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ABSTRACT 

I n  Japan ,  a n  e x p e r i m e n t  of f r e q u e n c y  compar i son  of c e s l u m  

c l o c k s  by TV c o l o r  s u b - c a r r l c r  w l l i c h  1s used  a s  a r e f e r -  

e n c e  f r e q u e n c y  was made a l s o  he twccn  Radlo  Kcsea rch  Labo- 

r a t o r i e s  and I n t e r n a t i o n a l  L a t i t u d e  O b s e r v a t o r y  of Mizu- 

F o r  f r e y u e n c y  compar i son  by TV c o l o r  s u b - c a r r i e r ,  a f r e -  

quency  c o n v e r t e r  h a s  been  j o i n c d  newly i n  t h e  compar i son  

s y s t e m .  ? ' h i s  i s  a p h a s e  locked  o s c i l l a t o r ,  i n  which a  

v o l t a g e  c o n t r o l e d  c r y s t a l  o s c i . l l a t o r  l o c k s  i t s  o u t p u t  

f r e y u e n c y ,  5.0 I.IIIz, t o  t h e  3 . 5 8  MHz s u b - c a r r i e r .  T h e  

measurement  scheme r e a l i z e s  c o m p a r i s o n s  be tween  two round 

f r e q u e n c y  s i g n a l s ,  and r e s u l t s  of t h e  compar i sons  be tween  

the s u b - c a r r i e r  and a ces ium frequency s t a n d a r d  show t h e  

r e s o l u t i o n  of  1 n s  and t h e  f r e y u e n c y  s t a b i l i t y  w i t h i n  

2 x 10 - 1 2  a t  a v e r a q i n g  t i m e  of 2 0  minu- t c s .  Eikiase jumps 

o c c u r e d  by s t a t i o n  breaks have  n o  i n l l l u c n c e  on t h e  f r e -  

quency  c o m p a r i s o n ,  b e c a u s e  t h e  rneasurcncnts c a n  effect i t s  

p u r p o s e  d u r i n g  one  l i v e  program of  b r o a d c a s t s .  
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1) sawa i n 1 9 7 2  . 

I n  t h e  p r e v i o u s  2, 31  , f reqency  compar isons  have been made 

between a  l o c a l  f r e q u e n c y  s t a n d a r d  and c o l o r  s u b - c a r r i e r ,  

f r equency  of t h e  l o c a l  s t a n d a r d  was s y n t h e s i z e d  i n t o  3 . 5 8  

MHz s o  f a r .  B u t ,  it i s  c o n v e n i e n t  t o  c o n v e r t  f r eyuency  of 

s u b - c a r r i e r  t o  5 . 0  MHz which i s  f e d  t o  one i n p u t  o f  a l i n -  

e a r  c o m p a r a t c r ,  because  of a  round f requency  and u t i l i z i n y  

p l a i n  c o m p a r a t e r s .  Of c o u r s e ,  a n o t h e r  i n p u t  o f  t h e  cornpar-. 

a t e r  i s  a  round f r e q u e n c y  from t h e  l o c a l  s t a n d a r d .  I t  s e e m s  

t h a t  t h i s  c o n v e r t e r  i s  u s e f u l 1  e s p e c i a l l y  f o r  c a l i b r a t i n g  

some f requency  s o u r c e s  by  c o l o r  s u b - c a r r i e r  d e r i v e d  frorn a 

rubidium c o n t r o l e d  o s c i l l a t o r  of  a TV s t u d i o .  T h i s  paper  

d e s c r i b e s  t h e  t h e o r y  of  o p e r a t i o n  of t h e  c o n v e r t e r  and t h e  

r e s u l t  of  f r e q u e n c y  s t a b i l i t y  measurement on a p r o t o t y p e  

one .  Commercial t y p e  of  t h i s  f r e q u e n c y  c o n v e r t e r  which i s  

named Phase Lock O s c i l l a t o r  h a s  been so!d hy F u j i t s l ~  Lim- 

i t e d .  

THEORY OF OPERATION 

Figure 1 shows schema o f  t h e  c o n v e r t e r .  Output  f r equency  of 

a v o l t a g e  c o n t r o l l e d c r y s t a l  o s c i l l a t o r ,  5 . 0  bZI-Tz, i s  d i v i d e d  

by e i g h t y  e i g h t .  The d i v i d e d  s i g n a l s ,  a b o u t  51.818 k H z ,  

a r e  shaped t o  p d l s e s  w i t h  0 . 1  p s  w i d t h ,  which a r e  s u p p l i e d  

t o  a g a t e .  I n  t ime  of  t h e  p u l s e  w i d t h ,  t h e  gate samples 

a m p l i t u d e  of s i n u s o i d a l  s i g n a l  o f  t h e  c o l o r  s u b - c a r r i e r  

which comes from a  color TV r e c e i v e r .  P u l s e  h e i g h t s  o f  t h e  

sampled  p u l s e s  a r e  averaged by p a s s i n q  th rough  a lowpass 

f i l t e r  and becomes DC v o l t a g e  i n  p r o p o r t i o n  t o  t h e  p u l s e  

h e i g h t s .  T h e  DC v o l t a g e  c o n t i n u e s  t o  v a r y ,  u n t i l  t h e  r e l a -  



t i o n  be tween  the output f r e q u e n c y  of VCXO and f r e q u e n c y  of 

t h e  c o l o r  s u b - c a r r i e r  r c a c h e s  t o  t h e  r a t i o  o f  88 t o  6 3 .  

When t h e  c i r c u i t  i s  n o t  i n p h a s e ,  w a v e  f o r m  b e i n g  o b s e r v e d  

a c t u a l l y  a t  t h e  g a t e  o u t p u t ,  v o l t a g e  i s  a l r e a d y  a v e r a g e d  and 

changed i n  s t e p s  i n c r e a s i n g l y  o r  d e c r e a s i n g l y  e a c h  one  p e r i -  

od of 5 1 . 8 1 8  kHz,  d u e  t o  a  c a p a c i t o r  addcd t o  t h e  i n p u t  of 

t h e  a m p l i f i e r .  

Lock r a n g e  i s  a b o u t  - + 2 x l o - 7  i n  f r a c t i o n a l  frequency, and 

s y n c h r o n i z i n q  c h a r a c t e r i s t i c  of  f r c q u c n c i c s  a L  i n p u t  and 

o u t p u t  i s  shown i n  F i q .  2 f o r  m a n i f e s t i n q  1 - i n e a r i t y  of the 

c h a r a c t e r i s t i c s  i n  the h a l f  o f  l o c k  r a n y e .  

FREQUENCY STABILITY FOR RECEIVING TV SIGNALS 

F i g u r e  3 i s  a r e p r e s e n t a t i v e  s t r i p  c h a r t .  r e c o r d  comparinq 

t h e  o u t p u t  f r c q u c n c y  O F  the c o n v e r t e r  w i t h  t h e  NRLMS f r e -  

quency  s t a n d a r d .  The phase d i f f e r e n c e  can bc r e s o l v e  t o  1 

n s  on t h e  c h a r t .  Block d i ag ram of the .phase compa:rison sys- 

ten is shown i n  u p p e r  part of  F i g .  4 .  Under p a r t  of F i g .  4 

shows t h e  measurirly sys t em f o r  s h o r t  t e r m  s t d b i l i t y .  F r a c -  

t i o n a l  f r e q u e n c y  stability of tile nutpulr: o f  t h e  c o n v e r t e r  ic. 

terms of A l l a n  v a r i a n c e  i s  g i v e n  t y p i c a l l y  i n  F i g .  5 .  The 

s q u a r e s  in l f ' ig .  5 show t hc  s t a b i l i t y  data c a l c u l a t e d  by  rcacl- 

i n y  o f  t h e  1 . i nca r  t l races  such a s  F i q .  : 3 .  A l s o  p . l o t t e d  in 

k ' i g .  5 a s  t h e  c i r c l e s  a r e  the d a t a  oF thc s h o r t  t e r m  s t a b i l - -  

i t y  obtainecl  by a cornputi.i:r-: eaut- l tcr .  '!:!-:is a t a b : i . l i - t y  i.s not: 

worse  t h a n  the prcvi ous  ~xpe r i rnc l - l t  s 
1) 3 )  

These  valuc,s  a re  q i v c n  by r!ext f o r m u l a s .  \$-i.tl!i M - ~ a . i u e s  c~f 

f which i s  o u t p u t  frec;uen::y of: t-hc n i x e r ,  about 40 !r,Eii:, i ' 



the displayed value of the computing counter, G I  is: 

It being dispersed by the frequency multiplier, frequency 

stability, (Z ) ,  is: 
Y 

at K times rncasurenents, where n is multiple factor of fre- 

quency multiplier,and F output frequency of the converter. 
0 

In this measurement n equals 10. 

It is estimated that the stability a t  averaging time laryer 

t h a n  100 seconds i s  limited mainly by receiving broadcasts 

signal and uncertainty of drawing a straight line on the 

linear trace, and short term stability by instability of 

VCXO mainly. 

These broadcasts received in the above measurements were 

General program of NHK which is a public television networks 

in Japan. 

FREQUENCY OF THE MAJOR TV NETWORKS I N  JAPAN AND NOTE FOR 

CALIBRATIONS 

Frequency resettability of the broadcast h a s  been measured 

during about one week, average and distribution of frequen- 

cies are shown in Fig. 6 and Table 1. These data were cal- 

culated from the strip chart records, in which continuous 

traces were used except any phase jumps by station breaks 

and other sources of distortion. 
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that stability of frequency comparison between the sub-car- 

rier and the cesium standard of NRLM, in terms of Allan var- 

iance, was 2 x 10 -12 at averaging time of 20 minutes. 

Mutual frequency comparison between two remote cesium clocks 

by using the converter within the comparison system each can 

be expected a good result, it is scheduled to make by NRLM 

at Tokyo and Osaka in Japan. 
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Fig.1 Scheme of freuency converter f r o m  3.58 I i z  t o  5.0 MHz 
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Fie. 3 An example of the strip chart record of the phase carnpurisDn 

5.0 

RECORDER 
- 

SONY KV-1813 

- 
996 NHz(FR0N OTHZR X' !PAL OSC. ) 

df 
LOW PASS C C 3 P U T I N G  
FILTER COUlYTEit 

hp 536OA 

Fig.  4 1l;ossurement systctn f o r  phase comparison 

a.nd frequency stability, 



E'ig.5 Relative f r a c t l o n d  frequenoy atability for a color Tv suhW?-ri- 

3.0 4.0 5.0 6 . 0  

BXEQUENCY B i V I A T I O N  

( f w - f N m E ) / f  ( x l o - l l )  
(DATE T,LZASUHFB:3 TO 8 JUNE, 1974) 

3 ' .  6 D i s t r i b : , ~ t i o n  of' measured frequency 

on a c o l o r  sub-carrier. 

( NHK Goncra,l protFram ) 



T~ibla .1  Mean value and standard d e v i a t i o n  o f  frequency 

of a c o l o r  sub-carr ier  ( NFK General p r o g r a m  1 

PZ2AN VALUE OF STANDARD AVERAGING SUkl OF DATA 
FFiEQ. DEVIATION DEVIATION TINE 

( x 10-I") ( x 10-11) ( Km. 1 

4 0 - 3=3 10 140 

0.20 20 52 

4.08 0 .15 30 18 



C L O C K  (:OMPARlSONS BY TV, 

SFI , l~ ( :Sk I l  TC)13 I CS PERTATKING TO ,J,ZPAIi 

P r e c i s e  t i m e  conlpar i s o n s  by ?'L7 s y n s l ~ r o n i z ~ n : ; ~  p u l  s c s  h;ivc 

been  p e r f o r m e d  i n  rnany coun t r ' i  c 5 .  In . Ja l )an,  succeec i ing  

t o  an  e x p e r  imcnt of  t imr co11lpt~r.i so11 1 , )~  I'L ~) t . l l scs  ~ r ~ a d e  f  i r - s t  

by rlie Radio  R e s e a r c h  T . a h o r a t o ~ . i r . s  ( 1 l I l L )  i n  1 9 7 0  , tirile 

cornpar i s o n  expe r .~ rncn t  s hy TIT p u l s c s  among a t o m i c  c l o c k s  i n  

v a r i o u s  irist i t u t i o n s  h a v c  bee11 c a ~ r .  i cr l  on 2 ) 3 ) .  T11c l i n e  1 0  

t i m i n g  r~ietl-iod h a s  h e e n  urccl i n  t h e  compar l sor i .  Some im- 

provernents  o f  r e c e i v i . n g  ccjuipments have  been  mndc i n  o r d e r  

t o  o b t a i n  h i g h e r  s t a b i l i t y  and  a c c u r a c y ,  a n d  t h e s e  -i.mprnvc- 

rnents havc  h r o u g h t  good r e s u l t s  o n  t h e  coinpa r i s o n  i n  t ) r*nc  - 

t i c e  4) - 7 )  

A t  p r e s ~ n t ,  c l o c k  cornllar.  son by TV s i g n a l s  has  hccn rnticle on 

a r o u t i n e  b a s i s  among f i v e  i n s t l t u t  i n n s ,  R R L ,  t h e  h a t l o r i a l  

R e s e a r c h  Labo r - a to ry  o f  hletx.ology ( N R L M )  , t h e  I n t e r n a t i o n a l  

T , a t i t u d e  O b s e r v a t o r y  o S Mi ~us : i \ va  ( I  T , O M )  , t h e  Tokyo A s t r o  

r loniical  O b s e r v a t o r y  ( 1AO) , and t h e  Ktinoz,~n (,cadet i c O b s c r v a -  

t o r y  (KCO) . I ' i g .  1 sho~%-s  l u c n t  i o n s  o T t l lc>sc i n s t l t u t  i 011s. 

Distances f rom a cornrnoi~ t r - : i n s rn~ t t  i11g : ~ n t c n n ; ~  a r c  l e s s  thal l  

50 km, c x c c p t  I L O b l  w l ~ i c h  i s  s i t u a t o c l  a b o u t  4 0 0  k~n n o r t h  01 

Tokyo. 

Tteriis o f  t h e  improvements  adoptccl  i n  t h e  p r e s e n t  cornpal-isons 

a r e  



[ a )  t o  s t n b i l i z c  t h e  I r e q u e n c y  o f  t h e  l o c a l  o s c i l l a t o r  i n  

TV t u n e r ,  

[ b )  t o  Cix t h e  s e t t i n g  o f  t h e  a u t o m a t i c  g a i n  con t r .01  (ACC)  

i n  I F  a m p l i f i e r .  

F i g .  2 shows a  r e s u l t  o f  c o m p a r i s o n  b e t w c e n  c e s i u m  c l o c k s  

a t  NRLM a n d  RRT,, wllicll i s  g i v e n  by  f r e q u e n c y  d i s p e r s i o n  i n  

y s / d n y  o b t a i n e d  f rom 5 d a y  d i f f e r e n c e s  i n  t i m e  corrlparison 

d a t a .  D u r i n g  t h e  p e r i o d  A i n  t h e  f i g u r e ,  t h e  m e a s u r e m e n t s  

a t  NRLM were  madc hy a d j u s t i . n g  t h e  f i n e  t u n i n g  c o n t r o l  o f  

a. TV t u n e r ,  rnonitor..i.ng t h e  l e v e l  o f  c o l o r  b u r s t  s i . g n a 1 .  

W h i l e ,  cl.uring a n o t h e r  p e r i o d  13,  a  q u a r t z  cr .ys ta .1  l o c a l  

o s c i l l a t o r  was u s e d  i n  t h c  'I'V t u n c r  a n d  t h e  t r i g g e r  l e v c l  

01 t h e  p u l s e  s e l e c t o r  f o r  l i n c  1 0  p u l s e s  was f i x e d .  

F r c q u c n c y  s t a b i l i t y  i n  t e r rns  o f  A l l a n  v a r i a n c e  o f  t h e  r e s u l t  

i s  ahown i n  F i g .  3 .  The v a l u e  d u r i n g  t h e  p e r i o d  R a t t a i n e d  
- 

t o  1 x 10 - 1 .5 a t  a v e r a g i n g  t i m e  o f  1 0  d a y s ,  i n c l u d i n g  t h e  

i n s t a b i l i t y  o f  t h c  two c l o c k s  concerned  4 )  73 

An experiment h a s  k c c n  made by  NK1,M t o  m e a s u r e  v a r i a t i o n  i n  

r e l a t i v e  t i m e  d e l a y  b e t w e e n  two i m p r o v e d  e q u i p m c n t s  o f  t h e  

same t y p e .  The v a r i a t i o n  c o u l d  be  r e d u c e d  t o  1 0  n s  ( o n e  

s i g m a )  f o r  a  s i n g l e  e q u i p m e n t ,  a s  compared w i t h  t h a t  o f  2 0  

t o  30  n s  [one  s i g m a )  g i v e n  i n  t h e  c a s e  o f  cor r~rnerc ia l  'I'V 
4 3 r e c e i v e r s  . 

T n  t h e  c o m p a r i s o n  o f  c e s i u m  c l o c k s  v i a  TV p u l s e s  made b e -  

tween TAO a n d  K G O ,  t o  k e c p  t h e  s t a r t i n g  v o l t a g c  o f  A G C  a n d  

t o  o b s e r v e  t h e  f r e q u e n c y  o f  t h e  l o c a l  o s c i l l a t o r  i n  T V  t u n c r  

w e r e  t a k e n  i n t o  c o n s i d e r a t i o n  i n  p a r t i c u l a r .  The s t a n d a r d  

d e v i a t i o n  o f  4 0  n s  f rom a l i n e a r  t r e n d  was o b t a i n e d  f rom 





and t h e  o r d i n a t e  t h e  r c l a t i v e  d e l a y  t i m e .  T h e  v a r i a t i o n  i n  

t h e  Iormer  c a s e  i s  l e s s  t h a n  h a l f  o f  t h e  l a t t e r .  I t  may be 

s a i d  from t h i s  r e s u l t  t h a t  t h e  v a r i a t i o n s  i n  t h e  d e l a y  t ime  
7 1 w o u l d  b e  f u r t h e r  r educed  . 

'She t ime  o f  t r ans r r i i s s ion  oC '1'V s y n c h r o n i z i n g  p u l s c s  and t h e  

f r e q u e n c y  d e v i a t i o n  o r  c o l o r  s u b c a r r i e r  on t h c  NHK and t h e  

NET s i g n a l s  have been p u b l i s h e d  by K R L  s i n c e  A p r i l  1975.  

I n t e r e s t s  t o  t h e  u s c  o f  TV s y n c h r o n i z e r  a r e  growing i n  

J a p a n ,  b u t  t h e  u s e r  market  f o r  them i s  s t i l l  l i m i t e d .  Any 

gadge t  f o r  time cornparison by TV s y ~ l c h r o n i z i n g  p u l s e s  Elas 

n o t  y e t  been commerc ia l ly  p r o d u c t e d  i n  J a p a n .  

'She a u t h o r s  a r c  much i n d c b t e d  t o  P r o f .  S .  I i j i m a  and D r .  N .  

Matsunami o f  T A O ,  D r .  Y .  S a b u r i  o f  K K I , ,  M r .  Y .  Koga o f  

NRLM, and t h e i r  s t a f f  f o r  t h e  c o m p i l a t i o n  o f  t h i s  r e p o r t .  

REFERENCES 

1 )  S a b u r i ,  Y . ,  Yasuda, Y . ,  Kobayashi ,  S .  and S a t o ,  T . ,  

" P r e c i s i o n  comparison o f  t ime  and f r equency  by  means of. 

TV s i g n a l s "  ( i n  Japanese), Rev. o f  R R L ,  Vo l .  1 8 ,  433-444,  

Nov. 1972. 

2 )  H o r i a i ,  K . ,  I l a r a ,  T .  and A i h a r a ,  M . ,  "Time comparison 

by network t e l e v i s i o n  b r o a d c a s t s "  ( i n  J a p a n e s e ) ,  P r o c .  o f  

ILOM,  No. 1 3 ,  March 1973.  

3) C C I R  Document 7 / 2 6 - E ,  O c t .  1 9 7 3 .  

4 )  l nouye ,  T .  and Nara,  M . ,  "The s t a b i l i t y  o f  t ime  compar i -  

son  by TV s i g n a l  o f  common emiss ion"  ( i n  J a p a n e s e ) ,  T r a n s .  

S o c i e t y  o f  instrument and C o n t r o l  Engineers, J a p a n ,  Vol .  1,1, 





4 

Fis.  1 Locatiom of laboratorfes 
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-4ve.x*zr;in:: t i n e  z (:;) 

f,y{LI,! r!,n<. ;)XI, 2:: cr,agarerf. via 'I1;; p?;lscs. 



I f' 

1.F.Signal Level ., l / 

' : (relative value) / 1 i -- ,=* , 
1 *% -. - - --"- - - - a**, .-. 

/ 

Intermediate frequency (TDIZ) 

F 1 i ~ * 4  h a r i a t i o n  of delay time cause* by tho adjuntment 

of i;ho staxting voltago of AGC. 

- 
300ns 

- -Y-. 

P 
(b) Leading edge 

1 I I I I 1 
0.2 0.3 0.4 0 5 
Amplitude of synchronizing pulse 

(volts, peak t o  peak) 

Relative dolays  nnd scn- t ters  (one sigma) of 

separated synchronizing pu l s e  vs. ampl i tude  

of the synchronizing p u l a e  i n  video, signals, 



OUTPUT 

S Schene of freuency converter f r o m  3.58 TiXz to 5.0 MHz 

-:------,-,- 

500 5 . 2  5 . 4  5.6 5 . 8  6 . 0  

3 579 5 4 * . *  112 

INI'UT PREQUBNCY 



05 13 UT 1974 Mar. 9 

. ; An exqmple of The strip chart record of the phase comparison 

M C  E I V f l l  CONVEHTER COMPARATEH RGCORUER 

SONY KV-1813 

LOW PASS 
& 

CCM?UTING 
FILTER COiTNTER 

hp 53601 
4.996 hMe (FROM OTHER X' TAL OSC . ) 



--, . 
1 Relative fractional  frequency atability f o r  a color TY 8ub-oarrier 



1 J - Ikan  vzlue ar,d standard d e v i a t i o n  of frequ-ency 

of a c o l o r  s u b - c a r r i e r  ( JJHK General p r o g a m  ) 

- -- 

I A N  VALUE OF STAIDARC AVERAGING SUM OF DATA 
m m  

140 

52 

I--- 18 

( AEASUHENEI?T PERIOD: 3 TO 8 JIJNX, 1974 ) 



j . - , - _- 
Locationc o f  laboratories 



Q ,,i , - Daily divergence between NRW'S master clock and 
RRL'S one via TV signal o f  NHK General program 
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i , r .?,  ~ ~ I u t u a l  frequency stability o f  cesium clocks at 

ARUd and R-5!Ji zs con:)axed via TV pulses .  





DF. SHEPARU: 

, T i  ll'e may h a v e  :t cor;;mnr;ical, ion s r:rnblorn I-:tl-:r'r* . . . hc  s ~ t ~ c l : ~ ( j r ; j . ; : - -  
i rig pulses and  Lfxc s1;bc;3~rri er , K C : ~ . C :  t l l ~ y  i::j!~er: Ix.c;rii  + "  t, - 
s y n c l n r c ~ n ' L z a t i c n  separator vv.i.thiLn t h e  t:t<!~,vi.:,:;icn r:,r ' i f e r ~  
they sepa . ra . t ed  o v t s j . d e  f r t ; l n :  t2l;c> r:orny:13r;itt: \:l.dc:c. ..~i.:?:nz.!? 

At present  , we u s e  a n o t t i r r  r o c c i b c r .  , l,v:c c.!.i f Tt>lher i  t rrrcc.ivcrlr~;, 

DR. SHEPABC : 

O n c  for t h c  s y n c h r o n i z n t  ion p ~ l s e ~ ,   all^! c~fic f(,r the  F , I ! ~ -  

c n r r i ~ r ?  




