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ABSTRACT 

T e r r e s t r i a l  t i m e  t r a n s f e r  t e c h n i q u e s  i n c l u d e  t h e  t r a n s p o r t  o f  p o r t a b l e  
c l o c k s ,  ha rd  l i n e s ,  and numerous r a d i o  sys tems.  The r a d i o  t e c h n i q u e s  can  be 
f u r t h e r  broken down i n t o  c o m p l e t e  and p a r t i a l  t ime  sys tems.  A c o m p l e t e  sys tem 
(e.g. W W V ,  WWVH, C H U ,  etc.) p rovides  ( n e a r l y )  a l l  t h e  information needed t o  s e t  a 
c lock.  I f  one cons iders  completeness even f o r  automatic systems, then one needs 
the  year ( A l t .  MJD) and some knowledge of t h e  l o c a t i o n  of t h e  r e c e i v e r  r e l a t i v e  
t o  t h e  t r a n s m i t t e r .  P a r t i a l  t i m e  t r a n s f e r  sys t ems  (e.g. Loran C )  c a n  p r o v i d e  
impressive time synchronizat ion accurac ies  but some coarse measure of time (e.g. 
10 m s  f o r  Loran C )  must; be a v a i l a b l e  by some o t h e r  means i n  o r d e r  t o  make f u l l  
u s e  of  t h e  p o t e n t i a l  t i m i n g  a c c u r a c y  of  t h e  p a r t i a l  system. O f  c o u r s e ,  many o f  
t h e s e  systems were designed f o r  o the r  purposes than p rec i se  time t r a n s f e r ;  s t i l l  
they a r e  extremely v a l u a b l e  t o  the PTTI  community. Time t r a n s f e r  techniques can 
a l s o  be charac te r ized  by accuracy, prec is ion ,  geographic coverage, c a r r i e r  f re -  
quency,  f o r m a t ,  r e 1  i a b i  1 i t y ,  p r e c i s i o n  and a c c u r a c y  a s  b r o a d c a s t ,  propagation 
e f f e c t s ,  equipment cos t ,  and even opera tor  cos t  (e.g. l a b o r  i n t e n s i v e  systems). 

The high frequency (HF) s e r v i c e s  such as WWV and CHU broadcast  i n  t h e  range 
from a few megahertz t o  a few t en ' s  of megahertz provid ing  t iming accu rac i e s  of 
about a  m i l  l i second.  While designed p r imar i ly  f o r  voice communication, some form 
o f  computer r e a d a b l e  t i m e  code is  a v a i l a b l e  from s e v e r a l  o f  t h e  w o r l d ' s  HF 
s t a t i o n s .  For years ,  p o r t a b l e  atomic c locks  have provided t h e  most accu ra t e  time 
t r a n s f e r  a l though t h e  s a t e l l i t e  system known a s  t h e  Global  Pos i t i on ing  System 
(GPS) is now provid ing  impressive r e s u l t s .  In  t he  recent  pas t  t h e  Loran C system 
h a s  been t h e  m a i n s t a y  o f  w o r l d  t i m e  c o o r d i n a t i o n ,  p r o v i d i n g  t i m e  comparison 
p r e c i s i o n s  of  a  microsecond o r  b e t t e r .  Loran C t r a n s m i t s  p u l s e s  of 100 KHz a t  
p r e c i s e  i n t e r v a l s  ( t r a c e a b l e  t o  t h e  U.S.Nava1 O b s e v a t o r y ) .  The p r e c i s e  t ime 
t r a n s f e r  of Loran C depends on t h e  ground wave a r r i v i n g  a t  t h e  r e c e i v e r  before 
any skywave s i g n a l .  The i o n o s p h e r e ,  which r e f l e c t s  t h e  skywave back t o  t h e  
ground, c o n s t a n t l y  changes and makes t h e  skywave s i g n a l  q u i t e  v a r i a b l e  a s  com- 
pared t o  t h e  ground wave. The ground wave s i g n a l  is  e s p e c i a l l y  s t a b l e  over  water 
and sub-microsecond p rec i s ions  a r e  r e a d i l y  obtained. 

The Annual Report of t h e  I n t e r n a t i o n a l  Time Bureau con ta ins  a g r e a t  d e a l  of 
information on the  s tandard  time and frequency s e r v i c e s  a v a i l a b l e .  
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