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INTRODUCTION 

The N a t i o n a l  Eu reau  o f  S t a n d a r d s  ( N B S )  e s t a b l i s h e d  t w o  new t i m e  
and  f r e q u e n c y  s e r v i c e s  i n  1983. They p e r m i t  t h e  u s e r  t o  o b t a i n  t i m e  
and  f r e q u e n c y  t r a c e a b l e  t o  t h e  NBS w i t h  g r e a t e r  p r e c i s i o n  and  l e s s  
e f f o r t  t h a n  p r e v i o u s l y  p o s s i b l e .  The new s e r v i c e s  a r e  f o r  u s e r s  
who r e q u i r e  t i m e  t r a n s f e r  a c c u r a c i e s  i n  t h e  t h r e e  nanosecond  t o  one  
m i c r o ~ p c o n d  r a n g e  o r  f r e q y f n c y  c a l i b r a t i o n  c a p a b i l i t y  i n  t h e  1 p a r t  
i n  10 t o  one p a r t  i n  10 r a n g e .  However ,  many a p p l  i c a t i o n s  n o t  
r e q u i r i n g  t h i s  l e v e l  o f  p r e c i s i o n  may b e n e f i t  f r o m  t h e s e  s e r v i c e s  
because  o f  t h e  h i g h  d e g r e e  o f  a u t o m a t i o n ,  s i m p l i c i t y  o f  use ,  and  
s u p p o r t  f r o m  t h e  NBS. 

f fequency  c a l i b r a t i o n  r e q u i r e m e n t s  a t  t h e  p a r t  i n  10" t o  p a r t  
i n  1 0  l e v e l  and  t i m i n g  r e q u i r e m e n t s  a t  t h e  1 m i c r o s e c o n d  l e v e l  can  
b e  s a t i s f i e d  u s i n g  l o w  f r e q u e n c y  r a d i o  s i g n a l s  b r o a d c a s t  f rom 
s t a t i o n s  such  a s  WWVB o r  Loran-C.  The NBS F requency  Measurement  
S e r v i c e  h e l p s  t h e  u s e r  s e t - u p  a  l o w  f r e q u e n c y  r e c e i v e r  and  d a t a  
l o g g i n g  s y s t e m  m o s t  a p p r o p r i a t e  f o r  h i s  needs and  l o c a t i o n .  A 
t y p i c a l  s y s t e m  i n c l u d e s  a  r e c e i v e r ,  m i c r o c o m p u t e r ,  f l o p p y  d i s c  u n i t s  
and  p r i n t e r - p l o t t e r .  The u s e r  s u p p l i e s  a  d i a l - u p  phone l i n e  and  
modem so  t h a t  h i s  d a t a  can  be compared w i t h  d a t a  r e c o r d e d  a t  NBS 
when n e c e s s a r y ,  t h u s  p r o v i d i n g  i n c r e a s e d  a s s u r a n c e  t h a t  t h e  
measurements  a r e  v a l i d .  The u s e r  a l s o  r e c e i v e s  a b u l l e t i n  by m a i l  
c o n t a i n i n g  NBS measurements o f  many s i g n a l  s o u r c e s .  To a s s i s t  t h e  
u s e r  i n  g e t t i n g  t h e  mos t  f ro in  h i s  s ys tem,  NBS p r o v i d e s  s p e c i f i c  
t r a i n i n g  u s i n g  t h e  a c t u a l  e q u i p m e n t  i n  one o f  i t s  s e m i n a r s  on  
f r e q u e n c y  measurements .  

The NBS G l o b a l  T ime S e r v i c e  p r o v i d e s  h i g h e r  p r e c i s i o n  t i m e  and 
f r e q u e n c y  d a t a  and  a g r e a t e r  d e g r e e  o f  a u t o m a t i o n .  A G l o b a l  P o s i t -  
i o n i n g  Sys tem (GPS) r e c e i v e r ,  l o c a t e d  a t  t h e  u s e r ' s  f a c i l i t y  
commun ica tes  a u t o m a t i c a l l y  w i t h  an NBS compu te r  t h a t  s t o r e s  r aw  
d a t a ,  d e t e r m i n e s  w h i c h  d a t a  e l e m e n t s  a r e  s u i t a b l e  f o r  t i m e  t r a n s f e r  
c a l c u l a t i o n s  a n d  p r o v i d e s  an o p t i m a l l y  f i l t e r e d  v a l u e  f o r  t h e  t i m e  
o f  t h e  u s e r ' s  c l o c k  w i t h  r e s p e c t  t o  t h e  NBS a t o m i c  t i m e  s c a l e s .  The 
u s e r  i s  a s s i g n e d  an  " a c c o u n t "  on one o f  t h e  N R S  compu te r s  t h r o u g h  
w h i c h  he may a c c e s s  t h e  r e s u l t s  o f  t h e  NBS a n a l y s i s .  T e s t s ,  based  



u p o n  receivers in Colorado, Germany, France, Washington, D C ,  
Wyoming, and California, demonstrate t h a t  the system can perform 
time comparisons with a precision of three nanpaeconds and  frequency 
comparisons with a precision of one part in 10 a f t e r  four days of 
operation. 

THE MEASUREMENT ASSURANCE A P P R O A C H  

The most common way t o  re la te  industrial calibration measure- 
ments t o  the national standards i s  t o  have the local reference 
standards calibrated in a way t h a t  provides t raceabi l i ty  t o  the 
national standards. Depending u p o n  the required level of accuracy, 
these calibrations may be performed by private or governmental 
laboratories a t  the local ,  regional or national level.  NBS provides 
approximately 12,000 calibrations per year for  th i s  purpose. NBS 
Calibration services are described in Special Publication 250 
(available from the Office of Physical Measurement Services, Nation- 
al Bureau of Standards, Washington, DC 20234). The cost of each 
calibration i s  published in an Appendix t o  t h i s  publication. 

The ordinary calibration process has serious deficiencies. 
F i r s t ,  the standard or instrument t o  be calibrated must travel t o  
the calibration laboratory, so i t  i s  o u t  of service for  a period of 
time. For example, the complete characterization of a cesium beam 
frequency standard requires t h a t  i t  be a t  NBS for  a period of n o t  
less  than f ive weeks. Even more serious i s  that  the confidence in 
the calibration deteriorates with the passage of time. The f a c t  
that  the instrument must be shipped t o  and from the calibration 
laboratory contributes substantially to  th i s  problem. Finally, only 
selected individual standards or instruments are calibrated and thus 
l i t t l e  information i s  available concerning whether or n o t  the t o t a l  
measurement process i s  under control. 

A general goal of the NBS program i s  t o  increase the r e l i ab i l -  
i t y  and effectiveness of the national measurement system. The two 
new time and frequency services are examples of what i s  frequently 
called "measurement assurance". I n  a measurement assurance program, 
most of the measurements are performed a t  the user 's  s i t e  rather 
than a t  the NBS and feedback and analysis of measured information i s  
an important part of the process. In addition, the NBS establishes 
a long term interaction with the user and ass i s t s  in training user 
personnel. The complete measurement process undergoes repeated 
scrutiny and  i s  therefore l ikely t o  remain under control a t  a l l  
times. Of the six base units of measurement -the kilogram, the 
second, the Kelvin, the candella, the ampere, and the mole -the 
second i s  unique by the relat ive ease with which i t  may be compared 
by radio a t  remote locations without the transport of physical 



a r t i f a c t s t .  Because o f  t h e  u n i q u e  p r o p e r t y  o f  t h e  second, t h e  new 
s e r v i c e s  p r o v i d e  t h e  u s e r  t h e  accu racy  he r e q u i r e s  t h r o u g h  a  s i m p l e  
program of  c o o r d i n a t e d  measurements made a t  h i s  s i t e  and a t  t h e  NBS. 
No a r t i f a c t s  need be s h i p p e d  t o  NBS,and t h e  u s e r  exchanges 
c a l i b r a t i o n  d a t a  w i t h  t h e  NBS v i a  te lephone.Thus,  t h e  u s e r  o b t a i n s  
NBS t r a c e a b l e  f r e q u e n c y  measurements and t i m e  s y n c h r o n i z a t i o n  i n  
r e a l  t i m e .  T r a c e a b i l i t y  i s  p r o v i d e d  a t  whatever  l e v e l  i s  r e q u i r e d  
up t o  t h e  u l t i m a t e  s t a b i l i t y  o f  t h e  NBS a t o m i c  t i m e  s c a l e s  and t h e  
f u l l  accu racy  o f  t h e  NBS p r i m a r y  f r e q u e n c y  s t a n d a r d .  S ince  t h e  l i n k  
t o  NBS i s  e s t a b l i s h e d  on a  r e g u l a r  b a s i s ,  t h e  u s e r ' s  con f i dence  i n  
t h e  per fo rn iance o f  h i s  i n -house  s t a n d a r d s  i s  g r e a t l y  i n c r e a s e d .  
Because o f  t h e  h i g h  degree o f  au tomat ion ,  i n h e r e n t  i n  b o t h  of t h e  
new s e r v i c e s ,  t h e  improvements i n  p r e c i s i o n  and accu racy  a r e  
o b t a i n e d  w i t h  n e g l i g i b l e  o p e r a t i o n a l  burden on t h e  
u s e r .  

NRS FREQUENCY MEASUREMENT SERVICE 

T h i s  new Frequency Measurement S e r v i c e ,  u s i n g  s t r a i g h t  f o rward  
measurement t e c h n i q u e s  [ I ] ,  u t i  1 i z e s  p r e c i s i o n  n a v i g a t i o n  and t i m i n g  
b r o a d c a s t s  f r o m  Loran-C and WWVB t o  p r o v i d e  f requency t r a c e a b i l i t y  
t o  t h e  NBS a t  a p p r o x i n l a t e l y  a one p a r t  i n  10 l e v e l .  P r i o r  t o  t h e  
i n t r o d u c t i o n  o f  t h i s  s e r v i c e ,  t h e r e  d i d  n o t  e x j s t  a  t o t a l  measure- 
ment sys tem w i t h  t h e  f o l l o w i n g  f e a t u r e s :  LF  r e c e i v e r  and antenna;  
t i m e  i n t e r v a l  c o u n t e r ;  dua l  f l o p p y  d i s c  d a t a  s t o r a g e  system; 
p r i n t e r l p l o t t e r ;  i n s t r u m e n t  c o n t r o l l e r ;  and t e l e p h o n e  modem d a t a  
l i n e  t o  t h e  NBS. 

F i g u r e  1 shows t h e  Loran-C v e r s i o n  o f  t h e  f r e q u e n c y  measurement 
system. U s i n g  t h e  NBS s o f t w a r e ,  t h i s  system i s  capab le  o f  m o n i t o r i n g  
Loran-C t r a n s m i s s i o n s ,  s t o r i n g ,  l i s t i n g  and p l o t t i n g  t h e  f r e q u e n c y  
c a l i b r a t i o n  da ta .  F i g u r e  2 i s  a  sample p l o t  o f  phase vs t i m e .  The 
s l o p e  c a l c u l a t e d  by  t h e  sys tem program i s  t h e  f requency o f f s e t  o f  
t h e  u s e r ' s  c l o c k .  The n u m e r i c a l  v a l u e  o f  t h e  c a l i b r a t i o n  i s  p r i n t e d  
on each p l o t .  The p l o t s  a r e  made a u t o m a t i c a l l y  once each day. Four  
s e p a r a t e  f requency sources  can be c a l i b r a t e d  s i m u l t a n e o u s l y .  

The new NBS Frequency Measurement S e r v i c e  i s  more t h a n  an 
automated d a t a  a c q u i s i t i o n  system. I t  b e g i n s  w i t h  c o n s u l t a t i o n  
between NBS s t a f f  and t h e  u s e r  t o  d e t e r m i n e  t h e  b e s t  method o f  
s a t i s f y i n g  t h e  u s e r ' s  r e q u i r e m e n t s .  I f  t h e  Frequency Measurement 
S e r v i c e  i s  s e l e c t e d ,  c o n s u l t a t i o n  c o n t i n u e s  t o  d e t e r m i n e  t h e  most  
a p p r o p r i a t e  r a d i o  t r a n s m i s s i o n  i n c l u d i n g  an a n a l y s i s  o f  p o s s i b l e  
p r o p a g a t i o n  and r e c e p t i o n  prob lems.  The second s t e p  i s  t r a i n i n g  of 
t h e  u s e r ' s  t e c h n i c a l  s t a f f .  A g e n e r a l  f o u n d a t i o n  i n  t i m e  and 
f requency measurement t e c h n i q u e s  i s  p r o v i d e d  by t h e  two y e a r l y  NBS 
Seminars:  "Frequency Measurements" and "Frequency S t a b i l i t y  and I t s  
Measurement".  D i r e c t  e x p e r i e n c e  w i t h  t h e  equipment used i n  t h e  



t i  F igu re  1. Photograph o f  f requency measurement system . 
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F i g u r e  2. Sample p l o t  o f  c a l i b r a t i o n  d a t a  f r o m  t h e  f r e q u e n c y  
measurement system. 

f requency  d i s s e m i n a t i o n  s e r v i c e  w i l l  be p r o v i d e d  u s i n g  equipment now 
o p e r a t i n g  a t  t h e  NBS f a c i l i t y  i n  Bou lde r ,  Co lorado.  Step t h r e e  i s  
t h e  a c q u i s i t i o n  o f  t h e  necessary  measurement equipmen,t. I f  d e s i r e d ,  
NBS can p r o v i d e  t h e  comple te  i n t e g r a t e d  measurement system, i n s u r i n g  
t h a t  a l l  t h e  p a r t s  a r e  c o m p a t i b l e  and o p e r a t e  w i t h  t h e  NBS s o f t w a r e .  
F i n a l l y ,  t h e  NBS w i l l  c o n s u l t  w i t h  t h e  u s e r  d u r i n g  t h e  i n s t a l l a t i o n  
o f  t h e  antenna,  t h e  i n i t i a l  s e t - u p  o f  t h e  equipment and v e r i f i c a t i o n  
o f  p r o p e r  o p e r a t i o n .  I n t e r a c t i o n  between t h e  NBS a n d  t h e  u s e r  w i l l  
c o n t i n u e  t h r o u g h o u t  t h e  program and t h e  u s e r  w i l l  r e c e i v e  NBS d a t a  
v i a  t h e  m o n t h l y  "Time and Frequency B u l l e t i n . "  A l so ,  t h r o u g h  d i r e c t  
computer - to -computer  d a t a  exchanges, t h e  NBS w i l l  m o n i t o r  t h e  u s e r ' s  
d a t a  w i t h o u t  i n t e r f e r i n g  w i t h  t h e  o p e r a t i o n  of t h e  u s e r ' s  
measurement system. Thus t h e  NBS w i l l  be a b l e  t o  h e l p  d iagnose any 
anomal ies .  F i n a l l y ,  t h e  NBS w i l l  p r o v i d e  a d d i t i o n a l  t r a i n i n g  f o r  
newer s t a f f  members and w i l l  upgrade t h e  c a l i b r a t i o n  s e r v i c e  w i t h  
f u t u r e  r e l e a s e s  o f  improved s o f t w a r e  and c a l i b r a t i o n  equipment.  



NBS GLOBAL TIME SERVICE 

Wi th  t h i s  new s e r v i c e  t h e  use r  can synchron ize h i s  r e fe rence  
c l o c k  w i t h  r espec t  t o  UTC(NBS) w i t h  s t a t e - o f - t h e - a r t  p r e c i s i o n  and 
accuracy.  The s e r v i c e  u t i l i z e s  t h e  c l e a r  access s i g n a l  broadcast  
f rom t h e  Global  P o s i t i o n i n g  System (GPS)  s a t e l l i t e s .  The t ime  
t r a n s f e r  measurements a re  made u s i n g  a  common-view technique,  
the reby  e l i m i n a t i n g  t h e  no i se  c o n t r i b u t i o n  f rom t h e  c l o c k  e r r o r s  o f  
t h e  GPS system and g r e a t l y  reduc ing  t h e  e f f e c t  o f  ephemeris e r r o r s  
[2].  When t h e  NBS c a l c u l a t e d  c o r r e c t i o n s  a re  a p p l i e d  t o  t h e  u s e r ' s  
c l o c k ,  t h a t  c l o c k  becomes a  h i g h  performance re fe rence  w i t h  t h e  
f o l l o w i n g  c h a r a c t e r i s t i c s .  Between one and f o u r  days, 

-13 -312 mod o v ( r )  - 10 r [3]. For  l onge r  t imes,  up t o  approx imate ly  
.I 

one-month, o ( r )  = 10-14. F igu re  3 shows t h e  r e s u l t s  o f  an a n a y l s i s  
of da ta  take# between Bou lder  and P a r i s  con f i rm ing  t h i s  performance 
l e v e l .  As a  r e s u l t  o f  these  ve ry  h i g h  p r e c i s i o n  t i m e  t r a n s f e r s ,  t h e  
use r  n o t  o n l y  has access t o  a  ve r y  s t a b l e  frequency re fe rence  b u t  
a l s o  ga ins  d i r e c t  access t o  t h e  U .  S. p r imary  frequency s tandard,  
NBS-6. Access tolyBS-6 makes i t  p o s s i b l e  t o  s e t  an abso lu te  l i m i t  
o f  one p a r t  i n  10 on t h e  frequency excurs ions  of t h e  u s e r ' s  c l o c k .  
Another way t o  express t h e  q u a l i t y  o f  t h i s  s e r v i c e  i s  t o  say t h a t ,  
f o r  t i m e  pe r i ods  l o n g e r  than  approx imate ly  fou r  days, t h e  use r  can 
t ake  advantage o f  t h e  f u l l  c a p a b i l i t y  of t h e  NBS atomic  t i m e  sca le .  
The performance i s  a lmost  t h e  same as i f  t h e  use r  were l o c a t e d  i n  
t h e  n e x t  room and connected by a  c o a x i a l  cab le .  

The NBS Global  Time Se rv i ce  i s  more than  j u s t  a  GPS t ime  
t r a n s f e r  r e c e i v e r .  A r e c e i v e r  a lone  p rov i des  o n l y  s h o r t  t e rm  
measurements of t h e  t ime  of t h e  u s e r ' s  c l o c k  r e l a t i v e  t o  t h e  t ime  o f  
a  space v e h i c l e  c l o c k  o r  GPS t ime.  The NBS s e r v i c e  p rov ides ,  i n  
a d d i t i o n :  de te rm ina t i on  of t h e  u s e r ' s  p o s i t i o n  (necessary f o r  t ime  
t r a n s f e r  measurements ) ; schedul i ng o f  common v iew measurements 
between t h e  use r  and t h e  NBS; au tomat i c  c o l l e c t i o n  by t h e  NBS of t h e  
da ta  f rom t h e  users  r ece i ve r ;  computat ion by t h e  NBS of t h e  UTC(NBS)- 
use r  c l o c k  t i m e  d i f f e r e n c e s ;  and optimum f i l t e r i n g  of t h e  da ta  t o  
p r o v i d e  a d a i l y  b e s t  es t ima te  o f  t h e  t ime  o f  t h e  users  c l o c k  w i t h  
r espec t  t o  UTC(NBS). The NBS p rov i des  each user  w i t h  a  month ly  
r e p o r t  g i v i n g  t h e  computed d a i l y  t ime  d i f f e r e n c e s ,  t h e  computed 
d a i l y  f requency d i f f e r e n c e s  and t h e  A l l a n  va r iance  o f  t h e  u s e r ' s  
c l ock .  F i gu re  4 i s  a p l o t  o f  t i m e  d i f f e r e n c e  da ta  taken f r om one o f  
t h e  Global  Time Se rv i ce  r e p o r t s .  The use r  i s  ass igned an "account"  
on one o f  t h e  NBS computers th rough  which he may d i r e c t l y  access t h e  
r e s u l t s  o f  t h e  NBS a n a l y s i s .  
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F i g u r e  3. M o d i f i e d  A l l a n  v a r i a n c e  a n a l y s i s  o f  t h e  N B S G l o b a l  
Time S e r v i c e .  The p l u s  s i g n s  r e f e r  t o  measurement 
sys tem n o i s e  and t h e  c i r c l e s  r e f e r  t o  t h e  n o i s e  of 
t h e  r e f e r e n c e  c l o c k s .  
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F i g u r e  4. Sample p l o t  o f  t i n i e  t r a n s f e r  d a t a  p r o v i d e d  m o n t h l y  t o  
u s e r s  o f  t h e  G l o b a l  Time S e r v i c e .  



The s e r v i c e  u t i l i z e s  a  GPS r e c e i v e r  developed a t  t h e  NBS and 
now i n  commercial p r o d u c t i o n  [4] .  F i g u r e  5 i s  a  p h o t o  o f  t h e  NBS 
p r o t o t y p e .  The r e c e i v e r  has 0.1 ns p r e c i s i o n  and n o n v o l a t i l e  memory 
f o r  d a t a  s to rage .  A s imp le ,  sma l l  o m n i - d i r e c t i o n a l  antenna makes i t  
p o s s i b l e  t o  l o c k  on t o  any s a t e l l i t e  whose e l e v a t i o n  a n g l e  i s  
g r e a t e r  t h a n  5 degrees. The r e c e i v e r ,  i n t e r f a c e d  t o  a p r i n t e r ,  
a l l o w s  l o c a l  d i s p l a y  of t h e  raw GPS measurements and a  te lephone  
modem p r o v i d e s  cammunicat ions w i t h  NBS. The u s e r  i s  r e s p o n s i b l e  f o r  
p r o v i d i ' n g  a d i a l - u p  te lephone  l i n e  so t h a t  t h e  NBS may d i r e c t l y  
access t h e  d a t a  from t h e  r e c e i v e r .  ' T h i s  te lephone  l i n k  i s  an 
e s s e n t i a l  e lement  o f  t h e  d a t a  communicat ions t h a t  g i v e s  t h e  u s e r  
access t o  UTC(NBS). 

F i g u r e  5. Photograph o f  p r o t o t y p e  r e c e i v e r  f o r  t h e  NBS 
G loba l  Time Serv i ce .  



SUMMARY 

The two new measurement s e r v i c e s  o f f e r e d  i n  1983 e x t e n d  t h e  
range and c a p a b i l i t y  o f  t h e  o t h e r  f r e q u e n c y  and t i t ne  s e r v i c e s  
o f f e r e d  by NBS: t e l e p h o n e  t i m e  o f  day; h i g h  f requency b r o a d c a s t s  
(WWV and WWVH); l a w  f r e q u e n c y  b r o a d c a s t  (WWVB) ,  t h e  GOES s a t e l  1  i t e  
t i m e  code; and l a b o r a t o r y  c a l i b r a t i o n s .  These s e r v i c e s  p rev ;ous l y  
p r o v i d e d  r o u t i n e  t i m e  s y n c h r o n i z a t i o n  c a p a b i l i t y  i n  t h e  one second 
t o  25 m ic rosecond  range.  The new s e r v i c e s  o f f e r  enhanced a u t o m a t i n n  
and a  g r e a t e r  c o n f i d e n c e  i n  t h e  r e s u l t s  o f  t h e  measur~n ien ts .  I n  
a d d i t i o n ,  NBS p r o v i d e s  c o n s u l t a t i o n  t o  a s s i s t  t h e  u s e r  i n  s e l e c t i n g  
t h e  b e s t  s o l u t i o n  t o  h i s  p rob lems,  i n i t i a l  t r a i n i n g  and f o l l o w - u p  
c o n s u l t a t i o n  whenever measurement p rob lems a r e  de tec t ed .  The new 
t i m e  and f r e q u e n c y  s e r v i c e s  p r o v i d e  t r a c e a b i l i t y  t o  NBS and a d i r e c t  
l i n k  t o  one o f  t h e  w o r l d ' s  b e s t  t i m e  s c a l e s .  They g r e a t l y  reduce 
t h e  need f o r  t h e  u s e r  t o  become an e x p e r t  on t h e  i n t r a c a c i e s  o f  
n a v i g a t i o n  systems such as Loran-C and GPS. The systems r e l ' a b i l i t y  
w i l l  be h i g h  because a l l  t h e  coniponents a r e  " o f f - t h e - s h e l f "  
commercia l  equipment and because NBS m a i n t a i n s  t h e  systems t o  
m i n i m i z e  hardware f a i l u r e s .  

' The seven th  base u n i t ,  t h e  mo le ,  i s  now d e f i n e d  i n  te rms ~ f t h e  
second. 

'' C e r t a i n  commercia l  equ ipment ,  i n s t r u m e n t s ,  o r  m a t e r i a l s  a r e  
i d e n t i f i e d  i n  t h i s  paper  i n  o r d e r  t o  a d e q u a t e l y  s p e c i f y  t h e  
e x p e r i m e n t a l  p rocedure .  Such i d e n t i f i c a t i o n  does n o t  i m p l y  
recommendation o r  endorsement b y  t h e  N a t i o n a l  Bureau o f  S tandards ,  
n o r  does i t  i rnp ly  t h a t  t h e  m a t e r i a l s  o r  equipment i d e n t i f i e d  a r e  
n e c e s s a r i l y  t h e  b e s t  a v a i l a b l e  f o r  t h a t  purpose.  
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QUESTIONS AND ANSWERS 

MR. WARD : 

Samuel Ward, Jet Propulsion Laboratory. It's not a question, it's a 
statement. On the data that you presented against the GPS for the CSC-12. 
We discovered there was an error that was not on the GSC-12 clock. It was 
on a cesium standard 1636 that was a part of our master clock ensemble and 
it was in a rather poorly controlled temperature environment. So that would 
explain some of the noise that you saw. 

DR. STEIN: 

It certainly would. 

MR. CARLSON: 

J. R. Carlson, SCS, Canada. I would be interested in the performance of a 
system like yours with a distributed ensemble of clock, perhaps tied to a 
central control, and then feeding data to your lab. It's just a proposal, 
but have you done any work with a distributed system or user system? I am 
thinking of considering a baseline interferometer type application. 

DR. STEIN: 

Of course there already is a major distributed ensemble in the international 
atomic time; and one of the things that I think that I would like to avoid 
is an overlap in that kind of operation; but we have considered the question 
of an ensemble time, say, for an individual user who has his own distributed 
set of clocks. For example, we have some separated clocks at our radio 
stations which we like to use at least for redundancy purposes. 

The answer to your question is, the one-day performance of the G.P.S. System 
over thousands of kilometer baselines; using this common mode technique, 
with a high quality receiver could be as good as approximately eight 
nanoseconds RMS. 

It's not quite as good as, say, a very high quality cesium standard, but it's 
better than a standard performance device in general, or at least comparable. 
So that for time periods somewhat longer than a day, one can begin to con- 
struct a very high quality time reference this way and, of course, that's 
what is done internationally. 

I think G.P.S. is already beginning to replace Loran-C to some extent in 
international time scales. 






