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I. INTRODUCTION 

In the 1950»s Haro (Haro and Luyten 1962) developed a survey method 
in which three images, roughly corresponding to U,B, and V, are exposed 
on one plate. The images are separated by several arc seconds by moving 
the telescope between exposures. Exposure times are chosen so an 
unreddened star of spectral type AO to A5 shows three images roughly 
equal in size and density. The plates are examined by eye to find stars 
by their colors. A red star shows a strong central image flanked by two 
weaker images, while a blue star shows a weak central image flanked by 
two stronger ones. This method allows surveys for stars and galaxies 
with very red or very blue colors to be carried out with any telescope, 
and in particular with the Schmidt telescopes at Tonantzintla and at 
Palomar which were not equipped with objective prisms. 

I I . THE SURVEY METHOD 

This method has s e v e r a l a d v a n t a g e s over t h e s t a n d a r d o b j e c t i v e 
prism technique. 1. The method i s useful over the range 12<V<18 on one 
p l a t e (Haro and Luyten 1962), or abou t two m a g n i t u d e s w ide r t h a n 
o b j e c t i v e p r i sm s u r v e y s . 2. Crowding i s l e s s of a problem i n dense 
G a l a c t i c f i e l d s because t h e t h r e e images cover l e s s a r e a on t h e p l a t e 
than even an unwidened s p e c t r u m . 3- The method r e m a i n s u s e f u l even 
d u r i n g poor s e e i n g when o b j e c t i v e p r i s m images l o s e t h e i r d e t a i l . 4. 
I t works equal ly wel l for s t a r s and extended ob j ec t s , such as ga lax ies 

, and gaseous nebulae. 

There a r e a l s o some d i s a d v a n t a g e s t o t h e method. 1. I t g i v e s 
incomplete s p e c t r a l informat ion, so cannot be used to i d e n t i f y ob jec t s 
with emission l i n e s . 2. I t i s s e l e c t i v e on the b a s i s of color only, so 
a reddened B5 s t a r may have t h e same a p p e a r a n c e a s an unreddened AO 
s t a r . This means t h a t d e s i r a b l e s t a r s may be missed i n a b l u e - s t a r 
survey, but a l so assures t h a t the survey w i l l be o v e r - s e l e c t i v e , missing 
some l a t e B-type s t a r s , ins tead of being u n d e r - s e l e c t i v e and inc luding 
undesi rable A and F-type s t a r s . 3. The method i s not s e n s i t i v e to small 
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d i f f e r e n c e s i n c o l o r n e a r s p e c t r a l t ype AO because t h e c o l o r s of the i 
s t a r s combined with the e f f e c t s of i n t e r s t e l l a r r e d d e n i n g g i v e s m a l l 
changes i n the r e l a t i v e appearances of U,B, and V images. 

In 1981 t h e a u t h o r d e c i d e d t o u n d e r t a k e a s u r v e y f o r f a i n t b lue 
s t a r s i n the Puppis window, where absorp t ion i n the plane of the Milky 
Way i s low enough t h a t i t should be poss ib le to see s t a r s a t the edge of 
the Galaxy's d isk (Westpfahl and C h r i s t i a n 1979). A survey method was 
needed which could be used i n crowded f i e l d s near the Galac t ic plane and 
which could a l l o w i d e n t i f i c a t i o n of s t a r s a s f a i n t a s e i g h t e e n t h 
m a g n i t u d e i n V t o a s s u r e t h a t t h e edge of t h e g a l a c t i c d i s k could be 
observed. Following the sugges t ions of Chromey (1981) i t was decided to '• 
use an upda ted v e r s i o n of Haro ' s method w i t h a new c h o i c e of emu l s ion 
and f i l t e r s i n order to inc rease the d i s c r i m i n a t i o n of the method near 
s p e c t r a l type AO and al low for b e t t e r p l a t e r e s o l u t i o n . To get b e t t e r 
d i s c r i m i n a t i o n , u l t r a v i o l e t , b l u e , and red images (U,B,R) were chosen 
i n s t e a d of U,B,V, because t h e B-R c o l o r changes f a s t e r t han the B-V 
c o l o r nea r s p e c t r a l type AO. Th i s r e q u i r e d an e m u l s i o n w i t h ex tended 
red s e n s i t i v i t y . I I I a - F p l a t e s were chosen for the s p e c t r a l s e n s i t i v i t y 
of the F-Class emulsion and the f i n e r g r a in of I l i a emulsions. 

The d e t e r m i n a t i o n of r e q u i r e d exposu re t i m e s and the su rvey f o r 
blue s t a r s i n the Puppis window were undertaken wi th the Curt is-Schmidt 
t e l e s c o p e a t Cerro To lo lo I n t e r - A m e r i c a n O b s e r v a t o r y d u r i n g 19-27 
December, 1981. Exposure t imes were c a l i b r a t e d us ing the s p e c t r a l types 
and m a g n i t u d e s of t h e s t a n d a r d s t a r s i n S e l e c t e d Area 98 from Lando l t 
(1973) and u s i n g t h e s p e c t r a l t y p e s and c o l o r s of two c l u s t e r s i n t h e 
Puppis window, NGC 2362 (Johnson 1950, Johnson and Morgan 1953) and NGC 
2483 (Fi tzGerald and Moffat 1975). The f i n a l exposures on I I I a - F p l a t e s 
were 50 m i n u t e s t h rough a UG-1 f i l t e r f o r t h e u l t r a v i o l e t image , 20 
m i n u t e s t h rough an RG-610 f i l t e r f o r t h e r ed image , and 25 m i n u t e s 
t h rough a W r a t t e n Hjk f i l t e r f o r t h e b l u e image . The images were 
d i s p l a c e d t w e n t y a r c s econds from each o t h e r u s i n g t h e m i c r o m e t e r 
e y e p i e c e of t h e g u i d i n g t e l e s c o p e . T h i s r e s u l t e d i n t h r e e u n i f o r m l y -
spaced images of r o u g h l y e q u a l s i z e and d e n s i t y f o r s t a r s of s p e c t r a l 
t ype A0-A2. F o l l o w i n g each t h r e e - i m a g e p l a t e a c o n v e n t i o n a l s i n g l e -
image p l a t e was t a k e n of t h e same f i e l d t o p r o v i d e f i n d i n g c h a r t s and 
help e l imina t e confusion from crowding. 

I I I . THE SURVEY AND PRELIMINARY RESULTS 

The s u r v e y c o v e r s 13 f i e l d s c o r r e s p o n d i n g t o 2 3 5 < K 2 4 5 , 
-17.5<b<17.5. These f i e l d s were chosen to give coverage of the window 
of low a b s o r p t i o n near 1 = 240, b=0 t o s t u d y t h e e x t e n t and r o t a t i o n of 
t h e G a l a c t i c d i s k , and to cover nea rby f i e l d s o u t of t he p l a n e t o look 
f o r p o s s i b l e warp ing of t h i c k e n i n g of t h e d i s k . This w i l l a l s o a l l o w 
compar i son of t h e n a t u r e of b lue o b j e c t s a t low l a t i t u d e | b | < 5 , w i t h 
those a t i n t e rmed ia t e l a t i t u d e , 10<|b|<20. 

Each p l a t e has been examined by eye to search for blue s t a r s , which 
show a f a i n t c e n t r a l red image flanked by b r i g h t e r blue and u l t r a v i o l e t 

https://doi.org/10.1017/S0252921100106700 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100106700


A SURVEY FOR O-B STARS IN THE PUPPIS WINDOW 267 

images . The b lue s t a r s have been d i v i d e d i n t o t h r e e n a t u r a l g r o u p s , 
b lue , very b lue , and extremely b lue , according t o the r e l a t i v e s i z e s of 
the th ree images. Two of the f i e l d s over lap f i e l d s observed i n d e t a i l 
by Fi tzGerald and Moffat (1975) and Nordstrom (1975). Comparison of the 
blue s t a r s i n those surveys wi th s t a r s i n the present survey has allowed 
rough d e t e r m i n a t i o n s of t h e s p e c t r a l t y p e s f a l l i n g i n each n a t u r a l 
group. S t a r s c l a s s i f i e d a s b l u e have a l l t h r e e images r o u g h l y e q u a l , 
and a r e unreddened A2-B7 s t a r s or r eddened B8-B4 s t a r s . Those 
c l a s s i f i e d as v e r y b l u e have t h e U and B images r o u g h l y e q u a l and both 
l a r g e r than the R image. They are unreddened B7-B4 s t a r s and reddened 
B5-09 s t a r s . Those c l a s s i f i e d as ext remely blue have the 0 image l a r g e r 
t han t h e B image , which i s l a r g e r t h a n t h e R image . Al l a r e B3 or 
e a r l i e r . Altogether 2035 blue s t a r s have been found, of which 416 are 
ve ry b l u e or e x t r e m e l y b l u e . These 416 s t a r s a r e d i s t r i b u t e d abou t 
equal ly f o r | b l < 5 , but for 5<lbl<10 t he r e a re more s t a r s below the plane 
t han above, and f o r 10<|b |<17.5 t h e r e a r e more s t a r s above t h e p l a n e 
t han be low. Any c o n c l u s i o n abou t wa rp ing o r t h i c k e n i n g of t h e p l a n e 
should be pos tponed u n t i l a f t e r t h e p h o t o m e t r y and s p e c t r o s c o p y a r e 
c o m p l e t e . I t i s i n t e r e s t i n g t o no t e t h a t i t has l o n g been s u s p e c t e d 
t h a t b l u e s t a r s were more common below t h e p l a n e t h a n above i n t h i s 
region. The l a rge number of s t a r s wi th |b|>10 i s , however, a s u r p r i s e . 

Photometry of the very blue and extremely blue s t a r s was s t a r t e d i n 
J a n u a r y , 1983, u s i n g t h e 1.5m and 0.9m t e l e s c o p e s a t CTIO. Al l of t h e 
50 s t a r s obse rved have B-V c o l o r s of s l i g h t l y r eddened 0-B s t a r s , and 
a l l f a l l i n t h e magn i tude r ange 13»0<V<18.6. Th i s c o n f i r m s t h a t t h e 
s t a r s a re wi th in the des i red range of co lo r s and magnitudes for g a l a c t i c 
s t r u c t u r e s t u d i e s . The UBV photometr ic observa t ions w i l l be continued 
and s l i t spectroscopy s t a r t e d i n January, 1984. 
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DISCUSSION ' 

M. SANTANGELO: Have you searched for systematic errors due to the varia­
tions of the atmospheric conditions during the long exposures? Have you 
also searched for an abnormal extinction law in this region? 

D.WESTPHAL: I have searched the regions where neighbouring plates overlap 
and find very good agreement, suggesting that such systematic errors are 
not present. I have not searched for abnormal extinction, but extensive 
observing in the Puppis window by FitzGerald and coworkers shows only 
normal extinction. "" 
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