
GALACTIC RESEARCH WITH S C H M I D T - T E L E S C O P E S 

Wi lhe lm B e c k e r 
A s t r o n o m i c a l Ins t i tu t e of the U n i v e r s i t y of B a s l e 

The u s e of Schmidt T e l e s c o p e s for the d e t e r m i n a t i o n of s p a c e dens i ty 
g r a d i e n t s i s d i s c u s s e d . Space d e n s i t i e s can be d e t e r m i n e d by a t h r e e 
co lour p h o t o m e t r y for m a i n s e q u e n c e s t a r s with M < 8. 0 and l a t e r t y 
pe g i an t s of popula t ion I and for m e t a l p o o r s t a r s in h i g h e r g a l a c t i c l a 
t i t udes with M < 7. 0. A g e n e r a l s y n t h e s i s of t he p r e s e n t ava i l ab l e r e 
su l t s i s not yet p o s s i b l e . But the d e t e r m i n a t i o n of a dens i ty g r a d i e n t 
for l a t e r type g ian t s a long a g a l a c t i c r a d i u s , the d i s t r i b u t i o n of m e t a l 
poor s t a r s in a g a l a c t i c m e r i d i a n and a r o u n d the g a l a c t i c c e n t r e s e e m s 
to be p o s s i b l e wi th the e x i s t i n g o b s e r v a t i o n a l m a t e r i a l . 

In o r d e r to ob ta in a c o r r e c t idea about the S c h m i d t - t e l e s c o p e , it i s u s e 
ful to c o n s i d e r the s i t ua t i on be fore i t s invent ion and i t s a c t u a l and p o s 
s ib le i m p a c t upon g a l a c t i c r e s e a r c h . 

Up to th i s event a r o u n d 1931, g a l a c t i c r e s e a r c h w a s domina ted by the 
a s t r o g r a p h and by the p a r a b o l i c m i r r o r , the f o r m e r a l lowing p h o t o m e 
t r y a s wel l a s s p e c t r a l c l a s s i f i c a t i o n of s t a r s in l a r g e r f ie lds , but wi th 
b r i g h t e r l im i t i ng m a g n i t u d e . As t yp i ca l l i m i t s for an a s t r o g r a p h with 
four l e n s e s of a d i a m e t e r of, s ay , 40 c m , one m a y a s s u m e about V = 
16 for p h o t o m e t r y and V = 13 to 14 for s p e c t r a l c l a s s i f i c a t i on . 
P h o t o m e t r y of f a in te r s t a r s with a l a r g e p a r a b o l i c m i r r o r , howeve r , 
m a y have been l i m i t e d then, at about V = 20 . 

A l r e a d y the f i r s t d e s c r i p t i o n of the S c h m i d t - t e l e s c o p e in 1931 let it a p 
p e a r a s the idea l s u c c e s s o r of the a s t r o g r a p h in g a l a c t i c r e s e a r c h : the 
e r r o r - f r e e field s i z e could be c o n s i d e r a b l y e n l a r g e d and, even m o r e i m 
por t an t , the op t i c s w e r e no l o n g e r r e s t r i c t e d by the d i a m e t e r l i m i t of 
about 40 c m given for m u l t i p l e - l e n s a s t r o g r a p h s . 

It should, h o w e v e r , not be d i s r e g a r d e d that the new f r o n t i e r s for g a l a c 
t ic r e s e a r c h w e r e opened up not only by the inven t ion of t he S c h m i d t -
t e l e s c o p e but a l so by two o t h e r , a p p r o x i m a t e l y c o n t e m p o r a r y , d i s c o v e -
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r i e s b r ing ing about the a c c e s s to l a r g e r f ie lds and to f a in t e r s t a r s , a s 
we l l a s to the n e a r u l t r a v i o l e t s p e c t r u m b a r r e d to the a s t r o g r a p h , i. e. : 
U V - t r a n s p a r e n t g l a s s and a l u m i n i z a t i o n i n s t e a d of s i l v e r p l a t i n g of m i r 
r o r s . Al l t h r e e a c c o m p l i s h m e n t s t o g e t h e r opened up the g r e a t new p o s 
s i b i l i t i e s for g a l a c t i c r e s e a r c h . 

T h o s e a s t r o n o m e r s who cont inued to w o r k wi th S c h m i d t - t e l e s c o p e s 
a long K a p t e y n ' s l i ne w e r e left to t h e i r own in i t i a t ive with r e s p e c t to 
t h e i r cho ice of g a l a c t i c f i e lds . The f i r s t s u c h i n v e s t i g a t i o n s s t e m f rom 
the C leve land O b s e r v a t o r y w h e r e a l a r g e p r o g r a m of nine ga l ac t i c 
f ie lds was c a r r i e d out by Mc Cuskey and N a s s a u . 

The s i t ua t i on w a s r a t h e r d r a s t i c a l l y changed by the f i r s t oppor tun i ty 
to r e a l i z e a new p h o t o m e t r i c m e t h o d at the S c h m i d t - t e l e s c o p e , i. e. : 
t h r e e - c o l o u r p h o t o m e t r y , p r o p o s e d a l r e a d y in 1938 in the fo rm of the 
R G U - s y s t e m wi th the p u r p o s e of r e p l a c i n g s p e c t r a l c l a s s i f i c a t i o n s in 
push ing the l i m i t i n g m a g n i t u d e s by s e v e r a l un i t i e s p r a c t i c a l l y to the 
l i m i t of an op t i ca l t e l e s c o p e . Without s p e c t r a l t y p e s , it brought about 
the d e t e r m i n a t i o n of a b s o l u t e m a g n i t u d e s a s wel l a s of i n t e r s t e l l a r r e d 
dening. The r e a s o n for tha t i s - r o u g h l y speak ing - the f i r s t o r d e r d e 
v ia t ion of s t e l l a r r a d i a t i o n f rom black body r a d i a t i o n being a function 
of l u m i n o s i t y , and i t s not be ing inf luenced by i n t e r s t e l l a r ex t inc t ion . 

The m o s t i n f o r m a t i v e a m o n g the t h r e e s p e c t r a l r e g i o n s of t h r e e - c o 
l o u r p h o t o m e t r i e s i s t he u l t r a v i o l e t one a r o u n d about 3700 A which b e 
c a m e r e a l i z a b l e only owing to the m e n t i o n e d inven t ions of U V - t r a n s -
p a r e n t g l a s s and m i r r o r a l u m i n i z a t i o n . 

The m e t h o d of t h r e e - c o l o u r p h o t o m e t r y w a s app l i ed f i r s t wi th the help 
of the S c h m i d t - t e l e s c o p e s of the C l e v e l a n d - Ann A r b o r - and the A s i a g o -
o b s e r v a t o r i e s , and l a t e r , f rom 1961 on, with the 48 inch P a l o m a r 
Schmid t . The l i m i t i n g m a g n i t u d e r e a c h e d about 1 9 m 5 in G. The p o s s i 
b i l i t i e s w e r e e n o r m o u s l y enhanced , t h e r e b y , l eav ing far behind the 
p r a x i s , h o w e v e r . 

I should l ike to ta lk jus t about t h i s p r a x i s and s o m e of i t s r e s u l t s , i. e. : 
about the i nves t i ga t i on of s t a r f ie lds in the Milky Way and in h i g h e r g a 
l a c t i c l a t i t u d e s . The u l t i m a t e goal of the p h o t o m e t r y in t h e s e f ie lds i s 
the eva lua t ion of dens i t y funct ions , p o s s i b l e for m a i n - s e q u e n c e s t a r s 
not l e s s l u m i n o u s than about M(G) = +8 . T h e s e functions a r e the ba 
s i s for a syn the t i c view of the dens i t y d i s t r i bu t ion . Since it i s h a r d l y 
f o r e s e e a b l e if s u c h a s y n t h e s i s can be ach ieved , it i s a p p r o p r i a t e to 
choose the pos i t i on of the f ie lds s u c h that they le t expect at l e a s t p a r 
t i a l s y n t h e s i s s e s r e s t r i c t e d to c e r t a i n f ac t s . 

T h e r e f o r e , the f ie lds wi th in the Milky Way w e r e m a i n l y c h o s e n along 
the d i r e c t i o n s c l o s e to the g a l a c t i c c e n t r e and a n t i c e n t r e , and the ones 
in h i g h e r g a l a c t i c l a t i t u d e s l i e m o s t l y c l o s e to the g a l a c t i c m e r i d i a n 
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F i g u r e 1: The d i s t r i b u t i o n of a l l s t a r s in the field, down 
to the l im i t i ng m a g n i t u d e in the t w o - c o l o u r d i a g r a m ; left: 
o b s e r v e d va lue s of the co lou r i n d i c e s , r i gh t : c o l o u r i n 
d ices c o r r e c t e d for i n t e r s t e l l a r r e d d e n i n g (below). 
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( p e r p e n d i c u l a r to the g a l a c t i c p l ane and conta in ing the sun and the g a - i 
l a c t i c c e n t r e ) . 

In a l l t h e s e f i e lds , be tween 500 and 2500 s t a r s should be m e a s u r e d 
down to the l i m i t i n g m a g n i t u d e , l ead ing to field s i z e s of be tween 0. 1 
and 2. 5 s q u a r e d e g r e e s for s t a r - r i c h and s t a r - p o o r r e g i o n s , r e s p e c 
t ive ly . T h e s e n u m b e r s c a n e a s i l y be m a n a g e d without a u t o m a t i c r e d u c 
t ion d e v i c e s , even for at l e a s t five p l a t e s p e r co lour , n e c e s s a r y for 
keep ing the e r r o r s r e a s o n a b l y s m a l l . It i s upon t h e s e e r r o r s , of c o u r s e , 
tha t depends t he a c c u r a c y of the a b s o l u t e m a g n i t u d e s and of t h e co lour 
e x c e s s e s and, t h e r e f o r e , the r e l i a b i l i t y of the dens i ty funct ions , too. 
A l s o the iden t i f i ca t ion of the l a t e - t y p e g i an t s and of the m e t a l - p o o r 
m a i n - s e q u e n c e s t a r s i s s e n s i b l y inf luenced by the a c c u r a c y of the c o 
l o u r i n d i c e s . The m e a n e r r o r s of t he m a g n i t u d e s l i e p r e d o m i n a n t l y 
be tween + 0 02 and +0 03 and they i n c r e a s e to about twice t h e s e v a 
l u e s for the fa in tes t s t a r s . 

The i n t e r d e p e n d e n t d i s c u s s i o n of the t w o - c o l o u r d i a g r a m s p lo t ted for 
c o n s e c u t i v e i n t e r v a l s in a p p a r e n t G - m a g n i t u d e p r e s e n t s a good con t ro l 
for the s u c c e s s f u l t o t a l e l i m i n a t i o n of s y s t e m a t i c e r r o r s in the c a t a l o 
gue m a g n i t u d e s of a g iven field. If t he s t a r s of a field, a f t e r c o r r e c t i o n 
for i n t e r s t e l l a r r e d d e n i n g , do not s c a t t e r evenly a r o u n d the m a i n - s e 
quence and the l a t e - t y p e giant b r a n c h , but show, i n s t ead , a s y s t e m a t i c 
dev ia t ion , it i s due to a r e s t - e r r o r of up to s e v e r a l hund red th of a m a 
gni tude f rom p r e v i o u s e x p e r i e n c e , which can usua l ly be ident i f ied and 
e l i m i n a t e d a c c o r d i n g to the s p e c i f i c a t i o n s of the devia t ion. 

Up to now, n ine v o l u m e s , con ta in ing the m a g n i t u d e s and co lou r i n d i 
c e s of 7000 to 10 000 s t a r s each , f r o m to ta l ly 48 f ie lds have a p p e a r e d 
a s P u b l i c a t i o n s of the B a s l e A s t r o n o m i c a l Ins t i t u t e . 

T h r e e t yp i ca l e x a m p l e s s h a l l g ive a n idea about the v a s t l y va ry ing b e 
h a v i o u r of t w o - c o l o u r d i a g r a m s in d i f ferent s t a r f ie lds : the f i r s t g ives 
the d i s t r i b u t i o n of a l l s t a r s in a s t a r - r i c h Milky Way field with low ex 
t inc t ion , t he s e c o n d the one in a g a l a c t i c s t r o n g - a b s o r p t i o n field and 
the l a s t the d i s t r i b u t i o n p a t t e r n in a field of h i g h e r g a l a c t i c l a t i tude . 
The f i r s t f igure shows m o s t p r o m i n e n t l y the abundance of s t a r s in the 
m i d d l e s p e c t r a l c l a s s e s and t h e i r s e p a r a t i o n f rom the l a t e - t y p e g i an t s . 
The d i s c u s s i o n l e a d s at f i r s t to the i n t e r s t e l l a r r e d d e n i n g function a s 
s e e n in the f igu re . Af te r the e l i m i n a t i o n of the r e d d e n i n g effect the 
s t a r s a r e d i s t r i b u t e d in t he two co lou r d i a g r a m a s s e e n at the r i gh t 
s i d e d i a g r a m in f igure 1. The s econd f igu re is typ ica l for a c o m p l e t e 
m i x i n g of s t a r s f r o m a l m o s t a l l s p e c t r a l c l a s s e s , but a l s o for the e x i 
s t e n c e of a l a r g e amoun t of l a t e - t y p e g i a n t s . The d i s c u s s i o n l e a d s to 
an i n t e r s t e l l a r r e d d e n i n g which i n c r e a s e s wi th i n c r e a s i n g d i s t a n c e up 
to about 2. 5 m a g n . The r e s u l t i n g dens i t y g r a d i e n t s a r e not a s good a s 
in the c a s e be fo re . The l a s t f igure r e v e a l s the dev ia t ing pos i t i on of 
m e t a l - p o o r m a i n - s e q u e n c e s t a r s . 
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F o r the d e t e r m i n a t i o n of the dens i t y - func t i ons one does not u s e t h e s e 
o v e r a l l d i a g r a m s , con ta in ing a l l t he s t a r s of a field, but r a t h e r the 
a l r e a d y m e n t i o n e d p a r t i a l d i a g r a m s , f r a c t i oned a c c o r d i n g to c o n s e c u 
t ive i n t e r v a l s in a p p a r e n t m a g n i t u d e , y i e ld ing m u c h m o r e de ta i l ed i n 
fo rma t ion . Unlike the m e t h o d i c tool of the t w o - c o l o u r d i a g r a m s , the 
dens i ty funct ions for the di f ferent f ie lds a r e d i r e c t l y c o m p a r a b l e and 
f o r m so the b a s i s for a s y n t h e s i s . T h i s t e r m , h o w e v e r , - a s s a id b e 
fo re - should not awake e x a g g e r a t e d e x p e c t a t i o n s . E v e n wi th a c o n s i 
d e r a b l y i n c r e a s e d n u m b e r of f i e lds , the r e g i o n c o v e r e d wi th o u r den
s i ty funct ions wil l r e m a i n r e l a t i v e l y l i m i t e d . Due to t he g iven l i m i t s 
for S c h m i d t - t e l e s c o p e s , t he d e n s i t y funct ions wi l l be c o m p l e t e wi th in 
a few h u n d r e d s of p a r s e c s for the a b s o l u t e l y fa in tes t and up to about 
10 000 pc for the a b s o l u t e l y b r i g h t e s t s t a r s . Much m o r e f avourab l e i s 
the s i t ua t ion if the s y n t h e s i s a i m s a t m o r e spec i f i c po in t s of view. A s 
s a id before , the f ie lds have a c t u a l l y been s e l e c t e d c o r r e s p o n d i n g l y . I 
should l ike to point to t h r e e s u c h r e s u l t s h e r e : F i r s t , to a dens i ty g r a 
dient for l a t e - t y p e g i an t s a long a g a l a c t i c r a d i u s , f r o m c e n t r e to a n t i 
c e n t r e , s econd , to the dens i t y d i s t r i b u t i o n of m e t a l - p o o r s t a r s wi th in 
the a c c e s s i b l e p a r t of the g a l a c t i c m e r i d i a n , and t h i r d , to t he behav iou r 
of the m e t a l - p o o r popu la t ion in the ne ighbourhood of the g a l a c t i c c e n t r e . 

F o r the dens i t y funct ions of the l a t e - t y p e g i an t s in the d i r e c t i o n s to the 
g a l a c t i c c e n t r e and a n t i c e n t r e , we had at o u r d i spos i t i on four f ie lds in 
e a c h c a s e , c o v e r i n g up to 3 and 11 kpc , r e s p e c t i v e l y , depending on the 
l im i t i ng m a g n i t u d e s and on the ex t inc t ion s i t u a t i o n s . The dens i t y func
t ions of a l l t h e s e f ie lds (fig. 4) c an be i n t e r p r e t e d homogeneous ly : 
A s s u m i n g the g a l a c t i c c e n t r e at a d i s t a n c e of about 8 kpc f r o m the sun , 
a dens i ty m a x i m u m i s r e a c h e d a t about 6 kpc t o w a r d s the sun , w h e r e 
f rom, the dens i t y d e c r e a s e s s t ead i ly , p a s s i n g the s o l a r ne ighbourhood , 
out to a d i s t a n c e of about 19 kpc f r o m the g a l a c t i c c e n t r e by a f ac to r 
of 200. 

Within the d i s t a n c e i n t e r v a l f r o m 2 to 5 kpc f rom the g a l a c t i c c e n t r e , 
the dens i ty r e m a i n s at a cons t an t l eve l about 2. 5 t i m e s below the m a 
x i m u m . B e c a u s e of the s t r o n g ex t inc t ion , it i s not p o s s i b l e to a p p r o a c h 
c l o s e r d i s t a n c e s f r o m the c e n t r e . 

The dens i ty d i s t r i b u t i o n of the m e t a l - p o o r m a i n - s e q u e n c e s t a r s n o r t h 
to the d i sk can be eva lua t ed f rom the r e s u l t s in s e v e n f ie lds , two of 
t h e m point ing to t he a n t i c e n t r e s i d e , only. F i g u r e 5 shows the i s o d e n -
s i ty l i n e s in the g a l a c t i c m e r i d i a n for the t h r e e c o n s e c u t i v e i n t e r v a l s 
• i_ i J. -J. J, Tv/r//-,\ / < m . m . ,_m „m. , , „m _m. _ ,, 
in abso lu t e m a g n i t u d e M(G): (4 5 ), (5 , 6 ) and (6 , 7 ). On the 
whole , t h e i r behav iou r i s about s i m i l a r , wi th the excep t ion that the 

m m 
g rad i en t for the a b s o l u t e l y b r i g h t e s t g r o u p (4 , 5 ) i s s o m e w h a t too 
s t eep for SA 54 and a bit too flat for SA 57. A p a r t f rom tha t , the s y s t e 
m a t i c behav iour c o n s i s t s in the fact that the i s o d e n s i t y l i n e s a p p r o a c h 

1 
https://doi.org/10.1017/S0252921100106670 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100106670


254 W. BECKER 

- log D* 10 
giants 

-

+ 

+ + 

i + i i 

Sun < " 
* o „ o 

• s 

* * 
• • ; * : 

+ * * 

X gal. centre - » 

10 5 0 kpc 8 

F i g u r e 4: The dens i t y function for l a t e - t y p e g i an t s ob ta ined f rom four 
f ie lds in the d i r e c t i o n to the g a l a c t i c c e n t r e and f rom four o t h e r f ie lds 
in the one to the a n t i c e n t r e , r e d u c e d to z = 0 by use of the function 
D(z) for the s o l a r ne ighbourhood , b e c a u s e of the different g a l a c t i c 
l a t i t u d e s (+2°5 to -3°6 ) . 

F i g u r e 5: I sodens i t y l i n e s for t h r e e c o n s e c u t i v e i n t e r 
va l s in M(G) in the g a l a c t i c m e r i d i a n ( p e r p e n d i c u l a r to 
the g a l a c t i c d i sk and con ta in ing the g a l a c t i c c e n t r e and 
the sun) . 
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SA133 

kpc gal. Cent. 

F i g u r e 6: Upper p a r t : T r a n s f o r m a t i o n of t he h e l i o c e n t r i c 
d e n s i t y g r a d i e n t s fo r t he m e t a l - p o o r m a i n - s e q u e n c e s t a r s 
wi th in the g a l a c t i c m e r i d i a n of f igure 5 into g a l a c t o c e n t r i c 
g r a d i e n t s . L o w e r p a r t : G a l a c t o c e n t r i c dens i ty d i s t r i b u t i o n 
for d i f ferent g a l a c t o c e n t r i c l a t i t u d e s and dif ferent s o l a r d i 
s t a n c e s f r o m the g a l a c t i c c e n t r e (6, 8 and 10 kpc) . The m a 
x i m u m d e n s i t i e s follow the da shed l ine in the upper p a r t . 
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con t inuous ly the g a l a c t i c p l ane wi th i n c r e a s i n g a n g u l a r d i s t ance f rom 
the g a l a c t i c c e n t r e , s t a r t i n g at about 40 to 65 (SA 107 to SA 82, r e s 
pec t i ve ly ) . At s m a l l e r a n g u l a r d i s t a n c e s , h o w e v e r , t he i s o d e n s i t y l i 
n e s behave c o m p l e t e l y d i f ferent : a p p r o a c h i n g the g a l a c t i c c e n t r e , the 
d e n s i t i e s d e c r e a s e s t r o n g l y , and at about 10 f r o m the c e n t r e the m e t a l -
poo r s t a r s a r e a l m o s t c o m p l e t e l y m i s s i n g in the c o r r e s p o n d i n g f ie lds . 
The d e t a i l s of t h i s d r a s t i c d e n s i t y d r o p , h o w e v e r , a r e not yet fully r e 
vea l ed by the a v a i l a b l e da ta . 

One c a n v i s u a l i z e th i s dens i t y d e c r e a s e t o w a r d s the g a l a c t i c c e n t r e 
m o r e p e r c e p t u a l l y by t r a n s f o r m i n g the o b s e r v e d ( s o l a r - c e n t e r e d ) den
s i ty g r a d i e n t s into s u c h which have t h e i r o r i g i n in the g a l a c t i c c e n t r e 
(fig. 6). In a l l t h e i r d i r e c t i o n s , the d e n s i t i e s f i r s t i n c r e a s e f r o m an 
u n d e t e r m i n a b l y s m a l l va lue n e a r the c e n t r e s t e e p l y to a m a x i m u m , 
w h e r e f rom, they d e c r e a s e aga in but s lowly . T h e s e m a x i m a l i e r a t h e r 
exac t l y on an e l l i p s e c e n t e r e d in the g a l a c t i c c e n t r e and with i t s m a j o r 
ax i s in the g a l a c t i c p l ane . They a r e r e a c h e d at d i s t a n c e s be tween 
about 7. 5 and 5. 0 kpc f r o m the g a l a c t i c c e n t r e at 10 and 50 g a l a c t o -
c e n t r i c l a t i t ude , r e s p e c t i v e l y . 

F u r t h e r p a r t i a l s y n t h e s i s s e s migh t c o n s i d e r : the dens i ty d i s t r i b u t i o n 
in the f a r t h e r s o l a r ne ighbourhood , the p o s s i b l e connec t ion be tween 
d e n s i t i e s and s p i r a l s t r u c t u r e , the dens i t y behav iour p e r p e n d i c u l a r to 
the g a l a c t i c p l ane and the d i s t r i b u t i o n of the i n t e r s t e l l a r a b s o r p t i o n 
c louds whose d i s t a n c e s follow a s a b y - p r o d u c t f rom the d i s c u s s i o n . 

Al l t h e s e r e s u l t s , of c o u r s e , wi l l ob ta in c o n s i d e r a b l y m o r e r e l i a b i l i 
ty if the n u m b e r of f ie lds wi l l be i n c r e a s e d , and they could p e n e t r a t e 
into d e e p e r s p a c e if the l i m i t i n g m a g n i t u d e s of the p h o t o m e t r i c m e a 
s u r e m e n t s could be pushed to f a in t e r v a l u e s . To i n c r e a s e the n u m b e r 
of f ie lds p r e s e n t s no s e r i o u s p r o b l e m , m o r e c r i t i c a l i s , howeve r , the 
supply of p h o t o e l e c t r i c s c a l e s down to suff ic ient ly faint m a g n i t u d e s . 
The s p a t i a l e x t e n s i o n e n c o u n t e r s p r i n c i p a l d i f f icu l t ies , a s fa r a s 
S c h m i d t - t e l e s c o p e s a r e c o n c e r n e d . They s t e m f r o m the fact that the 
e x p o s u r e t i m e s for U - p l a t e s at the big S c h m i d t - t e l e s c o p e s (about 40 
m i n u t e s at the 4 8 " P a l o m a r Schmidt) cannot be ex tended much m o r e 
without d a r k e n i n g the p l a t e background to a d e g r e e w h e r e the m e a s u r e 
m e n t of faint s t a r s at the i r i s - p h o t o m e t e r b e c o m e s too i n a c c u r a t e . I 
s u p p o s e that only the u s e of l a r g e p a r a b o l i c m i r r o r s migh t he lp to 
o v e r c o m e th i s t h r e s h o l d . 
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