
CLOCK TIME ERRORS AND TIME PREDICTION 

David W .  A l l a n  

N a t i o n a l  Bureau of  S t a n d a r d s  

ABSTRACT 

Based on a r e a s o n a b l e  m a t h e m a t i c a l  model ivhich d e s c r i b e s  t h e  
t i m e  d i s p e r s i o n  o n  most state-of-the-art c l o c k s ,  t h e  e r r o r s  
i n  t i m e  p r e d i c t i o n  a r e  quantified. This model c o n t a i n s  
b o t h  random a s  w e l l  as  non-random t e r m s .  These t e r m s  a r e  
p r i o r i t i z e d  as  t o  t h e  s i g n i f i c a n c e  of  t h e i r  c o n t r i b u t i o n  t o  
a c l o c k ' s  t i m e  d i s p e r s i o n ,  and  t h i s  p r i o r i t i z a t i o n  i s  shown 
t o  be a f u n c t i o n  of t h e  p r e d i c t i o n  t i m e .  

Some s i m p l e  methods  of  p r e d i c t i o n  a r e  compared w i t h  optimum 
p r e d i c t i o n  and i t  i s  shown t h a t  by a j u d i a c i o u s  choice of 
d a t a  p r o c e s s i n g ,  one  c a n  come e x t r e m e l y  c l o s e  t o  optimum p r e -  
diction u s i n g  t h e s e  s i m p l e  me thods .  
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QUESTION AND ANSWER PERIOD 

SGT . OSTROWSKI : 

O s t r o w s k i ,  Newark A i r  F o r c e  S t a t i o n .  

I n  t h e  u s e  of t h e  chambers  f o r  t h e s e  c e s i u m s  t o  improve  
t h e i r  p e r f o r m a n c e ,  h a s  t h e r e  been  any d e f i n i t e  improve-  
men t s  i n  s h o r t  t e r m  s t a b i l i t y  by j u s t  p u t t i n g  them i n  a  
chamber? 

MR. ALLAN: 

I t h i n k  t h e  e f f e c t s  a r e  o n l y  i n  t h e  l o n g  term s t a b i l i t y ,  a t  
least as w e  documented i t .  W e  have  n o t  s e e n  any m a t e r i a l  
e f f e c t  i n  t h e  s h o r t  term s t a b i l i t y .  

SGT. OSTROWSKI : 

And t h e  long  t e r m ,  a p p r o x i m a t e l y  w h a t ,  d o  you t h i n k ?  

MR. ALLAN: 

A f t e r  w e  w e r e  i n t o  t h i s  s e c o n d  e n v i r o n m e n t a l  chamber w e  
saw f l i c k e r  l e v e l s  d r o p  a t  l eas t  a  h a l f  a n  o r d e r  o f  magni- 
t u d e ,  maybe even  an  o r d e r  o f  magn i tude  i n  some c a s e s .  

SGT . OSTROWSKI : 

And t h e  b i g g e s t  e f f e c t ,  do  you t h i n k ,  was t e m p e r a t u r e  o r  
v i b r a t i o n ?  

MR. ALLAN: 

I t h i n k  p r o b a b l y  t e m p e r a t u r e .  We a l s o  w e r e  a b l e  t o  measu re  
t e m p e r a t u r e  c o e f f i c i e n t s  and  see t h a t  i t  was n r e a l  e f f e c t ,  
j u s t  due t o  room t e m p e r a t u r e  v a r i a t i o n s .  

MR. RUEGER: 

Fo r  t h e  l a s t  c h a r t  shown, c o u l d  you g i v e  u s  a l i t t l e  more 
d a t a  on how you d e t e r m i n e d  i t  was t h a t  good o r  what you r  
r e f e r e n c e  was t o  make t h a t  number? 

MR. ALLAN: 

Okay. To go on w i t h  t h a t ,  t h a t  i s  a n o t h e r  h o u r ,  b u t  l e t  mc 
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j u s t  see i f  I c a n  g i v e  you  a q u i c k  s n a p s h o t .  We h a v e  s e v e n  
o t h e r  c e s i u m  s t a n d a r d s ,  c o m m e r c i a l  s t a n d a . r d s  , i n  o u r  
e n s e m b l e .  D u r i n g  t h i s  p e r i o d  of  t i m e ,  f o r  t h e  mos t  p a r t ,  
NBS w a s  n o t  a s i g n i f i c a n - t ;  member o f  t h a t  e n s e m b l e .  S ,  i t  
i s  n o t  t o t a l l y  t r u e ,  b u t  i t  i s  a p p r o x i m a t e l y  t r u e  t h a t  
NBS 4 and UTC NBS were a l m o s t  i n d e p e n d e n t .  

So ,  wha t  is h a p p e n i n g  h e r c  is  you n r e  scci-ng t h c  t i m e  
f l u c t u a t i o n  o f  a w e i g h t e d  e n s e m b l e  of 7 c o m m e r c i a l  c e s i u m s  
v e r s u s  NBS 4 ,  a l m o s t .  To go i . n t o  more  d e t a i l  would  take 
q u i t e  a b f t  more L i m e .  I n  t h e  b o t t o m  case ,  we a . r e  u s i n g  
a r e c u r s i v e  f i l t e r  t o  give a b e s t  e s t i n i a t c  o r  n c a r - b e s t  
e s t i m a t e  of  t h e  NBS s o u r c e  f r e q u e n c y  -for t i m e  p r e d i c t i o n  
p u r p o s e s .  S o ,  t h i s  i s  i n  i t s  raw frequency. Thi.s i s  t h e  
f i l t e r e d  estimate of  the f r e q u e n c y ,  f i l  t e r i r l g  n u t  t h e  
h i g h e r  f r e q u e n c y  c o m p o n e n t s .  I don  ' t know w h e t h e r  that 
hc l  p s  . 
B u t ,  w i t h o u t  g o i n g  i n t o  quite a b i t  more d e t a i l ,  t h a t  is 
b a s i c a l l y  wha t  is shown. 




