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ABSTRACT 

Frequency  E l e c t r o n i c s  h a s  deve loped  and t e s t e d  a 
q u a r t z  o s c i l l a t o r  f o r  u s e  i n  t h e  G a l i l e o  e x p e r i m e n t  
( o r b i t e r  and P r o b e )  f o r  J u p i t e r  m i s s i o n  1982. T h i s  
o s c i l l a t o r  h a s  a c h i e v e d  s i g n i f i c a n t  pe r fo rmance  
b r e a k t h r o u g h s  by t h e  use  o f  an "SC"  c u t ,  d o u b l e  
r o t a t e d ,  c r y s t a l  i n  a  t i t a n i u m  Dewar f l a s k .  Some 
o f  t h e  pe r fo rmance  p a r a m e t e r s  a r e :  

R a d i a t i o n  S e n s i t i v i t y :  2 x 10-14/ rad  
"g" S e n s i t i v i t y  2 x  1 0 - l O / ~  
Optimum D e c e l e r a t i o n  S e n s i t i v i t y :  2 x  10-1°/425 g 
Power D i s s i p a t i o n :  1 . 2  w a t t s  
S i z e :  1 . 8 "  d i a .  by 5 . 5 " l g  
O p e r a t i n g  P r e s s u r e :  vacuum t o  20 t o r r s  
S h o r t  Term S t a b i l i t y :  3  x  l ~ - ~ ~ / s e c o n d  

The q u a r t z  o s c i l l a t o r  uses a d o u b l e  p r o p o r t i o n a l  
c o n t r o l  oven t o  a c h i e v e  a  t e m p e r a t u r e  c o e f f i c i e n t  
o f  l e s s  t h a n  1 x  1 0 - ~ ~ / 1 0  d e g r e e s  C .  The 
r e s u l t s  o b t a i n e d  on o t h e r  "SC" c u t  c r y s t a l s  i n d i c a t e  
t h e  p o s s i b i l i t y  o f  s i g n i f i c a n t  pe r fo rmance  improve- 
men t s  i n  a i r b o r n e ,  s h i p b o a r d ,  m i s s i l e  t i m i n g ,  
n a v i g a t i o n  and h i g h  speed  communicat ion s y s t e m s .  

INTRODUCTION 

J u p i t e r ,  a p p r o p r i a t e l y  named f o r  t h e  m o s t  p o w e r f u l  god i n  
t h e  Roman P a n t h e o n ,  i s  t h e  l a r g e s t  p l a n e t  i n  t h e  s o l a r  
sys t em.  Loca ted  770 m i l l i o n  km from t h e  s u n ,  J u p i t e r  h a s  
a n  e q u a t o r i a l  d i a m e t e r  o f  140,000 km, a p p r o x i m a t e l y  10 
times t h a t  o f  E a r t h .  The p l a n e t ,  which is a l m o s t  e n t i r e l y  
l i q u i d ,  t a k e s  n e a r l y  1 2  y e a r s  t o  comple t e  a s o l a r  o r b i t ,  
b u t  a  J o v i a n  day  is  o n l y  of  1 0  h o u r s  d u r a t i o n .  

The P i o n e e r  1 0  and 11 m i s s i o n s  o f  t h e  N a t i o n a l  A e r o n a u t i c s  
and Space A d m i n i s t r a t i o n  (NASA) f l e w  by t h e  p l a n e t  i n  1973 
and 1974 and v e r i f i e d  t h a t  J u p i t e r  e m i t s  more t h a n  t w i c e  a s  



much e n e r g y  as  i t  r e c e i v e s .  Thus i t  is a  source o f  h i g h  
e n e r g y  p a r t i c l e s  a c c e l e r a t e d  i n t o  s p a c e .  I n  March 1979,  
Voyager 1 t r a n s m i t t e d  p h o t o g r a p h s  o f  t h e  p l a n e t ' s  
s a t e l l i t e s  and m u l t i c o l o r e d  a tmosphe re ,  i n c l u d i n g  t h e  
famous r e d  s p o t .  The p h o t o g r a p h s  r e v e a l e d  a r i n g  o f  mater -  
i a l  i n  e q u a t o r i a l  o r b i t  a round J u p i t e r ,  a phenomenon 
p r e v i o u s l y  obse rved  o n l y  w i t h  t h e  p l a n e t s ,  S a t u r n  and Uranus .  

S c i e n t i s t s  b e l i e v e  t h a t  J u p i t e r  h o l d s  many c l u e s  t o  t h e  
o r i g i n  and development  o f  t h e  s o l a r  sys t em and t h a t  s t u d i e s  
o f  i t s  a tmosphere ,  m a g n e t i c  f i e l d ,  s a t e l l i t e s ,  and r a d i a -  
t i o n  b e l t s  w i l l  be i m p o r t a n t  keys  i n  u n l o c k i n g  t h o s e  
s e c r e t s .  To make t h e s e  and o t h e r  i m p o r t a n t  o b s e r v a t i o n s ,  
NASA h a s  s c h e d u l e d  P r o j e c t  G a l i l e o  f o r  l a u n c h  on t h e  Space 
S h u t t l e  i n  e a r l y  1982.  The program is  named a f t e r  G a l i l e o  
G a l i l e i ,  t h e  I t a l i a n  R e n a i s s a n c e  f o u n d e r  o f  e x p e r i m e n t a l  
p h y s i c s  and as t ronomy,  who is  c r e d i t e d  w i t h  d i s c o v e r i n g  
f o u r  o f  J u p i t e r ' s  1 3  known s a t e l l i t e s  i n  1610. 

The program c o n s i s t s  o f  a n  o r b i t e r  s p a c e c r a f t  which w i l l  
a r r i v e  a t  J u p i t e r  i n  1985 and c i r c l e  t h e  p l a n e t  f o r  20 
months ,  and a n  e n t r y  p r o b e  t h a t  w i l l  descend  i n t o  t h e  
p l a n e t ' s  t u r b u l e n t ,  hydrogen- r i ch  a tmosphe re  t o  a  p r e s s u r e  
o f  a b o u t  20 E a r t h  a t m o s p h e r e s  a f t e r  w i t h s t a n d i n g  a n  e n t r y  
speed  o f  48 km/sec (107 ,000  mph).  

The o r b i t e r  w i l l  accommodate e l e v e n  s c i e n t i f i c  i n v e s t i g a -  
t i o n s  which w i l l  measure  t h e  magne t i c ,  g r a v i t a t i o n a l ,  and 
t h e r m a l  p r o p e r t i e s  o f  J u p i t e r  and i t s  s a t e l l i t e s ;  d e t e r m i n e  
t h e i r  s u r f a c e  c o m p o s i t i o n  and morphology;  and s t u d y  t h e i r  
i o n o s p h e r e s ,  a t o m o s p h e r e s ,  and g a s  e m i s s i o n s .  The space-  
c r a f t  w i l l  a l s o  s t u d y  t h e  m a g n e t o s p h e r e - s a t e l l i t e  i n t e r a c -  
t i o n ;  d e f i n e  t h e  t o p o l o g y  and dynamics  o f  t h e  magneto- 
s p h e r e ,  m a g n e t o s h e a t h ,  and bowshock; d e s c r i b e  t h e  n a t u r e  o f  
t h e  m a g n e t o s p h e r i c  p a r t i c l e  env i ronmen t ;  d e t e r m i n e  t h e  d i s -  
t r i b u t i o n  c o m p o s i t i o n ,  and s t a b i l i t y  o f  t r a p p e d  r a d i a t i o n  
and c o n d u c t  a  s y n o p t i c  s t u d y  o f  t h e  J o v i a n  a tmosphere .  

The i n t e r p l a n e t a r y  f l i g h t  p h a s e  o f  t h e  m i s s i o n  w i l l  t a k e  
a b o u t  1290 d a y s ,  or 3-1/2 y e a r s .  The p r o b e ,  which c o n s i s t s  
o f  a  d e c e l e r a t i o n  module and a  d e s c e n t  module,  w i l l  sepa-  
r a t e  f rom t h e  o r b i t e r  150 d a y s  p r i o r  t o  J u p i t e r  e n c o u n t e r .  
A t i m e r  w i l l  i n i t i a t e  p robe  o p e r a t i o n  a b o u t  6 h o u r s  b e f o r e  
e n t r y  i n t o  t h e  p l a n e t ' s  a tmosphe re .  During h i g h  speed  
e n t r y ,  a c c e l e r a t i o n  and h e a t s h i e l d  pe r fo rmance  d a t a  w i l l  be 
c o l l e c t e d .  No t e l e m e t r y  is  p lanned  p r i o r  t o  or d u r i n g  
e n t r y ;  a l l  r e l e v a n t  i n f o r m a t i o n  w i l l  b e  s t o r e d  f o r  p l a y b a c k  
d u r i n g  s u b s o n i c  d e s c e n t .  



During  t h e  60-minute d e s c e n t  t h e  s e v e n  s c i e n t i f i c  i n s t r u -  
men t s  on t h e  p r o b e  w i l l  d e t e r m i n e  J u p i t e r ' s  a t m o s p h e r i c  
s t r u c t u r e  and c o m p o s i t i o n ,  l o c a t i o n  o f  c l o u d s  and t h e i r  
s t r u c t u r e  and p h y s i c s ,  hydrogen/he l ium r a t i o ,  l i g h t n i n g  and 
r a d i o  e m i s s i o n s ,  e n e r g y  a b s o r p t i o n  and r a d i a t i o n  and  
e n e r g e t i c  p a r t i c l e  d i s t r i b u t i o n .  The p r o b e  m i s s i o n  w i l l  be 
comple ted  a t  an  a l t i t u d e  where t h e  p r e s s u r e  is 
a p p r o x i m a t e l y  20 times t h a t  o f  E a r t h ' s  sea l e v e l .  

T h e r e  w i l l  be  s t a b l e  o s c i l l a t o r s  l o c a t e d  on b o t h  t h e  p r o b e  
and O r b i t e r  s p a c e c r a f t s .  These  s t a b l e  o s c i l l a t o r s  w i l l  be 
used  by t h e  s c i e n t i s t s  to  o b t a i n  d a t a  a b o u t  t h e  a tmosphe re  
o f  J u p i t e r  a s  w e l l  a s  to  t r a n s m i t  i n f o r m a t i o n .  Both 
o s c i l l a t o r s  have  been d e s i g n e d  to be v i r t u a l l y  i d e n t i c a l  
a l t h o u g h  t h e y  w i l l  see somewhat d i f f e r e n t  e n v i r o n m e n t a l  
c o n d i t i o n s .  

Des ign  

The o s c i l l a t o r  is housed i n  a 1 . 8 "  d i a m e t e r  by  5-1/2" l o n g  
s t a i n l e s s  s t e e l  e n c l o s u r e .  S t a i n l e s s  s t e e l  was chosen  t o  
a l l o w  t h e  e n t i r e  package  to be a  vacuum s e a l e d  welded 
e n c l o s u r e  c a p a b l e  o f  w i t h s t a n d i n g  t h e  vacuum to 20 b a r  
p r e s s u r e  v a r i a t i o n .  The o u t l i n e  and mount ing  d i m e n s i o n s  
a r e  shown i n  F i g u r e  1. The i n t e r n a l  c o n s t r u c t i o n  is shown 
i n  F i g u r e  2. The o s c i l l a t o r  and a m p l i f i e r  p r i n t e d  c i r c u i t  
b o a r d s  a r e  l o c a t e d  i n s i d e  a  t i t a n i u m  dewar f l a s k .  T i t a n i u m  
was chosen  f o r  t h e  dewar f l a s k  f o r  i ts  low t h e r m a l  
c o n d u c t i v i t y  and l i g h t  we igh t  t o  min imize  b o t h  power 
consumpt ion  and w e i g h t  and y e t  h a v e  t h e  s t r e n g t h  t o  
w i t h s t a n d  t h e  425 g  d e c e l e r a t i o n  f o r c e .  

F i g u r e  3 shows t h e  c o n s t r u c t i o n  f o r  t h i s  Dewar f l a s k .  
I n s i d e  t h e  Dewar f l a s k ,  we have  a  d o u b l e  p r o p o r t i o n a l  
c o n t r o l l e d  oven .  The q u a r t z  c r y s t a l  and o s c i l l a t o r  c i r c u i t  
a r e  i n s i d e  t h e  i n n e r  oven .  The o u t p u t  a m p l i f i e r  and  oven  
c o n t r o l  b o a r d s  a r e  l o c a t e d  i n  t h e  o u t e r  oven .  The e n t i r e  
a s sembly  is  foamed i n  p l a c e  t o  m a i n t a i n  s t a b i l i t y  d u r i n g  
s h o c k ,  v i b r a t i o n  and d e c e l e r a t i o n .  F i g u r e  4  is  a  photo-  
g r a p h  o f  t h e  f i r s t  e n g i n e e r i n g  model o f  t h i s  o s c i l l a t o r  
n e x t  t o  a  l a r g e r  F l t s a t c o m  o s c i l l a t o r .  The c o n n e c t o r s  used 
a r e  c e r a m i c  t o  m e t a l  s e a l s  t o  w i t h s t a n d  t h e  l a r g e  p r e s s u r e  
v a r i a t i o n .  A s p e c i a l  w e l d a b l e  r . f .  c o n n e c t o r  was 
c o n s t r u c t e d  by Tek-Wave, I n c .  a n  FEI s u b s i d i a r y  t o  p e r f o r m  
t h i s  f u n c t i o n .  

F i g u r e  5 is  t h e  s c h e m a t i c  o f  t h e  o s c i l l a t o r  c i r c u i t r y .  A 
C o l p i t t s  o s c i l l a t o r  c o n f i g u r a t i o n  was chosen  f o r  e a s e  o f  
u s e  and m i n i m i z a t i o n  o f  components .  The q u a r t z  c r y s t a l  is 
a n  "SC" c u t ,  5 t h  O v e r t o n e  a t  a p p r o x i m a t e l y  24 MHz. The 



18 SC 8 ,  c u t  was chosen  because  it is s t r e s s - f r e e ,  and w i l l  g i v e  

e x c e l l e n t  warm-up r e p e a t a b i l i t y .  Q1 is t h e  o s c i l l a t o r  
t r a n s i s t o r ,  and b o t h  a  fundamen ta l  and B Mode t r a p  a r e  used 
i n  t h e  e m i t t e r .  An o u t p u t  t r a n s f o r m e r  c o u p l e s  t h e  s i g n a l  t o  
t h e  r e s t  o f  t h e  c i r c u i t r y .  F i g u r e  6  is a  c i r c u i t  b l o c k  
d i a g r a m  o f  t h e  e n t i r e  u n i t .  The i n n e r  oven c o n t r o l l e r  h a s  
a n  a d d i t i o n a l  b o o s t e r  h e a t e r  which is s l a v e d  t o  p r o v i d e  
a d d i t i o n a l  power d u r i n g  warm-up. Once t h e  oven h a s  r eached  
i t s  normal  o p e r a t i n g  r a n g e ,  t h i s  b o o s t e r  h e a t e r  is no l o n g e r  
f u n c t i o n a l .  The A 1  a r e a  r e p r e s e n t s  a l l  c i r c u i t r y  l o c a t e d  
i n s i d e  t h e  Dewar f l a s k .  The v o l t a g e  r e g u l a t o r  board A2A1 is  
l o c a t e d  on t h e  b a s e  o f  t h e  u n i t .  A l l  o f  t h e  components used 
i n  t h i s  o s c i l l a t o r  a r e  s p a c e  q u a l i f i e d  and g o e s  t h r o u g h  
a d d i t i o n a l  s c r e e n i n g  and bu rn - in  r e q u i r e m e n t s .  

Pe r fo rmance  

The o s c i l l a t o r  was a b l e  t o  meet  a l l  o f  t h e  s p e c i f i c a t i o n  
r e q u i r e m e n t s  and per formed c o n s i d e r a b l y  b e t t e r  t h a n  
s p e c i f i e d  i n  some s i g n i f i c a n t  a r e a s .  T a b l e  1 is  a  summary 
o f  t h e s e  pe r fo rmance  c h a r a c t e r i s t i c s .  The pe r fo rmance  was 
s u c h  t h a t  unde r  a l l  c o n d i t i o n s  o f  e n v i r o n m e n t ,  d u r i n g  t h e  30 
minu te  d e s c e n t  p h a s e  o f  t h e  p r o b e ,  t h e  o s c i l l a t o r  was 
c a p a b l e  o f  m a i n t a i n i n g  t h e  d e s i r e d  f r e q u e n c y  a c c u r a c y .  A 
compos i t e  c u r v e  is  shown i n  F i g u r e  7  which shows a  t o t a l  
u n c e r t a i n t y  o f  - + 3  x  1 0 - l o  a t  t h e  end o f  t h i s  30 
minu te  i n t e r v a l .  The warm-up c h a r a c t e r i s t i c  o f  t h i s  o s c i l -  
l a t o r  is  shown i n  F i g u r e  8 .  The smooth and r a p i d  warm-up is 
i n d i c a t i v e  o f  t h e  SC c u t  c r y s t a l  pe r fo rmance .  The warm-up 
t i m e  t o  P P ~ O - ~  o c c u r r e d  w i t h i n  6 t o  7  m i n u t e s  and no 
o v e r s h o o t  o r  r i n g i n g  was a p p a r e n t  i n  t h e  f r e q u e n c y  c u r v e .  
T h i s  t y p e  o f  o v e r s h o o t - f r e e  warm-up c u r v e  h a s  been found i n  
o t h e r  o s c i l l a t o r s  which a l s o  used t h e  SC c r y s t a l s .  

The o s c i l l a t o r  pe r fo rmance  i n  a r a d i a t i o n  env i ronmen t  
showed a n  improvement o v e r  t y p i c a l  AT c r y s t a l  pe r fo rmance  
o f  1 t o  2  o r d e r s  o f  magn i tude .  A t y p i c a l  AT c u t  c f z s t a l  
would e x h i b i t  a  s e n s i t i v i t y  o f  1 - 2 x 10- / r a d  
w h e r e a s  t h e  SC c u t  c r y s t a l s  showed a  s e n s i t i v i t y  of  
1 - 2 x 10-14/rad i n  t h e  b e s t  c a s e  and 
3  x 1 0 - l ~  i n  t h e  w o r s t  c a s e .  R a d i a t i o n  tes ts  were 
per formed u s i n g  a C o b a l t  60 r a d i a t i o n  s o u r c e .  F i g u r e  9  is  a 
t y p i c a l  r a d i a t i o n  r e s p o n s e  c u r v e  t h a t  was o b t a i n e d  from 
t h e s e  o s c i l l a t o r s .  The r a d i a t i o n  a p p l i e d  was a t  t h e  r a t e  of  
1 0  r a d s / s e c  f o r  700 s e c o n d s .  The i n i t i a l  r e s p o n s e  shows a  
p o s i t i v e  o f f s e t  which v a r i e d  from 1 to  5 x  and was 
i n d e p e n d e n t  o f  r a d i a t i o n  r a t e .  Af t e r  t h i s  i n i t i a l  p o s i t i v e  
o f f s e t  a  n e g a t i v e  s l o p e  was o b t a i n e d  which was d i r e c t l y  
p r o p o r t i o n a l  t o  t h e  r a d i a t i o n  r a t e  and whose s e n s i t i v i t y  
became less a s  t h e  c r y s t a l  was f u r t h e r  p r e c o n d i t i o n e d .  



TABLE I 

GALILEO QUARTZ CLOCK - 
TABLE OF CHARACTERISTICS - 

PARAMETER - O B J E C T I V E  - ACTUAL 

SIZE: 

WEIGHT: 

INPUT POWER: 

WARM-UP TIME: 

FREQUENCY STABILITY: 

A G I N G :  

VOLTAGE : 

TEMPERATURE: 

MOT ION : 

SHORT TERM: 

PHASE STABILITY: 

RADIATION SENSITIVITY: 

1 .75"  D I A  X 5.5" 

14 0 2 .  

7  WATTS PEAK 

300 M I N .  

1 X 1 0 - ~ O / 3 0  M I N .  

1 x ~ O - ~ ~ / V O L T  

1 x l ~ - ~ ~ / l o ~ c  
I x ~ O - ~ / G  

5  X ~ o - ~ ~ / s E c  
0.016 DEGREES 

-1 2  -2 X 10  /RAD 

1.75" D I A  X 5.5" 

20 0.2. 

7  WATTS PEAK 

< 300 M I N .  

< 1 X 1 0 - ~ ~ / 3 0  M I N .  

< i x ~ O - ~ ~ ~ O L T  

1 x l ~ - ~ ~ / l o ~ c  
2  X 1 0 1 ° / ~  

1 X ~ o - ~ ~ / s E c  
0.003 DEGREES 

-14 -2 X 10 /RAD 

F i g u r e  1 0  shows a r a d i a t i o n  l e v e l  o f  150 r a d / s e c  f o r  2 4  
m i n u t e s .  Dur ing  t h i s  r a d i a t i o n  e x p o s u r e  t h e  change  o f  
s l o p e  a s  a  f u n c t i o n  o f  r a d i a t i o n  l e v e l  is a p p a r e n t .  The 
r e t r a c e  c h a r a c t e r i s t i c  a t  t h e  c o n c l u s i o n  o f  t h e  r a d i a t i o n  
e x p o s u r e  was random i n  n a t u r e  and no c o n c l u s i o n s  have  been 
drawn a s  y e t .  

F i g u r e  11 shows a n  a c c u m u l a t e d  r a d i a t i o n  e x p o s u r e  o f  
1 megarad a f t e r  t h e  i n i t i a l  25 k r a d  p r e c o n d i t i o n i n g .  The 
v a r i a t i o n  was a p p r o x i m a t e l y  1 x  l o u 8  f o r  1 Mrad. 
F i g u r e  1 2  shows t h e  e f f e c t  o f  r a d i a t i o n  o n  t h e  o r b i t e r  
e n g i n e e r i n g  model .  R a d i a t i o n  l e v e l s  o f  10  r a d / s e c  f o r  700 
s e c o n d s  was a p p l i e d  a f t e r  i n i t i a l  p r e c  n d i t i o n i n g  o f  25 
k r a d s  and shows a  s l o p e  o f  3 .3  x  10bP2/ rad .  A f t e r  a  
f u r t h e r  p r e c o n d i t i o n i n g  o f  200 k r a d s  and w i t h  t h e  same 
r a d i a t i o n  l e v e l  ( a s  shown on  F i g u r f 3  1 3 ) ,  we o b t a i n  a  
s e n s i t i v i t y  improvement  t o  7  x  10- / r a d .  Da ta  t a k e n  
o n  t h e s e  o s c i l l a t o r s  i n d i c a t e d  t h a t  w i t h  a  p r e c o n d i t i o n i n g  
o f  5 k r a d s  to 1 megarad,  r a d i a t i o n  s e n s i t i v i t y  o f  
PPlO-"/rad a r e  o b t a i n e d .  



The two e n g i n e e r i n g  models  b u i l t  on t h i s  program w i l l  be  
used t o  f u r t h e r  d e t e r m i n e  r a d i a t i o n  s e n s i t i v i t y  and warm-up 
a s  a  f u n c t i o n  o f  t i m e .  These u n i t s  w i l l  be r e t e s t e d  a t  6 
month i n t e r v a l s  f o r  t h e  n e x t  two y e a r s  t o  f u r t h e r  
c h a r a c t e r i z e  t h e s e  p a r a m e t e r s .  

C o n c l u s i o n s  - 

T e s t s  on t h e  e n g i n e e r i n g  models  o f  t h e  ~ a l i l e o  o s c i l l a t o r  
have i n d i c a t e d  t h a t  t h e  SC c u t  c r y s t a l  h a s  a c h e i v e d  
c o n s i d e r a b l e  improvements i n  b o t h  warm-up c h a r a c t e r i s t i c s  
and r a d i a t i o n  s e n s i t i v i t y .  F i v e  to  t e n  m i n u t e s  warm-up to 
w i t h i n  ~ P P ~ O - ~  was a c h i e v e d  w i t h o u t  o v e r s h o o t  and an  
o r d e r  o f  magni tude  improvement i n  r a d i a t i o n  s e n s i t i v i t y  was 
o b t a i n e d .  The use o f  t h e  t i t a n i u m  D e w a r  f l a s k  h a s  
p e r m i t t e d  t h e  achievement  of  l o w  power d r a i n  and h i g h  
s t a b i l i t y  e q u i v a l e n t  t o  t h a t  o b t a i n a b l e  w i t h  g l a s s ,  b u t  
h a s  p rov ided  t h e  c a p a b i l i t y  t o  w i t h s t a n d  t h e  h a r s h  
e n v i r o n m e n t a l  a tmosphere  t h a t  w i l l  be e n c o u n t e r e d  d u r i n g  
t h e  m i s s i o n .  
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Figure 1 .  Outline Details 

Figure 2. Unit Assembly 
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Figure 3. Dewar Flask Construction 
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Figure 4. First Engineering Model 



Figure 5.  Oscillator Schematic 

Figure 6 .  Circuit Block Diagram 
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Figure 7. Typical Oscillator/Drift 

Figure 8. Galileo Warmup Curve 
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Figure 9. Probe Radiation, 10 RAD/Sec for 700 Seconds 
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Figure 10. Probe Radiation, 150 RAD/Sec for 24 Minutes 
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Figure 11. Accumulated Probe Radiation, 1,000,000 RADS 
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Figure 12. Orbiter Radiation, 10 RADOSEC for 700 Seconds, 
25 KRAD Preconditioning 
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Figure 13. Orbiter Radiation, 10 RADOSEC for 700 Seconds, 
250 KRAD Preconditioning 



QUESTIONS AND ANSWERS 

DR. WALLS: 

Have you or do you plan to investigate the effect of chemical 
polishing versus mechanical polishing on radiation sensitivity 
because that may in fact involve some changes in the stress level 
of the surface? 

DR. BLOCH: 

No Fred. We did not intend to, but we have a study contract now 
on SC cut crystals and that mightbe a test that would be there. 
I have a feeling that it is something more simple. Unfortunately 
we didn't have the luxury to take apart the resonators, but we 
have seen in cutting quartz that the late vintage premium Q swept 
quartz there aren't two resonators cut right next to each other 
that have the same defects. 

And another possibility Fred, it might be that one has more 
severe defects than the other. The quartz has been really a 
problem to us in handling. 

MR. PLEASURE: 

YOU seem to have a small resonator that is peculiar to the crystal 
itself. You showed a little L and a dotted little C, is that what 
you used to tweek in the final set of frequencies, the operating 
frequencies? 

DR. BLOCH: 

Yes. We use either inductance of capacitance to set nominal. 

MR. PLEASURE: 

And isn't that a temperature sensitive device? 

DR. BLOCH: 

It is really not, if you make an error budget analysis, it con- 
tributes less than a part in 10 to the 11th to the error budget. 
The SC cut crystal has a very low value of C-1, so the external 
effects, if you shift the frequency of a part in a million of let 
us say 20 picofarads, the effect of that capacitor is negligible, 
also with the inductor. 



QUESTION: 

Is it made on an air core so that it won't stretch and have a 
hysteresis in its characteristics? 

Have you tried this? 

DR. BLOCH: 

Are you talking about the inductor? The inductors that we use 
for setting are all air core inductors so they have a very low 
temperature coefficient and the capacitors that we are using are 
all glass capacitors with about 20 parts per million per degree C. 
Since this is in an oven with about a 50 millidegree temperature 
control under the worst condition, it produces negligible effects. 

QUESTION: 

So you have a bad form, it will knock it silly. 

DR. BLOCH: 

It really doesn't, the glass capacitors do what we need. We have 
them to repeat to within a part per million and if you visualize 
a 20 picofarad capacitor changing by more than a part, that is far 
fetched change for a precision glass capacitor. 

We have not experienced any such problem in the regime of 
parts in 10 to the 10th and 10 to the 11th. Maybe in 10 to the 
14th. 

QUESTION: 

What is the error then? I 
DR. BLOCH: 1 

There is an air core which has very similar retrace characteristic. 
It has very little hysteresis and again there is a large tolerance. 
You are talking many microhenries for one part per million change. 
It is a very stiff resonator. So there is a large tolerance on 
the effect of those parts. 




