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P r e s e n t  a p p l  i cn t i ox l s  o f  p r c c i s e  t i ~ l l c  and 
f r e q u e n c y  (T/F) t e c h n o l o q y  c a n  h c  g rouped  
a s  f o l l o w s :  

1. Communicat ions  s y s t e m s  wli i c h  require 
T/F f o r  t i m e  d i v i s i o n  multiplexing and 
f o r  u s i n g  sprc;icl spectr 'um t e c l l n i q ~ l c s  . 

2 .  N a v i g a t i o n  s y s t e m s  which  need  'I ' /F f o r  
p o s i t i o r ~  S i x i n g  u s i n g  R ti111cd signr-11.  

3 .  S c i e n t i  f i c - M e t r o l o f i i c n l  a p p l  i c : ~ t i o n s  
which  u s e  T/F :is t h e  most  p r e c i s c l y  
reproc luc i  171 c s t a n d a r d  o f  me:lsu-x.crncnt. 

4 .  f l s t ronomj  ca1 -Space  appl i c n t i o r l s  b-hich 
c o v e r  a  v a r  i c t y  o f  t h c  most clcrrzarltling 
,111~1 i c n t  i o n s  s u c h  3 s  1)111sar r c s c a r c h ,  
Very  Long B a s e l i n e  I n t e r f e r o m e t r y  
( V L B I )  a n d  1 a s e r / r l - : d a r  r r u l p ,  i ng . In 
p a r t i c u l a r ,  p u l s a r  t i m e - o r - a r r i v a l  
rnexsur.cmcnts r e c i u i r c  s u b ~ n  i c roseconcl 
p r e c i s i o n  o v e r  R pe r io (1  o f  o n e - h a l f  
y e a r  r c f e r r ~ d  t o  an  e x  t r n t e r r ~ s t r i a  1 
i n e r t i a l   stet^, and constitute t l l c  
rrlost s t  r i n g e n  t -r.cq~~irr)rrlcnt s for- u n i  - 
form t i rnekeep in) :  t o  d t ~ t e .  

The s t a n d a r d  1 / F  s e r v i c e s  which a r e  a v a i l -  
a b l e  t o  s n t i s r y  s ~ i c h  r e q ~ ~ i r e r n e n t s  a r e  
based  on an  i n t e r n ~ i t  i o n a l  s y s t e m  nf time- 
k e e p i n g  c o o r d i n a t e d  by t h e  lSuren11 T n t c r  - 
n a t i o n a l  d c  1 ' I l e ~ l r e  ( 1 )  . I'hc systcm 
u t i l i z e s  tllc c o n t r i b u t i o n s  Srorn t h e  major  
r l a t i o n a l  s e r v i c c s  f o r  s t : lnd:~rd Frecluency 
and t irnc (IJSNO anrl NRS i n  ?tic US,\) , a n d  
i t  i s  irnpl crnented t t i r ough  :r v n r i c t  y o f  
e l c c t o n i c  s y s t e m s  (FIF, T/F s i g n a l s ,  L L F ,  
Loran-C,  e t c .  ) . Thc p e r  f o r m ~ n c e  n f  t h e s e  
s y s t e m s  w i l l  l ~ c  h r i e f l y  r e v i e w e d .  S e v e r a l  



of t h e  u s e r  sys tems (such as V L R L )  c an ,  
i n  t u r n ,  he used  a s  c o n t r i b u t o r s  t o  t h e  
g l o b a l  e f f o r t  of  T / F  d i s t r i b u t i o n .  

Moreover, PTTI i s  t h e  one common interface 
of  a l l  t i m e - o r d e r e d  e l e c t r o n i c  sys t ems .  
Time c o o r d i n a t i o n  ( n o t  n e c e s s a r i l y  syncl-lro- 
n i z a t i o n )  i s  t h e  r i r s t  n e c e s s a r y  s t e p  f o r  
any wide s c a l e  i n t e g r a t i o n  ancl mutr-ial b a c k -  
up o f  such  sys t ems .  

OVERVIEW 

I n  t h i s  s h o r t  ovcrvi.ew w e  can o n l y  ment ion  t h c  m a j o r  a s -  
p e c t s  o f  t imc  and f r e q u e n c y  (T/F) w h i c h  w i l l  be d i s -  
c u s s e d  e x t e n s i v e l y  i n  t h e  p a p e r s  o f  t h e  P r o c e e d i n ~ s .  The 
main c o n c e p t s  a r c  a s  Follows : 

1. Time o f  Day -* U'1'1 ( l i o t a t i o n  o f  F a r t h )  
2 .  C l o c k  Tirnc a t  S t a n d a r d  Mcr id inn  + IJTC 
3 .  S y n c h r o n i z a t i o n  
4 .  A c c u r a t e  Frequency 
5 .  R e l a t i v i t y :  Local  (P rope r )  Time, C o o r d i n a t e  Time 
6 .  C o o r d i n a t i o n :  I m s  + 10 11s p r o z r e s s  d u r i n g  t h e  l a s t  

1 0  y e a r s .  

For economical  a s  well a s  p r a c t i c a l  r e a s o n s ,  S Y Y C I I R O N T Z A -  
TION w i l l  ~ x s u a l l y  bc  accornplishecl v i a  c l o c k  t i n ~ c  (1tTC) . 
Very a c c u r a t c  f r e q u e n c y  canno t  e n t i r e l y  be handled  w i t h o u t  
a l s o  considering t i m e .  R e l a t i v i t y  a s p e c t s  must bc cons i i l -  
e r e d  i f  p r e c i s i o n  o f  b e t t e r  t h a n  x few hundred nanoseconds 
i s  i n v o l v e d .  L a s t l y ,  t h e  v a r i o u s  i n t e r n a t i o n a l  t imc s e r -  
v i c e s  a r e  c o o r d i n a t e d  w i t h  t h e  BIH t o  t h e  o r d e r  of  1 0  y s  - 
100 t i m e s  b e t t e r  t h a n  r e q u i r e d  by p e r t i n e n t  C C I R  recommen- 
d a t i o n s .  

T / F  has  become a v e r y  a c t i v e  f i e l d  d u r i n g  t h e  l a s t  1 0  y c a r s ,  
due l a r g e l y  t o  t h e  a v a i l a h i l i t y  o f  commercial a t o m i c  c l o c k s .  
I n f o r m a t i o n  i s  exchanged a t  a  number o f  r c ~ u l a r  c o n f c r -  
e n c e s ,  i n c l u d i n g  t h e  f o l l o w i n g :  

I .  Annual Frequency C o n t r o l  Symposium*, A t l a n t i c  C i t y  
(U. S .  Army) , May. 

2 .  CPEM, n e x t  mcet ing  June  1976 ,  Bol~lcler ( N H S - I J I I S I - I E E T i ,  
Con Terence P roceed ings  i n  IIjE1: 'I 'rans. IM) . 

3.  PTTI P l a n n i n g  Mee t ing* ,  Washington,  December (annu-  
a l l y )  , NASA-Don. 

4 .  UKSI Commission Z (Na t iona l  Vect  ings )  . 



5 .  URSJ Cornmission 1 (Gene rx l  A s s c ~ ! ~ b l y  ( 3  y c n r s )  , n e x t  
i n  L i m n ,  August 1 9 7 5 ) .  

6 .  T A l J ,  Cornrriissiolz 31 ,  C e n c r a l  Asscr:jbly ( 3  y e a r s )  n e x t  
G r ~ n o h l e ,  August 1976 .  

7 .  I n t e r ~ ~ a t i o n a l  Congrc s s  f o r -  ( :h rnnomet ryA ( 5  y e : l r s ) ,  
1 a s t  Sep tember  1 9 7 1 .  

Irr a d d i t i o n  t h e r e  a r c  r e g u l a r  t r a i n i n g  scrrl inars hy v a r  io i i s  
g r o u p s ,  c . g . ,  t h e  NRS ' l ' / F  seminars. 

Z,ct u s  c o n s i d e r  t h e  u s c s  o f  '1'/1:: 

1. UTl (mean s o l a r -  o r  s i c l e r e a l  t'irnc) wllicll i s  r e l a t e d  
t o  a n g u l a r  o r i c n t n t i o n  o f  t h e  E a r t h  is ncc( le~1 f o r  n a v i -  
gation, s p a c e  t r a c k  i n 2  :and gcorlcsy. L s s e n t i r ~ l l y  t h i s  
a p p l i c a t i o n  g r o u p  is c o ~ l c c r n c t l  w i t h  t h e  o r i e n t a t i o n  o f  t h e  
Earth i n  s p a c e  and i t s  r o t a t i o n  nrn~lncl  i t s  a x i s .  

2. O t h e r  m a j o r  u s c s  d e a l  d i r e c t l y  w i t h  c l o c k  t imc.  
These  a p p l i c a t i o n s  come f r o m  :L v a r i e t y  o f  t ime-ordere (1  
e l e c t r o n i c  s y s t e m s  : 

a .  Communicat ions  'Technology 

1 )  T irnc d i v i s i o n  mu l t  i p l  r x  i n g  - channel p n c k i n ~ ~ ,  , 
many s t a t i o n s  on one f r e q u e n c y .  

2 )  I leducing sp read  s p c c t  rum a c q u i s i t i o n  window. 

E .  1 J l e c t r o n i c  Knviga t  i.on in TOA Vode (Absolute) 

1) For  improved geometry o f  p o s i t  i o n  d e t e r m i n a  - 
t i on ( R I l O  - RHO) . 

2 )  Fo r  i rnpr~ovccl coverAge - liiived s y s t e m s .  
3 )  For  i n t c g r a t  i on ~ i i  th c o r r m ~ ~ n i c : ~ t  i on and iclen- 

tification s y s t e m s .  

Time and f r e q u e n c y  :ire hy f a r  t h e  b e s t  co11tr.01 - 
l a b l e  p a r a m e t e r s  and can 13c used for mc;isr~rcmcn t of I c n p t h ,  
v o l t a g e ,  p r e s s u r c ,  T c m p c r a t u r e ,  e t c .  

d .  Astrononiy - S p a c e  'lechnolo~y. l h i s  l a s t  anpl  i - 
c a t i o n  h a s  t h e  most  s t r i n j g e n t  r cqu  i re rnen ts  - f r n c t  i o n s  o f  
a  m i c r o s e c o n d  o v e r  1 / 2  y e a r  r e l : ~ t c d  t o  3 7 1  incrtial sys t cm 
( w i t h  r c l  a t i v i t y  c n r r e c t i o n s  for' t l lc rno~~e~r ien t  o f  t h e  T:a r th  
in t h c  s o l a r  s y s t e m ) .  



These r e q u i r e m e n t s  For p r e c i s e  t i m c  a r e  b e i n g  s a t i s f i e d  i n  
a  v a r i e t y  o f  ways; w i t h  t ime  s i g n a l s ,  p u b l i c a t i o n s  and su- 
p e r p o s i t i o n i n g  of  t h e  t i m i n g  c a p a b i l i t y  on e x i s t i n g  e l e c -  
t r o n i c  sys t ems .  

We have a v a i l a b l e  t h e  f o l l o w i n g  t ime  i n f o r m a t i o n  s e r v i c e s :  

1. B I H  Announcemcnts. 
2 .  U . S .  Naval Observatory p u b l i c a t i o n s ,  p n r t i c l ~ l a r l y  

Time S e r v i c c  Announcements Seri .cs  1 t h r o u g h  1 7 ,  
and Almanacs (Fphe-rncrides) (See Appcndix) . 

3 .  N a t i o n a l  Bureau o f  S t a n d a r d s  Time 6 Frequency 
B u l l e t i n s .  

These s e r v i c e s  r e f e r  t o  t imc as  i t  i s  dissemi.nntec1 by t h e  
f o l l o w i n g  s y s t e m s :  

I .  HF S tandard  T/T: S i g n a l s :  (WV, CFnJ ,  c t c . ) .  
2 .  Timed e l e c t r o n i c  n a v i g a t i o n  s i g n a l s :  Loran-C,  

O M l i G A ,  T r a n s i t ,  and l a t e r  Global P o s i t i o n  System 
(GI's) , e t c .  

3 .  Wideband Communication 1  i n k s  : Two-way. 
4 .  P o r t a b l e  c l o c k s ,  P r c c i s c  Time Reference  S t a t i o n s  

(PTlIS) . 
5 .  S p e c i a l  s y s t e m s ,  l a r g e l y  undcr  RhI ) :  'IV, e t c .  

The IIF s i g n a l s  p r o v i d e  a g l o b a l  c a p a b i l i t y  ( i n c l u d i n g  a  
great :  nurnl~cr nf coordinatecl  f o r e i g n  s e r v i c e s )  o f  1 ms p r c -  
c i s i o n ,  i F p r o p a g a r i o n  and r e c e i v e r  d e l a y s  (3-5 ms clepend- 
i n g  ma in ly  on band w i d t h  u s e d )  a r e  t a k e n  i n t o  a c c o u n t .  
Ttcrn 3 i s  p o t e n t i a l l y  t h e  most a c c u r a t e ,  hilt p o r t n b l e  
c l o c k s  remain o u r  f i n a l  t t a u t h o r i t y "  t o  c a l i l > r a t e  services. 

I n  g r e a t e r  d e t a i l ,  we cou ld  sumrna.rizc t h e  dj .str .- i  b u t  ion 
c a p a b i l i t i e s  a s  f o l l o w s :  

1 .  IIF r a d i o  t ime  s i g n a l s :  1 ms g l o b a l  
2 .  P o r t a b l e  c l o c k s :  0 . 5  p s  g l o b a l  
3 .  VLF-OMEGA: 1 - 3  ms phase  t r a c k  ( R e l a t i v e )  
4 .  Loran-C/D 0 . 5  us Northern  H e m i  s p h e r e  
5 .  S a t e l l i t e s :  

a .  DSCS 0 . 1  u s  "tru17k l i r ~ c " , ?  
f i 1 0 h d  ) Z - W ~ Y  

b .  'TACSAT 0 . 5  ps "interrnecli;r tc" 
c .  TRANSIT 
cl. GPS 

6 .  T e l e v i s i o n :  
I ,ocal  : 
Long r a n g e :  

I-' us g l o b a l  l ~ i l e n t  (one way) 
0 . 1  11s g l o b a l J  



7 .  \ l i c rowave ,  l a s c r  
(1 0 ~ ~ 1 1 )  : 

8. O t h e r s :  
1 n s  
(R61), VLRT, powcr l i n e s ,  e t c . )  

As an  example  o f  u se r s  who con a l s o  h e l p  i n  glol7al t imekcep -  
i n s ,  wc c n n  m e n t i o n  VLRl w h i c h ,  n s  the f o l l o w i n g  s k e t c h  
s h o a s ,  p r o v i d e s  1 ~ 0 t h  s y n c h r o n i z a t i o n  and  IJI ( r i l so  t h c  p o l a r  
c o o r ( l i n a t e s ,  x ;1n(1 y )  . 

P R I N C I P L E  OF VLBT TIME D E T E R M I N A T I O N  
LIT1 V E R S U S  S Y N C l I R O Y I Z A T I O N  

A USER AND CON'l 'RIBUTOR 

Redundant  observations a l l o w  determination o f  time d i f f e r -  
e n c e ,  base l i n e ,  lJTl and p o l a r  c o o r c l i n n t e s .  

C o o r c l i n a t  i on  o f  S e r v i c e s :  -. 

We have a systerrl o f  i n t e r ~ ~ a t i o r l a l  t i n l ekecp ing  i n  e x i s t e n c e ,  
coo rd inx t ec l  by  thc EZH a l l i ch  i s  1ocntc .d  a t  th t '  P a r i s  0 1 ) -  
s c r v a t o r y ,  a n d  w h i c h  i s  o p e r a t e d  w i t h  so:nc s u p p o r t  f rom 
v a r i o u s  i n t e r n a t i o n ~ l l  o rgan i zaY  i o n s .  



The RIH operates under the auspices of the following organ- 
izations : 

INTERNATIONAL ORGANIZATIONS INVOLVED WIT11 
STANDARD FREQUENCY AND TIME 

--I-- 

STANDARDS SCIENTIFIC REGULATORY 
A - 7-' 

. - -. , . 
- ..- ~2 

.CONSUI,TATIVE: :SCIENTIFIC: 
: COMMITTEES ; 1 UNIONS 

( ; 
I '  .- 
! I  
I I 

I I 

i 
I 
P 

I 
FOR IAT - - . . - .  - - + . -  . - - - -  i ; STUDY GROUPS; 

" - - w * - - - - "  

;I? ERMANENT 
'SERVICES 

"- m . "  

I 

I .- + -  - - - * -  -! 

Abbreviations for PTTI - 
RIkI - Bureau International de 1 'IIct~re 
U T P M  - International Bureau of Weights and V e a s u r c s  
CCnM - Consulta~ive Cornmi ttee for tllc Definition of the 

Meter 
CCnS - Consultative Comrnittce for the nefinition of the 

Second 
CGPM - General Conference or Weights attd Measures 
CIPM - International Committee Tor Weights and Mens~lrcs 
CCIR - Tnternntional Radio Consultative Co~nmittcc 
TAT - Intcrnational Atomi c Time 
FAGS - Fcderntion of Astronomical and Geophysical Services 
TALI - International Astronomical Union 
ICSU - International Council of Scientific Unions 
I 'TIJ - International Tclecomm~tnication llnion 
SGVTJ - Study Group 7 
1 J . V .  - United Nations 



I J N ~ S C O  - United N : ~ t i o n s  E ( I u c a t i u n ,  S c i e n t i f i c  and Cultural 
O r g a n i z a t i o n  

IJRSI - T n t e r n a t i o n n l  Un ion  o f  Radio S c i e n c c  

'The n r l t i o n a l  o r g a n i z a t i o n s  ( t i m e  se~viccs a n c l / n r  s tnncl-  
a r d s  laboratories] p r o v i d e  b a s i c  d a t a  t o  t h e  H I I I .  Thc 
1J.S. c o n t r i b u t i o n s  fro-rv t h e  IJ. S .  N a v a l  O l > s c r v a t o r y  ancl 
tl-ic N a t i o n a l  Bureau o f  S tnnc la rds  a r c   even i n  J e t n i l  i n  
N13S T e c h n i c n l  Notc  649, '"The S t a n r l a r d s  o f  ' T i m e  an(! Frc- 
qucncy  i n  the USn". 

In  the U n i t e d  States, t h e  d i v i s i o n  o f  respo11rsi.l->il i t i c s  car] 
be  b r i c f l y  sumrnar i zed  a s  f o l l o w s :  

NBS 

N a t i o n a l  S t a n d a r d  o f  1:re - 
quency  --- 

Standa . rd  F r e q u e n c y  (and 
t i m e )  Rroadcast. 

Fundamen ta l  R e s e a r c h  i n  
T / F  a s  R e l a t c d  t o  C lock  
, 7  - 1 lme , F r e q u e n c y  hlcnsure - 
rnents 

S y n c h r o n i z a t i o n  

C o n s u l t a t i o n  a n d  rduca- 
t i o n  

P'TRS f o r  USNO 

N a t i o n a l  Stanclard  o f  Tirnc 
(Tpoch,  n:~.tc)- 

C o n t r o l  o r  IloU T/F T r a n s -  
m i s s i o n s  

A p p l i e d  R e s e a r c h  i n  Time 
as  R e l a t e d  t o  C lock  A p p l i -  
c a t i o n s ,  Astronomy,  Geo- 
phys  i c s  , anrl N a v i g a t i o n  

C :nnsu l t n t i on  arlcl M;~.nage~nent 
of 1)'l"l'S A c t i v i t i e s  n s  Re- 
latecl .  t o  Don 



The i n t e r n a t i o n a l  c l o c k  t ime s c a l c s  IAT and UTC a r e  based  
on a number o f  i n d i v i d u a l  c l o c k s ,  presently o p e r a t e d  by t h e  
f o l l o w i n g  c o n t r i b u t o r s :  

CONTRIBUTORS T O  T A I  (BI11) 
(SOURCE BLH) 

The table r e f l e c t s  t h e  August 1 9 7 4  s i t u a t i o n .  The Time 
S e r v i c e s  i n  t u r n  keep t h c i r  c o o r d i n a t e d  s c n l c s  f o r  d i s s e m i -  
n a t i o n  w i t h i n  abou t  1 0  11s of t h e  B I H  by making  v e r y  s m a l l  
a d j u s t m e n t s  t o  t h e i r  s c a l e s  The c l o c k s  which con-  
t r i b u t e  t o  t h e  R T H  a r e  n o t  a d j u s t e d .  

The g raph  TAI - AT(i)  d e p i c t s  t h e  pcrforrnance o f  t h e  i n t e r -  
n a l  s c a l e s  o f  t h e  m a j o r  c o n t r i b u t o r s  a s  d e r i v c d  f rom R I H  
r e p o r t s .  

TOTAL % 

x 
10 
9 
6 . 5  
8 . 2  

3 7 
12 

8 . 1  
5 
3 
0.7 
0.4 

CT,OCKS 

4 
4 
3 
4 

24 
8 
6 
4 
3 
1 
1 

2 
2 
1 
1 

AGENCY 

NPZ, 
PTB 
I E N  
RGO 

U SNO 
P 
NBS 
ON 
NRC 
ORB 
TP 

OMSF 
FOA 
PTCI-I 
VSL 

U N K  

3 
4 
7 
5 

1 
2 
6 
8 
9 

10 
I1 

WEIGHT PER CLOCK 

Z 

8 9 
8 3 
78  
7 4 

5 6 
5 4 
4 8 
4 4 
3 7 
2 6 
1 3  

3 
0 
0 
0 



TAI-AT[[] (MICROSEC.] 



The r c s u l t s  o f  t h c  timing o p e r a t i o n s  a r e  p u b l i s h e d  i n  b u l -  
l e t i n s  which g i v e  a c t u a l  c l o c k  d i f f e r e n c e s .  This i s  an ex- 
a m p l e  from S e c t i o n  3 o f  t h e  B I H  B u l l e t i n ,  C i r c u l a r  D 9 2  
d a t e d  1 9 7 4  J u l y  4 .  

COORDINATED UNIVERSAL TIME 

a.  From Loran-C and T e l e v i s i o n  p u l s e s  r e c e p t i o n s  

Date 1 9 7 4  
M J D  

May 2 May 12  May 22 
42 169 42 179 42 189 

Laboratory  i UTC-UTC(i) ( u n i t  : 1 us) 

D H I  
FOA 
IEN 
NBS 
NP L 
NRC 
OMSF 
ON 
OP 
ORB 
PTB 
KG0 
'FP 
USNO 
VS L 

(Hamburg) - 1.3  
(Stockholm) + 38.5 
(Torino)  - 10.5 
(Boulder)  - 2.2 
(Tedding ton) - 36.4  
(Ottawa) - 0.6 
(San Fernando) - 0.2  
(NeuchAtel) 4- 20.5 
( P a r i s )  + 1 . 7  
( B r u x e l l e s )  - 33.5 
(Braunschweig) 4- 0.3 
(Hers tmonceux) - 2 . 1  
(Praha) - 25.4 
(Washington) (USNO MC) f 0.3 
(Den Ilaag) f 21..2 

b.  From clock t r a n s p o r t a t i o n s  ( u n i t  : 1 v s )  

Prom "Daily Phase Values", Series 4,  No. 382, USNO 

San Fernando Naval Observatory,  San Fernando, Spain:  
1974 May 16 ( M J D  = 42 lS3 .3 ) ,  UTC(USNO MC) - UTC(OMSF) = 

- 1 . 2  _+ 0 . 1  

C O N C L U S I O N  

PTTI t echno logy  o f f e r s  c a p a b i l i t i e s  which a r c  desirable and 
u s e f u l  in rnany motlern e l e c t r o n i c  s y s t e m s .  IVith t h e  a v r ~ i l  a -  
h i l i t y  o f  higtl per formance  a tomic  c l o c k s  I ccs  ium beam, r u -  
11idiurn-gas c e l l  a n d  hyclrogcn-masers) ,  t h e  sys tem clcsij,rner 
can  a l l o w  remote s t a t i o n s  t o  o p c r a t e  w i t h  a  h igh  d e c r e e  o r  
independence  [ e .  q .  t h e  V L R I  r e c e i v e r s  nccd no 1 i n k ,  o n l y  
i n i t i a l  s y n c h r o n i z a t i o n )  . 



ways,  such e x t r a  b e n e f i t s  e x t r a c t  r-n pr-cmiilrn p r i c e  o r  
i o n n l  complexity a n d  t r a i n i n g  o  F o p e r a t o r s .  A s t a n r j -  
irning i n t e r f a c e  (1 pulsr p e r  scco:lcI, c t c )  , with t h e  _ number o f  systems w h i c h  arc: coor.clix~:~tctl w i t h  I J T T ,  

a l l o w s  some a d d i r  i o n a l  b e n c r i  t s  a n d / o r  r c d u n t l a n c y .  Onc 
can t h e r e f o r e  e x p e c t  an expans ion  o f  t h r  PTTI : ~ c t i v i r j c q  
in t h e  f u t u r e .  



APPENDIX 

U.S.  NAVAL OBSERVATORY 
T i m e  Service P ~ ~ b l i . c a t i o n s  
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Lwttc11 [ l ' l '( '(LISN0 M ( ' )  <111il VL.F, l , l * ,  OIII~,~,I. I OI:III 4.' YIA I  ioti\, I'rop:lg:1Lio11 (I~\II~II~;IIIL~~S ;111ci l i o l i c c ~ o l  i t > i ~ i ~ c d ~ i ~ t c  
(:OI~CWIII iot- ]~I-~(~~\II.III t l ~ ~ i e k i ~ ~ ! ~ > i ~ ~ g ,  

I'I<I,! IM INA l<Y  'I'lrv11:S AN I )  ( 'OOl<~) lNA' r l ,S  O l  'I'III, I1i . i IA ( ~ ~ s u c i l  weekly).  I n c l ~ ~ d c \  (;cnc.1-:11 III~I~: .;ci~lc 111 -- . -- .- 
~ I I I I I I ~  I I (IT( ~)r('cIi( ti:d ? week.; ln .~rlv,triii.: t111tc tl~I'tct-i~ni~i'c I hc tw (~ r l  4.1. IJ'r I ,  LII'?, LIT( ' (RTH) :tnd 
LIT('( LISNO), r>rovtsic>n:~l c~ror i l l l larcs ol't l l i , pole.  I j I 1 T I  value. a ~ i t l  satclltli. ~ n t o r t r l ~ ~ t ~ o l i .  



QIJESTION AND ANSWER PEIIIOT) 

n K .  REDER: 

What was the semi-disaster  '? 

DR. WINKIIER: 

The semi-disastcrb r e f e r s  to some questions concerning the link across the 
North Atlantic on which the contributions to the BITT from the Nation:tl Rese:~rch 
Council, the National Bureau of Standards, :ind the U.  S. Naval Observatory de- 
pond. There were also sorxlc operation:~l difficulties which in the me:lntimc, 1 
think, have been straightened out. Most, but not  a l l ,  of the questions have been 
el,? rified. 

1 think t l~ert ;  l ~a s  been an increased noise contribulion to the various ra te  meas-  
urements  a s  they :me :~vailxble to the BIH. Rut \vc ;ire hiking about 1r:tctions 
of rnicrosoconds and not more. 

DR. GUINOT: 

I wish t o  m a l e  somc comments on what Dr. Winl<lcr said.  We have the impres-  
sion that the link tlirough Lornn-C i s  the link of the American clocks to the BIH. 
I want to  m&e c l ea r  that the European clocks and the Amcricnn clucks have a 
completely symmetr ical  role  in the BITT. The fact  that the BIlT is located in 
Europe does not influence at all the weights which a r c  given to the cloclrs. 

The Loran-C disturbance recently prevented u s  f rom making the necessary 
computations. 

Ted Lieberman, NAVE1,EX. 

On your slide where you talk about the Srequency stnnciard precision nnd about 
the complexity, thni may be J'nr beyond what you nced . Once again, I would like 
to  emphasize o r  t ry  your opinion on the life-cycle coursc that the Admiral talked 
about versus the initial complexity. IIow much docs it lakc to  keep something 
that is marginal fo r  your needs t o  meet  the requirements such as crys ta l s ,  ru- 
bidium, ct ce te ra .  

DR. WINKLEIZ: 

I don't quite unclerstztnd the question. You talk xbout wlmt total  effect i t  h a s ,  
not only a t  the original purchase point, but a lso in rrlairltaining that standard and 
:ill through its complete life-lime '? 



MR. LIEBERMAN: 

Right. 

DR. WINKLER: 

I think it  will have, of course, an even grcater  effect. An item like a precision 
cesium standard which has five times a s  many components a s  a rubidium stand- 
ard,  (simplified bare bones rubidium standard) can be exyected to present, I 
wouldn't say five t imes a s  much maintenance effort,  would certainly require much 
grea ter  maintenance effort. 

What I am asking for, what I am recommending, is tlmt before a decision is 
made for any particular standard, onc should not only consider the purchxse 
price, but consider everything which comes after  which is again a t  least a s  
much in dollars and cents a s  the budget, maybc morc. I think it is completely 
hopeless to establish true and completely independent, sclf-consistent field 
maintenance capabilities for cesium s ta ndards. 

Anyone who is going to attempt that will pay very, very dearly. He will pay s o  
dearly because i t  takes a good lcchnician about, 1 would say, a year lo become 
familiar with it. The cffort in training, the effort i n  stockpiling of spare parts ,  
I think is simply not worth such a method. 

You also should consic-ler thal these clocks, cvcn the lesser  performers hcre, 
all  have mean time bctween failures which certainly ought to be greater  than 
10,000 hours. 

So you a r e  dealing with standards where only rarely something cnn be cxpected 
to go wrong. Now how much training effort cio you want to spcnd in field loca- 
tions w'ncrc peoplc may bc renssigned after six months ? It i s  simply not a prnc- 
tical concept. And all  ol  these aspects have to be considered. 

Incidentally, in the literature, thcre have bccn sevcr:tl points where attempts 
have been made to put the bencfits into some kind of a payoff matrix. For in- 
stance, in the special issuc of thc IEEE Proceedings, M:ty, 1972, I believc, 
there are a t  least two locations where such matrices a r e  discussed. And I havc 
some reprints here of my own paper on path delays. 

This cRn be only understood a s  a first try. I think such cnp,ineering- decisjons 
ought to be made much more sophisticated that what they arc. Up to now, to 
say i t  quite bluntly and frnnkly lo you, I think most of these tiecisions a r e  madc 
on the basis of glamor. 



MR. MIrSCIIE:LL: 

Don Mitchell, Kwajalcin Missile R:mge . 

Wc have two cesiums aiid we do a t  the  prcscnt time have a cjualified techniciam 
who is capnblc of working on these unrl hns  :i conipletc coinplcmerit of spares. 
Iiow would we go about getting our. cesiums into the P a  v:tl Electronics Rcpair 
Sys tem'? 

I wouldn't recommend it: you hnve a special situation. You havc been luclry 
enough to lceep personnel on Lhc job for a sufficient time to familiarize Ihcm- 
selves with problems. 

'I'hc pojnt I arn making is that you must allow spcclal~zntiorl lo a g-re:tt degree 
and assure  that the peoplc, these speci:~llsts, n r e  licl~t on locntion or  zit least in 
the same field of applications for a 1or.g time anrl then you cnn do tvhat you do 
quiie successfully. I thinkanalternniivc is that you (lo !lot fjeltl-maintain these 
stnndnrds a t  all  :~nd simply opcrxtc on thc basis of redundancy. Equip every 
station with two, o r  if you cxn, three st:lntl;trcls. If any one fai ls ,  send it back 
to a central dcpot. 

That is the jdea of h;~ving est:lblished the Naval P:nginccring Coniman(l Main- 
lcnance System where tllere is  a central location tvllcre thesc  cesiums ctirl be 
di:tgnoscd, readjustcd, repnircd to a cert:iin degree. 

Eul I Icll you, that system somctixnes wor l~s  out lilrt. Ihc. following. We receiver1 
from a distant station a cesium, :~ncl  all that was wrong is that the alarm light 
rloesn't go out, and you have to ndjust the  trigger circuit. M:my rep:tirs are ol 
th i s  kind 01 sophisj tica tion, 




