r ( 1 9 4 9 ) a s s i g n e d C U V e l t o t h e U G e m 
c l a s s w i t h a r a n g e of 1 2 to ( l 3 - 5 p t g . P r e l i m i n a r y d e s i g n a t i o n s 
f o r t h i s s t a r a r e S 4 9 0 7 ; H V 8 l 7 l ; P 3 2 5 7 a n d 7 1 5 - 1 9 3 5 - K u k a r k i n , 
et_ al_ ( 1 9 7 4 ) , w h i l s t s t i l l q u o t i n g H o f f m e i s t e r 1 s p a p e r , g i v e s t h e 
r a n g e a s 1 0 . 7 to 1 5 - 5 p t g w i t h a m e a n c y c l e of 1 5 0 d a y s . 

C H A R T S A N D S E Q U E N C E S : I d e n t i f i c a t i o n c h a r t s , w i t h o u t s e q u e n c e s , 
w e r e p u b l i s h e d b y H o f f m e i s t e r ( 1 9 5 7 ) a n d B r u n a n d P e t i t ( 1 9 5 9 ) . 
C h a r t l l 4 , s h o w i n g a l e t t er ed s e q u e n c e o f c o m p a r i s o n s t a r s w a s 
p u b l i s h e d b y B a t e s o n , _et aX ( 1 9 6 7 ) - V m a g n i t u d e s f o r m o s t o f t h e s e 
c o m p a r i s o n s t a r s w e r e p u b l i s h e d b y B a t e s o n , et a l ( l 9 7 l ) - A m o r e 
c o m p l e t e s e q u e n c e o f V a n d B - V m a g n i t u d e s b y W a r n e r ( 1 9 7 6 ) h a s b e e n 
u s e d i n t h e r e d u c t i o n o f t h e o b s e r v a t i o n s d i s c u s s e d i n t h i s p a p e r . 

O B S E R V A T I O N S : T h e r e a r e a v a i l a b l e 5 , 6 8 0 v i s u a l o b s e r v a t i o n s m a d e 
b y m e m b e r s o f t h e V a r i a b l e S t a r S e c t i o n , R o y a l A s t r o n o m i c a l S o c i e t y 
of N e w Z e a l a n d . T h e s e c o v e r t h e i n t e r v a l J . D . 2 , 4 3 8 , 8 4 6 ( 1 9 5 4 
A p r i l 1 3 ) to 2 , 4 4 2 , 9 3 0 ( 1 9 7 6 M a y 3 l ) - T h e m a j o r i t y o f t h e o b s e r ­
v a t i o n s a r e n e g a t i v e w i t h C U V e l i n v i s i b l e , a n d t h e m a g n i t u d e o f 
t h e f a i n t e s t c o m p a r i s o n s t a r s e e n r e c o r d e d . 

A l l p o s i t i v e o b s e r v a t i o n s w e r e p l o t t e d o n a l a r g e s c a l e , f r o m 
w h i c h t h e d a t e s o f t h e o u t b u r s t s w e r e d e t e r m i n e d . T h e s e a r e s h o w n 
i n T a b l e 1 , w h e r e t h e f i r s t c o l u m n g i v e s c o n s e c u t i v e n u m b e r s to 
e a c h m a x i m u m . T h e s e c o n d c o l u m n s h o w s t h e t y p e o f m a x i m u m , N b e i n g 
n a r r o w , a n d , W w i d e , a s d i s c u s s e d b e l o w . T h e d a t e s d e t e r m i n e d f o r 
m a x i m u m b r i g h t n e s s a p p e a r i n t h e t h i r d c o l u m n , w h i l s t m a x i m a m a g ­
n i t u d e s a r e s h o w n i n t h e f o u r t h c o l u m n , e x c e p t w h e r e t h e o b s e r ­
v a t i o n s a r e f r a g m e n t a r y , w h e n t h e b r i g h t e s t r e c o r d e d v a l u e s a r e 
q u o t e d a n d u n d e r l i n e d . S u c c e s s i v e c o l u m n s t h e n l i s t t h e i n t e r v a l , 
i n d a y s , b e t w e e n s u c c e s s i v e m a x i m a ; t h e d a t e s o n w h i c h C U V e l 
r e a c h e d m a g n i t u d e 1 3 - 0 o n t h e r i s e ( 1 3 - 0 1 ) a n d o n t h e f a l l ( 1 3 - 0 D ) ; 
t h e w i d t h , i n d a y s , d e f i n e d a s t h e t i m e t h e v a r i a b l e w a s b r i g h t e r 
t h a n m a g n i t u d e 1 3 - 0 . T h e f i n a l c o l u m n g i v e s t h e n u m b e r o f p o s i t i v e 
o b s e r v a t i o n s u s e d i n d e t e r m i n i n g t h e p a r t i c u l a r s i n t h e p r e c e d i n g 
c o l u m n s , a n d p r o v i d e s a n i n d i c a t i o n o f t h e r e l i a b i l i t y o f t h e 
d a t a q u o t e d . 

D I S C U S S I O N : M a x i m a f a l l i n t o t w o d i s t i n c t t y p e s , b e i n g c l a s s e d a s 
n a r r o w , w h e n t h e w i d t h a t p h a s e 1 3 - 0 1 - 1 3 - 0 D i s 3-5 d a y s , o r l e s s , 
a n d w i d e , w h e n t h e w i d t h i s 1 1 d a y s , or m o r e . A t o t a l o f 4 9 m a x i m a 
w e r e o b s e r v e d , o f w h i c h 2 0 w e r e w i d e a n d 2 9 n a r r o w . I n s u c c e s s i v e 
i n t e r v a l s of 1 , 0 0 0 d a y s f r o m t h e f i r s t o b s e r v a t i o n t h e r e w e r e t w o 
or t h r e e w i d e m a x i m a , a n d f r o m t w o to f i v e n a r r o w m a x i m a . 

I t i s u n l i k e l y t h a t m a n y w i d e m a x i m a p a s s e d e n t i r e l y u n ­
o b s e r v e d s i n c e t h i s w o u l d r e q u i r e a g a p e x c e e d i n g e i g h t d a y s i n 
t h e r e c o r d s . A l t h o u g h s u c h g a p s o c c u r r e d o n 8 8 o c c a s i o n s i n t h e 
2 2 y e a r s of o b s e r v a t i o n s t h e p a t t e r n of w i d e m a x i m a r e c o r d e d 
a p p e a r s t o i n d i c a t e t h a t f e w w e r e m i s s e d . N a r r o w m a x i m a w e r e 
o b v i o u s l y m i s s e d b e c a u s e a g a p o f a d a y o r so w o u l d b e s u f f i c i e n t 
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f o r o n e t o go u n o b s e r v e d . 

C U V e l w a s o b s e r v e d i n e v e r y m o n t h e a c h y e a r w i t h t h e r e c o r d s 
b e i n g l e s s n u m e r o u s i n t h e m o n t h s of A u g u s t , S e p t e m b e r a n d O c t o b e r , 
w h e n o b s e r v a t i o n s h a d to b e m a d e c l o s e to d a w n . T h e a c t u a l n u m b e r 
o f o b s e r v a t i o n s r a n g e d f r o m 1 4 5 i n 1 9 6 5 to 5 1 7 i n 1 9 7 5 - T h e s t a r 
w a s o b s e r v e d o n 38% o f t h e n i g h t s i n 1 9 6 4 , 1 9 6 5 a n d 1 9 6 6 , a n d o n 
6 0 % o f t h e n i g h t s i n 1 9 7 0 . T h e r e w e r e o b s e r v a t i o n s o n a n a v e r a g e 
for 48$> o f t h e n i g h t s d u r i n g t h e e n t i r e i n t e r v a l . N o f i r m s t a t e m e n t 
c a n t h e r e f o r e b e m a d e a s to t h e p r o b a b l e n u m b e r o f n a r r o w m a x i m a n o t 
o b s e r v e d . 

S u c c e s s i v e w i d e m a x i m a a r e s e p a r a t e d f r o m o n e a n o t h e r b y 
u s u a l l y f r o m o n e to t h r e e n a r r o w m a x i m a . T h i s i n d i c a t e s t h a t 
w i d e a n d n a r r o w m a x i m a do n o t a l t e r n a t e a s h a p p e n s w i t h s o m e o t h e r 
d w a r f n o v a e / T h e r e i s n o e v i d e n c e o f a n o m a l o u s m a x i m a , n o r of a n y 
m a x i m a i n t e r m e d i a t e b e t w e e n n a r r o w a n d w i d e . 

T h e m a i n f e a t u r e s o f o b s e r v e d o u t b u r s t s , f o r w h i c h t h e r e a r e 
s u f f i c i e n t p o s i t i v e o b s e r v a t i o n s to r e l i a b l y d e t e r m i n e a l l p a r a m e t e r s 
i n T a b l e 1 a r e s u m m a r i s e d b e l o w . 

M A I N F E A T U R E S O F O B S E R V E D O U T B U R S T S . 

T Y P E N o . 

W i d e 16 
N a r r o w 9 

M A X I M U M M A G N I T U D E W I D T H A T 1 3 - O I - D . 
M E A N A V G . E X T R E M E S . M E A N . A V G . E X T R E M E S 

D E V . D E V . 

1 0 . 7 1 + 0 . 2 2 
1 1 . 1 3 + 0 . 1 5 

1 0 . 0 0 - 1 1 . 0 0 
1 0 . 8 5 - 1 1 . 3 5 

l 4 ? 2 + i ? 0 1 1 ? 3 - 1 7 ? 3 
2 . 6 + 0 . 2 1.5- 3 - 1 

T h e m e a n i n t e r v a l b e t w e e n s u c c e s s i v e m a x i m a , o f a l l t y p e s , is 
l 6 4 . 7 d a y s , w h i l s t t h a t b e t w e e n s u c c e s s i v e w i d e m a x i m a i s 3 8 6 . 0 d a y s . 
B o t h t h e s e m e a n i n t e r v a l s h a v e l a r g e r a n g e s a s s h o w n i n t h e 
t a b l e . 

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 M A X I M A . 

T Y P E O F M A X . N o . M E A N I N T E R V A L A V G . E X T R E M E S . 

F I R S T S E C O N D D E V . 

W i d e W i d e 19 3 8 6 ? 0 5 4 ? 9 2 8 3 ? 9 - 5 1 9 ? 1 
W i d e N a r r o w 19 1 6 1 . 6 5 2 . 8 7 6 . 3 - 3 5 9 - 1 
N a r r o w W i d e 19 1 7 8 . 6 4 6 . 2 9 1 . 1 - 3 4 3 . 8 
N a r r o w N a r r o w 9 1 1 3 . 0 2 2 . 2 7 3 - 7 - 1 4 9 . 8 
A l l A l l 48 1 6 4 . 7 5 3 . 8 7 3 - 7 - 4 2 6 . 1 

T h e r e a p p e a r s to b e no c l e a r c o n n e c t i o n b e t w e e n m a x i m u m 
m a g n i t u d e a n d d u r a t i o n of e i t h e r t h e p r e c e d i n g or f o l l o w i n g m i n i m u m . 
N o r m a l l y a r e l a t i o n s h i p c o u l d b e e x p e c t e d b e t w e e n t h e d u r a t i o n o f 
m i n i m u m a n d t h e m a g n i t u d e o f t h e f o l l o w i n g m a x i m u m i n t h e s e n s e t h a t 
t h e l o n g e r t h e m i n i m u m t h e b r i g h t e r t h e f o l l o w i n g o u t b u r s t . A n y 
s u c h r e l a t i o n s h i p f o r C U V e l w o u l d b e m a s k e d b e c a u s e o f t h e s m a l l 
n u m b e r of m a x i m a o b s e r v e d , a n d , b e c a u s e it i s p r o b a b l e t h a t m a n y 
n a r r o w m a x i m a w e r e n o t o b s e r v e d . 

M e a n l i g h t c u r v e s w e r e d e r i v e d b y t a b u l a t i n g t h e m a g n i t u d e s 
f r o m t h e l a r g e s c a l e i n d i v i d u a l l i g h t c u r v e s a t h a l f d a y i n t e r v a l s 
for n a r r o w m a x i m a , a n d f o r h a l f d a y i n t e r v a l s o n t h e r i s e a n d d a i l y 
i n t e r v a l s o n t h e f a l l f o r w i d e m a x i m a . M e a n s w e r e t h e n f o r m e d f r o m 
t h e s e . T h e z e r o p o i n t o f r e f e r e n c e w a s t a k e n a s t h e p o i n t of m a x i m u m 
b r i g h t n e s s . D a t a f o r t h e s e m e a n l i g h t c u r v e s a r e g i v e n i n T a b l e 2 . 
T h e f i r s t c o l u m n g i v e s t h e p h a s e a n d t h e s e c o n d c o l u m n t h e m e a n 
m a g n i t u d e f o r e a c h p h a s e . T h e s m o o t h e d l i g h t c u r v e s a p p e a r i n 
F i g u r e 1, w h e r e n a r r o w m a x i m a a r e c o m b i n e d i n a s i n g l e c u r v e , a n d 
f o u r e x a m p l e s , o f w i d e m a x i m a a r e s h o w n . T h e s e f o u r e x a m p l e s a r e 
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n u m b e r e d 1 to 4 , a c c o r d i n g to i n c r e a s i n g w i d t h . T h e c o r r e s p o n d i n g 
n u m b e r s h a v e b e e n s h o w n i n c o l u m n t w o o f T a b l e 1 , w h e n t h e w i d t h s 
h a v e b e e n d e t e r m i n e d f r o m a s u f f i c i e n t n u m b e r o f o b s e r v a t i o n s . 

T h e a v e r a g e r i s e i n o n e d a y w a s 2 . 6 m a g n i t u d e s f o r n a r r o w 
m a x i m a a n d 2 . 9 2 m a g n i t u d e s f o r w i d e m a x i m a . T h e l a t t e r s h o w a 
w i d e s p r e a d o f f r o m 2 . 0 5 t o 4 . l 6 m a g n i t u d e s , p o s s i b l y r e f l e c t i n g 
t h e p a u c i t y o f o b s e r v a t i o n s o n t h e r i s i n g b r a n c h o f t h e c u r v e . T h e 
f a l l i n g b r a n c h e s o f t h e c u r v e s w e r e m u c h b e t t e r o b s e r v e d . T h e r a t e 
o f f a l l i n o n e d a y a v e r a g e d 0 . 8 0 m a g n i t u d e s f o r n a r r o w m a x i m a a n d 
0 . 1 1 m a g n i t u d e s f o r w i d e m a x i m a . 

C O N C L U S I O N S : C U V e l h a s a n e x t r e m e v i s u a l r a n g e o f 1 0 . 0 0 to ( l 4 - 5 , 
a n d a m e a n c y c l e l e n g t h o f 1 6 4 . 7 d a y s - M a x i m a a r e e i t h e r w i d e , w i t h 
a m e a n w i d t h a t p h a s e 1 3 - 0 I - D of l 4 . 2 d a y s , o r n a r r o w , w i t h a m e a n 
w i d t h o f 2 . 6 d a y s . M a x i m u m b r i g h t n e s s f o r w i d e m a x i m a a v e r a g e 1 0.71» 
w i t h a r a n g e o f 1 0 . 0 0 t o 1 1 . 0 0 . T h e c o r r e s p o n d i n g m e a n f o r n a r r o w 
m a x i m a i s 1 1 . 1 3 , w i t h a r a n g e o f I O . 8 5 to 1 1 . 3 5 . 

W i d e a n d n a r r o w m a x i m a d o n o t a l t e r n a t e , a n d a n o m a l o u s m a x i m a 
a r e a b s e n t . N o r e l a t i o n s h i p c a n b e e s t a b l i s h e d b e t w e e n m a x i m u m 
m a g n i t u d e a n d d u r a t i o n o f m i n i m u m , p o s s i b l y b e c a u s e it i s p r o b a b l e 
t h a t m a n y n a r r o w m a x i m a h a v e n o t b e e n o b s e r v e d . T h e m e a n c y c l e i s 
t h e r e f o r e l i k e l y t o b e s h o r t e r t h a n t h e l e n g t h d e t e r m i n e d . 

N o i n f o r m a t i o n c a n b e g i v e n o n t h e b e h a v i o u r a t m i n i m u m a s 
t h e v a r i a b l e f a l l s w e l l b e l o w t h e t h r e s h o l d o f t h e i n s t r u m e n t s u s e d . 

A C K N O W L E D G M E N T S : T h i s w o r k f o r m s p a r t o f t h e r e s e a r c h p r o g r a m m e 
m a d e p o s s i b l e b y a g r a n t f r o m t h e C a r t e r O b s e r v a t o r y B o a r d . T h a n k s 
a r e e x p r e s s e d to B . W a r n e r f o r h i s d e t e r m i n a t i o n o f t h e s e q u e n c e 
m a g n i t u d e s , a n d t o a l l o b s e r v e r s f o r t h e i r o b s e r v a t i o n s . 

R E F E R E N C E S : 

B a t e s o n , F . M . , J o n e s , A . F . & S t r a n s o n , I . 1 9 6 7 . " C h a r t s f o r 
S o u t h e r n V a r i a b l e s . " S e r i e s 4 . P u b l . b y F . M . B a t e s o n . 

B a t e s o n , F . M . , G o r d o n , P . J . & M e n z i e s , B . 1 9 7 1 . C i r c . 1 7 7 , V . S . S . , 
R . A . S . N . Z . 

B r u n , A . a n d P e t i t , M . 1 9 5 9 . " V a r i a b l e S t a r s " , _12, 1 ( 9 7 ) . 
H o f f m e i s t e r , C . 1 9 4 9 - A s t r o n o m i s c h e A b h a n d l u n g e n , 

E r g a n z u n g s h a f t e z u A . N . 12 , 1. 
H o f f m e i s t e r , C . 1 9 5 7 - M i t t , v e r a n d e r l . S t e r n e 3 1 7 . 
K u k a r k i n , B . V . _et a l 1 9 7 4 . 2 n d S u p p l . to 3 r d E d . G e n e r a l 

C a t a l o g u e o f V a r i a b l e S t a r s . 
M o s c o w . 

W a r n e r , B . 1 9 7 6 . P u b l 4 ( C 7 6 ) , V . S . S . , R . A . S . N . Z . 

T A B L E 1. 

O B S E R V E D M A X I M A O F C U V E L 0 R U M . 

N o . T Y P E : M A X I M U M 
J . D . 

M A G 
V 

I N T 
d 

1 3 . 0 1 1 3 . 0 D W I D T H 
d 

0 B S . 

1 N 2 , 4 3 ^ 7 8 9 0 I O . 8 5 * * • 8 8 9 - 4 8 9 2 . 4 3 - 0 9 
2 W l 2 , 4 3 5 , 2 3 3 - 8 1 0 . 6 0 3 4 3 . 8 2 3 3 . 1 2 4 5 . 6 1 2 . 5 2 6 

3 N 4 0 0 1 2 . 2 1 6 6 . 2 3 9 9 . 3 4 0 2 . 0 2 . 7 1 
•4 W 2 5 3 0 1 1 . 0 1 3 0 5 2 9 - 6 5 4 3 . 5 1 3 - 9 9 
5 N 6 0 6 . 3 1 2 . 7 0 7 6 . 3 6 0 5 . 9 6 0 7 . 8 1-9 2 
6 N 6 8 0 . 0 1 2 . 5 0 7 3 - 7 6 7 9 . 9 6 8 2 . 3 2 . 4 4 
7 W3 9 8 9 . 8 1 0 . 6 0 3 0 9 . 8 9 8 8 . 3 0 0 3 . 5 1 5 - 2 13 
8 N 2 , 4 3 6 , 3 4 8 . 9 1 1 . 10 3 5 9 - 1 3 4 8 . 6 3 5 1 . 7 3 - 1 6 
9 W 2 5 0 8 . 9 1 0 . 7 0 1 6 0 . 0 5 0 7 . 4 5 2 1 . 6 1 4.2 15 



4 . 

T A B L E i— O B S E R V E D M A X I M A O F C U V E L O R U M ( c o n t ) . 

N o . T Y P E M A X I M U M M A G . I N T . 1 3 - 0 1 1 3 - O D W I D T H O B S 

J . D . V d 
1 3 - O D 

d 

10 N 2 , 4 3 6 , 7 0 9 1 1 . 70 2 0 0 . 1 7 0 8 . 7 7 1 1 . 2 2 . 5 4 
11 ¥2 8 3 2 1 1 . 1 1 2 3 8 3 1 . 1 8 4 5 - 1 1 4 . 0 6 
12 ¥ 3 2 , 4 3 7 , 2 5 8 . 1 1 0 . 6 0 4 2 6 . 1 2 5 6 . 3 2 7 1 . 6 1 5 - 3 10 

13 N 4 5 0 . 9 1 1 . 2 0 1 9 2 . 8 4 5 0 . 2 4 5 3 - 0 2 . 8 5 
14 W ? 5 4 2 1 1 . 3 9 1 - 1 9 7 7 1 

15 N 6 2 3 1 1 - 7 8 1 7 7 7 2 
16 N 7 2 1 1 1 . 6 98 7 7 7 1 
17 ¥ 2 8 9 0 1 1 - 3 169 8 9 8 . 1 9 1 2 . 3 1 4 . 2 5 
18 N 2 , 4 3 8 , 1 3 9 . 3 1 1 . 2 2 4 9 . 3 1 3 9 . 1 l 4 l . 5 2 . 4 2 

19 ¥ 2 9 1 - 9 1 1 . 0 1 5 2 . 6 2 9 1 . 6 3 0 5 . 8 1 4 . 2 4 
2 0 N 3 9 4 . 1 1 2 . 0 1 0 2 . 2 3 9 3 - 9 3 9 5 - 8 1.9 2 
2 1 N 4 9 1 . 1 1 2 . 5 9 7 - 0 7 7 7 3 
2 2 W 2 6 7 0 . 2 1 0 . 8 1 7 9.1 6 6 9 . 7 6 8 3 . 7 l 4 . o 8 
2 3 N 7 9 0 . 5 1 1 . 0 1 2 0 . 3 7 9 0 . 0 7 9 1 . 5 1.5 3 
2 4 N 9 3 6 . 9 1 1 . 2 1 4 6 . 4 9 3 6 . 3 9 3 9 - 2 2 . 9 3 
2 5 ¥4 2 , 4 3 9 , 1 5 2 . 5 1 0 . 8 2 1 5 - 6 1 5 1 . 4 1 6 7.7 1 6 . 3 8 
26 N 3 1 5 - 5 1 1 . 3 1 6 3.O 3 1 5 - 1 3 1 7 - 9 2 . 8 3 
2 7 N 4 2 2 1 1 . 9 1 0 6 . 5 ? 9 7 l 
2 8 ¥ 2 5 4 4 . 2 1 1 - 0 1 2 2 . 2 5 4 3 - 2 5 5 7 . 4 1 4 . 2 11 
2 9 N 6 7 0 . 2 1 1 . 3 3 1 2 6 . 0 6 6 9 . 9 6 7 2 . 6 2 - 7 5 
30 N 8 2 0 1 1 . 1 1 4 9 . 8 7 7 n 4 
3 1 ¥ 2 9 7 5 . 0 1 0 . 7 1 5 5 - 0 9 7 4 . 3 9 8 8 . 8 1 4 - 5 2 0 
32 N 2 , 4 4 0 , 0 6 8 . 4 1 1 . 8 9 3 - 4 0 6 8 . 2 0 7 0 . 3 2.1 3 
33 N 179 1 1 . 6 1 1 0 . 6 7 2 
34 W l 3 6 4 . 4 1 1 . 0 0 1 8 5 - 4 3 6 3 . 7 3 7 5 - 0 11 - 3 11 
35 N 4 4 6 . 5 1 1 . 8 8 2 . 1 7 7 9 2 
36 N 5 3 9 1 3-2 9 2 . 5 7 7 7 2 

37 W 3 7 7 1 . 9 1 0 . 0 0 2 3 2 . 9 7 7 1 . 0 7 8 6 . 2 1 5-2 28 
38 N 9 9 3 . 0 1 2 . 2 2 2 1 . 1 7 7 7 5 
39 ¥ 2 2 , 4 4 1 , 1 4 5 - 9 1 0 . 0 1 5 2 . 9 1 4 4 . 9 1 5 8 . 7 1 3 - 8 2 1 
40 N 3 0 2 - 9 1 1 . 8 1 5 7.0 2 
4 i ¥ 2 4 9 1 . 9 1 0 . 9 1 8 9 . O 4 9 1 . 0 5 0 5 . 1 1 4 . l 2 2 
4 2 N 6 6 6 . 1 1 1 - 3 5 1 7 4.2 6 6 5 . 6 6 6 8 . 1 2 . 5 5 
4 3 ¥ 1 7 8 6 . 9 1 1 . 0 1 2 0 . 8 7 8 6 . 1 7 9 7 - 8 1 1 . 7 2 7 
4 4 N 9 0 4 1 1 . 6 1 1 7 - 1 7 7 7 1 

4 5 N 2 , 4 4 2 , 0 4 7 1 1 . 6 1 4 3 7 7 7 2 
46 ¥4 .- 2 6 0 . 0 1 0 . 7 2 1 3 . O 2 5 9 . 7 2 7 7 - 0 1 7 . 3 12 
47 N 4 1 8 . 5 1 0 . 9 0 1 5 8 . 5 4 i 8 . 0 4 2 0 . 6 2 . 6 10 
48 ¥ 2 5 6 7 . 2 1 0 . 9 5 1 4 8 . 7 5 6 7 . 0 5 8 1 . 0 1 4-0 46 

49 N 7 9 8 . 4 1 1 . 2 2 3 1 . 2 7 9 8 . 2 8 0 1 . 3 3.1 11 

T A B L E 2 . 

M E A N L I G H T C U R V E S O F C U V E L O R U M 

P H A S E M E A N M A G P H A S E M E A N M A G . P H A S E M E A N : 
d V d V d V 

N W l ¥ 1 
- 1 . 0 1 3 - 6 3 - 1 . 0 1 3 . 7 7 + 7 - 0 1 1 - 5 5 
- 0 . 5 1 2 . 4 7 - 0 . 5 1 2 . 0 5 8 . 0 1 1 . 7 0 

0 . 0 1 1 . 0 3 0 . 0 1 0 . 7 5 9 - 0 1 1 . 9 2 
+ 0 . 5 1 1 - 3 0 + 1 . 0 1 0 . 8 7 1 0 . 0 1 2 . 3 0 

1 . 0 H . 6 5 2 . 0 1 0 . 9 3 1 1 . 0 1 3 - 1 2 

1 . 5 1 2 . 1 4 3 - 0 1 0 . 9 9 1 2 . 0 1 3 - 4 3 
2 . 0 1 2 . 6 0 4 . 0 1 1 . 1 2 1 3 - 0 1 3 - 9 0 

2 . 5 1 3 . 0 9 5 - 0 1 1 . 2 6 
+ 3 . 0 1 3 - 4 5 + 6 . 0 1 1-42 



T A B L E 2 M E A N L I G H T C U R V E S O F C U V E L O R U M (cozit) 

5 

P H A S E M E A N M A G . P H A S E M E A N M A G . P H A S E M E A N 

d V d V d V 

W 2 W 3 W 4 

- 1 . 0 1 3 - 1 5 - 1 . 0 1 2 . 4 5 - 1 . 0 ( 1 4 . 5 
- 0 . 5 1 2 . 0 0 - 0 . 5 1 0 . 9 5 - 0 . 5 1 2 . 7 0 

0 . 0 1 0 . 6 9 0 . 0 1 0 . 4 0 0 . 0 1 0 , 6 2 
+ 1 . 0 1 0 . 8 2 + 1 . 0 1 0 . 5 2 + 1 . 0 1 0 . 7 0 

2 . 0 1 0 . 9 5 2 . 0 1 0 . 6 3 2 . 0 1 0 . 7 6 
3 - 0 1 1 . 0 4 3 - 0 1 0 . 7 5 3 - 0 1 0 . 8 4 
4 . 0 l i . l i 4 . 0 1 0 . 8 6 4 . 0 1 0 . 9 2 
5 . 0 1 1 . 1 8 5 - 0 1 0 . 9 7 5 . 0 1 1 . 0 1 

. 6 . 0 1 1 . 2 6 6 . 0 1 1 . 1 1 6 . 0 1 1 . 0 9 
7 - 0 1 1 . 3 7 7 . 0 1 1 . 2 9 7 . 0 1 1 . 1 8 
8 . 0 1 1 . 4 7 8 . 0 1 1 . 4 2 8 . 0 1 1 . 3 0 
9 - 0 1 1 . 6 0 9 . 0 1 1 - 5 4 9 . 0 1 1 . 4 0 

1 0 . 0 1 1 . 7 6 1 0 . 0 1 1 . 7 5 1 0 . 0 1 1 . 5 1 
1 1 . 0 1 1 . 94 1 1 . 0 1 1 . 8 9 1 1 . 0 1 1.64 
1 2 . 0 1 2 . 2 6 1 2 . 0 1 2 . 0 8 1 2 . 0 1 1 . 8 3 
1 3 - 0 1 2 . 7 6 1 3 - 0 1 2 . 3 8 1 3 - 0 1 2 . 0 4 
1 4 . 0 1 3 . 4 0 1 4 . 0 1 3 . 1 4 1 4 . 0 1 2 . 2 8 

1 5 - 0 1 3 - 8 0 1 5 . 0 1 2 . 6 2 
1 6 . 0 1 3 . 0 7 

W I D E . 

J ! ! ! L _ 

F i g u r e 1. C U V e l o r u m . M e a n L i g h t C u r v e s . 
N = N a r r o w . F o u r e x a m p l e s of 

W i d e m a x i m a s h o w n . 
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S E Q U E N C E S F O R S O U T H E R N V A R I A B L E S 

B . M e n z i e s . 
A u c k l a n d O b s e r v a t o r y . 

S U M M A R Y : V a n d B - V m a g n i t u d e s a r e p u b l i s h e d f o r s e q u e n c e s of 
c o m p a r i s o n s t a r s f o r T C o l ; R W P u p ; R R P i c ; R U , S U , 
D I C a r ; R T , R X a n d A Q C e n ; A T A r a . C h a r t s h a v e 
a l r e a d y b e e n p u b l i s h e d . 

I N T R O D U C T I O N : T h i s p a p e r c o n t i n u e s t h e r e s u l t s o f s e q u e n c e 
d e t e r m i n a t i o n s c a r r i e d o u t a t t h e A u c k l a n d O b s e r v a t o r y . D e t a i l s of t h e 
e q u i p m e n t , c a l i b r a t i o n a n d r e d u c t i o n m e t h o d s w e r e g i v e n b y B a t e s o n a n d 
M e n z i e s ( 1 9 7 0 ) . 

P r e v i o u s r e s u l t s h a v e b e e n p u b l i s h e d b y B a t e s o n , G o r d o n 
a n d M e n z i e s ( 1 9 7 1 a n d 1 9 7 2 ) ; M e n z i e s ( 1 9 7 5 ) • T h e r e f e r e n c e s to c h a r t s 
a r e to t h o s e p u b l i s h e d b y B a t e s o n , J o n e s a n d S t r a n s o n (1967 a n d 1 9 7 1 ) ; 
B a t e s o n , M o r e l a n d W i n n e t t ( 1 9 7 6 ) . 

V i s u a l o b s e r v e r s a r e r e q u e s t e d to u s e t h e m a g n i t u d e s 
g i v e n u n d e r " A d o p t e d " (V m a g n i t u d e s r o u n d e d o f f to t e n t h s ) , i n p l a c e 
o f v a l u e s g i v e n o n t h e c h a r t s , or i n p l a c e o f t h e c h a r t l e t t e r s w h e r e 
n o m a g n i t u d e w a s p u b l i s h e d . F o r T C o l , R R P i c , R T a n d R X C e n o n l y t h e 
f a i n t e r s t a r s f r o m t h e s e q u e n c e s h o w n o n t h e r e s p e c t i v e c h a r t s h a v e 
b e e n m e a s u r e d . M a g n i t u d e s b r i g h t e r t h a n t h e s e a r e a s s h o w n o n t h e 
c h a r t s . T h e m e a s u r e s f o r S U C a r c o n t i n u e t h e p r e v i o u s l y p u b l i s h e d 
p a r t s e q u e n c e . A s t h e c h a r t for R U C a r s h o w s s e v e r a l s t a r s i d e n ­
t i f i e d b y t h e s a m e m a g n i t u d e t h e p o s i t i o n s o f t h o s e n o w p u b l i s h e d 
a r e s h o w n w i t h r e f e r e n c e to R U C a r . 

A C K N O W L E D G M E N T S : I w i s h to t h a n k t h e B o a r d o f T r u s t e e s o f t h e 
A u c k l a n d O b s e r v a t o r y f o r t h e u s e o f t h e i r 5 0 c m Z e i s s r e f l e c t o r a n d 
a u x i l i a r y e q u i p m e n t f o r t h i s p r o g r a m m e . I a m g r a t e f u l to G r a n t 
C h r i s t i e w h o v e r y k i n d l y h a d t h e d a t a p r o c e s s e d t h r o u g h t h e U n i v e r ­
s i t y c o m p u t e r . 

I a l s o w i s h t o e x p r e s s m y p e r s o n a l t h a n k s to G r a h a m 
B l o w , P e t e r C o n n o l l y , P h i l l i p E l l i s , G l e n R o w e , T r i x i e S t e w a r t a n d 
F a y e W i l l i a m s f o r t h e i r i n v a l u a b l e a s s i s t a n c e o n t h i s p r o g r a m m e . 

R E F E R E N C E S : 

1 9 6 7 . B a t e s o n , F . M . , J o n e s , A . F . & S t r a n s o n , I . " C h a r t s f o r S o u t h e r n 
V a r i a b l e s . " S e r i e s 4 . P u b l i s h e d B y B a t e s o n . 

1 9 7 0 . B a t e s o n , F . M . & M e n z i e s , B . " S e q u e n c e D e t e r m i n a t i o n . " C i r c . 
1 4 8 , V . S . S . , R . A . S . N . Z . 

1 9 7 1 - B a t e s o n , F . M . , J o n e s , A . F . & S t r a n s o n , I . " C h a r t s f o r S o u t h e r n 
V a r i a b l e s . " S e r i e s 7 . P u b l i s h e d b y B a t e s o n . 

1 9 7 2 . B a t e s o n , F . M . , G o r d o n , P . J . & M e n z i e s , B . C i r c . 1 8 7 , V . S . S . 
R . A . S . N . Z . 

1 9 7 1 . B a t e s o n , F . M . , G o r d o n , P . J . & M e n z i e s , B . " S e q u e n c e s f o r 
S o u t h e r n V a r i a b l e s . " C i r c . 1 7 7 , V . S . S . , 
R . A . S . N . Z . 

1 9 7 5 - M e n z i e s , B . P u b l i c a t i o n s 3 ( C 7 5 ) T P - 3 9 - " S e q u e n c e s f o r 
S o u t h e r n V a r i a b l e s . " 

1 9 7 6 . B a t e s o n , F . M . , M o r e l , M . & W i n n e t t , R . " C h a r t s f o r S o u t h e r n 
V a r i a b l e s . " S e r i e s 8 . P u b l i s h e d b y B a t e s o n . 
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S E Q U E N C E S . 

0 5 1 5 3 3 T C o l u m b a e . ( C h a r t 1 3 3 , S e r i e s 4 ) . 
S t a n d a r d H . D . 3 5 3 2 2 . V = 8 . 3 9 ; B - V 0 . 4 3 -

C H A R T V B - V A D O P T E D . R E M A R K S . 
D E S I G N A T I O N . 
110 10 99 0 5 1 1 1 0 H a r v a r d " h " ) 

114 1 1 . 36 0 6 0 . 1 1 4 H a r v a r d " k " ) 

119 1 1 9 5 0 58 11 9 11 tr j_ 11 ) H 
1 2 1 12 2 1 0 6 0 12 2 11 "m" ) 

124 12 2 9 0 8 4 12 3 ti " n " ) 

1 3 1 13 39 0 8 1 13 4 11 " 0 " ) 

H . A . 6 3 , 1 1 

O6065O R W P u p p i s . ( C h a r t s 138 &*r39, S e r i e s 4 ) . 
S t a n d a r d H . D . 4 3 5 4 8 . V = 8 . 8 0 ; B - V 0 . 7 2 . 

7 1 7 - 2 1 0 . 3 6 7 - 2 C o D - 4 9 ° 2 0 6 l . H D 4 2 1 6 9 . 
8 0 7 . 9 0 0 . i 4 7 - 9 - 4 9 2 0 7 4 4 2 4 8 8 . 
8 2 8 . 6 2 0 . 0 4 8 . 6 - 4 9 2 1 0 6 4 3 2 2 1 . 
84 8 . 6 7 1 . 3 3 8 . 7 - 4 9 2 0 8 9 4 2 7 3 2 . 
9 1 9 - 1 9 0 . 4 7 9 . 2 - 4 9 2 0 9 1 4 2 8 0 2 . 

102 9 . 4 0 0 . 7 7 9 - 4 C l o s e d o u h l e . I n t e g r a t e d 
- 4 9 2 0 ^ 2 63- 'iaooO> 

92 9 . 5 0 0 . 5 1 9 . 5 - 4 9 2 1 1 0 4 3 2 7 3 . 
96 1 0 . 5 3 0 . 1 7 1 0 . 5 - 4 9 2 0 9 0 

100 1 0 . 6 1 0 . 5 4 1 0 . 6 - 5 0 2 0 7 3 
108 1 0 . 9 7 1 . 4 5 1 1 . 0 - 4 9 2 0 8 2 
105 1 1 . 2 3 0 . 8 7 1 1 . 2 - 5 0 2 0 8 0 
115 1 2 . 0 0 0 . 5 7 1 2 . 0 - 4 9 2 0 8 8 
113 1 2 . 0 4 0 . 9 4 1 2 . 0 
119 1 2 . 0 0 1 . 5 8 1 2 . 0 
120 1 2 . 2 5 1 . 1 8 1 2 . 2 
122 1 2 . 3 8 0 . 9 0 1 2 . 4 
128 1 3 - 2 7 1.04 1 3 . 3 
. . . 1 3 . 8 7 0 . 6 8 1 3 - 9 D o e s n o t a p p e a r o n C h a r t 

0 6 3 4 6 2 
106 
105 
112 
115 
122 
129 

3mm S o u t h a n d 11mm W e s t o f " 1 1 3 ? • 

R R P i c t o r i s ( C h a r t 2 7 0 , S e r i e s 7 ) . S t d . H . D . 5 O O 3 5 . V = 8 . 4 l ; B - V 0 . 4 7 . 
1 0 . 3 9 
1 0 . 5 0 
1 0 . 8 9 
1 1 . 2 5 
1 2 . 2 0 

1 2 . 7 1 

0 . 2 0 
1 . 0 0 
1.08 
0 . 9 3 
0 . 5 7 
0 . 6 4 

1 0 . 4 
1 0 . 5 
1 0 . 9 
1 1 . 2 
1 2 . 2 
1 2 . 7 

0 9 1 3 6 5 R U C a r i n a e ( C h a r t 
8 1 8 . 0 2 O . 0 3 8 . 0 
8 4 8 . 4 6 O . 5 1 8 . 5 
89 8 . 7 7 0 . 4 9 8 . 8 
9 0 8 . 8 6 O . 2 3 8 . 9 
92 9 . 2 0 0 . 4 4 9 . 2 
9 7 9 . 4 9 0 . 0 8 9 - 5 
9 5 9 . 5 1 1.17 9 . 5 

100 9 . 8 6 0 . 4 4 9 . 9 
105 1 0 . 2 5 1 . 5 7 1 0 . 3 
110 1 0 . 8 9 1. 32 1 0 . 9 
123 1 2 . 3 0 0 . 5 1 1 2 . 3 
129 * * • * * * ... 

.es 7 ) • S t d 
l6mm S o u t h 
28mm S o u t h 

8 m m N o r t h 
5mm N o r t h 
6mm N o r t h 
8mm S o u t h 

10mm S o u t h 
7.5mm d u e 

. H . D . 8 0 7 1 0 . V = 6 . 1 0 ; B - V 1 . 2 6 . 
& 32mm E a s t o f R U C P D - 6 5 ° H 0 3 
& l6mm E a s t o f R U - 6 6 1 0 0 1 

- 6 6 1 0 0 0 
& 3mm W e s t o f R U - 6 5 I O 9 6 
& 7 m m W e s t o f R U - 6 5 1 0 9 3 
& 17 . 5 m m E a s t o f R U - 6 5 1 0 9 9 
& 7mm W e s t o f R U - 6 5 1 0 9 2 
& 5mm W e s t o f R U - 6 5 1 0 9 4 

V a r i a b l e . 
2 , 4 4 1 , 6 9 5 V = 

7 2 3 
7 7 9 
7 8 6 

N o r t h o f R U " h " 
" k " 

M e a s u r e s : " m " 
1 3 . 4 3 B - V 0 . 4 2 
1 3 . 2 6 0 . 5 2 
1 2 . 6 3 0 . 6 l 
1 2 . 4 2 O . 5 7 

) 
)H, 

) 
) 

A . 6 3 , 1 1 

f 



8 . 

S E Q U E N C E S ( c o n t ) . 

1 0 1 0 6 0 S U C a r i n a e ( C h a r t 2 8 4 , S e r i e s 7 ) . 
S t a n d a r d H . D . 8 8 2 9 3 - V = 7 - 4 9 ; B - V 1 . 0 8 . 

( T h e f o l l o w i n g a r e a d d i t i o n a l to s e q u e n c e p u b l i s h e d i n P u b l i c a t i o n s 
N o . 3 ( C 7 5 ) , V S S , R A S N Z , p a g e 4 7 , 1 9 7 5 ) . 

C H A R T 
D E S I G N A T I O N . 

V B - V A D O P T E D R E M A R K S . 

k 1 1 . 0 6 0 . 10 1 1 . 1 
n 1 1 . 32 0 . 0 1 1 1 . 3 
0 1 0 . 9 3 0 . 6 9 1 0 . 9 N o t l e t t e r e d o n c h a r t 2 8 4 . 

W e s t of S U C a r . 
s 1 1 . 8 7 0 . 8 l 1 1 . 9 

I I I I 6 9 D I C a r i n a e ( C h a r t 1 1 6 , S e r i e s 4 ) . 
S t a n d a r d H D 9 7 4 7 2 . V = 6 . 3 4 ; B - V 1 . 3 7 . 

79 7 . 8 l 0 . 6 0 7.8 C P D - 6 9 ° ' 1510 
8 2 8 . 1 0 0 . 0 2 8 . 1 - 6 8 1 4 6 3 
8 5 8 . 3 9 - 0 . 0 3 8 . 4 - 6 8 1 4 6 7 
8 4 8 . 4 2 + 1.48 8 . 4 - 6 8 1 4 5 2 
9 3 9 . 2 9 1.46 9 . 3 - 6 9 1 4 9 1 
94 9 . 3 4 O . 1 3 9 - 3 - 6 8 1458 
95 9 - 4 9 0 . 56 9 - 5 - 6 9 1 5 1 3 

104 1 0 . 2 9 0 . 1 4 1 0 . 3 - 6 8 1 4 5 4 
f 1 0 . 7 1 O . 0 5 1 0 . 7 - 6 9 1518 
k 1 0 . 7 2 0 . 6 1 1 0.7 - 6 9 
h 1 0 . 7 4 0 . 6 8 1 0 . 7 - 6 9 1 5 0 7 

109 1 0 . 9 0 0 . 2 5 1 0 . 9 - 6 9 1 5 1 5 
m 1 1 . 1 1 . 0 . 9 0 1 1 . 1 * * . 
P 1 1 . 2 1 1 . 3 3 1 1 . 2 • # 

n 1 1 . 2 3 1 . 0 5 1 1 . 2 
105 1 1.46 0 . 5 0 1 1 . 5 - 6 9 i 4 8 6 
r 1 1 . 7 5 0 . 3 6 11.8 • • 

s 1 2 . 0 2 0 . 6 0 1 2 . 0 
u 1 2 . 4 7 0 . 56 1 2 . 5 • 

1 3 4 2 36 R T C e n t a u r i ( C h a r t 2 9 5 , S e r i e s 7 ) • 
S t a n d a r d H . D . 1 2 0 6 7 2 . V = 6 . 3 4 ; B - V 0 .48 

104 1 0 . 3 0 0 . 9 4 1 0 . 3 H a r v a r d llgM ) 
114 1 1 . 26 0 . 4 7 1 1 - 3 n " h " ) 
130 1 2 . 38 O . 6 3 1 2.4 11 "m" ) H . A . 6 3 , 
138 1 3 - 3 5 0 . 7 9 1 3 . 3 n " n " ) 

1 3 4 5 3 6 R X C e n t a u r i ( C h a r t 2 9 6 , S e r i e s 7 ) • 
S t a n d a r d H . D . ^ 2 0 6 7 2 . v - 6 . 3 4 ; B - V 0 . 4 8 . 

110 1 0 . 5 1 1 . 19 1 0 . 5 H a r v a r d " e " ) 
109 I O . 6 5 0 . 4 5 1 0.6 11 " d " ) 
114 1 1 . 17 0 . 5 5 1 1 . 2 11 " f " ) H . A . 6 3 , 
1 1 7 1 1 . 54 0 . 2 7 1 1 . 5 11 ) 
1 2 1 1 1 . 5 5 1.44 1 1 . 5 11 " g " ) 
124 1 2 . 0 5 0 . 7 7 1 2 . 1 ) 
1 3 1 1 2.89 O . 6 3 1 2 . 9 h " h " ) 
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S E Q U E N C E S ( c o n t ) . 

1 3 5 9 3 5 A Q C e n t a u r i ( C h a r t 3 l 6 , S e r i e s 8 ) . 
S t a n d a r d H . D . 1 2 3 2 2 2 . V 

C H A R T V B - V A D O P T E D . 
D E S I G N A T I O N 

7 - 1 9 ; B - V 0 . 9 6 
R E M A R K S . 

b 
a 
c 
d 
k 
e 
f 

S 
h 

1 7 2 3 4 6 

1 0 . 6 1 
1 0 . 8 7 
1 1 . 0 9 
1 1 . 8 0 
1 1 . 8 7 

0 . 2 5 
0 . 5 4 

1-53 
0 . 6 9 
1-71 

1 0 . 6 
1 0 . 9 
1 1 . 1 
1 1 . 8 
1 1 . 9 

1 1 . 9 6 O . 5 5 1 2 . 0 
1 2 . 0 1 1,16 1 2 . 0 
1 2 . 6 3 0 . 7 0 1 2 . 6 
1 3 - 1 6 1,15 1 3 - 2 

( S e e a l s o n o t e b e l o w ) . 

A T A r a e ( C h a r t 3 1 5 , S e r i e s 8 ) 
S t a n d a r d H . D . 1 5 8 6 6 7 . V = . 1 2 ; B - V 1.14 

a 1 0 . 0 4 0 . 4 0 1 0 . 0 
b 1 0 . 0 9 1-57 1 0 . 1 
c 1 1 . 2 1 0 . 2 5 1 1 . 2 
f 1 1 . 5 4 1.58 1 1 . 5 
d 1 1 . 6 7 O . 8 3 1 1 . 7 
e 1 1 . 7 6 0 . 1 8 1 1 . 8 
h 1 1 . 9 7 1.6l 1 2 . 0 
m 1 3 . 9 5 0 . 2 5 1 4 . 0 
n 1 4 . 4 6 1. 50 1 4 . 5 

P r o b a b l y v a r i a b l e . M e a s u r e d r a n g e 
o f 1 2 . 6 t o 1 3 - 0 i n V ; w i t h B - V b e i n g 
1.2 a t b r i g h t e s t to 0 . 7 a t f a i n t e s t . 
O t h e r s t a r s w i l l b e s e l e c t e d l a t e r 
t o f i l l g a p b e t w e e n " h " a n d " m " 

N O T E O N 1 3 5 9 3 5 A Q C e n t a u r i . 

A d d i t i o n a l c o m p a r i s o n s t a r s to t h o s e l i s t e d a b o v e a r e g i v e n b e l o w 
t o g e t h e r w i t h t h e i r p r e l i m i n a r y m a g n i t u d e s . U s i n g t h e 1 9 5 0 c o - o r d i n a t e s 
t h e s e s t a r s a r e e a s i l y i d e n t i f i e d o n C h a r t 3 1 6 f r o m t h e c o - o r d i n a t e s 
s h o w n o n t h a t c h a r t . 

STAR R . A . 1 9 5 0 D E C . 1 9 5 0 . A D O P T E D 

C 0 D - 3 4 °9376 i 4 h 4 m 9 . 4 9 0 s - 3 5°1 5 ' l4'.'70 7.2 

- 3 5 9 2 5 5 3 1 6 . 1 5 4 - 3 5 5 5 2 . 34 7.7 
- 3 5 9 2 5 1 2 5 4 . 8 6 2 - 3 5 46 4 4 . 4 0 8 . 5 
- 3 5 9 2 6 6 4 2 7 . 8 4 8 - 3 5 2 3 7 - 7 4 8 . 6 
- 3 5 9 2 4 8 2 2 0 . 8 9 2 - 3 5 5 5 5 1 - 7 3 9-9 
- 3 5 9 2 5 9 3 3 9 . 5 5 6 - 3 5 5 9 1 2 . 1 6 9.9 
- 3 5 9 2 4 6 2 1 7 - 9 0 1 - 3 5 2 7 2 9 - 1 1 1 0 . 1 

- 3 5 9 2 5 0 2 5 1 . 1 7 1 - 3 5 5 0 4 . 6 2 1 0 . 2 

S O U R C E . 

( V . R . O . B . 6 4 ) 
S P . 
SP 
SP 1 

SP 1 

SP 1 

SP 1 

SP 1 

C A P E A N N A L S 
X V 1 1 1 

F . M . B . 



1 0 . 

T H E D W A R F N O V A V 4 3 6 C E N T A U R I . 

F r a n k M . B a t e s o n 
R e s e a r c h A s s o c i a t e , C a r t er O b s e r v a t o r y , W e l l i n g t o n 
a n d D i r e c t o r , V a r i a b l e S t a r S e c t i o n , R . A . S . N . Z . 

S U M M A R Y : O b s e r v a t i o n s f r o m 2 , 4 3 6 , 2 5 6 to 2 , 4 4 2 , 9 4 8 s h o w t w o m a i n t y p e s 
o f o u t b u r s t s s u p e r m a x i m a , w i t h m e a n m a x i m u m b r i g h t n e s s o f 
1 1 - 3 0 a n d a m e a n w i d t h a t p h a s e 1 3 . O I - D of l 4 . 0 d a y s , a n d , 
n a r r o w m a x i m a w i t h c o r r e s p o n d i n g v a l u e s o f 1 2 . 4 3 v a n d 1.8 d a y s . 
P o s s i b l y a t h i r d t y p e of m a x i m u m o c c u r s w i t h s h o r t , s h a r p 
p e a k s b e t w e e n 1 3 . 0 a n d l 4 . 0 . M a n y f e a t u r e s of s u p e r m a x i m a 
a r e s i m i l a r to t h o s e s h o w n b y V W H y i . 
L i s t s o f o b s e r v e d o u t b u r s t s a n d o b s e r v a t i o n s a r e t a b u l a t e d . 
L i g h t c u r v e s a r e i l l u s t r a t e d . 

I N T R O D U C T I O N : M a x i m a of V 4 3 6 C e n b e t w e e n J . D . 2 , 4 3 6 , 2 5 6 a n d 2 , 4 4 0 , 0 3 8 
w e r e d i v i d e d i n t o t h r e e t y p e s , n a m e l y s u p e r m a x i m a , m e d i u m b r i g h t a n d 
f a i n t ( B a t e s o n & J o n e s 1 9 7 0 ) . T h e d i s c u s s i o n i n t h e i r p a p e r w a s b a s e d 
o n s t e p e s t i m a t e s b e c a u s e n o r e l i a b l e m a g n i t u d e s f o r t h e s e q u e n c e s t a r s 
w e r e t h e n a v a i l a b l e . 

V a n d B - V m a g n i t u d e s f o r t h e c o m p a r i s o n s t a r s w e r e s u b s e q u e n t l y 
p u b l i s h e d ( B a t e s o n , G o r d o n & M e n z i e s 1 9 7 2 ) , a n d t h r e e c o l o u r m a g n i t u d e s 
p u b l i s h e d b y W a r n e r ( 1 9 7 6 ) . T h e c o m p a r i s o n s t a r s a r e s h o w n o n c h a r t 103 
( B a t e s o n , J o n e s & S t r a n s o n 1 9 6 8 ) a n d N o . 3 7 0 ( W a r n e r 1 9 7 6 ; B a t e s o n , 
M o r e l & W i n n e t t 1 9 7 7 ) . 

W a r n e r ' s s e q u e n c e ( 1 9 7 6 ) h a s b e e n u s e d to r e d u c e a l l o b s e r v a t i o n s 
w i t h t h e a d d i t i o n o f c o m p a r i s o n s t a r " c " , V m a g n i t u d e 1 1 . 3 ( B a t e s o n , 
G o r d o n & M e n z i e s 1 9 7 2 ) . 

O B S E R V A T I O N S : O v e r 4 , 0 0 0 o b s e r v a t i o n s w e r e m a d e o n 2 , 7 0 1 n i g h t s b e t w e e n 
J . D . 2 , 4 3 6 , 2 5 6 ( 1 9 5 8 F e b r u a r y 2 1 ) a n d 2 , 4 4 2 , 9 4 8 ( 1 9 7 6 J u n e 1 8 ) . T h a t 
m e a n s V 4 3 6 C e n w a s o b s e r v e d o n k0% of t h e n i g h t s i n t h i s i n t e r v a l . T h e 
s t a r w a s o b s e r v e d e v e r y m o n t h i n e a c h y e a r w i t h a l o w e r f r e q u e n c y o f 
r e c o r d s i n S e p t e m b e r , O c t o b e r a n d N o v e m b e r w h e n it c o u l d o n l y b e o b s e r ­
v e d a t a l o w a l t i t u d e . C o v e r a g e r a n g e d f r o m 2 9 % o f n i g h t s i n 1 9 6 4 t o 
5 5 % i n 1 9 7 4 . 

T h e m a j o r i t y o f t h e v i s u a l o b s e r v a t i o n s w e r e n e g a t i v e w i t h V 4 3 6 
C e n i n v i s i b l e , w h e n t h e m a g n i t u d e o f t h e f a i n t e s t c o m p a r i s o n s t a r s e e n 
w a s r e c o r d e d . 

P o s i t i v e o b s e r v a t i o n s a r e l i s t e d i n T a b l e 1. T h e n e g a t i v e 
o b s e r v a t i o n s t h a t i m m e d i a t e l y p r e c e d e a n d f o l l o w e a c h s e r i e s of p o s i t i v e 
o b s e r v a t i o n s a r e a l s o g i v e n . T h e f i r s t c o l u m n g i v e s t h e J . D . , t h e 
s e c o n d c o l u m n t h e m e a n m a g n i t u d e , a n d t h e n u m b e r of o b s e r v a t i o n s i n e a c h 
m e a n a p p e a r s i n t h e t h i r d c o l u m n . A q u e s t i o n m a r k i n d i c a t e s t h a t t h e 
o b s e r v a t i o n i s c o n s i d e r e d v e r y d o u b t f u l . 

D I S C U S S I O N : A l l p o s i t i v e o b s e r v a t i o n s w e r e p l o t t e d o n a l a r g e s c a l e f r o m 
w h i c h t h e d a t e s o f m a x i m u m b r i g h t n e s s w e r e d e t e r m i n e d . T h e s e a r e l i s t e d 
i n T a b l e 2 , w h i c h i s i n t h e s a m e f o r m a s u s e d f o r C U V e l o n p a g e s 3 a n d 
4 o f t h i s p u b l i c a t i o n . A m a x i m u m t h a t c o u l d b e a s s i g n e d to o n e o f t h e 
t y p e s d i s c u s s e d b e l o w h a s s u c h t y p e g i v e n i n t h e s e c o n d c o l u m n of 
T a b l e 2 , i n a c c o r d a n c e w i t h t h e d e t a i l s b e l o w . 

F o r t y - o n e m a x i m a a r e l i s t e d i n T a b l e 2 , o f w h i c h l4 a r e r e l i a b l e . 
A f u r t h e r 7 m a x i m a a r e r e a s o n a b l y c e r t a i n d e s p i t e a l i m i t e d n u m b e r o f 
o b s e r v a t i o n s . T h e r e m a i n i n g 2 0 m a x i m a m u s t b e r e g a r d e d a s u n c e r t a i n 
s i n c e t h e y a r e d e p e n d e n t o n o n e or t w o o b s e r v a t i o n s . 
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T h e r e a s o n s w h y so m a n y m a x i m a a r e u n c e r t a i n a r e ( l ) V 4 3 6 C e n 
h a s n o t b e e n m o n i t o r e d a s a s s i d u o u s l y a s o t h e r d w a r f n o v a e , a n d ( 2 ) 
t h e v e r y s h o r t d u r a t i o n o f m a n y o u t b u r s t s . 

T h e l 4 o u t b u r s t s r e l i a b l y d e t e r m i n e d f a l l i n t o t w o d i s t i n c t t y p e s , 
v i z ; s u p e r m a x i m a a n d n a r r o w m a x i m a . T h e f o r m e r h a v e a n a v e r a g e m a x i m u m 
b r i g h t n e s s of 1 1 - 3 0 a n d a m e a n w i d t h a t p h a s e 1 3 . 0 I - D o f l 4 . 0 d a y s . T h e 
c o r r e s p o n d i n g v a l u e s f o r t h e n a r r o w m a x i m a a r e 1 2 . 4 3 v a n d 1 . 8 d a y s . T h e r e 
a r e i n d i c a t i o n s t h a t t h e r e i s a t h i r d c l a s s o f m a x i m a w h e n V 4 3 6 C e n r i s e s 
to a r o u n d 1 3 - 0 , or s l i g h t l y l e s s . S u c h p e a k s a r e o f v e r y s h o r t d u r a t i o n . 

T h e m e a n c y c l e b e t w e e n s u c c e s s i v e o u t b u r s t s i s l 6 4 d a y s . T h i s i s 
c e r t a i n l y m u c h l o n g e r t h a n t h e t r u e m e a n c y c l e b e c a u s e m a n y m a x i m a h a v e 
b e e n u n o b s e r v e d . 

T h e 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 s u p e r m a x i m a a r e a p p a r e n t l y d i s ­
t r i b u t e d a t r a n d o m . It i s s u s p e c t e d t h a t t h e y m a y o c c u r a t i n t e r v a l s o f 
a r o u n d 3 3 5 d a y s , w h e n a l l o w a n c e i s m a d e f o r p o s s i b l e s u p e r m a x i m a t h a t 
h a v e b e e n p o o r l y o b s e r v e d . 

L i g h t c u r v e s f o r t h e s i x w e l l o b s e r v e d s u p e r m a x i m a a r e s h o w n i n 
F i g u r e 1. T h e r i s i n g b r a n c h o f t h e c u r v e s h a v e n o t b e e n w e l l o b s e r v e d 
b e c a u s e of t h e i r s t e e p n e s s . N e g a t i v e o b s e r v a t i o n s i n d i c a t e t h a t t h e 
r a t e of i n c r e a s e f r o m m a g n i t u d e 1 3 - 0 to t h e t o p o f t h e i n i t i a l r i s e i s 
0 . 4 m a g n i t u d e s i n 0 . 1 d a y s . I t a p p e a r s t h a t t h e r a t e i s e q u a l l y a s s t e e p 
b e l o w 1 3 - 0 . T h e r a t e s o f i n c r e a s e f o r t h e i n d i v i d u a l s u p e r m a x i m a a r e 
v e r y s i m i l a r to t h o s e f o u n d f o r V W H y i ( B a t e s o n 1 9 7 7 ) -

T h e f a l l i n g b r a n c h o f s u p e r m a x i m a c u r v e s w e r e w e l l o b s e r v e d . F o u r 
s h o w a d e c r e a s e o f f r o m 0 . 3 to 1.15 m a g n i t u d e s b e t w e e n t h e t o p o f t h e 
i n i t i a l r i s e a n d t h e s u b s e q u e n t m a x i m u m b r i g h t n e s s . T h e l i g h t c u r v e s 
s h o w t h e f o l l o w i n g b r o a d f e a t u r e s o n t h e d e s c e n d i n g b r a n c h : 

(a) M a r k e d f l u c t u a t i o n s i n t h e f o r m o f s m a l l a m p l i t u d e , s h a r p 
p e a k s . O b s e r v a t i o n s a r e n o t n u m e r o u s e n o u g h t o e s t a b l i s h a 
p e r i o d f o r t h e o c c u r r e n c e o f t h e s e p e a k s , a l t h o u g h , w h e n 
o b s e r v a t i o n s f r o m a n e x p e r i e n c e d o b s e r v e r a r e s u f f i c i e n t , 
t h e r e i s a n i n d i c a t i o n t h a t t h e p e r i o d m a y b e a r o u n d 0 . 0 6 d a y s 

( b ) A n a p p a r e n t s t a n d s t i l l , or s l o w i n g o f t h e r a t e o f d e c r e a s e , 
w h e n m a g n i t u d e 1 2 . 3 t o 1 2.5 i s r e a c h e d . T h i s c a n l a s t f o r 
a f e w d a y s . 

( c ) A s t e e p e r a n d s m o o t h e r d e c l i n e to m i n i m u m a f t e r t h e s t a n d s t i l l 

T h e f o r e g o i n g f e a t u r e s a r e a l s o a p p a r e n t o n t h e d e c l i n i n g b r a n c h 
of t h e c u r v e s f o r V W H y i ( B a t e s o n 1 9 7 7 ) . 

N a r r o w m a x i m a h a v e b e e n p o o r l y o b s e r v e d , l a r g e l y b e c a u s e o f t h e i r 
v e r y b r i e f d u r a t i o n s . L i g h t c u r v e s o f t h e b e s t o b s e r v e d a p p e a r i n F i g u r e 
2 . T h e s e s u g g e s t t h a t t h e r e a r e s e v e r a l t y p e s o f n a r r o w m a x i m a , b u t t h e 
s a m p l e i s t o o s m a l l to w a r r a n t a s s i g n i n g s u b - t y p e s t o t h e m . 

T h e r e i s a n a p p a r e n t t e n d e n c y f o r a t h i r d c l a s s o f m a x i m a t o o c c u r 
T h e s e a r e p r o b a b l y s h o r t , s h a r p p e a k s w i t h m a x i m u m b r i g h t n e s s o f 1 3 - 0 to 
1 4 . 0 . 

T h e l i m i t e d n u m b e r o f o b s e r v a t i o n s a t m i n i m u m i n d i c a t e t h a t V 4 3 6 
C e n f l u c t u a t e s a r o u n d m a g n i t u d e 1 5 . 0 . W h e t h e r t h e t h i r d c l a s s o f m a x i m a 
a r e m e r e l y t h e p e a k s o f s u c h f l u c t u a t i o n s i s i m p o s s i b l e t o s t a t e o n 
t h e e v i d e n c e a v a i l a b l e . 
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C O N C L U S I O N S s T h e o u t b u r s t s of V 4 3 6 C e n a r e e i t h e r sup er m a x i m a w i t h a n 
a v e r a g e m a x i m u m b r i g h t n e s s o f 1 1 . 3 0 a n d a m e a n w i d t h o f l 4 . 0 d a y s a t 
p h a s e 1 3 . 0 I - D , or n a r r o w m a x i m a f o r w h i c h t h e c o r r e s p o n d i n g m e a n s a r e 
1 2 . 4 3 v a n d 1.8 d a y s . P o s s i b l y a t h i r d t y p e o f m a x i m u m o c c u r s w i t h a 
s h o r t d u r a t i o n a n d m a x i m u m b r i g h t n e s s of f r o m 1 3 - 0 to l 4 . 0 . 

T h e s u p e r m a x i m a l i g h t c u r v e s h a v e m a n y f e a t u r e s i n c o m m o n w i t h 
t h o s e o f V W H y i o n t h e d e c l i n i n g b r a n c h . T h e s e i n c l u d e s h o r t , s h a r p 
p e a k s , p r o b a b l y d u e to " s u p e r h u m p s " ; a s t a n d s t i l l a t m a g n i t u d e s 1 2 - 3 
t o 12.5» a n d , a s m o o t h , s t e e p e r d e c l i n e f o l l o w i n g t h e s t a n d s t i l l . 

T h e m e a n c y c l e is 164 d a y s w i t h a r a n g e f r o m 13 to 579 d a y s . 
L i t t l e v a l u e c a n b e a t t a c h e d to t h i s m e a n b e c a u s e it i s o b v i o u s t h a t 
m a n y m a x i m a h a v e g o n e u n o b s e r v e d . T h e m e a n c y c l e i s p r o b a b l y v e r y m u c h 
s h o r t e r t h a n l 6 4 d a y s . 

S u p e r m a x i m a a p p a r e n t l y oc c u r a t r a n d o m a l t h o u g h it i s s u g g e s t e d 
t h a t t h e y m a y h a v e a c y c l e a r o u n d 3 3 5 d a y s . 

A t m i n i m u m V 4 3 6 C e n a p p e a r s to f l u c t u a t e c o n t i n u o u s l y a r o u n d 
m a g n i t u d e 1 5 - 0 . T h e f a i n t e r m a x i m a m a y m e r e l y r e p r e s e n t p e a k s i n t h e s e 
f l u c t u a t i o n s . 

V 4 3 6 C e n h a s n o t b e e n f o l l o w e d a s c l o s e l y a s o t h e r d w a r f n o v a e . 
O b s e r v e r s a r e r e q u e s t e d t o m o n i t o r it m o r e c l o s e l y s i n c e t h i s s t a r 
w a r r a n t s a g r e a t d e a l m o r e a t t e n t i o n . 

A C K N O W L E D G M E N T S : T h i s p a p e r f o r m s p a r t of t h e r e s e a r c h p r o g r a m m e m a d e 
p o s s i b l e b y a g r a n t f r o m t h e C a r t e r O b s e r v a t o r y B o a r d . M y t h a n k s a r e 
d u e to B . M e n z i e s a n d B . W a r n e r f o r t h e i r w o r k o n t h e s e q u e n c e m a g ­
n i t u d e s , a n d to a l l o b s e r v e r s f o r t h e i r o b s e r v a t i o n s . 

R E F E R E N C E S : 
B a t e s o n , F . M . , J o n e s , A . F . & S t r a n s o n , 1 . 1 9 6 8 . " C h a r t s f o r S o u t h e r n 

V a r i a b l e s " S e r i e s 4 . 2 n d E d . P u b l i s h e d b y B a t e s o n . 
B a t e s o n , F . M . & J o n e s , A . F . 1 9 7 0 . C i r c . 1 5 8 , V . S . S . , R . A . S . N . Z . 
B a t e s o n , F . M . , G o r d o n , P . J . & M e n z i e s , B . 1 9 7 2 . C i r c . l 8 7 , V S S , R A S N Z . 
B a t e s o n , F . M . , M o r e l , M . & W i n n e t t , R - 1 9 7 7 - " C h a r t s f o r S o u t h e r n 

V a r i a b l e s " S e r i e s 9 - P u b l i s h e d b y B a t e s o n . 
B a t e s o n , F . M . 1 9 7 7 - " T h e L i g h t C u r v e of t h e D w a r f N o v a V W H y d r i . " 

N . Z . J . o f S c i . ( I n P r e s s ) . 

W a r n e r , B . 1 9 7 6 . P u b l . 4 ( C 7 6 ) , V . S . S . , R . A . S . N . Z . 

T A B L E 1. 

O B S E R V A T I O N S O F V 4 3 6 C E N T A U R I . 

J . D . M A G . N o . J . D . M A G . N o . J . D . M A G . N o . , J . D . M A G . N o . 
2 , 4 3 6 , 0 0 0 + 
3 1 8 . 8 6 ( 1 4 . 1 1 3 4 7 . 8 0 1 2 . 1 1 5 6 9 . 0 0 ( 1 3 . 2 1 7 6 9 . 7 9 ( 1 2 . 9 1 
3 2 0 . 1 9 1 4 . 3 ? 1 3 4 8 . 8 2 1 2 . 4 1 5 7 0 . 0 0 1 3 . 0 1 7 7 0 . 8 0 13- 9 1 

.80 ( 1 3 . 6 1 3 4 9 . 9 2 1 2 . 5 1 5 7 2 . 0 1 ( 1 4 . 1 1 7 7 7 . 8 1 ( 1 4 . 1 1 
3 2 1 . 9 0 ( 1 3 . 6 1 3 5 1 . 0 4 

.92 
3 5 3 - 8 6 
3 5 4 . 8 7 
3 5 6 . 7 9 

1 2 . 4 
1 2 . 4 
1 2 . 7 
1 3 - 6 ? 

( 1 3 . 6 

1 
6 8 3 . 7 9 ( 1 2 . 9 1 9 0 2 . 1 3 (13- 6 1 

3 4 0 . 0 4 ( 1 4 . 0 l 

3 5 1 . 0 4 
.92 

3 5 3 - 8 6 
3 5 4 . 8 7 
3 5 6 . 7 9 

1 2 . 4 
1 2 . 4 
1 2 . 7 
1 3 - 6 ? 

( 1 3 . 6 

1 6 8 5 . 8 9 1 2 . 7 1 9 1 4 . 1 0 1 2 . 1 1 

.95 1 1 - 5 1 
3 4 1 . 8 7 1 1 . 8 0 2 
3 4 2 . 9 0 1 1 . 7 1 

3 5 1 . 0 4 
.92 

3 5 3 - 8 6 
3 5 4 . 8 7 
3 5 6 . 7 9 

1 2 . 4 
1 2 . 4 
1 2 . 7 
1 3 - 6 ? 

( 1 3 . 6 

1 
1 
1 

6 8 6 . 9 1 
6 8 7 - 9 3 
6 8 8 . 7 8 

1 2 . 

13-

(13-

7 
2 
6 

1 
1 
1 

9 2 8 . 0 0 ( 1 3 . 6 1 

3 4 4 . 9 0 1 1 . 6 1 . 9 4 
6 8 9 . 9 8 

1 4 . 

( 1 3 . 
9? 
6 

1 
1 
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T A 3 L E 1 ( c o n t ) O B S E R V A T I O N S O F V 4 3 6 C E N T A U R I . 

J . D . M A G . N o . 
275*37,000+ 

0 7 0 . 9 5 (13- 6 1 
0 7 5 - 9 0 1 3 . 1 
0 7 7 - 9 4 15- 2? 1 

4 7 1 . 9 2 ( 1 3 . 6 •t 
4 7 4 . 8 9 1 1 . 4 1 
4 7 8 . 9 2 1 2 . 2 1 
4 7 9 . 9 1 1 2 . 4 1 
4 8 0 . 8 6 1 2 . 3 1 
4 8 2 . 8 4 1 2 . 3 1 
4 8 4 . 9 1 1 2 . 7 1 
4 8 7 - 7 8 1 4 . 4? 1 
4 8 8 . 8 0 1 4 . 4 1 
4 9 1 . 8 4 ( 1 4 . 1 1 

7 5 8 . 9 8 (13- 6 1 
7 6 1 . 0 0 1 2 . 65 2 
7 6 2 . 1 1 1 3 . 9 1 

.96 ( 1 4 . 1 1 

9 7 3 . 1 3 ( 1 3 . 6 1 
9 7 6 . 1 4 1 3 . 9? 1 
9 7 7 - 1 4 ( 1 2 . 9 1 
9 7 8 . 1 4 ( 1 3 . 6 1 

2 , 4 3 8 , 0 0 0 + 

1 3 5 - 9 3 ( 1 4 . 1 1 
1 3 6 . 9 6 1 4 . 3 1 
1 3 9 . 9 7 ( 1 4 . 1 1 
l 4 i . 9 4 1 5 . 1? 1 

1 4 2 . 9 3 ( 1 5 . 0 1 

4 4 3 . 0 9 ( 1 4 . 1 1 
4 6 0 . 0 1 12 . 8 1 
4 6 i . 9 0 1 3 . 0 1 
4 6 6 . 9 9 (13- 6 1 

7 3 9 . 1 3 ( 1 4 . 1 1 
7 4 0 . 0 9 1 4 . 5 1 
7 5 6 . 1 2 ( 1 4 . 1 1 

2 , 4 3 9 , 0 0 0 + 

2 6 6 . 0 5 ( 1 3 . 6 1 
.85 ( 1 4 . 0 1 

2 6 9 . 9 2 1 1 . 30 2 

2 7 0 . 9 1 1 1 . 2 1 
2 7 1 . 9 0 1 1 . 2 1 
2 7 2 . 9 4 1 1 . 4 

2 7 3 . 8 9 1 1 . 6 0 2 
2 7 4 . 8 i 1 1 . 7 1 
2 7 5 . 8 7 1 1 . 9 1 
2 8 2 . 7 9 1 3 . 0 1 
2 8 3 . 8 5 1 3 . 8 1 
2 8 5 . 8 9 ( 1 4 . -1 1 

2 9 0 . 8 8 ( 1 4 . 1 1 
2 9 1 . 9 3 1 3 . 9 5 2 
2 9 2 . 9 1 1 4 . 7 1 
2 9 3 . 8 5 ( 1 4 . 1 1 

J . D M A G . N o 
2 , 4 3 9 , 0 0 0 + 
8 6 8 . 0 9 ( 1 4 . 1 1 

8 6 9 . 16 1 4 . 4 
8 7 0 . 9 5 ( 1 2 . 5 1 
8 7 4 . 95( 1 3 . 6.. 1 

9 1 5 . 9 0 ( 1 3 - 6 1 

9 l 6 . 96 1 2 . 8 1 

9 1 7 . 2 1 1 2 . 3 
. 94 1 2 . 7 -1 

9 1 8 . 94 13- 3 1 
9 1 9 . 2 1 1 4 . 0 1 
9 2 2 . 18 ( 15- 0 1 

2 , 4 4 0 , 0 0 0 + 
0 l 6 . 88( 13- 2 1 

0 1 7 . 79 1 2 . 7 1 -\ 
0 1 8 . 77( 13- 6 1 

0 8 6 . 85( 1 3 . 2 1 
0 8 9 . 8 8 ( 1 2 . 5 1 

0 9 2 . 81 1 4 . 3 1 

0 9 3 . 8i( 1 4 . 1 1 

3 3 7 . 92( 1 3 . 6 2 
3 3 8 . 8 5 1 4 . 4? 1 
3 4 0 . 89( 1 2 . 5 2 
3 4 i . 8 0 ( 1 4 . 0 1 

5 4 1 . 15( 1 4 . 1 1 

5 5 0 . 10 1 2 . 3 1 
5 6 1 . 11 ( 1 4 . l 1 

6 6 0 . 93( l 4 . 1 1 
. 9 9 1 3 . 2 1 

6 6 1 . 98 ( 1 2 . 2 1 
6 6 2 . 0 0 1 3 . 2 1 

6 6 6 . 84( 1 2 . 9 
6 7 0 . 94 13- 6 1 

6 7 3 - 84 ( 1 4 . 1 1 

8 2 1 . 82( 1 3 . 6 1 

8 4 2 . 2 3 1 2 . 5 -t 
8 5 6 . 20 ( 1 2 . 9 1 

9 9 5 - 8 8 ( i 4 . 1 1 
9 9 6 . 8 8 1 4 . 0? 3 
9 9 8 . 90( 13- 6 1 

2 , 4 4 1 , 0 0 0 + 
0 6 0 . 93( 13- 6 1 
0 6 1 . 8 8 ( 1 3 . 2 1 

9 0 1 4 . 0 1 

0 6 2 . 90( 1 3 . 6 1 

0 6 6 . 89( 1 4 . 1 1 

92 1 4 . 1 1 

93( 1 4 . 1 1 
0 6 7 . 97( 1 4 . 1 

J . D M A G . N o . 

4 4 1 , 0 0 0 + 

0 9 2 . 8 6 ( 1 3 . 2 i 

* 9 2 ( l 4 . • 1 

0 9 3 . 0 4 1 4 . 4 -t 
. 8 4 ( 1 4 . -, 1 

2 5 1 . 1 6 ( 1 4 . 1 1 
2 5 4 . 15 1 2 . 0 1 

2 5 6 . 15 1 3 . 9 1 

2 6 8 . 15 1 2 . 7 1 

2 6 9 . 12 1 2 . 8 1 

2 7 8 . l 4 ( 1 4 . 1 1 

3 7 4 . 1 6 ( 1 4 . 1 

. 8 9 ( 1 2 . 5 1 

3 8 1 . 8 8 1 2 . 3 1 
3 8 2 . 9 2 1 2 . 8 5 2 
3 8 6 . 9 1 ( 1 4 . 1 

5 2 0 . 8 2 ( 1 2 . 9 1 

8 9 ( 1 2 . 5 X 
5 2 1 . 8 4 1 2 . 9 V 1 
5 2 2 . 8 1 1 2 . 2 3 V 3 

. 9 1 1 2 . 2 1 

5 2 3 . 8 1 1 3 . 2 5 V 2 

5 2 4 . 8 5 ( 1 3 . 2 1 

5 2 5 . 7 9 ( 1 3 . 6 1 
5 2 6 . 8 3 1 4 . 0? 1 

• 8 6 ( i 4 . 1 1 

5 9 0 . 2 0 ( 1 3 . 2 1 
2 0 1 3 . 6? 1 

5 9 1 . 2 0 ( 1 2 . 5 1 

5 9 5 . 1 9 ( 1 2 . 9 1 

6 4 0 . 1 5 ( 1 3 . 6 1 

6 5 3 . 13 1 2 . 75 2 

6 5 5 . 11 13- 0 1 
6 6 6 . 0 9 ( 1 5 . 0 1 

7 2 1 . 9 4 ( 1 4 . -4 1 
7 2 2 . 0 5 13- 0 3 V 2 

• 9 8 1 3 . 3 3 3 
7 2 3 . 19 1 2 . 6 5 2 

9 7 1 2 . 5 5 2 
7 2 4 . 0 5 1 2 . 40 2 
7 2 6 . 16 1 4 . 7 1 

8 0 7 . 0 4 ( 1 4 . 1 1 

1 1 ( 1 3 - 6 1 

• 9 1 1 2 . 62 5 
8 0 8 . 0 2 1 2 . 3 1 

. 90 1 2 . 2 2 4 

8 0 9 . 11 1 2 . 3 1 

. 99 1 2 . 55 2 
8 1 0 . 8 8 1 2 . 5? 1 

* 8 8 ( 1 3 - 2 1 
96 13- 9 1 

8 1 1 . 0 3 1 4 . 4 1 
* 9 0 ( l 4 . 1 1 

J . D . I-SAG. N o . 
2 , 4 4 1 , 0 0 0 + 

9 1 5 . 8 7 ( 1 3 . 2 1 
9 1 7 - 8 2 1 2 . 0 1 

9 1 9 .86 1 1 . 9 1 

9 2 0 . 8 1 1 2 . 0 1 
9 2 9 . 8 1 ( 1 2 . 5 1 

2 , 4 4 2 , 0 0 0 + 
0 4 4 . 9 3 ( 1 2 . 9 ± 

0 4 9 .07 1 5 . 0 1 

0 5 1 . I l ( l 4 . 
A 
± 1 

0 7 3 . 0 5 ( 1 4 . 5 1 
.98 1 5 . 1 1 

0 7 5 . 0 0 ( 1 4 . 8 1 

0 8 4 . 0 0 ( 1 3 . 5 1 
0 8 5 .90 1 3 . 0 1 

0 8 6 .90 1 3 . 5 1 
0 8 7 .99 13- 40 2 
0 8 8 .94 1 4 . 3 1 
0 8 9 . 9 2 ( 1 3 . 6 1 
0 9 1 . 6 0 ( 1 3 . 6 1 

.87 1 5 . 1 1 

. 9 6 ( 1 3 . 6 2 
0 9 2 .98 1 5 . 0 1 

0 9 3 . 0 0 ( 1 4 . 0 1 

0 9 5 - 9 3 ( 1 3 . 6 2 
0 9 6 .04 1 5 . l 1 

. 9 0 ( i 4 . 0 1 

. 9 2 ( 1 3 . 6 2 

. 9 7 ( 1 4 . 1 
0 9 7 .03 1 5 . 1 1 

. 1 7 ( 1 4 . 5 1 

. 9 2 ( 1 4 . 1 1 
0 9 8 . 0 3 15- 0 0 2 

0 9 9 .04 1 5 . 10 2 

.91 1 5 . 1 1 

- 9 3 ( 1 3 . 6 1 

1 0 3 . 0 0 ( 1 4 . 5 1 
.90 1 5 . 2 ± 

- 9 2 ( 1 3 . 6 1 
104 .17 1 5 . J. 1 

. 8 5 ( 1 4 . 0 - i 

A 
1 1 7 . 0 0 ( 1 3 . 0 1 
1 1 8 .88 1 2 . 8 1 

119 • 9 1 1 2 . 0 1 
1 2 0 • 9 1 1 2 . 8 7 3 
1 2 1 • 9 2 ( 1 3 . 6 l 

159 . 3 0 ( 1 3 . 2 l 

.85 15- 5 1 

. 8 8 ( 1 4 . 1 1 

1 8 8 . 8 6 ( 1 4 . 1 l 
. 9 0 ( 1 3 . 6 1 

.93 13- 2? 

189 . 8 7 ( 1 4 . 1 1 
1 9 0 .97 1 2 . 5 1 
1 9 1 . 8 6 ( 1 4 . 1 J . 
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TABLE 1 ( c o n t ) . OBSERVATIONS OF V 4 3 6 CENTAURI 

J.D. IIAG. N o . J.D. MAG 1. N o . 
2 , 4 4 2 , 0 0 0 + 2 , 4 4 2 , 0 0 0 + 
2 0 1 . 8 6 ( 1 2 . 9 1 4 2 0 . 2 1 ( 1 3 . 2 1 
2 0 2 . 8 7 1 2 . 5 1 4 2 2 . 99 1 4 . 7 1 
2 0 3 . 20 1 2 . 2 1 4 2 3 . 9 7 ( 1 3 - 6 1 

. 9 1 1 2 . 4 1 4 2 4 . 0 5 i 4 . 5 1 
2 0 4 . 8 9 1 2 . 75 2 4 7 ( 1 3 . 2 1 
2 0 5 . 8 5 1 1 . 9 7 4 9 0 ( 1 2 . 9 1 
2 0 6 . 8 8 1 1 . 50 2 4 2 5 . 9 3 ( 1 3 . 2 1 
2 0 7 . 9 3 1 1 . 58 5 4 2 7 - 99 15- 1 1 
2 0 9 . 20 1 1 . 9 1 4 2 8 . 0 i ( i 4 . 1 1 
2 1 0 . 0 5 1 1 . 95 2 4 3 0 . 0 6 1 5 . 0 1 

• 8 8 1 1 . 9 0 0 1 1 ( 1 4 . -1 X 
2 1 1 . 8 3 1 2 . 5 1 
2 1 2 . 8 8 1 2 . 30 2 4 5 2 . 9 7 ( 1 3 - 6 1 
2 l 4 . 0 7 1 2 . 25 2 4 5 3 . 0 2 i 4 . 7 -1 

2 1 5 . 31 1 2 . 1 
A 
_L 9 2 ( 1 3 - 2 't 

8 5 1 2 . 0 0 2 4 5 4 . 0 2 ( i 4 . 5 1 
2 1 6 . 30 1 2 . 1 1 

. 8 2 1 2 . 15 2 5 0 2 . 2 3 ( 1 3 . 2 1 
2 1 7 - 8 6 1 3 . 2 0 3 70 i 4 . 5 1 
2 1 8 . 8 5 13- 8 0 2 8 4 ( 1 3 . 2 1 
2 1 9 . 3 0 ( 1 3 - 2 1 8 7 ( 1 4 . 1 1 

2 2 0 . 
9 2 ( 1 4 . 
8 1 ( 1 3 . 

1 
6 

1 

1 5 1 1 - 9 4 ( 1 3 - 6 1 

2 2 1 . 

2 2 2 . 

89 
30 
8 6 
2 0 

1 4 . 
1 3 . 
1 3 . 
13-

0 

5 
00 
2 

1 
1 
2 
1 

5 1 2 . 
5 1 3 . 

. 5 1 4 . 
5 1 6 . 

9 1 1 4 . 
8 4 ( 1 2 . 
8 4 ( 1 3 . 
8 6 1 3 . 

8 
5 
2 
2 

1 
1 
1 
1 

79 1 4 . 1 1 • 9 1 ( 1 3 - 2 1 

2 6 5 . 

2 6 7 . 
9 0 ( 1 3 . 
8 2 1 2 . 
8 6 ( 1 4 . 

6 
1 
1 

1 
1 
1 

5 7 0 . 
5 7 1 . 
5 7 2 . 

9 3 ( 1 2 . 
8 9 1 1 -
9 6 1 2 . 

5 
50 
0 

1 
2 

1 

5 7 3 - 9 1 1 2 . 2 1 
313- 2 0 ( 1 3 . 2 1 5 7 4 . 8 4 1 1 . 8 0 8 

3 1 9 . 2 0 1 2 . 9 1 5 7 5 - 9 1 1 1 - 6 1 
3 4 l . 2 5 ( 1 3 . 2 1 5 7 6 . 9 4 1 1 . 5 1 

5 7 8 . 8 9 1 1 . 5 1 
5 7 9 . 90 1 2 . 2 3 6 
5 8 0 . 8 1 1 2 . 40 2 
5 8 1 . 9 0 1 2 . 4 1 
5 8 2 . 9 2 1 2 . 4 1 
5 8 4 . 8 5 1 2 . 9 1 
5 8 8 . 8 6 ( 1 3 . 2 i 

J.D. MAG. N o 
2 7 ^ 4 2 , 0 0 0 + 
6 1 9 . 2 2 ( 1 3 . 2 1 
6 2 0 . 8 1 1 2 . 3 1 
6 2 1 . 8 8 ( 1 4 . l l 

8 i 8 . 0 0 ( i 3 . 5 1 
.42 1 3 - 5 1 
. 9 2 ( 1 2 . 5 1 

8 1 9 . 9 1 ( 1 2 . 5 2 

8 3 3 . 9 6 ( 1 3 . 6 1 

8 3 5 . 0 5 1 5 . 1 1 
. 9 1 ( 1 3 . 6 1 

8 6 4 . 9 3 ( 1 4 . 1 1 

8 6 5 . 0 9 ( 1 2 . 5 1 
.23 1 2 . 5 ? 1 

8 6 6 . 2 3 ( 1 3 . 2 l 
. 9 6 ( i 4 . 1 1 

8 6 7 . 8 0 1 5 . O 1 
- 9 0 ( i 4 . l 2 
.95 1 5 . 2 1 

8 6 8 . 9 0 ( i 4 . 1 1 

8 9 2 . 8 0 ( 1 3 . 2 1 

.96 i 4 . 5 1 
8 9 3 . 0 3 ( 1 3 . 2 1 

. 2 5 ( 1 3 . 6 1 

. 9 2 ( 1 3 - 6 1 
8 9 4 . 2 3 ( 1 3 . 6 1 

.90 1 1 . 8 5 2 
8 9 6 . 7 8 1 3 . 0 1 
8 9 7 . 8 9 1 2 . 0 1 

8 9 8 . 2 3 1 0 . 7 1 
.84 1 2 . 0 1 
. 8 7 ( 1 2 . 9 1 

8 9 9 . 8 2 1 1 . 6 l 
9 0 0 . 0 1 1 1 . 8 5 2 

J.D. MAG. 
2~77t"42,000+ 
9 0 0 . 9 0 1 2 . 2 4 
9 0 1 . 9 3 1 2 - 3 5 

9 0 2 . 9 7 1 2 . 1 5 
9 0 3 . 3 2 1 2 . 3 
9 0 4 . 0 5 1 2 . 3 0 

.94 1 2 . 3 0 
9 0 5 . 8 6 1 2 . 6 6 
9 0 6 . 9 8 1 2 . 2 
9 0 7 . 8 9 1 3 - 0 
9 1 1 . 8 5 1 2 . 9 
9 1 2 . 8 3 ( 1 2 . 5 
9 1 3 . 8 5 1 3 . 6 
9 1 4 . 7 9 1 3 . 9 
9 1 5 . 8 7 ( 1 4 . 1 

9 2 9 . 8 8 ( 1 3 . 6 
.93 1 3 - 6 

9 3 0 . 0 2 ( 1 2 . 5 
. 8 9 ( 1 2 . 5 

9 3 3 - 2 3 ( 1 3 . 6 

N o 

5 
4 
2 
1 
2 
2 
3 
A 
Jl. 

•i 

TABLE 2 OBSERVED MAXIMA OF V 4 3 6 CENTAURI. 
N o . TYPE .MAXIMUM MAG. INT. 1 3 . 0 1 13-OD WIDT?; N o . 

J.D. V d d 03S 
1 S 2 , 4 3 6 , 3 4 1 1 1 . 5 ... 3 4 0 . 7 3 5 4 . 1 1 3 - 4 12 

2 N 5 7 1 ? 1 3 - 0 2 3 0 ... ... ... 1 

3 N 6 8 6 1 2 . 7 1 1 5 6 8 5 . 6 6 8 7 . 1 : 1.5 4 
4 N 7 7 2 ? 1 3 - 9 8 6 • # * ... • » » 1 

5 9 1 4 ? 1 2 . 1 14 2 9 9 9 1 
6 9 2 , 4 3 7 , 0 7 4 1 3 - 1 1 6 0 ... . . . ... 2 

7 S 4 7 5 1 1 . 4 4 0 i 4 7 4 - 3 4 8 5 . 4 1 1 . 1 8 

8 N 7 6 0 1 2 . 6 5 2 8 5 7 5 9 . 9 7 6 1 . 3 1-4 3 

9 N 9 7 5 1 3 - 9 2 1 5 1 



T A B L E 2 ( c o n t ) O B S E R V E D M A X I M A O F V 4 3 6 C E N T A U R I . 

N O . T Y P E . M A X I M U M M A G . I N T . 1 3 - 0 1 1 3 - O D W I D T H N o . 
J . D . V d d O b s . 

10 N 2 , 4 3 8 , 1 3 8 ? 1 4 . 3 1 6 3 • « • . . . • * M 2 

11 9 4 5 8 ? 1 2 . 8 3 2 0 9 7 2 
12 1 7 4 i ? i 4 . 5 2 8 3 • * * * * * • * * 1 

13 s 2 , 4 3 9 , 2 7 1 1 1 . 2 5 3 0 2 6 9 . 6 2 8 2 . 8 1 3 . 2 11 
l4 9 2 9 1 1 3 - 9 5 2 0 . . . • » * • • * 3 
15 9 8 7 0 ? 1 4 . 4 5 7 9 * • • * a * » • * 1 
l6 N 9 1 7 1 2 . 3 4 7 9 1 6 . 9 9 1 8 . 2 1.3 5 
17 N 2 , 4 4 0 , 0 1 7 ? 1 2 . 7 100 9 A 
l8 N 0 8 9 ? l 4 . 3 72 * • • . . . • • » 

19 9 5 5 0 1 2 . 3 4 6 1 7 7 1 
2 0 N 6 6 1 ? 1 3 . 2 1 1 1 * * • • * * * • • 3 
2 1 9 8 4 1 ? 1 2 - 5 180 7 7 l 
2 2 PI 2 , 4 4 1 , 2 5 4 1 2 . 0 4 1 3 -i54.o 2 5 5 . 3 1-3 2 

2 3 N 2 6 7 1 2 . 7 13 9 9 2 
24 N? 3 8 0 ? 1 2 . 3 113 3 8 2 . 1 3 
25 N 5 2 2 . 9 1 2 . 2 1 4 2 . 9 5 2 1 . 7 5 2 3 - 8 2 . 1 10 
26 9 6 5 2 ? 1 2 . 7 5 1 2 9 . 1 7 7 3 
27 N 7 2 4 . 1 1 2 . 40 7 2 . 1 7 2 3 . 1 7 2 5 . 0 1.9 12 
28 M 8 0 8 . 9 12 . 2 2 8 4 . 8 8 0 7 . 8 8 l 0 . 1 2 . 3 16 

29 s? 9 1 9 1 1 . 9 1 1 0 . 1 9 7 3 
30 N 2 , 4 4 2 , 0 8 5 1 3 - 0 166 7 7 5 
31 N 1 1 9 - 9 1 2 . 0 3 4 . 9 1 1 8 . 8 1 2 1 . 0 2 . 2 5 
32 N 1 9 1 ? 1 2 . 5 7 1 . 1 9 7 2 

33 S 2 0 6 . 9 1 1 . 5 0 1 5 - 9 2 0 2 . 7 2 1 7 . 7 1 5 - 0 37 
34 N 2 2 1 . 9 1 3 - 0 0 1 5 . 0 . . . . . . * * * 6 

35 N 2 6 7 ? 1 2 . 1 4 5 . 1 7 9 1 
36 9 3 1 8 ? 1 2 . 9 5 1 7 7 1 
37 S 578 1 1 . 5 2 6 0 5 7 1 . 4 5 8 5 . 1 1 3 - 7 2 6 
38 N 6 2 1 1 2 . 3 4 3 7 9 1 
39 N 8 1 9 ? 1 3 . 5 1 9 8 7 7 1 
40 N 8 6 5 ? 1 2 . 5 46 7 7 2 
4 i S 8 9 8 . 2 1 0 . 7 3 3 . 2 8 9 4 . 8 9 1 2 . 3 1 7 - 5 34 

CN L f 

- 1 3 

- 1 4 

I! 

rio - 1.6 

F I G U R E 2 V V 3 
F i 11 ed c ir t: J 

No - 2 3 

C e n . N a r r o w 
s- s i n g I e ob s erltVa t 

-4" CM CM 
CM t̂ - [-

X 

III 

N o . 2 7 

ma . 
i o 11 s ; c r o s s 

- * H L P 
--r c 
CM CO 

N o . 28 

h CM ! 
-4- b 

CM 
CM 

12-

1 3 -

4 _ 

U o . 3 1 

( s = m e a n s f r o m 2*14 o b s 
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F I G U R E 1. 7 4 3 6 C E N T A U R I . S u p e r m a x i m a . 
F i l l e d c i r c J e s = s i n g l e o b s er va t i o n s ; Cr o s s e h z_- M e a n s f r o m 2-4 
o b s e r v a t i o n s ; O p e n c i r c I es.-: M o a n s f r o m 5 , or m o r e , o b s e r v a t i o n s . 



T H E M T R A T Y P E V A R I A B L E R W P U P P I S l 7 > 

F r a n k M . 3 a t e s o n -
D i r e c t o r , V . S , S . , R . A . S . N . Z . 

S U M M A R Y : E i g h t e e n y e a r s o f o b s e r v a t i o n s g i v s t h e e l e m e n t s f o r R W P u p : 
E P O C H M a x / 2 , 4 3 6 , 9 0 6 + 3 4 0 . 8 8 d a y s . M i n i m u m to m a x i m u m l 6 0 . 8 4 
d a y s . M e a n R a n g e : 9 - 3""* t o 1 4 . 1 3 • M e a n light c u r v e s a r e u s e d 
to p r o d u c e a s t a n d a r d Tight c u r v e . 

I N T R O D U C T I O N ; O b s e r v a t i o n s c o v e r t h e i n t e r v a l J . D . 2 , 4 3 5 - 8 6 4 ( 1 9 5 7 
J a n u a r y 2 5 ) to 2 , 4 4 2 , 4 9 2 ( 1 9 7 5 M a r c h 2 0 ) . 

C h a r t s 138 a n d 139 w e r e p u b l i s h e d ( B a t e s o n , _et a l , 1 9 6 7 ) 
o n w h i c h p r o v i s i o n a l m a g n i t u d e s w e r e g i v e n f o r c o m p a r i s o n s t a r s . T h e s e 
w e r e r e v i s e d b y M e n z i e s ( 1 9 7 7 ) - w h o s e v a l u e s h a v e b e e n u s e d to r e d u c e 
a l l o b s e r v a t i o n s . 

D I S C U S S I O N : F i g u r e 1 s h o w s t h e l i g h t c u r v e f r o m i n d i v i d u a l o b s e r ­
v a t i o n s . A s t a n d a r d l i g h t c u r v e f r o m t e n d a y m e a n s a p p e a r s i n F i g u r e 2 

T a b l e 1 l i s t s t h e o b s e r v e d d a t e s of m a x i m a a n d m i n i m a . 
F o r b o t h m a x i m a a n d m i n i m a t h e f i r s t c o l u m n g i v e s t h e J . D . , t h e s e c o n d 
c o l u m n t h e m a g n i t u d e ; t h e t h i r d c o l u m n t h e i n t e r v a l b e t w e e n s u c c e s s i v e 
m a x i m a , or m i n i m a - T h e f o m r t h c o l u m n g i v e s t h e 0 - C r e s i d u a l s f r o m t h e 
e l e m e n t s g i v e n b e l o w . T h e f i f t h c o l u m n i n t h e c a s e of m a x i m a g i v e s 
t h e i n t e r v a l , i n d a y s , f r o m t h e p r e c e d i n g m i n i m u m . 

T h e p e r i o d f r o m m a x i m a i s 3 4 0 . 8 8 d a y s ; f r o m m i n i m a 3 4 l . 5 3 
d a y s . T h e m e a n i n t e r v a l b e t w e e n m i n i m u m a n d t h e f o l l o w i n g m a x i m u m i s 
i 6 0 . 8 4 d a y s . T h e m e a n 0 - C v a l u e f o r m a x i m a is +_ 5-6 d a y s ; f o r m i n i m a 
+ 6 . 4 d a y s . 

T h e e l e m e n t s d e r i v e d f r o m t h e o b s e r v a t i o n s a r e : 

E P O C H M A X I M U M J . D . 2 , 4 3 6 , 9 0 6 £ 3 4 0 ? 8 8 . M - m i 6 o < ? 8 4 . 
M a x i m u m M a g n i t u d e : M e a n 9 - 3 4 R a n g e . 8 . 8 - 1 0 . 2 . 
M i n i m u m M a g n i t u d e : M e a n 1 4 . 1 ? R a n g e . 1 3 • 9 V - l 4 . 5 V 

A C K N O W L E D G M E N T S : 

V V V 

O b s e r v e r s a r e t h a n k e d f o r t h e i r r e c o r d s . 

R E F E R E N C E S : 

B a t e s o n , F . M . , J o n e s , A . F . S t r a n s o n , I . 1 9 6 7 - " C h a r t s for S o u t h e r n 
V a r i a b l e s . " S e r i e s 4 . P u b l i s h e d b y B a t e s o n 

M e n z i e s , 3 . 1 9 7 7 - P u b l . 5 ( C 7 7 ) , V . S . S . , R . A . S . N . Z . 

: 0 

L 1 1 

*- 12 

— 13 

- 1 0 0 5; 
i f — r — r i r 

+ 5 0 + ICG -i 1 5 0 + 2 0 C d a y s 

/ 
10 

v 

1 1 J 

A.. 
14 — 

F I G U R E 2 . R W P U P P I S - S T A N D A R D L I G H T C U R V E 
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1 8 . 

T A B L E 1. 

O B S E R V E D M A X I M A A N D M I N I M A O F R W P U P P I S . 

M A X I M A M I N I M A 

J . D . M A G . I N T 0 - c M - m a x . J . D . M A G . I N T o - c 
d d d V d 

2 , 4 3 6 , 0 4 6 1 4 . 5 - 1 7 
2 , 4 3 6 , 2 2 4 9-5 ... ± 0 178 3 9 4 1 4 . 1 3 4 8 - 1 0 

5 5 9 9.2 3 3 5 - 6 165 7 5 2 1 4 . 0 3 5 8 + 7 
9 0 6 9-4 3 4 7 ± 0 154 2 , 4 3 7 , 0 7 6 1 4 . 1 3 2 4 - 1 0 

2 , 4 3 7 , 2 3 2 9-1 3 2 6 - 15 156 4 1 7 1 4 . 0 3 4 l - 1 0 
5 8 7 9.2 3 5 5 - 1 170 7 5 7 1 4 . 1 340 - 1 1 
9 3 9 9.6 3 5 2 + 10 1 8 2 2 , 4 3 8 , 1 0 8 1 4 . 3 3 5 1 - 1 

2 , 4 3 8 , 2 7 3 9.6 3 3 4 + 3 1 6 5 4 6 i 1 4 . 2 3 5 3 + 11 
6 2 3 1 0 . 2 3 5 0 + 13 162 7 8 8 1 4 . 1 3 2 7 - 2 
9 4 3 9.8 3 2 0 - 8 155 2 , 4 3 9 , 1 3 7 1 4 . 0 349 + 6 

2 , 4 3 9 , 2 9 1 9.8 3 4 8 1 154 4 6 4 1 4 . 0 3 2 7 - 8 
6 3 0 8.9 339 - 3 166 8 0 3 1 3 . 9 339 - 1 0 

9 7 7 9-4 3 4 7 + 3 1 7 4 2 , 4 4 0 , 1 5 5 1 4 . 5 3 5 2 + 1 
2 , 4 4 o , 3 0 2 9-5 3 2 5 - 13 1 4 7 4 9 7 1 4 . 1 344 + 2 

6 4 9 8.8 3 4 7 - 7 1 5 2 8 4 3 1 4 . 1 346 + 7 
9 8 9 9.4 3 4 0 8 146 2 , 4 4 i , 1 8 0 1 4 . 0 3 3 7 + 3 

2 , 4 4 i , 3 3 6 8 . 8 3 4 7 - l 1 5 6 5 l 6 1 4 . 2 336 - 1 

6 6 9 9.3 3 3 3 - 9 1 5 3 8 5 8 1 4 . 1 3 4 2 + 0 
2 , 4 4 2 , 0 1 7 9 . 0 3 4 8 - 2 159 2 , 4 4 2 , 1 9 4 1 4 . 1 3 3 6 - 5 

3 5 6 9 . 0 339 - 4 1 6 2 





20. 

R R P I C T O R I S ( N o v a 1 9 2 5 ) . 

F r a n k M . B a t e s o n 

T e n d a y m e a n s f r o m 2 , 4 4 0 , 9 5 0 to 2 , 4 4 3 , 0 9 0 a r e g i v e n i n T a b l e 1 . 
E a r l i e r o b s e r v a t i o n s h a v e a p p e a r e d i n m a n y C i r c u l a r s o f t h e S e c t i o n 
f r o m N o . l 6 to l 8 9 - T h e r e s u l t s n o w p u b l i s h e d h a v e b e e n c o r r e c t e d i n 
a c c o r d a n c e w i t h t h e m a g n i t u d e s o f t h e c o m p a r i s o n s t a r s d e t e r m i n e d b y 
B . M e n z i e s ( 1 ^ 7 7 ) . 

T h e m e a n s s h o w t h a t t h e r e h a s b e e n a v e r y s l o w i r r e g u l a r d e c l i n e 
d u r i n g t h e p a s t 2 , 0 0 0 d a y s . T h e o v e r a l l d e c l i n e is v e r y s l i g h t . T h e r e 
i s , a t t i m e s , a n i n d i c a t i o n o f s h o r t p e r i o d o s c i l l a t i o n s s u p e r i m p o s e d 
o n l o n g e r c y c l e s of 5 0 a n d 3 5 0 d a y s a p p r o x i m a t e l y . T h e s e v a r i a t i o n s 
a m o u n t ed t o 0 . 3 m a g n i t u d e s , a t t h e m o s t , a n d a r e g e n e r a l l y l e s s . T h e y 
c a n b e s t b e r e g a r d e d a s i r r e g u l a r o s c i l l a t i o n s a r o u n d a v e r y s l o w l y 
d e c r e a s i n g m e a n m a g n i t u d e . 

A f e w V m a g n i t u d e s f r o m t h e A u c k l a n d O b s e r v a t o r y a r e i n c l u d e d i n 
T a b l e 1 . T h e s e a r e f a i n t er t h a n t h e v i s u a l m e a n s a n d s e e m t o i n d i c a t e 
t h a t R R P i c v a r i e s s l i g h t l y o n a s h o r t t i m e s c a l e . 

R E F E R E N C E : 

M e n z i e s , B . 1 9 7 7 . , P u b l . V . S . S . , R . A . S . N . Z . N o . 5-



2 1 . 

T A B L E 1. 

R R P I C T O R I S T E N D A Y M E A N S . 

J . D . M E A N M A G . 

2 , 4 4 0 , 0 0 0 + 

9 5 0 1 1 . 6 3 
9 6 0 1 1 . 8 2 
9 7 0 1 1 . 8 0 
2 , 4 4 1 , 0 0 0 + 
0 0 0 1 1 . 7 5 
0 1 0 1 1 . 8 0 
0 2 0 1 1 . 7 7 
0 3 0 1 1 . 8 0 
o 4 o 1 1 . 5 0 
0 5 0 1 1 - 7 9 
0 6 0 1 1 . 9 0 
0 7 0 1 1 . 7 3 
0 8 0 1 1 . 7 1 
0 9 0 1 1 . 7 1 
100 1 1 . 7 5 
110 1 1 . 8 3 
120 1 1 . 9 0 
130 1 1 . 9 0 
150 1 1 . 6 
180 1 1 . 7 

2 6 0 1 1 . 8 
2 8 0 1 2 . 1 
2 9 0 1 1 . 8 5 
3 0 0 1 2 . 1 3 
310 1 1 . 8 0 
320 1 1 . 8 
3 3 0 1 1 . 7 7 
3 4 0 1 1 . 8 7 
3 5 0 11.9 
360 1 1 . 7 7 
3 7 0 1 1 . 9 
3 8 0 1 1 . 8 0 
3 9 0 1 1 . 6 8 
4 0 0 1 1 . 8 0 
4 1 0 1 1 . 7 5 
4 2 0 1 1 . 8 0 
4 3 0 1 2 . 0 7 
4 4 0 1 1 . 7 
4 5 Q 1 2 . 0 0 
4 6 0 1 1 . 8 0 
4 7 0 1 1 . 9 
4 8 0 1 2 . 1 5 
4 9 0 1 1 . 8 7 

6 5 0 1 1 . 8 0 
6 6 0 1 1 . 8 6 
6 7 0 1 1 . 8 0 
6 8 0 1 1 . 9 2 
6 9 0 1 1 . 7 7 
7 0 0 1 1 . 7 0 
7 1 0 1 1 . 8 7 
7 1 4 . 8 1 1 . 9 4 V 
7 1 5 - 8 1 2 . 2 1 V 

N o . J . D . M E A N . N o . 
O b s . M A G . O b s . 

3 2 , 4 4 1 , 0 0 0 + 
4 7 2 0 1 1 . 6 4 9 
5 7 2 2 . 90 1 2 . 3 3 V 1 

7 2 9 . 9 2 1 2 . 3 9 V 1 
4 7 3 0 1 1 . ' 90 2 

5 7 3 6 . 0 2 12.; 2 8 V 1 

3 7 4 0 1 1 . 7 3 11 
3 7 5 0 1 1 . 7 0 8 

3 7 6 0 1 1 . 8 6 5 
6 7 7 0 1 1 . 6 7 11 
6 7 8 0 1 1 . 6 2 6 
6 7 9 0 1 1 . 7 7 6 
8 8 0 0 1 1 . 7 2 5 
7 8 l O 1 1 . 8 5 2 
4 8 2 0 1 1 . 8 0 5 
3 8 3 0 1 1 . 6 0 5 
4 8 4 0 1 1 . 8 7 3 
3 8 5 0 1 1 . 8 1 
l 8 6 0 1 1 . 7 3 3 
l 8 9 0 1 1 - 9 5 4 
1 9 0 0 1 1 . 6 0 2 

l 
2 

9 2 0 1 1 . 9 0 2 

3 
9 3 0 1 1 . 7 1 

3 9 8 0 1 1 . 9 1 
1 2 , 4 4 2 , 0 0 0 + 
4 0 0 0 1 1 . 9 7 3 
3 0 1 0 1 2 . 0 0 9 
1 0 2 0 1 2 . 0 0 3 
4 0 3 0 1 1 . 7 0 4 
1 0 4 0 1 1 . 8 0 6 
2 0 5 0 1 1 . 6 3 3 
9 0 6 0 1 1 . 6 7 3 
3 0 7 0 1 1 . 7 2 6 
8 0 8 0 1 1 . 6 2 6 

7 0 9 0 1 1 . 7 4 5 
4 
•f 

1 0 0 1 1 . 6 4 10 

1 

3 
1 2 0 1 1 . 6 0 2 

2 1 3 0 1 1 . 9 5 4 
1 1 4 0 1 1 . 8 0 3 
2 1 5 0 1 1 . 7 8 4 

3 1 6 0 1 2 . 1 0 4 
1 7 0 1 1 . 8 5 2 
1 8 0 1 2 . 0 8 7 

5 1 9 0 1 1 . 8 8 5 
2 0 0 1 1 . 7 7 3 

-7 2 1 0 1 2 . 0 4 5 
2 2 0 1 1 . 9 3 3 

3 
2 3 0 1 1 . 8 1 

1 2 5 0 1 1 . 9 0 2 
1 2 6 0 1 1 . 9 0 2 

J . D . M E A N M A G N o 
O b 

2 , 4 4 2 , 0 0 0 + 
2 8 0 12 .00 2 
2 9 0 12 .10 2 

3 2 0 1 1 . 8 3 3 
3 3 0 11 .85 2 
3 4 0 12 .20 2 
3 5 0 12 .05 2 
3 6 0 12 . 0 7 3 
3 7 0 11 .85 8 
3 8 0 11 .85 2 
3 9 0 11 . 7 7 12 
4 0 0 11 .78 12 
4 1 0 11 -70 2 4 
4 2 0 11 .84 16 
4 3 0 11 . 9 1 2 3 
4 4 0 11 . 8 1 15 
4 5 0 11 .83 15 
4 6 0 11 .88 10 
4 7 0 11 - 9 3 3 
4 8 0 11 .82 8 
4 9 0 11 .92 12 
5 0 0 11 .76 11 
5 1 0 11 .78 12 
5 2 0 11 . 8 1 13 
5 3 0 11 .92 6 
5 4 0 11 .88 11 
5 5 0 11 .94 8 
5 6 0 11 .96 9 
5 7 0 11 .92 5 

5 9 0 11 .63 3 
6 0 0 12 .00 3 
6 1 0 11 .9 1 

6 3 0 11 .86 8 
6 4 0 11 .85 4 

6 6 0 11 .80 2 
6 7 0 11 - 8 3 3 
6 8 0 11 .9 1 
6 9 0 11 .90 3 
7 0 0 11 .75 2 

7 2 0 11 .92 6 
7 3 0 11 .96 5 
7 4 0 12 .05 2 
7 5 0 11 -90 1 1 
7 6 0 11 -90 2 
7 7 0 11 .82 6 
7 8 0 11 .80 3 
7 9 0 11 .7 1 
8 0 0 11 .66 5 
8 1 0 11 .88 8 

J . D . M E A N M A G N 
s . O b 

2 , 4 4 2 , 0 0 0 + 
8 2 0 1 1 . 8 5 4 
8 3 0 1 1 . 9 1 11 
8 4 0 1 1 . 8 8 12 
8 5 0 1 1 . 7 1 
8 6 0 1 1 . 9 1 7 
8 7 0 1 1 . 8 9 11 
8 8 0 1 1 . 9 1 
8 9 0 1 1 . 8 8 14 
9 0 0 1 1 . 8 6 10 
9 1 0 1 1 . 8 7 4 
9 2 0 1 1 . 8 3 6 
9 3 0 1 1 . 8 2 6 
9 4 0 1 1 . 8 5 6 
9 5 0 1 1 . 8 3 7 
9 6 0 1 1 . 9 3 6 
9 7 0 1 1 . 9 0 3 

9 9 0 1 1 - 5 5 2 

2 , 4 4 3 , 0 0 0 + 
0 0 0 1 1 . 7 5 2 
0 1 0 1 1 . 6 0 2 
0 2 0 1 1 . 6 3 3 

o 4 o 1 1 . 7 0 2 

0 6 0 1 1 . 9 1 

0 8 0 1 1 . 9 5 2 
0 9 0 1 1 . 9 1 



2 2 . 

R E C U R R E N T N O V A E , S Y M B I O T I C V A R I A B L E S , 

A N D B I N A R Y E V O L U T I O N * 

R o n a l d F . W e b b i n k 
D e p a r t m e n t o f A s t r o n o m y 
U n i v e r s i t y o f I l l i n o i s 

S U M M A R Y 

T h e p r e s e n t e v o l u t i o n a r y s t a t u s o f T C r B , a s a p r o t o t y p i c a l 
r e c u r r e n t n o v a , i s d i s c u s s e d . I t i s s u g g e s t e d t h a t t h i s s y s t e m i s 
a r e l a t i v e l y y o u n g o b j e c t o f t h i s t y p e , h a v i n g u n d e r g o n e p e r h a p s 
t e n n o v a - l i k e o u t b u r s t s so f a r . T h e f r e q u e r c y of o u t b u r s t s i s e x ­
p e c t e d to i n c r e a s e , c u l m i n a t i n g i n t h e g r a d u a l t r a n s f o r m a t i o n o f 
t h i s b i n a r y i n t o a s y m b i o t i c v a r i a b l e . T h e a n t i c i p a t e d r a t e o f 
e v o l u t i o n i s s u f f i c i e n t l y h i g h t h a t s e c u l a r c h a n g e s i n t h e b e h a v i o r 
o f a r e c u r r e n t n o v a or s y m b i o t i c v a r i a b l e s h o u l d b e o b s e r v a b l e i n 
s o m e s y s t e m s w i t h i n a h u m a n l i f e t i m e . 

I N T R O D U C T I O N 

A m o n g t h e n e a r l y ^00 c a t a l o g u e d g a l a c t i c n o v a e , f e w e r t h a n a 
d o z e n h a v e b e e n o b s e r v e d to e r u p t m o r e t h a n o n c e . T h e f i r s t o b j e c t 
of t h i s t y p e t o b e i d e n t i f i e d (if w e d i s c a r d t h e p r o b a b l y s p u r i o u s 
c a s e o f V 5 2 9 O r i = H e v e l i u s ' s n o v a 1 6 6 7 Lsee A s h b r o o k , I 9 6 3 J ) w a s T 
P y x i d i s , w h o s e f i r s t t h r e e o u t b u r s t s ( 1 8 9 0 , 1 9 0 2 , 1 9 2 0 ) w e r e d i s ­
c o v e r e d o n t h e H a r v a r d p a t r o l p l a t e s b y H e n r i e t t a L e a v i t t ( 1 9 2 0 ) . 
T h i s is b y n o m e a n s t h e b e s t - o b s e r v e d o b j e c t o f t h i s t y p e , h o w e v e r , 
a n h o n o r w h i c h m u s t b e s h a r e d a m o n g R S O p h , T C r B , W Z S g e , a n d V 6 l 6 
M o n . T h e f i r s t t w o of t h e s e a r e r e l a t i v e l y b r i g h t a t m i n i m u m , a n d 
f a v o r i t e s a m o n g a m a t e u r o b s e r v e r s ; t h e t h i r d i s , w i t h t h e p o s s i b l e 
e x c e p t i o n o f A M C V n , t h e s h o r t e s t p e r i o d b i n a r y k n o w n ; t h e f o u r t h is 
t h e f a m o u s X - r a y n o v a o f 1 9 7 5 , A 0 6 2 0 - 0 0 . 

L a r g e l y t h r o u g h t h e e f f o r t s o f W a l k e r , K r a f t , a n d M u m f o r d in 
t h e 1 9 5 0 ' s a n d e a r l y 1 9 6 0 f s , it i s n o w w i d e l y b e l i e v e d t h a t a l l n o v a e 
a n d d w a r f n o v a e a s w e l l , o c c u r i n c l o s e b i n a r y s y s t e m s in w h i c h o n e 
c o m p o n e n t i s g r a d u a l l y b e i n g s t r i p p e d o f i t s e n v e l o p e b y t h e t i d a l 
f o r c e s of i t s c o m p a n i o n . I n t h e c a s e of t h e c l a s s i c a l n o v a e a n d 
d w a r f n o v a e , t h e b i n a r y p e r i o d s r a n g e f r o m ^ v O . 0 6 4 f o r V 4 3 6 C e n 
('Warner, 1 9 7 5 ) to O . 6 8 5 f o r G K P e r ( P a c z y n s k i , 1 9 6 5 b ) . T h e s e s y s t e m s 
p r e s u m a b l y c o n s i s t of a l o w - m a s s m a i n s e q u e n c e r e d c o m p o n e n t , l o s i n g 
m a s s t o a w h i t e d w a r f c o m p a n i o n . 

T h e r e c u r r e n t n o v a e a p p a r e n t l y p o s e a n a n o m a l y i n t h i s r e g a r d . 
B i n a r y p e r i o d s a r e w e l l - e s t a b l i s h e d f o r t w o o f t h e s e s y s t e m s : W Z S g e 
a t O . O 5 6 7 ( K r z e m i n s k i a n d S m a k , 1 9 7 1 ) , a n d T C r B a t 2 2 7 ^ 5 ( P a c z y n s k i , 
1 9 6 5 b ) . ( A n o p t i c a l a n d X - r a y f l u x v a r i a t i o n w i t h P ~ 7-8 w a s d e t e c t e 
i n V 6 1 6 M o n f M a t i l s k y et a l . 1 9 7 6 J , b u t t h i s c a n n o t y e t b e i d e n t i f i e d 
w i t h c e r t a i n t y a s a n o r b i t a l e f f e c t . ) W Z S g r , w h i c h a c h i e v e d a 
m a x i m u m l u m i n o s i t y of o n l y M = + 4 ( W a r n e r , 1 9 7 6 ) , t y p i c a l o f d w a r f 
n o v a e r a t h e r t h a n n o v a e a t m a x i m u m , i s a r g u a b l y a d w a r f n o v a w i t h a n 
e x t r e m e l y l o n g i n t e r v a l b e t w e e n o u t b u r s t s , a n d w i l l n o t b e c o n s i d e r e d 
f u r t h e r . T C r B , h o w e v e r , h a s l o n g b e e n k n o w n to h a v e a n M 3 g i a n t f o r 
a l o b e - f i l l i n g c o m p o n e n t ( A d a m s a n d J o y , 1 9 2 1 ) . I n t h i s r e s p e c t , it i 
t y p i c a l o f t h e o t h e r r e c u r r e n t n o v a e f o r w h i c h d i r e c t e v i d e n c e of t h e 
s e c o n d a r y e x i s t s ( e v e n t h o u g h t h e b i n a r y p e r i o d s r e m a i n u n k n o w n ) : 
R S O p h , a s e m i - r e g u l a r v a r i a b l e a t m i n i m u m ( T e m p e s t i , 1 9 7 5 ) w h i c h h a 
a l a r g e i n f r a r e d e x c e s s ( F e a s t a n d G l a s s , 1 9 7 4 ) , a n d V 1 0 1 7 S g r , w h i c h 

* S u p p o r t e d i n p a r t b y N a t i o n a l S c i e n c e F o u n d a t i o n g r a n t A S T 7 5 - 2 l 8 0 1 
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g h o v s a G 5 H I p s p e c t r u m ( K r a f t , 1 9 6 4 ) , b o t h c l e a r l y h a v e e v o l v e d g i a n t 
s e c o n d a r i e s . I n d e e d , W a r n e r ( 1 9 7 6 ) h a s a r g u e d t h a t it i s t h e p r e s e n c e 
o f t h e s e l u m i n o u s c o m p o n e n t s g e n e r a l l y i n r e c u r r e n t n o v a e , a s o p p o s e d 
to t h e v e r y f a i n t c o m p a n i o n s o f c l a s s i c a l n o v a e , w h i c h a c c o u n t s f o r t h e 
s m a l l e r a m p l i t u d e o f o u t b u r s t a m o n g t h e f o r m e r . 

T H E E V O L U T I O N A R Y S T A T U S O F R E C U R R E N T N O V A E . 

I f w e s u p p o s e t h a t T C r B i s t y p i c a l o f r e c u r r e n t n o v a e , s e v e r a l 
o t h e r p e c u l i a r i t i e s e m e r g e . T h i s s y s t e m i s a d o u b l e - l i n e d s p e c t r o ­
s c o p i c b i n a r y w i t h a n u n u s u a l l y m a s s i v e b l u e c o m p o n e n t , a s s h o w n b y 
K r a f t ( 1 9 5 8 ) - P a c z y n s k i ( 1 9 5 6 b ) , i n r e v i s i n g K r a f t ' s o r b i t a l s o l u t i o n , 
o b t a i n s M. n = 1.91*1* f o r a n a s s u m e d o r b i t a l i n c l i n a t i o n o f i = 68 , 

Tolue 0 
c o r r e s p o n d i n g t o g r a z i n g e c l i p s e s . T h i s i s e m b a r r a s s i n g l y , l a r g e f o r 
a w h i t e d w a r f , w h i c h h a s a l i m i t i n g m a s s o f 1.4 M Q u n l e s s v e r y r a p i d l y 
r o t a t i n g . E v e n m o r e p e c u l i a r i s t h e l a r g e m a s s r a t i o o f t h e g i a n t t o 
b l u e c o m p o n e n t , q = 1.4 +_ 0 . 2 . P a c z y n s k i ( 1 9 6 5 a ) s h o w e d t h a t b i n a r i e s 
w i t h l a t e - t y p e c o n v e c t i v e R o c h e - l o b e f i l l i n g s t a r s a r e u n s t a b l e to r u n ­
a w a y m a s s e x c h a n g e , u n l e s s t h e l o b e - f i l l i n g s t a r i s s i g n i f i c a n t l y l e s s 
m a s s i v e t h a n i t s c o m p a n i o n , r e a c h i n g e n o r m o u s m a s s t r a n s f e r r a t e s 
( P a c z y n s k i a n d S i e n k i e w i c z , 1 9 7 2 ; P l a v e c , U l r i c h a n d P o l i d a n 1 9 7 3 ) • 

T h e s e c i r c u m s t a n c e s l e d t o t h e s u g g e s t i o n t h a t T C r B , w h i c h s h o w s 
a n a c c r e t i o n d i s k ( K r a f t , 1 9 5 8 ) b u t n o e v i d e n c e o f t h e h u g e r a t e s 
(M^O.l M g / y r . ) t h e o r e t i c a l l y p o s s i b l e , i s o n l y n o w f i r s t r e a c h i n g t h e 
m a s s - e x c h a n g e p h a s e , a n d t h a t p e r h a p s t h e b l u e c o m p o n e n t i s n o t a w h i t e 
d w a r f at a l l , b u t a m a i n s e q u e n c e s t a r ( H a r m a n e c , 1 9 7 4 ) . W e b b i n k ( 1 9 7 6 a ) 
s h o w e d t h a t m a n y d e t a i l s o f t h e o u t b u r s t o f t h i s v a r i a b l e c o u l d b e 
e x p l a i n e d o n t h e a s s u m p t i o n t h a t it c o r r e s p o n d e d to t h e s u d d e n t r a n s f e r 
o f a l a r g e (/^5-2 x 1 0 ~ MQ ) m a s s o f g a s f r o m t h e g i a n t i n t o a n a c c r e t i o n 
d i s k a r o u n d a m a i n - s e q u e n c e s t a r . 

I f w e s u p p o s e t h e a c c r e t i o n m o d e l o f T C r B t o b e c o r r e c t , it i s 
p o s s i b l e to e s t i m a t e t h e n u m b e r o f p r i o r o u t b u r s t s t h i s s y s t e m h a s 
u n d e r g o n e , a n d to o u t l i n e i t s e v o l u t i o n i n t h e v e r y n e a r f u t u r e 
( a s t r o n o m i c a l l y s p e a k i n g ) . W e n o t e t h a t , w i t h t h e s o l e e x c e p t i o n o f 
V 1 0 1 7 S g r , a l l r e c u r r e n t n o v a e a r e i n d i v i d u a l l y c h a r a c t e r i z e d b y o u t ­
b u r s t s w h i c h r e p e a t w i t h r e m a r k a b l e f i d e l i t y . T h i s s u g g e s t s t h a t , 
w h a t e v e r t h e p h y s i c a l m e c h a n i s m w h i c h m o d u l a t e s m a s s t r a n s f e r , t h e 
a c t u a l e x c h a n g e t e n d s t o b e " q u a n t i z e d , " i . e . , t h e a m o u n t o f m a s s 
t r a n s f err ed v a r i e s i n s e n s i b l y f r o m o n e o u t b u r s t t o t h e n e x t . 

I n i t s i n i t i a l p h a s e , t h e l o n g - t e r m d e v e l o p m e n t o f r u n a w a y m a s s 
t r a n s f e r f r o m a c o n v e c t i v e s t a r f o l l o w s t h e a p p r o x i m a t e r e l a t i o n , 

M a* -A(AM)q, (1) 
w h e r e i s t h e t o t a l a m o u n t o f m a s s a l r e a d y t r a n s f e r r e d a n d A i s 
a p p r o x i m a t e l y c o n s t a n t f o r a n y p a r t i c u l a r s y s t e m . T h i s i m p l i e s 3\ 
m a s s l o s s r a t e f r o m t h e c o n v e c t i v e s t a r v a r y i n g a s (t - t ) " ^ ̂ ™ , 
w h e r e t i s s o m e f u t u r e t i m e a t w h i c h , i n t h e a b o v e a p p r o x i m a t i o n , 
t h e m a s s l o s s r a t e b e c o m e s i n f i n i t e . ( T h i s m e r e l y r e f l e c t s t h e b r e a k ­
d o w n of a p p r o x i m a t i o n s u s e d to o b t a i n e q u a t i o n £ l 3 ) • T h e p a r a m e t e r s 
A a n d q m a y b e e s t i m a t e d u s i n g t h e f o r m a l i s m d e v e l o p e d b y J e d r z e j e c 
( s e e P a c z y n s k i a n d S i e n k i e w i c z , 1 9 7 2 ) . F o r g i a n t s t a r m o d e l s c o m p a r ­
a b l e to t h e M 3 I H g i a n t i n T C r B , A ^ 0 . 2 0 M ~ / y r , q ^ 2 . 0 , if AM i s i n 

V 
W e c a n n o w e s t i m a t e t h e c u r r e n t m e a n m a s s , e x c h a n g e r a t e f r o m t h e 

a m o u n t o f m a t e r i a l p e r o u t b u r s t , t£M:&5o2 x 10™ M g , a n d t h e r e c u r r e n c e 
t i m e s c a l e , T = 8 0 y r . F r o m e q u a t i o n ( l ) , w e o b t a i n dM.-vO.0057 Hq , 
w h i c h s u g g e s t s t h a t t h i s v a r i a b l e h a d u n d e r g o n e p e r h a p s t e n o u t b u r s t s , 
or s o , p r i o r t o i t s r e c u r r e n c e i n 1 9 4 6 . ( S t r i c t l y s p e a k i n g , t h i s s t e p 
i s n o t v a l i d , s i n c e e q u a t i o n f l 3 a s s u m e s s m o o t h l y v a r y i n g c o n t i n u o u s 
m a s s t r a n s f e r . ) F u r t h e r m o r e , w e m a y e x p e c t t h e r e c u r r e n c e t i m e s c a l e 
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to d e c r e a s e w i t h t i m e , w i t h 1>*N w h e r e N i s t h e n u m b e r of o u t b u r s t s 
w h i c h t h e s y s t e m h a s u n d e r g o n e . ( T h e r e a d e r s h o u l d b e c a u t i o n e d a g a i n s t 
a p p l y i n g t h i s r e l a t i o n r i g o r o u s l y , h o w e v e r , a s t h e m e c h a n i s m w h i c h 
t r i g g e r s e r u p t i v e m a s s l o s s i s n o t w e l l - u n d e r s t o o d - s e e W o o d [19773 ) -

S Y M B I O T I C V A R I A B L E S A S T H E D E S C E N D A N T S O F R E C U R R E N T N O V A E 

W h a t m a y w e e x p e c t f o r t h e i m m e d i a t e f u t u r e d e v e l o p m e n t o f t h i s 
o b j e c t ? T h e g r a d u a l l y i n c r e a s i n g f r e q u e n c y o f r e c u r r e n c e w i l l h a v e 
s e v e r a l e f f e c t s . F i r s t , t h e g r o w t h i n t h e m e a n a c c r e t i o n r a t e b y t h e 
c o m p a n i o n s t a r w i l l c a u s e t h a t s t a r to b e c o m e o v e r l u m i n o u s f o r i t s 
m a s s , g i v i n g it t h e s p e c t r a l a p p e a r a n c e o f a m u c h h o t t e r a n d m o r e 
l u m i n o u s s t a r . T h i s e f f e c t i s q u i t e i n d e p e n d e n t o f t h e e n e r g y l i b e r a t e d 
b y t h e i n f a l l o f m a t t e r , i . e . , o f t h e p e r s i s t e n c e of a n a c c r e t i o n d i s k , 
a n d c o m e s f r o m t h e i n t e r n a l t h e r m a l r e a d j u s t m e n t o f t h e s t a r t o i t s 
i n c r e a s i n g m a s s ( s e e , f o r i n s t a n c e , W e b b i n k , 1 9 7 6 b ) . If a s y s t em i s 
s e e n a t m i n i m u m w i t h a n a c c r e t i o n d i s k , h o w e v e r , t h e h o t , l u m i n o u s 
b o u n d a r y l a y e r a t w h i c h t h e d i s k m e e t s t h e a c c r e t i n g s t a r w i l l , s i n c e 
t h e b o u n d a r y l a y e r is t h i n c o m p a r e d w i t h t h e d i m e n s i o n s o f t h a t s t a r , 
b u t n e v e r t h l e s s m a y r a d i a t e a c o m p a r a b l e l u m i n o s i t y o r m o r e , g i v e t h a t 
s t a r t h e a p p e a r a n c e o f a h o t s u b d w a r f , l y i n g s o m e w h a t b e l o w t h e m a i n 
s e q u e n c e i n t h e H e r t z s p r u n g - R u s s e l l d i a g r a m , b u t f a r a b o v e t h e p o s i t i o n s 
o f i s o l a t e d w h i t e d w a r f s . T h i s a c c o u n t s f o r t h e s u b d w a r f a p p e a r a n c e o f 
t h e b l u e c o m p o n e n t s i n T C r B a n d R S O p h . T h e g r o w i n g a v e r a g e m a s s 
t r a n s f e r r a t e w i l l t h u s u l t i m a t e l y r a i s e t h e l i g h t l e v e l o f t h e s y s t e m 
at m i n i m u m , a s t h e b l u e c o m p o n e n t c o n t r i b u t e s a l a r g e r s h a r e o f t h e 
b i n a r y l u m i n o s i t y i n t h e v i s i b l e r e g i o n . T h e d e t e c t i o n o f t h e s u d d e n 
m i n i m u m p r e c e d i n g t h e e r u p t i o n o f T C r B i n 1 9 4 6 ( P e l t i e r , 1 9 4 5 ) i s t h u s 
p o s s i b l e o n l y b e c a u s e t h i s s y s t e m i s a p p a r e n t l y a y o u n g r e c u r r e n t n o v a 
(as a t t e s t e d b y i t s l o n g r e c u r r e n c e t i m e s c a l e ) , i n w h i c h t h e g i a n t 
d o m i n a t e s t h e v i s u a l r e g i o n . 

T h e s e c o n d c o n s e q u e n c e o f i n c r e a s e d a c t i v i t y i s t h a t t h e a c c r e t i o n 
d i s k i t s e l f b e c o m e s a m o r e p r o m i n e n t f e a t u r e of t h e s y s t e m . A s t h e 
r e c u r r e n c e i n t e r v a l d e c r e a s e s to t h e o r d e r of t h e d e c a y t i m e s c a l e of 
t h e a c c r e t i o n d i s k , t h a t i s , t h e v i s c o u s t i m e s c a l e of t h e d i s k ( w h i c h , 
i n T C r B , i s ^ 4 b i n a r y p e r i o d s ) , t h e d i s k n o l o n g e r d e c a y s a p p r e c i a b l y 
b e t w e e n o u t b u r s t s . T h i s c o n t r a s t s w i t h T C r B , f o r i n s t a n c e , i n w h i c h 
t h e h y d r o g e n e m i s s i o n l i n e s f r o m t h e d i s k h a d n e a r l y d i s a p p e a r e d f r o m 
i t s s p e c t r u m t a k e n b y B e r m a n ( 1 9 3 2 ) . T h e p r e s e n c e of a m a s s i v e a c c r e t i o n 
d i s k a t t h e m o m e n t o f m a s s e j e c t i o n b y t h e g i a n t w i l l a l t e r t h e m a n n e r 
i n w h i c h t h e e j e c t e d m a s s c i r c u l a r i z e s i t s o r b i t ( w h i c h e v e n t w a s 
a s s o c i a t e d b y W e b b i n k G l 9 7 6 a J w i t h t h e p r i n c i p a l o u t b u r s t o f T C r B ) . 
W e e x p e c t t h i s to o c c u r l e s s v i o l e n t l y , o v e r a l o n g e r t i m e s c a l e , a s 
l e s s e n e r g y i s d i s s i p a t e d i n d i s s o l v i n g t h e m a s s i n j e c t e d i n t o t h e 
d i s k n e a r t h e o u t e r e d g e o f t h e d i s k ( t h e d i s k w i l l t r a n s f e r a n g u l a r 
m o m e n t u m to t h e i n j e c t e d m a s s ) , t h a n i n r e q u i r i n g t h e m a s s to d i s s i p a t e 
a l l i t s e x c e s s o r b i t a l e n e r g y a t c o n s t a n t a n g u l a r m o m e n t u m . T h u s , a s a 
s y s t e m e v o l v e s , i t s v a r i a b i l i t y i s d o m i n a t e d l e s s b y t h e d i s p e r s a l o f 
a n a c c r e t e d m a s s i n t o a c i r c u l a r o r b i t a b o u t t h e b l u e s t a r , a n d m o r e 
b y m o d u l a t i o n s of d i s k a n d b o u n d a r y l a y e r l u m i n o s i t i e s a s v i s c o u s 
p r o c e s s e s o p e r a t e o n t h e v a r i a b l e m a s s i n t h e d i s k . A s t h e i n j e c t i o n 
f r e q u e n c y i n c r e a s e s , t h i s v a r i a t i o n i n d i s k l u m i n o s i t y c a n b e e x p e c t e d 
to d i m i n i s h , a s t h e m a s s o f t h e d i s k b e c o m e s l a r g e c o m p a r e d w i t h inj e c t e d 
m a s s ( a s s u m i n g , i n d e e d , t h a t t h e m a s s o u t f l o w f r o m t h e g i a n t r e m a i n s 
e s s e n t i a l l y q u a n t i z e d ) . 

T h e t h i r d , a n d s t r u c t u r a l l y m o s t s i g n i f i c a n t , c o n s e q u e n c e of 
i n c r e a s e d a c t i v i t y f o l l o w s d i r e c t l y f r o m t h i s i n c r e a s e i n d i s k l u m i n o s i t y . 
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U l t i m a t e l y , t h e e n e r g y o u t p u t o f t h e b i n a r y i s l i m i t e d b y t h e r e q u i r e ­
m e n t t h a t t h e r a d i a t i o n p r e s s u r e n o t e x c e e d g r a v i t y , i . e . t h e 
E d d i n g t o n l i m i t . F o r a f u l l y i o n i z e d g a s , w h o s e p r i n c i p a l s o u r c e o f 
o p a c i t y i s s c a t t e r i n g b y e l e c t r o n s , t h i s l i m i t i s 

Lcrit = 3-765 x 1 0 4 Le W V • ( 2 ) 

w h e r e M i s t h e m a s s o f t h e a c c r e t i n g o b j e c t . T h i s i s t o b e c o m p a r e d 
w i t h t h e r a t e a t w h i c h e n e r g y i s b e i n g g e n e r a t e d b y t h e i n f a l l o f 
m a t e r i a l to t h e s u r f a c e o f t h e a c c r e t i n g s t a r , 

- 1 

L 
a c c 

F o r a s o l a r - t y p e s t a r , L ., a n d L a r e e q u a l f o r M . , «-sl. 2 2 x 10™ 
„ / c r i t a c c ^ c r i t 
M 0 / y r . 

I n d e e d , s i n c e M / R v a r i e s r a t h e r l i t t l e f o r m a i n s e q u e n c e s t a r s , t h i s 
l i m i t h o l d s f o r a w i d e r a n g e o f s y s t e m s . 

T h i s l i m i t i n g l u m i n o s i t y i s f a r s m a l l e r , b y a f a c t o r o f ~ 1 0 0 , 
t h a n t h e m a x i m u m m a s s t r a n s f e r r a t e s p r e d i c t e d t h e o r e t i c a l l y a b o v e . 
A s t h e l e v e l of a c t i v i t y i n t h e b i n a r y r i s e s t h e s i t u a t i o n a r i s e s 
i n e x o r a b l y i n w h i c h i n f a l l i n g m a t e r i a l g e n e r a t e s so m u c h e n e r g y t h a t 
a r a p i d l y r i s i n g f r a c t i o n o f t h e m a s s s t r i p p e d t i d a l l y f r o m t h e g i a n t 
c o m p o n e n t i s b l o w n o u t o f t h e s y s t e m b y t h e f r a c t i o n w h i c h i s a c c r e t e d . 
I n d e e d , t h i s p h e n o m e n o n m a y o c c u r m u c h e a r l i e r t h a n i n f e r r e d a b o v e , 
b e c a u s e p h o t o i o n i z a t i o n o f t h e i n f a l l i n g , p a r t i a l l y i o n i z e d g a s f r o m 
t h e g i a n t g i v e s it a f a r h i g h e r o p a c i t y t h a n e l e c t r o n s c a t t e r i n g a l o n e . 
T h i s c a n s i g n i f i c a n t l y r e d u c e t h e c r i t i c a l l u m i n o s i t y ( e q u a t i o n £2j ) , 
a n d h e n c e M ... t h e a c c r e t i o n r a t e a t w h i c h r a d i a t i o n - d r i v e n m a s s 

cr it 
o u t f l o w f r o m t h e s y s t e m c a n o c c u r . 

A r e t h e r e o b s e r v a b l e c o u n t e r p a r t s , t h e n , f o r t h i s a d v a n c e d s t a g e 
of e v o l u t i o n f o r a r e c u r r e n t n o v a ? I t h a s l o n g b e e n s u s p e c t e d t h a t t h e 
s y m b i o t i c v a r i a b l e s a r e i n d e e d g i a n t - c o n t a i n i n g b i n a r y s y s t e m s w i t h 
s i m i l a r b i n a r y p e r i o d s ( s e e B o y a r c h u k , 1 9 7 5 , f o r a r e v i e w ) . T h e 
a s s o c i a t i o n o f t h e s e o b j e c t s w i t h e x t r e m e l y r a p i d m a s s t r a n s f e r a n d 
s u p e r c r i t i c a l a c c r e t i o n w a s m a d e b y P l a v e c , U l r i c h a n d P o l i d a n ( 1 9 7 3 ) , 
W e b b i n k ( 1 9 7 5 ) , a n d P a c z y n s k i ( 1 9 7 6 ) . B u t it w a s B a t h ( 1 9 7 7 ) w h o s h o w e d 
t h a t a s y s t e m o f j u s t t h e t y p e d e s c r i b e d a b o v e c o u l d r e p r o d u c e m a n y o f 
t h e o b s e r v a b l e o u t b u r s t f e a t u r e s of t h e s y m b i o t i c v a r i a b l e s . 

T h i s a s s o c i a t i o n of r e c u r r e n t n o v a e w i t h s y m b i o t i c v a r i a b l e s i s 
n o t n e w . I n d e e d , T C r B a n d R S O p h a r e o c c a s i o n a l l y i n c l u d e d a m o n g t h e 
m o r e b r o a d l y d e f i n e d s y m b i o t i c v a r i a b l e s ( s e e , f o r i n s t a n c e , M e r r i l l , 
1 9 5 8 ; a n d S a h a d e , 1 9 6 7 ) . V 1 0 1 7 S g r h a s b e e n o f f i c i a l l y r e c l a s s i f i e d 
f r o m r e c u r r e n t n o v a to s y m b i o t i c v a r i a b l e ( K u k a r k i n , et a l . , 1 9 7 4 ) . 
W h a t w e h a v e d o n e h e r e i s to p r o v i d e a n e v o l u t i o n a r y l i n k b e t w e e n 
t h e s e c a t e g o r i e s . 

I t f o l l o w s f r o m t h i s i n t e r p r e t a t i o n t h a t , if r e c u r r e n t n o v a e a r e 
r a p i d l y e v o l v i n g , s y m b i o t i c v a r i a b l e s s h o u l d b e e v o l v i n g e v e n m o r e 
r a p i d l y . W e e m p h a s i z e t h a t t h i s c o n c l u s i o n d e p e n d s o n l y u p o n a s s u m i n g 
t h a t T C r B i s t y p i c a l o f r e c u r r e n t n o v a e to t h e e x t e n t t h a t it h a s a 
l o b e - f i l l i n g g i a n t a n d a n u n s t a b l e m a s s r a t i o ; it d o e s n o t d e p e n d u p o n 
t h e n a t u r e of t h e b l u e c o m p o n e n t , or t h e c a u s e o f t h e o u t b u r s t , a l t h o u g h 
t h e r a t e o f e v o l u t i o n m a y n o t b e so e x t r e m e if t h e a c c r e t i o n m o d e l o f 
T C r B ( W e b b i n k , 1 9 7 6 a ) i s i n c o r r e c t . C e r t a i n l y , a m p l e e v i d e n c e e x i s t s , 
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a m o n g t h e s y m b i o t i c v a r i a b l e s w i t h t h e l o n g e s t o b s e r v a t i o n a l r e c o r d s , 
o f s e c u l a r c h a n g e s i n t h e b e h a v i o r o f t h e s e o b j e c t s -~ A G P e g ( M e r r i l l , 
1 9 5 9 ) a n d B F C y g ( J a c c h i a , 1 9 4 l ) a r e c a s e s i n p o i n t . 

E V O L U T I O N I N O U R L I F E T I M E ? 

T h e f a s c i n a t i n g q u e s t i o n s f o r t h e a s t r o n o m e r i s , j u s t h o w r a p i d l y 
a r e t h e s e o b j e c t s e v o l v i n g ? I s it p o s s i b l e t h a t o n e m a y o b s e r v e 
s i g n i f i c a n t e v o l u t i o n i n s o m e o b j e c t f r o m t h e r e c u r r e n t n o v a e s t a g e , 
t o w a r d s s y m b i o t i c v a r i a b i l i t y , or f r o m s y m b i o s i s to y e t a m o r e a d v a n c ed 
s t a g e w i t h i n a h u m a n l i f e t i m e ? T h e i m p l i c a t i o n s f r o m T C r B a r e 
i n t r i g u i n g : /-~ 140 o u t b u r s t s a n d /^800 y e a r s , a t m o s t , to r e a c h s u p e r ­
c r i t i c a l a c c r e t i o n i n t h a t s y s t e m . G i v e n t h a t a t l e a s t h a l f a d o z e n 
g e n u i n e r e c u r r e n t n o v a e , a n d m o r e t h a n t w o d o z e n c o n f i r m e d s y m b i o t i c 
v a r i a b l e s a r e k n o w n , a n d t h e l i k e l i h o o d e x p r e s s e d a b o v e t h a t T C r B i s 
a m o n g t h e 1 e a s t e v o l v e d of t h e s e o b j e c t s , t h e e x c i t i n g p r o s p e c t , n e a r l y 
u n k n o w n i n a s t r o n o m y , i s o p e n e d f o r o b s e r v i n g s i g n i f i c a n t , d r a m a t i c , 
a n d a t l e a s t b r o a d l y p r e d i c t a b l e t r a n s f o r m a t i o n o c c u r r i n g i n a n a s t r o ­
n o m i c a l o b j ect w i t h i n a t a n t a l i z i n g l y s h o r t p e r i o d of t i m e . 

A l a r g e s h a r e of b o t h t h e r e s p o n s i b i l i t y a n d t h e r e w a r d i n 
e i t h e r s u p p o r t i n g o r r e f u t i n g t h e e v o l u t i o n a r y p r o c e s s e s o u t l i n e d h e r e 
w i l l r e s t w i t h t h e a m a t e u r a s t r o n o m e r . H e i s b e s t e q u i p p e d to c o n d u c t 
t h e v e r y l o n g - t e r m s y s t e m a t i c m o n i t o r i n g of .these v a r i a b l e s w h i c h i s 
r e q u i r e d . A t t h e s a m e t i m e , it i s i m p o r t a n t to d o c u m e n t t h e p a s t 
b e h a v i o r o f t h e s e o b j e c t s , a t a s k a l r e a d y u n d e r t a k e n b y t h e a u t h o r i n 
r e s p e c t t o t h e r e c u r r e n t n o v a e . T h i s i n f o r m a t i o n w i l l h o p e f u l l y p r o ­
v i d e g r e a t e r i n s i g h t i n t o t h e d e t a i l e d n a t u r e o f t h e s e s y s t e m s , a n d 
a l l o w t h e e x t e n s i o n o f t h e i n t e r p r e t a t i o n o f T C r B to o t h e r s y s t e m s . 

T h e t r a n s f o r m a t i o n d e s c r i b e d h e r e is b y n o m e a n s t h e f i n a l 
c h a p t e r i n t h e e v o l u t i o n o f t h e s e b i n a r i e s . A m u c h m o r e d e t a i l e d 
d i s c u s s i o n of t h e s e o b j e c t s , a n d t h e i r p l a c e a m o n g t h e c a t a c l y s m i c 
v a r i a b l e s w i l l b e g i v e n e l s e w h e r e . 

R E F E R E N C E S . 

A d a m s , W . S . , a n d J o y , A . H . 1 9 2 1 . P u b l . A s t r . S o c . P a c i f i c , 3 3 , 2 6 3 . 
A s h b r o o k , J . 1 9 6 3 , S k y a n d T e l e s c o p e , 2 6 , 8 0 . 
B a t h , G . T . 1 9 7 7 , M o n t h l y N o t ic es"~Roy. A s t r . S o c . 1 7 8 , 2 0 3 . 
B e r m a n , L . 1 9 3 2 , P u b l . A s t r . S o c . P a c i f i c , 4 4 , "JlS 
B o y a r c h u k , A . A . 1 9 7 5 , i n V a r i a b l e S t a r s a n d S t e l l a r E v o l u t i o n , I A U 

S y m p o s i u m N o . 6 7 , e d . V . E . S h e r w o o d a n d L . P l a u t 
( D o r d r e c h t : D . R e i d e l ) , p . 3 7 7 . 

F e a s t , M . W . , a n d G l a s s , I . S . 1 9 7 4 , M o n t h l y N o t i c e s R o y . A s t r . S o c . 1 6 7 , 8 1 
H a r m a n e c , P . 1 9 7 4 , i n L a t e S t a g e s o f S t e l l a r E v o l u t i o n , I A U S y m p o s i u m 

N o . 6 6 , e d . R . J . T a y l e r a n d J . E . H e s s e r ( D o r d r e c h t : 
D . R e i d e l ) , p 

J a c c h i a , L . I 9 4 l , H a r v a r d O b s . B u l l . , N o . 9 1 5 , p . 17-
K r a f t , R . P . 1 9 5 8 , A s t r o p h y s . 
K r a f t , R . P . 1 9 6 4 , A s t r o p h y s . 

K r z e m i n s k i , W . a n d S m a k , J . 1 9 7 1 , A c t a A s t r . 2 1 , 1 3 3 -
K u k a r k i n , B . V . , K h o l o p o v , P . N . , E f r e m o v , Y u . N . , K u k a r k i n a , N . P . , 

K u r o c h k i n , N . E . , M e d v e d e v a , G . I . , P e r o v a , N . B . , 
P s k o v s k y , Y u . P . , F e d o r o v i c h , V . P . , a n d F r o l o v , M . S . 

1 9 7 4 , S e c o n d S u p p l e m e n t to t h e T h i r d E d i t i o n o f t h e 

G e n e r a l C a t a l o g u e o f V a r i a b l e S t a r s ( M o s c o w : N a u k a ) . 
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L e a v i t t , H . S . 

M a t i l s k y , T . , 

M e r r i l l , P . W . 
M e r r i l l , P . W . 
P a c z y n s k i , B . 
P a c z y n s k i , B . 
P a c z y n s k i , B . 

1 9 2 0 , 
B r a d t , H . V . , 
P . C . , 

A n n . H a r v a r d O b s . 8 4 , 1 2 1 . 
C l a r k , G . W . , 

J . 
J e r n i g a n , J . G . , J o s s , 
1 9 7 6 , A s t r o p h y s . J . 

B u f f , J . , 
L a u f e r , B . a n d M c C I i n t o c k , 

( L e t t e r s ) , 2 1 0 , L 1 2 7 -
195b 1, M e m . S o c . R o y . S c i . L i e g e , 4 e m e s e r . , 2 0 , 4 3 6 . 

1 8 , 9 0 . 

P a c z y n s k i , B . 
P e l t i e r , L . C . 
P l a v e c , M . , U l r i c h , 

1 9 5 9 , S k y a n d T e l e s c o p e , _ 
1 9 6 5 a , A c t a A s t r . , 1 5 , 8 9 . 
1 9 6 5 b , A c t a A s t r . , 1 5 , 197-
1 9 7 6 , i n S t r u c t u r e a n d E v o l u t i o n o f C l o s e B i n a r y S y s t e m s , 

I A U S y m p o s i u m N o . 7 3 , e d . P . E g g l e t o n , S . M i t t o n , 
a n d J . W h e l a n ( D o r d r e c h t : D , R e i d e l ) , p . 75-

a n d S i e n k i e w i c z , R . 1 9 7 2 , A c t a A s t r . , 2_2, 7 3 -
1 9 4 5 , H a r v a r d A n n o u n c e m e n t C a r d , N o . 7 0 9 . 

1 9 7 3 , P u b l . A s t r . S o c . R . K . , a n d 
P a c i f i c 

S a h a d e , J . 
T e m p e s t i , P 
W a r n e r , B . 
W a r n e r , B . 

W e b b i n k , R . F . 
W e b b i n k , R . F . 
W e b b i n k , R . F . 
W o o d , P . R . 

P o l i d a n , R . S . 

8 5 , 7 6 9 . 
1 9 6 7 , K l e i n e V e r o f f . R e m e i s = S t e r n w . B a m b e r g , 4_, 1 4 0 . 
1 9 7 5 , I n f . B u l l V a r . S t a r s . , N o . 9 7 4 . 
1 9 7 5 , M o n t h l y N o t i c e s R o y . A s t r . S o c , 1 7 3 , 3 7 P . 
1 9 7 6 , i n S t r u c t u r e a n d E v o l u t i o n o f C l o s e B i n a r y S y s t e m s , 

I A U S y m p o s i u m N o . 7 3 , e d . P~ E g g l e t o n , S . M i t t o n 
( D o r d r e c h t : D . R e i d e l ) , p . 8 5 . 
U n i v e r s i t y o f C a m b r i d g e . 

a n d J . W h e l a n 
P h . D . t h e s i s , 
N a t u r e , 2 6 2 , 2 7 1 . 
A s t r o p h y s . J . S u p p l 

1 9 7 5 , 
1 9 7 6 a , 
1 9 7 6 b , 
1 9 7 7 , p r e p r i n t . 

3 2 , 5 8 3 . 

T H E D W A R F N O V A V 4 4 2 C E N T A U R I . 

F r a n k M . B a t e s o n 
R e s e a r c h A s s o c i a t e , C a r t e r O b s e r v a t o r y , W e l l i n g t o n 
a n d D i r e c t o r , V a r i a b l e S t a r S e c t i o n , R . A . S . N . Z . 

S U M M A R Y : T h e r e s u l t s o f 5 , 3 5 9 o b s e r v a t i o n s o f V 4 4 2 C e n a r e d i s c u s s e d 
T h e s e c o v e r t h e i n t e r v a l J . D . 2 , 4 3 4 , 8 2 4 t o 2 , 4 4 3 , 1 8 3 . A 
t o t a l o f 2 6 6 o u t b u r s t s w e r e r e c o r d e d . T h e s e a r e d i v i d e d 
i n t o a n o m a l o u s , w i d e a n d n a r r o w t y p e s , e a c h o f w h i c h a r e 
s u b - d i v i d e d a c c o r d i n g t o w i d t h s a n d r a t e s o f i n c r e a s e . T h e 
m e a n c y c l e is 2 4 . 4 8 . T h e l i g h t c u r v e i s r e p r o d u c e d . 

I N T R O D U C T I O N : 

B a t e s o n a n d J o n e s ( 1 9 7 0 ) d i s c u s s e d V 4 4 2 C e n o n t h e b a s i s o f 
p r o v i s i o n a l ^ m a g n i t u d e s f o r t h e c o m p a r i s o n s t a r s . T h e y d e r i v e d a m e a n 
c y c l e o f 2 5 - 1 4 f r o m 1 6 3 m a x i m a o b s e r v e d d u r i n g t h e i n t e r v a l J . D . 
2 , 4 3 4 , 8 2 4 to 2 , 4 4 0 , 0 3 8 . A f u r t h e r 28 m a x i m a w e r e o b s e r v e d b e t w e e n 
2 , 4 4 0 , 0 3 9 a n d 2 , 4 4 0 , 9 5 2 ( B a t e s o n , 1 9 7 2 ) . T h e s e g a v e a m e a n c y c l e o f 
2 5 . 8 6 . 

C h a r t s 1 0 1 a n d 1 0 2 ( B a t e s o n , J o n e s a n d S t r a n s o n , 1 9 6 8 ) s h o w e d 
t h e c o m p a r i s o n s t a r s i d e n t i f i e d b y l e t t e r s . V a n d B - V m a g n i t u d e s f o r 
t h e s e s t a r s w e r e s u b s e q u e n t l y d e t e r m i n e d ( B a t e s o n , G o r d o n a n d M e n z i e s , 
1 9 7 2 ) . 

O B S E R V A T I O N S : 

M e m b e r s o f t h e V a r i a b l e S t a r S e c t i o n , R o y a l A s t r o n o m i c a l S o c i e t y 
of N e w Z e a l a n d , h a v e m a d e 5 , 3 5 9 o b s e r v a t i o n s o n 3 , 6 3 4 n i g h t s o f V 4 4 2 
C e n b e t w e e n J . D . 2 , 4 3 4 , 8 2 4 ( 1 9 5 4 M a r c h 2 2 ) a n d 2 , 4 4 3 , 1 8 3 ( 1 9 7 7 F e b r u a r y 
8 ) . O b s e r v a t i o n s w e r e m a d e o n 4 3 . 5 % o f t h e t o t a l n i g h t s . T h e v a r i a b l e 



2 8 . 

w a s v e r y w e l l o b s e r v e d d u r i n g t h e f i r s t s e v e n m o n t h s e a c h y e a r , b u t 
c o v e r a g e i n t h e r e m a i n i n g f i v e m o n t h s , e s p e c i a l l y i n t h e s o u t h e r n 
s p r i n g , d e c r e a s e d s h a r p l y b e c a u s e t h e s t a r w a s l e s s f a v o u r a b l y p l a c e d . 

C o v e r a g e v a r i e d w i d e l y f r o m y e a r to y e a r i n a c c o r d a n c e w i t h t h e 
g e n e r a l w e a t h e r c o n d i t i o n s , a n d m o r e i m p o r t a n t l y a c c o r d i n g t o t h e n u m b e r 
o f o b s e r v e r s o p e r a t i n g . T a b l e 1 l i s t s t h e n u m b e r o f n i g h t s o n w h i c h 
o b s e r v a t i o n s w e r e m a d e e a c h m o n t h . T h e b o t t o m r o w o f f i g u r e s s h o w s t h e 
p e r c e n t a g e o f t h e t o t a l n i g h t s o n w h i c h o b s e r v a t i o n s w e r e m a d e . T h i s 
t a k e s n o a c c o u n t of t h e n u m b e r o f o b s e r v a t i o n s e a c h n i g h t . 

T R E A T M E N T : 

T h e V m a g n i t u d e s for t h e c o m p a r i s o n s t a r s h a v e b e e n u s e d to d e r i v e 
t h e d e d u c t e d m a g n i t u d e f o r e a c h o b s e r v a t i o n , w i t h t h e e x c e p t i o n of t h o s e 
u s i n g s t a r " q " f o r w h i c h t h e V m a g n i t u d e w a s n o t d e t e r m i n e d . A v a l u e of 
1 3 - 7 V w a s a d o p t e d f o r t h i s s t a r o n t h e b a s i s o f s t e p e s t i m a t e s . 

A l l o b s e r v a t i o n s w e r e p l o t t e d o n a l a r g e s c a l e , f r o m w h i c h t h e 
d a t a u s e d i n t h e f o l l o w i n g d i s c u s s i o n w a s o b t a i n e d . 

O U T B U R S T S : 

T a b l e 2 l i s t s 2 6 6 m a x i m a o b s e r v e d . T h e a v a i l a b i l i t y o f r e l i a b l e 
m a g n i t u d e s for t h e c o m p a r i s o n s t a r s h a s e n a b l e d p r e v i o u s l y p u b l i s h e d 
l i s t s o f m a x i m a ( B a t e s o n & J o n e s , 1 9 7 0 ; B a t e s o n , 1 9 7 2 ) to b e r e v i s e d 
a n d c o r r e c t e d . 

M a x i m a a r e n u m b e r e d c o n s e c u t i v e l y i n t h e f i r s t c o l u m n of T a b l e 2 , 
i r r e s p e c t i v e of w h e t h e r a n i n t e r v e n i n g m a x i m u m w a s u n o b s e r v e d . T h e 
s e c o n d c o l u m n g i v e s t h e t y p e f o r e a c h m a x i m u m i n a c c o r d a n c e w i t h t h e 
d i s c u s s i o n b e l o w . T h e J u l i a n D a t e o f m a x i m u m b r i g h t n e s s i s g i v e n i n 
t h e t h i r d c o l u m n , a n d t h e m a x i m u m m a g n i t u d e i n t h e f o u r t h c o l u m n . T h e 
l a t t e r i s u n d e r l i n e d w h e n V 4 4 2 C e n w a s o n l y o b s e r v e d a t a n i n t e r m e d i a t e 
m a g n i t u d e . T h e i n t e r v a l , i n d a y s , b e t w e e n s u c c e s s i v e m a x i m a i s g i v e n i n 
t h e f i f t h c o l u m n . T h i s i n t e r v a l i s e n c l o s e d i n b r a c k e t s w h e n it a p p ear s 
p r o b a b l e t h a t t h e m a x i m a l i s t e d w e r e n o t c o n s e c u t i v e , b e c a u s e a n i n t e r ­
v e n i n g m a x i m u m p a s s e d u n o b s e r v e d . 

T h e n e x t t h r e e c o l u m n s g i v e t h e J u l i a n D a t e o n w h i c h V 4 4 2 C e n 
r e a c h e d m a g n i t u d e 1 3 - 0 o n t h e r i s e ( 1 3 - 0 1 ) ; o n t h e d e c l i n e ( 1 3 - O D ) , a n d 
t h e w i d t h o f m a x i m u m a t p h a s e 1 3 - 0 I - D . S i m i l a r d a t a i s g i v e n i n t h e 
s u c c e e d i n g t h r e e c o l u m n s f o r m a g n i t u d e l 4 . 0 . T h e n u m b e r o f p o s i t i v e 
o b s e r v a t i o n s u s e d to d e t e r m i n e t h e d a t a i n t h e p r e c e d i n g c o l u m n s i s 
s h o w n i n t h e f i n a l c o l u m n . N e g a t i v e o b s e r v a t i o n s o f t e n h a v e d e f i n e d 
t h e p r o b a b l e s l o p e of t h e c u r v e , a n d p r o v i d e d a n i n d i c a t i o n o f t h e 
t y p e o f m a x i m u m w h e n p o s i t i v e o b s e r v a t i o n s h a v e b e e n f e w . 

T Y P E S O F O U T B U R S T S : 

S e v e n t y - t h r e e m a x i m a w e r e s u f f i c i e n t l y w e l l o b s e r v e d to d e t e r ­
m i n e a c c u r a t e i n f o r m a t i o n o n a l l t h e p a r a m e t e r s g i v e n i n T a b l e 2 . T h e s e 
w e r e g r o u p e d a c c o r d i n g t o w i d t h s a t m a g n i t u d e l 4 . 0 , a n d , a c c o r d i n g to 
t h e t i m e t a k e n t o r i s e f r o m 1 4 . 0 to m a x i m u m b r i g h t n e s s . T h e f i r s t o f 
t h e s e c r i t e r i o n s e p a r a t e d m a x i m a i n t o t w o c l a s s e s , i . e . , t h o s e w i t h 
w i d t h s a t p h a s e 1 4 . 0 I - D g r e a t e r t h a n 8 - 5 d a y s a n d t h o s e w i t h w i d t h s 
l e s s t h a n 7-3 d a y s (No m a x i m a h a d w i d t h s b e t w e e n 7-3 a n d 8 - 5 d a y s ) . 
T h e r i s e t i m e s w e r e t h a n u s e d t o d i v i d e t h e s e t w o g r o u p s i n t o t h e 
f o l l o w i n g t y p e s : 
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A l = R i s e g r e a t e r t h a n 5 * 0 d a y s . 
A 2 = R i s e f r o m 3.0 t o 4 . 9 d a y s . 

W l = R i s e f r o m 2.0 t o 2.9 d a y s . 
W 2 = R i s e f r o m 0 . 9 t o 1.9 d a y s . 

N l ~ R i s e f r o m 1.5 t o 4 . 3 d a y s . 
N 2 = R i s e f r o m 0.9 to 1.4 d a y s . 
N 3 = R i s e f r o m 0 . 6 to 0 . 8 d a y s . 
N 4 = R i s e 0 . 4 or 0 . 5 d a y s . 
N 5 = R i s e 0 . 2 or 0 . 3 d a y s . 

T h e f i r s t f o u r t y p e s a b o v e r e p r e s e n t w i d e m a x i m a , A l a n d A 2 b e i n g 
a n o m a l o u s h a v i n g a m u c h s l o w e r r i s e t h a n n o r m a l , a n d W l g n d W 2 h a v i n g 
w i d t h s e x c e e d i n g 8 . 5 d a y s , b u t w i t h m u c h m o r e r a p i d r i s e s t h a n t h o s e o f 
A l a n d A 2 . 

T h e l a s t f i v e t y p e s a r e n a r r o w m a x i m a w i t h w i d t h s l e s s t h a n 7 - 3 
d a y s . T h e f o l l o w i n g t a b l e l i s t s f o r e a c h t y p e ; t h e n u m b e r o f e x a m p l e s ; 
m e a n m a x i m u m m a g n i t u d e ; m e a n w i d t h s a t 1 3 . O I - D a n d a t 1 4 . 0 I - D ; t h e m e a n 
r i s e a n d d e c l i n e t i m e s , i n d a y s , f o r t h e ^ s a m e p h a s e s . T h e f i n a l t w o 
c o l u m n s g i v e r e s p e c t i v e l y t h e r a t e p e r 0 . 1 at w h i c h t h e v a r i a b l e r o s e 
t o , a n d d e c l i n e d f r o m , m a x i m u m b r i g h t n e s s f r o m o r t o m a g n i t u d e l 4 . 0 . 

M E A N S F O R T Y P E S O F M A X I M A . 

T Y P E N o . M E A N M E A N W I D T H S M E A N R I S E M E A N D E C L I N E M E A N R A T E S 
M A X . T I M E S T I M E S P e r 0 7 1 
M A G . R I S E D E C L I N E 

K X Q Q 
Q Q j j jjS O O 

H H I I <T\

0 

n-\ 
•H 

0 
H 
O 

-tf 
•H 

H 
O 

• 

cn 

M
a
x
-
1
 

M
a
x
-
1
 

d d d d d d M 
V 

M 
V 

A l 9 1 2 . 1 3 1 0 . 8 4 1 5 - 8 9 7 . 4 5 5 . 4 l 5 . 4 3 8 . 4 4 0 . 0 3 0 . 0 2 

A 2 1 0 1 2 . 1 8 7 . 5 5 9 . 6 0 3 . 6 6 3 - 1 6 4 . 3 9 5 . 9 4 0 . 0 5 0 . 0 3 

W l 7 1 2 . 19 7 - 0 0 1 0 . 1 6 2 . 4 7 2 . 1 0 4 . 9 0 7 . 6 9 0 . 0 7 0 . 0 3 

W 2 2 1 2 . 0 5 7 . 3 0 9 . 9 5 l . 4 o 0 . 7 0 6 . 6 0 8 . 5 5 0 . 1 6 0 . 0 2 

N l 1 4 1 2 . 46 2 . 7 0 5 . 3 3 2 . 1 0 1.19 1 . 5 1 3 - 2 3 0 . 0 8 0 . 0 6 
N 2 1 4 1 2 . 4 1 2 . 4 4 4 . 7 2 1.17 0 . 7 0 1 . 7 4 3 - 5 5 0 . 1 4 0 . 0 5 

N 3 7 1 2 . 3 1 2 . 5 9 4 . 6 4 0 . 7 1 0 . 3 9 2 . 2 0 3 - 9 3 0 . 2 4 0 . 0 4 
N 4 6 1 2 . 3 7 2 . 1 1 4 . 0 3 0 . 4 5 0 . 2 3 1 . 8 8 3 . 5 8 0 . 3 6 0 . 0 5 

N 5 4 1 2 . 5 2 1 - 9 5 4 . 9 5 O . 2 5 0 . 1 2 1 . 8 3 4 . 7 0 0 . 6 0 0 . 0 3 

T h e r e i s a m a r k e d d i f f e r e n c e i n t h e r i s e r a t e s b e t w e e n t h e 
a n o m a l o u s m a x i m a (Al a n d A 2 ) a n d t h e o r d i n a r y w i d e m a x i m a ( W l a n d W 2 ) . 
T h e r a t e s o f r i s e a n d d e c l i n e f o r t h e f o r m e r d i f f e r o n l y s l i g h t l y . 
T h e l a t t e r h a v e m u c h f a s t e r r i s e s t h a n d e c l i n e s , a n d t h e i r r i s e s a r e 
c o m p a r a b l e w i t h t h e n a r r o w m a x i m a . 

T h e n a r r o w m a x i m a s h o w a p r o g r e s s i v e a n d r a p i d i n c r e a s e i n r i s e 
r a t e s f r o m N l to N 5 , a n d , a g e n e r a l , b u t m u c h s m a l l e r p r o g r e s s i v e 
d e c r e a s e i n t h e d e c l i n e r a t e s . 

I n T a b l e 2 t h e s e c o n d c o l u m n s h o w s t h e m a x i m u m t y p e f o r e a c h o f 
t h e 7 3 w e l l o b s e r v e d m a x i m a i n a c c o r d a n c e w i t h t h e d i s c u s s i o n a b o v e . 
T h e r e m a i n i n g m a x i m a w h i c h a r e p r o b a b l y o f a d e f i n i t e t y p e h a v e b e e n 
so l i s t e d w i t h t h e t y p e f o l l o w e d b y a q u e s t i o n m a r k . W h e n , h o w e v e r , 
a m a x i m u m c o u l d o n l y b e t e r m e d w i d e or n a r r o w it i s s h o w n a s "W , T o r " N " . 
T h i s i s f o l l o w e d b y a q u e s t i o n m a r k if t h e a l l o c a t i o n i s m e r e l y p r o b a b l e 
b u t n o t c e r t a i n . F i n a l l y t h e r e a r e a n u m b e r o f m a x i m a , w h i c h , b e c a u s e 
of t h e l a c k o f b o t h p o s i t i v e a n d n e g a t i v e o b s e r v a t i o n s , c o u l d b e e i t h e r 
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w i d e or n a r r o w . T h e s e a r e s h o w n w i t h a q u e s t i o n m a r k o n l y . 

T h e L i g h t C u r v e , o n a s m a l l s c a l e , i s s h o w n i n F i g u r e s la - I d . 
T h i s c u r v e f o r t h e p o o r l y o b s e r v e d o u t b u r s t s c a n b e d r a w n i n d i f f e r e n t 
w a y s , a n d f o r s u c h o u t b u r s t s t h e d a s h e d l i n e s m e r e l y i n d i c a t e t h e p o s s i b l e 
s l o p e . E x a m p l e s o f t h e v a r i o u s t y p e s o f m a x i m a , o n a l a r g e r s c a l e , 
a r e s h o w n i n F i g u r e s 2 ( t y p e s A l a n d A 2 ) ; 3 ( W l a n d W 2 ) a n d 4 ( N 1 - N 5 ) . 

F R E Q U E N C Y O F O U T B U R S T S : 

T a b l e 2 i n c l u d e s ^ l 8 2 m a x i m a w h i c h a p p ear J o b e s u c c e s s i v e . T h e s e 
g i v e a m e a n c y c l e o f 2 4 . 4 8 , w i t h a r a n g e f r o m 1 2 . 0 to 4 8 . 7 . T h e l o n g e r 
i n t e r v a l s s u g g e s t t h a t , at t i m e s , t h e f r e q u e n c y o f o u t b u r s t s d e c r e a s e s . 
N e g a t i v e o b s e r v a t i o n s a r e s u f f i c i e n t l y f r e q u e n t a n d c l o s e t o g e t h e r i n 
t i m e to m a k e t h e p o s s i b i l i t y of a m a x i m u m b e i n g m i s s e d i n t h e s e i n t e r v a l s 
s l i g h t . 

T h e r e a r e e i g h t c o m p l e t e i n t e r v a l s o f 1,000 d a y s . T h e n u m b e r o f 
o u t b u r s t s i n t h e s e i n t e r v a l s r a n g e f r o m 2 4 to 3 9 - T h i s w i d e r a n g e r e f l e c t 
t h e c l o s e n e s s , o r o t h e r w i s e , w i t h w h i c h t h e v a r i a b l e w a s m o n i t o r e d i n 
s u c c e s s i v e i n t e r v a l s o f a t h o u s a n d d a y s . T a b l e 2 l i s t s 2 6 6 m a x i m a , o f 
w h i c h 5 3 a r e w i d e ; 1 6 7 n a r r o w a n d 46 i n d e t e r m i n a t e . 

T h e ^ m e a n i n t e r v a l b e t w e e n s u c c e s s i v e ^ w i d e m a x i m a ( A l , A 2 , W l a n d 
W 2 ) i s 1 5 8 . O , w i t h a r a n g e f r o m 3 0 . 1 to 4 l 2 . 5 - W i d e m a x i m a w e r e a l w a y s 
i m m e d i a t e l y preceded a n d f o l l o w e d b y n a r r o w m a x i m a a t m e a n i n t e r v a l s 
r e s p e c t i v e l y of 2 7 - 8 a n d 2 9 . 1 - H o w e v e r , t h e r e w a s n o p a t t e r n of w i d e 
a n d n a r r o w m a x i m a a l t e r n a t i n g , n o r i n t h e n u m b e r of n a r r o w o u t b u r s t s 
t h a t p r e c e d e d , .or f o l l o w e d , e a c h w i d e m a x i m u m . It w o u l d b e d i f f i c u l t 
t o t r a c e a d e f i n i t e p a t t e r n b e c a u s e o f t h e l o w e r f r e q u e n c y of o b s e r ­
v a t i o n s i n t h e l a s t f i v e m o n t h s e a c h y e a r . 

T h e m e a n ^ i n t e r v a l b e t w e e n s u c c e s s i v e n a r r o w m a x i m a w a s 2 5 ^ 1 , w i t h 
a r a n g e f r o m l 4 . 0 to 3 8 . 6 . 

C O N C L U S I O N S : 

V 4 4 2 C e n h a s t w o d i s t i n c t t y p e s o f w i d e m a x i m a w i t h w i d t h s a t 
p h a s e 1 4 . 0 I - D e x c e e d i n g 8 . 5 d a y s , a n d f i v e t y p e s o f n a r r o w m a x i m a . T h e 
w i d e m a x i m a a r e c l e a r l y s e p a r a t e d i n t o t h o s e w i t h a b n o r m a l l y s l o w r i s e s , 
f o l l o w e d b y a n a l m o s t e q u a l l y s l o w d e c l i n e , a n d , t h o s e w i t h a m o r e 
r a p i d r i s e a n d a m u c h s l o w e r d e c l i n e . T h e n a r r o w m a x i m a a r e g r o u p e d 
i n t o f i v e t y p e s a c c o r d i n g to t h e i r r i s e r a t e s , w h i c h a r e c o m p a r a b l e 
to t h o s e f o u n d f o r V W H y i ( B a t e s o n , 1 9 7 7 a ) . 

T h e m e a n c y c l e f o r V 4 4 2 C e n i s 2 4 ^ 4 8 , p l a c i n g it a m o n g s t t h e 
d w a r f n o v a e w i t h s h o r t m e a n c y c l e s . I t d i f f e r s f r o m s o m e o t h e r s o f 
s h o r t m e a n c y c l e , e . g . V W H y i ( B a t e s o n , 1 9 7 7 a ) ; W X H y i ( B a t e s o n , 1 9 7 6 ) , 
i n n o t h a v i n g s u p e r m a x i m a . T h e s e a p p e a r t o b e r e p l a c e d f o r V 4 4 2 C e n 
b y a n o m a l o u s m a x i m a w i t h v e r y s l o w r i s e s . S u p e r m a x i m a , h o w e v e r , a r e 
n o t c o n f i n e d t o d w a r f n o v a e o f s h o r t m e a n c y c l e s ( s e e B a t e s o n , 1 9 7 7 b ) , 
a l t h o u g h it i s a c o m m o n f e a t u r e f o r s u c h s t a r s . 

T h e r e i s l i t t l e d i f f e r e n c e i n t h e m e a n m a g n i t u d e f o r t h e v a r i o u s 
t y p e s o f m a x i m a o f V 4 4 2 C e n . I t r a n g e s f r o m 1 2 . 0 5 t o 1 2 . 5 2 . T h i s 
i s a s m a l l e r r a n g e t h a n s h o w n b y m a n y o t h e r d w a r f n o v a e . N o i n f o r m a t i o n 
c a n b e g i v e n c o n c e r n i n g b e h a v i o u r a t m i n i m u m s i n c e t h e v a r i a b l e f a l l s 
t o w e l l b e l o w t h e t h r e s h o l d s o f t h e i n s t r u m e n t s u s e d . F l i c k e r i n g , or 
s h o r t t e r m v a r i a t i o n s , a p p e a r t o o c c u r a t t i m e s b u t t h e v i s u a l e v i d e n c e 
o n t h i s i s i n c o n c l u s i v e . 
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A C K N O W L E D G M E N T S : T h i s w o r k f o r m s p a r t o f t h e r e s e a r c h p r o g r a m m e m a d e 
p o s s i b l e b y a g r a n t f r o m t h e C a r t e r O b s e r v a t o r y B o a r d . A p p r e c i a t i o n 
is d u e to a l l o b s e r v e r s f o r t h e i r c a r e f u l o b s e r v a t i o n s , a n d , i n p a r t i ­
c u l a r to A l b e r t J o n e s , w h o i s r e s p o n s i b l e f o r o v e r f i f t y p e r c e n t o f 
t h e r e c o r d s . 

R E F E R E N C E S : 

B a t e s o n , F . M . 

B a t e s o n , 
B a t e s o n , 

B a t e s o n , 
B a t e s o n , 
B a t e s o n , 

J o n e s , A . F . . 8 
V a r i a b l e s " , 
N . Z . 

F . M . & J o n e s , A . F . 
F . M . , G o r d o n , P . J . 

R . A . S . N . Z . 
1 9 7 2 . C i r c . 
1 9 7 6 . P u b l . 

S t r a n s o n , I . 1 9 6 8 . " C h a r t s f o r S o u t h e r n 
S e r i e s 4 . P u b l . b y F . M . B a t e s o n , T a u r a n g a 

1 9 7 0 . C i r c . 
& M e n z i e s , B . 

1 5 6 , V . S . S . , 
1 9 7 2 . C i r c . 

R . A 

1 8 7 , 

F . M . 
F . M . 
F . M . 

1 9 4 , V . S . S . , R . A . S . N . Z . 

B a t e s o n , F . M. 

4 ( C 7 6 ) 5 , V . S . S . , R . A . S . N . Z . 
1 9 7 7 a . " T h e L i g h t C u r v e o f t h e D w a r f N o v a , 

N . Z . J . o f S c i . ( I n P r e s s ) . 
1 9 7 7 b . P u b l . 5 ( C 7 7 ) , 1 0 , V . S . S . , R . A . S . N . Z 

. S . N . Z . 
V . S . S . , 

V W H y d r i . " 

T A B L E 1. 

V 4 4 2 C E N T A U R I N U M B E R O F N I G H T S O B S E R V E D B E T W E E N 1 9 5 4 M A R C H 2 2 
A N D 1 9 7 7 F E B R U A R Y 8 . 

Y E A R J A N . F E B . M A R . . A P L . M A Y J U N E J U L Y A U G . S E P T . O C T . N O V . D E C . TOTAJ 

1 9 5 4 ... ... 3 1 6 1 6 1 4 1 6 1 3 5 6 7 6 1 0 2 

1 9 5 5 1 6 1 1 19 1 9 17 1 6 1 5 6 6 1 1 1 1 14 l 6 l 
1 9 5 6 1 6 1 2 1 7 1 2 1 0 19 1 3 1 2 7 8 9 1 2 1 4 7 
1 9 5 7 1 7 1 2 1 2 9 1 4 1 8 17 8 3 7 5 1 0 1 3 2 
1 9 5 8 1 3 10 1 2 2 2 1 8 2 1 1 3 1 3 1 1 5 8 1 3 1 5 9 

1 9 5 9 1 6 1 5 1 5 2 1 15 19 1 3 1 0 7 1 1 6 3 1 5 1 
I 9 6 0 1 1 1 5 15 13 1 5 14 17 5 6 6 9 8 1 3 4 

I 9 6 l 1 3 1 0 1 6 1 7 1 1 2 0 9 14 6 8 8 1 1 1 4 3 
1 9 6 2 1 3 1 2 15 14 1 0 15 1 5 1 2 5 7 5 1 0 1 3 3 
1 9 6 3 1 4 1 0 15 17 1 6 14 1 2 1 1 2 7 7 8 1 3 3 
1 9 6 4 9 9 17 1 5 1 7 1 3 7 6 1 8 5 8 1 1 5 
1 9 6 5 8 19 1 3 1 8 1 3 1 4 1 0 5 6 4 3 6 119 
1 9 6 6 10 1 1 1 8 1 5 2 0 1 4 1 4 1 1 1 7 4 6 1 3 1 
1 9 6 7 1 6 1 6 1 5 19 15 19 14 7 3 5 6 7 1 4 2 
1 9 6 8 15 2 1 15 1 7 2 4 1 8 1 8 1 3 5 4 6 7 1 6 3 
1 9 6 9 1 8 19 2 4 2 3 1 6 19 1 6 1 0 1 9 7 7 1 6 9 
1 9 7 0 1 5 2 0 19 19 2 3 1 8 2 0 8 1 4 6 7 1 6 0 

1 9 7 1 1 3 17 19 2 5 3 0 2 3 1 7 1 0 4 7 7 5 1 7 7 
1 9 7 2 1 5 1 7 2 4 2 4 2 2 2 4 2 4 1 6 3 5 2 1 1 1 8 7 

1 9 7 3 19 2 7 2 8 2 7 3 0 2 6 19 14 1 4 5 5 2 0 5 

1 9 7 4 2 2 2 7 2 8 2 1 2 4 2 4 2 4 19 5 3 8 1 3 2 1 8 

1 9 7 5 2 6 2 2 2 8 2 3 2 6 2 5 2 6 1 6 6 7 4 14 2 2 3 
1 9 7 6 19 2 6 3 0 2 6 2 6 2 4 2 1 1 5 ... * • * 5 17 2 0 9 
1 9 7 7 2 1 21 

T O T A L S 3 5 5 3 5 8 4 1 7 4 3 2 4 2 8 4 3 1 3 7 0 2 5 4 9 5 1 4 3 1 4 3 2 0 8 3 6 3 4 

% o f 5 0 5 7 6 0 6 3 6 0 6 3 5 2 3 6 1 4 2 0 2 0 2 9 4 3 . 5 

P O S S I B L E 
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T A B L E 2 . 

O B S E R V E D M A X I M A O F V 4 4 2 C E N T A U R I . 

N o . T Y P E M A X I M U M M A G I N T 1 3 . 0 1 1 3 - O D i W I D T H i 4 . o i 1 4 . 0 D W I D T H N o . 

* 
J . D . d 1 3 - , 0 1 - D 1 4 . 0 1 - D 

1 N? 2 , 4 3 4 , 8 2 8 8 3 0 . 1 9 
# a a a a a a 

d 
a a a a a 2 

2 N 8 4 4 ? 1 3 . 2 1 6 . 0 • * a * * ... a a a a a a a a a a * a a * 2 

3 N? 8 6 4 1 2 . 5 2 0 . 0 8 6 5 . 3 7 
a a a a * a a a 4 a a a * a a 4 

4 N 2 8 9 1 . 5 1 2 . 5 2 7 . 5 8 9 1 . 0 8 9 4 . 0 3 . 0 8 9 0 • 5 8 9 5 9 5 . 4 4 

5 N 2 9 1 3 . 0 1 2 . 5 2 1 . 5 9 1 2 . 3 9 1 4 . 7 2.4 9 1 1 .8 9 1 8 5 6 . 7 6 

6 N 9 3 2 1 3 - ? 1 9 . 0 . . . * * * a a a a a a a a a a 3 
7 W? 9 6 0 1 2 . 2 2 8 . 0 . . . 9 6 3 . 8 * a * a a a a a a a 4 

8 2 , 4 3 5 , 0 2 0 ? 1 3 - 4 ( 6 0 . 0 ) . . . a a a • • * * * a a a a a 3 
9 7 0 3 4 ? 1 3 - 1 1 4 . 0 . . . a * a a a a a • a a a * a 1 

1 0 N 2 1 1 5 . 9 1 2 . 1 ( 8 1 . 9 ) 1 1 5 . 3 1 1 8 . 0 2.7 1 1 4 • 5 1 2 0 2 5-7 4 

11 N l 1 3 8 1 2 . 5 2 2 . 1 1 3 7 . 5 1 3 9 . 0 1.5 1 3 5 .9 1 4 0 3 4 . 4 5 
1 2 A l 1 7 4 . 0 1 1 . 8 3 6 . O 1 6 9 . 2 1 7 7 - 8 8 . 6 1 6 8 • 3 1 8 0 7 1 2 . 4 9 

1 3 N 2 0 2 ? 1 3 . 1 2 8 . 0 . . . a a a * * a * * * a * * a 1 
1 4 N 2 2 8 1 2 . 5 2 6 . 0 2 2 7 . 8 2 2 9 - 5 1-7 « a a a * a a 2 

15 N l 2 5 1 . 9 1 2 . 5 2 3 . 9 2 5 0 . 7 2 5 2 . 9 2.2 2 4 9 .9 2 5 3 8 3-9 5 
1 6 N 5 2 7 0 1 2 . 7 1 8 . 1 2 6 9 . 9 2 7 1 . 0 1.1 2 6 9 .8 2 7 4 4 4 . 6 4 

1 7 N? 2 8 8 . 3 1 2 . 9 1 8 . 3 2 8 7 . 9 7 9 a a * a 2 
18 N 2 ? 3 0 6 . 0 1 2 . 0 1 7 . 7 3 0 5 . 2 3 0 7 - 0 1 ^ 8 a a • a 5 
19 7 3 2 0 ? 1 3 - 2 1 4 . 0 » a a a * a a a • a 2 
2 0 N l ? 3 6 8 . 8 1 2 . 4 ( 4 8 . 8 ) 3 6 7 . 8 3 6 9 . 2 1.4 a a • a 4 

2 1 7 3 8 4 ? 1 3 . 2 1 5 . 2 * * • a a a # a . . 1 

22 N? 4 i 4 ? 1 3 . 0 3 0 . O . . . a a a a * a a a a a 3 

2 3 7 4 3 9 1 2 . 5 2 5 . O a a a a a a a a « « 3 
2 4 N 4 6 7 ? 1 2 . 7 2 8 . 0 . . . a * a a # a m m a a 2 

2 5 N 2 4 8 9 1 2 . 4 2 2 . 0 4 8 8 . 1 4 9 0 . 0 1.9 4 8 7 .7 4 9 2 1 k\k 5 
2 6 N? 5 0 3 ? 1 2 . 7 1 4 . 0 ? 5 0 3 . 9 

0 
a a 2 

2 7 N 4 ? 5 2 3 1 2 . 4 2 0 . 0 5 2 2 . 7 5 2 5 . 4 2 . 7 a a 2 
2 8 N l 5 5 2 1 2 . 5 2 9 - 0 5 5 0 . 2 5 5 4 . 0 3 . 8 5 4 7 .7 5 5 4 6 6 \ 4  

29 N 5 6 5 . 5 1 2 . 7 1 3 . 5 5 6 5 . 0 5 6 6 . 8 1.8 a a 3 
3 0 W l 5 8 6 . 5 1 1 . 9 2 1 . 0 5 8 4 . 4 5 9 1 - 6 7.2 5 8 4 .2 5 9 3 5 7 

3 1 N 2 ? 6 3 4 . O 1 2 . 3 ( 4 7 . 5 ) 6 3 3 . 3 6 3 5 . 7 2 . 4 ,. . . 3 
3 2 N 5 6 5 6 . O 1 2 . 3 2 2 . 0 6 5 5 . 8 6 5 8 . O 2.2 6 5 5 .7 6 6 0 l 4 ^ 4 5 

3 3 N? 6 7 1 ? 1 3 . 3 1 5 . 0 . . . ... • a « a a l 

3 4 N 6 8 6 1 2 . 7 1 5 . 0 6 8 5 . 8 6 8 7 . 5 1-7 a * 2 

3 5 A l 7 0 8 1 2 . 2 2 2 . 0 6 9 7 . 8 7 1 9 . 9 2 2 . 1 6 9 0 • 3 7 2 5 7 3 5 - 4 1 0 

3 6 N 4 ? 7 3 2 . 2 1 2 . 6 2 4 . 2 7 3 2 . 0 7 3 3 - 6 1.6 a a a a 3 
3 7 N 3 ? 7 6 3 . 5 1 2 . 5 ( 3 1 . 3 ) 7 6 2 . 9 7 6 4 . 5 1.6 a * a a 3 
3 8 N ? 7 8 0 . 1 1 2 . 4 1 6 . 6 ? 7 8 5 . 5 7 

a a 9 a 4 

3 9 N 8 0 7 1 2 . 6 2 6 . 9 8 0 6 . 5 8 0 9 . 4 2.9 * a * a 2 
40 N 8 2 4 ? 1 3 - 4 1 7 - 0 . . . a a * ... m M * a 1 

4 1 N 2 8 4 6 . 0 1 2 . 4 2 2 . 0 8 4 5 - 3 8 4 8 . 8 3 - 5 8 4 5 .0 8 5 1 0 6 \ 6  
4 2 A l 8 7 5 - 0 1 2 . 4 2 9 - 0 8 6 9 - 8 8 7 7 . 9 8 . 1 8 6 9 • 5 8 8 0 3 1 0 . 8 5 
4 3 N 9 0 1 . 9 1 2 . 6 2 6 . 9 9 0 0 . 9 9 0 2 . 2 1-3 a a » a a a a 2 

44 N 9 2 7 ? 1 3 - 1 2 5 - 1 - - - a a a a a * a a a a a a a 3 
4 5 N ? 9 5 8 ? 1 2 . 7 3 1 . 0 9 5 5 - 5 9 5 8 . 7 3 . 2 a a • a a a a 3 
4 6 7 9 7 0 ? 1 3 . 3 1 2 . 0 a a # a a a « a * a a a a 1 

4 7 A l 9 9 4 . 9 1 2 . 2 2 4 . 9 9 9 0 . 0 9 9 9 . 1 9 - 1 9 8 8 .4 0 0 0 6 1 2 . 2 9 
4 8 N 3 2 , 4 3 6 , 0 2 0 . 9 1 2 . 7 2 6 . 0 0 2 0 . 7 0 2 2 . 0 1-3 0 2 0 • 3 0 2 3 9 3 . 6 4 

4 9 N? 0 5 4 ? 1 3 . 7 3 3 - 1 . . . ... a * * 2 

5 0 N 0 7 4 1 2 . 7 2 0 . 0 0 7 3 - 3 0 7 6 . 8 3 - 5 3 
5 1 W ? 1 1 4 . 2 1 2 . 3 ( 4 0 . 2 ) . . . a a. a a a a . m 3 
5 2 N ? 1 4 5 1 2 . 3 3 0 . 8 . . . * • * a a a 1 

5 3 N ? 1 7 1 1 2 . 3 2 6 . 0 1 7 0 . 2 ' ' 1 7 2 . 7 2 . 5 ? 2 
5 4 W ? 2 0 i 1 2 . 3 3 0 . 0 ? 2 0 2 . 9 7 4 

5 5 N 3 2 2 4 . 2 1 2 . 4 2 3 - 2 2 2 4 . 0 2 2 6 . 5 2 - 5 2 2 3 5 2 3 0 0 6 \ 4  

5 6 A l 2 7 6 . 0 1 2 . 4 ( 5 1 - 8 ) 2 6 8 . 2 2 8 2 . 8 1 4 . 6 2 6 6 -5 2 8 4 0 1 7 - 5 7 
5 7 N 2 9 7 ? 1 3 - 5 2 1 . 0 . . . * * a * a a a a a a a a a 1 
5 8 N l 3 1 2 . 2 1 2 . 4 1 5 . 2 3 1 1 - 3 3 1 3 - 9 2 . 6 3 1 0 3 1 4 8 4 . 4 6 



T A B L E 2 ( c o n t ) . 3 3 * 

N o . T Y P E M A X I M U M M A G I N T 1 3 - 0 1 1 3 . O D W I D T H 1 4 . 0 1 1 4 . <)D W I D T H N o 

J . D . v d 1 3 . 0 I - D 1 4 . 0 1 - D 

5 9 N 2 , 4 3 6 , 3 3 8 1 2 . 4 2 5 - 8 ? 3 3 8 . 3 a a # * 
d 2 

6 0 N 3 5 2 . 0 1 2 . 2 l 4 . o 3 5 1 - 8 3 5 3 - 0 1 . 2 * • a a 2 

6 1 ¥ 1 3 7 6 . 0 1 2 . 3 2 4 . 0 3 7 3 - 7 3 8 0 . 2 6 . 5 3 7 3 6 3 8 2 9 7 
6 2 N? 4 o 6 ? 1 2 . 6 3 0 . 0 . . . • • * a a a a 'a a a 1 

6 3 N 4 2 0 1 2 . 5 1 4 . 0 4 i 8 . 6 4 2 1 . 5 2 . 9 a a a a a 3 
64 N? 4 3 6 . 8 1 2 . 5 1 6 . 8 4 3 5 . 5 4 4 0 . 0 ? 4 . 5 ? a * a a 2 

6 5 N 4 5 6 1 2 . 6 1 9 - 2 • * * a a a a a a a 1 

66 N 4 9 8 . 7 1 2 . 5 ( 4 2 . 7 ) 4 9 8 . 0 5 0 0 . O 2 . 0 a * • * 3 

6 7 W ? 5 5 9 - 0 1 2 . 4 ( 6 0 . 3 ) 5 5 8 . 1 5 6 3 . O ? 4 . 9 ? a a a a 5 
6 8 N 5 9 5 1 2 . 8 3 6 . 0 5 9 3 - 7 5 9 6 . 0 2 . 3 a a * a 3 

6 9 N 3 6 2 6 . 4 1 2 . 4 3 1 - 4 6 2 5 . 9 6 3 0 . 1 4 . 2 6 2 5 7 6 3 0 8 3 
7 0 7 6 5 4 . 8 1 2 . 4 2 8 . 4 ? 6 5 8 . O 7 

a a 2 

7 1 N 6 9 1 1 2 . 4 3 6 . 2 6 8 9 - 8 7 7 
a a • * 2 

7 2 N l 7 1 8 . 9 1 2 . 3 2 7 - 9 7 1 7 - 9 7 2 0 . 4 2 - 5 7 1 6 .8 7 2 1 .5 5 

7 3 N ? 7 3 8 1 2 . 4 1 9 . 1 . . . * * * a a a • * . . 2 

7 4 A l 7 5 7 - 0 1 2 . 2 1 9 . 0 7 5 3 . 5 7 6 2 . 3 8 . 8 7 5 1 3 7 6 6 5 1 5 . 2 6 

7 5 N 8 0 8 ? 1 3 . 6 ( 5 1 . 0 ) . . . * * * a a a « a 2 

7 6 N 8 2 3 . 2 1 2 . 1 1 5 - 2 ? 8 2 5 . 7 7 
a * a * 2 

7 7 W 8 5 1 . 2 1 2 . 3 2 8 . 0 8 4 7 . 3 8 5 5 . 2 7 . 9 a a a a 5 
7 8 N 8 8 2 ? 1 2 . 8 3 0 . 8 . . . • • * a a a a • * * 1 

7 9 7 9 l 4 ? 1 2 . 3 ( 3 2 . 0 ) . . . * * * a a a • a a * 1 
8 0 A 2 9 3 8 1 2 . 4 2 4 . 0 9 3 4 . 5 9 4 3 - 2 8 . 7 9 3 4 3 9 4 4 5 1 0 . 2 5 
8 i N . 9 6 2 . 5 1 2 . 5 2 4 . 5 ? 9 6 4 . 4 7 

a a * a 2 

8 2 N 9 8 6 . 2 1 2 . 3 2 3 - 7 ? 9 8 7 . 9 a a a • 3 

8 3 N 2 , 4 3 7 , 0 0 3 1 2 . 5 1 6 . 8 . . . a a a . . . a a a a 2 

8k N 0 2 0 1 2 . 4 1 7 . 0 0 1 9 . 3 0 2 1 . 8 2 . 5 a a a a 5 
8 5 ¥ 0 4 1 . 2 1 2 . 0 2 1 . 2 0 3 9 . 3 0 4 5 - 7 6 . 4 a a m # 7 
8 6 N 0 8 7 1 2 . 3 ( 4 5 . 8 ) 0 8 6 . 4 0 8 8 . 5 2 . 1 . # * * 4 

8 7 N ? 1 0 8 ? 1 3 . 3 2 1 . 0 . . . • # * a a a a a a a 1 
8 8 N 1 2 2 ? 1 2 . 7 1 4 . 0 . . . • * # a a a , m ^ . 1 

89 N 1 3 6 ? 1 3 . 3 1 4 . 0 . . . • • * a a a a a a * 2 
9 0 7 1 5 9 . 8 1 2 . 1 2 3 . 8 ? 1 6 3 . 7 9 a a a a 3 
9 1 7 1 8 4 1 3 . 5 2 4 . 2 . . . • a a a * a a * a a 1 
9 2 N 1 9 6 ? 1 3 . 2 1 2 . 0 . . . * * • a a a a a a a 2 

9 3 N 2 3 6 ? 1 3 - 5 ( 4 0 . 0 ) . . . a • * a a a m m a a 1 
9k ¥? 2 6 4 1 2 . 2 2 8 . 0 . . . a a * a a a a a a a 2 

95 N 2 9 1 ? 1 3 . 6 2 7 - 0 . . . a a a a a a p a a a 1 
9 6 V 3 0 3 . 8 1 2 . 0 1 2 . 8 3 0 2 . 5 3 0 8 . 3 5 . 8 a a a a 3 
9 7 N 3 2 7 . 9 1 2 . 7 2 4 . 1 3 2 7 . 5 3 2 8 . 8 1-3 a a a a 2 

98 N 3 4 2 ? 1 3 - 4 1 4 . 1 * a a a a a a a 1 

9 9 ¥? 3 6 6 . O 1 2 . 4 2 4 . 0 ? 3 7 0 . 2 9 * * 5 
1 0 0 N? 4 0 1 . 9 1 2 . 5 ( 3 5 - 9 ) 4 0 0 . 8 4 0 4 . 1 3 . 3 * a a * 3 
1 0 1 W? 4 3 5 - 9 1 2 . 2 ( 3 4 . 0 ) ? 4 4 0 . 2 7 4 
1 0 2 N 2 4 6 9 . 4 1 2 . 3 3 3 - 5 4 6 8 . 6 4 7 0 . 8 2 . 2 4 6 8 [4 4 7 2 • 3 3 - 9 5 
1 0 3 W? 5 3 9 . 3 1 2 . 6 ( 6 9 . 9 ) ? 5 4 0 . 6 7 

a a a a 5 
1 0 4 7 5 9 3 ? 1 2 . 4 ( 5 3 - 7 ) . . . a a a a a a a a a a 1 

1 0 5 ¥? 6 2 0 . 6 1 2 . 6 2 7 . 6 6 1 9 . 8 7 7 
a a a a 3 

1 0 6 N ? 6 6 0 ? 1 2 . 7 ( 3 9 . 4 ) ? 6 6 2 . 0 7 
a * • a. 3 

1 0 7 7 6 8 6 . 0 1 2 . 2 2 6 . 0 ? 6 8 9 . 8 » a a * 4 
1 0 8 ¥ 2 7 2 8 . 2 1 2 . 0 ( 4 2 . 2 ) 7 2 7 . 5 7 3 5 - 8 8 . 3 7 2 6 -3 7 3 6 '.6 1 0 . 3 5 
1 0 9 N 4 ? 7 6 5 . 8 1 2 . 1 3 7 . 6 7 6 5 . 3 7 6 8 . 1 2 . 8 • a * * 3 
1 1 0 N? 7 9 6 . 4 1 2 . 3 3 0 . 6 . . . * a a a a a a a • • 4 
1 1 1 N 8 3 6 . 9 1 2 . 3 ( 4 0 . 5 ) 8 3 6 . 0 8 3 7 . 8 1 . 8 a a a 2 
1 1 2 N 8 6 2 . 8 1 2 . 1 2 5 . 9 8 6 2 . 2 8 6 5 . O 2 . 8 4 

1 1 3 ¥ 8 9 0 . 0 1 2 . 1 §7.2 8 8 7 . 0 8 9 2 . 9 5 . 9 • a . . 4 
1 1 4 N ? 9 1 7 ? 1 2 . 3 2 7 . 0 . . . a a a a a a a • * a 2 

1 1 5 N 9 4 2 1 2 . 9 2 5 . O . . . a a a a a a , » a a 3 
ll6 7 9 8 0 ? 1 2 . 4 ( 3 8 . 0 ) . . . a a * a a * a a a a 3 
1 1 7 N 2 , 4 3 8 , 0 3 1 . 0 1 2 . 5 ( 5 1 . 0 ) 0 3 0 . 5 0 3 2 . 7 2 . 2 * a a a 3 
1 1 8 N 0 4 8 1 7 . 0 . . . a a * * * a . # a a 2 
119 7 0 7 1 1 2 . 4 2 3 - 0 ? 0 7 3 . 4 7 

a a 3 
1 2 0 N 0 9 9 . 9 1 2 . 4 2 8 . 9 0 9 9 . 3 1 0 1 . 0 1.7 a * a a 4 



3 4 . 
T A B L E 2 ( c o n t ) . 

N o . T Y P E M A X I M U M M A G I N T 1 3 - 0 1 1 3 - O D W I D T H 1 4 . 0 1 1 4 . 0 D W I D T H N< 

J . D . a 1 3 a 0 I - D i 4 . g I- D 

1 2 1 N 2 , 4 3 8 , 1 2 2 . 8 1 2 . 6 2 2 . 9 1 2 2 . 2 1 2 4 . 1 1 - 9 9 m w m m m 9 m a a a 3 
1 2 2 7 1 5 1 ? 1 2.4 2 8 . 2 • * * • a a . . . a a a a a a a a a 1 

1 2 3 N 178 1 3.2 2 7 . 0 a a a a a a a a a a a a . . . a a a 3 
124 N 3 ? 2 0 2 1 2 . 5 2 4 . 0 2 0 1 . 4 2 0 2 . 6 1.2 a a • * a * a a a 2 

125 A l 2 2 9 1 2.2 2 7 - 0 2 2 5 . 5 2 3 4 . 3 8 . 8 2 2 3 . 0 2 3 9 . 2 1 6 . 2 5 
1 2 6 ' ? 2 7 2 ? 1 2 . 6 ( 4 3 . 0 ) a a a a a a a a a a a a a a • a a 1 

127 7 2 9 9 ? 1 2 . 8 2 7 . 0 a a a a a a a a a . . • a a • a a 1 

128 7 3 2 8 ? 1 2.4 ( 2 9 . 0 ) * a * a a a a a a a a • . • . a a 2 

129 7 3 6 1 1 2 . 6 ( 3 3 - 0 ) • * a. a a a a a a a . 4 a a * a a 2 

1 3 0 N l ? 3 8 6 . 1 1 2.4 2 5 . 1 3 8 4 . 5 3 8 8 . 3 3 . 8 a a a a a « a a 4 

1 3 1 W? 4 l i . 1 1 2 . 4 2 5 . 0 7 4 1 6 . 4 7 a a • . . . a a 5 
1 3 2 A 2 4 8 3 - 0 1 2 . 3 ( 7 1 - 9 ) 4 8 o . o 4 8 7 - 2 7 - 2 4 7 9 . 8 4 8 8 . 5 \J a 6 

1 3 3 7 5 0 7 ? 1 3 - 2 2 4 . 0 a a • a a a a a a a * « a a a a 2 

1 3 4 N 4 ? 5 2 3 1 2.2 1 6 . 0 5 2 2 . 8 5 2 5 . 8 3 - 0 a a 4 a * . . 5 

1 3 5 N? 5 4 0 ? 1 2 . 6 1 7 . 0 * a a a a a a • a a a • a a a a 1 

1 3 6 A 2 559 1 2 . 1 1 9 . 0 5 5 6 . 3 5 6 4 . 0 7 . 7 5 5 5 - 9 5 6 4 . 5 5 
1 3 7 N? 5 9 4 1 2.4 ( 3 5 . 0 ) a a a a a a a a a . . . a a 2 

138 N 6 3 0 1 2 . 6 ( 3 6 . 0 ) a a a a a a a a a 2 

139 N 6 7 8 ? 1 2 . 7 ( 4 8 . 0 ) a * a a a a a a a 3 
1 40 7 7 0 9 ? 1 2.4 ( 3 1 . 0 ) a a • a a a • a a 3 
l 4 l 7 7 3 6 ? 1 2 . 7 ( 2 7 . 0 ) a a a a * a . a • 2 

142 N? 7 5 6 1 2 . 4 2 0 . 0 7 7 5 8 . 2 9 . . . 3 
143 W 8 0 7 . 9 1 2 . 1 ( 5 1 - 9 ) 8 0 7 . 3 8 1 3 . 8 6 ^ 5 . # 6 

144 N 8 4 6 . 2 1 2 . 6 ( 3 8 . 3 ) 8 4 6 . 0 8 4 7 . 0 1 . 0 2 

1 4 5 N 8 8 0 . 9 1 2 . 5 3 4 . 7 8 7 9 - 9 8 8 3 . 2 3 . 3 * . 3 
1 4 6 7 9 1 8 ? 1 2 . 3 ( 3 7 - 1 ) . . . . . . . . . 2 

147 7 9 7 5 ? 1 2 . 6 ( 5 7 . 0 ) . . . . . . . . . 1 

1 4 8 7 9 9 7 ? 1 3 . 4 2 2 . 0 . . . . . . . . . a a 2 

1 4 9 N 2 , 4 3 9 , 0 2 9 1 2 . 3 ( 3 2 . 0 ) . . . . . . . . . a a 2 

150 7 0 6 8 ? 1 2.2 ( 3 9 . 0 ) . . . . . . . . . 2 

1 5 1 7 1 2 3 ? 1 2 . 4 ( 5 5 . 0 ) . . . . . . . . . 2 

152 N 1 5 2 . 9 1 2 . 3 2 9 . 9 1 5 2 . 3 1 5 3 - 2 0 . 9 a * 4 

1 5 3 A 2 1 9 9 . 4 1 2 . 4 ( 4 6 . 5 ) 1 9 6 . 0 2 0 2 . 3 6 . 3 1 9 5 6 2 0 5 6 1 0 . 0 14 
154 N2 2 3 1 . 2 1 2 . 7 ( 3 1 . 8 ) 2 3 0 . 9 2 3 1 . 8 0 . 9 2 3 0 3 2 3 3 9 3- 6 3 
1 5 5 N 2 5 3 - 2 1 2 . 7 2 2 . 0 2 5 2 .2 2 5 5 . 8 3 . 6 * a a a a a . 3 
156 N l 2 7 4 . 8 1 2 . 7 2 1 . 6 2 7 2 . 8 2 7 5 . 9 3 . 1 2 7 2 5 2 7 9 6 7- 1 4 

1 5 7 N l 2 9 3 - 8 1 2 . 5 1 9 . 0 2 9 2 . 8 2 9 6 . 1 3 . 3 2 9 2 3 3 0 0 0 7- 7 10 
1 5 8 W? 3 2 7 . 7 1 2 . 1 ( 3 3 . 9 ) . . . . . . a a a . . a a a a . 8 

1 5 9 w ? 3 5 7 . 8 1 2.2 3 0 . 1 . . . . . . * a a a a a a a a 2 
1 6 0 N 4 i 6 . 5 1 2 . 0 ( 5 8 . 7 ) 4 l 6 . 1 4 1 9 . 3 3 - 2 a a a a a 2 

1 6 1 N l 5 0 4 . 0 1 2 . 8 ( 8 7 - 5 ) 5 0 3 . 8 5 0 4 . 2 0 . 4 5 0 2 5 5 0 8 .2 5 . 7 6 

1 6 2 W 2 5 4 6 . 9 1 2 . 1 ( 4 2 . 9 ) 5 4 6 . 2 5 5 2 . 5 6 . 3 5 46 0 5 5 5 6 9 . 6 7 
1 6 3 N 6 0 4 1 2 . 4 ( 5 7 . 1 ) 6 0 3 . 6 6 0 6 . 5 2 . 9 a a a a a a . 2 

164 W l 6 3 2 1 2 . 3 2 8 . 0 6 3 0 . 7 6 3 7 . 0 6 . 3 6 2 9 6 6 4 3 7 1 4 . l 4 

1 6 5 N? 6 6 1 ? 1 2 . 6 2 9 . 0 a a a a a a a a a a • 1 

1 6 6 7 7 2 2 . 8 1 1 . 9 ( 6 1 . 8 ) a a a a a a a a # a * 2 

1 6 7 7 8 2 1 ? 1 2.4 ( 9 8 . 2 ) a a a a a a a a a 4 a 1 

1 6 8 7 8 6 1 1 2.4 ( 4 0 . 0 ) a a a a a a a a a * * 1 

1 6 9 W ? 9 0 4 1 2 . 3 ( 4 3 . 0 ) 9 0 2 . 2 ? 9 0 8 . o 5 . 8 ? * a 9 
170 N 9 3 9 1 2.6 ( 3 5 . 0 ) 9 3 7 . 8 9 4 1 . 2 3 . 4 a a 5 
1 7 1 N2 9 7 1 . 2 1 2.2 3 2 . 2 9 7 0 . 0 9 7 3 - 3 3 - 3 9 6 9 8 9 7 4 5 4 . 7 7 
172 N l 2 , 4 4 0 , 0 0 4 . 3 1 1 . 6 3 3 . 1 0 0 2 . 9 O O 7 . 8 4 . 9 0 0 2 4 0 0 9 6 7 . 2 15 

1 7 3 N 0 3 4 1 2 . 3 2 9 . 7 a a a a v a . . . a a 1 

174 N 0 6 3 . 8 1 2.4 2 9 . 8 O 6 3 . 2 O 6 5 . 6 2 . 4 # a 3 
175 7 1 0 0 1 2.2 ( 3 6 . 2 ) a a a a a a a a a a a 1 

176 7 1 3 2 ? 1 2 . 7 ( 3 2 . 0 ) a a a a • a a a a . . 1 

177 7 1 5 3 ? 1 2 . 8 ( 2 1 . 0 ) a a a a a a a a a 1 

1 7 8 7 1 8 0 ? 1 3 - 2 ( 2 7 . 0 ) a a a a a a a a a 1 

179 W? 2 1 6 . 2 1 1 . 6 ( 3 6 . 2 ) 2 2 2 . 9 9 3 
1 8 0 N 2 6 2 . 5 1 3 - 2 ( 4 6 . 3 ) a a a . . . * * a 2 
1 8 1 N2 2 9 5 . 5 1 2.5 3 3 - 0 2 9 4 . 7 2 9 7 . 3 2 . 6 2 9 4 5 2 9 8 '4 3 . 9 8 



T A B L E 2 ( c o n t ) . 

N o . TYPE MAXIMUM MAG INT 1 3 . 0 1 13;OD WIDTH 1 4 . 0 1 1 4 . 0 D WIDTH N o 
J.D. d 13-OI-D 

j 
1 4 . 0 1 -D 

1 8 2 W l 2 , 4 4 0 , 3 2 6 . 9 1 2 . 3 3 1 . 4 3 2 4 . 2 3 3 1 . 4 
Q 

7 . 2 3 2 4 . 0 3 3 2 . 5 
0 

8 . 5 12 

1 8 3 N 3 ? 3 6 0 . 0 1 2 . 4 3 3 . 1 3 5 9 - 6 3 6 1 . 5 1.9 ... a a a 3 
1 8 4 N 2 ? 3 8 6 . 9 a i . 6 2 6 . 9 3 8 6 . 2 3 8 8 . 3 2 . 1 a a a a a * 3 

1 8 5 N 4 o 4 . o 1 2 . 7 1 7 - 1 . . . * * * * a a a a a a a a 2 

1 8 6 N 4 2 6 ? 1 2 . 8 2 2 . 0 . . . * • * a • a * « * a • • 1 

1 8 7 W 4 4 5 . 0 1 2 . 2 1 9 . 0 4 4 2 . 9 4 5 0 . 0 7.1 a a a a a a 5 
1 8 8 7 5 2 0 . 0 1 2 . 3 ( 7 5 - 0 ) . . . • * * * * a a a a * • a 2 

1 8 9 N 5 3 6 . 0 1 2 . 3 1 6 . 0 5 3 4 - 3 5 3 7 . 8 3 - 5 * • * a a a 2 

1 9 0 7 5 6 8 1 2 . 4 ( 3 2 . 0 ) . . . # * * ... * a * a a a 1 

1 9 1 N 6 0 1 . 0 1 2 . 4 ( 3 3 . 0 ) 6 0 0 . 7 6 0 3 . 2 2 . 5 • • a a • * 3 
1 9 2 N 6 2 6 . 5 1 2 . 4 2 5 . 5 6 2 5 - 9 6 2 7 . 5 1 . 6 a • a • # • 4 

1 9 3 N l ? 6 4 8 . 9 1 2 . 4 2 2 . 4 6 4 7 - 9 6 5 0 . 9 3 - 0 a • a a a a. 7 
194 7 6 6 7 ? 1 2 . 4 1 8 . l • * * a a a a a a a a a 1 

1 9 5 W? 6 9 7 . 0 1 2 . 3 3 0 . 0 . . . • a • a a a a a a a a a 4 

1 9 6 N 7 2 6 ? 1 2 . 8 2 9 . 0 • • * a a # a a a a a a 1 

1 9 7 N 7 4 6 . 9 1 2 . 4 2 0 . 9 7 4 6 . 5 7 4 9 . 1 2 . 6 a a a a a a 2 

1 9 8 N 3 ? 7 7 3 - 0 1 2 . 4 2 6 . 1 7 7 2 . 6 7 7 4 . 5 1-9 a * * a a a 5 

1 9 9 N 7 9 4 . 0 1 2 . 6 2 1 . 0 7 9 3 - 0 7 9 4 . 2 1.2 * a « a a a 4 
2 0 0 N? 8 1 3 ? 1 2 . 6 1 9 . 0 . . . * * • a a a a a a a a a 2 

2 0 i N ? 8 8 4 1 2 . 7 ( 7 1 . 0 ) . . . * • * a a a * a a a a a 2 

2 0 2 N? 9 6 8 1 2 . 3 ( 8 4 . 0 ) ? 9 7 0 . 1 7 
a a a a a a 4 

2 0 3 N 9 9 0 ? 1 2 . 9 2 2 . 0 . . . a a • ... a a a a a a 2 

2 0 4 N 2 , 4 4 1 , 0 1 2 . 5 1 2 . 4 2 2 . 5 0 1 1 . 7 0 1 3 . 8 2 . 1 a a a a a a 7 
2 0 5 N 0 3 5 1 2 . 5 2 2 . 5 * • • a a a a a a a a a 1 
2 0 6 N 0 5 0 1 2 . 6 1 5 . 0 . . . a a a a a a a a a a a a a 2 

2 0 7 N 2 0 6 4 . 5 1 2 . 1 1 4 . 5 O 6 3 . 9 0 6 7 . 1 3 . 2 O 6 3 5 0 6 8 . 9 5 - 4 1 3 
2 0 8 A l 0 9 0 . 9 1 1 . 8 2 6 . 4 0 8 6 . 7 0 9 4 . 8 8 . 1 0 8 5 8 0 9 7 - 9 1 2 . 1 19 

2 0 9 N'l 1 1 6 . 9 1 2 . 6 2 6 . 0 1 1 6 . 1 1 1 7 . 6 1.5 1 1 5 l 1 2 0 . 5 5 - 4 1 0 

2 1 0 N 1 3 6 1 2 . 5 1 9 - 1 a a a a a a a * a a a a 1 
2 1 1 N 1 5 7 ? 1 2 . 9 2 1 . 0 . . . a a a a a a a a a a a a 3 
2 1 2 7 2 3 0 ? 1 3 - 3 ( 7 3 - 0 ) . . . a • a a a a * a a a a a 1 

2 1 3 N 2 7 9 1 2 . 5 ( 4 9 . 0 ) 2 7 8 . 2 2 8 0 . 7 2 . 5 a a a * a * 3 
2 1 4 W ? 3 0 7 . 1 1 2 . 3 ( 2 8 . 1 ) . . . a a a a a a • a a a a * 4 

2 1 5 N 3 3 5 . 6 1 2 . 7 2 8 . 5 a a a a a a a a a a a a 2 

2 1 6 N 3 6 8 ? 1 2 . 5 ( 3 2 . 4 ) . . . • a a a a a a # a a a a 1 

2 1 7 N 2 3 8 6 . 9 1 2 . 5 1 8 . 9 3 8 6 . 4 3 8 7 . 8 1.4 3 8 5 7 3 9 0 . 0 4 . 3 1 1 
2 1 8 N 5 4 0 3 . 9 1 2 . 6 1 7 - 0 4 0 3 - 8 4 0 5 . 6 1 . 8 4 0 3 . 7 4 0 9 - 6 5 . 9 4 

2 1 9 N 3 4 2 2 . 1 1 2 . 2 1 8 . 2 4 2 1 . 7 4 2 3 . 8 2 . 1 4 2 1 . 4 4 2 5 - 8 4 . 4 1 2 
2 2 0 A l 4 7 0 . 8 1 2 . 0 4 8 . 7 4 6 6 . 2 4 7 5 . 6 9 . 4 4 6 5 . 4 4 7 6 . 6 1 1 . 2 1 6 

2 2 1 N 5 0 5 . 9 1 2 . 2 3 5 . 1 5 0 5 . 6 5 0 8 . 1 2 . 5 a a 4 a • * a a a 4 

2 2 2 N 5 5 2 4 . 2 1 2 . 5 1 8 . 3 5 2 4 . 1 5 2 6 . 8 2 . 7 5 2 3 . 9 5 2 8 . 8 4 . 9 5 
2 2 3 N 5 4 4 . 9 1 2 . 4 2 0 . 7 5 4 4 . 6 5 4 6 . 8 2 . 2 a « a # a a a a 3 
2 2 4 7 6 0 1 ? 1 2 . 8 ( 5 6 . 1 ) . . . a a a a a a a a a a « a a a 2 

2 2 5 N 4 ? 6 6 5 . 9 1 2 . 6 ( 6 4 . 9 ) 6 6 5 . 7 6 6 6 . 5 0 . 8 * a a a a a 4 

2 2 6 N l 6 8 3 . 3 1 2 . 8 1 7 - 4 6 8 2 . 0 6 8 4 . 3 2 . 3 6 8 l 0 6 8 4 . 4 3 - 4 9 
2 2 7 N l 7 1 2 . 9 1 2 . 2 ( 2 9 . 6 ) 7 1 1 . 4 7 1 5 . 0 3 . 6 7 1 0 7 7 1 5 - 3 4 . 6 1 2 
2 2 8 N 3 7 3 5 . 6 1 2 . 3 2 2 . 7 7 3 4 . 9 7 3 7 . 9 3 . 0 7 3 4 8 7 3 8 . 4 3 - 6 2 3 
2 2 9 A 2 7 6 2 . 2 1 2 . 0 2 6 . 6 7 5 9 - 1 7 6 7 . 1 8 . 0 7 5 8 . 9 7 6 8 . 0 9 - 1 3 8 
2 3 0 N l 7 9 7 . 5 1 2 . 5 3 5 - 3 7 9 6 . 2 7 9 9 - 3 3 - 1 7 9 6 0 8 0 0 . 1 4 . 1 2 2 

2 3 1 N 4 8 2 4 . 2 1 2 . 0 2 6 . 7 8 2 3 . 8 8 2 6 . 4 2 . 6 8 2 3 7 8 2 7 . 6 3 - 9 15 
2 3 2 N 4 8 4 1 . 8 1 2 . 7 1 7 . 6 8 4 1 . 7 8 4 3 - 6 1.9 8 4 l 4 8 4 5 - 5 4 . 1 14 

2 3 3 N 4 8 6 2 . 9 1 2 . 7 2 1 . 1 8 6 2 . 7 8 6 3 . 6 0 . 9 8 6 2 5 8 6 5 . 1 2 . 6 1 0 

2 34 w 8 9 8 . 4 1 2 . 0 ( 3 5 . 5 ) 8 9 2 . 9 9 0 2 . 4 9 . 5 ... a a a a a a 13 
3 3 5 7 9 7 0 ? 1 2 . 4 ( 7 1 . 6 ) . . . * a * * a a a « a a a a 1 
2 3 6 7 2 , 4 4 2 , 0 0 4 ? 1 2 . 9 ( 3 4 . 0 ) . . . a a a • a a * . * a a a a a 2 

2 3 7 W l O 6 O . 5 1 2 . 3 ( 5 6 . 5 ) 0 5 8 . 7 0 6 4 . 6 5 - 9 0 5 8 3 0 6 8 . 2 9 . 9 1 0 

2 3 8 N 3 0 9 3 . 8 1 2 . 0 3 3 - 3 0 9 3 - 5 0 9 6 . 2 2 . 7 0 9 3 0 0 9 7 - 5 4 . 5 2 1 

2 3 9 N 2 1 2 2 . 9 1 2 . 5 2 9 . 1 1 2 1 . 8 1 2 4 . 7 2 . 9 1 2 1 6 1 2 6 . 1 4 . 5 10 
2 4 0 A 2 1 5 3 - 3 1 2 . 2 3 0 . 4 1 5 0 . 1 1 5 7 - 2 7.1 149 9 1 5 8 . 7 8 . 8 15 
2 4 l N 4 1 8 5 . 2 1 2 . 3 3 1 - 9 1 8 4 . 9 1 8 8 . 1 3 . 2 1 8 4 7 1 8 9 . 7 5-0 9 
2 4 2 A 2 2 1 9 . 8 1 1 . 9 3 4 . 6 2 1 6 . 6 2 2 4 . 8 8 . 2 2 1 5 2 2 2 7 - 4 1 2 . 2 2 9 



3 6 . 

T A B L E 2 ( c o n t ) . 

N o . T Y P E M A X I M U M M A G I N T 1 3 . 0 1 1 3 . O D ¥ I D T H l 4 . o i 1 4 . 0 D ¥ I D T H N( 

J . D . 1 3 . 0 I - D 1 4 . 0 1 - D 

2 4 3 N 2 2 , 4 4 2 , 2 4 5 . 9 1 2 . 4 2 6 . 1 2 4 5 - 7 2 4 7 . 3 
G 

1.6 2 4 4 . 6 2 4 8 . 2 3 . 6 6 

2 4 4 N 3 2 7 3 . 1 1 2 . 2 2 7 . 2 2 7 2 . 7 2 7 5 - 0 2 . 3 2 7 2 . 4 2 7 7 . 2 4 . 8 1 0 

2 4 5 N? 2 9 8 1 2 . 2 ( 2 4 . 9 ) * * * • * * * * • • * * mm* ... 2 

2 4 6 ? 3 5 0 ? 1 2 . 7 ( 5 2 . 0 ) * « a * • • • a * # * * rnmm ... 1 

2 4 7 9 3 6 7 1 2 . 9 ( 2 7 . 0 ) • • * • • a * m m * * • . . . ... 1 

2 4 8 ¥ 4 0 6 . 2 1 2 . 3 ( 3 9 - 2 ) 4 0 2 . 7 4 0 8 . 1 5 . 4 * V • mm* . . . 1 3 
2 4 9 N 4 4 0 . 5 1 2 . 2 3 4 . 3 9 4 4 2 . 6 9 V * » mm* . . . 2 

2 5 0 N 5 ? 4 7 2 1 2 . 5 3 1 - 5 4 7 1 - 9 4 7 3 . 7 1.8 a * a . . . ... 5 

2 5 1 ¥ 1 5 0 7 . 7 1 2 . 2 3 5 - 7 5 0 5 . 8 5 1 4 . 4 8 . 6 5 0 5 . 5 5 1 6 . 2 1 0 . 7 3 9 

2 5 2 N l 5 5 0 . 5 1 2 . 6 4 2 . 8 5 4 8 . 8 5 5 1 - 7 2 . 9 5 4 8 . 4 5 5 3 . 6 5 . 2 1 2 

2 5 3 N 5 ? 5 8 9 . 1 1 2 . 5 3 8 . 6 5 8 8 . 9 5 9 0 . 1 1.2 • * * . . . * * * 5 
2 5 4 A 2 6 2 7 - 9 1 2 . 1 3 8 . 8 6 2 4 . 8 6 3 3 . 0 8 . 2 6 2 4 . 5 6 3 5 . 1 1 0 . 6 9 

2 5 5 9 6 6 4 ? 1 2 . 9 ( 3 6 . 1 ) a • • - * • • • • • WW* * * a • • • 1 

2 5 6 ? 7 2 2 ? 1 2 . 2 ( 5 8 . 0 ) a 9 a * * * m m m a * a . . . # a m 1 

2 5 7 N ? 7 5 7 ? 1 2 . 7 ( 3 5 - 0 ) • • * • * * m a a * * • mm* a a a 2 

2 5 8 9 7 8 9 ? 1 2 . 9 ( 3 2 . 0 ) * * » # * * a # a a a * a * • a a a 2 

2 5 9 A 2 8 1 6 . 8 1 2 . 4 2 7 . 8 8 1 3 . 6 8 2 1 . 2 7 . 6 8 1 3 . 2 8 2 2 . 1 8 . 9 14 

2 6 0 N 4 8 4 4 . 8 1 2 . 5 2 8 . 0 8 4 4 . 7 8 4 6 . 2 1.5 8 4 4 . 4 8 4 8 . 2 3 . 8 8 

2 6 1 N 2 8 7 1 . 5 1 2 . 6 2 6 . 7 8 7 0 . 7 8 7 3 - 2 2 . 5 8 7 0 . 2 8 7 4 . 2 4 . 0 1 8 

2 6 2 ¥ 1 9 1 4 . 2 1 2 . 0 4 2 . 7 9 1 1 - 6 9 1 8 . 9 7 . 3 9 1 1 . 3 9 2 0 . 6 9 - 3 2 0 

2 6 3 N 4 9 5 0 . 1 1 2 . 0 3 5 . 9 9 4 9 . 8 9 5 2 . 4 2 . 6 9 4 9 . 6 9 5 4 . 4 4 . 8 2 2 

2 6 4 ¥ 9 9 1 . 2 1 1 . 9 ( 4 i . l ) 9 9 1 - 1 9 9 8 . 2 7 . 1 • • • * * • * a • 5 

2 6 5 9 2 , 4 4 3 , 1 0 4 1 2 . 1 ( 1 1 2 . 8 ) * • * * • * a * a » * * * • • a • a 2 

2 6 6 A 2 1 7 7 1 2 . 0 ( 7 3 . 0 ) 1 7 3 . 8 1 8 0 . 3 6 . 5 1 7 2 . 5 1 8 1 . 4 8 . 9 13 

( N . B . F i g u r e s f o r V 4 4 2 C e n a p p e a r f r o m p a g e 3 7 o n w a r d s ) 

S E Q U E N C E F O R ¥ X H Y D R I 

B . F . M a r i n o a n d ¥ . S . G . ¥ a l k e r 
A u c k l a n d O b s e r v a t o r y . 

M a g n i t u d e s f o r t h e c o m p a r i s o n s t a r s s h o w n o n C h a r t s 3 1 3 & 3 l 4 ( B a t e s o n , 
M o r e l & ¥ i n n e t t , 1 9 7 6 ) a r e g i v e n b e l o w . V i s u a l o b s e r v e r s s h o u l d u s e t h e V 
m a g n i t u d e s , r o u n d e d o f f to t e n t h s , a s g i v e n i n t h e f i f t h c o l u m n . S t a r " f " 
w a s e s t a b l i s h e d a s t h e s t a n d a r d f o r t h e s e q u e n c e , u s i n g v a l u e s o f H D 
1 2 2 7 0 , H D 1 2 4 7 7 a n d H D 1 3 5 7 8 p u b l i s h e d b y C o u s i n s & S t o y ( 1 9 6 3 ) . 

C H A R T 
L E T T E R 

m V B - V U - B A D O P T E D N o . o f 
O b s 

R E M A R K S 

f 1 0 . 2 5 + o . 4 i 0 . 0 0 1 0 . 2 S t a n d a r d 

s 1 0 . 3 2 + 0 . 5 1 + 0 . 0 3 1 0 . 3 5 2 O b s . i n U - B 

k 1 0 . 7 9 + 0 . 4 3 + 0 . 0 6 1 0 . 8 3 2 O b s . i n U - B 

m I O . 7 8 + 1 . 1 1 + 1. 0 : 1 0 . 8 3 1 O b s . i n U - B 

h 1 1 . 5 6 + 0 . 5 3 + 0 . 0 9 1 1 . 6 3 2 O b s . i n U - B 

0 1 1 . 4 6 + 1 . 1 7 + 1. 3s 1 1 . 5 3 1 O b s . i n U - B 

q 1 2 . 3 6 + 0 . 5 3 + 0 . 1 6 : 1 2 . 4 3 1 O b s . i n U - B 

r 1 2 , 5 + 0 . 9 + 0 . 7 1 2 . 5 5 
s 1 3 . 2 + 0 . 6 + 0 . 1 1 3 . 2 3 
t 1 3 - 0 + 0 . 9 + 0 . 4 1 3 . 0 3 
u 1 3 . 7 + 0 . 8 + 0 . 3 1 3 . 7 6 R a t h e r w i d e s c a t t e r ; c a u 

k n o w n . V a r i a b i l i t y , if 
m u c h g r e a t e r t h a n 0 . Ira. 

w l 4 . o + 0 . 8 + 0 . 6 1 4 . 0 3 I s s h o w n o n c h a r t 3 1 4 . 
s c a & e o f t h a t c h a r t "w" 

R E F E R E N C E S S . a n d 2mm ¥ . o f "r u 
* 

O n 

i s 4 ^ m m 

& ¥ i n n e t t , R . 1 9 7 6 . " C h a r t s f o r 
P u b l b y B a t e s o n , T a u r a n g a , N . Z . 

C o u s i n s , A . ¥ . J . a n d S t o y , R . H . 1 9 6 3 . R o y . O b s . B u l l . 6 4 . 

B a t e s o n , F . M . , M o r e l , M . 
S e r i e s 8 
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F I G U R E I d . V 4 4 2 C E N T A U R I . L i g h t C u r v e 2 , 4 4 1 , 6 2 0 t o 2 , 4 4 3 , l 8 4 . 
D o t s s i n g l e o b s e r v a t i o n s . 
C r o s s e s M e a n s f r o m 2 t o 5 o b s e r v a t i o n s 
O p e n C i r c l e s M e a n s f r o m j, or m o r e , o b s e r v a t i o n s 

I n F i g u r e s la to id t h e n u m b e r s a b o v e m a x i m a r e f e r to t h e c o r r e s p o n d i n g n u m b e r s i n 
T a b l e 2 . D a s h e d l i n e s i n d i c a t e m a x i m a f o r w h i c h t h e p o s s i b l e s i o p e o f t h e c u r v e is 
s u b j e c t to c o n s i d e r a b l e u n c e r t a i n t y , b e c a u s e of t h e l a c k of o b s e r v a t i o n s . I n t h e s e 
t h e f o r m m a y b e d i f f e r e n t to t h a t o u t l i n e d . M a x i m a , w i t h p o i n t s c o n n e c t e d b y s o l i d 
l i n e s a r e c o n s i d e r e d t o b e d e f i n i t e a s t o s l o p e a n d t y p e , e s p e c i a l l y o n t h e l a r g e 
s c a l e p l o t s . S o m e d e t a i l is l o s t i n t h e s m a l l s c a l e p l o t s r e p r o d u c e d . 
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Figure 2 . V442 Sen. Mean light c u r v e s , typesAl 
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Figure 3- V442 C e n . Mean Light C u r v e s , 
Types Wl and W 2 . 
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rypes Nl to N 5 . 

S E Q U E N C E F O R S Y S C U L P T O R I S 

B . M e n z i e s 
A u c k l a n d O b s e r v a t o r y . 

R e f e r C h a r t 3 3 7 » S e r i e s 8 . S t a n d a r d s t a r H D 5 6 2 . V = 7 . 6 5 . B - V = + 0 . 14 
U - B = + 0 . 0 4 . S p . 

C H A R T V B - V A D O P T E D CoD C H A R T V B - V A D O P T E D 
L E T T E R 

CoD 
L E T T E R 

a 7 . 0 4 + 0 . 4 5 7.0 n 1 2 . 1 2 + 0 . 6 9 1 2 . 1 
b 9 . 5 3 1.37 9.5 q 1 2 . 5 5 0 . 5 9 1 2 . 6 — 

f I O . 3 1 1.02 1 0 . 3 
d 1 0 . 3 2 0 . 4 2 1 0 . 3 1 

q 
1 2 . 9 6 0 . 5 9 1 3 . 0 — 

h 1 0 . 3 5 1.53 1 0 . 4 -ZC 7 r 1 2 . 9 8 0 . 5 8 1 3 . 0 — 
k 1 1 . 2 6 0 . 9 0 1 1 . 3 s 1 3 . 1 7 O . 5 8 1 3 . 2 — 

1 1 1 . 3 7 0 . 5 3 1 1 . 4 - Z £° 3 u 1 3 - 6 3 0 . 7 3 1 3 . 6 -
m 1 1 . 5 3 0 . 5 1 1 1 . 5 - t ( M e a s u r e d v a r i a t i o n 13 .5 t o 14 
0 1 2 . 0 8 1.00 1 2 . l — 

V i s u a l o b s e r v e r s s h o u l d u s e a d o p t e d v a l u e s . 



4 2 . 

P h o t o e l e c t r i c U B V S e q u e n c e s 

for S e v e n t e e n S o u t h e r n D w a r f N o v a e 

N i k o l a u s V o g t 
E u r o p e a n S o u t h e r n O b s e r v a t o r y 

L a S i l l a , C h i l e . 

S U M M A R Y : P h o t o e l e c t r i c U B V m a g n i t u d e s f o r a t o t a l o f 1 2 1 s t a r s 
i n 17 f i e l d s of s o u t h e r n d w a r f n o v a e a r e g i v e n . T h e 
l i m i t i n g m a g n i t u d e s r a n g e f r o m 1 3 - 0 to l 6 . 5 i n V . 
T h e r e a r e o n e c e r t a i n a n d t w o s u s p e c t e d v a r i a b l e s 
a m o n g t h e s e q u e n c e s t a r s . 

P h o t o e l e c t r i c s e q u e n c e s a r e e s s e n t i a l f o r t h e r e d u c t i o n of 
v i s u a l a n d p h o t o g r a p h i c o b s e r v a t i o n s of d w a r f n o v a e . M a n y o f t h e s e 
o b s e r v a t i o n s h a v e b e e n g a t h e r e d b y m e m b e r s of t h e R o y a l A s t r o n o m i c a l 
S o c i e t y of N e w Z e a l a n d d u r i n g t h e p a s t y e a r s . T h e r e d u c t i o n a n d 
p u b l i c a t i o n of t h e s e o b s e r v a t i o n s w i l l c l e a r u p t h e g e n e r a l b e h a v i o u r 
of t h e d w a r f n o v a e g i v i n g v a l u a b l e h i n t s to t h e o b s e r v i n g a s t r o n o m e r 
f o r f u r t h e r d e t a i l e d s t u d i e s . I n o r d e r t o r e d u c e s a i d d a t a F . M . 
B a t e s o n r e q u e s t e d s o m e o f t h e s e q u e n c e s p r e s e n t e d h e r e . O t h e r s b e l o n g 
to d w a r f n o v a e w h i c h w e r e s e l e c t e d b y t h e a u t h o r f o r p h o t o e l e c t r i c 
s t u d i e s . 

A l l o b s e r v a t i o n s w e r e c a r r i e d o u t a t t h e 1 m t e l e s c o p e of 
t h e E u r o p e a n S o u t h e r n O b s e r v a t o r y i n La S i l l a , C h i l e b e t w e e n A p r i l 
1 9 7 5 a n d M a y 1 9 7 7 . A s i n g l e - c h a n n e l p h o t o m e t e r w a s u s e d e q u i p p e d 
w i t h a n E M I 6 2 5 6 m u l t i p l i e r a n d d r y i c e c o o l i n g . A s s t a n d a r d s E 
r e g i o n s t a r s w e r e u s e d ( C o u s i n s a n d S t o y , 1 9 6 2 ) . T h e d a t a w e r e r e ­
d u c e d to t h e s t a n d a r d U B V s y s t e m i n t h e u s u a l w a y , t a k i n g i n t o a c c o u n t 
f i r s t a n d s e c o n d o r d e r e x t i n c t i o n a s w e l l a s a l i n e a r c o l o u r t r a n s ­
f o r m a t i o n . T h e a d a p t i o n of t h e i n s t r u m e n t a l s y s t e m to t h e s t a n d a r d 
U B V s y s t e m w a s v e r y g o o d r e v e a l i n g t r a n s f o r m a t i o n c o e f f i c i e n t s w i t h 
a b s o l u t e v a l u e s o f l e s s t h a n 0 . 0 5 i n a l l c o l o u r s . 

T h e i n t e r n a l e r r o r i s l e s s t h a n +0 I?02 f o r a l l s t a r s b r i g h t er 
t h a n l4 a n d i n c r e a s e s u p to + 0 . 0 5 f o r t h e f a i n t e s t s t a r s . - T h e 
m e a s u r e m e n t o f t h e U B V s t a n d a r d s t a r s f i t to t h e s t a n d a r d s y s t e m w i t h 
t y p i c a l r m s d e v i a t i o n s of + 0 . 0 1 , F i v e s t a r s of T a b l e 1 a n d f o u r o t h e r 
s t a r s i n t h e f i e l d s o f C U V e l , E X H y a a n d V 4 3 6 C e n ( n o t p u b l i s h e d 
h e r e ) c o i n c i d e w i t h W a r n e r ( 1 9 7 6 ) . T h e t w o i n d e p e n d e n t p h o t o m e t r i e s 
s h o w e x c e l l e n t a g r e e m e n t w i t h i n s i g n i f i c a n t s y s t e m a t i c d i f f e r e n c e s o f 
l e s s t h a n 0 . 0 1 i n a l l t h r e e c o l o u r s , a n d r m s d e v i a t i o n s of + 0 . 0 2 . -
T h e e r r o r s o f t h e s t a r s i n t h e f i e l d of V 1 8 3 O Sgr m a y b e s l i g h t l y 
l a r g e r b e c a u s e of l e s s c e r t a i n s k y b a c k g r o u n d m e a s u r e m e n t s i n t h i s 
e x t r e m e l y c r o w d e d f i e l d . 

T h e r e s u l t s o f t h e p h o t o e l e c t r i c p h o t o m e t r y a n d t h e n u m b e r N 
of i n d i v i d u a l m e a s u r e m e n t s f o r e a c h s t a r a r e g i v e n i n T a b l e 1. T h e 
i d e n t i f i c a t i o n s w i t h l e t t e r s r e f e r a l w a y s to t h e s t a r s a s i d e n t i f i e d 
i n t h e f i n d i n g c h a r t s of B a t e s o n e t . a l . ( 1 9 6 ? ; 1 9 7 0 ; 1 9 7 6 ; 1 9 7 7 ) . A l l 
s t a r s w i t h n u m b e r i d e n t i f i c a t i o n s h a v e b e e n a d d e d b y t h e a u t h o r . -
T h e f i n d i n g c h a r t s ( F i g . l) h a v e b e e n p l o t t e d b a s e d o n t h e E S 0 S k y 
S u r v e y or - f o r t h e m o s t n o r t h e r n f i e l d s - o n t h e P a l o m a r O b s e r v a t o r y 
S k y S u r v e y . T h e y s h o w a l l s t a r s w i t h l6 . 

S o m e of t h e s t a r s i n c l u d e d i n f i e l d B X P u p w e r e o b s e r v e d w i t h 
t h e B o c h u m 6 l c m t e l e s c o p e i n La S i l l a , C h i l e i n t h e c o u r s e o f a 
p h o t o e l e c t r i c s t u d y of t h e o p e n s t a r c l u s t e r N G C 2 4 8 2 ( M o f f a t a n d 
V o g t , 1 9 7 5 ) . 
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S t a r S i n t h e f i e l d o f M U C e n i s v a r i a b l e w i t h a n a m p l i t u d e 
of 0 . 1 i n a t i m e s c a l e o f a f e w d a y s . 

A C K N O W L E D G M E N T . 

I a m i n d e b t e d to F . M . B a t e s o n f o r p r o v i d i n g m e w i t h f i n d i n g 
c h a r t s a n d f u r t h e r i n f o r m a t i o n p r i o r to p u b l i c a t i o n . 

R E F E R E N C E S : 

B a t e s o n , 

B a t e s o n , 

B a t e s o n , 

B a t e s o n , 

C o u s i n s , 
M o f f a t , 
W a r n e r , 

F . M . , J o n e s , A . F . & S t r a n s o n , I . 1 9 6 7 . " C h a r t s f o r S o u t h e r n 
V a r i a b l e s " , S e r i e s 4 . P u b l . b y F . M . B a t e s o n , T a u r a n g a , N . Z . 

F . M . , J o n e s , A . F . & S t r a n s o n , I . 1 9 7 0 . " C h a r t s f o r S o u t h e r n 
V a r i a b l e s " , S e r i e s 6 . P u b l . b y F . M . B a t e s o n , T a u r a n g a , N . Z . 

F . M . , M o r e l , M . a n d W i n n e t t , R . 1 9 7 6 . " C h a r t s f o r S o u t h e r n 

V a r i a b l e s " , S e r i e s 8 . P u b l . b y F . M . B a t e s o n , T a u r a n g a , N . Z . 
F . M . , M o r e l , M . a n d W i n n e t t , R . 1 9 7 7 - " C h a r t s f o r S o u t h e r n 

V a r i a b l e s " , S e r i e s 9- P u b l . b y F . M . B a t e s o n , T a u r a n g a , N . Z . 
A . W . J . , a n d S t o y , R . H . 1 9 6 2 . R o y . O b s . B u l l . N o . 4 9 . 

A . F . J , a n d V o g t , N . 1 9 7 5 - A s t r o n . A s t r o p h y s . S u p p l . S e r . 2 £ , 8 5 
B . 1 9 7 6 . P u b l . V a r i a b l e S t a r S e c t i o n , R A S N Z N o . _4, l 8 . 

T A B L E 1. 

F i e l d N o . V B--V U - B N 

0 2 0 7 6 3 
W X H y i F 1 0 . ,24 0 .42 - 0 . .01 9 

N 1 1 . • 54 0 .56 0 . .05 1 
T 1 3 . .05 0. .87 0 . .39 1 
U 13-.67 0, .81 0 . 3 1 1 

0 4 l 8 l 3 
A H E r i A 1 0 . 9 3 1, .17 1. 0 7 2 

B 1 1 . 6 4 0, .52 0 . .06 1 
C 1 2 . 18 0. .63 0 . 13 1 
D 1 2 . 56 0. .65 0 . 12 1 
E 13- 0 9 0, .59 0 . 0 4 1 
F 13- 5 0 0. .02 - 0 . 52 1 
H 1 6 . 4 7 0, .92 0 . 3 1 

0 7 4 4 2 3 
B V P u p 1 1 2 . 0 6 0. • 39 - 0 . 0 2 5 

2 1 4 . 0 8 0. .97 0 . 6 6 1 
3 1 4 . 10 0. .43 0 . 0 8 1 
4 1 4 . 4 3 0 . .56 0 . 0 0 1 

0 7 5 0 2 4 
B X P u p 1 8 . 0 2 1. .23 1. 12 1 

2 8 . 9 3 1. .68 1. 76 3 
3 1 0 . 28 1. .06 0 . 8 5 1 
4 1 0 . 58 0 . • 0 9 0 . 0 7 1 
5 1 1 . 4 i - 0 . ,02 - 0 . 18 1 
6 1 1 . 5 0 0 . . 12 0 . 1 1 1 
7 1 1 . 7 0 0 . • 19 - 0 . 2 6 17 
8 1 1 . 8 7 1. ,00 0 . 59 2 
9 1 2 . 12 1. , 12 0 . 9 4 1 

10 1 2 . 6 3 0 . 34 0 . 15 1 
11 13- 0 0 0 . 6 9 0 . 11 1 

1 1 1 9 3 5 
V 4 4 2 C e n 1 1 1 . 6 6 0 . 78 0 . 3 2 7 

2 1 2 . 18 0 . 5 6 0 . 0 7 30 
3 13- 2 0 0 . 6 4 0 . 0 1 1 
4 1 4 . 37 0 . 9 5 0 . 4 1 



4 4 . 
TABLE 1 ( c o n t ) . 

F i e l d No. V B-V U-B N 
1 2 0 7 4 3 ~ 
Ml Cen 

1 2 2 0 4 5 
V 3 7 3 Cen 

1 2 5 1 3 2 
V 4 8 5 Cen 

1 3 0 7 6 0 
NN Cen 

1 5 2 9 4 0 
BR Lup 

1 5 4 2 4 2 
AB Nor 

1 6 1 2 5 4 
H P Nor 

L 1 2 . 2 6 1. 14 1.00 1 
N 1 2 . 2 3 1.18 1.18 1 
P 1 2.91 0 . 6 0 0 . 0 4 1 
R 1 3 - 3 1 0 . 7 4 0 . 2 0 2 
S 1 3 . 2 6 0 . 6 5 0 . 0 6 12 v a r 
1 0 . 7 9 0.40 16 = c°i> 

(f*Bo 

1 1 2 . 0 3 0 . 5 5 0 . 02 9 
2 1 3 . 4 1 O.58 0 . 0 3 1 
3 1 4 . 0 3 0 . 5 3 0 . 0 8 1 
4 1 4 . 3 1 0 - 5 7 - 0 . 0 3 4 v a r ? 
5 1 4 . 3 6 0 . 7 3 0 . 1 6 1 

A 1 0 . 0 0 1.07 0 . 8 5 4 
B 1 0 . 8 1 1.34 1.43 2 
C 1 1 . 0 8 1.06 0 . 8 6 2 
D 1 2 . 0 6 0.59 -0. 0 2 2 
E 1 2 . 3 9 1.23 1.20 2 
F 1 2 . 8 2 0 . 5 1 0.02 2 
G 12.86 0 . 4 5 -0 . 0 1 2 
M 13.94 0 . 9 0 0.39 3 
N 14.02 O.85 0 . 4 0 2 
P 14.76 0 . 5 8 - 0 . 1 3 

1 1 1 . 34 0.53 0 . 2 8 2 
2 13.53 0 . 6 9 0. 13 1 
3 13.54 1.25 0.97 1 
4 13 . 7 1 0.64 0.37 1 
5 13.86 0.84 0 . 2 8 1 

H 13-24 O.50 0,06 2 
K 13. 39 1.04 0.8 2 
L 13.76 0.73 0. 2 0 2 
M 13 - 7 0 0.41 O.31 3 
N 13 . 6 0 1.53 1.8 2 
0 14.43 0 . 6 l 0.0 2 
P 14.43 1.19 1.1 2 
Q 14.72 1.00 0 . 5 2 
R 15.6 1.2 0.4 1 
1 10.33 0.43 0 . 0 0 5 

1 1 0 . 9 0 0.64 0 . 0 8 1 
2 11-39 1.58 1.78 1 
3 12. 15 1.39 1-5 1 
4 13.70 0.67 0 . 1 5 1 

1 7.59 0 . 3 0 0 . 0 9 17 
2 11.67 0 . 2 8 0 . 1 0 1 
3 11.71 0 . 4 0 0 . 4 3 7 
4 0 . 8 8 o . 4 i 1 

1 2.91 0 . 7 2 0 . 2 8 1 
6 12.98 1.71 2 . 1 1 
7 1 4 . 8 1 0 . 7 8 0 . 2 2 
8 15-71 0.75 0 . 1 1 
9 15.74 1.02 0 . 4 1 



4 5 -

F i e l d 

161755. 
I K N o r 

1 7 0 1 3 2 
FQ S c o 

1 7 2 3 4 2 
M M Sco 

1 7 2 3 4 6 
AT A r a 

1 8 0 7 2 7 
V 1 8 3 0 Sgr 

T A B L E 1 ( c o n t ) • 

N o . V B - V U - B N 

A 1 1 . 9 5 1.55 1.61 3 
B 1 2 . 6 5 1.30 0 . 9 2 
D 1 3 - 6 2 0 . 7 5 0 . 2 2 
E 1 4 . 5 1. 1 0 . 4 2 
Z 1 3 . 0 7 0 . 5 5 0 . 3 9 1 
1 1 2 . 3 4 0 . 4 4 0 . 2 1 1 

A 1 0 . 2 4 0 . 4 8 0 . 0 1 4 
F 1 2 . 1 0 1.31 1.03 1 
G 1 3 . 1 0 0 . 8 2 0 . 3 2 1 
H 1 3 - 4 8 0 . 7 1 0 . 1 8 1 
K 1 3 . 3 9 1.44 1.34 2 
M 1 4 . 1 6 1.10 0 . 5 1 2 
N 1 3 . 8 3 1.79 0.9 1 
P 1 4 . 2 6 1.90 2 . 0 : 2 

C 1 0 . 7 0 1.50 1.53 1 
D 1 1 . 32 1.11 0 . 7 9 2 
E 1 2 . 4 4 0 . 5 1 0 . 3 4 1 
F 1 2 . 9 3 0 . 4 9 0 . 1 9 1 
G 1 3 . 3 7 0 . 6 7 0 . 3 4 1 
H 1 3 . 5 6 1.49 1.5 1 
K 1 4 . 0 2 0 . 69 0 . 0 4 2 
L 1 3 . 9 5 1.56 1.4 1 
M 1 4 . 2 5 O . 6 9 0 . 0 1 1 
N 1 3 - 5 1 0 . 8 8 0 . 5 0 2 
1 8 . 6 1 O . 2 6 0 . 3 0 5 
2 1 3 - 9 5 1.52 1.4 1 

3 1 4 . 5 9 1.03 0 . 5 1 

E 1 1 . 7 1 0 . 30 0 . 2 0 5 
F 1 1 . 4 6 1.71 2.0 1 
H 1 2 . 0 2 1.65 1.6 2 
K 1 2 . 5 9 1.25 1.01 2 
M 13- 6 1 0 . 5 5 0 . 0 1 2 
N 1 4 . 19 1.34 1.5: 1 
1 1 2 . 9 6 0 . 7 3 0 . 2 9 3 
2 1 3 . 3 7 0 . 9 1 O . 5 2 1 
3 1 3 - 4 6 1.29 1-3 1 
4 1 4 . 6 2 1.77 1-9 1 

1 1 0 . 3 1 0 . 0 1 - O . 3 8 5 
2 1 2 . 0 3 1.62 1.24 l 

3 1 4 . 3 6 0 . 7 9 0 . 3 7 l 
4 1 4 . 3 7 1.20 2 . 2 : 1 

5 1 5 . 5 8 0 . 7 0 0 . 5 1 

v a r ? 

1 —' 

N O T E T O O B S E R V E R S : In. n o c a s e h a s t h e p o s i t i o n s o f t h e v a r i a b l e s b e e n 
i n s e r t e d o n t h e c h a r t s i n F i g . 1, b e c a u s e 1 o f m a n y u n c e r t a i n t i e s . T h e s e 
c h a r t s c a n b e u s e d w i t h N . V o g t ' s s e q u e n c e s i n c o n j u n c t i o n w i t h t h e 
c h a r t s t h a t h a v e a l r e a d y b e e n i s s u e d f o r W X H y i ; A H E r i ; V 4 4 2 C e n ; M U C e n ; 
V 3 7 3 C e n ; N N C e n ; A B N o r ; A T A r a . F o r t h e r e m a i n i n g s t a r s c h a r t s w i l l 
b e i s s u e d w h e n t h e i d e n t i f i c a t i o n o f t h e v a r i a b l e s c a n b e m a d e w i t h 
c e r t a i n t y . A s s p a c e p r e v e n t s a d d i t i o n a l c o m m e n t s h e r e , t h e s e w i l l 
a p p e a r i n C i r c u l a r M 7 7 / 8 . 

F . M . B . 
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F i g u r e l a . I d e n t i f i c a t i o n c h a r t s of t h e p h o t o e l e c t r i c s e q u e n c e s . 
N o r t h is t o p , e a s t i s l e f t . T h e b a r c o r r e s p o n d s to 
t h e s i z e o f o n e m i n u t e of a r c . 

L. MARTINEZ ; 2 3 - 7 - 7 7 . 
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F i g u x e l b . I d e n t i f i c a t i o n c h a r t s of t h e p h o t o e l e c t r i c s e q u e n c e s 
N o r t h i s t o p , e a s t is l e f t . T h e b a r c o r r e s p o n d s to 
t h e s i z e of o n e m i n u t e of a r c . 

L.MM7IHEZ • 2 2 - 7 - 7 7 . 
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MM Sco 
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U4 

4 r 4 r c r 
i 1 

V 1830 Sgr 

F i g u r e l c . I d e n t i f i c a t i o n c h a r t s o f t h e p h o t o e l e c t r i c s e q u e n c e s 
N o r t h i s t o p , e a s t i s l e f t . T h e b a r c o r r e s p o n d s to 
t h e s i z e of o n e m i n u t e of a r c . 

L, MARriNEl • 24- 7-77 



R E P O R T O F S E C T I O N F O R Y E A R E N D E D 3 0 t h S E P T E M B E R 1 9 7 6 . 49 

O B S E R V A T I O N S : T h e f o l l o w i n g v i s u a l o b s e r v a t i o n s h a v e b e e n r e c e i v e d 
s i n c e t h e l a s t r e p o r t ; 

O B S E R V E R N o . o f N o . o f O B S E R V E R N o . o f N o . o f 

O B S . S T A R S . O B S . S t a r s 

A d a m s , M . 54 1 3 M a t c h e t t , ( D r ) . V . L . 6 8 9 4 3 
A d c o c k , B . S . 7 4 8 30 M e n z i e s , B . 9 6 6 3 
A s h l e y , M . 119 34 M o r e l , M . 5 7 9 4 1 
B a l d w i n , A . J . 6 2 14 M o r t o n , J . G . 3 3 
B e u n i n g , J . 2 1 M u n d t , F . 7 3 
B e u n i n g , L . 2 1 N i k o l a u , B . 9 7 35 
B i r d , R . 2 2 O l i v e r , W . 2 2 5 
B l o w , G . L . 1 4 3 4 7 O v e r b e e k , M . D . 3 7 6 6 * 2 0 5 
B r y a n t , K . 2 2 3 P a g e , A . A . 4 2 
C l e m e n t s , S . 19 13 P a t e r s o n , ( M r s ) . D . 8 3 6 1 0 7 
C r a g g , T . 3 9 8 * 1 8 4 P e t r o v i c , J . F . 9 4 
C u r n i c k , ( D r ) . C . L . 5 1 9 6 i P I e v e r , N . 4 0 2 55 
D o d s o n , A . W . 6 2 10 P o w e l l , H . C . T . 10 2 
D o r a n , B . 15 4 P y c r o f t , R . 7 3 
D o w l e , G . 11 4 R o b i n s o n , I . 59 10 
D u k e s , M . 16 8 R o d r i g u e s , C . 1 1 
E l l i m s , M . 3 3 R o w e , G . 1 0 0 7 9 4 
E v a n s , R . W . 32 5 S c h e n k , S . 20 6 
F r e e t h , G . 4 6 3 3 1 S a l i s b u r y , J . V . 10 7 
G i l l e r , R . H . 5 1 3 6 8 S h i n k f i e l d , R . C . 3 1 3 29 
G o o d m a n , D . 45 12 S i m s , ( D r ) . B . 1 2 4 
G r a n c , ( R e v ) . A . A . 96 2 5 S t e p h e n s o n , S . M . 1 2 6 9 38 
G r i m m e t t , M . J . 17 11 S t e w a r t , M . 1 5 6 15 
H a l l , R . F . 5 3 S u m n e r , B . 4 4 i 174 
H a r r i e s - H a r r i s , E . 5 9 5 4 3 T a y l o r , ( D r ) . N . 1 5 5 8 1 3 0 
H a y w a r d , G . 186 16 T h o m a s , ( D r ) . M . 64 55 . 
H e a t h , D . 4 3 1 1 T h o m p s o n , G . 7 1 
H e a t h e r , A . 6 1 T r a i n e r , J . B . 2 1 2 
H u l l , O . R . 1 7 0 9 96 T r e g a s k i s , T . B . 8 9 2 1 6 2 
J o n e s , A . F . 4 6 2 5 l 4 i T r i p p , H . 74 1 1 
K e n t , ( M r s ) . K . 68 9 V e n i m o r e , ( R e v ) . C . W . 9 2 2 6 7 
La T e e f , A . l 1 W a l k e r , W . S . G . 7 4 12 
L e e , D . 7 7 7 W a l l a c e , R . L . 8 5 
L e e , S . 50 8 W a l m s l e y , J . 7 4 
L e g g e t t , A . A . G . 5 2 W a l m s l e y , M . 14 4 
L e s l i e , ( M r s ) A . 7 0 4 14 W i l l i a m s , P . 6 5 2 35 
L u m l e y , E . 5 2 4 2 0 W i l s o n , A . G . 17 7 
M a r i n o , B . F . 6 5 W i n n e t t , R . D . 2 2 0 6 7 

= R e s u l t s a l s o c o m m u n i c a t e d t o A A V S O 

T O T A L O B S E R V A T I O N S 2 6 , 3 1 2 . 

P U B L I C A T I O N S : I s s u e s d u r i n g t h e y e a r c o n s i s t e d o f : 
M o n t h l y C i r c u l a r s N o s . M 7 5 / 9 - M 7 5 / 1 2 ; M 7 6 / I - M 7 6 / 8 
P u b l i c a t i o n s N o s 3 ( C 7 5 ) a n d 4 ( C 7 6 ) 
C h a r t s : S e r i e s 7 a n d 8 . 

G E N E R A L : P a r t i c u l a r a t t e n t i o n w a s g i v e n to d w a r f n o v a e d u r i n g t h e 
p a s t y e a r , b o t h b y e n c o u r a g i n g o b s e r v e r s to m o n i t o r t h e s e c l o s e l y , a n d 
i n r e d u c i n g t h e r e s u l t s f o r p u b l i c a t i o n . T h e l a t t e r w a s m a d e p o s s i b l e 
b y a g r a n t f r o m t h e C a r t e r O b s e r v a t o r y B o a r d , a n d b y t h e s e q u e n c e s 
e s t a b l i s h e d b y B . W a r n e r a s w e l l a s t h o s e e s t a b l i s h e d b y B . M e n z i e s 
a n d h i s a s s i s t a n t s a t t h e A u c k l a n d O b s e r v a t o r y . T h i s r e s u l t e d i n t h e 
c o m p l e t i o n o f M e m o i r N o . 2 o n V W H y i , w h i c h h a s b e e n a c c e p t e d f o r 
p u b l i c a t i o n i n t h e 1 9 7 7 M a r c h i s s u e o f t h e N . Z . J o u r n a l o f S c i e n c e . 
P a p e r s o n W X H y i ; M U C e n ; E K T r A w e r e p u b l i s h e d d u r i n g t h e y e a r . 

C l o s e v i s u a l m o n i t o r i n g o f s o u t h e r n d w a r f n o v a e p r o v i d e s 
v a l u a b l e i n f o r m a t i o n to a s t r o n o m e r s o n t h e g e n e r a l b e h a v i o u r of t h e s e 
s t a r s . 



5 0 5 0 . 

C a b l e d a d v i c e i s s e n t to a n u m b e r o f o b s e r v e r s o n t h e o u t b u r s t s 
o f d w a r f n o v a e , w h i c h e n a b l e s p r o g r a m m e s o n l a r g e i n s t r u m e n t s to b e 
a r r a n g e d . W e h a v e c o n t i n u e d to s u p p l y p r e d i c t i o n s o n s u p e r m a x i m a 
a n d t h e s e h a v e a l s o b e e n u s e d in. c o n j u n c t i o n w i t h v a r i o u s s a t e l l i t e s . 

M O N T H L Y C I R C U L A R S : T h e s e c o n t i n u e t o p r o v i d e r e g u l a r a n d p r o m p t a d v i c e 
o n t h e b e h a v i o u r of e r u p t i v e a n d o t h e r i m p o r t a n t v a r i a b l e s . T h e y a l s o 
p r o v i d e o b s e r v e r s w i t h o b s e r v a t i o n a l i n f o r m a t i o n a n d p r e d i c t i o n s . 

I t w a s w i t h r e g r e t t h a t t h e p r i c e f o r t h e C i r c u l a r s 
h a d to b e i n c r e a s e d s l i g h t l y d u r i n g t h e y e a r o n a c c o u n t o f i n c r e a s e d 
p o s t a g e r a t e s a n d p a p e r p r i c e s . I t i s h o p e d t o b e a b l e to h o l d p r i c e s 
a t t h e p r e s e n t l e v e l d u r i n g t h e c o m i n g y e a r . C i r c u l a t i o n o f t h e s e 
C i r c u l a r s c o n t i n u e s to e x p a n d . 

P U B L I C A T I O N S : T h e t w o i s s u e s d u r i n g t h e y e a r e n a b l e d a l a r g e 
v o l u m e of o b s e r v a t i o n s to b e p u b l i s h e d a n d d i s c u s s e d . It i s h o p e d t o 
s t e a d i l y e x p a n d t h e P u b l i c a t i o n s , a l t h o u g h i n f l a t i o n w i l l u l t i m a t e l y 
f o r c e s o m e r e a d j u s t m e n t of t h e p r i c e . S e v e r a l c o n t r i b u t o r s f r o m 
o v e r s e a s e n h a n c e d t h e P u b l i c a t i o n s i n p a p e r s b a s e d o n t h e p u b l i s h e d 
r e s u l t s o f t h e S e c t i o n . 

C H A R T S : M . M o r e l a n d R . W i n n e t t h a v e c o n t i n u e d t h e i r e x c e l l e n t w o r k 
o n c h a r t s . T w o i s s u e s w e r e p u b l i s h e d d u r i n g t h e y e a r , a n d S e r i e s 9 i s 
w e l l a d v a n c e d . I t w i l l b e i s s u e d i n t h e H e w Y e a r . A n u m b e r o f c h a r t s 
h a v e a l s o b e e n a p p r o v e d f o r S e r i e s 1 0 . 

T h e b a s i c w o r k o f a s s e m b l i n g d a t a f o r t h e p r o d u c t i o n of t h e s e 
c h a r t s h a s c o n t i n u e d at H e a d q u a r t e r s w i t h t h e r e s u l t t h a t t h e r e i s n o w 
r e a d y a l a r g e f i l e of s u c h m a t e r i a l . R . W i n n e t t i s p r o d u c i n g a n u m b e r 
of B i n o c u l a r C h a r t s f o r u s e b y t h o s e w h o h a v e n o o t h e r i n s t r u m e n t a l 
m e a n s . 

S E Q U E N C E S : B . W a r n e r k i n d l y m e a s u r e d t h e s e q u e n c e s f o r s e v e n d w a r f n o v a e , 
w h i c h w e r e p u b l i s h e d i n Publ.k ( C 7 6 ) . B . M e n z i e s a n d h i s a s s i s t a n t s h a v e 
c o n t i n u e d to d e t e r m i n e t w o c o l o u r s e q u e n c e s f o r a n u m b e r o f s o u t h e r n 
f i e l d s . S o m e o f t h e s e h a v e b e e n p u b l i s h e d w i t h t h e c h a r t s ; o t h e r s 
a p p e a r e d i n P u b . 3 ( C 7 5 ) . It i s h o p e d to p u b l i s h t h e r e m a i n d e r of t h e 
c o m p l e t e d s e q u e n c e s d u r i n g 1 9 7 7 -

N . V o g t h a s u n d e r t a k e n to p r o v i d e t h r e e c o l o u r s e q u e n c e s for 
a n u m b e r of d w a r f n o v a e , w h i c h h a v e b e e n u n d e r o b s e r v a t i o n b y m e m b e r s 
f o r s o m e y e a r s . T h e s e s e q u e n c e s s h o u l d b e a v a i l a b l e i n 1 9 7 7 -

C E P H E I D S : A l l o b s e r v a t i o n s o f t h e c l a s s i c a l l o n g p e r i o d C e p h e i d •£Car 
h a v e b e e n t u r n e d o v e r to T . C r a g g , w h o w i l l p r o d u c e a p a p e r o n t h e 
r e s u l t s a s p a r t o f h i s w o r k o n C l a s s i c a l C e p h e i d s . 

R E C U R R E N T N O V A E : A l l o b s e r v a t i o n s o f r e c u r r e n t n o v a e h a v e b e e n s u p p l i e d 
t o R . F . W e b b i n k f o r u s e i n h i s i n v e s t i g a t i o n s o f t h e s e s t a r s . H e h a s 
i n v e s t i g a t e d a l l p a s t r e c o r d s o f r e c u r r e n t n o v a e , a n d , a s a r e s u l t a 
c o m p o s i t e c h a r t f o r T P y x h a s b e e n s u p p l i e d a n d c h e c k e d . A r e q u e s t 
h a s b e e n m a d e t o B . M e n z i e s t o o b t a i n p h o t o e l e c t r i c m a g n i t u d e s f o r 
t h o s e s t a r s i n t h i s f i e l d n o t y e t d e t e r m i n e d . H e h a s a l s o b e e n a s k e d 
to c h e c k o n a n u m b e r of s u s p e c t e d v a r i a b l e s , f o u n d p h o t o g r a p h i c a l l y 
i n t h i s f i e l d b y A . A . P a g e a n d I . S t r a n s o n . T h i s w o r k w i l l e n a b l e a l l 
p a s t r e c o r d s to b e r e d u c e d to t h e s a m e s y s t e m . 

D . H o f f l e i t h a s u n d e r t a k e n to s u p p l y a c c u r a t e i d e n t i f i ­
c a t i o n c h a r t s f o r a n u m b e r of s u s p e c t ed v a r i a b l e s f o r w h i c h t h e i r 
p o s i t i o n s a r e d o u b t f u l . T h i s w i l l e n a b l e t h e c h a r t s o n o b j e c t s H S S g r ; 
V 4 4 l S g r , V 9 9 9 S g r , F M S g r to b e u p d a t e d a n d p u b l i s h e d i n S e r i e s 10 o f 
C h a r t s f o r S o u t h e r n V a r i a b l e s . 

N o v a e . A n u m b e r o f o l d n o v a h a v e b e e n k e p t u n d e r o b s e r v a t i o n . O u r 
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n o r t h e r m o s t o b s e r v e r s w e r e a b l e t o o b s e r v e t h e b r i g h t N o v a C y g n i , 1 9 7 5 -
T h e i r o b s e r v a t i o n s a p p e a r e d i n C i r c . M 7 5 / 9 - A m o n g s t t h e m a n y i n d e p e n ­
d e n t d i s c o v e r e r s o f t h i s n o v a w a s D o n a l d W a l l a c e , B u n d a b e r g A s t r o n o m i ­
cal S o c i e t y , Q u e e n s l a n d , w h o r e p o r t e d h i s d i s c o v e r y to V . L . M a t c h e t t . 

R C O R O N A E B O R E A L I S T Y P E V A R I A B L E S : O b s e r v e r s h a v e c o n t i n u e d m o n i t o r i n g 
t h e s e i m p o r t a n t v a r i a b l e s . T h e r e s u l t s f o r 13 s t a r s o f t h i s t y p e w e r e 
d i s c u s s e d i n P u b l . N o . 3 ( C 7 5 ) . 

S A p s d e c l i n e d t o a d e e p m i n i m u m , w h i c h w a s v e r y w e l l o b s e r v e d . 
O . R . H u l l w a s t h e f i r s t t o d e t e c t t h e f a d e w h i c h c o m m e n c e d i n 1 9 7 6 
F e b r u a r y . D e t a i l s a p p e a r e d i n C i r c . M 7 6 / 2 ; M 7 6 / 3 ; t h e l a t t e r i n c l u d i n g 
a p r e l i m i n a r y l i g h t c u r v e of t h e d e c l i n i n g b r a n c h . A m o r e d e t a i l e d 
l i g h t c u r v e w i l l a p p e a r a f t e r t h e s t a r h a s r e c o v e r e d . 

R E D V A R I A B L E S : O b s e r v a t i o n s o f M i r a C e t , i r r e g u l a r a n d s e m i - r e g u l a r 
v a r i a b l e s h a v e c o n t i n u e d . R e g u l a r t h r e e m o n t h l y r e p o r t s a r e c o m p i l e d 
b y G . S m i t h o f t h o s e s t a r s i n w h i c h t h e A A V S O a r e i n t e r e s t e d . T h e s e a r e 
u s e d b y t h e m i n t h e i r p l o t s to a s s i s t t h e i r p r e d i c t i o n s . T h e s e p r e ­
d i c t i o n s a r e d i s t r i b u t e d to o u r o b s e r v e r s v i a t h e M o n t h l y C i r c u l a r s . 

A s s o o n a s t h e r e s u l t s o n d w a r f n o v a e a n d R C r B s t a r s a r e a l l 
p u b l i s h e d t h e p u b l i s h e d r e s u l t s o n o t h e r v a r i a b l e s w i l l a p p e a r . 

C O M P U T E R P R O G R A M M E : P . D . C a i n c o m p l e t e d t h e l i s t i n g o f a l l o b s e r v a t i o n s 
of S C a r f o r t h e c o m p u t e r p r o g r a m m e . A . J . B a l d w i n h a s p r o c e s s e d t h e s e 
and p r o d u c e d a c o m p u t e r d r a w n l i g h t c u r v e c o v e r i n g t h e r e s u l t s f o r t h e 
p a s t 50 y e a r s . D i s c u s s i o n s a r e p r o c e e d i n g o n h o w b e s t to e x t e n d t h i s 
p r o g r a m m e so t h a t t h e s y s t e m a t i c d e v i a t i o n s o f o b s e r v e r s c a n a l s o b e 
o b t a i n e d . 

P . D . C a i n is n o w p r e p a r i n g t h e r e s u l t s f o r R C a r f o r t h e 
c o m p u t e r , w i t h t h e s a m e o b j e c t i v e s a s a p p l i e d t o S C a r . 

O B S E R V E R S : T h e t r a n s f e r o f D . O v e r b e e k to U . S . A . m e a n s t h a t h i s 
v a l u a b l e c o n t r i b u t i o n w i l l b e s a d l y m i s s e d . D u r i n g r e c e n t y e a r s h e 
h a s p a i d p a r t i c u l a r a t t e n t i o n t o m a n y s t a r s o n o u r p r o g r a m m e . H i s 
p o s i t i o n a s D i r e c t o r , A . S . S . A / , V a r i a b l e S t a r S e c t i o n , h a s b e e n t a k e n 
o v e r b y J . H e r s , w i t h w h o m c l o s e c o o p e r a t i o n h a s a i r e a d y b e e n e s t a b ­
l i s h e d . 

T h e l o s s o f D . O v e r b e e k w i l l , h o w e v e r , b e o f f s e t b y T . C r a g g , 
w h o m o v e s s o u t h to A u s t r a l i a . H e h a s c o n t r i b u t e d r e s u l t s t o u s i n 
the p a s t f r o m M t . W i l s o n , a n d h i s n e w l o c a t i o n w i l l p r o v i d e u s w i t h 
a n o t h e r v e r y e x p e r i e n c e d o b s e r v e r . 

I N T E R N A T I O N A L C O O P E R A T I O N : R e q u e s t s f o r o u r o b s e r v a t i o n s a n d h e l p o n 
p a r t i c u l a r p r o g r a m m e s h a v e c o n t i n u e d . S u c h r e q u e s t s h a v e b e e n t o o 
n u m e r o u s to l i s t i n d i v i d u a l l y . T h e y a r e t h e b e s t p o s s i b l e t r i b u t e to 
t h e o b s e r v a t i o n a l s k i l l s o f o u r o b s e r v e r s . W e , f o r o u r p a r t , a r e 
a l s o i n d e b t ed to t h e m a n y a s t r o n o m e r s w h o h a v e h e l p ed u s d u r i n g t h e 
p a s t y e a r . 

C l o s e c o o p e r a t i o n w i t h o u r s i s t e r o r g a n i s a t i o n s - - A A V S O , B A A . , 
i n p a r t i c u l a r — h a s c o n t i n u e d to t h e m u t u a l a d v a n t a g e o f a l l t h r o u g h 
t h e f r e e e x c h a n g e o f o b s e r v a t i o n s , c h a r t s , s e q u e n c e s a n d p u b l i c a t i o n s . 

F I N A N C E : T h e c o n t i n u a l e f f e c t o f i n f l a t i o n , e s p e c i a l l y i n p o s t a l 
c h a r g e s , h a s b e e n a m a t t e r o f c o n s i d e r a b l e c o n c e r n to t h e D i r e c t o r . 
L a t e i n 1 9 7 7 a s y s t e m o f p o s t c a r d s w i l l b e i n t r o d u c e d i n o r d e r to 
k e e p t h e r i s i n g c o s t of p o s t a g e u n d e r c o n t r o l . T h e s e w i l l r e p l a c e 
m u u h o f t h e p r e s e n t c o r r e s p o n d e n c e w i t h o b s e r v e r s a t a c o n s i d e r a b l e 
s a v i n g . 

T h e M o n t h l y C i r c u l a r s c o n t i n u e to b e s e l f s u p p o r t i n g , b u t 
s h o u l d p o s t a l c h a r g e s b e a g a i n i n c r e a s e d t h i s w i l l n o l o n g e r b e s o . 
It i s d e s i r a b l e t h a t t h e P u b l i c a t i o n s b e a g a i n e x p a n d e d , w h i c h w i l l 
c a l l f o r s o m e i n c r e a s e i n c h a r g e s i n t h e n e a r f u t u r e . T h e p r o d u c t i o n 
of m a n y of t h e r e s u l t s h a v e b e e n d u e t o a g r a n t f r o m t h e C a r t e r 
O b s e r v a t o r y B o a r d . H o w e v e r , t h e o v e r a l l a c t i v i t i e s o f t h e S e c t i o n 
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have b e e n maintained through subsidies from the L o w E s t a t e and a 
family t r u s t . For this a s s i s t a n c e w e are deeply g r a t e f u l . 

JUBILEE 1977: As r e p o r t e d in the p r e v i o u s report the G o l d e n J u b i l e e 
of the Section falls in 1977- T h i s w i l l coincide with the A n n u a l 
Conference of the Society to be held at the U n i v e r s i t y of Waikato 
in November 1977- It w i l l also be marked by a n I n t e r n a t i o n a l Colloquium 
on the "Changing T r e n d s in V a r i a b l e Star R e s e a r c h " to be held at the 
same U n i v e r s i t y in 1978. O r i g i n a l l y this m e e t i n g w a s p l a n n e d also to 
be held in 1977 » but at the r e q u e s t of the IAU w a s p o s t p o n e d for one 
year in order not to clash with the B a m b e r g Colloquium i n 1 9 7 7 . 

It h a s b e e n suggested that the J u b i l e e be marked by the 
establishment of a Trust Fund aimed at p r o v i d i n g a n endownment to help 
finanee the a c t i v i t i e s of the S e c t i o n . T h i s will r e q u i r e the a p p o i n t ­
ment of T r u s t e e s and the support and endorsement of m e m b e r s . Y o u r 
Director would w e l c o m e comments on this s u g g e s t i o n , w h i c h has b e e n 
proposed by several m e m b e r s . 

A C K N O W L E D G M E N T S 'i 

T h e s u c c e s s , or o t h e r w i s e , of the Section depends 
entirely on the c o n t r i b u t i o n s of the o b s e r v e r s . I am deeply indebted 
to them all for their o b s e r v a t i o n s . I n p a r t i c u l a r l y , the skill and 
accuracy of these are due to the w o r k of the more experienced o b s e r v e r s , 
and the guidance and a d v i c e w h i c h they have g i v e n to n e w m e m b e r s . 

G o r d o n Smith has continued the task of c o l l a t i n g the 
r e c o r d s and entering them o n the p e r m a n e n t s h e e t s . A task wheh calls 
for p a i n s t a k i n g a t t e n t i o n to detail a n d , which he carries out so w e l l . 
His w o r k , and m i n e , have b e e n made easier by the leaders of the v a r i o u s 
local g r o u p s , who h a v e collected and checked the r e c o r d s of their 
memb er s. 

T h e p r o d u c t i o n of charts h a s b e e n made p o s s i b l e in the 
first p l a c e through the c o - o p e r a t i o n of m a n y O b s e r v a t o r i e s in p r o v i d i n g 
p h o t o g r a p h s and other data on w h i c h the charts are based,. T h i s help 
w o u l d , h o w e v e r , be lost w i t h o u t the p r a c t i c a l skill that both Mati 
Mor el and Bob Winnett b r i n g to the accurat e d r a w i n g of the c h a r t s . 

T h e Director and staff of the Cart er Ob servatory have 
assisted the S e c t i o n in some many w a y s . For this I am g r a t e f u l . In 
particular the grant from the Cart er Ob servatory Board is m a k i n g 
p o s s i b l e the r e d u c t i o n and p u b l i c a t i o n of all the r e s u l t s on dwarf 
nova e. 

We ar e indebted to the T r u s t e e s , Auckland O b s e r v a t o r y 
for a l l o c a t i n g telescope time to B a r r y M e n z i e s and h i s a s s i s t a n t s on 
the sequence p r o g r a m m e . 

T h e c o n t i n u e d , and i n c r e a s e d , support from individual 
a s t r o n o m e r s and o b s e r v a t o r i e s through s u b s c r i p t i o n s has greatly help 
in m a k i n g the P U B L I C A T I O N S and MONTHLY C I R C U L A R S r e c o g n i s e d as 
r e l i a b l e sources for data o n s o u t h e r n v a r i a b l e s t a r s . 

T h i s r e p o r t by no means covers the entire a c t i v i t i e s 
of the S e c t i o n . Space l i m i t a t i o n s p r e c l u d e s m e n t i o n of all those who 
have helped the Section either through o b s e r v a t i o n s ; guiding and 
leading groups; a s s i s t i n g with the "desk" r o u t i n e or by p r o v i d i n g data 
or exchanging r e c o r d s . I do not t h e r e f o r e intend to follow my p r e v i o u s 
r e p o r t s by n a m i n g so many i n d i v i d u a l l y . Instead I thank them all for 
their support and h e l p . T h e f l o u r i s h i n g state of the S e c t i o n is the 
best t r i b u t e to their w o r k . 

1976 October 31 Frank M . B a t e s o n 
D i r e c t o r . 



N O T I C E T O C O N T R I B U T O R S . 

P a p e r s a r e i n v i t e d f o r p u b l i c a t i o n o n a l l a s p e c t s o f r e s e a r c h 
o n V a r i a b l e S t a r s , a s w e l l a s a r t i c l e s of g e n e r a l i n t e r e s t to v a r i a b l e 
star o b s e r v e r s . 

S T Y L E : 
(a) T E X T . A l l c o n t r i b u t i o n s s h o u l d b e t y p e w r i t t e n o n o n e s i d e o f t h e 

p a p e r o n l y , d o u b l e s p a c e d a n d w i t h a l e f t h a n d m a r g i n o f a t l e a s t 3 c m . 
T h e o r i g i n a l a n d o n e c o p y , i n c l u d i n g f i g u r e s a n d t a b l e s , a r e r e q u i r e d . 

T h e r e i s n o l i m i t o n l e n g t h , b u t p a p e r s u n d e r 5000 w o r d s 
in l e n g t h a r e p r e f e r r e d . E a c h p a p e r s h o u l d h a v e a s h o r t s u m m a r y 
i n d i c a t i n g t h e s c o p e o f t h e p a p e r a n d g i v i n g t h e p r i n c i p a l r e s u l t s . 

(b) T A B L E S . T a b u l a r m a t t er s h o u l d b e so a r r a n g e d t h a t it c a n b e 
r e p r o d u c e d u p r i g h t a n d s h o u l d f i t t h e p a g e s i z e o f t h e s e P u b l i c a t i o n s . 
T a b l e s s h o u l d b e t y p e d w i t h a c a r b o n r i b b o n a n d l a i d o u t to t h e c o r r e c t 
f o r m a t so t h a t t h e y c a n b e r e p r o d u c e d d i r e c t . E a c h t a b l e s h o u l d h a v e a 
t i t l e a n d b e n u m b e r e d . 

(c) F I G U R E S . T h e s e s h o u l d b e d r a w n i n I n d i a n I n k o n w h i t e m a t p a p e r , 
or t r a c i n g p a p e r . F i g u r e s s h o u l d i n c l u d e a c c u r a t e a n d c l e a r l e t t e r i n g . 
T h e y s h o u l d b e of a s i z e t h a t c a n b e r e p r o d u c e d d i r e c t o n a w h o l e p a g e , 
or p a r t t h e r e o f , w i t h o u t r e d u c t i o n . F i g u r e s d r a w n to a l a r g e r s i z e 
for p h o t o g r a p h i c r e d u c t i o n i n v o l v e a d d i t i o n a l c o s t s a n d a r e to b e 
a v o i d e d if p o s s i b l e . I f , h o w e v e r , t h e s e a r e a p p r o v e d b y t h e E d i t o r 
t h e y s h o u l d n o t e x c e e d t w i c e t h e p a g e s i z e . 

(d) R E F E R E N C E S . R e f e r e n c e s i n t h e t e x t s h o u l d g i v e t h e n a m e o f t h e 
a u t h o r a n d t h e y e a r of p u b l i c a t i o n , e . g . J . S m i t h (1973)« O n l y t h e 
n a m e of t h e f i r s t a u t h o r s h o u l d b e q u o t e d i n t h e t e x t ( f o l l o w e d b y 
et a l . ) , w h e n r e f e r e n c e i s m a d e t o a p a p e r h a v i n g t h r e e or m o r e a u t h o r s . 

R e f e r e n c e s s h o u l d a l s o b e i n a l p h a b e t i c a l o r d e r a t t h e 
end of t h e a r t i c l e . I f s e v e r a l r e f e r e n c e s to a s i n g l e a u t h o r a r e g i v e n 
t h e y s h o u l d a p p e a r i n c h r o n o l o g i c a l o r d e r . C o n t r i b u t o r s a r e r e q u e s t e d 
to f o l l o w t h e s t y l e u s e d i n t h e s e p u b l i c a t i o n s i n l i s t i n g r e f e r e n c e s . 
S t a n d a r d a b b r e v i a t i o n s s h o u l d b e t h o s e g i v e n i n T r a n s a c t i o n s o f t h e 
I n t e r n a t i o n a l A s t r o n o m i c a l U n i o n , V o l . X1VB (1971) or X11C (1966). 

(e) F O R M U L A E . A l l m a t h e m a t i c a l f o r m u l a e s h o u l d b e w r i t t e n b y h a n d 
in I n d i a n I n k so t h a t t h e y c a n b e r e p r o d u c e d d i r e c t . 

R E F E R E E I N G . A l l r e s e a r c h p a p e r s a r e s u b m i t t e d to a r e f e r e e . T h i s 
c a n c a u s e s o m e d e l a y i n p u b l i c a t i o n s i n c e m o s t p a p e r s h a v e to b e s e n t 
o v e r s e a s . 

I S S U E S . A t p r e s e n t P u b l i c a t i o n s a p p e a r t w i c e a y e a r . T h e 
obj ect is to d i s t r i b u t e o n e i s s u e a b o u t A u g u s t a n d t h e o t h e r i n 
D e c e m b e r . T h e a c t u a l d a t e s d e p e n d o n t h e a m o u n t of m a t e r i a l a v a i l a b l e , 
and t h e t i m e r e q u i r e d f o r r e f e r e e i n g . 

A l l c o n t r i b u t i o n s s h o u l d b e s e n t t o t h e E d i t o r , 
V a r i a b l e S t a r S e c t i o n , R . A . S . N . Z . , C/o l8 P o o l e s R o a d , G r e e r t o n , 
T a u r a n g a , N e w Z e a l a n d . 


