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QUESTION AND ANSWER PERIOD 

McDADE : 

McDade, G e n e r a l  E l e c t r i c .  

Why do  you d o u b l e  y o u r  l i g h t  beams? 

PROFFESOR ALLEY: 

The p h o t o  m u l t i p l i e r s  w e  u s e  have  p h o t  c a t h o d e s  t h a t  a r e  
s e n s i t i v e  t o  t h e  g r e e n ,  and n o t  s e n s i t i v e  t o  t h e  i n f r a - r e d ,  
s o  w e  g e t  b e t t e r  yua1 . i t y  e f f i c i e n c y  t h a t  way. T h e r e  i s  
some s l i g h t  improvement i n  t h e  p u l s e  w i d t h  f rom t h e  d o u b l i n g  
b u t  i t  i s  m a i n l y  a quantum e f f i c i e n c y  r e a s o n .  

MR. BABITCH 

Dan B a b i t  c h ,  H e w l e t  t - P a c k a r d  . 
Did you happen t o  make any  f r a c t i o n a l  f r e q u e n c y  s t a b i . 1 i . t ~  
a n a l y s i s  of t h e  d a t a  on t h a t  l a s t  v i ewgraph  of  t h e  a i r b o r n e  
s t a n d a r d s ?  I t  l o o k e d  l i k e  about  1 . 5  nanoseconds  peak  t o  
peak f o r  two d a y s .  

PROF.  ALLEY: 

Y e s ,  w e  have  done  c a l c u l a t i o n s  of t h e  A l l a n  v a r i a n c e  a s  a 
f u n c t i o n  of t h e  a v e r a g i n g  t i m e ,  and  u n f o r t u n a t e l y  I d o n ' t  
have any  v i e w g r a p h s  p r e p a r e d  w i t h  t h a t ,  b u t ,  on t h e  ce s ium 
s t a n d a r d s ,  w e  see them g e t t i n g  down t o  be low l o - 1 3  l e v e l  i n  
s o m e t h i n g  l i k e  t h r e e  h o u r s .  

The s t a b i l i t y ,  I t h i n k ,  would be down i n  a few p a r t s  t o  
1014 o v e r  t h a t  p e r i o d  of  t i m e .  We have  no t  e v e r  been  ab le  
t o  r u n  o u r  clocks f o r  v e r y  l o n g  p e r i o d s ,  s o  t h a t  w e  c o u l d  
have a l a r g e  number of  s e v e r a l - d a y  i n t e r v a l s  c o n t i g u o u s  t o  
one  a n o t h e r .  T h e r e  is  a l w a y s  some th ing  r e q u i r e d  t o  be 
changed  o r  moved, s o  w e  j u s t  d o n ' t  have  a f u l l  c a l c u l a t i o n  
o f  t h a t  p e r f o r m a n c e  p e t ,  b u t  a f t e r  t h e  e x p e r i m e n t s  a r e  
c o n c l u d e d ,  w e  hope t o  have some u n i n t e r r u p t e d  t i m e  i n  which 
t o  l o g  t h a t  k i n d  of  d a t a .  



MR. BABITCH : 

I was wonder ing  i P  t h e  d a t a  shown on t h e  a i r b o r n e  s y s t e m  
met o r  exceeded  o r  was worse  t h a n  s i m i l a r  d a t a  f o r  l a b o r a -  
t o r y  ground-based  s y s t e m s  of  t h e  same t y p e .  I n  o t h e r  
w o r d s ,  how good was your  e n v i r o n m e n t a l  i s o l a t i o n ?  Did it 
r e a l l y  do a l o t  f o r  you? 

PROF. ALLEY: 

Y e s ,  i t  d i d  a great deal f o r  u s ,  b u t  i t  d i d n ' t  do a l l  we 
would l i k e  it to d o .  I t  is somewhat wor se  on the p l a n e s  
t h a n  it is  on t h e  g r o u n d .  R e  s u f f e r  t h e r e  f rom s o r t  o f  a 
p r i m a r y  d i f f i c u l t y ,  i n  t h a t  Lhe p l a n e ' s  own envi ronment : i l  
c o n t r o l  s y s t e m  n e v e r  has worked p r o p e r l y .  

We c a n  g e t  t e n l p e r a t u r e  e x c u r s i o n s  up t o  18 t o  20 d e g r e e s  
F a h r e n h e i t  i n  t h e  p l a n e ,  whe reas  i n  t h e  t r a i , l e r  we c a n  keep 
our t e m p e r a t u r e  w i t h i n  a degree o r  b e t t e r ,  o v e r  a l o n g  
p e r i o d .  Our s h i e l d i n g  is  n0.t  p e r f e c t .  And .the g r a d i - e n t s ,  
of  cou r se ,  c h a n g e .  They a r e  p a r t i c u l a r l y  had i n  t h e  a i r h -  
p l a n e  . 

DR. REPASS : 

Dr. Don Kepass ,  Naval A v i o n i c s .  

I w a s  wonder ing  what kind of c h a n g e s  you made t o  t h e  
HP-5061. 

PROF. ALLEY: 

Well,  I men t ioned  two of  t h e  changes ; nan-lely , t h e  i n c r e a s e d  
oven t e m p e r a t u r e  to g e t  a Z a r g e r  beam f l u s ,  which  of c o u r s e  
i s  a t  t h c  e x p e n s e  of  the l i f e t i m e  o f  the s l a n d a r d s ,  b u t  
Ilr. IVinkler k i n d l y  cnnscntcci  t o  t h a t  c h a n c e ,  and t h e  o t h e r  
I ment ioned  was the i n t r q o d u c t i o n  ol' a s ccond  o r d e r  c o n - t r o l  
loop. The t h i r d  change  i 3 cone that .  HE) w i s h e s  t o  r ema in  
p r o p r i e t a r y  at t h e  ) ) r e s e n t  -t . . j .nie .  

HARRY PETERS: 

I wondered i.f you c o u l d  t e l l  u s  w h a t  t h c  r e s o l u t i o n  on 
r e l a t i v i t y  c r f e c t s  o f  p o t e n c l a l  a n d  v e l o c i t y  s h o u l d  have 
been  t h e o r e t i c a l l y  i n  you r  e x p e r i m e n t  a n d  from your  data 
how c l o s e  you might  a p p r o a c h  t h i s  (-:I Lue. 



- 

PROF. ALLEY: 

Well ,  w e  are s t i l l  a n a l y z i n g  t h e  d a t a ,  Har ry .  Harry and I 
d i s c u s s e d  t h i s  t y p e  of measurement s e v e r a l  y e a r s  ago a t  one 
of t h e s e  PTTI c o n f e r e n c e s .  I a m  h o p e f u l  t h a t  w e  can g e t  
down t o  t h e  approx imate ly  1 p e r c e n t  accuracy  on t h e  measure- 
ment. The compar isons  so f a r  -- and w e  h a v e n ' t  f u l l y  
a s s e s s e d  t h e  u n c e r t a i n t i e s  t h a t  t h e  r a n g e  i n t r o d u c e s  i n  i ts  
measurements.  They have an e l e v a t i o n  a l t i t u d e  u n c e r t a i n l y  
of  about  100 f e e t ,  b u t  i t  is t h e i r  a n g l e s  t h a t  a r e  a  l i t t l e  
b i t  more u n c e r t a i n ,  and t h a t  e n t e r s  i n t o  t h e  v e l o c i t y .  

W e  have t r i e d  t o  keep t h o s e  u n c e r t a i n t i e s  down t o  on the 
o r d e r  of  . 3  of a p e r c e n t ,  b u t  I am no t  s u r e  t h a t  h a s  been 
ach ieved  y e t .  R igh t  now, rough ly  t h e  measurement accuracy  
on each  f l i g h t  is  about  a nanosecond,  which is  about  2 o r  
3 p e r c e n t  i n  a 40 t o  50 nanosecond d i f f e r e n c e ,  and by 
combining t h e s e  s e v e r a l  f l i g h t s  -- w e  have had f o u r  long  
f l i g h t s ,  and w e  have a  f i f t h  l o n g  f l i g h t  schedu led  f o r  
h o p e f u l l y  n e x t  week -- it may b e  p o s s i b l e  t o  g e t  down t o  
around 1 p e r c e n t ,  b u t  d o n ' t  m i s t a k e  what I am s a y i n g .  We 
h a v e n ' t  r e a l l y  done t h a t  y e t .  

DR. WINKLER: 

A t  any r a t e ,  your r e s o l u t i o n  seems t o  b e  good enough t o  
d i s c o v e r  e r r o r s  i n  t h e  r a n g e  t r a c k i n g .  

PROF. ALLEY: 

Pe rhaps .  

DR. WINKLER: 

Very good. B u t ,  t h e r e  is  one comment I would l i k e  t o  make, 
and t h a t  is t h a t  I have two s i n c e r e  hopes connected  w i t h  t h e  
e x e c u t i o n  of  t h a t  exper iment ;  No. 1, i t  undoubtedly  demon- 
s t r a t e s  t h e  u l t i m a t e  which can b e  ach ieved  w i t h  t o d a y ' s  
t e c h n o l o g y ;  t h i s  t echno logy  which is a v a i l a b l e  r i g h t  now, 
i f  you u s e  e v e r y  one of o u r  a s s e t s .  T h i s  i n c l u d e s  unprece-  
d e n t e d  t i m e  t r a n s f e r  p r e c i s i o n  i n  t h e  o r d e r  of 1 0  t o  t h e  
minus 1 0  s e c o n d s  r e s o l u t i o n .  I t  i n c l u d e s  s t a b i l i t i e s  of  
t h e s e  c l o c k s  i n  h o s t i l e  envi ronment ,  which i s  a few p a r t s  
i n  lo1', b u t  I have a l s o  a  second hope and t h a t  is  t h a t  such  
an exper iment  e x e c u t e d ,  a g a i n  as t h e  p r e v i o u s  one by 
Hafele and Keat ing  w i t h  r e a l  c l o c k s  which have been c a l i -  
b r a t e d  and s e n t  o u t  i n t o  a  d i s t a n c e  and r e t u r n e d  t o  t h e  
l a b o r a t o r y  -- t h a t  t h e s e  exper iments  w i l l  h o p e f u l l y  f i n a l l y  
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p u t  t o  r e s t  a n  e n d l e s s  s c i e n t i f i c  d i s p u t e  c a r r i e d  o u t  by  
somet imes  n o t  v e r y  q u a l i f i e d  p e o p l e  i n  a1 1 k i n d s  of  j o u r n a l s ,  
and e s t a b l i s h  a s  a f a c t  t h e  r e a l i t y  o f  t h e s e  e f f e c t s  which 
we have  t o  t a k e  i n t o  a c c o u n t  when w e  ta1.k a b o u t  nanoseconds  
t i m e k e e p i n g  and t i m e  measurements  i n  311 a c t u a l  cnv i ron rnen l .  

I t h i n k  -- I am convi-nced that t h e s e  e x p e r i m e n t s  w i l l  
accompl . i sh  t h e s e  goals. 

PROF.  ALLEY: 

May I r e s p o n d  b r i e f l y  to t h a t ?  One of t h e  j u s t i f i c a t i o n s  
f o r  t h e  Navy s u p p o r t i n g  t h e s e  measurements  h a s  been  t h a t  r n  
t h e  p l a n n e d  g l o b a l  p o s i t i o n i n g  s y s t e m ,  i f  t h e  p o s i t i o n i n g  
a c c u r a c i e s  t h a t  t h e y  t a l k  about  p u b l i c l y  of  10 t o  20 f e e t  
are t o  be a c h i e v e d ,  one  has t o  make t h e s e  r c l a t i v i s t j c  
c o r r e c t i o n s  due  t o  t h e  e l l i p t i c i t y  of t h e  o r b i t .  

DR.  WINKLER: 

B u t ,  even  i n  o t h e r  time t ; r a n s f c . r s ,  :for i n s t a n c e ,  i n  e x p e r i -  
men t s  which have  been c a r r i e d  out be~wecn h e r e  xnd J a p a n  
r e c e n t l y ,  t h a t  was a i : o r r e c t i o n  s v h i c h  had L o  be a p p l i e d  t o  
the p o r t a b l e  c l o c k  measurements  i n  o r d c ~  t o  make them a g r e e  
w i t h  the r e s u l t s  through t h e  ATS s a t e l l i t e .  




