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PUBLICATION No. 1 (C 7 3 ) 1» 
of 

VARIABLE STAR ACTION, ROYAL ASTRONOMICAL SOCIifY 
OF Ni£,; ZEALAND. 

INTRODUCTION, 

./hen C i r c u l a r 199 was published subscribers were 
advised that the format of the C i r c u l a r s was being changed. 
The objective i n so doing was to present the observations 
i n a more useful form than that of tabulated ten day means, 
and to provide a more suitable publication f o r the r e s u l t s 
of the Section. At the same time a l t e r a t i o n s were made to 
the methods of handling the records. These changes have 
taken considerable time since i t was desired to make c e r t a i n 
that the new systems functioned adequately, and that they 
wvould r e s u l t i n a steady output of published material* 

Publications now replace the former C i r c u l a r s and 
w i l l be numbered from 1 onwards, followed by the l a s t two 
d i g i t s of the year. Thus the present publication contains 
the 1973 issue of what formerly were termed C i r c u l a r s , '-^his 
l a t t e r term i s retained f o r the monthly C i r c u l a r s (M Ser i e s ) 
that have appeared regulargly since May 1972, and for the 
special C i r c u l a r s (S S e r i e s ) . The former give monthly pre­
liminary data on Eruptive and Unusual Variables; the l a t t e r , 
issued i r r e g u l a r g l y contain matters such as novae discoveries 
-vhich require prompt n o t i f i c a t i o n to observers. 

Publications w i l l appear, for the present,once or 
twice a year. Observations of E i r a Cet; Semi-regular; 
I r r e g u l a r and other slowly varying s t a r s w i l l be presented 
as l i g h t curves. Rapidly changing s t a r s , such as those 
of U uem, R CrB types, e t c . , w i l l be given i n ten day or 
d a i l y means and l i g h t curves. A r t i c l e s on observational 
techniques and instruments w i l l also appear. Predictions 
w i l l also be published together with l i s t s of observed 
maxima and minima. 

Wow that the extensive changes at headquarters have 
been completed the aim i s to bring a l l records up to date 
promptly. For that reason the 197^ Publications w i l l be 
available i n a few weeks time Q 

Frank 11* Bateson 
Director. 

18 Pooles Road, 
G R J E R T O N . 

1974 September 1 T A U R A N G A . 
I J E J ' Z E A L A N D . 
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MAXIMA OF Viv HYDRI IN 1 9 7 2 - 7 3 

Frank M. Bateson 

OUMIVIARY: The l i g h t curve reproduced covers the i n t e r v a l 
J.D. 2 , 4 - 4 1 , 5 1 5 to 2 , 4 4 2 , 0 4 8 , and i s derived from 2 , 0 0 0 v i s u a l 
observations. The d a i l y means are tabulated and a l i s t of 
the observed maxima i s given. 
INTRODUCTION: Hyi, a U Gem type v a r i a b l e , has been consis­
t e n t l y followed by observers of the Variable J t a r Section, 
Royal A s t r o n o m i c a l Society of New Zealand, f o r the past two 
decades. Observations to 2 , 4 4 0 , 9 5 4 have appeared i n the 
C i r c u l a r s of the V.S.S. A detailed paper, discussing a l l the 
r e s u l t s , w i l l appear i n luemoir No. 2 , V.S DS., R . A . S . N . Z . , 
currently under preparation. .Preliminary discussions of some 
of the r e s u l t s have been published (Bateson 1 9 5 7 ; Bateson 
1 9 6 5 ; Bateson a Jones 1 9 5 6 ) . 

CriARTo & SEQUENCES: A chart (Jones 1 9 5 4 ; Bateson 6c Jones, 
1 9 5 6 ) lias been used by observers. This chart w a s also repro­
duced by Brun fcc P e t i t 1 9 5 7 . 

The v i s u a l magnitudes adopted for the sequence sta r s 
were determined by Bateson from step estimates by Jones. 
C . P . D . - 7 0 ° 2 7 6 , - w i t h a v i s u a l magnitude of 7 . 6 2 from harvard 
ivlimegrams, Series 1 1 1 , No . l , w a s taken as the zero point for 
the sequence. I t i s probable that the adopted v i s u a l magnit­
udes are compressed, e s p e c i a l l y a t the f a i n t e r l i m i t s . 
However, as the determination of the times and nature of the 
outbursts are the objective of v i s u a l observations, no amend­
ments to the adopted magnitudes have been made. This enables 
the observations to be compared with those previously publish­
ed. Photoelectric magnitudes are awaited from the Auckland 
Observatory. Preliminary values show that the minima mag­
nitudes of V.. i i y i are f a i n t e r than indicated on the adopted 
v i s u a l scale. This does not a l t e r the form of the l i g h t 
curve, nor the types and dates for maxima. 
OBSERVATIONS: Daily means fo r the i n t e r v a l J.D. 2 , 4 4 1 , 3 1 5 
to 2 , 4 4 2 , 0 4 8 appear i n Table 1 . The f i r s t column contains 
the l a s t two d i g i t s of the J u l i a n Day to be added to the 
date shown at the head of t h i s column. The decimal of the 
J u l i a n Day appears i n the second column. This i s given i n 
tenths except where i t i s useful to express i t i n hundredths. 
The longitudes of our observers are such that observations 
each night are centred around midnight G.M.̂ .T. Thus two 
entries for the same J u l i a n Date sometimes appear, e.g., 
2 , 4 4 1 , 3 2 0 . 0 and 2 , 4 4 1 , 3 2 0 . 9 . ^he former r e f e r s to the 
mean of observations f o r the night 2 , 4 4 1 , 3 1 9 - 3 2 0 ; the l a t t e r 
to the mean for the following night. 



5 
The t h i r d column of Table 1 gives the number of obser­

vations included i n each mean. When the variable was f a i n t e r 
than the magnitude shown, t h i s indicates that there were no 
posi t i v e observations. Usually there were a number of records 
at d i f f e r e n t thresholds, but only the f a i n t e s t i s given f o r 
each date. I f there were more than one observation at t h i s 
l i m i t t h i s i s shown, but those at brighter l i m i t s have been 
ignored. 

The f i n a l column i n Table 1 gives the mean magnitude 
for each date. When the magnitude depends on a single obser­
vation i t i s given to tenths; otherwise i t i s given i n hun­
dredths. Occasionally, when the variable was changing very 
rapidly means are l i s t e d f o r h a l f day i n t e r v a l s , or l e s s . 
LIGHT CURVE; An inspection of the l i g h t curve reproduced, on 
a small scale, shows how completely the s t a r has been observed. 
The only breaks of more than two successive nights were:-

2 , 4 4 1 , 5 0 7 - 510 i n c l u s i v e 
6 4 0 - 6 4 4 
8 7 7 - 3 8 1 

A maximum may have gone unobserved during the second of the 
above i n t e r v a l s . Otherwise i t i s most u n l i k e l y that any 
maxima have been missed. 
IVIAJCIMA OBSERVED: These are given i n Table 2 . The f i r s t column 
gives the date f o r each maximum, followed by i t s mean magnitude 
and the i n t e r v a l , i n days, between successive maxima. The fourth 
column gives the weight assigned to each date on the usual 
scale of 5 , e x c e l l e n t , to 1 , poorly determined. These dates 
have been determined from p l o t t i n g on a much la r g e r scale than 
used f o r the l i g h t curve reproduced i n t h i s paper. 

Supermaxima are noted i n the f i n a l column. These are 
defined as those maxima when the v a r i a b l e remains brighter 
than magnitude 1 0 , 0 f o r s i x days, or longer. At such times, 
VW Hyi u s u a l l y , but not always, a t t a i n s a brighter magnitude 
than normal at maximum. 
DISCUSSION: There are marked differences i n the heights, form 
and widths of the l i g h t curve at maxima. Bateson 1965 pointed 
out that supermaxima tend to recur at an average i n t e r v a l of 
179 days. This tendency has persisted throughout the two 
decades over which V'J Hyi has been observed. Other maxima 
can be separated into a number of d i s t i n c t types, dependent 
on t h e i r widths, rates of r i s e and f a l l , a n d heights. There 
are well defined rel a t i o n s h i p s i n the i n t e r v a l s between 
successive maxima of the same type. 

There i s also a d e f i n i t e tendency f o r the time spent 
at minimum to be related to the type of maxima that precedes 
and follows the minimum phase. 
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bince these re l a t i o n s h i p s form part of the extensive 
study of V./ Hyi that i s to appear i n Memoir No. 2 they are 
not further discussed here. 

AOKNOJLEDGj^liflTTS: I wish to express sincere appreciation to 
a l l observers f o r so consistently following t h i s most i n t e r ­
esting v a r i a b l e . 
RSFi^U^CEo: -
Bateson, P.ivl. 
Bateson, F . I J I . 

Bateson, F.M.,Jones,A.F.1956 
Brun, A., P e t i t , id. 1957 
Jones, A . F . 

1957. C i r c . 82, V.b.b., R.A.S.N.Z. 
1965. Astronomische Abhandlungen, 

J.A. Barth, L e i p z i g . 
C i r c . 7 2 , V.b.ii., R.A.S.lv.Z. 
Variable btars, 12 ( 1 ) ( 9 7 ) . 
Documentation des ^bservateurs 
B u l l . 8. 1954 

T A B I J E 1. 

DiilLY MEANS. 
2 , 4 4 1 , 300+ 2,441, 300+ 2,441, 300+ 
JD D- —' JD D. '" 1 1* MAG J D D N KlAG 

39 .0 3 1^.97 62 . 0 1 5 . 5 0 
1 5 . 0 2 3 . 7 0 39 . 9 2 < 1 2 . 5 62 . 9 2 15.40 
16 - - - 41 . 0 2 < 1 3 . 2 64 . 0 1 1 5 . 5 
17 - _ - 42 .0 1 < 1 3 . 2 6 5 — — — 
18 . 0 1 10 . 5 ? 4 3 . 0 3 < 1 2 . 7 66 . 0 1 < 1 5 . 2 
1 9 . 0 5 9.97 4 4 .0 1 < 1 2 . 5 67 . 1 1 <15.2 
2 0 . 0 3 9.60 4 5 . 0 1 <12.1 67 . 9 1 1 3 . 2 
2 0 . 9 5 9 . 4 7 46 — _ 69 . 0 1 < 1 2 . 7 
2 1 . 9 10 9.72 47 . 0 1 < 1 5 . 2 70 . 0 1 X I 2 . 7 
2 2 . 9 1 1 0 . 7 48 . 0 1 < 1 2 . 7 7 1 . 0 1 < 1 2 . 7 
24 . 0 5 1 1 . 4 7 49 — _ _ 73 . 1 1 < 1 5 . 2 
2 5 . 0 1 1 3 . 0 50 — — — 74 . 0 2 <12.7 
2 5 . 9 2 1 3 . 1 5 51 . 0 1 < 1 3 . 2 74 . 9 2 <12.7 
26 . 1 1 1 3 . 1 52 . 0 1 < 1 3 . 2 76 - — — 
2 7 . 0 4 1 2 . 9 8 52 . 9 1 1 3 . 2 77 - — — 
28 - - - 54 . 0 1 1 2 . 7 78 . 0 1 1 2 . 9 
2 9 . 0 2 1 3 . 2 0 55 . 0 4 1 0 . 1 2 78 . 9 2 9.80 
3 0 . 0 1 1 3 . 2 56 . 0 1 1 1 . 6 79 . 9 5 1 0 . 9 7 
3 1 . 0 2 1 3 . 0 5 57 . 0 2 1 3 . 0 5 81 . 0 1 < 1 2 . 1 
3 2 . 0 5 1 3 . 2 3 58 . 0 1 1 3 . 3 81 . 9 1 1 5 . 3 
3 2 . 9 1 1 3 . 0 58 . 9 2 < 1 2 . 5 82 . 9 2 1 3 . 4 5 
3 4 . 0 2 1 3 . 1 5 60 . 0 3 1 5 . 3 0 84 . 0 1 < 1 3 . 2 
3 5 . 1 1 1 3 . 4 60 . 9 3 1 5 . 3 7 35 . 0 1 1 3 . 0 
36 .0 2 1 2 . 9 0 

. 9 

37 .0 5 10.34 
3 3 . 0 3 11.47 
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TABLE 1 . DAILY MEANS VW RTDRI ( c o n t ) . 
7. 

2,441 ,700+ 
JD D N MAG. 
97.9 2 12745 
98 . 2 l 1 0 . 7 
98.9 1 9.4 
99.9 6 1 0 . 0 3 
2,441 ,800+ 
00 . 9 5 1 1 . 5 0 
01.9 2 12.80 
02.9 2 1 3 . 1 5 
03.8 1 13-4 
04 . 9 2 < 1 2 . 7 
05.8 1 13.5 
06.8 1 13.3 
07.9 2 13.45 
08.8 1 1 3 . 1 
09.9 1 <11.5 
10.9 1 13.5 
11.9 1 1 3 . 2 
1 3 . 2 1 < 1 3 . 2 
13.9 2 < 1 2 . 7 
14.8 3 1 2 . 1 7 
15.3 3 1 0 . 7 7 
15.8 2 1 0 . 7 0 
16.3 1 1 0 . 9 
16.8 3 1 1 . 7 0 
1 7 . 2 2 1 2 . 5 0 
18.9 1 <12.5 
19 - - — 
20.8 1 < 1 2 . 7 
21.9 1 13.4 
22.9 1 1 3 . 2 
23.8 1 <13-2 
24.9 3 13.33 
25.9 1 <13.2 
26.8 1 < 1 2 . 7 
27.9 2 13.40 
29.0 2 13.35 
29.9 2 1 3 . 3 0 
30.9 1 13 . 2 
31.9 1 13.0 
33.0 20 9 . 7 6 
33.9 16 9.80 
35.0 10 9.89 
35.9 3 9.40 
37-0 4 9 . 3 7 
37.9 3 9 . 9 0 
38.9 3 9 . 7 7 
40 . 1 2 9 . 9 0 
40.8 3 9 . 5 7 

2,441 ,800+ 
JD D N MAG. 
41 . 9 3 9 . 6 7 
4 3 . 1 7 9 . 6 6 
4 3 . 9 3 1 0 . 0 3 
4 4 , 9 3 1 0 . 4 3 
4 5 . 9 4 11.12 
46 . 9 1 12.3 
4 7 . 9 1 < 1 2 . 7 
48 . 8 1 < l l - 5 
49 - - -50 - - -
51*9 1 1 2 . 9 
5 2 . 8 1 < 1 2 . 7 
5 3 . 8 1 < 1 2 . 7 
5 4 , 9 1 1 3 . 2 
5 5 . 8 1 < 1 3 . 2 
5 6 . 9 1 < 1 2 . 1 
5 8 . 0 1 < 1 2 . 7 
5 9 . 0 1 1 3 . 0 
5 9 . 9 5 10.44 
60 . 1 2 9 . 9 5 
60 . 8 2 1 1 . 0 5 
61 . 2 2 11.40 
61 . 9 3 1 2 . 5 0 
6 3 - 3 1 1 3 . 2 
64 . 0 1 < 1 2 . 7 
64 . 9 1 1 3 . 5 
6 5 - 8 1 1 3 . 2 
6 7 . 2 1 1 3 . 4 
6 7 . 9 2 < 1 2 . 5 
6 8 . 9 1 < 1 2 . 1 
6 9 . 9 1 < 1 0 . 9 
7 1 . 1 2 1 3 . 4 5 
7 1 . 8 1 < 1 2 . 5 
7 2 . 9 1. < 1 2 . 1 
7 3 - 9 1 1 3 . 2 
7 4 . 8 1 < 1 2 . 5 
7 5 . 9 1 < 1 0 . 9 
7 6 . 9 1 < 1 1 . 6 
77 - — -78 - — — 
79 - - — 
80 - — — 
81 - — — 
82 .9 1 < 1 2 . 7 
83 .9 1 1 3 . 1 
84 . 9 1 12.6 
8 5 . 9 3 9 . 9 0 
8 6 . 9 4 1 0 . 7 5 

2,441 ,800+ 
JD D N MAG. 
8 8 . 0 2 1 2 . 2 0 
90 . 2 3 < 1 2 . 7 
9 1 . 2 3 < 1 2 . 7 
9 1 . 9 1 1 2 . 9 
9 2 . 9 1 < 1 2 . 5 
9 4 . 2 1 < 1 2 . 7 
95 . 2 1 1 3 . 2 
9 6 . 1 2 < 1 2 . 7 
9 7 . 0 2 < 1 2 . 7 
9 8 . 2 1 1 3 . 4 
9 9 . 0 1 <10.9 
2,441 , 9 0 0 + 
0 0 . 0 2 < 1 2 , 7 
0 1 . 2 1 13.6 
02 - — _ 
04 . 2 1 13.1 
0 5 - - _ 
06 . 9 1 < 1 0 , 9 
0 7 . 9 1 < 1 0 . 9 
08 - — — 
0 9 . 9 1 <12.5 
10 - — — 
1 1 . 8 1 <15.2 
1 2 . 9 1 <11.5 
1 3 . 9 1 < 1 2 . 5 
14 . 9 1 < 1 2 . 7 
16 . 3 1 < 1 2 . 7 
1 7 - 0 1 < 1 3 . 2 
1 7 . 9 2 < 1 3 . 2 
18 . 0 3 1 2 . 7 7 
18 . 8 5 2 1 0 . 2 5 
18.92 3 9 . 5 7 
18 . 9 8 5 9 . 3 0 
1 9 . 9 5 10.44 
2 0 . 2 4 1 0 . 9 5 
2 0 . 8 2 1 1 . 9 0 
21 . 9 1 <12.1 
2 2 . 9 1 1 2 . 7 
24 . 0 4 <12.7 
2 5 . 0 2 1 3 .60 
26.0 1 < 1 3 . 2 
2 7 . 0 1 < 1 2 . 7 
27.9 1 <11.5 
28 . 9 1 < 1 0 . 9 
2 9 . 8 1 < 1 2 . 7 
3 0 . 9 1 < 1 2 . 7 
32.2 1 <12.1 
33.1 1 1 3 . 8 

2,441,900+ 
JD D N MAG. 
34.5 1 <I27l 
3 5 . 9 1 < 1 0 . 9 
3 7 . 1 2 13.80 
3 8 . 9 1 < 1 2 . 5 
3 9 . 9 1 < 1 2 . 5 
40 . 9 0 4 1 1 . 0 2 
41 . 0 1 4 1 0 . 4 7 
41 . 9 4 9.42 
42 . 9 6 1 1 . 2 3 
4 3 . 9 2 12.60 
4 5 . 0 2 13.40 
4 7 . 0 1 < 1 2 . 5 
4 7 . 9 1 < 1 2 . 7 
48 - — — 
5 0 . 0 1 < 1 2 . 7 
5 1 . 0 L < 1 3 . 2 
5 1 . 9 2 < 1 2 . 7 
5 2 . 9 1 1 3 . 4 
5 4 . 0 1 1 3 . 2 
5 4 . 8 1 < 1 3 . 2 
5 5 - 9 1 < 1 2 . 7 
5 6 . 9 1 1 3 . 6 
5 7 . 9 1 1 3 . 2 
5 9 . 0 1 1 3 . 1 
5 9 . 9 ]_ 1 3 . 4 
61 . 0 1 1 3 . 2 
62 . 0 1 < 1 2 . 7 
6 3 . 0 1 < 1 3 . 2 
64 . 9 1 < 1 2 . 7 
6 5 . 9 2 < 1 2 . 1 
6 6 . 9 1 < 1 1 . 6 
6 7 - — -
6 8 . 9 1 1 3 . 4 
6 9 . 9 1 <12 .7 
7 0 . 9 1 < 1 3 . 2 
7 1 . 9 2 < 1 3 . 2 
72 - - -
7 3 . 9 2 13.40 
7 4 . 9 1 < 1 3 . 2 
7 5 . 9 1 9 . 6 
7 6 . 9 6 9 . 6 8 
7 7 . 9 2 2 1 1 . 0 0 
7 8 . 0 2 3 1 1 . 4 7 
7 9 - 1 1 1 2 . 7 
7 9 . 9 1 1 3 . 3 
81 . 0 2 1 3 . 3 0 
81 .9 1 < 1 3 . 2 
82 . 9 1 1 3 . 5 
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W PHOENICIS-- A Mira type Variable 
Prank M. Bateson 

SUMMARY: Observations of W Phe f o r the i n t e r v a l J.D. 2,436,076 
to 2,441,562 are given i n the form of l i g h t curves. 
Maxima and minima are tabulated. Elements found 
are: - A r\ 

Epoch Max. J.D. 2,436,461 + 33274. M-m 140.4. 
Mean Max. 8 . 9 1 ; mean min. 14.02 . Extreme 
range 8.1 to 14.4. 

OBSERVATIONS: Light curves give the v i s u a l observations of 
W Phe from J.H. 2 , 4 3 6 , 0 7 6 to 2,441,362. Charts 117 and 118 
(Bateson et a l 1 9 6 7 ) were used by observers. There i s 
generally l i t t l e s c a t t e r between i n d i v i d u a l estimates. 

Some degree of uncertainty e x i s t s concerning 
the exact shape of the l i g h t curve at minimum phase, because 
there are few p o s i t i v e observations at t h i s phase. This i s 
p a r t l y due to W Phe being below the threshold of most of the 
instruments used at i t s minimum phase. However, the variable 
has been well observed down to 1 3 - 5 - enabling minima to be 
determined with reasonable accuracy from the standard l i g h t 
curve. 
MAXIMA AND MINIMA: 

Table 1 l i s t s the maxima observed. The f i r s t 
column gives the number assigned to each maximum on the basis 
of the Epoch given by Kukarkin 1970 as 2,430,195 + 3 3 1 ^ 3 . 
Successive columns give observed date; v i s u a l magnitude; the 
i n t e r v a l , i n days, between successive maxima, and the assigned 
weight, on the usual scale of 5 ( w e l l determined) to 1 (poor). 
Two sets of 0-G residuals are given i n columns 6 and 7- Those 
i n the s i x t h column are based on Kukarkin 1s epoch and period;^ 
those i n the seventh column are f o r the Epoch 2 ,436,461 + 3 3 2 - 4 . 
The respective average 0 - 0 residuals are + 22^-4 and + 7$5. 

Table 2 gives the dates of minima, derived by 
using the standard l i g h t curve when observations are lacking 
at minimum. These dates are of a lower accuracy than those 
of maxima. 
DISCUSSION: ,/ Phe i s a t y p i c a l Mira Get variable with generally 
narrower maximum than minimum. The extreme range i s 8 . 1 v to 
14.4v, but the v a r i a t i o n s i n amplitude are not abnormal for 
t h i s c l a s s of v a r i a b l e . 

The elements found f o r »/ Phe are: ' 
EPOCH MAX. J.D. 2 , ^ , 4 6 1 ± 332*4 M-m 140*4 (42.2* of period 
MEAN R A N G E : - 8 . 9 1 V to 14.02v 
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T A B L E I . 

O B S E R V E D M A X I M A P I ? W P H O E N I O I S . 

Hi J . D . MAG I K T A 2=2 d 
o-c d v 

I K T A 2=2 d 
o-c d 

18 2 , 4 3 6 , 1 3 5 9 . 4 ... 3 - 2 1 + 6 
19 461 9.1 326 5 - 2 7 + 0 
20 778 9.0 317 4 -41 - 1 5 
2 1 2 , 4 3 7 , H 3 9.2 335 4 - 3 7 - 1 3 
22 437 8 . 4 324 4 - 4 5 - 2 1 
23 7 6 8 3 c 7 3 3 1 5 - 4 5 - 2 3 
24 2 , 4 3 8 , 1 1 1 9 . 1 343 4 -33 - 1 2 
25 4 5 6 9.0 345 4 - 1 9 + 1 
26 780 8 . 6 324 5 - 2 7 - 8 
27 2 , 4 3 9 , 1 1 9 9 . 2 339 3 - 1 9 - 1 
28 4 3 2 8 . 4 355 4 - 1 7 - 1 
29 783 8.9 3 3 1 4 -18 - 2 
30 2,440 ,123 9 . 4 340 5 - 9 + 6 
31 4 5 7 8 . 1 334 5 - 6 + 7 
32 793 9.5 336 -7 - 2 +11 
53 2,441 ,120 8.9 327 3 - 6 + 5 
34 448 8.9 328 2 - 9 + 1 

T A B L E 2 . 
M I N I M A G E VV P H O E N I C I A . 

I N T ft M-m| 

1 4 4 
332 129 
325 139 
320 143 
3 3 1 143 348 138 338 145 
326 143 
352 150 
334 149 
346 134 
327 147 
346 135 
336 135 
321 141 
338 131 

J . D . 

2,436,317 
649 
974 

2,457,294 
625 
973 

2,438,311 
637 
969 

2,439 ,303 
649 
976 

2,440,322 
658 
979 

2,441,317 

M A G V 

13.7 
1 3 . 6 
13 . 6 
14.0 
14.0 
14.4 
14.2 
14.0 
14.2 
14.0 
14.2 
14.4 
13 . 8 
13*8 
14.0 
14.4 
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THE VISUAL COMPARATOR 
E r i c Harries-Harris 

oUIfc'JARY: - The development and construction of a v i s u a l 
comparator i s described. Methods of t e s t i n g and c a l i ­
bration are detailed, and a s t a t i s t i c a l a n a l y s i s i s 
given of the r e s u l t s on various comparison s t a r s . 
Procedures adopted f o r the use of the comparator 
i n observing variable s t a r s are discussedc This 
paper was o r i g i n a l l y delivered at the 197^ National 
Convention of A u s t r a l i a n Amateur Astronomers held i n 
Adelaide, South A u s t r a l i a . 

INTRODUCTION: 
The main objective i n variable s t a r observing i s the pro­

duction of accurate l i g h t curves. A l l i e d with t h i s i s , 
n a t u r a l l y , accurate determinations of the times of maxima and 
minima; periods, and other elements. 

S a t i s f a c t o r y r e s u l t s , within the l i m i t s of the various 
techniques are obtained by three methods, v i z : -

(a) Photoelectric Photometers. 
(b) Photometers of the e x t i n c t i o n type, meridian or 

Zollner type. 
( c ) Visual observations. 
I have omitted photographic techniques since these are 

beyond the scope of t h i s paper. Of the above methods, (a), 
i s by f a r the most accurate and provides not only very 
accurate r e s u l t s but gives much more information since the 
observations are u s u a l l y made i n three colours. J h i l s t i t 
i s i n use by a l i m i t e d number of part-time astronomers i t 
does s u f f e r the defect to them that i t requires a consider­
able outlay i n cash and must be augmented by f a c i l i t i e s f o r 
reduction. 

The second type of photometers (b) preceded the use of 
the photomultiplier tube ana one form i s the subject of t h i s 
paper. 

Visual observations continue to be c a r r i e d out by p a r t -
time astronomers, organised into national and i n t e r n a t i o n a l 
groups. Indeed, most of our knowledge of the behaviour of 
many classes of variable s t a r s i s e n t i r e l y , or almost e n t i r e l y , 
dependent on the observations made v i s u a l l y . 
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However, v i s u a l observing, even i n the hands of very 
experienced observers, does have c e r t a i n drawbacks. F i r s t l y , 
many of the s t a r s , f o r instance those of Mira Oeti, i r r e g u l a r 
and semi-regular types are red s t a r s ; quite often very red. 
Because the comparison s t a r s used are of e a r l i e r spectral 
type, a colour error i s introduced. This i s unavoidable i n 
v i s u a l work since most red s t a r s are v a r i a b l e . Secondly, 
most observers have a systematic deviation which makes t h e i r 
estimates e i t h e r too bright or too f a i n t . The e f f e c t of t h i s 
i s to a great extent overcome by pooling the r e s u l t s from a 
large number of observers when the systematic errors tend to 
cancel out, or corrections can be applied. 

To do t h i s means that there must be a large number of 
estimates for each s t a r . T h i r d l y , i n v i s u a l observing no 
account i s taken of the varying atmospheric e f f e c t s on the 
observations. They are also subjected to errors due to the 
orientation of the f i e l d . 

The application of standard methods of observing, as 
l a i d do,vn by the Variable Star Section, Royal Astronomical 
Society of New Zealand, tends to keep the e r r o r s of obser­
vation i n v i s u a l r e s u l t s to a minimum. The regults achieved 
by v i s u a l methods cannot be duplicated i n any other way, 
except by patrol photography, and t h i s method i s no more 
accurate than v i s u a l observing. 
COMPARATOR: 

To overcome the drawbacks of v i s u a l observation, I have 
constructed an aid to more accurate observations. This i s a 
natural development from the photometers that have been i n 
use i n many countries. 

I decided that the crux of the matter was the comparison 
s t a r , and I decided to carry with me, a comparison s t a r that 
would always be i n the f i e l d , alongside the variable s t a r that 
I was viewing; and which could be matched simply to the 
brightness of the variable s t a r . 

The r e s u l t was the Visual Comparator. Unfortunately, 
I am not a good handyman, and I am an even worse e l e c t r i c i a n . 
I have no doubt that i n the hands of a s k i l l e d craftsman, or 
even a more patient one than I , a v i s u a l comparator could be 
made that would incorporate a l l the refinements that I am 
unable to make myself. 

Bearing i n mind mv_ l i m i t a t i o n s , I set to work to pro­
duce a variable f a l s e image of a s t a r that would stay con­
veniently within the f i e l d of view. There are two ways of 
doing t h i s . One would have been to interrupt the l i g h t coming 
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from the st a r and by using p l a i n g l a s s , o p t i c a l l y f l a t , pro­
j e c t a l i g h t source d i r e c t l y into the eye-piece. The other 
way was to view binocularly; the ri g h t eye at the telescope 
eye-piece, and the l e f t eye at the f a l s e eye-piece where I 
could simulate a s t a r image. 

I chose the l a t t e r , not having s u f f i c i e n t confidence 
i n my a b i l i t y to collimate an otherwise complicated o p t i c a l 
t r a i n . 

The e s s e n t i a l s of my requirements were thus:-
(a ) A l i g h t source that had to be constant, ( i . e . DC, 

and independent of the town's mains and i t s 
f l u c t u a t i n g voltages)* 

(b) Two separate systems to vary that l i g h t source. 
( c ) A device to reduce the l i g h t to a f a l s e s t a r 

image• 
(d) A method of introducing that image into the f i e l d 

of any variable s t a r . 
I have j u s t discussed the choice of "d." I comment 

on the other requirements:-
(a) For the power source, I used the battery of my 

car through a convenient instrument-panel plug. The decay 
curve on a good battery i n d a i l y use i s minimal enough to 
be neglected over the short period that i t i s i n use. 

(b) I t was necessary to employ two v a r i a t i o n systems, 
one to bring the f a l s e image to a matching brightness of a 
known comparison s t a r , and the other to vary that setting 
by a measurable distance to match the variable s t a r with a 
maximum of movement f o r accuracy. 

My f i r s t attempt, which was i n use fo r many years was 
to make v a r i a t i o n system No. 1 of two polarised f i l t e r s , one 
f i x e d and the other capable of turning through ninety degrees. 

Variation system No. 2 consisted of a rheostat that 
was c a l i b r a t e d i n tenths of a v i s u a l magnitude. C a l i b r a t i o n 
i s discussed i n d e t a i l l a t e r i n t h i s paper. 

( c ) A diaphragm was made of aluminium f o i l to interrupt 
the l i g h t source and pierced c a r e f u l l y . The technique f o r 
piercing holes i n f o i l came from MNliAo, 1936 March, p.4^2. 
I t i s worth quoting t h i s advice:-
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"The p r i n c i p a l d i f f i c u l t y i n making pinholes 0.0025mm 

diameter by pier c i n g a hole i n t i n f o i l with a needle, l a y 
i n making the needle r e a l l y sharp. But Mr. J.M. Dodds of the 
Metropolitan Vickers Co. solved t h i s d i f f i c u l t y by the follow­
ing technique." 

r , 1he needle, mounted on a rod i s f i r s t honed on a fine 
stone u n t i l the diameter of i t s point does not exceed 0.01mm. 
This i s not d i f f i c u l t provided one inspects the point f r e ­
quently during honing with a microscope. The f i n a l honing i s 
done on glass." 

"Lay the needle on a glass plate and press heavily with 
one finger behind i t s point. L i f t the needle so that i t i s 
bent through several degrees, then s t i l l pressing with the 
finge r , simultaneously t w i s t and withdraw. This honing 
quickly r e s u l t s i n a sharp needle." 

"The f o i l i s tacked to a glass plate by i t s edges only, 
and the needle point i s then gently placed on i t and the 
needle rotated without pressure through at l e a s t one r e v o l ­
ution and then l i f t e d o f f . Some pra c t i s e i s needed to avoid 
dragging the point sideways i n l i f t i n g o f f . I f the needle i s 
not rotated the hole w i l l not be reasonably c i r c u l a r . Wot 
every pierce i s successful, but one can i n t h i s way make 
reasonably c i r c u l a r pinholes 0.002ram i n diameter." 

I found that with t r i a l and er r o r , (^any more errors 
than t r i a l s i t seemed to me), I was able to make one success­
f u l diaphragm out of ten; which w i l l give some idea of the 
time spent on t h i s stage of the construction. 
ASSEij'iBLY • 

The components were then assembled as compactly as 
possible to accommodate them close to the telescope tube 
adjacent to the eyepiece. To achieve t h i s , I purchased a 
rectangular p l a s t i c box and mounted the bulk container, 
(an old screw-top aluminium f i l m container) with the d i a ­
phragm attached to the cap i n such a w^y that the pierced 
hole was concentric. (Labelled A i n the diagram on page 20). 
This was pointing towards a f l a t piece of aluminised plate 
glass mounted upon a dowel and turned through 45°, (B i n 
the diagram on page 20). This turned the beam of l i g h t 
from the diaphragm and directed i t to an i d e n t i c a l mirror 
at C which i n turn directed the beam through 45°, where i t 
passed through a lens at D which brought i t to a point 
image. This then passed through a hole d r i l l e d i n the 
side of the box and through a small tube f i x e d to the out­
side of the box with '.araldite 1 adhesive, ( l a b e l l e d E i n 
the diagram) a 

This served as the f a l s e eyepiece. The 6v standard 
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bulb used was sui t a b l y 'frosted' with sand paper, and con­
siderable care taken i n the soldering of wire leads to the 
contact at the base, ( i t melts e a s i l y ! ) . 

The e l e c t r i c a l c i r c u i t was o r i g i n a l l y very simple, 
with one rheostat providing the f u l l range of v a r i a t i o n 2 . 
A f r i e n d l y e l e c t r i c a l engineer pointed out to me that both 
va r i a t i o n s 1 and 2 could be achieved with the use of rheo­
s t a t s , and then proceeded to design me a c i r c u i t b u i l t 
around the power source of a 12v battery and the type of 
standard 6v bulb that I was using. 

I t was important that the f u l l amount of movement of 
the f i n a l potentiometer i n the c i r c u i t had to remain within 
the l i n e a r part of the filament heating curve of the bulb. 
The e f f e c t of current passing through the filament i s 
logarithmic when one plots I (Current) against E (Voltage). 
But i t must be remembered that the curve i s reasonably 
l i n e a r between I©/2 against V/3 and tends to f l a t t e n out at 
Io against V Q. Therefore i t i s important that the movement 
of POT 1, which I term the rheostat that w i l l be used f o r 
measurement of magnitude difference, and POT 2 do not a f f e c t 
the logarithmic part of the curve. 

The design was as follows:-
Lamp res: 5 - 5 v = 300 ma 18.3 Ohms 

2 . 5 v = 200 ma 1 2 . 5 Ohms 
at 12v 200raa H = 60 Ohms 

12v 300ma R = 4-0 Ohms 
60 -12 .5 = 4 7 . 5 Ohms 

Therefore required H D i f f = 25.8 Ohms 
=40 -18 .3 = 21 . 7 Ohms 

The two variable rheostats (POT 1 & POT 2) had controls 
that protruded through the box and had marked discs that could 
be read at the telescope; the knobs were smooth and feature­
l e s s , but had a s l o t milled i n them which could be inspected 
to see the position of the knob. A switch was also f i t t e d 
conveniently by the main rheostat, (POT 1 ) and the whole 
arranged so that a single screw would a f f i x the box to the 
telescope i n such a manner that the f a l s e eyepiece on the 
box was always adjacent to the eyepiece on the telescope and 
to i t s l e f t . 

I t was also capable of li m i t e d movement around the 
o p t i c a l eyepiece. I t could also swing inwards and outwards 
to accomodate the correct distance between the two eyes i n 
comfort 0 
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I discovered that i t was of considerable importance not 
to know where the indicator on POT 1 was, through knobs or 
pointers protruding through e t c . , otherwise a n t i c i p a t i o n auto­
matically followed. The milled s l o t could not be f e l t with 
the f i n g e r s , nor could i t be seen u n t i l d e l i b e r a t e l y looked at 
a f t e r the assessment. 

This then, was the set-up, ready f o r c a l i b r a t i o n . The 
whole was connected to i t s power source and a good clear night 
selected f o r t e s t i n g . 

.Vhen viewed binocularly, the f a l s e image appeared i n 
the telescope eyepiece f i e l d s l i g h t l y to high l e f t at a l l times. 
Stars selected f o r c a l i b r a t i o n were viewed at high r i g h t , to 
keep the two images horizontal (Figure 1, page 2 3 ) . 

CALIBRATION PROCEDURE: 
(1) A s t a r of v i s u a l magnitude 6 . 0 was selected near zenith. 
( 2 ) An a r b i t r a r y mark i n d i c a t i n g 6 . 0 was made on the POT 1 

disc near i t s hypothetical lowest resistance. 
( 3 ) POT 2 brought the f a l s e image's brightness to match 

with the comparison s t a r . 
( 4 ) A s t a r of v i s u a l magnitude 7 - 0 was selected i n the same 

f i e l d . 
( 5 ) I t was matched c a r e f u l l y with POT 1 and the d i a l marked 

' 7 . 0 ' . This was repeated ten times using the mean 
a r b i t r a r y 1 7 . 0 1 mark (Figure 2 , page 2 3 ) . 

(6) A star of v i s u a l magnitude 8.0 was selected, also i n the 
f i e l d . 

( 7 ) I t was matched c a r e f u l l y with POT 1 and the d i a l marked 
'8 . 0 ' through the mean of ten such readings. 

(8) A s t a r of v i s u a l magnitude 9 . 0 was selected also i n the 
same f i e l d . I t was matched c a r e f u l l y with POT 1 and the 
d i a l marked ' 9 . 0 ' through the mean of ten such marks. 
I n actual f a c t , the marks were so close together that 

the spread was l i t t l e more than one degree, the pencil marks 
running into one another (Figure 2 , page 2 3 ) . 

The d i a l was checked to see i f the marks indicated a 
l i n e a r r e l a t i o n s h i p ( i . e . r e g u l a r l y spaced around the d i a l ) ; 
i f they had not been, the procedure would have been to repeat 
the t e s t i n g at a d i f f e r e n t commencing s e t t i n g on POT 1 u n t i l 
i t ,was so. However, the markings were w e l l within the space 
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of one degree of being l i n e a r , and so the d i a l was f i l l e d with 
d i v i s i o n s equally marked off i n tenths, each f i f t h mark s l i g h t l y 
l arger than the tenths, and the tenth mark, larger s t i l l ( P i g . 3 , 
page 2 3 ) . 

Ho figur e s were allowed on the d i a l at a l l . 
A s e r i e s of ten e n t i r e l y d i f f e r e n t readings were then 

taken on another night, on a d i f f e r e n t 6.0 v i s u a l magnitude 
s t a r . This was done by bringing the f a l s e image from minimum 
i n t e n s i t y up to matching b r i l l i a n c e and the r e s u l t read off 
d i r e c t l y . The next reading was made by bringing the f a l s e 
image from maximum i n t e n s i t y down to matching b r i l l i a n c e and 
again, read off d i r e c t l y , and so on u n t i l a l l ten readings 
were recorded. The same procedure was repeated f o r comparison 
st a r s of v i s u a l magnitudes 6 - 3 ; 7 - 0 ; 7 * 7 ; 8 . 0 and 8.6. 

The r e s u l t s are tabulated below. The graph, on page 
3 0 , has the arithmetic means of the ten observations plotted 
against the s i x comparison s t a r s used, shOvving the standard 
deviations produced by using the v i s u a l comparator. 

1) Comparison s t a r = 6.0 readings 
/\z 

5 . 9 0.1 0.01 
3 . 8 0.0 0.00 
6.0 0.2 0.04 
6.1 0 . 3 0 . 0 9 
5 . 8 0.0 0.00 
6.2 0.4 0.16 
6.2 0.4 0.16 
6.1 0 . 3 0 . 0 9 
6.0 0.2 0.04 
I S . Q - I 0 . 0 1 

Arithmetic 3 
Mean = 1 = 60.OS = 2^0 S £ ^0.60 

2 
Subtracting ( d A 1 - § }- ( 0.6 - 0.4 ) = 0.20 N 

1 No of Qbs - 1 = 2^=?- = 0.022 = = variance 
Standard Deviation = = ZoToiT - 0.148 

= 0.11 
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2 ) Comparison = 6 . 5 Headings 
A* 

6 . 6 . . a * o 0 o 3 a ° * s * 0 . 0 9 
6.4 0 . 1 0 . 0 1 
6 . 5 0 . 2 0.04 
6 . 3 0 . 0 0 . 0 0 
6.4 0 . 1 0 . 0 1 
6*4 0 . 1 0 . 0 1 
6.4 0 . 1 0 . 0 1 
6.4 0 . 1 0 . 0 1 
6 . 5 0 . 2 0.04 
6.6 0 . ? 0 . 0 9 

Arithmetic a 

Mean = 1 = 64.5 S = l/£ S-£> =0.31 

? P S = 2 . 2 5 ' S 
I = 0-225 

Subtracting (S - f ) = ( 0 . 3 1 - 0 . 2 2 5 ) = 0.085 * S 2 

± (No of Obs - l) = 2^08^ = 0 > 0 0 9 £• ^ variance 

Standard Deviation = = / 0 T 0 0 9 = 0 . 0 9 4 

9 5 i i o l i m i t „ 0-094.2.26 _ 
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3) Comparison = 7*0 readings 
A A* 

7 • 2 • « • • a 0.4.*... 0.16 
6 . 9 0 . 1 0 . 0 1 
6 . 9 0 . 1 0 . 0 1 
6.8 0 . 0 0 . 0 0 
6.8 0 . 0 0 . 0 0 
6.8 0 . 0 0 . 0 0 
7 . 3 0 . 5 0 . 2 5 
7 - 0 0 . 2 0.04 
6 . 9 0 . 1 0 . 0 1 
2*1 0^2 0 . 0 2 

Arithmetic -
Mean = 2 = 69.7 S =1.7 -0.57 

,2 
S 2 = 2.89 §' = 0.289 

Subtracting i „2 
( S A - | ) = (0.57 -0.289) = 0.281 

1 (No of Obs - 1) = °'| 8 1 = 0.031 = variance 

. . Standard Deviation = J<£* = / 0 T 0 3 I = 0.176 

95% 0 l i m i t = = 0 . 1 3 3 
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4) Comparison = 7 - 7 Readings. 

7 * 7 * . .... 0*2 ».... 0*04 
7-8 0 . 3 0 . 0 9 
7 - 7 0.2 0.04 
7 . 5 o.o o.oo 
7.8 0 . 3 0 . 0 9 
7 . 7 0.2 0.04 
7.6 0.1 0.01 
7.8 0 . 3 0 . 0 9 
7 . 7 0.2 0.04 
7 . 5 o.o o.oo 

Arithmetic 
Mean = 2 = 76.8 S = 1.8 S ^ =0.44 2 

S 2 = 3.24 .'- - 2 = 3.24 = 0.524 N 10 
§T ) = ( 0.44 -0.324 ) - 0.116 Subtracting (S-A - ^ 

0.116 , 
(Wo of Obs - 1 ) = 9 * = 0.013 -6 - variance 

- I T Standard Deviation =JG = -/0.013 = 0.114 

95% 0 l i m i t = Q ' - 1 - | - j | ' 2 ^ - 0.086 
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5) Comparison Readings 8.0 

8.2.. . . 0 . 5 . . . . 0 . 2 5 
7.9.- . . 0 . 2 . . ..0.04 
8.0.. ..O.3.. ..0.09 
8.1. . ..0.4.. ..0.16 
7.7.. ..0.0.. ..0.00 
7.9.. ..O.2.. ..0.04 
7.8. . ..0.1.. ..0.01 
8 . 2 . . . . 0 . 5 . . . . 0 . 2 5 
8.1.. ..0.4.. ..0.16 
7.8.. ..0.1.. ..0.01 

Arithmetic 79*7 S= 2V£ S&1.01 
Mean = 2 = S2=7-29 . *. S 2 =0.729 

Subtracting ( S ^ 2 - S 2 ) = (1.01 - 0.729) = 0.281 
N 
0.281 - (No. of Obs - 1) = ± f ± = 0 < 0 3 1 v a r i a n c e 

Standard Deviation = J Z * = / o T ^ l = 0.176 

95% 0 l i m i t = Q " X ^ { | " 2 6 = 0.154 



6 ) Comparison 8 . 6 Readings 
8 . 5 . . . ..0.0.. ...0.00 
8 . 6 . . . ..0.1.. ..0.01 
8 . 7 - • • ..O.2.. ...0.04 
8 . 8 . • . ..O.3.. ...0 .09 
8 . 5 * * . ..0.0.. ...0.00 
8 . 7 * • * . . 0 . 2 . . ..0.04 
8 . 8 . • . ..0 . 3 . - ...0 .09 
8 . 7 . • • ..O.2.. ...0.04 
8 . 6 . . . ..0.1.. ...0.01 
8 . 6 . . . ..0.1.. ...0.01 

Arithmetic 
Mean = 2 = 8 6 . 5 3 = S ^ O . 3 3 

Q2 . % ' S 2 = 0 . 2 2 5 
s = 2 . 2 5 . . u ^ 

Subtracting (S*a l - S 2 ) = ( 0 . 3 3 - 0 . 2 2 5 ) = 0 . 1 0 5 
IT 

(No of Obs - 1 ) = ^ 1 Q ^ = 0 . 0 1 1 variance 

Standard deviation = 0.105 

0.105.2.226 = 0.0795 
95% 0 l i m i t = 3 T T 6 
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Graph of Arithmetic Means of 10 observations plotted 
against 6 comparison s t a r s 

Comparison S t a r ( v i s u a l magnitude) 
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OBSERVING VARIABLE STARS .VI'JH THE VISUAL COMPARATOR. 
The f i e l d of the variable i s selected and a quick glance 

at the variable made to ensure s e l e c t i o n of the comparison s t a r 
closest to i t s apparent brightness. This ensures that the 
i n t e r v a l i s kept to a minimum. 

The POT 1 i s then set to the comparison s t a r ' s value. 
(Bearing i n mind that there are no figur e s on the d i a l ; only 
markings). Figure 4, page 2 3 , i l l u s t r a t e s what i s meant by 
say, 6.6. Looking through the two eyepieces with both eyes 
open, which i s a very r e s t f u l p osition, the f a l s e s t a r image 
i s brought horizontal and adjacent to the comparison s t a r . 
(Figure 3 , page 2 3 ) . 

A r i c h f i e l d , l i k e that of GV Car, can cause problems 
i n i d e n t i f i c a t i o n of the f a l s e image, p a r t i c u l a r l y when i t i s 
f a i n t . Switching on and off u s u a l l y f i x e s t h i s . 

POT 2 i s then turned to bring the f a l s e s t a r image to 
match the comparison s t a r . 

POT 1 i s then moved away from i t s s etting and brought 
back to match the comparison s t a r as a check. I f i t r e g i s t e r s 
within a tenth of a misual magnitude i t i s considered a l r i g h t 
to proceed. 

The variable i s then brought horizontal and adjacent 
to the f a l s e image and POT 1 turned to bring the f a l s e s t a r 
image to match. (Figure 6, page 2 3 ) * 

The new reading i s noted and the comparison s t a r r e -
matched f o r a check. The procedure i s repeated and i f the 
same r e s u l t s ensue the matched reading i s used as the value 
of the v a r i a b l e . 

At an e a r l y stage, I used to take the mean of ten such 
readings, but the rapid acquirement of s k i l l at matching, plus 
i t s comparative ease and speed u s u a l l y produced a row of 
i d e n t i c a l r e s u l t s . My present procedure i s to take as many 
separate readings as there are v a r i a t i o n s over three, and 
t h i s has always been no more than four on any occasion. 

I s t r e s s how easy i t i s to match two brightnesses 
accurately. I would also s t r e s s that the above procedure 
sounds and reads much slower than i t i s i n actual f a c t . 

The whole operation on any one s t a r takes but a few 
seconds, and i s no slower than taking assessments with 
ordinary methods of v i s u a l observing, i f those are properly 
c a r r i e d out. 
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I t was a simple procedure to check the performance of 
the observer, using the comparator, against normal v i s u a l 
observations. This required only a few seconds extra of 
observational time. The r e s u l t s were quite comparable and 
gave me confidence to apply to the Director, Variable Star 
Section, R.A.S.N.Z., Frank M. Bateson requesting assistance 
and guidance. 

He was most enthusiastic and immediately supplied me 
with two Gepheid va r i a b l e s to study, saying that i t would be 
i n the area of the Gepheids that the comparator would have 
the best application. I started work on S and ii Gru with the 
aim of determining the value of continuous observations of 
s t a r s of l i m i t e d range. Other s t a r s added to the programme 
include t h r brighter Gepheids, Beta Dor, Kappa i-'av, 1 Gar 
and ER Gar. 

Under Bateson's guidance, I have studied the s t a r s 
S and A Gru for a number of years. Bateson i s currently 
preparing a paper on the observational shortcomings and 
advantages of the comparator which should make a valuable 
contribution to any further a c t i v i t y by part-time astronomers 
who might be moved to use such a device. 

I n reviewing t h i s paper, Bateson pointed out thns i n 
the hands of an average observer, the comparator produces 
more r e l i a b l e r e s u l t s than those he would obtain v i s u a l l y . 
I t was also pointed out that the Visual comparator i s best 
employed i n the observation of Gepheids, rather than i n the 
observation of Mira type v a r i a b l e s , where there i s l i k e l y 
to be a s u f f i c i e n t l y large number of v i s u a l observations 
capable of producing a l i g h t curve that i s as r e l i a b l e as 
that from a single observer with a comparator. 

I know of at l e a s t three other persons who have b u i l t 
and used v i s u a l comparators; two here i n South A u s t r a l i a and 
one i n Warsaw, Poland. I would be interested to hear of any 
others, 
CONCLUSION: 

The Visual Comparator does work. I t f u l f i l s the objects 
that I set out to achieve. I urge a l l v a r i a b l e s t a r observers 
to seriously consider the advantages to be gained by construct­
ing one. These advantages would immediately benefit the 
Variable Star Section as a whole. I repeat, the v i s u a l 
comparator i s not a photometer; i t i s not a device f o r 
measurement at a l l . I t i s an aid to judgement superior to 
the generally accepted methods of judgement at present i n 
use. I am sure that any variable s t a r observer who has 
read, my arguments w i l l immediately see p o t e n t i a l i t i e s i n t h i s 
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idea for improvement and refinement, 
I also ask any members who may be moved by t h i s paper 

to bu i l d and use a Visual Comparator to contact Bateson f o r 
further d i r e c t i o n s . I , too, would be most interested to share 
and compare with them on t h e i r r e s u l t s . 
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P O U R R CrB T Y P E V A R I ^ B L E S . 

c'rank M. Bateson. 

SÛ iMARY: Observations of thr -Y-ur R CrB type v a r i a b l e s , Utf Cen 
S Aps; GU Sgr and RY Sgr are continued from previous 
publications. The observations are given i n ten day 
means and shown i n l i g h t curves. 

OBSERVATIONS: 
Table 1 l i s t s the ten day means i n the usual form. 

Observations of Uw Cen were published by Bateson & Jones 
( 1 9 7 2 a ) to 2,440 ,833 ( 1 9 7 0 Sept. 3 ) . Records since that date 
to 2,442,043 ( 1 9 7 3 i->ec. 28) are now published. 

Bateson ( 1 9 7 1 ) published observations of S Aps and 
RY Sgr to 2,440,860 ( 1 9 7 0 Sept 3 0 ) . These are now extended 
to 2,442,045 and 2,442 ,000 r e s p e c t i v e l y . 

Bateson & uones ( 1 9 7 2 b ) published observations of 
GU Sgr to 2,440 ,536 (1969 Nov 10). These are now extended to 
2,441 ,947 ( 1 9 7 5 3 e p t . 2 1 ) . 

LIGHT CURVES: 
Light curves, covering the i n t e r v a l s included i n 

Table 1, are shown i n Figures 1 to 8, i n c l u s i v e , and d i s ­
cussed below. 
UW Cen: This s t a r commenced a major decline about 2,440,853. 
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After 2,440,926 UW Gen was below the threshold of the i n s t r u ­
ments used. I t remained i n v i s i b l e to 2,441 ,571* when i t was 
observed at magnitude 12.0, Negative observations between 
these dates have been omitted from Table 1* 

The width of the minimum from 12.0 on the f a l l to 12.0 
on the r i s e was 490 days. The date UW Gen reached minimum i s 
pure conjecture. I t appears that i t might have been about 
2,440,950 which gives an i n t e r v a l of 820 days since the previous 
minimum (Bateson & Jones 1972a). 

The l i g h t curve, from ten day means, aft e r the variable 
became v i s i b l e again i s shown i n Figure 8 , i n which crosses 
represent single observations. The semi-regular v a r i a t i o n , 
previously noted by Bateson fee Jones (1972a), p e r s i s t s , although 
t h i s i s not as obvious i n the small scale l i g h t curve reproduced 
as i n that on a larger scale. 

A few photoelectric observations communicated by the 
Auckland Observatory, during the i n t e r v a l covered by the obser­
vations now published, show that the v i s u a l estimates were 
consistently too f a i n t by 0.14 magnitudes compared to the V 
magnitudes. 

S Aps: The l i g h t curve i s shown i n two sections i n Figures 1 
and 2. Large dots represent ten day means derived from ten 
or more observations; small dots means from 2 to 9 observations 
whilst crosses denote single observations c 

3 Aps declined very steeply to a deep minimum. From 
2,441 ,095 to 2,441 ,331 i t was i n v i s i b l e , being below 13.4 for 
most of t h i s time, and probably below 14 . 0 . I t was observed 
at 1 2 „ 2 on 2,441 ,335- !*be width of the minimum, represented 
by the time below magnitude 1 2 . 0 , was 289 days. S Aps probably 
reached minimum about 2,441 , 110 , making the i n t e r v a l since, the 
preceding minimum 1 , 3 6 7 days. 

The small semi-regular v a r i a t i o n p e r s i s t s , but i s shown 
much cl e a r e r i n the large scale plot from d a i l y means than i n 
Figures 1 and 2 . 

GU Sgr; The l i g h t curve i s shown i n four segments i n Figures 
3 , 4 , 6 and 7* because of breaks i n the observing season due to 
proximity to the Sun. I n the figures crosses denote that there 
was only a single observation within a ten day i n t e r v a l ; dots 
represent means from two or more observations. 

Except f o r the i n t e r v a l s shown i n Figures 3 anc^7 
GU Sgr was poorly observed, when the observations are s u f f i c ­
ient the semi regular v a r i a t i o n i n about 38 days p e r s i s t s 
(Bateson and Jones 1 9 7 2 b ) . 



3 5 . 

A decline to a deep minimum commenced about 2,441 ,790. 
This f a l l was comparatively slow. G U Sgr was i n v i s i b l e and 
below 13 . 7 a f t e r 2,441,914. 
RY Sgr;Figure 5 shows the l i g h t curve from ten day means on a 
small scale. Grosses represent single observations. Rjf Sgr 
was well observed, and, because of the small scale used and 
the frequency of the means, no attempt has been made to show 
di f f e r e n t s i z e s of dots to represent the number of estimates 
i n any one mean. Omitting the few ten day i n t e r v a l s i n which 
there was only one observation, the average number of estimates 
used f o r each mean i s 10.2. 

R Y Sgr probably reached a deep minimum on 2,441,310 
with a width, at magnitude 12.0 of 260 days. Minimum magnitude 
was probably <15-0. The well known semi-regular v a r i a t i o n i s 
well shown i n larger scale curves. The i n t e r v a l from the 
previous deep minimum i s about 1,545 days. 
i^&tENCLS: 
Bateson, F.M. 1971 C i r c . 168, V.S.S., R.A.S.N.Z. 
Bateson, F.M.; Jones, A.F. 1972a. C i r c . 185. V.S.S., R.A.S.N.Z. 
Bateson, F.M. &Jones, A . F . 1972b. C i r c . 195, V.S.S., R . A . S . N . Z . 
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TEI* D A Y M L A N S „ 

UW Cen 
1 2 3 7 ^ 1 
2,440 ,000+ 
8 3 9 . 9 9 . 4 5 2 
846 .9 9 . 4 1 
8 5 6 . 8 9 . 8 1 
8 7 1 . 3 1 0 . 2 1 
884 .2 1 2 . 8 1 
9 0 1 . 2 < 1 2 . 2 -
9 1 2 . 1 1 2 . 3 1 
9 1 8 . 6 12.80 2 
9 2 6 . 1 1 2 . 9 1 
942 . 0 < 1 2 . 8 -

2,441 ,000 + 
3 7 1 . 3 1 2 . 0 0 3 
3 9 0 . 2 1 1 . 3 6 5 
3 9 6 . 2 1 1 . 2 3 3 
4 1 3 . 0 1 0 . 9 5 2 
4 1 5 . 7 11.13 3 
428 .0 1 0 . 9 5 2 

UW Gen 
1 2 3 7 ^ 1 
2,441 , 0 0 0 + 
442 .4 1 0 . 7 5 2 
451.0 1 0 . 9 7 3 
4 5 9 . 9 1 0 . 6 1 
472.7 10.34 5 
4 7 9 . 2 1 0 . 2 3 3 
490 . 2 1 0 . 3 8 5 
5 0 1 . 9 1 0 . 2 5 2 
5 1 2 . 9 1 0 . 2 3 3 
5 1 9 . 6 10.22 6 
5 2 9 . 7 1 0 . 2 1 8 
5 3 9 . 1 1 0 . 5 8 6 
5 5 2 . 3 1 0 . 3 0 2 
5 6 1 . 1 1 0 . 0 2 8 
5 7 2 . 3 9 . 7 6 5 
5 7 8 . 1 9 . 9 2 4 
5 8 9 . 6 1 0 . 1 7 3 
6 2 7 . 2 9 . 6 1 
6 3 9 . 2 9 . 6 1 

UW ^en 
1237^2 
2,441,000+ 
649.2 9.63 3 
660.8 9.73 3 
669.2 9.7 1 
680.3 9.74 5 
688.6 9.65 4 
699.9 9.68 5 
711.1 9 . 5 2 4 
718.3 9.57 8 
7 3 0 . 2 9.62 5 
739.6 9.69 8 
748.9 9.57 14 
7 6 3 . 1 9.57 4 
770.5 9 - 7 1 15 
779.2 9 . 7 2 16 
791.1 9.53 9 
801.6 9.53 10 
808.5 9.58 10 
818.9 9.45 8 

UW Cen 
1 2 3 7^2 
2,441 ,000+ 
830 .8 9.49 14 
840 .9 9 . 5 5 8 
850.4 9.60 1 1 
8 5 9 - 6 9 . 6 3 1 1 
8 6 9 . 4 9 . 6 9 8 
8 7 9 - 9 9 . 5 9 7 
8 9 0 . 0 9 . 5 7 7 
8 9 9 - 6 9 - 5 8 10 
9 1 1 . 5 9.62 5 
9 2 0 . 6 9 . 6 7 7 
9 2 7 . 9 9 - 7 3 3 
940 .4 9 . 3 8 9 
9 5 1 - 5 9.61 7 
9 6 7 . 3 9 . 4 1 
9 8 3 - 2 9 . 6 1 
9 9 4 . 2 9 . 4 1 
2,442 ,000+ 
0 0 2 . 3 9 . 3 1 
0 1 0 . 5 9.30 3 
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LIGHT OURV£S OF SOME MIRA TYPE VARIABLES 
Frank LI. Bateson 

On pages 41 to 55 appear l i g h t curves f o r V S c l ; 
S S c l ; S Tuc; T S c l ; T Phe; X S c l ; U Tuc; U S c l ; R Hor; 
X Hor; S Mic; R Gru; S PsA; R PsA; T Gru; S Gru; R Ind; 
T Tuc and V Phe. 

These continue the observations previously published 
i n the C i r c u l a r s of the Section. The i n t e r v a l s covered 
d i f f e r i n accordance with the date of the l a s t observation 
published for each s t a r . The curves are from in d i v i d u a l 
v i s u a l observations, and i n drawing them allowance has 
been made for accidental and systematic deviations. For 
some s t a r s the s c a t t e r of the observations i s minimal; 
f o r others there i s more sca t t e r than i s desirable. 
Observers w i l l be able to check from t h e i r own records 
to see how t h e i r observations compare with the curves. 

The next Publication contains many more l i g h t 
curves together with a Table of the observed dates of 
maxima and minima f o r the curves now published and f o r 
those i n Publication No* 2. Predictions also appear i n 
Publication No. 2. 

I t i s not intended to reproduce a l l subsequent 
curves on the large scale used i n Publication No.l. 
































