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A B S T R A C T . A new p h o t o m e t e r is d e s c r i b e d w h i c h has some u n i q u e optical 
f e a t u r e s . E m p h a s i s is given to t h o s e f e a t u r e s that i m p r o v e the 
m e a s u r e m e n t p r e c i s i o n and e f f i c i e n c y of u s e . 

We h a v e d e s i g n e d and are c o n s t r u c t i n g an au t o m a t e d p h o t o m e t e r with 
s o m e u n i q u e f e a t u r e s , p r i m a r i l y in the v i e w i n g and m e a s u r i n g o p t i c s . 
Upon c o m p l e t i o n this p h o t o m e t e r will be inst a l l e d on the o n e - m e t e r 
t e l e s c o p e at M o u n t L a g u n a O b s e r v a t o r y , which is o p e r a t e d by San Diego 
S t a t e U n i v e r s i t y in p a r t n e r s h i p with the U n i v e r s i t y of I l l i n o i s . The 
basic p h i l o s o p h y of this i n s t r u m e n t is t h r o u g h the use of good d e s i g n 
p r a c t i c e s and high q u a l i t y optical images to p r o d u c e p r e c i s e 
m e a s u r e m e n t s and a c h i e v e e f f i c i e n c y in its o p e r a t i o n by the a s t r o n o m e r . 

The p h o t o m e t e r can be o p e r a t e d e i t h e r at the t e l e s c o p e using an 
e y e p i e c e , or from the control room, in w h i c h c a s e v i e w i n g is d o n e using 
an i n t e n s i f i e d CID s y s t e m . In both c a s e s all c o m p o n e n t m o v e m e n t s (e.g. 
f i l t e r w h e e l ) are m o t o r d r i v e n . The optical d e s i g n a l l o w s a si n g l e 
e y e p i e c e to be used for both w i d e field v i e w i n g and c e n t e r i n g in the 
focal p l a n e a p e r t u r e . T h e r e is also an even n u m b e r of r e f l e c t i o n s to 
pr o d u c e a co r r e c t view of the sky. All lens s u r f a c e s h a v e 
a n t i - r e f l e c t i o n c o a t i n g s to m i n i m i z e r e f l e c t i o n l o s s e s . A flip m i r r o r 
a l l o w s the o b s e r v e r to select e i t h e r a blue (EMI 6 2 5 6 ) or red (RCA 
C 3 1 0 3 4 ) s e n s i t i v e p h o t o m u l t i p l i e r housed in t h e r m o e l e c t r i c a l l y c o o l e d 
b o x e s . 

A l t h o u g h t e m p e r a t u r e e f f e c t s on p h o t o m e t r i c m e a s u r e m e n t s , 
p a r t i c u l a r l y on f i l t e r s , have been known for t w e n t y y e a r s , few 
p h o t o m e t e r s control this important v a r i a b l e . In a d d i t i o n , m o s t of the 
e l e c t r o n i c s of the p u l s e c o u n t e r will be inside the p h o t o m e t e r , and 
t h e s e c o m p o n e n t s will p r o d u c e m o r e p r e c i s e r e s u l t s if t h e y are held at a 
con s t a n t t e m p e r a t u r e . In our p h o t o m e t e r the t e m p e r a t u r e will be 
ac t i v e l y c o n t r o l l e d to b e t t e r than one d e g r e e C e l s i u s using p l a t i n u m 
R T D ' s as t e m p e r a t u r e s e n s o r s and r e s i s t o r s as the h e a t i n g e l e m e n t s . The 
ph o t o m e t e r will be held at a t e m p e r a t u r e of 26 d e g r e e s C e l s i u s y e a r 
r o u n d . Such a system is a l r e a d y w o r k i n g in our solar r a d i o m e t e r . T he 
RTD's will also g i v e us a rea d o u t of the t e m p e r a t u r e , w h i c h will be 
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r e c o r d e d p e r i o d i c a l l y w i t h t h e p h o t o m e t r i c d a t a . T e m p e r a t u r e control 
will n e c e s s i t a t e a q u a r t z w i n d o w at the optical e n t r a n c e to the 
p h o t o m e t e r , but this a d d i t i o n a l light loss will be m o r e than 
c o m p e n s a t e d f o r by the i n c r e a s e in p r e c i s i o n . It will also keep dust 
and m o t h s out of the p h o t o m e t e r . In o r d e r to m i n i m i z e the heat dumped 
into the d o m e the e n t i r e p h o t o m e t e r will h a v e an inch of i n s u l a t i o n 
around it; t h i s is what w e do w i t h the solar r a d i o m e t e r . 

The o p t i c a l d e s i g n i n c r e a s e s p r e c i s i o n in f o u r w a y s . F i r s t , good 
o p t i c s p r o d u c e a sharp image of the focal p l a n e d i a p h r a m , and t h i s , 
c o u p l e d with p r o p e r d i a p h r a m i l l u m i n a t i o n , a l l o w s p r e c i s e c e n t e r i n g of 
t h e o b j e c t to be m e a s u r e d . T h i s is p a r t i c u l a r l y i m p o r t a n t w h e n t r y i n g 
to m e a s u r e f a i n t stars or f a i n t , d i f f u s e g a l a x i e s . S e c o n d , one n e e d s a 
l a r g e d i a m e t e r beam on the f i l t e r s to m i n i m i z e t h e e f f e c t s of f i l t e r 
n o n u n i f o r m i t y . T h i r d , m a n y f i l t e r s in use are i n t e r f e r e n c e f i l t e r s , and 
t h e central w a v e l e n g t h d e p e n d s on t h e c o s i n e of the angle of i n c i d e n c e . 
It is n e c e s s a r y t h e r e f o r e to m i n i m i z e the a n g u l a r d i v e r g e n c e of the r a y s 
p a s s i n g t h r o u g h the f i l t e r . Our solution is to pass p a r a l l e l light 
t h r o u g h the f i l t e r s . L a s t , the d i a m e t e r and p l a c e m e n t of the lenses is 
such that t h e r e is no v i g n e t t i n g of the m e a s u r i n g b e a m . 

A s t a n d a r d light s o u r c e will be added, w h i c h will be useful in the 
m e a s u r i n g p r o c e s s and as a d i a g n o s t i c in c a s e of p r o b l e m s . The 
m i c r o p r o c e s s o r that c o n t r o l s the i n s t r u m e n t will also use the 
m e a s u r e m e n t t e c h n i q u e of F. R u f e n e r (Geneva O b s e r v a t o r y ) of c a l c u l a t i n g 
v a r i o u s s t a t i s t i c a l q u a n t i t i e s to e v a l u a t e each m e a s u r e m e n t . 

Several f e a t u r e s of the p h o t o m e t e r that a l l o w c o n v e n i e n c e are not 
u n i q u e , such as being a u t o m a t e d , or in the use of a r e m o t e , i n t e n s i f i e d 
v i e w i n g s y s t e m . Our c h o i c e of a CID with two m i c r o c h a n n e l p l a t e s of 
i n t e n s i f i c a t i o n is based on e c o n o m y . F i r s t , it has e c o n o m y of s i z e . 
S e c o n d , the m i c r o c h a n n e l p l a t e s are s e p a r a t e and can be r e p l a c e d at a 
c o s t of o n l y $ 2 0 0 0 if. t h e d e v i c e is " z a p p e d " by a b r i g h t s o u r c e . If o u r 
c u r r e n t ISIT g o e s , then the e n t i r e d e v i c e m u s t be r e p l a c e d at a cost of 
$ 1 4 , 0 0 0 . A r e l a t e d c o n v e n i e n c e is that the i n t e r f a c e b e t w e e n the 
t e l e s c o p e and p h o t o m e t e r c o n t a i n s an ISIT and o p t i c a l c o m p o n e n t s 
a l l o w i n g the c h a n g e in just 15 m i n u t e s from t h e p h o t o m e t e r to t h e 
O b s e r v a t o r i e s ' f i b e r o p t i c s c o u p l e d s p e c t r o g r a p h . 

It is all too c o m m o n to find in a s t r o n o m i c a l p h o t o m e t e r s s e r i o u s 
p r o b l e m s of v i g n e t t i n g a n d / o r optical a b e r r a t i o n s , p a r t i c u l a r l y in t h e 
v i e w i n g o p t i c s . Our o p t i c a l system s t r e s s e s p r o p e r d e s i g n , such as the 
a d d i t i o n of f i e l d l e n s e s , and the use of high q u a l i t y c o m p o n e n t s , such 
a s a G a v e e y e p i e c e and c o m m e r c i a l e n l a r g e r l e n s e s f o r the r e l a y o p t i c s , 
to avoid t h e s e p r o b l e m s . T h i s allows the a s t r o n o m e r to see and c e n t e r 
f a i n t e r o b j e c t s , and also to c e n t e r all o b j e c t s f a s t e r . T h u s m o r e 
o b j e c t s can be o b s e r v e d per n i g h t . 

Most p h o t o m e t e r s h a v e two sets of v i e w i n g o p t i c s , one b e f o r e the 
focal p l a n e a p e r t u r e w i t h a w i d e field for f i n d i n g o b j e c t s , and o n e 
a f t e r with high m a g n i f i c a t i o n for c e n t e r i n g . T h i s is both a w k w a r d f o r 
t h e o b s e r v e r and would r e q u i r e t w o , c o s t l y r e m o t e v i e w i n g d e v i c e s . Our 
s y s t e m a l l o w s both w i d e and m a g n i f i e d v i e w s t h r o u g h the s a m e e y e p i e c e . 
In a d d i t i o n , we h a v e added a roof m i r r o r to g i v e us an even n u m b e r of 
r e f l e c t i o n s so that t h e v i e w t h r o u g h t h e e y e p i e c e has the s a m e 
o r i e n t a t i o n as m o s t p u b l i s h e d f i n d i n g c h a r t s . 
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