


T h i s  method i s ,  howcve r ,  much r :x r )ens ive  a n d  i s  n o t  conven-  
i e :n t  f o r  t11e f 're,:luent rr~ensurcrncn!:~ . 
Al thouph  t h e  mcasuren len t s  v i a  t h e  T r a n s i t  s a t e l l i t e  ( N s v y  
N a v i ~ a t i o n  S a t e l l i t e )  h a v e  r > e l a t i v e l y  low a c c u r 4 a c j  es a s  
cvmpared w i t h  t h e  t w o  way method,  thls rnethod has thc 
a d v a n t a g e  t h a t  t i m c  c o m p a r i s o n  c a n  u s u a l l y  b e  made t w i c e  
a day  x t  m o d e r a t e  e x p c n c e .  The Navy N a v i g a t i o n  S a t e l l i t e s  
l lavc b c c n  1;racked by the 'I1H1INET I t y p e  r 2 e z e i v i n p  s s y t c m  
s i n c e  l a t e  1 9 7 4 ,  arid t i m e  i r l f o r m a t i o n  d a t a  i n  punched  p a p e r  
t a p e  a r e  a v a i l a b l e  s i r l c e  1 9 7 6 .  In t h i s  y e p o r t ,  t i m i n g  
a n a l y s i s  and  v a r i o u s  c o r r 7 c c t i o n s  which  a r>e  n c c c s s a r y  t o  
c l c r i v e  t i m e  d i f'f e r > e n c c s  he tween  TJTC ( ILOM) and  U7'C (USNO) a y e  
I l r e se r i t ed  by u s i n ?  t h e  da t a .  o b t a i n e d  i~ 1 9 7 6 .  Time synchyo-  
r i i z a t i o n  v i a  I,ou3an-C :;ystem w i l l  b e  r e f c r r e d  t o  examfrle t h e  
c o n s i s t e n c y  of' t h e s e  two me thods .  

S a t e l l i t e  t r a c k l n g s  b y  m e a 3 . u r i . n ~  d o p p l e r  shifts ha.vc b e e n  
made w i t h  t h e  r u b i d i u m  oscillator as a f ' r eyuency  s t a n d a r d  
a t  t h e  s t a t i o n  027 .  T.i.rne a n d  f r e q u e n c y  c o m p a r i s o n s  have 
b e e n  made be tween  the  r.ub.idium a.t,orr~li.c c l o c k  and UTC(1LOP:) 
which  i s  ~na in t a l i r l ed  b y  a c e s i u m  atorrlic c l o c k .  A t  the sarre 
t i m e ,  sate1 l i t e  tli.rn:irig p u l s e s  a r c  rr~on:i.tored by Url?C(USNO) 
a.nd t h e  r 7 c s u l t s  a r e  p u b l i s h e d  regularly . Then ,  t i m e  d i f f c r 3 -  
c n c c s  hc twcen  UTC(ILOM) and UTC(USNO) can b e  d c r j . v e d  by  
u s i n g  t h e s e  d a t a .  
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F i g .  1- S i m p l i f i e d  b l o c k  d i a g r a m  o f  t h e  
Z; i rr~e cornparisor1 sys ter r i .  
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F i g .  2-An exarnple o f  p r o p a g a t i o n  d e l a y s  i n  
vacuum s p a c e  which wer>e c a l c u l a t e d  f rom t h e  
p r e c i s e  ephemer i s  o f  t h e  s a t e l l i t e  3 0 1 9 0 .  

1. 5 10 15 2 0 25 30 
December, 1976  da te  

Fig. 3-Receiver delays of the TRANET I 
IP phase - lock  t r a c k i n g  r e c e i v e r .  



RESULTS 

Time differences b e t w e e n  t h e  satellite 30190 and t h e  s t a t i o n  
c l o c k  a r e  shown i n  F i g .  4, where t h e  c o r r e c t i o n s  f o r  p ropa -  
g a t i o n  delay, r e c e i v e r  d e l a y ,  and m o t i o n  of satellite men- 
t i o n e d  above are v a u e .  

I n  t h j . s  c a l c u l a t . i o n ,  r e c e i v e r  de l .ays  a r c  co-r7rected by  th r>ee  
cons t a r i f ;  value:; i r l  hhe t h r e e  p c r . i o d s ,  r e s y j e c t i v e l y ,  a:-; Yol- 
lows ; 
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The p a w  d a t a  Jnc lud i?d  :jornc e x t r e r n e l ~ '  de7r:'iated v a l u e s ,  and 
t h e s e  d a t a  weye rae jec tcd  ?.:);\r (7:. f ; x c d  ~an&: , e  ? i l t e r  t o  p a s s  
o n l y  data which :.:err I r :  thy r a n & e  ' ~ ~ n ! ~ :  3 t o  350 m j c r o -  
set7onds.  Tile ypf'i;led d? , t ?  e;er2e ;:r7c3:cd t:: l-ir-::ve ihc standard 
deviations of  i l b j  r:,i crgs~c; ;n=?,s .  ?lie a7;:c?~e ' > ; ( ! ; ~ s . r ; ~  T ~ T ~ T ' ?  

. . 
rlade tq i th  ';he sta',ifiyi c.1 .-,::;< :;f ,;7:-llc:i: I - < , - ' - - ' " '  % -L>.- ' . O!i? ' , ' Y ( ? T ' ( L  1 ,. a h o : ~ t  
+I.. F) rn3 c r o s e c o n d s .  

I 

i 1 T 1 1 1 1 I 
V: Jan. .June X)ec . 



errors of thc s t s t i o n  clock and satellite-borne clock (see 
Pig. 5) and receiver delay only f n ~  the perlod after3 
November 28, 1976. 

n 

J an  . June  
D e c  . 

1976  
month 

Fig. 5-Time differences between satellite- 
borne clock (30190) and UTC(USNO). This 
graph was plotted from the data in Transit 
Satellite Report, Series 17 which was published 
by the U.S.Nava1 Observatory. 

The final form or clock comparison was reduced to UTC(IL0M) 
-UTC(USNO) (see Fig. 6). Thesc two time scales are main- 
tained by the cesium clocks and fluctuations In uTC(ILOM)- 
UTC(USN0) can be ascribed to timing error aroused by the 
satellite timing system. Results arc summarized below wit,h 
standard deviations in microseconds; 

Station Clock - Sat.(30190) 1 1.9 
Sat.(30190) - UTC(USNO) 512 
UTC(ILOM) - Station Clock 5 1.5 
Receiver Delay k14 
UTC(II.,OM) - UTC(USNO) 515.5 

Standard deviations were reduced from kl9psto +15.5~s, 
showing that only slight improvements were attained. Thi~, 
may due to instability of the receiver delay and/or to 
inappropriate correction of satellite clock. 
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S e r i e s  4" which i s  p u b l i s h e d  by USNO ( s e e  F i g .  7 ) .  By c '3m-  
p a r i n g  t h e s e  v a l u e s  w i t h  t h e  one ob ta . ined  by s a t e l l i t e  t i m -  
i n g  s i g n a l s ,  i t  was found t h a t  t h e r e  i s  a  d i s c r e p a n c y  o f  
a b o u t  3 5 ~ s .  

5 Jan . 
1976 

June Dec . 
month 

F i g ,  7-UTC(IL0M) - UTC(USN0) v i a  Loran-C. 

DISCUSSION 

The i o n o s p h e r i c  e f f e c t  on r a d i o  wave p r o p a g a t i o n  was n o t  
c o r r e c t e d  i n  t h e  above r e s u l t s .  The o r d e r  of  t h e  e f f e c t s  
on p r o p a g a t i o n  d e l a y  w i l l  b e  e s t i m a t e d  herae.  A s  t h e  r c c e i v -  
i n g  f r e q u e n c y  i s  400MHz, ~ e o m a g n e t i c  f i e l d  and c o l l i s i o n  
o f  e l e c t r o n s  w i t h  n e u t r a l  gas can  w e l l  be  n e g l e c t e d .  Thcn 
t h e  o p t i c a l  l e n g t h  ( T )  i s  c a l c u l a t e d  a c c o r d i n g  t o  t h e  
f o r m u l a  T = S n d s ,  where t h e  integration must be done a l o n g  
t h e  p r o p a g a t i o n  p a t h  and n i s  t h e  r e f r a c t i v e  i n d e x  which i-s 
i n  r e l a t i o n  w i t h  t h e  p lasma f r e q u e n c y  ( f p )  and t h e  o p e r a t -  
i n g  f r e q u e n c y  ( f )  as  n 2  = l - ( f ~ / f ) ~ .  The p lasma f r e q u e n c y  
i s  r e l a t e d  w i t h  e l e c t r o n  d e n s i t y  ( N )  as  f p 2  = 80.6~ i n  M K S  
u n i t  sys t em.  Then t h e  o p t i c a l  l e n g t h  can be e s t i m a t e d  f r o m  
t h e  e q u a t i o n  -C = J ( l - 8 0 . 6 ~ / f ~ / 2 ) d s  by u s i n g  a model iono-  
s p h e r e  ( T s u c h i y a  1 9 7 6 )  f o r  t h e  N(h)  p r o f i l e .  A n u m e r i c a l  
c a l c u l a t i o n  was made f o r  t h e  s a t e l l i t e  which i s  on o b s e r v -  
e r ' s  z e n i t h ,  y i e l d i n g  0 . 1 ~ ~  and O . f l 5 p s  i n  day t ime  and 
n i g h t t i m e  r e s p e c t i v e l y .  The d i s t a n c e  t o  t h e  s a t e l l i t e  which  
i s  on t h e  h o r l z o n  w i l l  be  f o u r  t i m e s  as  l a r g e  as  t h e  one 



when a  s a t e l l i t e  i s  cn t h e  z e n i t h .  S o ,  n~aximurn p r o p a g a t j o n  
d e l a y  may amount t o  O , i l L ~ s  and 0 . 2 ~ s ,  respectively. 

On t h e  o t h e r  hand ,  the rnea,n v a l u e  or s t a t i o n  c l o c k  - satel- 
l i t e  was c b t a i n e d  3s 118.95 '1.39~~ and 48.73 +l.77ps for 
the day t ime  and n i g h t t i m e  period, r e s p e c t i v e l y .  That  i s ,  
r e c e p t i o n  e r r o r  i s  above ~ 1 : e  ionosy:her7ic e f f e c t ,  so we can  
f i n d  no s i g n i - f i c a n t  dif f e r e n c c s  >.n i o n o s p h e ~ ~ i c  e f f c c t  b e -  
tween day t ime  p ~ , > o p a g a t i o n  m d  n i g h t , t i m e  one from the a b n v c  
results. I ? J e v e r t h e l c s s  wr r.risy safe1.y say  t h a t  t h e  lon~:;r;l?-r..:ic 
effect produces ED cryov.s l a r > c c r  t j-12.3 (?r-~i. r:,.!.c~~o::ecrnc" whcn 
the s o l a r  activity 5s m o d e r a t e .  

.qt TRAFJ:<T sta:;ioi-ls cr;l;/ the d z t a  vrl:;izl: 31-e i c?;ta!ned .. when ;;he 
snl;c].lil;c j s near to the clc2xest ;  a;.~;:'?c~$cti , 8 - : .  A. ) ? ,PC u sed  
f ' n r  t i  r2c s y n c h ~ d u n i z n t  ion p7,jx7pcsr: . Ail :.ki-r. de-:,:i 51l~it f ' a l i  in 
+ Lhe yange froci 3 ~ s  t:, 33(.;1.1~ rr:ere u s e d ,  i n  c:.l-:r= c3:;c.  I)epcrid- 
eHcy of d e l a y  ti.me of' ',i;r.irl;,: s i p , r ~ a l s  urjoil the - i~y; ; : ; l~r  si-l?ft 
of s a t e l l i t e  wFpe exaninecl f a r7  cac'ri dat1.u: v 0 3 ~ : t  irl whole  
p a s s e s  o b t a i n e d  i n  1376 ( s e e  Fig, 8). 

L :  L: k r= 

. , 7 I ; : . . . .  , - 
!: !.; -, - ..,- ,- .c -.' 

,- ,- . - -  ,-,;- ,< Ljcc 



periods. The physical expln~~ation of' t h j s  tendency is left 
unsolved even if we take into cons i derai, i on 1,he tropospher-ic 
refraction effects, since these are the order of one rnicrAo-- 
second at most. 

CONCLUDTNG REMARKS 

A timing experiment via the Navy Navipation Satellite for 
the year of 1976 was shown. OurA time comparison has shown 
that fluctuations of the obtained data have the standard 
deviation o f k 1 6  p s  . This is almost the same order as the 
reported values by Hunt and Cashion (1978) and Cashion ct 
al. (1978). Hut there is a discrepancy of 3511s as coiflp:ir~d 
with the data obtained by the Loran-C reception. There mlpht, 
be some problems in delay t h e  measurement. Furthermore, 
fluctuations in timing pulses may be pretty large, since the 
band width of the receiver is nayrow. 

Our thanks are due to Mr.M.Ajhara and Dr.I.0kamoto for 
thelr discussion and assistance i.n irnprovlng expressions. 
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QUESTIONS AND ANSWERS -- 

MR. ILAUREN RUEGER, Johns Hopk ins  U n i v e r s i t y ,  A p p l i e d  Phys-ics Lab: 

Be fo re  T open t h i s  paper  f o r  comments f rom t h e  aud ience ,  I w o u l d  
P ike  t o  make a c o ~ ~ p l e  o f  comments m y s e l f .  The f i r s t  i s  t h a t  t h e  
sn~al l  s h i f t  he saw i n  t h i s  l a s t  c u r v e  i s  c h a r a c t e r i s t i c  o f  what  we 
obse rved  i n  t h e  t r a c k i n g  l o o p  c h a r a c t e t - i s t i c s  o f  t h e  V C O .  He was 
u s i n g  a f . a i r l y  e a r l y  model N ikode- t ype  r e c e i v e r  t h a t  has a f a i r l y  
s i m p l e  t r a n s f e r  f u n c t i o n  f o r  t h e  t r a c k i n g  l o o p .  The l a g s  i n  that ,  
wou ld  g i v e  h im t h e  10 microseconds I t h i n k  he i s  o b s e r v i n g .  

The second comment i s  that, d u r i n g  1 9 7 7 ,  f o l l o w i n g  t h i s  d a t a ,  
we d i d  an e x p e r i m e n t  i n  mak-rng t i m e  t r a n s f e r s  between the  U .5 ,  Nava l  
O b s e r v a t o r y  and t h e  N a t i o n a l  Bureau o f  S tandards  i n  w h i c h  we had 
v e r y  c a r e f u l l y  c a l i b r a t e d  t h e  r e c e i v e r  d e l a y ,  t o  a r e s o l u t i o n  o f  
10 nar\oseconds. And i n  u s i n g  t h a t ,  we d i s c o v e r e d ,  b u r i e d  i n  
t h e  d a t a  t h a t  we now p r o v i d e  t h r o u g h  B u l l e t i n  17, a p o s s i -  
b i l i t y  o f  a 50 m ic rosecond  b i a s  because o f  t h e  u n c e r t a i n t y  o f  t h e  
r e c e i v e r  d e l a y ,  

I f  you t a k e  t h e  50 n ~ i c r o s e c o n d s  f r o m  t h i s  sou rce  and  t h e  35 
m i c r o s e c o r ~ d  d i s c r e p a n c y  t h i s  man found,  t h e y  a r e  i n  t h e  same d i r -  
e c t i o n  and compensating. His d a t a  i s  really w i t h i n  h i s  e x p e r i m e n t a l  
e r r o r .  We s h o u l d  t e l  1 h im someday. 




