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ABSTRACT 

S a t e l l i t e  t i m e  2nd f r e q u c n c y  d i s s e m i n a t i o n  s y s t e m s  of fer  c e r t a i n  a d v a n t a g e s  
o v e r  convent ional  H F  b r o a d c z c t  s e r v i c e e .  
b r o a d c a s t s  a r e  d i s c u s s e d  t o g e t h e r  wi th  t h e  c o r r e s p o n d i n g  r d v a n t a g e s  of s a t e l l i t e  
s y s t e m s .  E x p e r i m e n t a l  r e s u l t s  ob tz incd  a t  N 3 S  u6ir.g U H F / V H F  s a t e l l i t e  t r a n s -  
ponder  fi a r e  rcv iewed.  
is d e s c r i b e d .  

Some of t h e  i m p o r t a n t  d e f i c i e n c i e s  of HF 

Work p e r f o r m e d  by o ther  e x p e r i m c n t e r s  a t  h igher  f r e q u e n c i e s  

T h e  r e l a t i o n s h i p  of d i s f i r m i n a t c d  t i m e  and f requency  to the  des ign  and o?era t ion  
of navigat ion and communica t ion  s y s t e m s  i s  d e s c r i b e d .  
t a g e s  to  r e l a t i n g  the  t i m e  and f r e q u e n c y  informat ion  d i s s e m i n a t e d  incident21 to n a v i -  
ga t ion  2nd communication 6yStem o p e r a t i o n  to  ex terna l  s t a n d a r d s .  

T h e r e  a r e  s ignif icant  a d v m -  

L ' E s p a c e  e t  l a  Conimunicat ior . ,  l7o1. I ,  
e 

pp. 426-433,  ( 4 0 ,  r u e  de Se ine ,  P a r i s  6 : 

Edi t ions  C h i r o n ,  29 M a r c h - 2  April 1971)  
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INTRODUCTION 

Cornmunica t ion  s a t e l l i t e  t iming  s y s t e m s  of fer  a d v a n t i g c s  o v e r  ex is t ing  t i m e  and  
f r e q u e n c y  d i s semina t ion  s c r v i c c s .  
s emina t ion  r e s e a r c h  conducted by the  U. S. National B u r e i u  of S tanda rds  ( N 3 S )  and  by 
o t h e r s  du r ing  r e c e n t  y e a r s .  
s t u d i e s ,  but the  p r i m a r y  i n t e r e s t  a t  NBS has  been in  the  u s e  of geos t a t iona ry  s a t d l i t e s  
conta in ing  t r a n s p o n d e r s  wh ich  r e l a y  a t i m e  s igna l  f r o m  a r e f e r e n c e  s t a t ion  to any 
u 5 e r  i n  coninion v iew of t h e  sa t e l l i t e .  T h e  s igna l  f r o m  i s ing le  geos t a t iona ry  sa t e l l i t e  
can  b e  r ece ived  o v e r  approx ima te ly  o n e - t t i r d  o!  t he  e a r t h ’ s  su r face :  T h r e e  s u c h  
s a t e l l i t e s  would p rov ide  n e a r l y  wor ldwide  coverage .  
t i m e  d i s s e m i n a t i o n  techniques  of fe r ing  be t t e r  re l iab i l i ty  and  cove rage  than is c o m -  
monly  ava i l ab le  f r o m  H F  t i m e  a n d  f requency  s e r v i c e s  s u c h  a s  WWV. E a r l i e r  work  
w a s  devoted  to  t echn iques  provid ing  g r e a t e r  accu racy .  

Th i s  p a p e r  H i l l  d e s c r i b e  s o m e  s a t e l l i t e  t i m e  d i s -  

A var i e ty  of s a t e l l i t e s  have  been  employed  in t h e s c  

P r e s e n t  NBS e m p h a s i s  is on 

REVIEW O F  SOME S A T E L L I T E  TIME 
DISSEMIh’kTION EXPE-RXMENTS 

T h e  f i r s t  s a t e l l i t e  t i m e  e x p e r i m e n t s  w e r e  conducted in August 1962 us ing  
T e l s t a r  [ I ] .  
U. S. Naval  O b s e r v i t o r y  (USNO) and a t  t he  Royal Greenwich  Obse rva to ry .  
w e r e  r e l ayed  be tween the  loca t ions  by the  T e l s t a r  i n i c r o u i v e  t r a n s p o n d e r .  A two-  
way exchange  r e s o l v e s  t h e  round t r i p  p+th de lay  if t he  pa ths  a r e  r e c i p r o c a l  ( s e e  
Fig.  1 ) .  I! t he  s a t e l i i t e  mo t ion  is negl ig ib le ,  which  i s  usua l ly  the  c z s e  f o r  g e o s t a -  
t i o n a r y  s a t e l l i t e s ,  t he  one-way p a t h  ?elby i s  one-ha l f  t he  round t r i p  de lay .  T h e  

t a g e  of the  two-\vay e x c k n g e  i s  tha t  knu\vledge of the loca t ion  of t he  
sa te l l i :  T h e  d isaduantage  i s  tha t  bo th  
ends  ul t h e  pa th  m u s t  have  both a t r z n s m i t t e r  and r e c r i v c r  ar.2 that only one  u s e r  
i n i y  b e  synchror>ized  i t  a t ime .  
cornmunica t ions  s a t e l l i t e  i n  F e b r u a r y  1 7 6 5  [ Z ] .  
a c c u r a c i e s  to  b e  1 m i c r o s e c c n d  and  C. ,1 m i c r o s e c o n d ,  r e s s e c t i v e l y ,  f o r  t he  T e l s t a r  
arid the  Relay  e x p e r i m e n t s .  
w a v e  reg ion  using wide  bandv:id:hs. Altbo-gh g r e a t  a c c u r z c )  can  b e  c!):ained m d e r  
t h e s e  condi:ions, t h e  equipr.ic.nt coc :~ .  art.  beyon2 ti:e rzr,;c of many  u s e r s .  T h e  need  
for ;r 1 o ~ ) t . r  cos: tec!;nique l t d  X’SS tc con&ct t;’.o-v,ay e:.:rer::n.--nts us in?  the  Nr:ioi:;l 

A c c u r a c i e s  of rLout 5 m i c r o s e c o n d s  v. e r e  i ch ieved  usiiig ir iesyer.sive rece iv ing  hnr! 

pc15ciL!c .  T h e  i c c u r s c y  I 

2? di!:crcnt c l a s s  of s 
( s c r  Fit. 2) .  V $ e  

T h e  p u r p o s c  of t h e s e  expe r imen t s  w a s  to c o m p a r e  the  c locks  a t  t he  
S igna ls  

2nd of t h e  g round  s t a t ions  is not requi red .  

S i m i l a r  expe r imen t s  w e r e  c a r r i e d  out wi th  t h e  Re lay  
The  e x p t r i n e r , t e r s  r e p o r t e d  the  

C o t h  of :hcse e x p e r i m e n t s  were condcctcd in t h e  m i c r o -  

c c A d mi  1-1: F t r 2:ic.n 

er.t. It i s  t e l ie - . - id  t!,.zt accc:bcies t.t:ter t1.m 1 m i c r o s e c o n ?  a r e  

AS.:.) /.TS szce:1i:c ‘,‘?ii; t:.anspcr,dtr i j j .  

c i r y c c t  io:. 7;a:h d 
01’ conljj;;! ed i r c ”  

i s  TiJ.;.!.:SIT [-:.In ?. ~ G V ;  &!t 
i . . ~ - l i ~ ~ ~ : c  TI=-‘::;SiT i: i ~ ~ i e  
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de te rn , ine  I-is l oca t ion  and then d e t e r m i n e  the r a n g e  to t h e  sate1Iite to c o r r e c t  t h e  
recci\ .ed i i m e  ii iformation. 
poec ib le  but t h e  cos t  i s  h igh  s ince  a spec ia l  p u r p o s e  c o m p u t e r  is r e q c i r e d .  U s e r  
cos t  can  be  r educed  i f  high a c c u r a c y  i s  not r equ i r ed .  

CEOS [ 5 )  is a n o t t e r  low o r b i t  s a t e l l i t e  used  by NASA to  s y n c h r o n i z e  t r ack ing  
s ta t ions .  
loca t ione  a r e  a c c u r a t e l y  known with r e s p e c t  to  s a t e l l i t e  pos i t ion .  
f 2 5  1 ~ s u c  has been  r e p o r t e d .  

T h e s e  t e a t s  w e r e  conducted  with geos t a t iona ry  s a t e l l i t e s  conta in ing  t r z n s p o n d e r s  to 
r e l a y  t h e  s igna l  f r o m  a m a s t e r  s t a t ion  to any  u s e r  in c o m m o n  v iew of t h e  sa te l l i t e .  
E x p e r i m e n t s  have been  conducted  wi th  the  NASA s a t e l l i t e s  ATS-1  a n d  ATS-3 and  wi th  
t h e  U. S. m i l i t a r y  communica t ion  sa t e l l i t e s  LES-6 a n d  TACS.4T. These s a t e l l i t e s  
conta ined  t r a n s p o n d e r s  wh ich  o p e r a t e d  in  the  f r equency  r a n g e  1 3 0  to  300 h?E-Iz. 
a c c u r a c y  w a s  l in i i tcd  p r i m a r i l y  by e r r o r s  in the  pa th  l c l a y  p r e d i c t i o n s  ( even  geo-  
s t a t i o n s r y  s a t e l l i t e s  d r i f t  i n  pos i t ion) .  For sa t e l l i t e  t i m e  t r z n s f e r s  m a d e  within a 
few d a y s  of upddting the  o r b i t a l  e l e m e n t s ,  a c c u r a c i e s  of 1 0  to  2 5  ss v:ere typ ica l .  
For o l d e r  o rb i t a l  e l e m e n t s  t he  a c c u r a c y  r a n g e  w a s  60 to 150 

T h e s e  e x p e r i m e n t s  v;ere conducted a t  s i t e s  i n  A l a s k a ,  Hawai i .  Ohio,  h t a s s a c h u -  
s e t t s ,  Co lo rado ,  and  South  A m e r i c a .  T o  check t h e  a c c u r a c y  of t h e  t i m e  t r a n s f e r ,  
t h e  s t a t ions  w e r e  equipped  wi th  c e s i u m  s t a n l a r d s  independent ly  s y n c h o n i z e d  [ 6 ] ,  [ 7 ]  
to  wi th in  a few m i c r o s e c o n d s .  

111 pr inc ip l c  h igh  a c c u r a c y  t i m e  synchron iza t ion  i s  

T i m c  p u l s e s  a r e  provided  a t  i n t e r v a l s  of 1 minu te .  Rece iv ing  s t a t ion  
A c c u r a c y  of about 

NBS has, conducted  t e s t s  v.*ith s e v e r a l  sb t e l l i t e s  u s ing  the  one -way  mode [ 6 ] ,  [7]. 

T h e  

s. 

R E C E N T  L 4 K G l N G  EXPERCAEKTS 

De te rmina t ion  cf s z t e i l i t e  pos i t ion  in  XES e x p e r i m e n t s  has bcen  b r s c d  on orb i t a l  
i n fo rma t ion  suppl ied  by 2genc ie s  cont ro l l ing  the  satel!i tes.  
E i m p l e r )  a p p r o a c h  b~ r e c e n t l y  been  i zves t igz t rd  irt Ii35 a d  found adequa te  f o r  the  
necds  of m m y  u s e r s  [SI. 

T h e  r a n g e  to a sa tc l l ize  f r o m  t h r e e  kno:ir, l o c a t i o c s  v:2s m e a s u r c d  s i m d t i n c o u s l y  
whi le  a t i m e  s igna l  vias .Leis? r e l ayed  f i o m  o n e  of t>.c tF.ree 10c; : i~ns  ro t h e  other two. 
T h e  a c c u r a c y  of t he  r a n g e  meas : : rcments  di.?er.ded on  t h e  acccr~c). of syr.c!:rc;iiza- 
t ion a t  t h e  s t a t ion  c!ccXs and  on the  r;:nt' 
m c n ! s  t!-l: reco!i:tior: .\'.'>.s abcu: 3 km \ l i c h  i s  m o d e s t  com:;drc.d to :es*z:tC obtzir.rd a t  
m o d e r n  t r a c k i n g  r;:nr:es. t i o w e v e r ,  urinfi  t i - i s  s in ip l e  tri1atera:ic:l ;;rr;nge-men: to  
d c t e r m i n t  sa t t l l l i t e  pos i t i on ,  c locks  L? otl;er 13c2tio?.s w e r e  s y n c h r o n i z e d  to  abo.:t 
4 0  
w . t t  i m p r o v e d  rzr.gi:ip, r c s i ~ l u t i c ~ n .  i t  i s  c.sfim;ted that t h e  tec!ir.:ci;c i r  caps5 le  c: 
prov i l ;ng  s , y ~ c k ~ o n i : . ~ ? i u n  i n  t h e  a c c e r s c y  ra:-.;e of I to 10  / . . E .  

cl G ck I ;;:: c ;:r o::i : i;;c :i L I' c ?or: i: si 21-21 t -.r c 0'1 s! y ti 5 iiig t h c- r ;.m e t i  :-I? i;g s i E na  1. 

An e l t e r n a t i v e  ( a d  

.:u:iement rcsc lLt ion .  F o r  t h e s e  e x p c r i -  

E. Using n-:orc ~ c c ~ r i i t e l y  :ynchrsi: izcd c!oc;ls a? t h e  trilzti.:;.tic!-. ::stion: :.I-.? 

I<o!c ti-+: rzngic,c z::d 
, . .  



A 10 kHz tone i s  d e r i v e d  f r o m  t h e  t i m a  FtandLrd w i t h  z e r o  p h a s e  d inplacemsnt  
f r o m  the  t imc tick. 
b u r s t s  a t  the r a t e s  of 1 ,  10 ,  100,  2nd 1 , 0 0 0  p u l s e s  p e r  second,  fol lowed by 1 0  s e c -  
"rids of the  1 0  k i i z  Lone a n d  a IO-second quiet per iod .  
f r a m e  i s  1 minute .  
d i sp lacement  f r o m  the  10 kHz tone ,  which is a I r e a d y  p h a s e  c o h e r e n t  wi th  t h e  time 
tick. 

ponder to a u s e r  who cnmpz.res i t  to  a similar s e q u e n c e  d e r i v e d  f r o m  his clock. T h e  
amount  by w h i c h  the  u s e r  m u s t  de lay  his own s e q u e n c e  to b r i n g  it into a l ignment  wi th  
:he r e c e i v e d  s e q u e n c e  is equal  to t h e  s u m  of t h e  radio p a t h  de lay  a n d  t h e  t i m e  d i f f e r -  
ence  be tween t h e  clocks.  T h e  reso lu t ion  of t h e  m c z s u r e m e n t  i s  t h e  r e s o l u t i o n  of t h e  
c o m p a r i s o n  of t h e  10 k H z  t o n e s ,  The ambigui ty  of  t h e  m e a s u r e m e n t  is 1 m i n u t e ,  t h e  
per iod  of o n e  t i m e  f r a m e .  

end ,  the  XES i s  working to i n i t i a t e  a n  e q e r i m e n t a l  s a t e l l i t e  t i m e  d i s s e m k a t i c n  
s e r v i c e  which  would inc lude  voice  a n n o u n c e m e n t s  of t i m e  of day  similar to t h e  p r e e e n t  
f o r m a t  on s t a n d a r d  broadcas:s  s u c h  as W i Y V  o r  CHU. A 1 - m i n u t e  t i m e  f r a m e  would 
inc lude  v o i c e  announcements  of t i m e  and a B C D  t i m e  code  giving y e a r s ,  d a y s ,  h u z s ,  
and m i n u t e s .  
t i a l ly  inaudib le  to a l i s t e n e r  i n t e r e s t e d  only i n  v o i c e  announcements ) .  This s a m e  100 
H z  s u b c a r r i e r  t i m e  code wi l l  b e  ava i lab le  on \'..\'.'V and WV;VE on or about  July 1 ,  
1971, so tha t  t h e  s a m e  decosing equipment  could b e  u s e d  wi th  b o t h  t h e  s a t e l l i t e  and  
the  H F  s igna ls .  

i t  would have  a n  i rnpor t sn t  advantage  o v e r  HF s e r v i c e s  i n  thz t  u s e r s  wi l l  not  n e e d  
bAgh qual i ty  c l o c k s  to c a r r y  the  BCD d e c o l e r s  t h r o u g h  H F  fades .  
voice arziouncernents  a d  a'udio tones  would b e  f r e e  f rom fs&ng.  

T h i s  tone  i s  g a t e d  by the  clock to  g ive  s e q u e n t i a l  10-eecond t3ne 

T h e  p e r i o d  of a c o m p l e t e  t i m e  
T h e  leading  edge  of all p u l s e s  a r e  a l igned  t o  h a v e  z e r o  p h a e e  

A c a r r i e r  modula ted  by this t i m e  i n f o r m a t i o n  is r e l a y e d  by t h e  s a t e l l i t e  t r a n s -  

S o m e  u s e r s  might  l i k e  a s igna l  which is  l e s s  a m b i g u o u s  t h r n  1 m i n u t e ,  To this 

T h i s  BCD code would be modula ted  onto a 100 Hz s u b c a r r i e r  ( e s s e n -  

Should a 24-hour ,  dedicz ted  s a t e l l i t e ,  s t a n d a r d  tim.e s e r v i c e  e v e r  be i n s t i t u t e d ,  

Correspondingly  
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T i m e  and  f r equency  d i s s e m i n a t i o n  i s  a n  i n t e g r z l  p a r t  of m a n y  communica t ion  o r  
navigation s y s t e m s .  
p u r p o s e  i s  to k c e p  the  c r y s t a l  o s c i l l a t o r  i n  t h e  h o m e  t e l ev i s ion  r e c e i v e r s  a t  t h e  s a m e  
f r equency  and p h a s e  a s  t h e  TV s y s t e m  o s c i l l a t o r .  
r e q u i r e s ,  fo r  p r o p e r  o p e r a t i o n ,  t ha t  t h e  L o r a n - C  r r .as te r  and  s l a v e  s t a t i o n s  b e  s y n -  
ch ron izcd  in  t ime .  Ano the r  cons ide rz t ion  of t i m e  d i s s e m i n a t i o n  a s s o c i z t e d  wi th  the  
L o r a n - C  naviga t ion  s y s t e m  c o n c e r n s  t h e  L o r a n  u s e r :  
t h e  d i f f c rence  in  d i s t a n c e s  betv:een h i m s e l f  and  t h r e e  L o r a n  s ta t ior i s  by m e a s u r i n g  
the  t i m e  d i f f e rence  be tween  p u l s e s  r e c e i v e d  f r o m  t h e  r e s p e c t i v e  s t a t ions .  
w t i c h  employ  t i m e  d iv is ion  mul t ip l ex  t e c h i q u e s  m u s t  have  coord ina ted  clocking. 
Clocking can  b e  coord ina ted  e x t e r n a l l y  o r  i n t e rna l ly .  
coo rd ina ted  ex te rna l ly  ( b y  mon i to r ing  s t a n d a r d  f r equency  b r o a d c a s t s )  a n d  t iming  i s  
coordinated intcrnal!y ( b y  t h e  u s e  of s y n c  pulses ) .  
coord ina ted  wi th  e a c h  o t h e r  w i t h i n  a s y s t e m .  
c lock  is s e t  to thc c o r r e c t  " t i m e  of day" as d e t e r m i n e d  by a t i m e  s t a n d a r d  ex te rna l  
to  thc  s y s t e m .  

Apparen t ly ,  m a n y  commlln ica t ion  and, naviga t ion  s y s t e m s  ( e ,  g. , t e l ev i s ion )  a r e  
a l r e a d y  &iisemin+ting s y s t e m  t i n e  and  f r equency  quan t i t i e s .  Communica t ion  s z t e l -  
l i t e  sys te :ns  now in  t h e  conceptua l  o r  des ign  s t a g e s  \vi11 a l s o  c o m m u n i c a t e  t h e i r  
s y s t e m  t i m e  a n d  f r equency .  Whe the r  o r  no? s y s t e m  t i m e  and  f r equency  in fo rma t ion  
communica ted  wi l l  be  r e l a t e d  to s t z i ida rds  e x t e r n a l  t o  t h e  s y s t e m s  is a d e c i s i o n  tha t  
w i l l  b e  m a d e  consc ious ly  o r  o t h e r w i s e  by t h e  s y s t e m s  d e s i g n e r s .  

Re fe renc ing  s y s t e m  t i m e  and  f r equency  to  e s t c r n z l  ( i n t e rna t iona l )  s t a n l a r d s  
o f f e r s  t t r e e  oppor tun i t i e s  to d e s i g n e r s  of communica t ions  s y s t e m s .  T h e  f i r s t  i s  
r e l a t c d  to s p e c t r u m  c o n s e r v i t i o n .  Many ex i s t ing  cornmunicz t ion  s y s t e m s  (e. g. , 
t e le \ . i s ion)  z l loca t e  a significLnt p o r t i o n  of t h e i r  con-munica t ion  capac i ty  to  s y s t e m  
t i m e  a n d / o r  i r e q u & c y  coord ina i ion .  In s o m e  c a s e s ,  ek t e rna l ly  d i s s e m i n a t e d  t i m e  
a n d  f r equency  i n i o r m a t i o n  c o d d  b e  u t i l i zed  p rov ided  su i t ab le  c locks  n e r e  i n c o r -  
p a r a t c d  in to  t h e  sy: t e m .  T'r.is cou!d f r e e  fcr o t h e r  u s e s  tha t  po r t ion  of t he  channel  
czpac i ty  being u s e d  for s y s t e > Y  c!ocking. 
coz t  t l l o c a t e d  to  t i m e  and  freq-Acncy d i s s e m i n s t i o n  could be  r educed .  D e s i g n e r s  of 
Eztcl!i:e cornmunica t ion  s y : : i m a  m u s t  b e  cspec ia l i ) .  consc ious  ci [:-.e op2sr:,wAi:;. to 
i :nprove cor;mu;,ic;iicn cf!iciency b e c a u s e  of t he  h i r h  ope ra t ing  CCSS:E i nvo lv rd .  

t ecka iquc :  pc rn i i t  t he  S C I  

h s \ , e  rnc::xixg oiily t o  t h o s e  v;it!> ~y:;chr~ni:,,; .d cloc::a 2r.d kr.ov.!tdpc of t he  time a t  
\:>hich s ign i i i cen t  m v ~ s ~ g e ~  v:i!i b e  cerit. 

c y s t c m s  r e fc rencc -  t h e i r  t i inc  ;.:id i rec , i !cncy  i:;forri:z:iux to extern::l stx,?!arcls. 
ti:ne s n d  i r equcncy  i;i!orrr,Lt:c>:: ccu ld  t!>.*n br  a v a i l  
tb.-3~'e circl;ms:?..;;ces new :ys:cms whick .  dc:pe;iG o n  

qucncy irJfurm;t;i:iii c o ~ l d  'ur, inip!cmcnted. 
6) E t c y .  t:: kana<- l . , ~ rAi : . g  tr : .nssrt iuns in  a co:nplc:cly pri.:;:e f z s t i u r :  v;ould bc  a 
r(o s sj!>ili ty .  

T h e r e  a r e  tv.'c, oj:pnrtur.i!ics f o r  ~;r..vi:cltiun s y s ; i m s  dc:i;-ners v. ho r c f c r e n c c  
tT.cir t i l i i c  z n d  frc%queficy 4 r;:tie: to cx:crncl s t -  i?_rdil. T h e  f i r s t  i s  r e l ~ t c d  t o  

If a l l  cl~,c!rls of ir L o r ; r n - C  ( : l , ; ? i r  z s  v:i.:! 2 5  a t!oc:-: 011 tori-rd a u s e r ' s  
bk.lp v.'c'r(: o:i t i m e  \kith r e s p e c t  to  e x i c r n j l  s t -nda rds  hnd, t h c r c f o r e ,  \!:it11 r e s p e c t  t c  

T h e  TV f o r m a t .  for  e x a m p l e ,  con ta ins  s y n c  p u l s e s  w h o s e  s o l e  

T h e  L o r a n - C  nav iga t ion  s y s t e m  

In e f fec t ,  t h e  u s e r  m e a s u r e s  

S y s t e m s  

In s o m e  c a s e s  f r equency  i s  

Is t h e s e  e x a m p l e s ,  c l o c k s  a r c  
It i s  a r b i t r a r y  v.,hetlier t h e  s y s t e m  

S im; l a r ly ,  tha t  po r t ion  of s y s t e m  Dpera t icn  

A seconr! oppor tuni ty  cor.cLc'rns the  capa5ili:y foi p:.ivacy. !;iodcrr. cryptogrzphic 
"g of mcss- ;es  v:k.ich c r n  b e  r e s c i v r d  1.y 7.p.j ,ne but v.k.icYA 

ii t h i r d  c J ? p T t t . ; . i ; y  i u  ~cl; : :cC to  thc r t ~ s o u r c r  t:A: v:cii!C! cx i s t  s l i ~ ~ l c !  m;tjcr 
C ~ o d  

F o r  cx>.m 

ncy. 
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, ,,4 1: , , : l ,Cr,  a naviga tor  could u s e  t h e  L o r a n  s y s t e m  a8 a r a n g e - r a n g e  s y s t e m  i n  
,,.lail[i,,n to  ucing i t  as a hyperbol ic  s y s t e m  [ 9 ] .  
i , , , n i ~ ~ ~ , r i  unnmbiguously f rom Only two s t a t i o n s  [9], effective!y extending t h e  r a n g e  
, , f  1 

,,, n t ) : t ~ c  a r c a s .  

Addit ional ly ,  h e  could d e t e r m i n e  his 

This can  cor-s t i tute  a s i g n i f i c ~ ~ t  i m p r o v e m e n t  i n  navigat ion a c c u r a c y  

1)cs igncrs  of  both communica t ion  and naviga t ion  s y s t e m s  r e f e r e n c i n g  t h e i r  sys- 
i i r n c :  and f requency  to e x t e r n a l  s t a n d a r d s  would h a v e  a c o m m o n  advantage.  

uystcm. 

,~.1,,,,,1d a nctwork s ta t ion o p e r a t o r  e x p e r i e n c e  a f a i l u r e  of his e t a n d a r d ,  h e  c o d d  
, c . c y ~ ~ O 1 r ~ n i z e  i t  e i t h e r  i n t e r n z l l y  to the  n e t w o r k  or by r e f e r e n c e  to an e x t e r n a l  s tand-  

(e. &. , by s o m e  o t h e r  e x t e r n a l l y  r e f e r e n c e d  di t iscminated by s o m e  o t h e r  m c a n s  
i .; r l  cn:]. 

S LrMMA RY 

1 1 1 ~  utility of communica t ion  s a t e l l i t e s  f o r  d i s s e m i n a t i n g  t i m e  and  f requency  
~ , , i , ~ r r ~ ~ : t t i o n  has been d e m o n s t r a t e d .  
t i p  rrcjcirc-s. 
t i n  r r ti. 

t 1 1 1 1 c  and  f requency  i n f o r m a t i o n  n e c e s s a r y  for s y s t e m  opera t ion .  
l l i i i i i i g  of E U C ~  s y s t e m s  to  1 p r i m a r y  s t z n s a r d  would c r e z t e  oppor tuni t ies  f o r  s p e c -  
I I cil:i cnnscrva t ion ,  p r i v z t e  communica t ion ,  an6 t iming  r e d m d a n c y .  

T h e  c o s t  to  the  u s e r  i s  r e l a t e d  to  the  a c c u r a c y  
A s a t e l l i t e  s t z n d a r d  t i m e  s e r v i c e  a p p e a r s  to b e  a t t r a c t i v e  t o  m a n y  

hf.iny cxis t ing and planned communica t ion  2nd navigat ion s y s t e m s  c o m m u n i c z t e  
Referenc ing  t h e  


