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Dr. Bahcall briefly reviews Phase B reduction of the projected scope of
the Space Telescope. He reviews early concepts for an infra-redinstrument for ST, as well as the final proposed IR instrument designs.
Bahcall discusses European participation in ST science through the Faint
Object Camera, as well as US scientists' reactions to that participation.
He recreates discussion of emerging CCD technology as a potential
detector for the Wide Field Camera, and recounts the decisions which went
into final selection of the CALTECH CCD proposal. Bahcall concludes with
a thumbnail sketch of the origins of other Sis and a discussion of
difficulties associated with achieving the limiting magnitude required by
the ST fine guidance guide star system.
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W i t h : D r . J o h n H. B a h c a l l
D r . P a u l H a n l e
M a r c h 2 8 , 1 9 8 4
I n s t i t u t e f o r A d v a n c e d S t u d y , P r i n c e t o n U n i v e r s i t y

B y :
D a t e :
P l a c e :

D r . P a u l H a n l e : T h i s i s T a p e N o . O n e , S i d e N o . O n e o f
i n t e r v i e w w i t h J o h n B a h c a l l o n M a r c h 2 8 , 1 9 8 4 i n t h e
I n s t i t u t e f o r A d v a n c e d S t u d y , E B u i l d i n g. I t i s t h e
c o n c l u d i n g i n t e r v i e w i n w h i c h w e w i l l d i s c u s s t h e d e v e l o p m e n t
o f i n s t r u m e n t s f o r t h e S p a c e T e l e s c o p e .

T h e o r i g i n a l p r o p o s a l f o r t h e S p a c e T e l e s c o p e , a s i t
e v o l v e d i n t h e L S T W o r k i n g G r o u p t h a t y o u w e r e i n , h a d f i f e
i n s t r u m e n t s , p l u s t h e F i n e G u i d a n c e S y s t e m, o n a 3 -m e t e r
t e l e s c o p e u n t i l 1 9 7 4. A n d t h e n d i s c u s s i o n b e g a n a b o u t
r e d u c i n g t h e s i z e o f t h e t h i n g t o 2 . 4 m e t e r s e v e n t u a l l y , a n d
f o u r i n s t r u m e n t s . D o y o u r e m e m b e r i n t h i s d i s c u s s i o n o f
r e d u c i n g t h e p a r a m e t e r s , d i d y o u e v e r c o n s i d e r g o i n g t o f e w e r
i n s t r u m e n t s e v e n t h a n f o u r ? W a s t h e r e a s o r t o f b o t t o m- l i n e
t e l e s c o p e t h a t y o u w e r e a f r a i d N A S A w o u l d f o i s t o n y o u ?

B a h c a l l :
c o n f i g u r a t i o n t h a t w e t h o u g h t t h a t w a s v i a b l e , a n d i n f a c t , I
d e f i n e d f o r m y s e l f a m i n i m u m c o n f i g u r a t i o n w h i c h w a s
s u f f i c i e n t l y i n t e r e s t i n g f o r m e t o c o n t i n u e i n t h e p r o g r a m.

C e r t a i n l y , w e c o n s i d e r e d o u r m i n i m u mY e s .

H a n l e : W h a t w a s i t ?

B a h c a l l :
d i d d i s c u s s , a n d I a m s u r e B o b O ' D e l l ' s f i l e s a r e c o m p l e t e d
o n t h a t , t h e c o r e i n s t r u m e n t s .

I n t e r m s o f s c i e n c e , i t w a s 2 . 4 m e t e r s . N o w , w e

H a n l e : Y e s .
A n d t h a t w a s a c o n c e p t w h i c h i n P h a s e B w e t o o kB a h c a l 1 :

v e r y s e r i o u s l y , a n d d e b a t e d a l o t a n d c o n s i d e r e d c a r e f u l l y.
H a n l e :
O ' D e l l ' s f i l e s a r e n ' t s o c l e a r o n t h a t .D o y o u r e m e m b e r w h a t t h e c o r e i n s t r u m e n t s w e r e ?

B a h c a l l : Y e s . W e l l , t h e c o r e i n s t r u m e n t s a s f i n a l l y
a p p r o v e d w e r e t h e W i d e F i e l d C a m e r a a n d t h e F a i n t O b j e c t
S p e c t r o g r a p h . A n d I p u s h e d f o r i n o u r f i n a l m e e t i n g s , a n d
p r e v i o u s m e e t i n g s , t o a d d t o t h a t a n i n f r a r e d d e t e c t o r .
H a n l e : W h a t h a p p e n e d ?

B a h c a l l : I l o s t o n t h a t o n e.
H a n l e: Y e s . W h a t h a p p e n e d t o t h e i n f r a r e d i n s t r u m e n t ?
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T h e r e w a s s o m e d i s c u s s i o n o n i t .
B a h c a l l :
a n i n f r a r e d i n s t r u m e n t ,
t h a t w a s a n i n s t r u m e n t w h i c h c o u l d h a v e b e e n b u i l t ,
v e r y a b l y d e f e n d e d b y G a r y N e u g e b a u e r .

W e h a d t h r o u g h o u t P h a s e B a v e r y g o o d p r o p o s a l f o r
I t w a s a s t a t e o f t h e a r t i n s t r u m e n t

I t w a s

H a n l e : W h o w a s o n t h e c o m m i t t e e t h e n , w a s h e n o t ?

B a h c a l l : H e w a s o n t h i s w o r k i n g G r o u p i n P h a s e B. G a r y d i d
n o t p r o p o s e i n P h a s e C - D. P a r t o f t h a t w a s h i s i n v o l v e m e n t
a s p r i n c i p a l i n v e s t i g a t o r o n t h e I R A S s a t e l l i t e . B u t a l s o,
p a r t c a m e a b o u t b e c a u s e h e d i d n o t g e t , h e s a y s , s u p p o r t f r o m
J P L a d m i n i s t r a t i o n t o h e l p h i m i n t h e p r o p o s a l t h e w a y t h e
W i d e F i e l d C a m e r a d i d . D u r i n g t h e t i m e i n w h i c h p r o p o s a l s
w e r e b e i n g p r e p a r e d f o r P h a s e C a n d D b y i n s t r u m e n t s t e a m s , I
d i d a l o t o f l o b b y i n g t o t r y t o s t i r u p a n i n f r a r e d p r o p o s a l .
I t a l k e d w i t h G a r y a l o t . I t a l k e d w i t h C a l t e c h p e o p l e a
l o t . I t a l k e d w i t h H a r v a r d p e o p l e a l o t . I t a l k e d w i t h m y
f r i e n d , M i k e H a u s e r . T h e r e e v e n t u a l l y w e r e i n f r a r e d
p r o p o s a l s , b u t n o t a t t h e l e v e l w h i c h t h e r e w o u l d h a v e b e e n
i f G a r y h a d m a d e t h e p r o p o s a l .
H a n l e : Y e s . W a s t h e r e o n e f r o m , y o u s a i d , H a r v a r d , t h e
C e n t e r f o r A s t r o p h y s i c s ?

B a h c a l 1 : Y e s .
H a n l e : W a s t h e r e a K l e i m a n ?

B a h c a l l :
- - I d o n ' t k n o w w h o t h e P I w a s .
a m e m b e r o f t h a t .

D o u g c e r t a i n l y p a r t i c i p a t e d i n t h a t , I t h i n k t h a t
I k n o w t h a t M i k e H a u s e r w a s

H a n l e : S o t h a t w a s p r o p o s e d ?

B a h c a l l : Y e s . I t w a s p r o p o s e d , b u t n o n e o f t h e i n f r a r e d
p r o p o s a l s g o t a h i g h r a n k i n g . A n d I f e l t t h a t , f r o m t h e
s t a r t , y o u h a v e f o u r d e c a d e s o f w a v e l e n g t h t h a t a r e
a c c e s s i b l e t o y o u w i t h t h e S p a c e T e l e s c o p e a n d t h r e e - q u a r t e r s
o f t h o s e f o u r d e c a d e s a r e n o t c o v e r e d w i t h t h e p r e s e n t
i n s t r u m e n t a t i o n .

I f e l t t h a t i t w a s e s s e n t i a l t o c o v e r t h r e e o f t h e f o u r
d e c a d e s , a n d i n f a c t , I t h o u g h t i t w a s e a s y t o m a k e a n
a r g u m e n t w h e r e b y y o u w o u l d b e m o r e l i k e l y t o m a k e d i s c o v e r i e s
i n t h o s e t h r e e d e c a d e s t h a n i n t h e d e c a d e t h a t w e a r e
c o v e r i n g , s i m p l y b e c a u s e i n t h e R a y l e i g h J e a n s l i m i t , w h e r e
t h e i n t e n s i t y o f l i g h t i s r o u g h l y p r o p o r t i o n a l t o t h e s q u a r e
o f t h e f r e q u e n c y , i f s o m e t h i n g ' s t e m p e r a t u r e o r i t s
c h a r a c t e r i s t i c f r e q u e n c y i s m u c h h i g h e r t h a n y o u c a n s e e i n
t h e v i s i b l e r e g i o n , t h e r e w i l l n e v e r t h e l e s s c a r r y o v e r t o t h e
l o w e r f r e q u e n c y r e g i o n i n t h e v i s i b l e b e i n g d o w n i n i t s
i n t e n s i t y , j u s t b y p o w e r l a w , b y t h e s q u a r e o f t h e f r e q u e n c y .
W h e r e a s i f m o s t o f t h e c h a r a c t e r i s t i c e n e r g y i s T n t h e
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i n f r a r e d r e g i o n , t h e n i t ' s e x p o n e n t i a l l y c u t o f f i n t h e
v i s i b l e h i g h f r e q u e n c y r e g i o n , c o m p a r e d t o t h e e x p o n e n t i a l ,
c o o l o b j e c t s a r e c u t o f f e x p o n e n t i a l l y , w h e r e a s h o t o b j e c t s
g e t f a i n t e r , o n l y l i k e t h e s q u a r e o f t h e f r e q u e n c y , s o t h e r e
i s a r e a l a s y m m e t r y. S o y o u c o u l d a r g u e t h a t t h i n g s t h a t w e
c o u l d n e v e r h a v e i m a g i n e d m i g h t b e t h e r e i n t h e i n f r a r e d , a n d
n o t g e t h e r e t o t h e v i s i b l e. W h e r e a s , a n y t h i n g t h a t i s t h e
b r i g h t e s t o f t h e v e r y h o t o b j e c t s w i l l i n f a c t a p p e a r i n t h e
v i s i b l e. S o t h a t w a s s o r t o f t h e q u a l i t a t i v e a r g u m e n t b e h i n d
w h a t I f e l t w a s j u s t t h e s e a t - o f - t h e - p a n t s a r g u m e n t t o
s u g g e s t t h a t t h e r e w a s r e a l l y a g o l d m i n e o u t t h e r e . A n d I
t h o u g h t i t w a s t r a g i c a n d e x t r a o r d i n a r y t h a t w e d o n ' t h a v e a n
i n f r a r e d i n s t r u m e n t . I d i d e v e r y t h i n g I c o u l d i n t h e i n t e r i m
p e r i o d t o g e t t h o s e g u y s t o c o m e u p w i t h a p r o p o s a l . T h e y
d i d b u t s o m e o f t h e b e s t g u y s d i d n ' t p r o p o s e.
H a n l e : H o w b a d l y d i d N A S A w a n t a n I R i n s t r u m e n t ?

I d o n ' t k n o w.B a h c a l 1 :
b a s e d o n t h e t e c h n i c a l c h a r a c t e r i s t i c s o f t h e i n s t r u m e n t s ,
a n d t h e p r o p o s a l s w e r e n ' t a s g o o d.

B u t I t h i n k t h e d e c i s i o n s w e r e m a d e

H a n l e : W a s i t a n e m b a r r a s s m e n t e i t h e r t o y o u o r t o N A S A t h a t
u l t i m a t e l y n o I R i n s t r u m e n t a p p e a r e d o n t h e t e l e s c o p e ? I s a y
e m b a r r a s s m e n t , b e c a u s e I R w a s u s e d i n s e l l i n g S p a c e T e l e s c o p e
q u i t e e x p l i c i t l y .
B a h c a l l : I g u e s s a m i n o r e m b a r r a s s m e n t . I t w a s n o t h i n g t h a t
I f e l t I h a d t o h i d e m y h e a d a b o u t .

N o , I d o n ' t m e a n y o u p e r s o n a l l y .H a n l e :
W o r k i n g G r o u p . I m e a n y o u i n t h e

I d o n ' t t h i n k a n y b o d y e l s e f e l t e m b a r r a s s e d a b o u t
I d o n ' t r e m e m b e r N A S A s a y i n g

t h e b e s t i n s t r u m e n t s ,
i t s e l f d o w n .
B a h c a l 1 :

I t h i n k t h e y j u s t c h o s e
A n d I f e l t t h a t t h e c o m m u n i t y l e t

T h e i n f r a r e d c o m m u n i t y l e t i t s e l f d o w n .
i t .

H a n l e :
I R y o u w e r e l o s i n g a g r e a t d e a l o f t h e r e a s o n f o r t h e
e x i s t e n c e o f S p a c e T e l e s c o p e i n t h e f i r s t p l a c e.

O n e o f o u r i n t e r v i e w e e s p o i n t e d o u t t h a t w i t h o u t t h e

B a h c a l l : I b e l i e v e t h a t .
H a n l e : A n d h e p e r s o n a l l y f e l t s o m e l o s s i n t h e q u a l i t y .

T h e r e c e r t a i n l y i s a l o s s i n t h e q u a l i t y o f t h eB a h c a l l :
s c i e n c e.
H a n l e : S o , a l l o f t h e i n s t r u m e n t s w e r e j u d g e d o n t h e b a s i s
o f t h e q u a l i t y o f t h e s c i e n c e , a n d t h e y w e r e i n c o m p e t i t i o n
w i t h o n e a n o t h e r . I s t h a t r i g h t ?

B a h c a l l : Y e s , t o t h e b e s t o f m y k n o w l e d g e.
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Could you tell me a little bit about the process by
I don ' t know that.

Han 1 e:
which they were selected.

Bahcal 1 : I ' m not sure that I know the details. I was in
Israel at the time, and there were, I think , ad hoc groups
which judged the instrument capabilities and judged the
science and the proposals. Those were NASA -organized
committees. I believe that
role in that , among others. I just happen to remember that
he was one of the people involved in that. It was hard to
get people without a conflict of interest. So many people in
so many institutions were involved in bidding.
Hanle: Yes , I ' m sure.
Bahcal!: I don 't know the details. Bob would know it.

piayed a significant

Let me pass along to the European participation,Hanle:
which came out finally to be the Faint Object Camera ,
early were the European photon - counting detectors considered
for the Space Telescope?

How

Bahcall : Not very early , because I remember they made a
serious
which time the American instruments were all well defined and
rethought , capable of being designed and then built
underestimated the difficulty) nevertheless had been studied
carefully. At that point there really wasn't a European
proposal. What there was , was an interest in an instrument.

And I think the decisive argument was made by Bob
O'Dell , who said we can get an extra instrument aboard Space
Telescope , an instrument that none of us regard as essential ,
not a core instrument , and which would probably not otherwise
fly , by including the Europeans. Let' s go ahead and get that
for -free instrument. That was Bob's argument.
Hanle: Do you know if he was aware of the pressure from
Headquarters especially to get the Europeans involved ?

Bahcall : Oh , I'm sure he was.

Their proposal , even , at the end of Phase B (at

they

Hanle:
Group become more concerned with European participation after
Congress directed it?

I guess what I mean is: Did you and the LST Working

Bahcal 1 : Oh yes.

Hanle: Were the detectors that Boxenburg developed
considered to be one of the great advantages of having the
instrument on board Space Telescope? Were you aware of that?

Bahcall : As I remember, the feeling was that the Boxenburg
detectors were examples of what you could do , but were too
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b u l k y , t o o r e q u i r i n g o f p e r s o n a l s e r v i c e , a l s o , o f a n e x p e r t ,
t o b e c a p a b l e o f b e i n g d e v e l o p e d a s f l i g h t i n s t r u m e n t s . T h e y
w e r e b i g a n d t h e y r e q u i r e d a n e x p e r t : n a m e l y , B o x e n b u r g , t o
u s e t h e m a t t h e s t a t e t h a t w e w e r e d i s c u s s i n g . B o x e n b u r g w a s
r e g a r d e d a s a g r e a t G u r u ; h i s i n s t r u m e n t s w e r e n o t r e g a r d e d
a s f l i g h t i n s t r u m e n t s .
H a n l e : I f s o m e o n e t o l d y o u t h a t t h e E u r o p e a n s f e l t t h a t t h e
A m e r i c a n s h a d c o m e t o t h e m f o r t h i s i n s t r u m e n t b e c a u s e t h e y
w e r e w o r r i e d a b o u t n o t b e i n g a b l e t o d e v e l o p t n e i r o w n , t h e
A m e r i c a n s 1 o w n c a m e r a , w h a t w o u l d y o u s a y ? D o e s t h a t s o u n d
l i k e l y ? F i r s t o f a l l , i s i t t r u e ? A n d s e c o n d l y , w o u l d t h e
E u r o p e a n s h a v e f e l t t h a t w a y ?

B a h c a l l : L e t m e a n s w e r t h e q u e s t i o n s i n t h e r e v e r s e o r d e r .
I t h i n k i t ' s p l a u s i b l e t h a t t h e E u r o p e a n s m i g h t h a v e s a i d
t h a t . I t i s i n c o r r e c t . I t h i n k i t ' s n o t t r u e t h a t w e
c o u l d n ' t h a v e d o n e o u r o w n , b u t i t i s n o t i m p l a u s i b l e f o r
r e a s o n s o f p r i d e o r w h a t e v e r e l s e t h a t p e o p l e h a v e d i f f e r e n t
v i e w p o i n t s a b o u t t h a t . A n d s o I ' m n o t s u r p r i s e d i f t h e y
r e a l l y t h o u g h t t h a t w a y . I d o n ' t r e m e m b e r w h e t h e r t h e y
t h o u g h t o r s a i d t h a t a t t h e t i m e , b u t I w o u l d n o t b e
s u r p r i s e d i f t h e y d i d . B u t I d o n ' t t h i n k i t w a s a c c u r a t e , i f
t h a t w a s t h e p e r c e p t i o n.
H a n l e : A t o n e p o i n t t h e F a i n t O b j e c t S p e c t r o g r a p h w a s
c o n s i d e r e d f o r t h e E u r o p e a n s t o p r o d u c e . H o w d i d t h a t f i t
i n t o t h e F a i n t O b j e c t C a m e r a p i c t u r e ?

B a h c a-1 1 : I d i m l y r e m e m b e r t h a t s o m e o f u s , m y s e l f i n c l u d e d,
f e l t t h a t i t w a s u n c o n s c i o n a b l e t o g i v e t o t h e E u r o p e a n s
e i t h e r t h e F a i n t O b j e c t S p e c t r o g r a p h o r t h e W i d e F i e l d
C a m e r a , b e c a u s e t h o s e w e r e t h e t w o c o r e i n s t r u m e n t s , a n d I
f e l t t h a t i f w e w e r e g o i n g t o s p e n d s u c h a l a r g e a m o u n t o f
m o n e y o n a m a j o r n e w i n s t r u m e n t , w e o u g h t t o k e e p i n t h i s
c o u n t r y t h e m o s t i m p o r t a n t i n s t r u m e n t s , b e c a u s e t h e y
s t i m u l a t e d i n d u s t r y , s t i m u l a t e d t h e s c i e n c e , a n d p r o d u c e d t h e
g r e a t e s t s c i e n c e . I w a s o p p o s e d t o u s p r o v i d i n g t o t h e
E u r o p e a n s a t g r e a t c o s t t o o u r s e l v e s t h e c h o i c e
o p p o r t u n i t i e s. I r e m e m b e r a r g u i n g t h a t I h a d n o p r o b l e m w i t h
t h e E u r o p e a n s w i n n i n g a n y c o m p e t i t i o n f o r a n y o f t h e
i n s t r u m e n t s . I h a d a p r o b l e m w i t h a s s i g n i n g t o t h e m a n y o f
t h e i n s t r u m e n t s . T h a t w a s a l w a y s m y p o s i t i o n , a n d s o I
w o u l d n ' t h a v e b e e n u n h a p p y i f t h e y h a d m a d e t h e b e s t p r o p o s a l
f o r a w i d e f i e l d c a m e r a a n d w o n t h a t , b e c a u s e t h e y b u i l t t h e
b e s t o n e. B u t I w a s o p p o s e d t o t h e m h a v i n g e i t h e r t h e w i d e
f i e l d c a m e r a o r t h e f a i n t o b j e c t s p e c t r o g r a p h a s a n
a d m i n i s t r a t i v e d e c i s i o n p r i o r t o t h e s c i e n t i f i c d e c i s i o n o f
w h o h a d t h e b e s t p r o p o s a l . I w a s w o n o v e r b y B o b ' s a r g u m e n t .
I t h i n k i t w a s B o b ' s a r g u m e n t , t h a t w e c o u l d n ' t p o s s i b l y
a f f o r d, a n d w e w o u l d n ' t c h o o s e a f a i n t o b j e c t c a m e r a i n
a d d i t i o n t o a w i d e f i e l d c a m e r a ; t h e r e f o r e , w e w o u l d l o s e
n o t h i n g b y g r a n t i n g i t t o t h e E u r o p e a n s a h e a d o f t i m e , a n d
t a k i n g o u r t e a m s o u t o f c o m p e t i t i o n f o r t h a t i n s t r u m e n t. A n d
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I w a s w o n o v e r t o t h a t .
H a n l e : W h a t a b o u t t h e r e s t o f t h e W o r k i n g G r o u p ? D i d t h e y
h a v e s i m i l a r f e e l i n g s a s y o u r s o r w a s y o u r s a u n i q u e
p o s i t i o n ?

B a h c a l l : I d o n ' t r e m e m b e r .
H a n l e : W a s t h e r e a l o t o f d i s c u s s i o n a b o u t t h i s a m o n g y o u ?

B a h c a l l : I d o n ' t r e m e m b e r . I r e m e m b e r f e e l i n g v e r y s t r o n g l y
a b o u t t h i s i n a p p r o p r i a t e n e s s o f g i v i n g a w a y , w i t h o u t a
s c i e n t i f i c c o m p e t i t i o n , a n y o f t h e c o r e i n s t r u m e n t s . A n d I
a r g u e d a s e f f e c t i v e l y a n d a s f o r c e f u l l y a s I c o u l d o n t h a t
p o i n t . A n d e v e n t u a l l y t h a t w a s t h e d e c i s i o n . I ' v e n o i d e a
w h e t h e r m y a r g u m e n t w a s h e l p f u l o r n o t h e l p f u l . I d o n ' t
r e m e m b e r t h e d e t a i l s .
H a n l e : T h e r e w a s a l s o a b o u t t h a t t i m e s o m e d i s c u s s i o n a b o u t
g u a r a n t e e d t i m e f o r t h e E u r o p e a n s , b a s e d o n a f r a c t i o n o f t h e
t e c h n o l o g y t h a t t h e y w o u l d p r o v i d e , t h e f r a c t i o n b e i n g a b o u t
1 5 p e r c e n t , a n d t h e t e c h n o l o g y b e i n g a n i n s t r u m e n t . O ' D e l l
p u t h i m s e l f o n r e c o r d a g a i n s t g i v i n g a d e d i c a t e d f r a c t i o n t o
t h e E u r o p e a n s . W a s t h e r e a d i s c u s s i o n a b o u t t h a t a m o n g t h e
W o r k i n g G r o u p ?

I ' m s u r e t h e r e w a s . T h a t d i s c u s s i o n I d o n ' tB a h c a 1 1 :
r e m e m b e r a s m u c h .
H a n l e : D i d t h e y h a v e i t d e d i c a t e d ?

B a h c a l l : O h y e s , a n d I t h i n k l a r g e r t h a n t h e f r a c t i o n o f
t h e i r c o n t r i b u t i o n . T h e y d o g e t 1 5 p e r c e n t , c u t o f f a t t h e
s t a r t , i n d e p e n d e n t o f t h e q u a l i t y o f t h e i r p r o p o s a l s .

A n d t h a t ' s i n a d d i t i o n t o a n y p r o p o s a l s t h a t t h e yH a n l e :
m i g h t p u t i n i n t h e c o m p e t i t i v e g u e s t o b s e r v e r p r o g r a m .

T h a t ' s r i g h t , s o i n a p p e a r a n c e , t h e y c o u l d h a v e
T h e r e s t o f t h e w o r l d c o u l d a t m o s t h a v e 8 5 % w h e r e a s

B a h c a l l :
1 0 0 % .
t h e E u r o p e a n s c o u l d h a v e 1 0 0 % .

A n d y o u f e e l t h a t t h a t ' s s e r i o u s , a s y o u s a y ?H a n l e :

I t h o u g h t i t w o u l d n ' t b e s e r i o u s a t t h e 5 % l e v e l ,B a h c a l l :
b u t t h e 1 5 % l e v e l , I t h i n k , t h e r e i s j u s t a t r e m e n d o u s a m o u n t
o f s c i e n c e a t t h e 1 5% l e v e l .

N o w , i t m a y w e l l b e t h a t t h e E u r o p e a n s w i l l q u a l i f y o n
t h e b a s i s o f t h e i r s c i e n t i f i c c o n t r i b u t i o n s f o r m u c h m o r e
t h a n 1 5 % . T h a t ' s n o t u n r e a s o n a b l e o n t h e b a s i s o f t h e i r
c o n t r i b u t i o n t o w o r l d a s t r o n o m y . B u t y o u k n o w , t h e r e a r e a
l o t o f g r o u p s w h i c h a r e n ' t i n c l u d e d i n p r i o r a r r a n g e m e n t s :
J a p a n e s e , t h e C h i n e s e , t h e R u s s i a n s , a n d g o o d g r o u p s
e l s e w h e r e . I d o n ' t k n o w , b u t w h a t e v e r i t i s , i t 'i s .
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H o w a r e t h e y g o i n g t o c h o o s e t o d i s t r i b u t e a m o n gH a n 1 e :
t h e i r 1 5 % ?

U l t i m a t e l y , I d o n ' t k n o w . T h e y 1 v e d e c i d e d t oB a h c a l l :
r e a l l y d i v i d e u p i n t o s m a l l p i e c e s t h e i r g u a r a n t e e d t i m e ;
t h a t i s , t h e g u a r a n t e e d t i m e f o r s p e c i f i c p r o p o s a l s t h a t
o c c u r s a t t h e b e g i n n i n g o f t h e o b s e r v a t i o n a l p e r i o d .
H a n l e : T h i s i s o f f t h e i n s t r u m e n t s , a n d I w a n t t o g e t b a c k
t o t h e m , f o r o n e l a s t q u e s t i o n : I s t h e r e a d a n g e r t h a t t h e
b e s t s c i e n c e w i l l c o m e i n a s g u e s t o b s e r v e r p r o p o s a l s , a n d
t h e 1 5 % , b e c a u s e i t ' s g u a r a n t e e d , w i l l c o m e i n a s l o w e r
q u a l i t y s c i e n c e ?

B a h c a l l : I d o n ' t k n o w . I w o u l d h o p e t h e b o o k k e e p i n g w a s
s u c h t h a t t h e f i r s t 1 5% w a s t h e b e s t 1 5 % w a s t h e g u a r a n t e e d
1 5 % a t a l l t i m e s . A n d a f t e r t h a t i t h a d t o c o m p e t e . B u t a s
y o u t o o k t h e t o p 1 5 % , t h e E u r o p e a n p r o p o s a l s w h i c h w e r e o f
t h e h i g h e s t q u a l i t y , y o u a c c e p t e d u n t i l t h e y w e r e e q u a l t o
1 5 % o f t h e t o t a l a v a i l a b l e t i m e , a f t e r w h i c h t h e s t u f f t h a t
w a s a t 1 6 % a n d b e l o w c o m p e t e d a g a i n s t t h e b e s t n o n - E u r o p e a n
p r o p o s a l s a n y w h e r e . I w o u l d h o p e t h a t t h a t w o u l d b e t h e
c a s e .
H a n l e ; H a s t h a t r u l e b e e n s e t ? A n d w h o d e c i d e s ?

I s u s p e c t t h a t t h a t ' s t h e s o r t o f t h i n g w h i c hB a h c a l l :
N e t a ' s g r o u p h a s t o u l t i m a t e l y e s t a b l i s h p o l i c i e s f o r .
H a n l e : N e t a B a h c a l 1 .
B a h c a l l : Y e s .

D i d t h e p r o s p e c t o f i n c l u d i n g t h e p l a n e t a r y
a s t r o n o m e r s w i t h t h e i r d e t e c t o r t e c h n o l o g y g e t d i s c u s s e d
b e f o r e 1 9 7 5 a t t h e L S T W o r k i n g G r o u p , t h a t i s , b e f o r e d o u b t s
w e r e e x p r e s s e d a b o u t t h e P r i n c e t o n S E C v i d i c o n ?

H a n l e :

B a h c a l l : I d o n ' t r e m e m b e r .
H a n l e :
b r i n g i n g i n t h e p l a n e t a r y p e o p l e i n t o t h e W i d e F i e l d C a m e r a ?

D o y o u m e a n s p e c i f i c a l l y w i t h r e s p e c t t o t h e
P r i n c e t o n p r o p o s a l , o r i n g e n e r a l ?

D o y o u r e c a l l a n y d i s c u s s i o n s e x p l i c i t l y a b o u t

B a h c a l l :

H a n l e : I n g e n e r a l .
I g u e s s t h e a n s w e r i s , I d o n ' t r e m e m b e r i n e i t h e rB a h c a l l :

c a s e .
H a n l e : I w o n d e r e d i f t h i s i s s u e o f g e t t i n g p l a n e j a r y p e o p l e
o n b o a r d t h e S p a c e T e l e s c o p e w a s e v e r d i s c u s s e d e x p l i c i t l y ,

I
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e v e n 1 a t e r ?

I ' d b e s u r p r i s e d i f i t w a s n ' t , b u t I d o n ' t r e m e m b e rB a h c a l 1 :
i t .
H a n l e : Y o u w r o t e B o b O ' D e l l i n M a y o f ' 7 6 t h a t y o u w o u l d n ' t
a t t e n d t h e S T W o r k i n g G r o u p . T h a t w a s t h e t i m e w h e n t h e r ew e r e f u n d i n g p r o b l e m s , a n d y o u s a i d , w e s c i e n t i s t s h a v e
f i n i s h e d o u r w o r k . T h a t w a s a l s o t h e m e e t i n g i n ' 7 6 w h e n t h e
S E C v i d c o n o f P r i n c e t o n ' s r o l e i n i t w a s d i s c u s s e d a t s o m e
l e n g t h . I w o n d e r e d i f y o u p a r t i c i p a t e d i n t h e d i s c u s s i o n
e i t h e r b e f o r e o r a f t e r ?

I d o n ' t r e m e m b e r .B a h c a l 1 :
b a c k g r o u n d o n i t , I p r e f e r s c i e n c e t o m e e t i n g s a n y t i m e .F i r s t o f a l l , t o g i v e y o u t h e

H a n l e : Y e s .
B a h c a l 1 :
t h a t t h e S E C v i d i c o n w a s n o t a s t a t e o f t h e a r t i n s t r u m e n t .
A n d I m i g h t v e r y w e l l h a v e f e l t t h a t i t w a s j u s t
c o i n c i d e n t a l l y u s e f u l t o m e n o t t o b e p r e s e n t i n a d i s c u s s i o n
o f i t .
c h a r a c t e r i s t i c o f m e t o b e n o t u n h a p p y a t h a v i n g a n e x c u s e
n o t t o b e p r e s e n t , b u t I c a n ' t r e m e m b e r .

S t r o n g l y . A n d I m i g h t a l s o , b y t h a t t i m e , f e l t

B u t I c a n ' t r e m e m b e r . I t w o u l d h a v e b e e n

H a n l e :
v i d i c o n ?

W a s f i l m e v e r a s e r i o u s c o n t e n d e r t o r e p l a c e t h e S E C

S e r i o u s , I d o n ' t k n o w ; b u t i t w a s c e r t a i n l yB a h c a l 1 :
d i s c u s s e d a s a c o n t e n d e r .

I ' v e s e e n s o m e n o t e s t h a t p o i n t e d o u t p r o b l e m s w i t hH a n l e :
i t , b u t a l s o s o m e a d v a n t a g e s , p o t e n t i a l a d v a n t a g e s t o i t .
W a s a s t u d y d o n e o n i t ?

I d o n ' t r e m e m b e r a m a j o r s t u d y , b u t a d v a n t a g e s a n dB a h c a l 1 :
d i s a d v a n t a g e s w e r e s u f f i c i e n t l y a v a i l a b e o n t h e s u r f a c e , I
t h i n k , s o t h a t p e o p l e c o u l d m a k e a d e c i s i o n .
H a n l e :
W o r k i n g G r o u p w r i t e i t o f f a s a p o s s i b i l i t y ?
d i s m i s s i t ?

A n d s o t h e W o r k i n g G r o u p l o o k e d a t i t , a n d d i d t h e
D i d t h e y

A g a i n , I d o n ' t r e m e m b e r a n a b s o l u t e s p e c i f i cB a h c a l 1 :
d e c i s i o n o f t h a t n a t u r e , b u t i t ' s m y i m p r e s s i o n t h a t w e d i d .
A n d t h e d e c i s i v e r e a s o n w a s t h a t y o u j u s t c o u l d n ' t r e v i s i t
t h e f a c i l i t y o f t e n e n o u g h t o m a k e i t a p r a c t i c a l m e t h o d f o r
t a k i n g d a t a .
H a n l e :
d i g i t a l d a t a .Y o u c o u l d s c a n f i l m u p t h e r e a n d s e n d i t d o w n a s

B a h c a l l : T h a t ' s r i g h t . A n d t h a t w a s d i s c u s s e d , 'a n d i t w a s
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f e l t t h a t i t w a s n ' t r e l i a b l e o r p r a c t i c a l , o r w h a t e v e r ,
d o n ' t r e m e m b e r t h e d e t a i l s . I

O n e t h i n g I ' v e n o t i c e d i n t h e W o r k i n g G r o u p n o t e s :
t h e y s a i d t h a t i t w o u l d b e p o s s i b l e ; t h e r e i s m i l i t a r y
t e c h n o l o g y t h a t i s d o n e a l r e a d y ; a n d t h i s c o u l d b e c h e c k e d
i n t o .

H a n 1 e :

A n d I d o k n o w t h a t H i n n e r s i n i t i a t e d a s t u d y i n l a t e
' 7 5 t o c o n s i d e r i t , b u t I d o n ' t k n o w w h e t h e r t n a t l e d t o
d i s m i s s a l o f i t o r n o t .
B a h c a l l : A g a i n , i n i s s u e s l i k e t h a t , i t h i n g e a u p o n m i l i t a r y
c o n s i d e r a t i o n s . I s u s p e c t t h a t B o b l o o k e d i n t o t h e m h i m s e l f .
H e h a d a l l t h e p r o p e r c l e a r a n c e s , a n d f o u n d o u t w h e r e t h e
m i l i t a r y w a s g o i n g . I t m a y w e l l b e t h a t t h e m i l i t a r y w a s
g o i n g t o C C D s . I ' m s u r e t h e y w e r e .
H a n 1 e :
m i l i t a r y , i n i t f o r s c i e n c e ?

W e h r e w e r e C C D s b e i n g d e v e l o p e d , a s i d e f r o m t h e

I d o n ' t b e l i e v e t h e y w e r e a t t h a t t i m e .B a h c a l l :
c e r t a i n l y , I d i d n ' t k n o w a b o u t t h e m , a n d I b e l i e v e t h a t
a s t r o n o m e r s c a m e t o t h e m c e r t a i n l y b e f o r e p a r t i c l e
p h y s i c i s t s .

A n d

H a n l e : Y e s . T h e r e w a s s o m e t h i n g c a l l e d a n I C C D b e i n g
s u p p o r t e d a t G o d d a r d , w h i c h I b e l i e v e m e a n t i m p r o v e d .

I d o n ' t k n o w t h a t .B a h c a l l :
r e m e m b e r w h a t t h e i n i t a l s s t a n d f o r n o w .
q u i t e a n e x p e r i m e n t a l s t a g e .

I d o n ' t e v e n
B u t t h e y w e r e i n

I r e m e m b e r t h a t .

H a n l e : Y e s . S t a n l e y S o b i e s k y w a s t h e i n s t r u m e n t a t i o n
s c i e n t i s t .
B a h c a l l : Y e s .
H a n l e : A n d r e s p o n s i b l e f o r t h o s e a n d s o m e o t h e r t h i n g s , t o o .
T h e q u e s t i o n i s , d o y o u r e c a l l h i s r o l e i n d e v e l o p i n g t h e
i d e a o f t h e w i d e f i e l d c a m e r a d e t e c t o r , i f a n y ?

B a h c a l l : I d o n ' t k n o w . I d o n ' t r e m e m b e r a n y p a r t i c u l a r s o f
S t a n ' s r o l e . I w o u l d n o t b e s u r p r i s e d i f h e h a d s o m e m a j o r
r o l e . W h a t i t i s I a m n o t a b l e t o s a y .
H a n l e :
c o n s i d e r C C D s o n t h e i r c a m e r a ?

Y o u m e n t i o n e d , b u t s o r t o f i n d i r e c t l y . D i d P r i n c e t o n

B a h c a l l :
w h e r e w e s p e n t a g o o d b i t o f t i m e d i s c u s s i n g C C D s a n d S E C
v i d i c o n s a n d o t h e r d e t e c t o r s , a f t e r w h i c h 1 t o l d L y m a n t h a t I
c o u l d n o t l o n g e r s u p p o r t t h e P r i n c e t o n p r o p o s a l w i t h o u t a
C C D .

T h e r e w a s a m e e t i n g a t C a l t e c h i n t h e n e w l i b r a r y ,

H a n l e : W i t h o u t a C C D .
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I t o l d h i m t h a t I f e l t i t w a s d e c i s i v e , a d v a n t a g e sB a h c a l l :
t o t h e C C D s.
H a n l e : D o y o u k n o w a b o u t w h e n t h i s m e e t i n g h a p p e n e d ?

B a h c a l l : W e h a d a W o r k i n g G r o u p m e e t i n g a t C a l t e c h . H e a n d
I w e n t f o r a w a l k i n t h e A t h e n e u m p a r k i n g l o t , a n d I t o l d h i m
t h e n.

S o t h i s w a s a m e e t i n g i n w h i c h t h e C C D s w e r e r a i s e dH a n l e :
i n t h e L S T W o r k i n g G r o u p ?

B a h c a l l :
d i s c u s s e d i n t h e W o r k i n g G r o u p .Y e s , C C D s a n d t h e S E C v i d i c o n p e r f o r m a n c e w a s

H a n l e : I s e e .
B a h c a l l : I t h i n k m a y b e i t w a s m a y b e o u r o n l y w o r k i n g g r o u p
m e e t i n g a t C a l t e c h. I t w a s i n t h e n e w l i b r a r y t h e r e , a n d
a f t e r w a r d s b e t w e e n t h e t i m e e v e r y b o d y w e n t o u t t o d i n n e r a n d
t h e t i m e o n e o f t h e m e e t i n g s w a s o v e r , L y m a n a n d I w e n t f o r a
w a l k i n t h e p a r k i n g l o t , a n d I t o l d h i m t h a t w a s m y p o s i t i o n.
H a n l e : I t h i n k P r i n c e t o n m a y h a v e c o n s i d e r e d s o m e C C D s a t
o n e p o i n t .
B a h c a l l : I b e l i e v e t h a t t h e f i n a l P r i n c e t o n p r o p o s a l w a s a
h y b r i d p r o p o s a l w h i c h d i d h a v e, i n a d d i t i o n t o t h e S E C
v i d i c o n , s o m e C C D d e t e c t o r s .
H a n l e : Y e s . T h e y w o u l d h a v e b e e n u s e d f o r d i f f e r e n t
p u r p o s e s o n t h e s a m e c a m e r a .
B a h c a l l : T h a t c o u l d b e. I d o n ' t r e m e m b e r t h e d e t a i l s .
H a n l e : L e t ' s g o b a c k t o a l i t t l e b i t e a r l i e r. W a s t h e
P r i n c e t o n S E C v i d i c o n c o n s i d e r e d a s h o o - i n i n t h e e a r l y
t h i n k i n g , i n a b o u t ' 7 4 a n d ' 7 5 , w h e n t h e c a m e r a w a s b e i n g
d e f i n e d ?

B a h c a l l : B y w h o m ?

H a n l e :
a b o u t 1 0 y e a r s .N A S A , w h i c h h a d b e e n s u p p o r t i n g t h e S E C v i d i c o n f o r

I d o n ' t r e m e m b e r d i s c u s s i n g i t w i t h a n y p e o p l e a t
I t h i n k m o s t p e o p l e i n t h e a s t r o n o m i c a l c o m m u n t i y

p r o b a b l y a s s u m e d t h a t i t w o u l d g o t o P r i n c e t o n b e c a u s e o f o u r
l o n g i n v o l v e m e n t , a n d b e c a u s e o u r g r e a t l e a d i n t h a t a r e a.
B e c a u s e o f t h e p r o m i n e n c e o f s o m e o f u s , e s p e c i a l l y L y m a n , i n
t h e S p a c e T e l e s c o p e p r o g r a m, I c e r t a i n l y k n o w t h a t i t w a s
c o n s i d e r e d a s h o o - i n b y P r i n c e t o n p e o p l e.

B a h c a 1 1 :
N A S A.
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H a n 1 e : W h o l e d t h e g r o u p a t P r i n c e t o n ?

B a h c a l l : A t t h a t t i m e , B o b D a n i e l s o n .
H a n l e : H e d i d. A n d I b e l i e v e h e p a s s e d a w a y i n ' 7 5 o r ' 7 6.
B a h c a l l : I ' m t e r r i b l e a b o u t d a t e s . I t w a s o n e o f t h e w o r s t
d a y s i n m y l i f e . I t w a s r e a l l y a t r a g e d y . I l o v e d h i m. H e
w a s c o u r a g e o u s , m a g n a n i m o u s , v e r y i n t e l l i g e n t , w o n d e r f u l
c o m p a n i o n , a l o t o f f u n .
H a n l e : H e l e d t h e d e v e l o p m e n t o f t h e d e t e c t o r . W a s h e o v e r
a l l t h e l e a d e r f o r t h e P r i n c e t o n p r o p o s a l f o r a c a m e r a u p t o
t h a t p o i n t ?

B a h c a l l : H e d i e d b e f o r e t h e p r o p o s a l w a s r e a l l y s u b m i t t e d.
I ' m s u r e t h a t h e w a s t h e P I i n p r i n c i p l e f o r t h a t a l t h o u g h
I ' m n o t s u r e i f h e d i d n ' t d i e b e f o r e i t w a s n e c e s s a r y t o
d e f i n e a P I f r o m t h e p o i n t o f v i e w o f m a k i n g a p r o p o s a l . I
t h i n k h e d i d. A n d I t h i n k L y m a n d e b a t e d - - t h a t ' s r i g h t .
L y m a n d e b a t e d w h e t h e r P r i n c e t o n w o u l d s u b m i t a s p e c t r o s c o p i c
p r o p o s a l , a n i n s t r u m e n t f o r s p e c t r o s c o p y o r a n i n s t r u m e n t f o r
i m a g e r y , a n d d e c i d e d , a g a i n s t m y a d v i c e , t o s u b m i t a
p a n o r a m i c i n s t r u m e n t r a t h e r t h a n a s p e c t r o s c o p i c i n s t r u m e n t .
I f e l t a n d a r g u e d t h a t t h e y s h o u l d s u b m i t a s p e c t r o s c o p i c
p r o p o s a l b e c a u s e t h a t w a s w h a t t h e i r e x p e r t i s e l a y .
H a n l e : W h o w o u l d h a v e d o n e t h e w o r k u n d e r S p i t z e r ?

B a h c a l l : S p i t z e r h a d a n u m b e r o f p e o p l e w h o h a d b e e n
c o n n e c t e d w i t h h i m f r o m t h e C o p e r n i c u s P r o g r a m, a n d t h e y
w o u l d h a v e c o n t i n u e d : D o n M o r t o n ; D o n Y o r k ; E d J e n k i n s w e r e
p r i m a r y a m o n g t h e m. T e d W i l l i a m s w a s s t i l l h e r e , a n d I
s u p p o s e w o u l d h a v e b e e n i n v o l v e d a l s o.
H a n l e : B u t I s h o u l d a s k y o u a b o u t y o u r o w n i n v o l v e m e n t . A s
y o u s a i d , y o u r a i s e d t h e q u e s t i o n o f w h e t h e r t h e r e s h o u l d b e
a n S E C v i d i c o n o r C C D o n t h e P r i n c e t o n c a m e r a w i t h L y m a n
S p i t z e r . W h a t w a s S p i t z e r ' s r e s p o n s e ? T h e n i n a d i s c u s s i o n .
B a h c a l l : I d o n ' t r e m e m b e r w h a t h e s a i d t o m e. I r e m e m b e r i t
a f f e c t e d h i m s t r o n g l y . I r e m e m b e r i t w a s a n e m o t i o n a l
d i s c u s s i o n . Y o u k n o w, I m e a n , e m o t i o n a l f o r t h e s o r t o f
d i s c u s s i o n t h a t y o u h a v e w i t h L y m a n. H e i s n o t u s u a l l y
e m o t i o n a l . W e h a v e h a d v e r y f e w d i s c u s s i o n s w h i c h w e r e
e m o t i o n a l . L y m a n i s u s u a l l y a l l f a c t s a n d c l e a r , c o o l l o g i c .
E v e n t u a l l y , L y m a n d i d i n c l u d e a C C D c o m p o n e n t t o h i s
p r o p o s a l .

I b e l i e v e i n t h e O ' D e l l f i l e s y o u h a v e g o n e o n r e c o r dH a n l e :
a s n o t s u p p o r t i n g t h e S E C v i d i c o n.

I d i d n ' t k n o w t h a t t h e y w e r e i n t h e f i l e s . A n d I ' mB a h c a l 1 :
n o t s u r e L y m a n k n o w s t o w h a t e x t e n t I f e l t t h a t f t w a s
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i n a p p r o p r i a t e , o r n o t t h e b e s t i n s t r u m e n t , b u t I c e r t a i n l y
f e l t t h a t i t w a s n o t t e c h n o l o g i c a l l y t h e b e s t i n s t r u m e n t
a v a i l a b l e .
H a n l e : S o y o u s a w a n a l t e r n a t i v e .
B a h c a l 1 : Y e s .
H a n l e : I n t h e C a l t e c h ?

B a h c a l l : Y e s , I w a s p e r s o n a l l y s u p p o r t i n g t h e C a l t e c h
p r o p o s a l , a l t h o u g h w h e n i n v i t e d t o j o i n t h e t e a m , I d e c l i n e d
t o d o s o .
H a n l e :
p r o p o s e r f o r t h e c a m e r a ?

A n d w h e n d i d C a l t e c h a c t u a l l y e n t e r a s a n a l t e r n a t i v e

B a h c a l l :
O p p o r t u n i t i e s .I b e l i e v e o n l y a f t e r t h e A n n o u n c e m e n t o f

H a n l e : S o i t w a s f a i r l y l a t e .
B a h c a l 1 : V e r y 1 a t e .
H a n l e : W a s W e s t p h a l b a s i c a l l y a n a s t r o n o m e r o r a p l a n e t a r y
p h y s i c i s t ? G e o p h y s i c i s t ?

B a h c a l l : W e s t p h a l i s b a s i c a l l y a v e r y b r i g h t e n g i n e e r , a
b r i l l i a n t e n g i n e e r , w h o m a d e v e r y i m p o r t a n t c o n t r i b u t i o n s i n
g e o l o g y a n d g e o p h y s i c s o n t h e b a s i s o f h i s t e c h n i c a l
i n g e n u i t y ; m a d e i m p o r t a n t c o n t r i b u t i o n s i n p l a n e t a r y
a s t r o n o m y o n t h e b a s i s o f h i s i n s t r u m e n t a l a b i l i t i e s ; m a d e
f u n d a m e n t a l c o n t r i b u t i o n s i n a s t r o n o m y o n t h e b a s i s o f h i s
i n s t r u m e n t a l d e v e l o p m e n t s . H e i s o n e o f t h e m o s t o r i g i n a l
a n d c r e a t i v e , a s w e l l a s n o n - c o n f o r m i s t , p e o p l e a n y w h e r e i n
s c i e n c e .
H a n l e : I n a s t r o n o m y .
B a h c a l l :
i n t r o d u c i n g a l o t o f t e c h n o l o g y , a n d a v e r y i n g e n i o u s g u y .
U s u a l l y , I b e l i e v e , t h e s c i e n t i f i c i d e a s a s t o t h e
a p p l i c a t i o n s c a m e f r o m o t h e r p e o p l e , a l t h o u g h h e c o n t i n u e d t o
h a v e , e v e n a t t h e h e i g h t o f h i s p r e s s u r e a n d i n v o l v e m e n t i n
b u i l d i n g t h i s w i d e f i e l d c a m e r a , t o i n v e n t t h i n g s f o r
d e t e c t i n g p r e c u r s o r s o f l a v a f l o w , f o r e x a m p l e ,
i n v e n t e d a w h o l e s e t o f d e t e c t o r s w h i c h w e r e p l a c e d a r o u n d
M t . V e s u v i u s a n d s o f o r t h ,
w o r k , j u s t b e c a u s e h e w a s v e r y g o o d a t i t .
d i d h i s 9 0 h o u r s p e r w e e k f o r S p a c e T e l e s c o p e , h e w o u l d d o
t h a t ( l a u g h s ) .

Y e s , i n a l l c a s e s . H e w a s a f o r e r u n n e r o f

A n d h e

H e c o n t i n u e d t o d o t h a t s o r t o f
T h i s w a s a f t e r h e

H a n l e :
e n g i n e e r .

S o h e , i n f a c t , s t r a d d l e d t h e c a m p s , b y b e i n g a n
H e w o r k e d o n t h e s e d e t e c t o r s , h e s t r a d d l e d
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p l a n e t a r y a s t r o n o m i c a l a n d s o m e o t h e r g e o p h y s i c a l c a m p s .
B a h c a l l :
e n g i n e e r .
s c i e n t i f i c s u b j e c t .
s u b j e c t , b u t y o u w i l l n e v e r m e e t a s m a r t e r g u y .

I b e l i e v e t h a t ' s r i g h t . I s a y t h a t ~ e ' s a n
I b e l i e v e t h a t h e h a s n o t a P h .D . i n a n y

I d o n ' t b e l i e v e h e h a s a 5 h .D . i n a n y

W a s h e i n v i t e d t o p r o p o s e , o r d i d h e m o r e o r l e s s
H o w d i d t h a t h a p p e n , d o y o u k n o w ?

H a n l e :
p i c k i t u p ?

B a h c a l l : H e c l a i m s t h a t b o t h B o b O ' D e l l a n d I a r e
r e s p o n s i b l e i n s o m e d e e p s e n s e f o r t h i s C a l t e c h p r o p o s a l .
I ' v e h e a r d h i m s a y t h a t o n o c c a s i o n s , p u b l i c o c c a s i o n s . N o w ,
i n w h a t w a y t h a t ' s t r u e, I d o n ' t k n o w. I ' v e k n o w n J i m s i n c e
m y e a r l i e s t d a y s o f C a l t e c h , a n d h e i n t r o d u c e d m e t o s o m e
t e c h n i c a l i n n o v a t i o n s t h e r e w h i c h a t t h e t i m e h e w a s j u s t
i n t r o d u c i n g t h e m t o a s t r o n o m y , s o I a l w a y s h a d t h e g r e a t e s t
a d m i r a t i o n f o r h i m a s a s c i e n t i s t i n v e n t o r . A n d i t m a y b e
t h a t s o m e o f u s s u g g e s t e d t o h i m , o r p r o p o s e d t o h i m - - I
j u s t d o n ' t k n o w, a n d I' m s u r e t h a t m a y b e h i s m e m o r y i s
b e t t e r , o r m a y b e i t i s n ' t , b u t I d o n ' t k n o w w h a t w a s d e c i s i v e
w i t h h i m. H e s a i d t h a t r e c e n t l y t o R i c c a r d o , o r t o s o m e b o d y
w h e n I w a s r i d i n g i n a c a r , t h a t B a h c a l l a n d O ' D e l l a r e
r e s p o n s i b l e f o r t h e C a l t e c h p r o p o s a l . B u t e x a c t l y w h y h e
s a y s t h a t , I d o n ' t k n o w.

I r e m e m b e r b e i n g a t C a l t e c h a n d d i s c u s s i n g p r o b l e m s w i t h
t h e p a n o r a m i c d e t e c t o r s w i t h J i m G u n n a n d w i t h J i m W e s t p h a l ,
a n d I r e m e m b e r a g a i n a c o n v e r s a t i o n w i t h J i m G u n n , w h i c h I' m
n o t s u r e o f t h e e x a c t t i m e f r a m e , w h e r e w e j o k e d a b o u t w h a t
J i m c o u l d d o w i t h t h e C C D d e t e c t o r t h a t h e h a d , a
g r o u n d - b a s e d C C D d e t e c t o r t h a t h e w a s b u i l d i n g . A n d h e t o l d
m e t h a t t h e l i m i t i n g m a g n i t u d e w o u l d b e 2 4 t h o r 2 5 t h
m a g n i t u d e , w h i c h h a s b e e n a c h i e v e d n o w. A n d I t o l d h i m
t h a t ' s w o n d e r f u l n e w s , b u t p l e a s e u n t i l t h e n e x t t w o o r t h r e ey e a r s s a y n o t h i n g a b o u t i t u n t i l i t ' s a b s o l u t e l y d o n e a n d
c o m p l e t e d , u n t i l t h e l a t e s t p o s s i b l e t i m e y o u c o u l d a n n o u n c e
i t , b e c a u s e i t c a n o n l y m a k e d i f f i c u l t i e s f o r u s i n t h e s p a c e
t e l e s c o p e , b e c a u s e w e l o s e , i n s t e a d o f b e i n g a f a c t o r o f 1 0 0
f a i n t e r , w e ' r e a f a c t o r o f 1 0 f a i n t e r . S o p l e a s e d o n ' t m a k e
t h a t p o i n t t o o c l e a r . A n d w e j o k e d a b o u t i t . I r e m e m b e r
t h a t b e c a u s e t h a t w a s t h e m a j o r o n e o f t h e c r u c i a l s c i e n t i f i c
t u r n i n g p o i n t s f o r m e , u n d e r s t a n d i n g t h e m u c h g r e a t e r
c a p a b i l i t y o f t h e C C D d e t e c t o r . I m a y h a v e g o t t e n i t f r o m
W e s t p h a l o r I m a y h a v e g o t t e n i t f r o m G u n n , b u t t h e
c o n v e r s a t i o n I r e m e m b e r u n d e r s t a n d i n g i t m o s t c l e a r l y w a s
f r o m G u n n . A n d i t m a y b e t h a t t h a t w a s t h e t u r n i n g p o i n t a n d
I m a d e a l o t o f n o i s e a b o u t i t . I d o n ' t k n o w . I t w o u l d n ' tb e u n c h a r a c t e r i s t i c o f m e , a s y o u s e e m e h e r e , g o i n g a r o u n d
a n d t e l l i n g p e o p l e t h i s , w h a t t h e p r o b l e m s a r e , a n d g e t t i n g
p e o p l e i n t e r e s t e d i n t h i n g s , b u t I d o n ' t r e m e m b e r .
H a n l e : Y e s . H o w d i d G u n n h a p p e n i n ' 7 6 ?

7 Y> ?B a h c a l l : H o w d i d G u n n h a v e a c c e s s t o a C C D i n
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H a n l e : Y e s , o r W e s t p h a l .
B a h c a l l : I d o n ' t k n o w.
H a n l e : W h e r e d i d t h e y c o m e f r o m ?

B a h c a l l : I d o n ' t k n o w .
H a n l e :
w h e n t h e i n s t r u m e n t w a s c h o s e n ?

H o w c o n f i d e n t o f C C D s w e r e t h e a s t r o n o m e r s i n 7 7

B a h c a l l : V e r y c o n f i d e n t b y t h e n. I t w a s d e m o n s t r a t e d
t e c h n o l o g y . T h e r e w e r e t h i n g s t h a t w e r e a v a i l a b l e p r i o r t o
t h e c h o o s i n g o f t h e i n s t r u m e n t , w e r e g o o d e n o u g h f o r S p a c e
T e l e s c o p e . O r a t l e a s t , y o u c o u l d s e e t h a t t h e y w o u l d b e
g o o d e n o u g h f o r S p a c e T e l e s c o p e. A l s o , t h e m i l i t a r y h a d a
l o t o f e x p e r i e n c e.
H a n l e : W e r e y o u a w a r e o f i t ? O r d i d y o u s i m p l y h a v e
s u s p i c i o n t h a t t h e y h a d b e e n t r i e d a n d t e s t e d i n t h e m i l i t a r y
w o r l d ?

I d o n ' t r e m e m b e r t h e d e t a i l s , b u t i s u r e l y m u s tB a h c a l l :
h a v e k n o w n i t .
H a n l e : A n d t h e r e s t o f t h e W o r k i n g G r o u p ? N o , s o r r y . T h e
S o u r c e E v a l u a t i o n B o a r d s u r e l y w o u l d h a v e b e e n t h e o n e t o
d e c i d e .
B a h c a l 1 :
h a v e b e e n v e r y k n o w l e d g e a b l e a b o u t t h i s ,
a c c e s s t o w h a t e v e r t h e y n e e d e d.

Y e s , t h e S o u r c e E v a l u a t i o n B o a r d w o u l d c e r t a i n l y
A n d I p r e s u m e h a d

H a n l e :
C C D d e t e c t o r a n d c a m e r a t h a t w a s a c c e p t e d i s f a r m o r e
a d v a n c e d t e c h n o l o g y , f a r c l o s e r t o t h e f r o n t i e r o f t e c h n o l o g y
t h a n a n y o f t h e o t h e r i n s t r u m e n t s , o r i n f a c t , a n y o f t h e
o t h e r p a r t s o f t h e S p a c e T e l e s c o p e ,
i n n o v a t i o n , a s N A S A u s u a l l y d e f i n e s i t .
t h a t ?

I n g e n e r a l , t h e a p p e a r a n c e o f t h e t h i n g i s t h a t t h e

I t ' s n o t c o n s e r v a t i v e
D o y o u a g r e e w i t h

B a h c a l l : W i t h t h e p o s s i b l e e x c e p t i o n o f t h e f i n e g u i d a n c e
s y s t e m. B u t o n o t h e r a s p e c t s , I t h i n k t h a t i s p r o b a b l y t r u e.
F o r t h e o t h e r s c i e n t i f i c i n s t r u m e n t s , t h a t i s t r u e. T h e f i n e
g u i d a n c e s y s t e m i s f r o n t i e r t e c h n o l o g y .
H a n l e :
a l t e r n a t i v e , w h e r e a s , t h e r e w e r e o t h e r p r o p o s a l s f o r t h e
e a r n e r a.

T h e f i n e g u i d a n c e s y s t e m , h o w e v e r , h a d n oY e s.

B a h c a l l : Y e s , t h a t ' s r i g h t .
H a n l e : A n d s o , I' m w o n d e r i n g w h y i n t h i s i n s t a n c e- N A S A
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departed from its usual doctrine?

Bahcall : I wasn 't part of the Source Evaluation Board , but I
understood that the proposal was so excellent in terms of its
technology and science that it stood out well ahead of the
other proposals. And the Princeton proposal was not
competitive. It wasn ' t even in the second rank of best. It
did not do well in the Source Evaluation Board.
Hanle: Do you know who else proposed ?

Bahcall : I don't remember.
Go to some of the other instruments,

anything else about either the Princeton proposal or the wide
field camera that I should ask you?

The Faint Object Spectrograph : how did that evolve?
why was Harms selected as the PI ?
of the work horse instruments,
give sort of a thumbnail sketch of where the FOS came from ,
where the FOS team came from, and what the thinking about the
FOS was?

Hanle: Is there

And
You mentioned it was one

I wonder if you could just

No, I don't know about that team.Bahcall:
nothing about how it evolved ,
a role in that at all ; if so , I have no recollection of it.

I know of
I don't remember whether I had

Hanle: How did it happen that
moment -- back to the Working Group -- that the FOS was
considered one of the work horse instruments?
Bahcall : I wuld say core instruments. Because it was felt
that the two major functions of the telescope were panoramic
detection and spectroscopy. And spectroscopy of faint
objects, because that ' s what the telescope, about the most
distant objects in the universe. You can argue whether or
not that was the correct perception of the greatest
scientific contribution of the telescope, but that was
perception of those of us who participated , I believe , at the
time. Our perception. And the Faint Object Spectrograph was
needed for that purpose.

forget the team for a

Hanle:
resolution spectrograph as a complement to the FOS?

Was there simultaneous discussion of a high

Bahcall : There was proposed a high resolution spectrograph.
Tape #1, Side #2

Bahcall : ( Tape begins during a sentence) ...But as I
remember, it was not a chosen instrument , one of those that
were highly recommended. So I was a little surprised , in
fact , when the high resolution spectrograph was chosen as one
of the flight instruments for this Space Telescope.
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S u r p r i s e d b e c a u s e y o u f e l t t h a t t h e s c i e n c e o rH a n 1 e :
e n g i n e e r i n g o f t h a t i n s t r u m e n t w a s n o t a s g o o d a s s o m e o f t h e
o t h e r s ?

B a h c a l l : I h a d n o j u d g e m e n t o n t h a t ,
t h e r e v i e w e r s s e l e c t e d t h e b e s t p r o p o s a l s , b u t c o m i n g f r o m
w h e n w e h a d s t u d i e d t h e p r o b l e m i n t e r m s o f t h e s c i e n c e t o b e
d o n e , a n d t h e i n s t r u m e n t s t h a t c o u l d b e d e s i g n e d t o d o t h a t
s c i e n c e i n P h a s e B , i t w a s t h e c o n s e n s u s o p i n i o n o f t h e
W o r k i n g G r o u p t h a t t h i s w a s n o t o n e o f t h e p r e f e r r e d
i n s t r u m e n t s .

I h a d n o d o u b t t h a t

I t w a s a d e s i r a b l e i n s t r u m e n t , b u t n o t o n e o f
t h e m o s t d e s i r a b l e , a s I r e m e m b e r i t.
H a n 1 e :
o n e o f t h e m o s t d e s i r a b l e , a n d y e t y o u w e r e n ' t s u r p r i s e d w h e n
t h a t w a s n ' t c h o s e n.

B u t n o w t h e i n f r a r e d i n s t r u m e n t w a s c o n s i d e r e d t o b e

B a h c a l l : Y e s , b u t t h a t w a s b e c a u s e I k n e w o f t h e
d i f f i c u l t i e s o f g e t t i n g t o g e t h e r a t e a m o f t h e b e s t i n f r a r e d
a s t r o n o m e r s t o p r o p o s e a t t h e t i m e.
H a n l e : W a s t h e h i g h r e s o l u t i o n s p e c t r o g r a p h t h a t m u c h
e a s i e r t e c h n o l o g y t o d e v e l o p t h a n i n f r a r e d ?

B a h c a l l : W e l l , a p r i o r i y o u w o u l d s a y i t i s e a s i e r . B u t t h e
i n f r a r e d d e t e c t o r t h a t w a s p r o p o s e d b y N e u g e b a u e r a n d h i s
g r o u p i n P h a s e B w a s a s t a t e o f t h e a r t d e t e c t o r . I t w o r k e d
o n t h e g r o u n d , s o i t c o u l d h a v e b e e n m a d e t o w o r k i n s p a c e .
H a n l e : I ' m c u r i o u s , h o w N e u g e b a u e r ' s p r o p o s a l , P h a s e B ,
m i g h t b e c o m p a r e d t o t h e I R A S s a t e l l i t e.
B a h c a l l : I t w a s e n t i r e l y d i f f e r e n t . I t w a s d e s i g n e d f o r a
p o i n t e d i n s t r u m e n t , w h i c h i s t h e S p a c e T e l e s c o p e , w h e r e a s t h e
I R A S i s a s u r v e y i n s t r u m e n t . I t d o e s n ' t g o s i t a n d p o i n t a t
a n y t h i n g f o r a n y l o n g t i m e.
H a n l e : I s e e . I s t h a t t h e o n l y d i f f e r e n c e , b i g e n o u g h ?

B a h c a l l : W e l l , t h a t ' s a b i g e n o u g h.
H a n l e :
t h e f o r t e o f G o d d a r d ? T h e y m a y h a v e d e v e l o p e d s u c h a t h i n g
b e f o r e I U E , I b e l i e v e.

T h e h i g h r e s o l u t i o n s p e c t r o g r a p h t e c h n o l o g y , w a s t h a t

B a h c a l l : I d o n ' t k n o w.
H a n l e :
o r i g i n a l G o d d a r d p r o p o s a l ?

D o y o u k n o w i f S o b i e s k y h a d a n y t h i n g t o d o w i t h t h e

B a h c a l l : I d o n ' t k n o w.
H a n l e : Y o u s a i d t h a t B o g g e s s s u p p o r t e d i t . W a s J n e
r e f l e c t i n g J a c k B r a n d t ' s i n t e r e s t ?
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B a h c a l l : N o , A 1 B o g g e s s w a s o n t h e P h a s e B o f S p a c e
T e l e s c o p e , a n d w a s t h e p r o p o n e n t f o r h i g h r e s o l u t i o n
s p e c t r o s c o p y i n t h a t g r o u p . I b e l i e v e h e d i d n o t p r o p o s e f o r
S p a c e T e l e s c o p e a s a P I b e c a u s e o f h i s I U E i n v o l v e m e n t . B u t
I w o u l d n ' t b e s u r p r i s e d i f h e w a s n ' t a k e y p e r s o n , o r t h e k e y
p e r s o n i n t h e d e v e l o p m e n t o f t h e i n s t r u m e n t a l i d e a s . I d o n ' tk n o w. H e c e r t a i n l y k n e w t h e h i s t o r y m o r e t h a n a n y b o d y e l s e .

L e t ' s m o v e o n t o t h e h i g h s p e e d p h o t o m e t e r .H a n l e :
t h a t c o m e i n t o b e i n g ?

H o w d i d

B a h c a l l : I t g o t i n t h e b a c k d o o r . T h e r e w a s n o h i g h s p e e d
p h o t o m e t e r . T h e r e w a s n o p h o t o m e t r y r e p r e s e n t e d o n t h e P h a s e
B W o r k i n g G r o u p. N o b o d y f r o m p h o t o m e t r y p r o p o s e d.

B o b B l e s s w a s o n t h e W o r k i n g G r o u p i n c h a r g e o f d a t a
o p e r a t i o n , w h i c h w a s p r e s u m a b l y h i s r o l e i n C o p e r n i c u s , i n
t h e W i s c o n s i n 0 A 0 p r o p o s a l .
B a h c a l l : A n d A r t C o d e , w h o w a s a n o l d p h o t o m e t r y b u f f , w a s
a l s o t h e r e. I f e l t v e r y s t r o n g l y t h a t t h e r e s h o u l d b e a
s i m p l e i n s t r u m e n t , a n d t h a t t h e r e w a s a l o t o f g o o d s c i e n c e
t o d o w i t h p h o t o m e t r y . A l t h o u g h I w a s n ' t a n i n s t r u m e n t a l i s t- - i n f a c t , I n e v e r u s e d a p h o t o m e t e r m y s e l f - - I f o r m e d a n
a d h o c t e a m w h i c h I l e d u n t i l I w e n t t o I s r a e l , a n d t h e n E d
N a t h e r .
H a n l e : T h e h i g h s p e e d p h o t o m e t e r s t o r y : t h a t ' s r e a l l y a l l I
w a n t e d t o a s k. J u s t a c o u p l e o f m o r e q u e s t i o n s a f t e r t h i s.

Y e s , i t c a m e i n t h e b a c k d o o r ,
s p e e d p h o t o m e t e r s e l e c t e d ,
m e t h e h e a d o f t h e a d h o c p h o t o m e t r y t e a m,
s o m e o t h e r p e o p l e w h o k n e w m u c h m o r e p h o t o m e t r y t h a n I d i d
s e r v e d o n t h a t .

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

E d N a t h e r a n d

T h e y e s s e n t i a l l y w r o t e a v e r s i o n o f t h e
P h a s e B p r o p o s a l f o r a p h o t o m e t e r f o r w h i c h I p l a y e d s o m e
r o l e i n t h e s c i e n t i f i c i d e a s , b u t n o t i n t h e m a c h i n e i d e a s .
A n d a l t h o u g h I t h i n k , l e g a l l y I h a d t o s i g n o f f , m y a g r e e m e n t
w i t h N a t h e r w a s t h a t h e w o u l d t a k e t h e f u l l r e s p o n s i b i l i t y
f o r t h e d e s i g n o f t h e i n s t r u m e n t .
H a n l e :
i n t r o d u c e d a t a l l ?

W h y w a s t h e i d e a o f t h e h i g h s p e e d p h o t o m e t e r

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

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

n o t n e c e s s a r i l y t h e m o s t g l a m o r o u s , b u t v e r y
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H a n l e : Y e s . Y o u s a i d s i m p l e . W e r e y o u w o r r i e d t h a t p e r h a p s
a l l o f t h e o t h e r i n s t r u m e n t s w o u l d n ' t w o r k ? O r w o u l d o n l y
w o r k t o a d e g r e e a n d y o u n e e d e d t o h a v e o n e t h a t y o u c o u l d
c o u n t o n ?

B a h c a l l :
s e e m t o m e t o b e a n a d v a n t a g e t h a t t h e r e w a s o n e i n s t r u m e n t
w h i c h s e e m e d s o s i m p l e t h a t i t c o u l d n ' t f a i l , a n d w h o s e
p r i n c i p l e s e v e n a t h e o r i s t c o u l d u n d e r s t a n d , a n d w h o s e
c o m p o n e n t s a t h e o r i s t w o u l d b e b a s i c a l l y f a m i l i a r w i t h .

W e l l , w i t h o u t b e i n g n e g a t i v e , i t w o u l d c e r t a i n l y

H a n l e : H o w d i d B l e s s e n t e r t h e p i c t u r e ?

B a h c a l l : B l e s s w a s t h e P I o n t h e p h o t o m e t r y p r o p o s a l , b u t I
d o n ' t r e m e m b e r i f B l e s s p l a y e d a p r o m i n e n t r o l e i n t h e
p h o t o m e t r y d i s c u s s i o n s i n P h a s e B .

B l e s s h e a d e d d a t a a n d o p e r a t i o n s i n P h a s e B ?H a n l e :

B a h c a l l : R i g h t .
H a n l e :
p h o t o m e t e r .

A n d t h e n s o m e h o w h e e n d e d u p P I o f t h e h i g h s p e e d

B a h c a l l :
p r o p o s a l f o r a h i g h s p e e d p h o t o m e t e r .

H e d i d b e c a u s e h e w a s t h e P I o n t h e W i s c o n s i n

H a n l e: A n d w h y d i d h e p r o p o s e f o r a h i g h s p e e d p h o t o m e t e r ?

B a h c a l l :
h a v i n g p l a y e d a n i m p o r t a n t r o l e i n t h e p r e v i o u s 0 A 0 f r o m
W i s c o n s i n .

I g u e s s h e h a d a l o t o f p h o t o m e t r y e x p e r i e n c e ,

H a n l e : W e r e t h e r e o t h e r p r o p o s a l s f o r a h i g h s p e e d
p h o t o m e t e r ? D i d N a t h e r p r o p o s e ?

B a h c a l l : I u r g e d N a t h e r t o p r o p o s e . I u r g e d N a t h e r a l s o t o
p r o p o s e f o r t h e d a t a a n d o p e r a t i o n s t e a m l e a d e r p o s i t i o n .
H e , I b e l i e v e , d i d n o t h a v e a n i n d e p e n d e n t p r o p o s a l o n
e i t h e r . I m e a n , h e c e r t a i n l y d i d n ' t i n t h e d a t a a n d
o p e r a t i o n s t e a m l e a d e r . I d o n ' t e v e n k n o w w h e t h e r h e w a s a
m e m b e r o f a n y p h o t o m e t r y t e a m . I d o n ' t r e m e m b e r .
H a n l e : O n e l a s t t h i n g : I d o n ' t k n o w t h a t w e h a v e o n t a p e t h e
s t o r y o f h o w i t w a s f o u n d n e c e s s a r y t o g o t o 1 4 -1 / 4 m a g n i t u d e
s t a r s f o r t h e g u i d e s t a r s e l e c t i o n s y s t e m . W o u l d y o u j u s t
q u i c k l y s a y h o w y o u - -
B a h c a l l : Y o u s h o u l d h a v e i t . T h a t i s a n i n t e r e s t i n g s t o r y .
H a n l e : Y e s .
B a h c a l l :
o u t b y t h e p r o j e c t , a n d a l s o b y E d G r o t h , b a s e d u p o n

A n d t h o s e c a l c u l a t i o n s w e r e c a l c u l a t i o n! c a r r i e d
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D o y o u m e a n b y t h e p r o j e c t , O ' D e l l ?H a n 1 e :

S o m e b o d y a t M a r s h a l l p r e s u m a b l y u n d e r O ' D e l l ' s
A n d a l s o b y E d G r o t h i n d e p e n d e n t l y , a l l b a s e d o n

B a h c a l 1 :
d i r e c t i o n.
A l l e n ' s a s t r o p h y s i c a l q u a n t i t i e s , n u m b e r s t h a t a p p e a r e d
t h e r e. A n d E d G r o t h d e s c r i b e d t h o s e a t o n e w o r k i n g g r o u p
m e e t i n g t h a t w e w e n t t o , a n d a t t h e s a m e t i m e R a y S o n e i r a a n d
I h a d b e e n w o r k i n g o n g a l a x y m o d e l s a s a n o u t g r o w t h o f
a n o t h e r p r o j e c t , m o d e l s o f o u r g a l a x y a n d t h e s t a r
d i s t r i b u t i o n. A n d I m a d e s o m e c a l c u l a t i o n s o n t h e p l a n e
c o m i n g b a c k w h i c h s h o w e d m e t h a t o u r e s t i m a t e s f o r 8 5 %
p r o b a b l y r e q u i r e d a m u c h f a i n t e r l i m i t i n g m a g n i t u d e t h a n w h a t
w a s b e i n g d i s c u s s e d b y t h e c o n t r a c t o r s a n d b y N A S A a s w h a t
h a d b e e n a c c e p t e d.
H a n l e :
c a l c u l a t i o n ?

Y o u c o u l d k n o w t h i s w i t h t h e b a c k o f t h e e n v e l o p e

Y e s , i t w a s n ' t j u s t b a c k o f t h e e n v e l o p e , b u t i t
w a s s o m e t h i n g I c o u l d d o o n t h e p l a n e , a n d I d i d i t o n t h e
p l a n e.
B a h c a l l :

A n d t h e n I c a m e b a c k h e r e , a n d R a y a n d I d i s c u s s e d i t ,
a n d R a y w r o t e a c o m p u t e r p r o g r a m w h i c h s i m u l a t e d t h e f i n e
g u i d a n c e s y s t e m. W e g o t n e w d a t a f r o m D o n n a W e i s t r o f f , a n d
w e r e a n a l y z e d t h e o r i g i n a l A l l e n d a t a. W e w e n t b a c k t o s e e
w h a t d a t a t h a t A l l e n h a d a n a l y z e d i n o r d e r t o g e t t h e n u m b e r s
t h a t a p p e a r e d i n h i s s t a n d a r d b o o k o f a s t r o p h y s i c a l
q u a n t i t i e s , a n d i n f a c t , s u b s t a n t i a t e d t h a t v e r y c l e a r l y t h a t
t h e r e w a s a b i g d i s c r e p a n c y o f a m a g n i t u d e a n d a h a l f , a
f a c t o r o f f o u r , a r e a l l y f a i n t e r l i g h t p o w e r t h a t t h e d e v i c e
h a d t o h a v e i n o r d e r t o d o w h a t w e h a d p r o m i s e d t o d o , a n d
w h a t N A S A h a d a c c e p t e d a s i t s r e s p o n s i b i l i t y t o d o . A n d I
c o m m u n i c a t e d t h a t i n w r i t i n g a n d b y t e l e p h o n e c a l l s a r o u n d a s
i t w a s b e i n g d e v e l o p e d . A n d I r e m e m b e r t h a t B o b O ' D e l l w a s
v e r y s k e p t i c a l a t t h e b e g i n n i n g , t h e p r o j e c t h a d s i g n e d
c o n t r a c t s o n 1 3 m a g n i t u d e . A l s o , t h e r e w a s t h e s t a n d a r d
A l l e n w o r k w h i c h e v e r y b o d y h a d a c c e p t e d . A n d s o t h a t w a s o n e
o f t h e r e a s o n s w h y i n o n e o f o u r r e p o r t s w e h a d t o c i r c u l a t e
a n a n a l y s i s o f h o w A l l e n h a d m a d e s e v e r a l i n c o r r e c t s t e p s i n
t h e a n a l y s i s o f t h e o l d d a t a , a l t h o u g h t h e n e w d a t a w a s m u c h
b e t t e r , a n d I t h o u g h t m u c h m o r e c o n v i n c i n g a n y w a y.
H a n l e : D i d y o u l e t A l l e n k n o w t h i s ?

B a h c a l l : Y e s , a n d I e x c h a n g e d l e t t e r s w i t h A l l e n. T h e y a r e
i n m y f i l e. W h e r e A l l e n a d m i t t e d h i s e r r o r s , b e f o r e w e h a d
p u b l i s h e d a n y t h i n g , o n t h e b a s i s o f a n a n a l y s i s o f w h a t h e
h a d d o n e , a n d w h a t t h e n e w d a t a s h o w e d.

H e t h a n k e d m e w a r m l y f o r i t , a n d s a i d o u r r e s u l t s w o u l d
a p p e a r i n h i s n e w a s t r o p h y s i c a l q u a n t i t i e s . I h a v e n ' t
c h e c k e d , b u t I ' m s u r e i t d o e s . A n d a l l s u b s e q u e n t
m e a s u r e m e n t s , o f c o u r s e , s u p p o r t o u r r e s u l t s . W e

^
h a d v e r y

g o o d a r g u m e n t s b y t h e t i m e w e w e r e f i n i s h e d. B u t' I d i d f e e l
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that the project was ambivalent about our work. For one
thing , it seemed to require an enormous investment for the
project in order to improve the fine guidance system as
defined by the 13th magnitude.

There was embarrassment, because this was a technical
error that had been made by the project. So in one sense ,
the project and Marshall were not happy to have this made
public. On the other hand , it had a lot of implications for
the telescope. You couldn ' t go up there and only reach the
target that you wanted less than half the time. That would
also be a terrible embarrassment. So I had to push to get
our papers circulated and published. And in fact , the
project would not publish the second one , which had to do
with color errors. They are now used by the people who do
the derivation of the guide star selection system , the
definition of the guide star selection system. That' s part
of their task. But they tell me that every six months or so
they have to xerox them because they were never published by
NASA, and send them out to the contractors or to new people
involved in the project , because they are just not known.
Hanle: What are color errors?

Bahcall: We investigated a number of effects in our second
report , which had to do with smaller effects than the ones we
originally investigated.
color mismatch between the plates on which you took the
survey of the sky and the response of the telescope fine
guidance system ,
characteristic brightness as seen on the survey plates with
one spectral response might be relatively brighter or fainter
compared to its companions , as seen by this fine guidance
system from the Space Telescope,
close to the limit of what you might think was acceptable on
the basis of the survey plates , might not be discoverable by
the fine guidance system , and lead to problems,
objects might appear that you would not have programmed the
telescope to look for , because of their difference in color
match.

One of them had to do with the

So a star which had a certain

So some stars which were

Whereas new

And so those were small problems , small effects , but
we investigated a number of effects like that.

And one which keep coming up which we never published
was the effect of binaries on the confusion of the telescope,
Ray and I did work out the effects in great detail ,
only evidence that is around is some viewgraphs that I showed
at a Working Group meeting.

But the

Is there no outlet for that kind of publication otherHanle:
than within NASA?

Bahcall : Oh , I suppose if Ray and I had been energetic about
doing it , we would have , or we could have published it some
place if we had wanted to. It certainly would be possible to
do so now as a technical publication of the Space. Telescope
Science Institute. But I don ' t see any need for'it , because
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f i r s t o f a l l , w e ' l l k n o w w h a t ' s r i g h t w h e n t h e t e l e s c o p e g o e s
u p ; a n d s e c o n d, i f a n y b o d y h a s t h o u g h t a b o u t i t , t h e y c a n
a l w a y s c a l l m e a n d a s k m e . T h e r e a r e n ' t v e r y m a n y p e o p l e
t h a t w o r r y a b o u t i t .
H a n l e : O n c e y o u d i s c o v e r e d t h i s a n d , i n d e e d , i t w a s
p u b l i s h e d o r t h e f i r s t m a j o r r e s u l t s p u b l i s h e d , d i d N A S A
f o l l o w u p b y c h a n g i n g t h e s p e c i f i c a t i o n s ?

B a h c a l l : N o a n d y e s . I t w a s v e r y e x p e n s i v e . A n d t h a t l e d
t o c o n t i n u o u s i n t e r e s t o n t h e p a r t o f m y s e l f a n d m a n y p e o p l e
t o t h e p e r f o r m a n c e o f t h e f i n e g u i d a n c e s y s t e m, i n t h e f e a r
t h a t t h e f i n e g u i d a n c e s y s t e m w o u l d n o t d o t h e t r i c k , a n d
t h a t c o s t a l o t o f m o n e y a n d r e p r o g r a m m i n g. E v e n t u a l l y t h e
s y s t e m w a s i m p r o v e d , s o f a r a s w e c a n t e l l n o w. T h a t ' s w h a tw e ' r e p r o m i s e d.

B u t t h e s t a k e s w e r e t o o h i g h f o r N A S A e v e r t o - - I t h i n k
y o u e x p l a i n e d t h a t t o m e
m a g n i t u d e c o m m i t m e n t . A 1 t h o u g h r i g h t n o w N A S A r e m a i n s
c u r i o u s l y a m b i v a l e n t o n t h a t . T h e r e i s t h i s h i g h e s t l e v e l o f
r e q u i r e m e n t f o r t h e S p a c e T e l e s c o p e , w h i c h i s a l e v e l o f
r e q u i r e m e n t t h a t t h e p r o j e c t m u s t m e e t , a n d i f i t d o e s n ' t
m e e t , i t h a s t o g o t o H e a d q u a r t e r s a n d t o C o n g r e s s t o e x p l a i n
w h y i t d o e s n ' t m e e t t h o s e s p e c i f i c a t i o n s.

h a v e r e n e g e d o n i t s f o r m a l 1 3 t h

H a n l e : T h e y a r e c a l l e d t h e L e v e l O n e R e q u i r e m e n t ?

B a h c a l l : I t h i n k s o . A n d I t h i n k t h e o n l y p l a c e t h a t a
s c i e n t i f i c d o c u m e n t t h a t i s c i t e d t o m e e t t h o s e L e v e l O n e
R e q u i r e m e n t s i s t h e f i r s t r e p o r t t h a t R a y a n d I m a d e . A n d
t h e r e t h e p e r f o r m a n c e o f t h e f i n e g u i d a n c e s y s t e m s o f a r a s
i t s f a i n t n e s s l e v e l t h a t i t m u s t r e a c h , a n d c o n f u s i o n l e v e l ,
i s d e f i n e d i n t e r m s o f t h a t N A S A d o c u m e n t w e w r o t e . A n d i t
s a y s 8 5 % a s d e s c r i b e d i n t h e d o c u m e n t w e w r o t e , a n d t h a t i s
t o d i s t i n g u i s h i t f r o m 8 5 % a s m i g h t b e c a l c u l a t e d f r o m t h e
t h e n - e x i s t i n g s c i e n t i f i c l i t e r a t u r e , t h e p r e - e x i s t i n g
s c i e n t i f i c l i t e r a t u r e.

I t ' s o n e o f t h e f e w i s s u e s o n w h i c h t h e s c i e n t i f i c
c o m m u n i t y i s u n a n i m o u s , b e c a u s e t h e r e i s n o p o i n t i n s e n d i n g
u p a b i l l i o n -d o l l a r i n s t r u m e n t i f y o u c a n ' t l o o k a t h a l f t h e
t a r g e t s t h a t y o u w a n t t o .

I n t h i s d i s c u s s i o n o f i n s t r u m e n t s i t ' s q u i t eH a n l e :
a p p a r e n t t h a t y o u h a d a m a j o r r o l e i n d e f i n i n g i n s t r u m e n t s ,
a s o n e w o u l d e x p e c t f r o m y o u r p o s i t i o n a s i n t e r d i s c i p i i n a r ys c i e n t i s t .

3

B a h c a l l : I w a s o n e o f m a n y p e o p l e w h o h a d a r o l e .
H a n l e : Y e s . D o y o u f e e l t h a t y o u m a d e a s u b s t a n t i a l
c o n t r i b u t i o n t o d e f i n i n g t h i s , t o d e f i n i n g t h e i n s t r u m e n t s ?

B a h c a l l : N o . N o t t h e r e a l i n s t r u m e n t a l i s t s . I J;h i n k t h e
o n e t h i n g w h i c h I d i d w h i c h w a s p r o b a b l y u n i q u e v f a s t o
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s u g g e s t a n d p u s h f o r t h e m o d e i n w h i c h y o u h a d s e v e r a l
o b s e r v a t i o n s , o n e o r m o r e a d d i t i o n a l o b s e r v a t i o n s t o t h e m a i n
o b s e r v a t i o n , a t a g i v e n t i m e , t h e s o - c a l l e d S e r e n d i p i t y M o d e .
H a n 1 e : Y e s .
B a h c a l l : A n d t h a t w a s m y i d e a , b a s e d o n w h a t p e o p l e d i d f o r
p a r t i c l e b e a m s . A n d I d i d n ' t s e e w h y i t w o u l d n ' t w o r k j u s t
a s w e l l f o r p h o t o n b e a m s . A n d t h a t , I t h i n k , p r o b a b l y w o u l d
n o t h a v e h a p p e n e d i n t h e e n v i r o n m e n t i n w h i c h t h e t e l e s c o p e
w a s d e v e l o p e d , w i t h t h e p e o p l e t h a t w e r e t h e r e , i f I h a d n ' tb e e n t h e r e ; b e c a u s e t h e r e w a s r e s i s t a n c e t h a t i t w a s n ' t b e i n g
d o n e t h a t w a y a t t h a t t i m e i n o p t i c a l t e l e s c o p e s .

A n d n o n e o f t h e p e o p l e t h a t w e r e o n t h e W o r k i n g G r o u p a t
t h a t t i m e w e r e p a r t i c u l a r l y e n t h u s i a s t i c o r i n t e r e s t e d o r
e v e n t h o u g h t t h a t w a s a g o o d i d e a i n i t i a l l y. B u t t h a t o n e
e x c e p t i o n m a y b e a m i n o r e x c e p t i o n , p r o b a b l y i s a m i n o r
e x c e p t i o n . I d o n ' t t h i n k I h a d a m a j o r r o l e. I m a d e s o m e
c o n t r i b u t i o n t o s o m e o f t h e o t h e r i n s t r u m e n t s .

I t h i n k i t w o u l d b e h a r d t o a r g u e t h e c a s e w h e t h e r o r
n o t t h e r e w o u l d h a v e b e e n a p h o t o m e t r y i n s t r u m e n t o r n o t h a v e
h a d a p h o t o m e t r y i n s t r u m e n t i f w e h a d n ' t d i s c u s s e d i t i n
P h a s e B. W h y , I w o u l d n ' t h a v e b e e n s u r p r i s e d i f B l e s s o r
W i s c o n s i n h a d n ' t p r o p o s e d o n e , e v e n i f w e h a d n ' t h a d o n e
d i s c u s s e d i n P h a s e B, b u t w h o k n o w s .

I t ' s n o t a c a s e t h a t y o u c a n a r g u e a b o u t , s o I w o u l ds a y , w i t h t h e e x c e p t i o n o f t h e S e r e n d i p i t y M o d e , I d i d n o t
h a v e a p a r t i c u l a r l y i m p o r t a n t r o l e.
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