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ABSTRACT 

The I -esu l  t s  at-e g ive r1  o f  t h e  t i r :~e  and  f r e q u e n c y  
coriipar-i son  f o i -  a b o u t  c i  g h t  y e a r s  bet ideen R a d i o  
Rc.sear-cti L a b o r a t o t - i e s  (P,RL) , Tokyo  and  ~ h c  IJ.  S .  
Nava l  0 h s e r v a t o 1 - y  ( U S N O ) ,  Washi n q t o n ,  O. C. v i a  
t h e  VLF 11-ansr i i ss io r l ,  PJLIC, or: 18 .6  kH7 f't-01-1 . J i l [ :  

C reek ,  Wash i  r i g t on  and L o r ~ n - C  t t-ansl-..i ii i on  i rom 
two-J  i r r~a.  
The phase  o f  t h c  r - ece i ved  s i g n a l  froi!-1 J i n 1  Creek  
f o r  d a y t i m e  p a t h  showed a  seasona l  v a r i a t i o n ,  
and was t h e  i r~cjst  s t a k l e  II-i :;uiiimer. Thrt v a l u e s  
o f  s t a h i  1 i t y  o f  rr-ec{uenc\; cornpar- ison, ;? ( , r  # ,  

Y ihetween RRL and USNO i n  sumr!ier- ~ % i e r c : Z l  x 18-11 
2nd 6 x 1 0 - 1 3  for- the! a v e r a g i n g  t il7,es o f  onc 
day  and one  inor i t l i ,  respec!  i v c l  y .  The l o n q - t e l - m  
s t a b i l i t y  o f  t i l e  t imc '  c o ~ . ~ i ~ a t - i i ; o t i  i n  suril;ilei- !./as 
a b o u t  2 ps ( , I - )  f o r -  I - c c c n t  s i x  ycar-s .  
Or1 t h c  c l t h e r  h a n d ,  long-Lcr-:; s t a t :  i l i 1.1' o f  t T 8 - I  t. 
cornpar i son v i a  Lor-an-C \tias: a s  i;ood a:; ';'. 3 i 

fo r -  r e c e n t  f o u r  y c a r s  becau.;r! s f  itlr i:,30t-oder!ierit- 
i n  t h e  Loran-C r~- ;on i  t o r i n g  sys t cn i  o f  t h e  U .  S. 
Coas t  Guard and  USNO i n c l u d i r i g  t h e  t i [ - i e  t r a n s f e r  
by s a t e l l i t e s .  

i 1 '1 

Recepl. i o n  o f  VLF t r a n s m i s s i o n  fl-orli NPG/NLI( ~o--~-;e:- :c i .d i n  1964 a t  RRL. 
and t h a t  o f  Loran-C f r o m  IWO-Jirrla i n  a rour id  1365% T h e  1 o c a t i o : l s  o f  
t rans r i i i  t : tct-s o f  NLK and Lor-an-C a n d  t - c ccv i r i y  s i t e s  ai-e inr):dti i n  F i g .  1 .  

I n  case  o f  NLK, d a i  l y  v a l u e s  o f  phase  o f  t h e  r e c e i v c d  s i g n a l s  a t  
R R L ~ ' ~  and US NO(^) f o r  Lhe day t i r i l e  p a t h s  ( m  7700 k r i  and 3700 km, 
r e s p e c t i v e l y )  a r e  used ,  and  t h e y  a r e  shown by  ( a )  UTC (RRL) -NLK  and  
( b )  UTC (us: ,o) -NLK i n  F i g .  2 .  Seasorla1 v a r i a ~ i o n s  a r e  f ound  i n  ( b )  as 

2ri ! i  



- 

we1 1 as ( a ) ,  t h e  amp1 i t u d e  o f  t h e  f o r m e r  i s  much l a r g e r  than t h e  l a t t e r .  
A f t e r  removing t h e  l o n g - t r n n  d r i f t s  i n  ( a )  and ( b ) ,  o y ( i )  f o r  UTC ( R R L ) -  
NLK and UTC (USNO)-NLK were c a l c u l a t e d  f o r  w i n t e r  as w e l l  as summer and 
  lotted i n  F i g .  3 (a )  and F i g .  3 ( b ) .  The d i f f e r e n c e  o f  t h e  phase v a l u e s  
between ( b )  and ( a )  i n  F i g .  2 g i v e s  t h e  r e l a t i v e  t i m e  d i f f e r e n c e  hetween 
USNO and R R L ,  and c o r r e s p o n d i n g  v a l u e s  o f  a (T) a r e  p l o t t e d  i n  Fig. 3 
( c ) .  T h e v a l u e s  f o r  s u m m e r a r e a s  f o l l o w s :  

Y 

a y ( l  day)=  1 x 10-11,  oy ( lOdays )  1 x 10-12, 

and u y ( l  n i o n t h ) N  6 x l 0 - l 3  

The v a l u e s  o f  t h e  t i m e  d i f f e r e n c e  between USNO and RRL, v i a  Loran-C, 
a r e  p l o t t e d  a t  i n t e r v a l s  o f  t e n  days a s s o c i a t e d  w i t h  t h e  v a l u e s  v i a  
p o r t a b l e  c l o c k  o f  USNO. R e l a t i v e  v a r i a t i o n s  a r e  v e r y  s m a l l .  F i g .  4 
shows t h e  v a r i a t i o n s  o f  mean v a l u e s  f o r  90 days,  c e n t e r e d  on t h e  summer 
s o l s t i c e ,  of UTC (USN0)-UTC (RRL) v i a  NLK ( F i g .  2 )  r e l a t i v e  t o  t h e  
c o r r e s p o n d i n g  mean v a l u e s  o f  t h a t  v i a  Loran-C. S c a t t e r  of  t h e  v a l u e s  
as a  who le  i s  a s  l a r g e  as 10 u s  i n  one sigma, b u t  i t  i s  o n l y  2 u s  f o r  
t h e  p e r i o d  1972 t o  1977 because an o l d  homemade r e c e i v e r  was r e p l a c e d  
i n  1972 by a  new commercia l  one (TRACOR 599-5).  No s i g n i f i c a n t  
c o r r e l a t i o n  i s  f ound  f r o m  F i g s .  2 and 4 between t h e  phase and t h e  sun-- 
s p o t  number i n  t h e  l o n g  term.  

F i g .  5 shows t h e  r e l a t i o n  between t h e  a m p l i t u d e  o f  y e a r l y  v a r i a t i o n  of 
t i m e  d i f f e r e n c e  and t h e  sunspot  number, b u t  i t  i s  n o t  e v i d e n t  whether  
t h e  c o r r e l a t i o n  e x i s t s  o r  n o t ,  because t h e  number o f  d a t a  i s  t o o  s m a l l .  

As t o  t h e  Loran-C, t h e  d a t a  a n a l y s i s  was m  de o f  t h e  u  l i s h e d  v a l u e s  7 a 3 P of t i m e  of e m i s s i o n  f r o m  Iwo-Jima by  R R L ( ~  and USNO a f t e r  1969. 
S ince  t h e  g r e a t e r  p a r t  o f  t h e  p r o p a g a t i o n  p a t h  from Iwo-Jima t o  Tokyo 
c o n s i s t s  o f  sea wa te r ,  day - to -day  phase v a r i a t i o n s  o f  t h e  r e c e i v e d  
s i g n a l  a t  RRL have been 0.1 us o r  so. S t a b i l  i t y  o f  t h e  t i m e  d i f f e r e n c e  
between RRL and USNO v i a  Loran-C, w i t h  r e s p e c t  t o  t h e  t i m e  d i f f e r e n c e  
v i a  t h e  p o r t a b l e  c l o c k  i s  shown i n  F i g .  6. The s t a b i l i t y  has been v e r y  
good - a b o u t  0.3 u s  ( l o )  - because of  t h e  improvement i n  t h e  Loran-C 
m o n i t o r i n g  system o f  t h e  U.S. Coast  Guard and USNO i n c l u d i n g  t h e  t i m e  
t r a n s f e r  by s a t e l l i t e s .  

Bes ides,  t h e  phase s t a b i l i t y  o f  s e v e r a l  t ypes  o f  Loran-C r e c e i v e r s  has 
been i n v e s t i g a t e d  i n  Japan by t h e  R a d i o  Research L a b o r a t o r i e s  and t h e  
Tokyo As t ronomica l  Observa to ry .  The a n a l y s i s  o f  f o u r  y e a r s  o f  s i g n a l  
r e c e p t i o n  d a t a  from t h e s e  t w o  l a b o r a t o r i e s  produced a  s t a n d a r d  d e v i a -  
t i o n  o f  l e s s  t h a n  0.3 u s  and i n d i c a t e d  t h a t  t h e  y e a r l y  mean c o u l d  var,y 
by  as much as ? 0,3 u s ,  c o r r e s p o n d i n g  t o  a  r a t e  of  a b o u t  1  X 1 0 - l 4  f o r  
a  y e a r .  The magni tude o f  t h e  r e c e i v e r  d e l a y  i n s t a b i l i t y  i s  t h e r e f o r e  
n o t  o f  g r e a t  s i g n i f i c a n c e  e en i n  f requency  compar isons among r e c e n t  
p r i m a r y  a tomic  s tandards  ( 4 Y .  

290 



Refe rences :  

( 1 )  Y o s h i o  Azurna, Resul  t s  o f  t h e  phase  measurerrlent o f  VLF r a c l i o  waves 
r e c e i v e d  f r o m  N P G / N L K ,  J o u r n a l  o f  t h e  Rad io  R c s e a r ~ h  L a b o r a t o r i e s ,  
V o l .  1 3 ,  N'o. 65,  p p .  1 3 - 2 3 ,  Janua ry  1966. 

( 2 )  S t a n d a r d  Frequency  and t i m e  S e r v i c e  B u l l e t i n ,  Rad io  Research  Labo ra -  
t o r i e s ,  Koganei , Tokyo,  J A P A N .  

( 3 )  Da i  l y  Phase Va lues  a n d  Tirile D i f f e r e n c e s  S e r i c s  4, U .  S .  hlaval Obser-  
v a t o r y ,  Wash ing ton ,  D .  C .  

(4) C C l R  Report 363-3 ( ~ e v .  7 6 ) .  







1 I 

1 
4 -... + . .  

I 

1 Winter 

X" 
p ."- - 

I Summer 0 
I 0 

I I 

I i I A 

Averaging Time T ( D ~ Y )  

F i g .  3 Stabilities of received signals from N L K  at R R L  ( a )  and 
USNO (h) , and o f  the t i r r~e difference between RRL and 
USNO via N L K  ( c )  . 
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F i g .  4 Long- tc i rm s t a b i  1 i t y  of t h e  t i m e  co r i ~pa r i so r l  v i a  
N L K  r e l a t i v e  tcl t h a t  v i a  Lora r l -C .  

F i g .  5 Cot - t -e la t  i o n  b r : t i ~ e e r ~  t l ie  ar r~pl  i tudct o f  vc i a r l  y 
va t - i aL  iorl o f  t inie d i i ' f e r e n c e  ar id sL.lnspot number 



F i g .  6 Lonq- term s t a b i l i t y  o f  the  t i m e  col r lpar ison v i a  Loran-C r e l a t i v e  t o  
t h a t  v i a  t h e  p o r t a b l e  c lock .  




