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INDUCED S E C O N D A R Y AND T E R T I A R Y P E R I O D S IN T H E M I R A V A R I A B L E R H O R 

F . M . B a t e s o n and P . R . W o o d * 
*Research A s s o c i a t e , Carter O b s e r v a t o r y , W e l l i n g t o n , and 

D i r e c t o r , V a r i a b l e Star S e c t i o n , R. A . S. N . Z. 
Mount Stromlo and Siding Spring O b s e r v a t o r i e s 

SUMMARY: V i s u a l o b s e r v a t i o n s covering an interval of 50 y e a r s have 
been used in a search for secondary p e r i o d s in the Mira 
v a r i a b l e R H o r . N o secondary p e r i o d is o b v i o u s b e f o r e 
JD2431500 b u t , n e a r t h i s d a t e , a glitch occurred in the 
p u l s a t i o n of R H o r w h i c h r e s u l t e d in an a b n o r m a l l y short 
cycle ( -^350 days compared w i t h a t y p i c a l p e r i o d -^400 d a y s ) 
and an a b n o r m a l l y faint m a x i m u m (My -^8 mag compared with 
a mean m a x i m u m m a g n i t u d e M v -^6 m a g ) . F o l l o w i n g the gl i t c h 
(l) the m e a n p r i m a r y p e r i o d increased to P = 4o8 d a y s from 
P = 402 days b e f o r e the gl i t c h (2) a distinct secondary 
p e r i o d twice the le n g t h of the p r i m a r y p e r i o d and l a s t i n g 
—'20 y e a r s w a s c l e a r l y e v i d e n t , and (3) the m a g n i t u d e at 
m i n i m u m and the 0-C curve show a t e r t i a r y m o d u l a t i o n (lasting 
^ 2 0 y e a r s ) w i t h a per i o d a p p r o x i m a t e l y seven times that of 
the p r i m a r y p e r i o d . We con c l u d e that the s e c o n d a r y p e r i o d of 
l e n g t h 2P does n o t correspond to a distinct mode of p u l s a t i o n 
but is a r e s u l t of the l a r g e a m p l i t u d e of p u l s a t i o n , and that 
the t e r t i a r y p e r i o d is most l i k e l y p r o d u c e d by excitation of 
a n o n - r a d i a l p u l s a t i o n m o d e . 

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

A l t h o u g h the v a r i a b i l i t y of M i r a s is almost certainly the r e s u l t of 
r a d i a l p u l s a t i o n (non-radial o s c i l l a t i o n s , star spots on a r o t a t i n g 
star and giant s u p e r g r a n u l e s h a v e also been p r o p o s e d ) , t h ere is some 
u n c e r t a i n t y a s to the p u l s a t i o n m o d e of the p r i m a r y stellar o s c i l l a t i o n . 
Wood h a s shown that l u m i n o s i + i e s and ef f e c t i v e t e m p e r s t u r e s of M i r a s 
y i e 1 *i a p u l s a t i o n constant Q -'0,04 for m a s s e s M —M^, this value 
of 0 bei n g the v a l u e o b t a i n e d from t h e o r e t i c a l first o v e r t o n e 
p u l s a t o r s . H o w e v e r , in a r e c e n t p a p e r H i l l and W i l l s o n ( 2 ) find that 
a study<n^shock p r o p a g a t i o n in the outer l a y e r s of M i r a s y i e l d s a 
value of Q ~ 0 . 1 , w h i c h w o u l d indicate p u l s a t i o n in the fundamental 
m o d e . 

The most u n a m b i g u o u s m e t h o d of a s c e r t a i n i n g the dominant mode of 
p u l s a t i o n in a Mira would be to find secondary p e r i o d i c i t i e s in some 
of these s t a r s . Since p e r i o d r a t i o s are a l m o s t m o d e l independent for 
stars of a similar type ( e . g. red giant s) and sine e the rat io of 
fu n d a m e n t a l p e r i o d P 0 to first o v e r t o n e p e r i o d P ^ ( 3 - 5) is va s t l y 
different from the r a t i o of P-^ to the second o v e r t o n e period P 2 

(1-2 - 1 - 5 ) , i d e n t i f i c a t i o n of a secondary p e r i o d in a Mira and 
ca l c u l a t i o n of the r a t i o of the s e c o n d a r y to the p r i m a r y p e r i o d 
should lead to a good e s t i m a t e of the mode of the p r i m a r y (and 
seco n d a r y ) o s c i l l a t i o n . 

In this study, ten day m e a n s covering 50 y e a r s of v i s u a l o b s e r ­
v a t i o n s of the Mira v a r i a b l e s R Hor and U Tuc were examined w i t h 
the aim of finding s e c o n d a r y p e r i o d s . In U Tuc n o secondary p e r i o d 
w a s found but in R Hor a total of three p e r i o d s w e r e found to occur 
s i m u l t a n e o u s l y . In the f o l l o w i n g sections w e p r e s e n t our r e s u l t s 
for R H o r . 

M E T H O D OF A N A L Y S I S . 

V i s u a l o b s e r v a t i o n s obtained by m e m b e r s of the V a r i a b l e Star 
S e c t i o n , R . A . S . N . Z . , w e r e grouped into ten day m e a n s . P r e v i o u s 
studies ( 3 ) , ( 4 ) , h a v e shown that the errors in the r e s u l t i n g 
m a g n i t u d e s are 0.2mag. or l e s s . L i g h t curves w e r e p l o t t e d and 
examined for o b v i o u s p e r i o d i c i t i e s . An 0-C curve w a s initially 
c o n s t r u c t e d from the data by u s i n g observed dates of m a x i m u m . 
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H o w e v e r , a s n o t e d by E g g e n ( 5 ) the light c u r v e s of M i r a s do n o t 
repeat w e l l a r o u n d m a x i m u m , p r o b a b l y due to the p r e s e n c e of a 
shock w a v e and a s s o c i a t e d Balmer emission a r o u n d t h i s p h a s e ; in 
the interval from p h a s e * - 0 . 2 5 to m i n i m u m (<fy - 0 . 5 ) » h o w e v e r , the 
light curve does seem to r e p e a t r e a s o n a b l y w e l l . C o n s e q u e n t l y , the 
the observed d a t e s 0 for the 0 - C curve w e r e defined a s the dates 
on w h i c h a given V m a g n i t u d e r o u g h l y half w a y b e t w e e n m a x i m u m and 
m i n i m u m (V = 10 m a g . in the case of R H o r ) w a s r e a c h e d on the 
d e c l i n i n g part of the light c u r v e . B e c a u s e of the r a p i d r a t e of 
change of m a g n i t u d e at t h i s p o i n t , errors in 0 p r o d u c e d by errors 
in the observed m a g n i t u d e are s m a l l . T h e 0 - C curve obtained in 
this w a y showed l e s s scatter than the 0 - C curve o b t a i n e d u s i n g 
dates of m a x i m u m . 

In order to search for secondary p e r i o d i c i t i e s the p h a s e d i s ­
p e r s i o n m i n i m i z a t i o n (PDM) m e t h o d (6 ) w a s u s e d . In this m e t h o d , 
the data is folded on itself w i t h a selected p e r i o d and put into 
a n u m b e r of b i n s , each of w h i c h c o r r e s p o n d s to a small p h a s e 
element of the p e r i o d s e l e c t e d . When this p e r i o d c o r r e s p o n d s to a 
period p r e s e n t in the star, the dispersion of the o b s e r v a t i o n s 
about the bin m e a n s is r e d u c e d to a m i n i m u m . T h e bin m e a n s then 
give the c o r r e s p o n d i n g 1ight curve d i r e c t l y . 

R E S U L T S 

T h e 0 - C curve of all 50 y e a r s of our data is shown in F i g u r e 1 , 
w h e r e the observed dates 0 correspond to v i s u a l m a g n i t u d e V=10 mag. 
on the d e c l i n i n g p a r t of the light curve as described in the 
p r e v i o u s s e c t i o n . Several fact s are i m m e d i a t e l y o b v i o u s from 
F i gur e l . 

a B e f o r e cycle n u m b e r - 5 , the 0 - C curve is r e l a t i v e l y s m o o t h . 

b Around cycle n u m b e r 0 , a glitch in the p u l s a t i o n occurred 
w h i c h indue ed a distinct t w o - p o i n t o s c i l l a t i o n in the 0 - C 
curve l a s t i n g u n t i l n e a r cycle n u m b e r 2 0 . Such an o s c i l l ­
ation could b e p r o d u c e d by a secondary p e r i o d i c i t y in 
R Hor of length twice the p r i m a r y p e r i o d of p u l s a t i o n or 
by any secondary p e r i o d w i t h l e n g t h 2 P / n , w h e r e n is a 
p o s i t i v e i n t e g e r . 

c From cycles - l 6 to - 5 , the 0 - C curve in F i g u r e 1 is r e p r e s e n t e d 
by a straight line c o r r e s p o n d i n g to a mean p e r i o d of 
p u l s a t i o n 4 0 2 . 1 +_ 1 .6 days,at the 95% c o n f i d e n c e l e v e l . 
F o l l o w i n g the g l i t c h , in the interval from c y c l e s 0 to 2 0 , 
the mean p e r i o d is increased to 4 0 7 - 9 +. *" ̂  d a y s . 

d T h e r e is some evidence for a tertiary o s c i l l a t i o n w i t h a 
— l e n g t h ^7 t i m e s the p r i m a r y p e r i o d b e i n g induced by the 

g l i t c h and l a s t i n g u n t i l about cycle n u m b e r 1 5 . 

T h e c o m p l e t e light curve of ten day m e a n s covering the interval 
from cycle n u m b e r s 0 to 20 ( when the secondary and t e r t i a r y 
p e r i o d s are a p p a r e n t in the 0 - C curve) is shown in F i g u r e 2 . It 
can be seen that the m a x i m u m at cycle n u m b e r 0 is u n u s u a l l y 
f a i n t , giving direct evidence that some p e r t u r b a t i o n of the star 
occurred at this t i m e . In order to a s c e r t a i n w h i c h of the p o s s i b l e 
secondary p e r i o d s 2P/n is causing the two-point o s c i l l a t i o n in 
the 0 - C c u r v e , the P D M t e c h n i q u e w a s used to a n a l y s e all data 
between cycle n u m b er s 0 and 2 0 , when the two-point o s c i l l a t i o n 
is apparent in the 0 - C c u r v e . After p r e - w h i t e n i n g the data by 
r e m o v a l of the p r i m a r y p e r i o d , the o n l y p e r i o d of the form 2P/n 
found p r e s e n t c o r r e s p o n d e d to n = 1 , i.e. the secondary o s c i l l ­
ation w a s found to be of l e n g t h 2 P . 
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Visual inspection of the light curve in F i g u r e 2 does n o t show 
any clear evidence for the secondary p e r i o d of l e n g t h 2P between 
cycle n u m b e r s 0 and 13 when this secondary p e r i o d is p a r t i c u l a r l y 
p r o m i n e n t in the (0-C) c u r v e . H o w e v e r , from cycles 13 to 20 there 
is a distinct o s c i l l a t i o n in the m a g n i t u d e at m a x i m u m i n d i c a t i n g 
the p r e s e n c e of the secondary p e r i o d a l t h o u g h its p r e s e n c e in the 
0-C diagram is n o t a s clear as in the p r e v i o u s i n t e r v a l . The 
explanation for this b e h a v i o u r of the secondary p e r i o d is that 
n e a r cycle n u m b e r 13, w h i c h c o r r e s p o n d s to an u n u s u a l l y bright m a x ­
imum, a secondary p e r t u r b a t i o n occurred w h i c h changed both the 
p h a s e and a m p l i t u d e of the secondary o s c i l l a t i o n . B e f o r e cycle 
n u m b e r 13» the secondary oscillation w a s small on successive 
maxima of the p r i m a r y o s c i l l a t i o n w h e r e a s after cycle 13 the v i s u a l 
d i s p l a c e m e n t of the s e c o n d a r y o s c i l l a t i o n w a s significant at the 
times of maxima of the p r i m a r y o s c i l l a t i o n . T h i s is shown in F i g u r e 
3 w h i c h gives the mean p r i m a r y light curve and the secondary o s c i l l ­
ation from cycle n u m b e r s 0 to 13 and 13 to 2 2 , w h e r e o b s e r v a t i o n s 
h a v e been ^mm^mimmmi put into b i n s of constant p h a s e w i d t h . 
C l e a r l y the shape and a m p l i t u d e of the s e c o n d a r y o s c i l l a t i o n are 
different in the two i n t e r v a l s . 

E v i d e n c e for the t e r t i a r y p e r i o d of length 7P induced by the 
Klitch at epoch n u m b e r 0 can be seen in the m a g n i t u d e s of minima 
in Figure 2. T h i s t e r t i a r y o s c i l l a t i o n is a p p a r e n t during the 
interval covering p r i m a r y cycles n u m b e r s 0 to 2 0 . A l t h o u g h there 
much more scatter in the m a g n i t u d e s of m a x i m u m (possibly due to 
v a r i a t i o n s in the strength of the shock wave and B a l m e r 1ine 
e m i s s i o n ) , there is some v e r y slight evidence that the maxima are 
bright er/faint er w h e n the minima are bright er/fainter t h r o u g h o u t 
the 7P o s c i l l a t i o n . In such a s i t u a t i o n , the t e r t i a r y p e r i o d must 
b e due to the s u p e r p o s i t i o n of a d i s c r e t e o s c i l l a t i o n of p e r i o d 7P 
on the light curve of the s t a r . T h e a l t e r n a t i v e explanation of 
the tertiary p e r i o d is that it is p r o d u c e d by the b e a t i n g of the 
p r i n c i p a l period w i t h a discrete oscillation w h o s e p e r i o d is 7 P or 
7 P . In this c a s e , a d d i t i o n of the two b e a t i n g periodicitiesb" 

would cause the m a g n i t u d e s at maximum to be b r i g h t e r / f a i n t e r when 
the m a g n i t u d e s at m i n i m u m are f a i n t e r / b r i g h t e r . 

D I S C U S S I O N 

The existence of a s e c o n d a r y p e r i o d of l e n g t h twice the p r i m a r y 
p e r i o d of p u l s a t i o n seems to be r e l a t i v e l y common in cool v a r i a b l e s 
of high central c o n d e n s a t i o n . T h i s p h e n o m e n o n is one of the d i s ­
t i n g u i s h i n g f e a t u r e s of the R V T a u r i v a r i a b l e s , w h i c h show a l t e r n a t e 
high and low m a x i m a . A small n u m b e r of Mira v a r i a b l e s (e.g. R C e n , 
R N o r ) also exhibit this feature d i s t i n c t l y , w h i l e 2P components 
of a smaller a m p l i t u d e or o c c a s i o n a l o c c u r r e n c e have also been 
r e p o r t e d ( 7 , 8 ) . 

N o n - l i n e a r p u l s a t i o n c a l c u l a t i o n s indicate that the 2P o s c i l l ­
ation is produced by a large a m p l i t u d e of p u l s a t i o n and does n o t 
r e s u l t from a d i s t i n c t m o d e of p u l s a t i o n . C h r i s t y ( 9 ) w a s the 
first to find o s c i l l a t i o n s with a l t e r n a t i n g high and low maxima 
in a complete t h e o r e t i c a l m o d e l . Other c a l c u l a t i o n s (lQ/, ll) 
w h i c h consider o n l y the outer layers of a star b e i n g driven by 
p u l s a t i o n of the interior with p e r i o d P also show the 2P o s c i l l a t i o n 
thus the 2P o s c i l l a t i o n is a surface p h e n o m e n o n and does n o t 
involve eigenmodes of the complete s t a r . In R H o r , a 2P o s c i l l a t i o n 
seems to h a v e been induced by the glitch at epoch n u m b e r 0: 

a_ If the t e r t i a r y p e r i o d r e p r e s e n t s the p e r i o d of an 
independent o s c i l l a t i o n r a t h e r than a b e a t i n g p h e n o m e n o n , then 
this p e r i o d of l e n g t h 7P could n o t be due to r a d i a l o s c i l l a t i o n s . 



If r a d i a l m o d e s o n l y are c o n s i d e r e d , the 7P oscillation would (at 
b e s t ) h a v e to c o r r e s p o n d to the f u n d a m e n t a l m o d e , w h i c h would mean 
(from t h e o r e t i c a l p e r i o d r a t i o s ) that the p r i m a r y mode of 
o s c i l l a t i o n is r o u g h l y the fifth o v e r t o n e . T h i s is u n l i k e l y for 
stars of the r e l a t i v e l y l a r g e a m p l i t u d e exhibited by the M i r a s . 
H o w e v e r , t h e o r e t i c a l c o n s i d e r a t i o n s (e.g. L e d o u x 1 2 ) show that for 
stars with a r a d i a t i v e r e g i o n such a s that found interior to the 
c o n v e c t i v e envelope of a Mira there exists an i n f i n i t e series of 
o s c i l l a t o r y n o n - r a d i a l g r a v i t y (g ) m o d e s w i t h p e r i o d s longer than 
those of the r a d i a l m o d e s . For simple p o l y t r o p i c ^ < * « l B , « * W < i * B w i t h p e r i o 

of l e n g t h 7 times that of the fundamental of first o v e r t o n e 
r a d i a l p u l s a t i o n P e r i o d a r e r e a d i l y f o u n d . A b s e n c e of evidence for 
the p r e s e n c e of g m o d e s under n o r m a l c i r c u m s t a n c e s i n d i c a t e s tljiat 
these m o d e s h a v e n e g a t i v e growth r a t e s . In R H o r , h o w e v e r , a g 
mode could h a v e been induced by the glitch in the star n e a r cycle 
n u m b e r 0 . 

b_ If the t e r t i a r y p e r i o d r e p r e s e n t s the r e s u l t of b e a t i n g 
b e t w e e n the p r i m a r y p e r i o d and a n o t h e r oscillation induced in R H o r , 
then t h i s oscillation must h a v e a p e r i o d of length either 7P or 7 P . 

If the induced o s c i l l a t i o n is a r a d i a l m o d e , then the p e r i o d r a t i o 
obtained from the beat p e r i o d in R Hor would b e c o n s i s t e n t w i t h 
t h e o r e t i c a l p e r i o d r a t i o s only if the p r i m a r y p e r i o d of p u l s a t i o n 
is the third or f o u r t h o v e r t o n e , w h i c h again w e think u n l i k e l y 
given the large p u l s a t i o n a m p l i t u d e . In order to p r o d u c e a b e a t 
period of the l e n g t h found in R H o r , w e must a s c r i b e the induced 
o s c i l l a t i o n to a n o n - r a d i a l p mode w h o s e order (number of r a d i a l 
m o d e s ) is the same a s (or lower t h a n ) that of the p r i m a r y r a d i a l 
p u l s a t i o n m o d e . Ando (13) h a s calculated p e r i o d s of n o n - r a d i a p 
m o d e s in l a t e - t y p e giant stars (models Si and S2 are most a p p r o ­
p r i a t e ) and the (̂ £, 6) d i a g r a m s indicate a change in p e r i o d of ^5% 
for a unit change in the spherical h a r m o n i c n u m b e r of a mode of 
given o r d e r . T h e m o d e l s of Ando thus p r e d i c t that the p r i m a r y 
r a d i a l m o d e , when b e a t i n g with the n o n - r a d i a l p mode of the same 
order but with -4 = 2 or 3 , would p r o d u c e the observed beat p e r i o d 
of 7 P . It is i n t e r e s t i n g to n o t e that m a n y s e m i - r e g u l a r v a r i a b l e s 
show m o d u l a t i o n s of their light curves w i t h p e r i o d s p r e d o m i n a n t l y 
in the r a n g e 6 - 1 2 times the l e n g t h of the p r i m a r y p e r i o d ( l 4 ) . T h e 
p r i m a r y mode of o s c i l l a t i o n of the s e m i - r e g u l a r s (if r a d i a l ) is a 
higher o v e r t o n e than that of the M i r a s (15 ) so that it m a y be 
p o s s i b l e to interpret the observed p e r i o d r a t i o s in these stars 
in t e r m s of b e a t i n g b e t w e e n successive r a d i a l o v e r t o n e m o d e s . 
H o w e v e r , b e a t i n g between a r a d i a l mode and a n o n - r a d i a l p mode is 
also a p o s s i b i l i t y . 

T h e other f e a t u r e associated w i t h the glitch in R H o r is the 
t e m p o r a r y change in p e r i o d of the p r i m a r y p u l s a t i o n . Small p e r i o d 
changes are w e l l k n o w n in Mira v a r i a b l e s ( l 6 ) ( l 7 , i 8 , 8 ) ; in R H o r , 
the size of the change (2%) is typical of that found in other M i r a s . 
A p o s s i b l e explanation is a change in the n u m b e r of convection 
cells in the e n v e l o p e . 

To c o n c l u d e , we n o t e that both i n t e r p r e t a t i o n s of the tertiary period 
seem to r e q u i r e the p r e s e n c e of n o n - r a d i a l p u l s a t i o n . U n f o r t u n ­
a t e l y , w i t h o u t detailed t h e o r e t i c a l m o d e l s , w e are u n a b l e to 
d i s t i n g u i s h b e t w e e n the two a l t e r n a t i v e e x p l a n a t i o n s of the 
t e r t i a r y p e r i o d . We are also u n a b l e to d e t e r m i n e the m o d e of the 
p r i m a r y o s c i l l a t i o n from the l e n g t h of the t e r t i a r y p e r i o d (or from 
the length of the secondary p e r i o d ) . As far a s w e are aware n o 
c a l c u l a t i o n s of g m o d e s in red giant stars h a v e b e e n made and w e 
also n o t e that the p m o d e c a l c u l a t i o n s ( 1 3 ) w e r e made on m o d e l s 
that are n o t good r e p r e s e n t a t i o n s of M i r a s . 
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CYCLE NUMBER 

F i g u r e 1. 0-C p l o t t e d a g a i n s t cycle n u m b e r for R H o r . A constant 
p e r i o d of 408.16 day is used to compute C and cycle 
n u m b er z er o c orr esponds to the faint m a x i m u m on 
JD 2 4 3 1 7 5 4 . 
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F i g u r e 3- (a) T h e mean p r i m a r y light curve for n u m b e r s 
0 to 22 r e p e a t e d over two cycles of the 
p r i m a r y o s c i l l a t i o n , 

(b) T h e mean light curve ( A V = V-V . . of 
° p r i m a r y ) 

the s e c o n d a r y p e r i o d of l e n g t h 2P for cycle 
n u m b er s 0 to 13, an d 

(c) the mean light curve of the secondary p e r i o d 
of l e n g t h 2P for cycle n u m b e r s 13 to 2 2 . 

T h e mean standard deviation of the p h a s e bin m e a n s 
are shown in the lower two f i g u r e s , but the mean 
standard d e v i a t i o n of the tein m e a n s of the upper 
curve (0.12 m a g ) is too small to be s h o w n . 
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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 F O R SOUTHERN D W A R F N O V A E 

N i k o l a u s Vogt 
E u r o p e a n Southern O b s e r v a t o r y , La S i l l a , Chile 

SUMMARY: P h o t o e l e c t r i c U B V p h o t o m e t r y of a total of 125 stars in 
32 fields of southern dwarf n o v a e (including one R e c u r r e n t 
n o v a ) is g i v e n , w i t h l i m i t i n g m a g n i t u d e s up to l6 . 
F i n d i n g charts are added for 25 fields-

• • • > 

T h e p r e s e n t study c o n t i n u e s the p h o t o e l e c t r i c p h o t o m e t r y of 
scale stars in dwarf n o v a f i e l d s w h i c h w a s initiated by Vogt (l) = 
paper 1, for a first set of 17 southern dwarf n o v a e . Further U B V 
p h o t o e l e c t r i c o b s e r v a t i o n s w e r e carried out b e t w e e n O c t o b e r 1977 
and September 1979 at the E u r o p e a n Southern O b s e r v a t o r y , La Silla, 
C h i l e , u s i n g the ESO lm and 50 cm t e l e s c o p e s , as w e l l as the 61 cm 
t e l e s c o p e of the B o c h u m U n i v e r s i t y . I r e f e r to p a p e r 1 for 
details on the o b s e r v i n g and r e d u c t i o n p r o c e d u r e s , standard stars 
and error a n a l y s i s . T a b l e 1 gives the r e s u l t s of the p h o t o e l e c t r i c 
p h o t o m e t r y of all 25 f i e l d s for w h i c h two or more sequence stars 
are a v a i l a b l e . N r e f e r s to the total n u m b e r of independent o b s e r ­
v a t i o n s . As in p a p e r 1, the i d e n t i f i c a t i o n s by l e t t e r s correspond 
to those of B a t e s o n et a l . , "Charts for Southern V a r i a b l e s " 
(references see p a p e r l ) . I d e n t i f i c a t i o n by n u m b e r s refer to 
a d d i t i o n a l seale stars selected b y the a u t h o r . F i n d i n g c h a r t s for 
all stars of T a b l e 1 are given in F i g u r e 1 a - d, based on ESO or 
Palomar Sky Survey p r i n t s. One of these f i e l d s c o n t a i n s the 
r e c u r r e n t n o v a VY A q r , all other f i e l d s correspond to confirmed or 
suspected dwarf n o v a e . For seven a d d i t i o n a l dwarf n o v a e only one 
star per field w a s m e a s u r e d , serving a s comparison star for the 
v a r i a b l e . T a b l e 2 c o n t a i n s the p h o t o e l e c t r i c r e s u l t s of these 
s t a r s , including their i d e n t i f i c a t i o n due to p u b l i s h e d finding 
charts or a p p r o x i m a t e p o s i t i o n r e l a t i v e to the v a r i a b l e . T h e 
AAVSO charts m e n t i o n e d in T a b l e 2 r e f e r to the most r e c e n t A t l a s 
edition ( 2 ) . N o finding charts are given for these f i e l d s . 

R E F E R E N C E S 

(1) V o g t , N . , 1 9 7 7 , P u b l . V a r . S t a r . S e c t . , R o y . A s t r . S o c , 
N e w Z e a l a n d , jj, 4 2 . 

(2) F o r d , C.B. 1 9 7 8 , Second R e v i s e d C a t a l o g u e of P r e l i m i n a r y AAVSO 
F o r m a t C h a r t s . C a m b r i d g e , M a s s . , U . S . A . 

E R R A T U M . 

T h e r e is a typing error in p a p e r 1: P l e a s e read " 1 1 . 2 0 " instead 
of "12.20" for V of star 1 in the field of M U C e n . 

F I G U R E S 1 a -d: I d e n t i f i c a t i o n charts of the 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 top; east is l e f t . 
T h e bar c o r r e s p o n d s to the size of one m i n u t e 
of a r c . If k n o w n the v a r i a b l e is m a r k e d by 
a c ir c 1 e. 
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Table 1 

field star V B-V U-B N 

0006-12 WW Cet A 12.51 1.20 1.16 3 
B 13.12 0.78 0.34 4 
C 13.68 0.53 -0.05 2 
D 13.45 0.58 -0.06 3 
F 13.39 0.56 -0.08 1 
G 14.38 0.89 0.5 1 
1 10.95 0.64 0.12 13 

0111-18 WX Cet 1 10.59 0.61 0.05 3 
2 11.88 0.93 0.65 3 
3 13.16 0.61 -0.01 2 
4 11.86 0.68 0.22 2 
5 13.91 0.79 0.53 2 

0445-76 TU Men C 10.90 0.43 0.13 I 
D 10.97 0.51 -0.02 1 
E 10.95 0.36 0.11 
M 12.23 0.63 0.07 1 
N 12.91 0.68 0.11 1 
Q 13.18 1.01 0.7 

1 

0501-04 AQ Eri B 10.67 0.67 0.26 1 

C 12.96 0.50 0.09 1 
D 10.98 1.26 1.38 
1 15.28 0.68 0.2 

1 

0631+00 CW Mon 1 9.22 0.22 0.19 5 

2 11.78 0.65 0.16 1 
3 12.56 1.30 1.14 1 
4 12.78 0.61 0.05 1 
5 13.58 0.84 0.2 1 
6 13.89 1.61 0.9: 1 
7 11.39 0.51 -0.08 

1 

0652-09 EQ Mon 1 12.82 0.36 0.26 1 

2 13.87 0.61 0.17 1 
3 15.45 1.12 0.8: 

0741-12 UY Pup 1 12.32 1.17 0.90 1 

2 14.09 0.93 0.44 1 
3 13.58 0.12 0.16 1 
4 12.92 0.35 0.18 1 
5 11.29 0.22 0.14 

0945-23 AG Hya 1 12.04 0.57 0.06 I 
2 12.16 0.60 0.09 1 
3 12,74 1.23 1.19 1 
4 13.16 0.70 0.25 2 

= t->:;£ 



field star V B-V U-B N 

1004-69 0Y Car D 12.01 0.28 0.24 8 
E 11.72 0.72 0.28 1 
L 12.47 1.28 1.3 1 
N 13.36 1.28 1.2: 1 

1140-03 TW Vir 1 8.86 1.04 0.80 1 
2 10.41 0.53 0.04 1 

1619-04 V 699 Oph 1 11.74 0.57 0.20 1 
2 16.5 1.2 0.7: 1 

1702-25 V 2051 Oph 1 10.33 0.52 0.11 7 
2 11.87 0.78 0.28 3 
3 13.52 1.93 1.4: 2 
4 10.95 0.61 0.16 1 
5 13.79 1.64 1.9: 2 
6 14.13 1.86 1.1: 2 

1719-35 V 478 Sco A 13.22 0.83 0.28 1 
D 12.12 1.45 1.34 1 
E 13.19 0.56 0.39 1 
F 12.40 1.43 1.05 1 
G 13.51 0.63 0.36 1 
K 14.04 0.80 0.45 1 
1 11.59 0.71 0.21 3 

1725-62 FV Ara A 8.37 1.27 1.39 2 
C 11.29 0.16 0.16 5 
G 13.38 0.55 0.21 2 
H 13.33 1.31 1.4: 2 
K 14.04 0.55 0.07 1 
M 13.75 1.06 0.92 2 

1730-47 BF Ara 1 14.09 0.65 0.23 3 
2 15.5 1.02 0.7 2 
3 15.2 0.83 0.5 1 
4 15.4 1.4 1.3: 1 
5 16.0 0.6 - 1 
6 11.45 0.62 0.09 2 
7 13.37 1.40 1.8: 1 
8 13.42 0.82 0.11 1 
9 12.99 0.73 0.14 1 

1805-14 UZ Ser 1 11.81 1.21 0.97 1 
2 12.31 0.27 0.22 7 

1911-00 F0 Aql 1 10.87 0.57 0.14 8 
2 10.85 0.48 0.06 1 
3 16.2 0.9 0.7: 1 

1920-10 DH Aql 1 12.67 0.53 0.16 1 
2 11.57 0.52 0.22 1 
3 10.82 0.30 0.17 1 



field star V B-V U-B N 

1 9 5 1 - 0 9 UU Aql 1 1 2 . 3 9 0 . 7 6 0 . 3 1 1 

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

2 0 2 1 - 5 2 KK Tel 1 11.04 0 . 6 9 0.27 5 

2 1 1 . 9 0 0 . 9 8 0 . 6 1 2 

3 1 3 . 8 2 0.84 0 . 4 1 4 

4 1 4 . 6 7 0 . 7 6 0 . 1 6 2 

5 1 5 . 0 7 0 . 5 9 - 0 . 1 : 1 

6 16.5 0.6 0 . 0 : 1 

2 0 2 5 - 5 6 TT Ind 1 11.42 1.00 0 . 8 7 a 
2 1 4 . 5 6 0.49 0 . 1 3 I 

3 1 4 . 9 8 0.84 0.7 i 
4 15.44 0 . 7 0 0 . 6 : 2 

5 1 5 . 0 8 0.64 0.1 1 

6 13.48 1.03 0 . 9 6 2 

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

2 0 2 6 - 4 5 TU Ind 1 11.47 0 . 6 8 0 . 3 0 1 

2 1 2 . 3 8 0 . 6 0 0.04 1 

3 13.52 0 . 9 3 0 . 3 7 1 

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

2 1 0 6 - 0 9 VY Aqr 1 1 0 . 9 7 0 . 5 5 0 . 0 7 5 

2 9 . 7 1 1.09 0 . 9 1 2 

3 1 0 . 9 1 1.28 1.25 2 

4 1 2 . 0 1 1.12 0 . 9 8 2 

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

6 13.7 1.0 0.4 2 

2 1 1 6 - 1 4 CV Aqr 1 1 1 . 1 0 0 . 5 3 0 . 0 6 5 

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

3 1 3 . 2 2 0 . 8 3 0 . 3 2 1 

4 16.2 1.5 - 1 

2 1 2 5 - 0 3 VZ Aqr B 1 0 . 0 2 1.03 0 . 8 1 2 

D 1 2 . 9 3 0 . 5 2 0 . 0 1 3 

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

1 1 5 . 5 3 0 . 4 5 - 0 . 0 9 1 
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gure la. Identification charts of the 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 top; east is l e f t . T h e bar c o r r e s p o n d s to 
the size of one rainute of a r c . If k n o w n , the variable 
is marked by a c i r c l e . 
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figure lb: I d e n t i f i c a t i o n charts of the 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 top; east is l e f t . T h e bar c o r r e s p o n d s to the 
size of one m i n u t e of a r c . If k n o w n , the v a r i a b l e xs 
marked by a r i r r l p . 
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F i g u r e lc: Id e n t i f i c a t i o n charts of the p h o t o e t l e c t r i c 
s e q u e n c e s . N o r t h is top; east is l e f t . The bar 
c o r r e s p o n d s to the size of one minu t e of a r c . 
If k n o w n , the vari a b l e is marked by a c i r c l e . 
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Fieure Id: Identification charts of the p h o t o e l e c t r i c sequences 
N o r t h is top; east is l e f t . T h e bar c o r r e s p o n d s to 
the size of one m i n u t e of a r c . ' If k n o w n , the 
v a r i a b l e is marked by a c i r c l e . 
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P H O T O E L E C T R I C L I G H T C U R V E S OF T H E E C L I P S I N G B I N A R Y XY L E O N I S 

* + 
H . D . K e n n e d y and W . K. W i s n i e w s k i 

* M i d w a y O b s e r v a t o r y , K e l v i n Grove C o l l e g e of A d v a n c e d E d u c a t i o n , 
B r i s b a n e , A u s t r a l i a . 

+ L u n a r and P l a n e t a r y L a b o r a t o r y , U n i v e r s i t y of A r i z o n a , 
T u c s o n , A r i z o n a , U . S . A . 

SUMMARY: A total of 214 p h o t o e l e c t r i c o b s e r v a t i o n s of XY Leo 
in y e l l o w , b l u e and u l t r a v i o l e t light obtained in 1978 
and 1979 is p r e s e n t e d . A n a l y s i s of these o b s e r v a t i o n s 
i n d i c a t e s that this b i n a r y can be d y n a m i c a l l y a c t i v e 
over a time scale of the order of one m o n t h . ( 0 - C ) 
v a l u e s appear v a r i a b l e w i t h i n a one year p e r i o d and 
confirm d e p a r t u r e from an earlier p r o p o s e d third b o d y 
( 0 - C ) s i n u s o i d . T h e r e are i n d i c a t i o n s of excess loss 
of light in u l t r a v i o l e t at secondary m i n i m u m . 

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

H o f f m e i s t e r (l) discovered the v a r i a b i l i t y of the short p e r i o d 
eclipsing b i n a r y XY Leo ((BD + l 8 ° 2 3 0 7 ) . A l t h o u g h this system h a s 
been under o b s e r v a t i o n for almost 50 y e a r s , certain p e r t i n e n t 
features still r e m a i n u n e x p l a i n e d . 

O b s e r v a t i o n s of minima h a v e been r e p o r t e d (2,3» 4 ) . T h e system 
w a s classified a s of spectral type G5 ( 5 ) from p r i s m p l a t e s . It 
w a s classified a s a W UMa type b i n a r y from r a d i a l v e l o c i t y c u r v e s ( 6 ) . 
Koch ( 7 ) p r e s e n t e d a y e l l o w light and a d i f f e r e n t i a l (B-V) colour 
curve a s w e l l as a l i m i t e d p h o t o m e t r i c s o l u t i o n . He stated the 
p o s s i b i l i t y of the p r e s e n c e of third light as a r e s u l t of the 
system o r b i t i n g a third star, or a l t e r n a t i v e l y , the system h a v i n g an 
i n t r i n s i c a l l y v a r i a b l e p e r i o d . P h o t o g r a p h i c ob ser v a t i o n s (8) 
confirmed period v a r i a b i l i t y . T h i s p e r i o d v a r i a b i l i t y w a s i n t e r ­
preted ( 9 ) a s p e r i o d i c a l and a sinusoidal ( 0 - C ) time r e l a t i o n s h i p 
w a s p r o p o s e d . A d d i t i o n a l p r i m a r y and secondary minima w e r e o b t a i n ­
ed ( 1 0 ) . T h e s e w e r e used to test the h y p o t h e s i s w h e t h e r the p e r i o d 
changes could be explained a s a light time orbit caused by a third 
m a s s b e l o n g i n g to the s y s t e m . It w a s concluded that t h i s third 
component (if p r e s e n t ) could be a whit e d w a r f . A s an a l t e r n a t i v e 
it w a s indicated that there is the p o s s i b i l i t y of sudden period 
changes ("jumps") a s o b s e r v e d in other W UMa s y s t e m s . T h e system 
w a s observed (ll) about one m o n t h after the a u t h o r s and it w a s 
concluded that XY Leo c o n s t i t u t e s an o v e r c o n t a c t system with an 
i n t r i n s i c a l l y v a r i a b l e p e r i o d ; r e j e c t i n g the third stellar b o d y 
h y p o t h e s i s . T h e y (ll) confirmed d e p a r t u r e from the ( 0 - C ) 
sinusoid a s p r e v i o u s l y o b s e r v e d ( 1 2 ) . 

T h e 0 - C ) v a l u e s o b t a i n e d by the a u t h o r s i n d i c a t e a similar 
d e p a r t u r e . 

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

X Y Leo w a s observed during two n i g h t s in F e b r u a r y 1 9 7 8 , in order 
to detect p o s s i b l e c h a n g e s in p e r i o d and to obtain an a d d i t i o n a l 
light curve at shoter w a v e l e n g t h s / D u r i n g the n i g h t of F e b r u a r y 3, 
ob serving c o n d i t i o n s w e r e p e r f e c t . T h e following n i g h t , 
ob servations w e r e interrupt ed by high l e v e l c l o u d . H o w e v e r , due 
to the fact that the system h a s a very short p e r i o d of 0 . 2 8 4 1 
( 6 h 4 9 m ) , it w a s p o s s i b l e to o b s e r v e one c o m p l e t e r e v o l u t i o n 
during the first n i g h t . 

A total of 32 p o i n t s in each of the three c o l o u r s of the 
U B V system ( 1 3 ) w a s obtained w i t h the U n i v e r s i t y of A r i z o n a ' s 
101cm r e f l e c t o r at the C a t a l i n a O b s e r v a t o r y , elevation some 
2835m above sea l e v e l . 



The p h o t o m u l t i p l i e r w a s equipped w i t h a R C A 1P21 t u b e , r e f r i f -
gerated w i t h dry ice - T h e p h o t o m e t e r carried its own standard 
s o u r c e , being a p h o t o e l e c t r i c a l l y controlled tungsten light s o u r c e . 
T h e current from the p h o t o m u l t i p l i e r w a s fed into an i n t e g r a t i n g , 
direct current a m p l i f i e r ; the output of w h i c h w a s r e g i s t e r e d by 
a p r i n t e r w h i l e s i m u l t a n e o u s l y b e i n g p u n c h e d onto p a p e r t a p e . 

T h e diaphragm used w a s 4 6 a r c s e c . i n d i a m e t e r . All i n t e g r a t i o n s 
w e r e of 15 sec d u r a t i o n . T h e t e l e s c o p e a u t o m a t i c a l l y scanned 
between star and sky, the sky-offset w a s p r e p r o g r a m m e d . 

T h e o b s e r v a t i o n s of XY Leo w e r e made d i f f e r e n t i a l l y w i t h r e s p e c t 
to the comparison star BD + l 8 2 3 0 6 . A n u m b e r of standard stars w a s 
ob served during the n i g h t . N o correction s for d i f f e r e n t i a l 
extinction w e r e m a d e . 

One observation w a s o b t a i n e d from the f o l l o w i n g s e q u e n c e of 
d e f l e c t i o n s : v a r i a b l e - s k y - v a r i a b l e - s k y - v a r i a b l e - s t a n d a r d source-
dark c u r r e n t , followed b y : c o m p a r i s o n - s k y - c o m p a r i s o n - s k y - c o m p a r i s o n -
standard s o u r c e - d a r k c u r r e n t . I n f o r m a t i o n r e l a t i n g to the v a r i a b l e , 
comparison and check stars are listed in T a b l e 1. T h e o b s e r v a t i o n s , 
along w i t h h e l i o c e n t r i c Julian D a t e s and p h a s e s are listed in 
T a b l e I I . T h e probabl-e error for a single o b s e r v a t i o n is estimated 
to be +_ 0 . 0 0 5 m a g . 

T h e m a g n i t u d e d i f f e r e n c e s are given as v a r i a b l e m i n u s comparison 
s t a r . T h e p h a s e s w e r e computed from the light e p h e m e r i s a s stated 
by Koch: 

J . D . H e l . M i n . I = 2 , 4 3 5 , 1 9 5 - 6 6 3 0 6 + 0 . 2 8 4 1 0 9 1 E . 

T h e y e l l o w , b l u e and u l t r v i o l e t light c u r v e s a r e shown in F i g . 1. 
Zero point c o r r e c t i o n s of -0.131* + 0 . 1 8 3 and + 0 .5 8 1 m a g . w e r e 
applied in y e l l o w , b l u e and u l t r a v i o l e t r e s p e c t i v e l y in order to make 
m a g n i t u d e d i f f e r e n c e s equal to zero at m a x i m u m l i g h t . 

Koch and Shanus (ll) observed X Y Leo about a m o n t h a f t e r w e o b ­
tained our o b s e r v a t i o n a l data in F e b r u a r y 1 9 7 8 . T h e y observed one 
p r i m a r y and two secondary m i n i m a . T h e i r r e s u l t s are included in 
T a b l e I V . 

One of u s , ( H D K ) , m ade further o b s e r v a t i o n s at M i d w a y O b s e r ­
v a t o r y , in order to obtain data r e l a t i n g to the depth of s e c o n d a r y 
m i n i m u m in u l t r a v i o l e t l i g h t . 

T h e instrument used at M i d w a y w a s the 38cm r e f l e c t o r , equipped 
w i t h p h o t o m e t e r . T h e p h o t o m e t e r i n c o r p o r a t e s an E M I 9 5 0 2 B t u b e , 
r e f r i g e r a t e d w i t h dry i c e . T h e current from the p h o t o m u l t i p l i e r 
tube is fed into an i n t e g r a t i n g , direct current a m p l i f i e r , the 
output of w h i c h is displayed s i m u l t a n e o u s l y on a chart r e c o r d e r 
and digital v o l t m e t e r . T h e chart r e c o r d e r serves a s a c o n t i n u o u s 
monitor of sky c o n d i t i o n s and sequence of o b s e r v a t i o n s . T h e digital 
v o l t m e t e r is connected to a m i c r o p r o c e s s o r controlled p r i n t e r . 
The mean value of three d e f l e c t i o n s , each integrated over 10 seconds 
through a 30 arc sec d i a p h r a g m , is taken a s a single o b s e r v a t i o n . 
T h e same a m p l i f i e r sensitivity gains w e r e used on all n i g h t s for 
the v a r i a b l e and c o m p a r i s o n s t a r . The o b s e r v a t i o n a l p r o c e d u r e w a s 
similar to that at C a t a l i n a . O n l y the U - f i l t e r w a s u s e d ; this 
filter a p p r o x i m a t e s the U of the UBV system ( 1 3 ) . At M i d w a y , 
XY Leo w a s observed on four n i g h t s in M a r c h , four n i g h t s in A p r i l 
and one n i g h t in M a y 1979* D u r i n g this o b s e r v a t i o n r u n , p r i m a r y 
minimum w a s observed five times and secondary m i n i m u m four t i m e s . 
T h e s e a d d i t i o n a l o b s e r v a t i o n s , given a s v a r i a b l e m i n u s comparison 
star, a l o n g w i t h H e l i o c e n t r r i c Julian dates and p h a s e s are l i s t e d 
in T a b l e I I I . 

For four of the p r i m a r y minima and three of the secondary m i n i m a , 
sufficient data w e r e o b t a i n e d to d e t e r m i n e epoch of m i n i m u m l i g h t , 
u s i n g the H e r t z s p r u n g (14) method a s m o d i f i e d by Kwee and van 
Woerden (15) • 

T h e likely error for a single o b s e r v a t i o n is estimated to be 
+ 0.01 ma g. 
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TABLE I 

Star BD N o . R . A . (1975) D e c . (1975) S P . 

^•5S HI.-2O 

XY L e o n i s 

C o m p a r i s o n star 

C h e c k star 

+ 18° 2307 

+ 18° 2306 

+ 13° 2308 

10 h 00 m 16 s 

10 h 00 m 02 s 

10 h 00 m 21 s 

+ 17° 31'04" 

+ 17° 4 4 , 0 6 " 

+ 17° 5 4 , 0 4 " 

G4 

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

I n c l u d i n g the r e s u l t s ( l l ) , p r i m a r y and secondary m i n i m u m w e r e 
each observed eight t i m e s . All t i m e s of m i n i m u m l i g h t and (0-C) 
v a l u e s are listed in T a b l e I V . (0-C) for p r i m a r y m i n i m u m , a s 
d e r t i r ^ f r y u pur 1 9 ? 8 - o b s e r v a t i o n s , e^umls #djili25.F©r s e c u n d a r y W i 
equals + 0.1094. T h e l a r g e d i s c r e p a n c y of Q 7 0 0 3 1 b e t w e e n the 
above (0-C) v a l u e s most l i k e l y r e s u l t s from the fact that both 
v a l u e s a r e based on o n l y one r e v o l u t i o n of the s y s t e m . 

About one m o n t h l a t e r , Koch and Shanus determined an (0-C) 
of +0^1088, a v a l u e b e i n g about 0^002 le s s p o s i t i v e than our 
a v e r a g e (0-C) value o f + O $ 1 U 0 . 

T h e 1979 r e s u l t s i n d i c a t e an a v e r a g e (0-C) of + 0^1036 whi c h is 
about 0^005 less p o s i t i v e than Koch and S h a n u s 1 v a l u e , i n d i c a t i n g 
a c o n t i n u i n g trend of d e c r e a s i n g (0-C) v a l u e s of the order of 
^ 0 . 0 0 4 p e r 1000 r e v o l u t i o n s . A l t h o u g h the above v a j u e s are of 
a p p r o x i m a t e n a t u r e , t h e y indicate c o n t i n u i n g dynamic a c t i v i t y of 
the system. 

T h e a b o v e a n a l y s i s of o b s e r v a t i o n a l data is b a s e d o n K o c h ' s (7) 
original e p h e m e r i s . 

A more r e c e n t e p h e m e r i s (10) i s : 

J . D . H e l . M i n . I = 2,435,484.0222 + 0.28410282 E . 

U s i n g the a b o v e v a l u e s , all (0-C) v a l u e s for M i n . I a s listed 
in T a b l e I V , w e r e computed a g a i n are are p r e s e n t e d in T a b l e V . 

In F i g u r e 3 the v a l u e s for (0-C) thus obtained w e r e p l o t t e d 
against the "third b o d y " (0-C) sinusoid ( 1 0 ) . 

A d e p a r t u r e of - O . O l f r o m the sinusoid w a s r e p o r t e d ( l l ) . Our 
o b s e r v a t i o n s confirm simil'ar d e p a r t u r e s of a slightly lesser 
a m p l i t u d e , (-0O7OO8). F i g u r e 3 i l l u s t r a t e s the earlier m e n t i o n e d 
dynamical a c t i v i t y of X Y L e o . 

D E P T H S OF M I N I M A . 

T h e depths of p r i m a r y minima in y e l l o w , b l u e and u l t r a v i o et 
are 0?43, O m47and 0 m 5 1 r e s p e c t i v e l y . For the secondary minima 
the v a l u e s are 0T35, 0^39 and 0?51. Due to the fact that the 
light c u r v e s are b a s e d on one n i g h t ' s o b s e r v a t i o n s o n l y , the 
above v a l u e s h a v e , at b e s t , an a c c u r a c y of the order of +0T01. 
T h i s b r i n g s them into a g r e e m e n t w i t h K o c h 1 s (7) v a l u e s . Koch 
states the depth of s e c o n d a r y eclipse in b l u e as b e i n g too great 
to p r o v i d e a g r e e m e n t w i t h h i s solution for y e l l o w l i g h t . T h e 
light curve in u l t r a v i o l e t a p p e a r s to indicate minima of p r a c t i ­
cally equal d e p t h , i n d i c a t i n g excess l o s s of light in u l t r a ­
violet at secondary m i n i m u m . 

T h e 1979 o b s e r v a t i o n s (HDK) w e r e made s p e c i f i c a l l y to i n v e s t i ­
gate a p o s s i b l e t e n d e n c y toward equality of depths of minima with 
d e c r e a s i n g w a v e l e n g t h . T h e s e o b s e r v a t i o n s are listed in T a b l e 
I I I . T h e p h a s e s w e r e calculated from the f o l l o w i n g e p h e m e r i s : 

xmum 

J . D . H e l . M i n . I = 2,443,957-9754 + 0 . 2 8 4 1 0 9 1 E . 
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All light curve p o i n t s b e t w e e n p h a s e s O.85 and 0.15 (Min. I ) and 
O.35 and O.65 ( M i n . II) are shown jn F i g . 2. T h e n o i s e envelope 
for both minima is a p p r o x i m a t e l y 0.1 d e e p . T h e o b s e r v a t i o n s 
could indicate equal d e p t h s of minima in u l t r a v i o l e t l i g h t . 
Secondary minimum a p p e a r s slightly wider than p r i m a r y m i n i m u m . 
N o a t t e m p t w i l l be made to explain the a b o v e , other than to state 
that Koch (7) m e n t i o n e d the p o s s i b i l i t y of an ex t e n s i v e l u m i n o u s 
shell enveloping the e c l i p s i n g p a i r . 

L a c k of o b s e r v a t i o n a l data p r o h i b i t s the study of p o s s i b l e 
w i d e n i n g of minima w i t h d e c r e a s i n g w a v e l e n g t h . 

It is d o u b t f u l , h o w e v e r , w h e t h e r the e q u a l i t y of minima in U V 
can be attributed entirely to o b s e r v a t i o n a l n o i s e . T h e p o s s i b i l i t y 
of the p r e s e n c e of an extended a t m o s p h e r e m a y as y e t p r o v e to b e 
w o r t h w h i l e i n v e s t i g a t i n g . 

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

One of u s , (HDK) w i s h e s to express h i s a p p r e c i a t i o n to D r . 
G . V . C o y n e , D i r e c t o r , C a t a l i n a O b s e r v a t o r y , for the a l l o t m e n t of 
time of the 101 cm t e l e s c o p e ; to D r . V . K . W i s n i e w s k i , L u n a r and 
P l a n e t a r y L a b o r a t o r y , U n i v e r s i t y of A r i z o n a , for his v a l u a b l e 
a » s i i t a n c e with r e g a r d to the r e d u c t i o n of the o b s e r v a t i o n s , and 
to D r . T . G e h r e l s , U n i v e r s i t y of A r i z o n a . 
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XY Leo* (0-C) M i n . I computed for ephemeriri:: (pld) , 

M i n . C o l o r 
'1 

O b s . 
(0) 

2,443,000+ 
( O 

2,443,000+ 
(0-C) E 

I V K/W 543.7533 5 4 3 . 7 3 5 1 + 0.0182 28,369 

I V K/S 572.7288 572.7136 + 0.0152 28,471 

I U K 957.9749 957 .9570 + 0.0179 29,827 

I U K 959.9649 959.9457 + 0.0192 29,834 

I U K 9 8 2 . 9 7 6 1 9 8 2 . 9 5 8 1 + 0.0180 29,915 

1 

U K 984 .9672 984 .9468 + 0.0204 29,922 
, • 



X Y L e o——O b s e r v a t i o n s 

T A B L E II 
21 

J . D . H e l . 
2,443,543+ 

Phase A m y 
J . D . H e l . 

2,443,543+ 
Phase 

A m B 

.7194 

.7235 

.7356 

. 7498 

. 7588 

0.277 

0.291 

0.334 

0. 384 

0.416 

-0.004 

-0.075 

-0.182 

- 0 . 2 9 3 

-0.250 

. 7180 

. 7261 

.7343 

.7484 

.7572 

0.272 

0.300 

0. 329 

0.374 

0 .410 

-0.304 

-0.382 

- 0 . 5 0 1 

-0 .653 

-0.607 

.7668 

| .7892 

. 7983 

;8045 

.8097 

0.444 

0.523 

0.555 

0.576 

0.595 

-0.176 

+0.004 

+0.059 

+0.084 

+0.106 

.7651 

.7877 

.7969 

. 8032 

. 8084 

0.438 

0.517 

0.550 

0.572 

0.590 

-0.543 

-0.325 

-0.249 

-0.244 

-0.208 

.8201 

.8251 

. 8301 

. 8349 

.8481 

0.631 

0.649 

0.666 

0.683 

0.730 

+ 0 . 1 3 1 

+ 0 . 1 2 3 

+0.124 

+0.110 

+ 0 . 0 6 3 

.8188 

.8238 

.8288 

. 8337 

. 8462 

0.627 

0.644 

0.662 

0.679 

0.723 

-0.186 

-0.189 

-0.186 

-0.210 

-0.240 

.8548 

. 8623 

.8804 

.8856 

. 8919 

0. 753 

0.780 

0.844 

0. 863 

0.884 

+ 0 . 0 2 7 

-0.014 

-0.118 

-0.206 

- 0 . 2 1 7 

. 8533 

.8608 

.8755 

. 8842 

. 8905 

0. 748 

0. 775 

0.826 

0.857 

0.879 

-0.290 

- 0 . 3 3 1 

-0.443 

-0.550 

- 0 . 5 5 1 

.9083 

.9163 

.9307 

.9367 

.9415 

0.942 

0.970 

0.021 

0.040 

0.059 

-0.127 

-0.065 

+0.048 

+0.0 79 

+0.095 

.9069 

.9143 

.9294 

.9348 

.9402 

0.937 

0.903 

0.998 

0.035 

0.054 

-0.477 

-0.429 

-0.283 

-0.254 

-0.222 

.9465 

.9580 

.9633 

.9710 

.9855 

0.076 

0.117 

0.135 

0.162 

0.213 

+0.10 7 

+ 0 . 1 3 1 

+0.126 

+0.132 

+0.088 

.9452 

.9563 

.9620 

.9691 

.9838 

0.072 

0.111 

0.131 

0.156 

0.267 

- 0 . 2 1 1 

- 0 . 1 8 3 

-0.178 

- 0 . 1 8 1 

-0.214 

.9911 

.9968 

0.233 

0.253 

+ 0 . 0 7 1 

+0.032 

.9897 

.9949 

0.228 

0.247 

-0.232 

-0.320 



T A B L E II (continued) 

J . D . H e l . 
2,443,543+ 

Phase J . D . H e l . 
2,443,543+ 

P h a s e 

.7209 0 282 -0 .741 .8570 0. 761 -0 757 

.7297 0 .313 -0 .824 .8640 0 786 -0 802 

.7373 0 .340 -0 958 .8802 0. 843 -0 9 79 

.7515 0 390 -1 0 89 .8936 0 890 - 1 100 

. 7605 0 422 -0 998 .9108 0 9 5 1 -0 915 

1 .7688 0 4 5 1 -0 882 .9324 0 027 -0 657 

.7909 0 529 -0 .686 .9379 0 .046 -0 644 

.7999 0 560 -0 647 .9430 0 064 -0 676 

.8058 0 5 8 1 -0 600 .9480 0 0 8 1 -0 6 4 1 

.8110 0 .599 -0 591 .9594 0 .122 -0 589 

.8215 0 636 -0 592 .9651 0 142 -0 .564 

. 8265 0 654 -0 .581 .9726 0 168 -0 59 3 

.8315 0 6 7 1 -0 600 .9869 0 218 -0 606 

.836 3 0 688 -0 6 4 1 .9926 0 238 -0 630 

. 8498 0 736 -0 .703 .9981 0 258 -0 679 
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TABLE III 

X Y L e o . O b s e r v a t i o n s at M i d w a y O b s e r v a t o r y in 1^79 

J . D . H e l . 
2,443,900+ 

Phase 
A m u 

J . D . H e l . 
2,443,900+ 

Phase 
A m u 

57.9550 

.9583 

.9612 

.9635 

.9659 

0.9282 

0.9398 

0.9500 

0.9581 

0.9666 

0.7878 

0.8839 

0.9296 

0.9797 

1.0290 

59.9639 

.9677 

.9713 

.9753 

.9790 

0.9991 

0.0124 

0 . 0 2 5 1 

0.0392 

0.0522 

1.0632 

1.0740 

1.0514 

1.0119 

0.9250 

.9702 

.9777 

.9 810 

.9870 

.9911 

0.9817 

0 . 0 0 8 1 

0.0197 

0.0408 

0.0553 

1.0896 

1.0443 

1.0205 

0.9518 

0.9038 

.9824 

.9857 

.9894 

60.0025 

.9317 

0.0642 

0.0758 

0.0888 

0.1349 

0.4055 

0.8653 

0.8137 

0.7560 

0.6375 

0.7760 

.9945 

58.0087 

.9558 

.9583 

.9607 

0.0672 

0.1172 

0.4508 

0.4596 

0.4680 

0.8335 

0.6667 

0.9520 

0.9680 

1.0231 

.9358 

.9382 

.9453 

.9489 

.9520 

0.4199 

0.4284 

0.4534 

0.4660 

0.4770 

0.7972 

0.8088 

1.0278 

1.0655 

1.1025 

.9636 

.'9663 

.9693 

.9735 

.9774 

0.4782 

0.4877 

0.4983 

0 . 5 1 3 1 

0.5268 

1.0432 

1.0381 

1.0108 

1.0150 

0.9743 

.9555 

.9587 

.9622 

.9658 

.9693 

0.4893 

0.5005 

0.5129 

0.5255 

0.5379 

1.1080 

1.1034 

1.0897 

1.0686 

1.0199 

.9849 

.9903 

59.0032 

.9380 

.9403 

0.5532 

0.5722 

0.6176 

0.9079 

0.9160 

0.9148 

0.8403 

0.7543 

0.6706 

0.7231 

.9737 

.9770 

.9812 

.9956 

61.0052 

0.5533 

0 .5650 

0 .5797 

0.6304 

0.6642 

0.9605 

0.8842 

0.8142 

0.7349 

0.5341 

.9443 

.9472 

.9553 

.9578 

.9606 

0.9301 

0.9403 

0.9688 

0.9776 

0.9875 

0.8057 

0.8843 

1.0068 

1.0661 

1.0542 

82.9487 

.9520 

.9594 

.9642 

.9667 

0.9004 

0 .9120 

0.9380 

0.9549 

0.9637 

0.7620 

0.8023 

0.8946 

0.9205 

0.9562 



T A B L E III (continued) 

J . D . H e l . 
2,443,900+ 

Phase 
A m u 

J . D . H e l . 
2,443,900+ 

Phase 
A m u 

82.9760 

.9797 

.9819 

.9858 

j.9905 

0.9965 

0.0095 

0.0172 

0.0310 

0.0475 

1.0596 

1.0644 

1.0426 

0.9949 

0.8954 

84.9977 

86.9506 

.9521 

.9575 

.9596 

0.1124 

0.9862 

0. 9 9 1 5 . 

0.0105 

0.0179 

0.7683 

1.0325 

1.0445 

1.0816 

1.0514 

II 

.9944 

.9985 

83.0064 

.0081 

.0108 

0.0612 

0.0757 

0.10 35 

0.1095 

0.1190 

0.8253 

0.8100 

0.7197 

0. 70 74 

0.7017 

87.9346 

.9367 

.9386 

.9420 

.9454 

0.4496 

0.4570 

0.4637 

0.4757 

0.4876 

0 . 8 5 6 1 

0.9002 

0.9199 

0.9380 

0.9558 

.0131 

84.9328 

.9345 

.9365 

.9489 

0.1271 

0.8840 

0.8900 

0.8970 

0.9406 

0.6940 

0.6675 

0 .6962 

0.7273 

0.8740 

.9470 

.9488 

.9522 

.9536 

.9574 

0.4933 

0.4996 

0.5116 

0.5165 

0.5299 

0.9631 

0.9892 

1.0064 

0.9758 

0.9672 

.9505 

.9532 

.9608 

.9626 

.9645 

0.9463 

0.9558 

0.9825 

0.9889 

0.9955 

0.9061 

0.9287 

1.0046 

1.0010 

1.0082 

.9591 

.9606 

.9669 

.9707 

.9749 

0.5359 

0 . 5 4 1 1 

0.5633 

0.5767 

0.5915 

0.9271 

0.9186 

0.8521 

0.8489 

0.8133 

.9673 

.9693 

.9710 

.9731 

.9758 

0.0054 

0.0124 

0.0184 

0.0258 

0.0353 

1.0019 

0.9957 

0.9904 ! 

0.9940 : 

0.9975 ! 

.9768 

95.9080 

.9096 

.9110 

.9189 

0.5982 

0.5142 

0.5198 

0.5400 

0.5526 

0.8202 

1.0291 

1.0222 

1.0223 

0.9389 

.9778 

.9797 

.9889 

.9926 

.9946 

0.0424 

0.0490 

0.0814 

0.0945 

0.1015 

0.9814 

0.9696 

0.8348 

0.7719 

0.7700 

.9217 

.9298 

.9314 

.9340 

.9435 

0.5624 

0.5909 

0.5966 

0.6057 

0.6392 

0.9091 

0.8288 

0.8033 

0.7778 

0.7526 
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T A B L E IV 

X Y L e o - - - - - O b s e r v e d Minima 

M i n . C o l o r O b s . 
(0) 

2,443,000+ 
( O 

2,443,000+ 
(0-C) E 

I V K/W 5 4 3 . 7 5 3 3 5 4 3 . 6 4 0 7 + 0.1126 2 9 , 3 8 3 

I B K/W 543.7532 5 4 3 . 6 4 0 7 + 0.1125 2 9 ; 3 8 3 

I U K/W 5 4 3 . 7 5 3 1 5 4 3 . 6 4 0 7 + 0.1124 2 9 , 3 8 3 

II V K/W 543.8922 5 4 3 . 7 8 2 8 + 0.1094 2 9 , 3 8 3 

II 

II 

B 

U 

K/W 

K/W 

5 4 3 . 8 9 2 1 

5 4 3 . 8 9 2 3 

5 4 3 . 7 8 2 8 

5 4 3 . 7 8 2 8 

+ 
+ 

0.1093 

0.1095 

29,383 

29,383 

II V K/S 567.7564 567.6480 + 0.1084 29,467 

ff 0.1088 

I 

II 

V 

V 

K/S 

K/S 

5 7 2 . 7 2 8 8 

6 1 2 . 6 4 6 2 

572.6199 

612.5372 

+ 
+ 

0.1089 

0.1090 

29,485 

29,625 

I 

II 

u 

u 

K 

K 

957.9749 

958.9684 

9 5 7 . 8 7 1 8 

9 5 8 . 8 6 6 2 

+ 
+ 

0.1031 

0.1022 

30,841 

30,844 

f 0.10 36 

I 

II 

u 

u 

K 

K 

959.9649 

9 6 0 . 9 5 8 8 

959.8606 

9 6 0 . 8550, 

+ 
+ 

0.1043 

0.1038 

30,848 

3 0 , 8 5 1 

I 

I 

II 

u 

u 

u 

K 

K 

K 

9 8 2 . 9 7 6 1 

984.9 672 

987.9494 

982.8734 

9 8 4 . 8 6 2 2 

9 8 7 . 8 4 5 3 

+ 
+ 
+ 

0.1027 

0.1050 

0 . 1 0 4 1 

30,929 

30,936 

30,946 

K/W K e n n e d y & W i s n i e w s k i 

K/S Koch & S h a n u s 

K K e n n e d y 
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A m a g . p ( j 1 [ | | | I [ 

Y E L L O W 

U L T R A V I O L E T 

• 

-5 _J 

• • • I I 1 1 1 1 L i 

.8 .0 .2 .4 .6 

PHASE 

THE L I G H T CURVES OF XY LEONIS 

F i g . 1 
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P r i m a r y M i n i m u m S e c o n d a r y M i n i m u m 

THE M I N I M A OF XY L E O N I S 

F i g . 2 
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+0.03 + 

+ 0 . 0 2 +* 

+0.01 + 

(0-C) d 

- 0 . 0 1 + 

- 0 . 0 2 +• 

- 0 . 0 3 

2 , 4 3 5 , 0 0 0 2 , 4 4 0 , 0 0 0 2 , 4 4 5 , 0 0 0 

J. D . Hel. 

(0-C) V A L U E S , X Y L E O N I S 

F i g . 3 
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THE STUDY OF SOUTHERN C E P H E I D V A R I A B L E S . II 

Ma t i M o r el 
V a r i a b l e Star S e c t i o n , R . A . S . N . Z . 

SUMMARY: C o m p a r i s o n s e q u e n c e s in V are p r e s e n t e d for eight 
v a r i a b l e s ui une Delta Cep t y p e , n a m e l y KZ V e l , SV V e l , 
SW V e l , V Y C a r , W Z C a r , X Z C a r , F R Car and SY N o r , all of 
w h i c h are suited to the C l a s s i c a l Cepheid P r o g r a m m e ( l ) . 
E a c h star is p r o v i d e d w i t h a c h a r t , showing a w i d e r a n g e 
of c o m p a r i s o n stars compiled from data in the U B V system 
p u b l i s h e d b y other a u t h o r s . 

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

M o r e l ( 2 ) described some p r e l i m i n a r y o b s e r v a t i o n s of U C a r , 
and indicated h o w a sequence of r e l i a b l e p h o t o e l e c t r i c m a g n i t u d e s 
in the U B V system could b e c o n s t r u c t e d b y a search of the ^ 
l i t e r a t u r e . T h i s h a s n o w been extended to the stars listed in 
T a b l e 1. T h e charts w i t h this p a p e r give the us u a l i n f o r m a t i o n for 
each s t a r . 

G E N E R A L N O T E S O N THE P R O G R A M M E S T A R S . 

083343 R Z V e l . Chart 5 5 2 . T h i s star h a s tne b r i g h t e s t mean m a g ­
n i t u d e of the eight s t a r s . T h e field o v e r l a p s , and is due n o r t h 
of Chart 366 (3)-

084047 SW V e l . Chart 553- Also shown on chart 366 (3)- Chart 553 
is on the enlarged scale of 20"=lmm, a l l o w i n g a d d i t i o n a l c o m p a r i s o n 
stars to be i n s e r t e d . 

V Y Car 
104055 SV Vel & 104057/ Chart 554. T h e s e two stars lie in a field 
that nas oeen extensively measured b y U B V p h o t o m e t r y , b u t , a l a s , 
the immediate v i c i n i t i e s of the v a r i a b l e s are i n a d e q u a t e l y s e r v e d . 
It h a s been n e c e s s a r y to in c l u d e some Cape p h o t o v i s u a l m a g n i t u d e s 
from the SAO C a t a l o g u e . T h e s e a r e on the I n t e r n a t i o n a l System, 
and h a v e been u n d e r l i n e d to i d e n t i f y t h e m . 

105160 W Z C a r . Chart 5 5 5 - T h i s star is shown on Chart 452 ( 4 ) . 
T h e n e w chart shows the im m e d i a t e s u r r o u n d i n g s in greater d e t a i l , 
w i t h 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 . 

110060 X Z C a r . Charu 556 Same r e m a r k s a s for W Z C a r . 

111059 E R C a r . Chart 5 5 / - the r a n g e in V of t h i s star is r a t h e r 
s m a l l , compared w i t h the o t h e r s , and the pe r i o d is at the short 
end of the s c a l e . It d o e s , h o w e v e r , h a v e a good r a n g e of c o m p a r i s o n 
s t a r s . 

154654 SY N o r . Chart 558. Same r e m a r k s a s for FR C a r . 

C O N C L U S I O N S 

T h e above v a r i a b l e s are all suited to r e g u l a r observation b y 
vis u a l o b s e r v e r s w i t h smaller t e l e s c o p e s , or b i n o c u l a r s . 
O b s e r v a t i o n s should be forwarded to H e a d q u a r t e r s m o n t h l y , as is 
done for other v a r i a b l e s . At the end of the o b s e r v i n g season fox 
eacn star, all o b s e r v a t i o n s of that star should also be sent to 
the S e c t i o n ' s Cepheid R e c o r d e r , T . A . C r a g g , C/o A n g l o - A u s t r a l i a n 
O b s e r v a t o r y , P r i v a t e B a g N o . 4, C o o n a b a r a b r a n , N . S . W . 2857, 
A u s t r a l i a . 
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T A B L E 1. 

083343 
0840^7 

RZ Vel 083343 
0840^7 SW Vel 
1040^^ SV Vel ( 
104057 VY Car ( 
IO5I0O W Z Car 
H O O o O " X Z Car 
111059 FR Car 
15465^ SY N o r 

SOURCE OF M A G N I T U D E S FOR C O M P A R I S O N STARS F O R E I G H T C E P H E I D S . 

R E F E R E N C E S FOR M A G N I T U D E S . 

2,3,5,8,11,12, 15,17, 20,23-
5, 12, 18, 23-
3,5,9, 10, 13, 15, IVJ, lo, 21, 23 + S A O . 
2 4 

2, 3, 5, 16, 25. 
3,5,13,15,16, 23, 25. 
1, 3,4,5,8,9, 13, 15, 16, 1 9 , 2 1 . 
1,2,3,6, 7, 14, 15, 16, 22, 23-
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A P H O T O E L E C T R I C P H O T O M E T E R F O R SMALL T E L E S C O P E S 

W . H . A l l e n 
B e v e r l y B e g g O b s e r v a t o r y , D u n e d i n , N . Z . 

SUMMARY: T h e r e q u i r e m e n t s for a p h o t o e l e c t r i c p h o t o m e t e r 
suitable for use w i t h small t e l e s c o p e s a r e d i s c u s s e d . 
D e t a i l s of the design for such an instrument are 
given together with a summary of its o p e r a t i o n aua u s e . 

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

I have for many y e a r s been involved with p h o t o e l e c t r i c p h o t o m e t r y 
at the Beverly B e g g O b s e r v a t o r y , in D u n e d i n , N e w Z e a l a n d , w h e r e 
we h a v e a 30 cm C a s s e g r a i n t e l e s c o p e , a u t o m a t e d p h o t o e l e c t r i c 
p h o t o m e t e r and a h i g h speed data l o g g i n g system. I h a v e f e l t , 
h o w e v e r , that there is a r e a l n e e d to develop a compact and 
p o r t a b l e p h o t o m e t e r that could be fitted to a small t e l e s c o p e to 
enable u s e f u l p h o t o e l e c t r i c w o r k to be done at small o b s e r v a t o r i e s 
or in the b a c k y a r d at h o m e . 

H a v i n g just p u r c h a s e d a C e l e s t r o n 8 t e l e s c o p e , I decided to u s e 
this instrument a s a b a s i s from w h i c h to start the design, 
p a r a m e t e r s for the p h o t o m e t e r . 

T h e following design p a r a m e t e r s w e r e a d o p t e d : 

(i) The p h o t o m e t er head had to be small enough to p a s s b e t w e e n the 
forks giving a c c e s s to the p o l a r r e g i o n s . (A friend of m i n e 

once r e m a r k e d , that it is n o use h a v i n g the most southerly 
p h o t o e l e c t r i c system in the world w i t h o u t b e i n g able to o b s e r v e 
the southern p o l a r sky.'). 

(ii) The diaphragm size is to be chosen w i t h i n the l i m i t s of the 
t r a c k i n g a c c u r a c y of the C8 siderial d r i v e . 

(iii) To m i n i m i s e the d i s t u r b a n c e to the t e l e s c o p e once set up on 
a star, to a u t o m a t e the filter w h e e l , and data read out system. 

(iv) T o mount in the p h o t o m e t e r h e a d , all the n e c e s s a r y control and 
data output e l e c t r o n i c s . T h i s w i l l r e d u c e the n u m b e r of 

a u x i l i a r y cables b e t w e e n the p h o t o m e t e r head and the output 
i n s t r u m e n t a t i o n . 

O P T I C A L AND M E C H A N I C A L D E S I G N . 

To meet the design criteria detailed in (i) the p h o t o m e t e r head 
h a s to be very c o m p a c t . To a c h i e v e this the p h o t o m e t e r h a s a 9 0° , 
two a x i s , flip m i r r o r , w h i c h e l i m i n a t e s the n e e d for the two flip 
mirrors in a convent ional p h o t o m e t er h e a d , and a drum filt er w h e e l 
on w h i c h are mounted the Johnson U , B and V f i l t e r s . 

T h e shell of the p h o t o m e t e r h e a d , shown in F i g . 1, is c o n ­
structed from a l u m i n i u m r e c t a n g u l a r h o l l o w s e c t i o n . T h e v a r i o u s 
sections are fabricated w i t h a l u m i n i u m f l a n g e s and can be b o l t e d 
together in three s e c t i o n s . 

Light from the t e l e s c o p e p a s s e s into the p h o t o m e t e r head as 
shown and strikes a m o v a b l e a l u m i n i s e d g l a s s mirror-. (This and 
the other optical c o m p o n e n t s w e r e obtained from the Edmund 
Scientific C o m p a n y ) . T h e mirror is m o u n t e d on a m a c h i n e d urass 
h o l d e r , that can move the mirror in two d i r e c t i o n s . In the fxrst 
p o s i t i o n it d i r e c t s the light p a s t the illuminated c r o s s h a i r s and 
into the w i d e a n g l e l8 m m E r f l e e y e p i e c e , and in the other p o s i t i o n , 
180 a w a y , into the p h o t o e l e c t r i c measiu jui.g s e c t i o n . 
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T h e mirror is so a r r a n g e d to r o t a t e t h r o u g h 9 0 ° , the p l a n e of 
rotation b e i n g p a r a l l e l and on the a l u m i n i u m s u r f a c e . 

T h i s a l l o w s the o p t i c a l a x i s to be a x i a l in b o t h d i r e c t i o n s 
which simplifies the setting up of the i n s t r u m e n t . T h e a d j u s t i n g 
screws shown enable p r e c i s e o p t i c a l a l i g n m e n t . 

T h e flip m i r r o r section of the instrument is m a d e s y m e t r i c a l 
to enable the t e l e s c o p e focal p l a n e to b e either p l a c e d at the 
crosshairs or on the d i a p h r a g m p l a t e . T h i s enables the c r o s s h a i r s 
to be set up in a p o s i t i o n w h i c h exactly r e p r e s e n t s the p o s i t i o n 
of the d i a p h r a g m , and r e d u c e s the n e e d for a second d i a p h r a g m 
viewing t e l e s c o p e used in c o n v e n t i a l p h o t o m e t e r h e a d s . 

T h e tracking a c c u r a c y of a n y small t e l e s c o p e w i t h m a s s p r o ­
duced siderial gears is limited for long duration p h o t o m e t r i c 
o b s e r v a t i o n s b e c a u s e of the d i f f i c u l t y of k e e p i n g the star in the 
diaphragm. For the C e l e s t r o n 8 t e l e s c o p e I h a v e found from e x p e r ­
iment that the m i n i m u m size of d i a p h r a g m is 80 seconds of a r c . 
This enables a three colour o b s e r v a t i o n to b e made w i t h o u t the star 
moving out of the d i a p h r a g m . 

After the light p a s s e s t h r o u g h the d i a p h r a g m it p a s s e s t h r o u g h 
a fabry l e n s . T h e p u r p o s e of this l e n s is to image the spot of 
light on the p h o ^ o m u i r i p l i e r p h o t o c a t h o d e in such a way that 
movement of the star image does n o t cause a v a r y i n g output from 
the p h o t o m u l t i p l i e r due to v a r y i n g s e n s i t i v i t i e s of the p h o t o -
cathode s u r f a c e . T h e star light evenly i l l u m i n a t e s the t e l e s c o p e 
objective w h i c h is imaged by the fabry lens a s a spot of light on 
the p h o t o c a t h o d e . Since the t e l e s c o p e o b j e c t i v e , fabry l e n s and 
p h o t o c a t h o d e are fixed r e l a t i v e l y in the p h o t o m e t e r h e a d , any 
movement of the star image in the focal p l a n e w i l l n o t cause the 
spot of light on the p h o t o c a t h o d e to m o v e . T h e d i m e n s i o n s and 
focal length of the fabry 1 ens w e r e chosen from the formula 
described in an a r t i c l e in Sky & T e l e s c o p e by John A f r i c a n o and 
Robert Q u i g l e y ( V o l . j>4, N o . 1, July 1977, p a g e 60) a full d e s ­
cription of the o p e r a t i o n of a fabry lens is given in this r e f e r e n c e . 

T h e p a r a l l e l light n o w p a s s e s through the J o h n s o n U, B or V 
filt er w h i c h are mounted on the inside c ircuraference of the drum. 
The drum is driven by a 1 2 V geared electric motor and is a u t o ­
matically stopped at each filter p o s i t i o n by a m i c r o s w i t c h w h i c h 
opens the 12 V supply to the m o t o r . A d . c . motor w i l l run on after 
its supply is r e m o v e d , w h i c h , would in t u r n , n o t p l a c e the filter 
in the centre of the light b e a m . It is essential that the light 
p a s s e s through the filter in the same p l a c e each time to ensure 
a consistency in m e a s u r e m e n t s due to small v a r i a t i o n s in filter 
t r a n s p a r e n c y . To stop this over shoot r e g e n e r a t i v e braking is used 
which stops tne d . c . motor i n s t a n t l y . 

T h e drum filter w h e e l is controlled r e m o t e l y from a hand held 
control unit shown in the p h o t o g r a p h s . T h e c r o s s h a i r s are i l l u m i n ­
ated by a red light emitting d i o d e , w h i c h is a d j u s t e d in b r i g h t n e s s 
also from the hand held control u n i t . 

The drum filter w h e e l is moved by a geared d.c. m o t o r , the 
gearing of w h i c h is chosen to give a two second filt er change 
period for each of the four p o s i t i o n s . H o w e v e r , due to the design 
of the drum f i l t e r , w h i c h r e q u i r e s twice a s m a n y h o l e s as filter 
p o s i t i o n s , it takes eight seconds to r e s e t the start of the 
sequence, (no f i l t e r , V , B and U f i l t e r s ) . T h i s delay is n o t a 
problem a s it p r o v i d e s a method of indexing the drum thus enabling 
the observer to k n o w exactly whi ch filter is b e i n g used at the 
start at each c y c l e . I + also eliminates the n e e d tor expensive 
read out systems to show m e lilter p o s i t i o n a s all one h a s to do 
is listen for the long run of the motor w h i c h when stopped indicates 
the start of the s e q u e n c e . With p r a c t i c e the observer gets r e a d i l y 
tuned to this 8 second m o t o r r u n . 
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E L E C T R I C A L D E S I G N 

T h e filter drum is driven by a 12 V d . c . geared electric m o t o r 
and stopped at a n y one p o s i t i o n by a m i c r o s w i t c h o p e n i n g at each 
filter p o s i t i o n . To p r e v e n t o v e r s h o o t of the m o t o r , a r e g e n e r ­
ative b r a k i n g r e s i s t o r is switched by the m i c r o s w i t c h a c r o s s the 
motor t e r m i n a l s ( s e e F i g . 2 ) . S h o r t i n g the motor t e r m i n a l s would 
h a v e a c h i e v e d more e f f e c t i v e b r a k i n g but this did n o t a l l o w r e ­
starting the motor w i t h o u t p h y s i c a l l y o p e n i n g the m i c r o s w i t c h 
c o n t a c t s . T h i s w a s i m p r a c t i c a l and did n o t meet the o b j e c t i v e of 
r e m o t e o p e r a t i o n . A c o m p r o m i s e w a s r e a c h e d , and a r e s i s t o r w a s 
chosen w h i c h p r o v i d e d r e a s o n a b l e b r a k i n g , and at the same time set 
up enough v o l t a g e a c r o s s the motor to slowly turn it w h e n the 
m i c r o s w i t c h c o n t a c t s w e r e by p a s s e d . Once the m i c r o s w i t c h w a s 
opened by the m o t o r , the motor w a s driven at full v o l t a g e and 
h e n c e speed u n t i l the n e x t filter p o s i t i o n when the m i c r o s w i t c h 
w a s again o p e n e d , and the motor s t o p p e d . T h i s system w o r k s w e l l 
once set u p , and a c c u r a t e l y p o s i t i o n s the filter in the o p t i c a l 
a x i s of the p h o t o m e t e r h e a d . 

Light from the star f a l l s on to the p h o t o c a t h o d e of the p h o t o -
mult ipl ier after p a s s i n g t h r o u g h the fabry l e n s and f i l t e r . T h e 
p h o t o n s of light a f t e r s t r i k i n g the p h o t o c a t h o d e cause emission 
of electrons direct p r o p o r t i o n to the incident p h o t o n s . 

T h e s e electrons a±c a c c w a t e d and strike a series of d y n o d e s 
in the tube c a u s i n g the c a s c a d e emission of secondary e l e c t r o n s 
w h i c h are in turn collected by the anode and m e a s u r e d as a v e r y 
w e a k electric c u r r e n t . 

T h i s electric current is also d i r e c t l y p r o p o r t i o n a l to the 
n u m b e r of incident p h o t o n s from the star, and when m e a s u r e d is a 
direct m e a s u r e m e n t of the b r i g h t n e s s . T h e light from the star is 
convert ed by the t elescop e and p n o c o m e t r i e m e a s u r i n g system to an 
intensity measui einenu 

T h e r e are many w a ; = 0 1 ampij-fying the very weajs. a n o d e current 
from the p h o t o m u l t i p l i e r to get a direct m e a s u r e m e n t on either 
an instrument or chart r e c o r d e r . 

I h a v e chosen to convert this current into a f r e q u e n c y d i r e c t l y 
p r o p o r t i o n a l to the a n o d e current w h i c h is then d i r e c t l y m e a s u r e d 
on a frequency c o u n t e r . T h e p u l s e s a r e m e a s u r e d for a p e r i o d , 
t y p i c a l l y 10 s e c o n d s , and r e c o r d e d a s an intensity m e a s u r e m e n t . 
A full d e s c r i p t i o n of the o p e r a t i o n of this current to f r e q u e n c y 
convert er is given in App endix 1. 

SETTING UP THE iNSxrtUME.Ni-

B e c a u s e n o d i a p h r a g m inspection eyepiece is used in this 
i n s t r u m e n t , it h a s to be a c c u r a t e l y aligned so that when a star 
is p o s i t i o n e d on the c r o s s h a i r s of the field e y e p i e c e it w i l l also 
be p o s i t i o n e d in the c e n t r e of the d i a p h r a g m when the m i r r o * 
is flipped over to the other p o s i t i o n . 

T h i s w a s done in two s t a g e s , by the u s e of the flip mirror 
a d j u s t m e n t s c r e w s . F i r s t l y the p h o t o m u l t i p l i e r tube w a s r e m o v e d 
and the optical a x i s a l i g n e d by v i e w i n g the spot of light t h r o u g h 
a hole in the end of the h ousing. T h e spot of light is moved by 
a d j u s t i n g the flip m i r r o r p o s i t i o n so that the o p t i c a l and m e c h a n i ­
cal a x e s were a x i a l . T h i s a l i g n e d the optical a x i s in one p l a n e 
and to a l i g n it in the other p l a n e the p h o t o m u l t i p l i e r tube w a s 
moved in or o u t . T h i s latter a l i g n m e n t does n o t n e e d to be as 
p r e c i s e b e c a u s e of the r e c t a n g u l a r p h o t o c a t h o d e in the E M I 
9 6 6 O A tube used in this i n s t r u m e n t . 

At this stage of the p r o c e s s one can p h y s i c a l l y m e a s u r e the 
spot size by direct m e a s u r e m e n t u s i n g a transparent v i e w i n g 
s c r e e n . Ideally the size of t h i s spot should be about 75% of the 
p h o t o c a t h o d e size to p r e v e n t the spot from p a r t i a l l y m i s s i n g the 
p h o t o c a t h o d e . If this h a p p e n s the sensitivity of the p h o t o e l e c t r i c 
m e a s u r i n g system w i l l r e d u c e due to lost p h o t o n s . 
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A d j u s t m e n t of the o p t i c a l a x i s in the other direction is m a d e 
by setting a star in the d i a p h r a g m , and adjust ing the flip mirror 
to centre the star on the c r o s s h a i r s . Again the star can only be 
positioned in one p l a n e by this method and m o v e m e n t of the c r o s s ­
hairs m tne other p l a n e enabled the star to be centered on b o t h 
c r o s s h a i r s . In p r a c t i c e it h a s been found that once the i n s t r u ­
ment is set up it is v e r y easy to p o s i t i o n the star in trie dia-
pnragm without a c t u a l l y viewing i t . 

O P E R A T I O N . 

T h e object to be measured is first located m the field e y e ­
piece a**u moved into the centre of the c r o s s h a i r s . Tn« flip mirror 
is then r o t a t e d through 90 and the star w i l l n o w be in the centre 
of the autpjwagm, and trie p h o t o e l e c t r i e observation can n o w c o m m e n c e . 
H o w e v e r , ii one w i s h e s to check t h i s , it can be done r e m o t e l y by 
moving the t e l e s c o p e r i g h t a s c e n s i o n and d e c l i n a t i o n slow m o t i o n s 
and observing the change in output on the frequency count er. 

T h i s is best done by setting the f r e q u e n c y counter sampling 
time to a one seCu^g p e r i o d , When tne star m o v e s out of or n e a r 
the edge of the d i a p h r a g m there w i l l b e a snai p drop ©ff jji c o u n t s . 
With experience one can a c c u r a t e l y p o s i t i o n the star in the centre 
0 1 tue d i a p h r a g m w i t h o u t v i e w i n g i t . If there are v e r n i e r s on the 
right a s c e n s i o n and d e c l i n a t i o n circles then direct p o s i t i o n i n g 
can be made by r e f e r e n c e to the vernier p o s i t i o n s . 

When filter w h e e l p o s i t i o n is r e m o t e l y c h a n g e d , it w i l l be 
indexed in a r e g u l a r manner (no f i l t e r , V , B and U f i l t e r s ) , An 
observation sheet, can u e drawn up to record u(1e o b s e r v a t i o n s , ana 
an example of this is shown in F i g . 3• 

It is essential to keep a c c u r a t e r e c o r d s of tne p h u t o e l e c t x i c 
o b s e r v a t i o n s , as t h i s type o*. ^ e r v i n g p r o d u c e s a lot of r a w d a u a . 
One sn^uid n o t e down the n a m e of cue object oeing o o s e x v e d , the 
time, the sky c o n d i t i o n s , tne p h a s e of the Moon and the p h o t o m e t r i c 
counts for the s k y , comparison and scar, m each of the three 
Johnson c o l o n s . Ii is essentlal to do this in a logical waj XF 
uhese r e s u l t s are to be analysed Lui-rectiy l a t e r . 

REDUCTION 

Light from the star is convert ed by the t e l e s c o p e , and p h o t o -
e l e c u x C m e a s u r i n g system to an i n c e n s i t y m e a s u r e m e n t . T h i s 
intensity m e a s u r e m e n t is r e c o r d e d on the f r e q u e n c y count er as an 
accumulated n u m b e r of counts over a ten second integration p e r i o d . 
This m e a s u r e m e n t is d i r e c t l y r e l a t e d to the intensity of the star, 
and can be converted to a stellar m a g n i t u d e d i r e c t l y , or d i f f e r ­
entially by comparison w i t h a standard star w h o s e b r i g h t n e s s is 
accurately k n o w n . T h i s latter t e c h n i q u e , u s i n g d i f f e r e n t i a l 
p n o c o m e t r y , is m o r e suitable to u s e as there are less v a r i a b l e s 
to determine in the m e a s u r i n g system. 

D u r i n g the p h o t o e l e c t r i c o b s e r v a t i o n it is essential to r e c o r d 
the sky b r i g h t n e s s as it changes c o n s i d e r a b l y from n i g h t to n i g h t 
aue to changes in ob serving c o n d i t i o n s . 

US£S OF f H O T U M a T E R 

The p h o t o m e t er and C e i e s t r o n 01 t e l e s c o p e is v e r y compact and 
is r e g u l a r l y used in my backyard to o b s e r v e v a r i a b l e s t a r s . 
Because of the p h o t o m e t r i c systems small size it does n o t take 
long to set up and does n o t r e q u i r e a p e r m a n e n t o b s e r v a t o r y . It 
d o e s , h o w e v e r , r e q u i r e an a c c u r a t e l y aligned p i e r to enable 
a c c u r a t e t r a c K i n g . T h i s pier anu a d j u s t m e n t screws are shown in 
the p h o t o g r a p h . 
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I also use this i n s t r u m e n t at the M t . John U n i v e r s i t y O b s e r ­
vatory as a sky m o n i t o r i n g p h o t o m e t er w h e n I o b s e r v e flare stars 
w i t h the main bl cm i n s t r u m e n t . I o b s e r v e the H a r e star w i t h the 
6 l c m p h o t o m e t r i c equipment and o b s e r v e a n e a r b y c o m p a r i s o n star 
w i t h the 2 0 c m guide r e f r a c t o r on w h i c h is m o u n t e d my smaJ-JL p h o t o ­
meter t^ee p h o t o g r a p h s ) . 

T h i s duai channel p h o t o m e t r i c system enables long o b s e r v i n g 
r u n s to be made and e l i m i n a t e s the n e c e s s i t y to c o n t i n u a l l y checK 
the sky br i ghtn e s s . 

^CJ^OwLi^uGEMbNTo. 

I would like to t h a n k the U n i v e r s i t y ox Otago P h y s i c s D e p a r t m e n t 
for the loan ox equipment essential tor the o p e r a t i o n of the 
p h o t o m e t e r , and D r . T h o m a s , M e s s r s . H o w e , T a i i e y and otorer for 
a s s i s t a n c e and g u i d a n c e d u r i n g this p r o j e c t . I w o u l d a±so like to 
thank the U n i v e r s i t y ox C a n t e r b u r y lor m a k i n g a v a i l a b l e t e l e s c o p e 
time at M t . John U n i v e r s i t y O b s e r v a t o r y . 

A P P E N D I X 1. 

A CURKfNT T O rxcx^UENCY C O N V E R T E R f OH P H O T O E L E C T R I C P H O T O M E T E R S . 

In a p h o t o e x e c t r i e p h o t o m e t e r the v e r y small electric current 
p r o u u e e d by the p h o t o m u l t i p l i e r tube h a s to be a m p l i f i e d to enable 

it to be m e a s u r e d . T h i s current w h i c h is d i r e c t l y p r o p o r t i o n a l to 
the inciuent p h o t o n s , is ox the oruer of n a n o - a m p s , and is a direct 
m e a s u r e m e n t of tne b r i g h t n e s s of tne object o b s e r v e d . 

T h e r e are m a n y w a y s ox m e a s u r i n g this c u r r e n t , and the method 
described b e x o w , u s i n g a current to rrequency converter w a s 
uevexo*ied lor the compact p h o t o m e t e r ior the C e i e s t r o n b* t e l e s c o p e . 

OP&KATION Of C U R R E N T TO ERE^Ux,NCY C O N V E R T E R . 

The circuit u i a g r a m is shown in A p p e n d i x f i g . 1, and the current 
to frequency converter o p e r a t e s as i o l i o w s : 

S e c t i o n s A, b and C ox the ftCl** CMOo achmitt trigger function 
as an o s c i l l a t o r w i t h p o s i t i v e f e e d b a c k . 

T r a n s i s t o r ^1 a c t s a s a switch in the f e e d b a c K p a t h of the 
o s c i l l a t o r and charges capacitor C I . Capacitor CI is discharged 
by the P M tube m o d e current at a r a t e p r o p o r t i o n a l to the light 
intensity entering the t u b e . AS soon a s the input v o l t a g e level 
o f section A iaiis b u i o w the trigger t h r e s h o l d , yl is turned ON 
ana tne o s c i l l a t o r cycxe s e p a r a t e s . 

s e c t i o n s D , E . and F ox the /<*Clf* are b u x x e r / d r i v e r s for tne 
output t r a n s i s t o r , v^2, w h i c h is an emitter xoiiower stage w i t h a 
low value load r e s i s t o r , R 2 , used to i m p e a a n c e m a t c h a l e n g t h oi 
co-axial cable c o n n e c t i n g the current to i r e q u e n c y convertor to 
the digital c o u n t e r . 

CONOTKUCTIQN 

T h e a r t w o r k m a s t e r ior the converter is shown in A p p e n d i x f i g . 2 , 
w h i l e the a s s e m b l y d i a g r a m is shown in A p p e n d i x f i g . 3-

T h e P C board should be filled w i t h c o m p o n e n t s in the 
standard w a y and special care shouiu b e directed to the p o s i t i o n i n g 
o r tne lOpr c a p a c i t o r . T h i s capacitor w h i c h is the a n o d e current 
m e a s u r i n g capacitor should b e a l o w t e m p e r a t u r e c o e t l i c i e n t type 
o r a p o l y e s t e r 2->o V. w. t y p e . 

f o r stable o p e r a t i o n o i the system the earth r a i l should be 
bonued to the p h o t o m e t e r i r a m e . 





EQUIPMENT SCHEMATIC 

High t e n s i o n pduer sup p l y 
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Photometer Head 
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MOTOR CONTROL CIRCUIT 

C o n t r o l Box 

0-

o 
( 3 ) 

C able Photometer head 

* 

I 15-* 

* 

<* 1 — 

• 

\~ 

1• B r e a k i n g r e s i s t o r 3. 
2. Motor c o n t r o l s u i t c h . 4. 

F i l t e r u h e e l changing s w i t c h 
F i l t e r u h e e l d r i v i n g motor. 
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DUAL CHANNEL PHOTOMETRIC 
EQUIPMENT, WITH PHOTOELECTRIC 
PHOTOMETERS MOUNTED ON THE 
8" ANT 24" TELESCOPES. 
INSTRUMENTATION FOR EACH I S 
SHOWN ON THE LEFT AND RIGHT 
RESPECTIVELY. 
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CELERTRON 8 PHOTOMETRIC EQUIPMENT, SHOWING HT POWER SUPPLY, 
FREQUENCY COUNTER AND HAND CONTROL. 

THE PHOTOMETER HEAD DETAI LING CURRENT TO FREQUENCY CONVERTER 
AND PHOTOMULTIPLIER DYNODE RESISTOR CHAIN. 
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Ktti'UKr On S E C T I O N fOK Y E A R ENUEU I960 S E P T E M B E R 3o. 

U B J E R V A T I Q N o : T n e J.O-LJ.owing v i s u a l o b s e r v a t i o n s , u p t o I 9 6 0 
A u g u s t j l , 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 : 

N o . ot N o . oi OBOEKVER N o . 01 N o . 0 
O B a . S'f A R S . O B a . OTARO 

^SHtJOrtN, M.JL.C. 1 1 3 MAHINO, B . 3 , 8 / 3 126 
BACON, I . 13 8 MARSHAEL , G . R . 14 7 
BROrtN, N . J . 1 , 302 80 M A S o E Y , A. 23 7 
BKI'ANT, K. 39 3 M E N ^ I E S , B . 1,^3? 3b 
CAMPBELL, P.A. 1 MOREL, M . 40 1? 
CAMROS, J . l b l * 32 M U N O Z , R . 7 4 
CARTER, B. 3b lb M U R R A Y , A. 349 40 
CORlCIN, J . 70 MCNAMARA, G . 223 lb 
C R A G G , T . A. 1 , 3 4 0 + 436 RAGANO, L . 12 6 
J J I E T E R S , a . 10 6 36 JfAKiC, T . L . 7 J 
U O U s O N , A . w . ^o 30 P A R K I N S O N , M . /o 
EMMER^ON, K. <*0y Z2 RRO00EK, G . L . 9 4 * 7y 
E I T H E R , D.C. 36 R O s o , J . 1 1 
E L E E T , R . 22-** 1 0 ROUNTHWAITE, T . 44 iy 
G I L E E R , R , a O f 49 R O W E , G . **l2 6 1 
G R l r E l T H , L>. J . 14 9 i t . GEORGE, L . E . n 3 
H A R R I E 6 - H A K K I s, E, /2b b * JSAUNOERS, a . J . <ibl 22 
HAYWARD, G. 11 0 orit.eHEKL>, C. 3 3 
HERDMAN, G. 993 3b S H l N K f l E E D , R . C . 1 3 1 2 / 
HEKD, J . Ibjt* 32 OTABJCNO W, R. 47 15 
HlCKx-If, D. -tl 11 S U M N E R , B . 39 14 
H O V ^ E E , O. 1 , ^ 3 2 2 3 9 TAYLOR, N.W. . 1662 lub 
H U l X , 0 . 3 , W 3 l4«* T K E G A S & I D , B . 3 2 1 lly 
H U E E , ( M r s ) O.A. 1? 10 T R E G E A R , R. 4 1 3 
JACKOON, M. 106 /b T U R L E , ( M r s ) L . b l 2 
J U N E o , A . f . 4 , ltia 100 V E N l M O R t ; , ( R e v ) C. W.9^2 O b 
KENT, ( M r s ) K . E . 4 1 lb V 1 L E A N , E . yo* 11 
JUJ^B^^, 2 ? b 2p V I N C E N T , J . 1 / 8 * 39 
K O M O R O U s , , M . 3 4 0 * 3/ W A L K E R , W.a,G. lb 11 
L E S E I E , ( M r s ) A 4 4 1 lb W E N U E R O T H , E . li 6 
L O M L K Y , E . 9 1 9 40 W l L L l ^ M i , J^AUL 2 3 13 
MAKXNO, A. a d 3 1 WIJLLIAMO, .fETER 1 , 0 1 / l o p 

* = R e s u l t s a l s o c o m m u n i c a t e d to A.A.V.O.O. 
+ = T o t a l o b s e r v a t i o n s f o r V o o , RASNZ, a n d i s a d d i t i o n a l 

to o b s e r v a t i o n s l o r A. A. V. s .0 . 

T O T A L O B S E R V A T I O N S 2 9 , 1^3 

T h e r e w a s a s l i g h t i n c r e a s e in t h e n u m b e r 01 o b s e r v a t i o n s 
c o m p a r e d to t h e p r e v i o u s y e a r . T h i s i s v e r y s a t i s i a c t o r y in v i e w 
ot t h e a d v e r s e w e a t h e r t h a t a t 1ect ed m a n y s i t e s , i n c l u d i n g t h e 
b u s h 1 i r e s t h a t b r o u g h t p o o r c o n d i t i o n s t o p a r t s 01 A u s t r a l i a t o r 
s e v e r a l m o n t h s . O n c e a g a i n t h e n i n e o b s e r v e r s , w h o r e c o r d e d m o r e 
t h a n o n e t h o u s a n d o b s e r v a t i o n s a c c o u n t e d x o r b4/o 01 t h e t o t a l 
o b s e r v a t i o n s . T h e c o n t r i b u t i o n s f r o m a n u m b e r ot* n e w , a n d m a i n l y 
y o u n g m e m o e r s , i s a p l e a s i n g i e a t u r e 01 t h e y e a r 1 s a c t i v i t i e s , 
e x a m i n a t i o n s c a u s e t h e i r c o n t r i b u t i o n s to b e c o n f i n e d to c e r t a i n 
m o n t h s o n l y , b u t , d e s p i t e t h i s , s e v e r a l h a v e a l r e a d y b e c o m e f i r s t 
c l a s s o b s e r v e r s . 

T h e g r e a t e s t p o s s i b l e u s e h a s b e e n m a d e ot t h e o b s e r v a t i o n s , 
a n d a v e r y l a r g e n u m b e r 01 r e q u e s t s f r o m p r o i e s s i o n a i s h a v e 
b e e n a c t i o n e d d u r i n g t h e y e a r . 
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F U B E I C A T I Q N S : T w e l v e i s s u e s o f t h e M o n t h l y C i r c u l a r s w e r e p u b ­
l i s h e d . T h e m a t e r i a l f o r t h e s e g e n e r a l l y e x c e e d s t h e s p a c e a v a i l ­
a b l e . T h e i r l o r m a t w a s c h a n g e d s l i g h t l y d u r i n g t n e y e a r so t h a t 
n o t e s o n t n e o u t b u r s t s , o r o t h e r i n f o r m a t i o n , i s n o w g i v e n in t h e 
s u m m a r y o i o b s e r v a t i o n s r a t h e r t n a n a s s e p a r a t e n o t e s . T h i s c h a n g e 
h a s e n a b l e d m o r e i n i o r m a t i o n to b e i n c l u d e d in e a c h C i r c u l a r . 

" C h a r t s l o r S o u t h e r n V a r i a b i e s " S e r i e s 11 a n d 12 
w e r e p u b l i s h e d . 

P u b l i c a t i o n s N o . { ( C ) w a s d i s t r i b u t e d a n d 
N o . 6* (CtiO) is c u r r e n t l y in t h e h a n d s oi t h e p r i n t e r . 

N u m e r o u s n o t es o n t h e w o r k oi t h e s e c t i o n a p p e a r e d 
in t h e S o c i e t y ' s N e w s l e t t e r . 

U s e ox t h e S e c t i o n 1 s r e s u l t s w e r e i n c l u d e d i n m a n y 
p r o A e s s i o n a l p u b l i c a t i o n s , w h i c h aicso c o n t a i n ea n u m e r o u s r e f e r e n c e s 
t o p a p e r s p u b l i s h e d in o u r o w n P u b l i c a t i o n s . 

CHAHTS: l a m i n d e b t e d t o M. M o r e l , B. S u m n e r a n d K.D. w i n n e t t 
j.or t h e i r e x c e l l e n t s k i n i n t h e p r o d u c t i o n o r c h a r t s . It h a s 
b e e n p o s s i b l e to i n c l u d e a l a r g e n u m b e r oi p h o t o e l e c t r i c V m a g ­
n i t u d e s o n r e c e n t c h a r t s, d u e to t h e c a r e i u i r e s e a r c h i n g ox 
t h e l i t e r a t u r e b y M. M o r e l . 

O n c e a g a i n w e h a v e t o t h a n k N. 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 , t o r s u p p l y i n g i u e n t i i i c a t i o n c h a r t s a n d s e q u e n c e s x o r 
a n u m b e r oi s o u t h e r n d w a r x n o v a e . 

A G e n e r a l I n d e x t o a l l c h a r t s p u D i i s h e d in s e r i e s 1 t o 
11 w a s i n c l u d e d w i t h s e r i e s 1 2 . T h i s s h o u i u p r o v e o f a s s i s t a n c e 
to o b s e r v e r s in s e l e c t i n g s t a r s f o r w h i c h o b s e r v a t i o n s a r e r e q u i r e u . 
It w a s p o s s i b l e t o e i f e c t a n i m p r o v e m e n t in t h e p r i n t i n g ox t h e 
c h a r t s i s s u e d t h r o u g h a c h a n g e in p r i n t e r s . 

T h e A . A . V . a , 0 . p u D i i s n e d t h e i r V a r i a b l e S t a r A t l a s f o r 
w h i c h p e r m i s s i o n w a s g i v e n t o i n c i u a e s e q u e n c e m a g n i t u d e s f o r a 
l a r g e n u m b e r o f s o u t h e r n v a r i a b l e s t a k e n x r o m o u r c h a r t a . 

N. V o g t p o i n t e d o u t in "Aastron. A s t r o p h y s " dtf, b b (.lytfO) 

t h a t t h e r e m a y b e a n u m b e r oi OwarA n o v a e a m o n g s t t h e s t a r s 
c a t a l o g u e d a s M i r a s x o r w h i c h n o s p e c t r a r e a v a i i a o i e . I a m 
i n d e b t e d to N. V o g t LOT a p r e p r i n t ox h i s p a p e r , w h i c h . h a s e n a b l e d 
a s e a r c h i o r s u c h o b j e c t s x o b e c o m m e n c e d . T h i s w o r k i s fining 
b e i n g v e r y a b l y c a r r i e d o u t D y B . S u m n e r to w h o m l h a v e a l r e a d y 
s u p p l i e d s o m e d a t a f r o m t h e l i t e r a t u r e . C u r r e n t l y l a m c o l l e c t i n g 
i d e n t i f i c a t i o n c h a r t s f o r t h e s t a r s t h a t s u m n e r h a s l i s t e d a n d 
t h e s e w i n b e a v a i l a b l e t o h i m e a r i y i n t h e N e w Y e a r . O n c e h e 
h a s p r o d u c e d t h e n e c e s s a r y d e t a i l e d c h a r t s o b s e r v e r s w i l l b e a s k e d 

to Keep a w a t c h o n t h e s e s t a r s in t h e h o p e t h a t s o m e a t l e a s t m a y 
p r o v e t o b e d w a r f n o v a e (WX H y i w a s o r i g i n a l l y c l a s s i x i e d a s a M i r a 
v a r i a b l e ) . 

MIKA V A K I A B E E S : K e i e r e n c e w a s m a d e in l a s t y e a r ' s r e p o r t to t h e 
c o m p u t e r p r o g r a m m e s e t u p by F . K . wood. T h e m a i n o b j e c t i v e of 
t h i s p r o g r a m m e i s t o e x a m i n e t h e o b s e r v a t i o n s ox a l a r g e n u m b e r 
ox M i r a v a r i a b l e s e x t e n d i n g o v e t h e l a s t 3O y e a r s i n o r d e r t o d e t e c t 
s e c o n d a r y p e r i o d s . T h e p r o g r a m m e a l s o p r o d u c e s i n a c o n v e n i e n t 
1orm t h e l i g h t c u r v e s a n d o t h e r d a t a . T h e x i r s t p a p e r r e s u l t i n g 
xrom t n i a p r o g r a m m e a p p e a r s in F u o l i c a t i o n s N o . d . uue to t h e 
w r i t e r ' s i l l n e s s e a r l i e r i n t h e y e a r t h e x e e d i n g ox t h e r a w u a t a 
i n t o t h e c o m p u t e r h a s x a l l en b e h i n d , b u t e v e r y e f i o r t w i l l b e m a d e 
in t h e n e x t x e w m o n t n s t o r e m e d y ttiis. 

C o p i e s of o u r c u r r e n t o b s e r v a t i o n s ox M i r a v a r i a b l e s 
a r e s e n t to t h e A.A.V.O.O- q u a r t e r l y . T h i s e n a b l e s t h e m to b e u s e d 
in t h e i r p r e d i c t i o n s a n d li^tit c u r v e s . T h e i r u i r e c t o r ( J . A . M a t t e i ) 
s t a t e s t h a t o u r o b s e r v a t i o n s a r e a g r e a t h e l p in p r e d i c t i n g t h e 
d a t e s ox m a x i m a a n d m i n i m a ox s o u t h e r n v a r i a b l e s . s h e w i s h e s t o 
t n a n k m e m b e r s f o r t h e i r o b s e r v a t i o n s a n d G o r d o n s m i t h f o r c o m p i l i n g 
t h e l i s t s . P r a c t i c a l c o - o p e r a t i o n ox t h i s n a t u r e b e t w e e n t h e 
v a r i o u s V a r i a b l e S t a r O r g a n i s a t i o n s i s m o s t x r u i t i u i a n d a v o i d s 



d u p l i c a t i o n or e x t o r t , w h i l s t , At the same t ime, making £ft© great* 
est u s e o x t h e o b s e r v a t i o n s . 

u w A K f NOVAK: i t i s a g r e a t p i e a s u r e t o t h a n K o b s e r v e r a t o r t h e 
v e r y c a r e t u i m o n i t o r i n g ot u w a r i n o v a e . T h e r e i s i n t e n s e i n t e r e s t 
in t h e s e s t a r s b y p r o i e s s i o n a i s b e c a u s e ot t h e p r o b l e m s t h a t t h e y 
p o s e . T h i s h a s r e s u l t e d i n m a n y r e q u e s t s i o r o u r v i s u a l r e c o r d s 
in o r d e r to o b t a i n d e t a i l s o r t h e o p t i c a l b e h a v i o u r o x m a n y a v a n 
n o v a e a t t h e t i m e t h a t o b s e r v a t i o n s h a v e b e e n m a d e t r o m s a t e l l i t e s 
or s p e c t r o s c o p i c a i l y . m i t h e s e r e q u e s t s h a v e b e e n g i v e n p r o m p t 
a t t ent i o n . 

I n p a r t i c u l a r , d u r i n g t n e y e a r , w e h a v e s u p p l i e d b y t e l e x a n d 
c a b l e , or b y d i r e c t t e l e p h o n e c a l l s , n o t i f i c a t i o n ot o u t b u r s t s 
d e t e c t e d d u r i n g o b s e r v i n g s p e i i s w i t h t h e LUE s a t e l l i t e . C o - o p e r a t i v e 
p r o g r a m m e s 01 t h i s n a t u r e w e r e a r r a n g e d w i t h a s t r o n o m e r s t r o m 
K . G . 0 . , U n i v e r s i t y ot C a m b r i d g e , £ . a . 0 f C a l t e c h , Los A l a m o s 
s c i e n t i f i c L a b o r a t o r y a n d G o o d a r d S p a c e F l i g h t C e n t r e . f o r o t h e r 
u s e s d e t a i l e d o b s e r v a t i o n s h a v e b e e n s u p p i i e u to a n u m b e r ot p r o ­
f e s s i o n a l s . 

T h e v a l u e 01 v i s u a l m o n i t o r i n g ot d w a r t n o v a e c a n b e s e e n t r o m 

t h e l o i i o w i n g e x t r a c t f r o m a p a p e r o y N. V o g t ( A s t r o n . A s t r o p h y s . 
da i l y o u ; : 

" T h i o w o r k i s m a i n l y b a s e d o n c o n t i n u o u s a n d p r e c i s e 
v i s u a l o b s e r v a t i o n o o x d w a r x n o v a e o v e r d e c a d e s p e r j - o r m e u b y m a n y , 
and t o a l a r g e e x t e n t a n o n y m o u s , a m a t e u r a s t r o n o m e r s , in p a r t i c u l a r 
t h e m e m b e r s o x t h e V a r i a b l e S t a r S e c t i o n , o f t n e K o y a i A s t r o n o m i c a l 
s o c i e t y o x N e w Z e a l a n d , a n d ot t n e B r i t i s h A s t r o n o m i c a l A s s o c i a t i o n , 
a s w e i i a s t h e m e m b e r s oi t h e A m e r i c a n A s s o c i a t i o n o x V a r i a b l e s t a r 
O b s e r v e r s . T h e p r e s e n t s t u d y d e m o n s t r a t e s t h a t a m a t e u r a s t r o n o m e r s 
can a l s o s u b s t a n t i a l l y c o n t r i b u t e to m o d e m r e s e a r c h b y c o o p e r a t i n g 
in a c o n t i n u o u s a n d w e i i o r g a n i z e d m a n n e r , a n d b y m a i n t a i n i n g a 
s t a n d a r d i n t h e q u a l i t y 01 t h e i r v i s u a l o b s e r v a t i o n s . " 

T h e o b s e r v a t i o n s ot m e m b e r s h a v e e n a b l e d e c l i p s e s in s u c h 
s y s t e m s a s Z C h a a n u OV" C a r to b e a c c u r a t e l y d e t e r m i n e d . It h a s 
a i s o b e p o s s i b l e t o o b s e r v e t n e s u p e r h u m p s i n a n u m b e r o x s t a r s o x 
t h e s U U M a s u b - t y p e ; to d e t e r m i n e o r b i t a l p e r i o d s a n d in s o m e 
s y s t e m s t o d e t e c t c h a n g e s i n c y c l e l e n g t h t o r s u p e r m a x i m a . It 
a p p e a r s t r o m r e c e n t o b s e r v a t i o n s t n a t t h e r e h a v e b e e n c h a n g e s in 
p e r i o d o x a t l e a s t o n e s t a r , o u t t h e r e d u c t i o n o x t h e r e s u i t s i s 
n o t y e t c o m p l e t e . 

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

A n o t e o n CV A q r w a s p u o n s n e a in C i r c . Mtivj/y. I n v e s t i g a t i o n s 
h a v e c o n t i n u e d i n t o t h e h i s t o r y o f t h i s o b j e c t , a n d I a m i n d e b t e d 
to U r s . B r i a n M a r s a e n a n d D a n i e l w . K . G r e e n t o r t u r t h e r i n x o r r a a t i o n , 
o u t , u n f o r t u n a t e l y t h e e x a c t l o c a t i o n o f t h i s s t a r i s s t i l l v e r y 
u n c e r t a i n . O b s e r v e r s s h o u l d c a r e t u l i y e x a m i n e a l l t h e r i e l d s t a r s 
a s t h e o n e t h i n g t h a t d o e s a p p e a r c e r t a i n i s t h a t CV Aqr d o e s n o t 
e x i s t a t i t s c a t a l o g u e d p o s i t i o n . 

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

R C r B S T A K P : M e m b e r s h a v e c o n t i n u e d t o f o l l o w t n e s o u t h e r n 
m e m b e r s o i t h i s c l a s s c a r e f u l l y . I n p a r t i c u l a r R e f e r W i l l i a m s 
o r g a n i z e u h i s g r o u p to f o l l o w a n u m b e r o x R Crti s t a r s c l o s e l y . 
A l b e r t J o n e s h a s m a d e s o m e s p e c i a l l y u s e i u i o b s e r v a t i o n s ox a l l 
s o u t h e r n R C r B v a r i a b l e s . 
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s Aps h a d a n u n u s u a i m i n i m u m u u r i n g t h e y e a r u u r i n g w h i c n 
it g o t " s t u c K " a r o u n u 1 2 t n m a g n i t u u e . T h i s w a s extreraeiy w e l l 
o b s e r v e d Dy m a n y m e m o e r s . i'he s e m i - p e r i o d i c o s c i l l a t i o n s ox R Y 
s g r w e r e a i so v e r y w e n o b s e r v e d . s e v e r a l s t a r s w e r e a t m i n i m a 
d u r i n g t n e y e a r , o f rfhich Uw C e n w a s t h e o n e D e s t o b s e r v e u . 

K E C U K R E N T NOV~AE : N o o u t b u r s t s o c c u r r e d . K o O p h h a s Deen w e l l 
ob s e r v e d a t m i n i m u m , b u t o n l y o c c a s i o n a 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 m a d e ox t n e o t h e r r e c u r r e n t n o v a e u n d e r o b s e r v a t i o n a s t h e y 
w e r e b e i o w t n e t h r e s h o l d ox m o s t i n s t r u m e n t s . 

N O V-aE: s e v e r a l o i u n o v a e h a v e b e e n o b s e r v e d . R R F i e l a d e u 

v e r y s l i g h t l y d u r i n g t h e y e a r . CP x-up h a s o e e n s e e n o c c a s i o n a l l y 

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

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

O b s e r v a t i o n s w e r e a l s o m a d e ox s e v e r a l o t h e r n o v a e , 
m a i n l y o n e s n o r t h ox t h e e q u a t o r . 

C E P H E I X J S : O b s e r v a t i o n s h a v e c o n t i n u e d ox t h e l o n g p e r i o d 
c l a s s i c a l C e p h e i d s w i t h t h e o b j e c t i v e ox d e t e c t i n g a n y p e r i o d 
c h a n g e s , i C a r h a s b e e n v e r y w e l l o b s e r v e d ; B e t a D o r n o t a s w e n 
a n d K a p p a F a v r a t h e r p o o r l y . 

M . M o r e i h a s p r o u u c e o c h a r t s i o r a n u m b e r o f o t h e r 
C e p h e i u s s u i t a b l e f o r v i s u a l o b s e r v a t i o n w i t h s m a l l t e l e s c o p e s 
or b i n o c u l a r s . T h e s e a p p e a r i n P u b l i c a t i o n s 6 . H e h a s a l s o 
o b s e r v e d U C a r l o r w h i c h h i s c h a r t a n d l i g h t c u r v e w e r e p u b ­
l i s h e d in P u b l i c a t i o n s / . 

O b s e r v e r s a r e r e m i n d e d t h a t o b s e r v a t i o n s ox C e p h e i d s 
s h o u l d b e s e n t t o H e a d q u a r t e r s e a c h m o n t h a i o n g w i t h t h e i r 
o t h e r o b s e r v a t i o n s . A t t h e e n d o f e n d o b s e r v i n g s e a s o n x o r e a c h 
C e p h e i d a c o p y o f t h e i r o b s e r v a t i o n s s h o u l d b e s e n t t o o u r 
C e p h e i d R e c o r d e r , T . A . C r a g g t A d d r e s s : C / o A n g l o - A u s t r a l i a n 
O b s e r v a t o r y , P r i v a t e B a g N o . *±, C o o n a b a r a b r a n , N . s . w . 2 6 3 / , 
A u s t r a l i a ) . 

I R R E G U L A R V A R I A B L E S : E x c e l l e n t o b s e r v a t i o n s h a v e b e e n s e c u r e d 
ox T C h a , t y p e I n b s , w h i c h c i e a r l y s h o w t h e m u l t i p l e p e r i o d s 
t h a t c a u s e a w i d e v a r i a t i o n in t n e a m p i i t u u e ox v a r i a t i o n s i n 
t h i s s t a r . T h e v a r i a b i e s , s , T y , R a n d T C r A , h a v e a i s o b e e n 
w e l l o b s e r v e d . T h e s e s t a r s a r e o i x f i c u i t to o b s e r v e b e c a u s e 
o f t h e i r i n v o l v e m e n t in n e b u l o s i t y a n d e x t r e m e c a r e i s r e q u i r e d 
in m a k i n g e s t i m a t e s , s o m e o b s e r v a t i o n s o f s C r A h a v e b e e n d i s ­
c o r d a n t b u t , d e s p i t e t h i s , it h a s b e e n p o s s i b l e t o d e t e r m i n e 
s e v e r a l p e r i o u s f o r t h e s e s t a r s . 

X-RAY V A R I A B L E : o c o X - l , V, v"dld s c o , h a s b e e n w e l l o b s e r v e d . 
U s e ox 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 m a d e b y p r o f e s s i o n a l s . 

E C L I P S I N G V A R J A B L E S ; H . u . K e n n e d y h a s c o m m u n i c a t e d o b s e r v a t i o n s 
ox t h e e c l i p s i n g b i n a r y XY L e o . H i s p h o t o e l e c t r i c o b s e r v a t i o n s 
h a v e b e e n p u b i i s h e u in t h i s i s s u e oi o u r P u b l i c a t i o n s . 

M I S C E E E A N E Q U S V A R I A B L E S : O b s e r v a t i o n s ox a n u m b e r ox s e m i -
r e g u l a r , R V T a u t y p e a n d s i ) v a r i a b l e s h a v e c o n t i n u e d . H . M . 
J o h n s o n h a s m a d e u s e o f t h e o b s e r v a t i o n s ox AG C a r in t w o 
p a p e r s o n t h i s s t a r . s e v e r a l s u s p e c t e d v a r i a b l e s h a v e b e e n 
c o n s i s t e n t l y i o i l o w e d , w h i i s t o t h e r s u s p e c t e d v a r i a b i e s h a v e 
b e e n x o u n o f r o m e x a m i n a t i o n ox t n e x i e i u s t a r s in a n u m b e r ox 
v a r i a b l e s t a r i i e x u s . some o b s e r v e r s w e r e x o i l o w i n g s u s p e c t e d 
v a r i a b x es o i v e r y s m a l l r a n g e t h a t w e r e u n s u i t a b i e x o r v i s u a l 
o b s e r v i n g . T h e s e o b s e r v a t i o n s h a v e c e a s e u s i n c e t n e y a r e r e a l l y 
a w a s t e o i t i m e a n d b e s t l e r t t o p h o t o e l e c t r i c o b s e r v e r s . 
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C O - O F E K A T I U N W I T H T H E B.A.A . T h e e x c h a n g e o i o b s e r v a t i o n s w i t h 
t h e V a r i a b l e s t a r s e c t i o n , B r i t i s h A s t r o n o m i c a l A s s o c i a t i o n , U . K . , 
h a s p r o c e e d e d s m o o t h l y t h r o u g h o u t t h e y e a r . T h e b a s i s e s t a b l i s h e d 
w a s t h a t w e s e n u t h e m o u r o b s e r v a t i o n s o f d w a r r n o v a e n o r t h o i 
t h e c e l e s t i a l e q u a t o r . T h e y in t u r n c o m m u n i c a t e t h e i r r e s u l t s 
t o r s u c h v a r i a b l e s s o u t h o t t h e e q u a t o r . o t a r s i n t h e e q u a t o r i a l 
r e g i o n s a r e u s u a l l y OD s e r v e d r a t h e r p o o r i y s i n c e t h e y t e n d t o b e 
n e g i e c t e d in t a v o u r o t s t a r s t n a t a r e a c c e s s i b l e a t h i g h e r a i t i t u u e s . 

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

T h e r e h a s a i s o b e e n a v e r y s a t i s t a c t o r y e x c h a n g e o t o t h e r 
a a t a — p u b l i c a t i o n s , c h a r t s , a n d s e q u e n c e s . i a m i n d e b t e d to 
D o u g s a w , t h e p r e s e t D i r e c t o r ot t h e V . s . s . , B.A.A., a n d h i s 
a s s i s t a n t s a n d p r e d e c e s s o r s tor t h e i r c o o p e r a t i o n . 

KECOKDEK : G o r u o n s m i t h h a s c o n t i n u e d t o c a r r y o u t t n e o n e r o u s 
d u t i e s o f r e c o r d e r . H i s d u t i e s e x t e n t to t h e c h e c k i n g a n d t h e 
e n t e r i n g o t a l l o b s e r v a t i o n s o n t h e p e r m a n e n t r e c o r d s a x t e r d a t a 
f o r t h e M o n t h l y C i r c u l a r s h a v e b e e n e x t r a c t e d . T h i s w o r k h e 
p e r t o r m s in a v e r y e n i c i e n t m a n n e r w h i c h t a k e s q u i t e a l o a d 
oft m y s h o u l u e r s . H e a l s o p r e p a r e s t h e q u a r t e r l y c o p i e s o t o b s e r ­
v a t i o n s f o r t h e A.A.V.S.O . a n d t n e B.A.A. I a m a e e p i y g r a t e t u i 
xor h i s a s s i s t a n c e . 

G E N E H A L ; l ,The O b s e r v a t i o n 01 V a r i a b l e s t a r s " h a s c o n t i n u e d to 
p r o v i d e g u i u a n c e to m a n y n e w o b s e r v e r s . s t e a d y s a l e s o x t h i s 
I n s t r u c t i o n a l M a n u a l h a v e c o n t i n u e d t h r o u g h o u t t h e y e a r . A n e w 
e d i t i o n i s s c h e d u l e d f o r 19d;i b y w h i c h t i m e s t o c k s o r t h e p r e s e n t 
e d i t i o n w i n h a v e b e e n e x h a u s t e d . 

T h e s e r i e s o f a r t i c l e s a p p e a r i n g in o K Y & T E L E S C O P E 
d e a l i n g w i t h t h e w o r k o x t h e A.A.V.S.O . i n p a r t i c u l a r a n u o i 
V a r i a b i e o t a r s i n g e n e r a l h a s a t t r a c t e d a g r e a t a e a i o x n i n t e r e s t . 

B e c a u s e o f o u r c l o s e c o - o p e r a t i o n w i t h t h e A.A.V.S.O . t h e s e 
a r t i c l e s h a v e a i s o s e r v e d to s t i m u l a t e i n t e r e s t in o u r o w n 
o e c t i o n . 

A r e v i s i o n o x t h e DOOK "lite OTUDY O E V A K I A B E E S T A K S " 
oy C a m p b e l l a n u J a c c h i a h a s b e e n l o n g o v e r d u e . I n f a c t x o r s o m e 
y e a r s I h a v e u r g e d u r . J a n e t M a t t e l t o u n u e r t a k e t h i s w o r k . s h e 
n a s r e c e n t l y i n x o r m e u roe t h a t u r . E u i g i J a c c n i a h a s o e i n g w o r k i n g 
on a r e v i s e d e d i t i o n w h i c h w i n b e p u b l i s h e d s o m e t i m e in l ^ d i . 
I a m s u r e t h a t raemoers w i n A i n u t h e n e w e d i t i o n a m o s t v a i u a b i e 
e d i t i o n to t h e i r l i b r a r y . 

E I N A N C E : T h e a r r a n g e m e n t s w h e r e b y JISTKONOMICAE K E S E A K C H E T D . , 
h a n d l e a l l t h e l i n a n c e s o x t h e s e c t i o n h a s p r o v e d m o s t s a t i s t a c t o r y . 
T h e r e a s o n s f o r t h i s w e r e o u t l i n e d in t h e p r e v i o u s y e a r ' r e p o r t . 
T n e c h a n g e h a s a i s o e n a b l e d g r a n t s to a i d p u b l i c a t i o n s to b e 
s e c u r e a d u r i n g t h e c u r r e n t y e a r . 

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

it i s a i w a y s allticuit t o s i n g l e o u t o b s e r v e r s f o r s p e c i a l 
m e n t i o n w h e n a i l c o n t r i b u t e so w e l l . H o w e v e r o n e e a g a i n A l b e r t 
J o n e s h a s m a u e a p a r t i c u x a r l y v a l u a b l e c o n t r i c - u t i o n , n o t a b l y n o t 
o n l y t o r i t s n u m b e r s o u t a l s o t o r t h e a c c u r a c y o f h i s r e s u l t s . 

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



a n o t h e r n o t a b l e c o n t r i b u t i o n c a m e i r o m T . A . C r a g g , w h o a p a r t x r o m 
h i s o w n o b s e r v i n g f o r m s a n i m p o r t a n t linK w i t h t h e A n g i o - A u s t r a l i a n 
O b s e r v a t o r y . T o m h a s b e e n a b l e t o g e t d o w n to f a i n t e r l i m i t s t h a n 
m o s t o b s e r v e r s w h i c h i s m o s t u s e i u i i n o b t a i n i n g k n o w l e d g e o r s t a r s 
a t m i n i m a . L i k e w i s e , N . J . b r o w n ' s r e s u l t s a i s o r e a c h l a i n t e r l i m i t s 
t h a n m o s t o b s e r v e r s . H i s o b s e r v a t i o n * , ox d w a r f n o v a e w h i c h h e 
i o u - o w s so c o n s i s t e n t l y a r e m o s t w o r t h w h i l e . 

T h e v a r i o u s c o c a i g r o u p s h a v e t h e a d v a n t a g e ox n o t w o r K i n g a i o n e 
a s e a c h g r o u p i n c l u d e s a n u m o e r ox o b s e r v e r s i n t h e s a m e a r e a . T h e 
s u c c e s s ox t h e s e g r o u p s o w e m u c h to t h e i r l e a u e r s , i n p a r t i c u l a r 
B r u c e T r e g a s k i s , P e t e r W i n i a m s , K o y E m m e r s o n a n d E r i c H a r r i e s -
H a r r i s , B r u c e o u m n e r a n d ^ r t n u r P a g e . T h e l a t t e r c o n t r i b u t e s n o 
o b s e r v a t i o n s h i m s e l f b e c a u s e ox o t h e r p r o g r a m m e s , b u t h e h a s i n t e r e s t e d 
s e v e r a l k e e n a n d e f x i c i e n t o b s e r v e r s i n j o i n i n g t h e s e c t i o n . T h e 
r e s u l t s f r o m t h e A u c k l a n d g r o u p a r e o u t s t a n d i n g d u e to t h e w o r k ox 
B r i a n M a r i n o a n d D I C K H u n i n p a r t i c u l a r . T h e r e a r e m a n y w h o s p a c e 
d o e s n o t a i i o w to b e m e n t i o n e d i n d i v i d u a l l y b u t t o o n e a n d a l l I 
s a y a m o s t s i n c e r e thanK y o u . Y o u a r e a i l c a r r y i n g o u t o b s e r v a t i o n s 
t h a t a r e v a l u a b l e a n d i m p o r t a n t . I h o p e t h a t y o u r i n t e r e s t w i K i b e 
m a i n t a i n e d i n l^b" 1 a n d t h a t y o u h a v e c i e a r s k i e s . 

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

l^tio D e c e m b e r 2 1 x*rank M . B a t e s o n 
D i r e c t o r . 

JNUT1CES. 

APDXIDQP ; C o r r e s p o n d e n t s a r e r e m i n d e d t h a t t h e a d d r e s s o f t h e 
w r i t e r , a n d of t h e s e c t i o n , i s : 

P.O. BOX 3 0 9 3 , 
GREEKTON. 
TAURANGA, 
NE W ZEAEAND. 

It w o u l d o e a p p r e c i a t e d ix a i l c o r r e s p o n d e n c e c o u x u b e s e n t t o 
t h e a b o v e a d d r e s s t o a v o i d m i s p i a c eo m a i l w h e n t h e w r i t er i s a w a y . 

CHrtitTs r O K S O U T H E R N V A H I A B E E S : 

s t o c K s 0 1 s e r i e s 3 i o a n u / a r e e x h a u s t ed a i t er 
s e v e r a l p r i n t i n g s . T h e s e i s s u e s w i l l n o t b e r e p r i n t e d . w h e r e 
n e c e s s a r y r e v i s e d c h a r t s f o r s o m e ox t h e s t a r s i n t h e s e s e r i e s 
w i l l a p p e a r in l a t e r 1 s s u e s . 


