
- 

UNATTENDED TV TIME TRANSFER RESULTS 

John A .  Waak and John H.  Spencer 
E .  0. Hulburt  Center f o r  Space Research, 

Naval Research Laboratory ,  Washington, D. C .  20375 

ABSTRACT 

We r e p o r t  on t h e  r e s u l t s  of more than  e i g h t  thousand r e l a t i v e  
t e l e v i s i o n  t ime t r a n s f e r s  t o  Maryland Po in t  Observatory over a  1 4  
month pe r iod  beginning i n  December 1981. The d a t a  were taken a t  
i n t e r v a l s  of 30-60 minutes  u s i n g  a  Yewlett-Packard 1000 computer 
o p e r a t i n g  i n  an unat tended mode. After  c o r r e c t i o n  f o r  l i n e a r  
d r i f t s  of our maser wi th  r e s p e c t  t o  t h e  master  clock o f  the  USNO, 
t h e  r e s u l t s  a r e  i n t e r n a l l y  c o n s i s t e n t  t o  w i t h i n  roughly -t65 nsec  
over t imespans up t o  t h r e e  months, under t h e  assumption of i n -  
v a r i a n t  propagat ion de lay .  The major d isadvantages  t o  t h i s  
method of  t ime t r a n s f e r  a r e  t h e  r e l a t i v e l y  poor p r e c i s i o n  and t h e  
dependency upon c o n s t a n t  propagat ion times. 

I N T R O D U C T I O N  

The Naval Research Laboratory o p e r a t e s  t h e  Maryland Po in t  Radio Observatory f o r  a 
v a r i e t y  of p r o j e c t s  t h a t  r e q u i r e  a  very p r e c i s e  s t a t i o n  c lock i n c l u d i n g  very long  
b a s e l i n e  i n t e r f e r o m e t r y  ( V L B I ) .  I t  i s  t h e r e f o r e  necessary  t o  conduct r e g u l a r  c lock 
checks and t ime t r a n s f e r s  from t h e  U.S. Naval Observatory (USNO) master c lock.  The 
s t a t i o n  c lock used i n  t h e  conduct of  t h e s e  exper iments  is a Smithsonian Astro- 
p h y s i c a l  Observatory (SAO) VLG10 hydrogen maser. A Hewlett-Packard 5065A rubidium 
clock is  a l s o  p r e s e n t  a t  t h e  obse rva to ry  and i s  used f o r  t e s t i n g  and backup. 

The t r a d i t i o n a l  method of  t r a n s f e r i n g  t ime involves  t h e  use of  a p o r t a b l e  c lock 
which is compared t o  t h e  master  c lock b e f o r e  and a f t e r  being t r a n s p o r t e d  t o  the  
remote s i t e .  Th i s  procedure  i s  t ime consuming and r e q u i r e s  t h e  commitment of s i g -  
n i f i c a n t  manpower and o t h e r  r e s o u r c e s  i f  it i s  t o  be done f r e q u e n t l y  on a con t inu ing  
b a s i s .  An a l t e r n a t i v e  t o  t h e  t r a d i t i o n a l  method i s  t o  make use of t r a n s m i t t e d  
s i g n a l s  which a r e  s imul taneously  monitored a t  t h e  USNO and a t  t h e  remote s i t e .  The 
Global  P o s i t i o n i n g  S a t e l l i t e  (GPS) system and commercial t e l e v i s i o n  b roadcas t s  
provide  f a c i l i t i e s  which can be used a s  such an a l t e r n a t i v e .  The t e l e v i s i o n  method 
r e q u i r e s  no moving p a r t s ,  and when c o n t r o l l e d  by a  mult i-user computer, promises 
more or less cont inuous  o p e r a t i o n  and a  high d a t a  r e t u r n  i n  exchange f o r  t h e  smal l  
amount of r e sources  it r e q u i r e s .  Various schemes f o r  and uses  of t e l e v i s i o n  time 
t r a n s f e r s  have p rev ious ly  been d i scussed  i n  t h e s e  conferences  ( c f .  Inouye and 
Takeuchi 1975; Kovacevic 1977; Kaar ls  and de Jong 1979; Chiu and Shaw 19811, b u t  
Large numbers of  such measurements have  not been presented.  

S ince  December 1981 we have been c a r r y i n g  out  automat ic  unattended t e l e v i s i o n  time 
t r a n s f e r s  t o  both t h e  hydrogen maser and t h e  rubidium clock a t  Maryland Point  
Observatory.  Occasional  p o r t a b l e  c lock t ime t r a n s f e r s  were a l s o  conducted,  and t h e  
d a t a  from t h e s e  can be used t o  a i d  i n  e v a l u a t i n g  t h e  s u i t a b i l i t y  o f  the  TV measure- 
ments a s  a  t ime t r a n s f e r  method between t h e  USNO and Maryland Po in t .  I n  t h e  course  



of appr"oximat,el y 114 mont,hs we have o b t a i n e d  9'744 measurements. 

RKVLEW OF TlIE TV Tli.1E TRANSFER METHOD 

The video t r a n s m i s s i o n s  from Channel 5 (WTTG) i n  Washington, D.C. a r e  synchron ized  
sucP~ t h a t  t h e  1-ine 1 0  odd TV h o r i z o n t 3 1  p u l s e s  a r e  t r a n s m i t t e d  on p a r t i c u l a r  seconds  
of a UTC sca le  r e f e r e n c e d  t o  t h e  USNO master  c l o c k  (Lavanceau and C a r r o l l ,  1971). 
I t  i s  termed a " t ime of c a i n c i d e n c e "  o r  "TOC" when t h e  TV l i n e  10 odd  p u l s e  o c c u r s  
a t  t h e  same i n s t a n t  a s  H one second pl l l se  of  t h e  master  c l o c k .  The r e p - r a t e  o f  t h e  
TV p u l s e  t r a i n  i s  29.97003 p p s ,  which means t h a t  TOC's occur  a t  i n t e r v a l s  o f  1001 
seconds  ( i . e .  e v e r y  30000 TV ~ u l s e s ) .  

One consequence i s  t h a t  t h e  l o c a l  a tomic  c l o c k  shou ld  be p r e s e t  t o  b e t t e r  t h a n  
33.366 m i l l i s e c o n d s  so  t h a t  TV p u l s e  i d e n t i t y  is c o r r e c t l y  e s t a b l i s h e d .  The 
qimn?<ity a c t u a l l y  meas\-wed is t h e  t ime  j -n te rva l  between a 1  p u l s e  per  second p u l s e  
from one of  t h e  l o c a l  c l o c k s  and t h e  n e x t  TV l i n e  10 odd p u l s e .  Our s t a t i o n  c l o c k  
i s  compared t o  t h e  t e l e v i s i o n  s i g n a l  e m i t t e d  by Channel 5,  whose s i g n a l  i s  phase  
locked  t o  a  cesium f requency  s t a n d a r d ,  and i s  moni tored d a i l y  by t h e  USNO. T h i s  TV 
s i g n a l  i s  e a s i l y  r e c e i v e d  a t  Maryland P o i n t ,  which i s  approx imate ly  70 km from t h e  
t , r a n s n i t t e r .  The d a i l y  moni to r ing  by t h e  USNO e n a b l e s  u s  t o  o b t a i n  USNO maste r  
clock-Maryl.and P o i n t  s t a t i o n  cl.ock compar isons  by p e r m i t t i n g  t h e  removal o f  t h e  
e f f e c t ,  of cesiurn d r i f t  a t  t h e  t r a n s m i t t e r .  

Employing  an IEEE--433 i n k e r r a c e  bus ,  our  Hewlett-Paclcard 1000 computer i s  used t o  
r'ead an HP L)345 t ime jt i t ,erval  c o u n t e r ,  which h a s  a d u a l  4 -pos i t ion  v h f  s w i t c h  i n  
f r o n t  o f  it. A meas~rrement c o n s i s t s  o f  t a k i n g  a r e a d i n g  from each of t h e  16 
p o s s i b l e  s t o p / s t a r t  combinat ions .  The s t a r t  p u l s e s  were: rubidium 1 pps ,  t h e  maser 
1 p p s ,  t h e  Mark IT V I . U I  f o r m a t t e r  1  pps ( s l a v e d  t o  t h e  maser 5 Mhz), and a de layed  
p u l s e  f ' ru~n t h e  rnaser having a  p e r i o d  o f  1.001 s e c .  The s t o p  p u l s e s  were t h e  TV ( t h e  
s i g n a l  o u t  of t h e  McBec I n d ~ l s t r - i e s  l i n e  10 decoder ,  t h e  maser 1 pps ,  t h e  Mark I1 
f o r m a t t e r  1 p p s ,  and a s w i t c h  p o s i t i o n  where a p o r t a b l e  c lock  o r  o t h e r  m i s c e l l a n e o u s  
c l o c k  could  be read .  

A cortrrrlete measuremetrt, Is c ~ b t ~ a i n e d  over  a s h o r t  t ime  span ( r o u g h l y  t h i r t y  s e c o n d s ) ,  
t h u s  t h e  e n t i r e  m a t r i x  can be c o n s i d e r e d  a s  v i r t u a l l y  s imul taneous .  For t h e  purpose  
of t h i  s paper ,  rrs adopt  t h e  conven t ion  o f  r e f e r r i n g  t o  a measurement a s  " i d e n t i t y  o f  
s t o p  p u l s e  minus i d e l l t i t y  of s t a r t  pu l se" .  I n  a d d i t i o n  t o  rea l .  t i m e  and n e a r  r e a l  
t ime  d i s p l a y s  a t  Maryland P o i n t ,  t h e  d a t a  l o g  i s  dumped t o  magnet ic  t a p e  and brought  
back t o  NRI. f o r  furt,krer p rocess ing  a t  i n t e r v a l s  of approx imate ly  two months. 

Because of t h e  n a t u r + e  of our measurement t e c h n i q u e ,  t h e  i n t e r n a l  c l o c k  o f  t h e  HP 
1000 computer i s  invo lved  i n  t h e  p r o c e s s i n g  of  t h e  over - the -a i r  measurements. The 
non-r+at;ional r e p - r a t e  of t h e  TV s i g n a l  ( a s  d e s c r i b e d  above---29.97003 pps;  pe r iod  = 
33.36666 r n i l l i s e c ) ,  means t h a t  an e r r o r  by t h e  computer c l o c k  w i l l  produce an o f f s e t  
of 1000 microseconds  pe r  second of c l o c k  e r r o r  i n  t h e  (TOC-start p u l s e )  d a t a .  As 
l o n g  a s  t h e  computer clock r e a d s  t h e  c o r r e c t  second ,  t h e  s o f t w a r e  c o r r e c t l y  i d e n t i -  
f i e s  t h e  TV p u l s e ,  s u  f o r  example,  a 0.5 second e r r o r  by t h e  computer c l o c k  w i l l  
produce no o f f s e t .  i J f* f ' se t s  a r i s e  from b o t h  s o f t w a r e  m i s i d e n t i f i c a t i o n  of t h e  TV 
p u l s e  a n d  computer c l o c k  e r r o r .  The HP c l o c k  r u n s  on an i n t e r n a l  c r y s t a l  which 
d r i f t s .  In  view of t h e  1000 rnicrosec/sec  e f f e c t  of computer c l o c k  e r r o r ,  a l l  o f  t h e  
T O C  (over - the -a i r )  d a t a  i s  s u b j e c t e d  t o  a modulo 1000 c o r r e c t i o n  b e f o r e  p l o t t i n g .  



: k i l e  t h e  raw c o u n t e r  r e a d i n g s  a r e  a measu re  o f  t h e  i n t e r v a l  between t h e  1 pps  from 
a  s t a t i o n  c l o c k  and t h e  n e x t  TV l i n e  10 p u l s e ,  a  c o r r e c t i o n  i s  made t o  t h e  r e a d i n g s  
by a p p l y i n g  an o f f s e t  due  t o  t h e  t i m e  e l a p s e d  s i n c e  t h e  most r e c e n t  TOC, If t h e  
time s i n c e  t h e  l a s t  TOC i s  l a r g e  o r  small enough t h a t  t h e  c l o c k  e r r o r  c a u s e d  t h e  
m i s i d e n t i f i c a t i o n  o f  the c o r r e c t  T O C ,  t h e  i r r a t i o n a l  p a r t  o f  t h e  p e r i o d  i s  added o r  
s u b t r a c t e d  c a u s i n g  a few o f  t h e  r e d u c e d  r e a d i n g s  t o  b e  o f f s e t  by k633 .3 ,  k266 .7 ,  and 
L900.0 u s e c .  Due t o  t h e  l a r g e  number of good r e a d i n g s  we o b t a i n ,  we d i d  n o t  b o t h e r  
t o  c o r r e c t  t h e s e  d a t a .  

I DISCUSSION OF RESULTS 

A .  Maser Compar i sons  

F i g u r e  1  d e p i c t s  t h e  r e l a t i o n s h i p  be tween  t h e  t r a n s m i t t e d  dTTG t e l e v i s i o n  s i g n a l  and 
t h e  m a s t e r  c l o c k  o f  t h e  USNO o b t a i n e d  f rom S e r i e s  4 o f  t h e  93NO Time S e r v i c e  
Announcements ,  i n t e r p o l a t e d  t o  t h e  t i n e  o f  ? ach  o f  ou r  measu remen t s ,  and p l o t t e d  
a g a i n s t  m o d i f i e d  J u l i a n  d a t e  (MJD i s  d e f i n e d  a s  JD-2440000.5) .  The maximum ex-  I 
c u r s i o n  i n  t h i s  d a t a  was l e s s  t h a n  4 . 5  m i c r o s e c o n d s  o v e r  t h e  t i m e  spanned  by t h i s  
e x p e r i m e n t ,  and t h e  maximum l o n g  term r a t e  9 f  d r i f t  was l e s s  t h a n  40 n s e c / d a y .  

A time p l o t  o f  t h e  r e l a t i o n s h i p  be tween  ou r  maser and t h e  WTTS s i g n a l  r e c e i v e d  o v e r  
t h e  a i r  a t  Ya ry l and  P o i n t  i s  p r e s e n t e d  i n  F i g u r ?  23, and e x h i b i t s  a l a r g e  amount o f  
s c a t t e r .  Note t h a t  t h e s e  p o i n t s  a r e  a l l  t h e  a c t u a l  o b s e r v e d  v a l u e s  c o r r e c t e d  o n l y  
f o r  t h e  time s i n c e  l a s t  TOC o f f s e t  and t h e  modulo 1000 c o r r e c t i o n s  a l r e a d y  men- 
t i o n e d .  We a t t r i b u t e  t h e  l a r g s  s c a t t e r  t o  s v a r i e t y  o f  c a u s e s  i n c l u d i n g  i n p r o p e r l y  
s e t  t r i g g e r  l e v e l s  and t h e  computer  a l i a s i n g  men t ioned  above .  F i v e  d a y s  p e r  week, 
YTTG g o e s  o f f  t h e  a i r  f rom 3bou t  3230-0530 l o c a l  t i m e .  If a T3C measurement  i s  
a t t e m p t e d  i n  t h e  a b s e n c e  o f  a  TV c a r r i e r ,  t h e  resu l t  i s  random. A c c o r d i n g l y ,  we 
have  e x c l u d e d  f rom t h e  f i g u r e  a l l  TOG d a t a  t a k e n  from 0630-1030 UT ( t h e  f o u r  hou r  
r a n g e  accomoda te s  t h e  c h a n g e s  be tween  s t a n d a r d  and d a y l i g h t  t i m e s ) .  T h e r e  s t i l l  
r ema in  8200 measu remen t s  which i n c l u d e  a d m i t t e d  TC)C measurements .  No measurement  
h s s  been  e x c l u d e d  f rom t h e  f i g u r e  f o r  any o t h e r  r e a s o n ,  A h i s t o g r a m  o f  t h i s  d a t a  i s  
g i v e n  i n  F i g u r e  2b ,  which shows t h a t  more t h a n  71) p e r c e n t  o f  t h e  o b s e r v e d  v a l u e s  l i e  
w i t h i n  a 60 p s e c  r a n g e  n e a r  220 p s e c .  

A number o f  l o w - l e v e l  L o c a l  maxima a r e  s e e n  i n  t h i s  h i s t o g r a m .  Most o f  them o c c u r  
a t  t h e  d i s c r e t e  o f f s e t s  f rom t h e  nomina l  v 2 l u e  which were p r e d i c t e d  above .  Those 
o c c u r i n g  n e a r  500 ,  950 ,  and  320 a r e  l i k e l y  due  t o  t h e  r e c o v e r e d  r e a d i n g  b e i n g  o f f  by 
1 ,  2 ,  and  3 p e r i o d s ,  r e s p e c t i v e l y .  The maximum n e a r  860 u s e c  i s  p r o b a b l y  due  t o  t h e  
r e a d i n g  b e i n g  o f f  by o n e  p e r i o d  i~ t h e  o p p o s i t e  s e n s e .  The peaks  n e a r  430 and 170 
vsec are extremely L o c a l i z e d  i n  t i m e  ( a s  can be  s e e n  i n  F i g u r e  2 a ) .  We know t h a t  
t h e  170 usec r e a d i n g s  were  o b t a i n e d  when t h e  r d b i d i u m  c l o c k  s e r v e d  a s  t h e  s t q t i o n  
c l o c k .  The Oa ta  a t  t h e  p r e d i c t e d  o f f s e t s  c o u l d  be  r e c o v e r e d ,  b u t  b e c a u s e  o f  t h e  
l a r g e  number o f  lfgoodlf p o i n t s  t h a t  r e q u i r e  no r e c o v e r y ,  we e l e c t e d  t o  " c l i p n  a l l  
d a t a  o u t s i d e  of t h e  60 mic rosecond  r a n g e .  T h i s  c o n s t i t u t e s  an e r r o r  i n  o u r  Dro- 
c e d u r z  o f  r e d u c i n g  r e a d i n g s  t o  T O C t s  i n  t h e  p r e s e n c e  o f  known computer  c l o c k  e r r o r s ,  
and i s  n o t  i n t r i n s i c  t o  t h e  TV t i m e  t r a n s f e r  method,  A p p l i c a t i o n  o f  r e c o v e r y  
t e c h n i q u e s  would i n c r e a s e  t h e  p e r c e n t a g e  o f  p o i n t s  v i t h i n  t h e  60 p s e c  window by 
a b o u t  15 p e r c e n t .  

I 
The 70 p e r c e n t  o f  t h e  d a t a  w i t h i n  t h e  window i s  r e p l o t t e d  i n  F i g u r e  3 a ,  where i t  i s  
c l e a r l y  s e e n  t h a t  t h e  maser  d r i f t e d  s l o w l y  r e l a t i v e  t o  t h e  o v e r - t h e - a i r  TV s i g n a l .  
The b r e a k s  i n  t h e  d a t a  we re  t h e  r e s u l t  o f  v a r i o u s  m a l f u n c t i o n s  which r e q u i r e d  u s  t o  I 



(among o t h e r  t h i n g s )  r e s y n c  t h e  maser,  a f t e r  which t h e  d r i f t  r a t e  was somewhat 
changed. We found t h e  t h r e e  most extended groups  o f  con t inuous  d a t a  ( t h o s e  be- 
g i n n i n g  n e a r  MJD 5030,5130, and 5220) t o  have l i n e a r  d r i f t  r a t e s  o f  157,  52, and 48 
nsec/day,  r e s p e c t i v e l y .  These r a t e s  a r e  no t  s i g n i f i c a n t l y  l a r g e r  i n  magnitude t h a n  
t h a t  o f  t h e  TV s i g n a l  r e l a t i v e  t o  t h e  master  c lock .  Note t h e  ex tended  b r e a k  i n  d a t a  
coverage  from MJD 5060-5130. Most o f  t h a t  b reak  was t h e  r e s u l t  o f  computer s o f t w a r e  
f a i l u r e ,  and no t  due t o  maser problems. 

One o f  our  b u i l t  i n  o b s e r v a t i o n a l  r edundanc ies  is t h e  d i r e c t  over  t h e  a i r  obse rva-  
t i o n  o f  (TV-Maser) v i a  hardware u s i n g  a  time b a s e  g e n e r a t o r  which t r a n s f o r m s  t h e  4 
mhz p u l s e  from t h e  maser i n t o  a pseudo 1/1.001 pps ,  ~ h i c h  t r i g g e r s  t h e  c o u n t e r .  
T h i s  hardware measurement is independent  of t h e  computer c l o c k ,  f o r  t h e r e  a r e  
e x a c t l y  t h i r t y  l i n e  10 odd p u l s e s  i n  e a c h  1.001 second i n t e r v a l .  If a l l  is w e l l ,  
t h i s  d a t a  shou ld  b e  i d e n t i c a l  t o  t h e  (TOC-Maser) r e s u l t s ,  b u t  w i t h  none of  t h e  
c l u s t e r i n g  s e e n  i n  t h a t  d a t a  which r e s u l t e d  from computer c l o c k  e r r o r .  These 
llTV-lOO1ll d a t a  a r e  shown i n  F i g u r e  3b. The s i m i l a r i t y  between t h i s  d a t a  and t h e  
(TOC-Maser) d a t a  o f  F i g u r e  3a i s  r e a s s u r i n g .  

The r e l a t i o n s h i p  between our maser and t h e  USN3's master  c l o c k  a s  measured over  t h e  
a i r  and shown i n  F i g u r e  4 r e s u l t s  from combining t h e  d a t a  from F i g u r e  1 (WTTG-master 
c l o c k )  w i t h  t h a t  from F i g u r e  3a (TOC-Maser). The g r o s s  c h a r a c t e r i s t i c s  o f  t h i s  d a t a  
a r e  r a t h e r  s i m i l a r  t o  t h o s e  of  F i g u r e  3a. The r a t e s  of  d r i f t  f o r  t h e  (mas te r  
clock-Maser) r e s u l t s  a r e  147, 23,  and 53 nsec /day ,  r e s p e c t i v e l y ,  f o r  t h e  t h r e e  
g roup ings  o f  da ta  mentioned p r e v i o u s l y .  These r e s u l t s  do n o t  i n c l u d e  any c o r r e c t i o n  
f o r  d e l a y  due t o  t h e  time r e q u i r e d  f o r  t h e  TV s i g n a l  t o  t r a v e l  t o  Maryland P o i n t .  
When t h e  above mentioned s l o p e s  a r e  removed from t h o  t h r e e  d a t a  g roup ings ,  t h e  
r e s u l t i n g  d i s t r i b u t i o n s  s u g g e s t  an u n c e r t a i n t y  o f  f 6 5  n s e c  (HWHM) .  IJe saw no e v i -  
dence a f  s y s t e m a t i c  d i u r n a l  d i f f e r e n c e s .  K a a r l s  and de  Jong (1979) p r e v i o u s l y  
r e p o r t e d  a  TV t i m e  t r a n s f e r  exper iment  where "except  f o r  throw-out measurements t h e  
a v e r a g e  over  t h e s e  3 months seems t o  be w e l l  w i t h i n  500 nsec.ll Our e r r o r  may be 
s m a l l e r  because  we have a d a t a  d e n s i t y  a lmos t  two o r d e r s  o f  magnitude g r e a t e r  t h a n  
t h e i r s ,  a  s h o r t e r  b a s e l i n e ,  and a f u l l y  a u t o m a t i c  r e c o r d i n g  system. 

We a t t empted  t o  a p p o r t i o n  our  65 n s e c  u n c e r t a i n t y  among independent  s o u r c e s  o f  
e r r o r .  Such s o u r c e s  i n c l u d e  our maser,  c o u n t e r ,  t h e  a tmosphere ,  and t h e  
t r a n s m i t t e r - r e c e i v e r  combinat ion.  Adopting a  s c a l e  h e i g h t  o f  7 m i l e s  f o r  
a tmospher ic  wa te r  vapor ,  t a k i n g  i n t o  accoun t  t h e  d i s t a n c e  from t h e  t r a n s m i t t e r ,  and 
n o t i n g  t h a t  t h e  u n c e r t a i n t y  due t o  t h e  maser is 41 n s e c  (based upon VLBI d a t a ) ,  and 
t h a t  due t o  t h e  coun te r  is  +2 n s e c ,  we f i n d  t h a t  t h e  t r a n s m i t t e r - r e c e i v e r  combina- 
t i o n  i s  r e s p o n s i b l e  f o r  a lmost  a l l  o f  t h e  u n c e r t a i n t y .  

B. P ropaga t ion  Delay 

There  have been a  number o f  o c c a s i o n s  when a high q u a l i t y  cesium p o r t a b l e  c lock  was 
b rough t  t o  Maryland P o i n t  from t h e  USNO i n  c o n n e c t i o n  w i t h  V L B I  exper iments .  Such 
t r i p s  p e r m i t  t h e  d i r e c t  comparison o f  our  c l o c k s  t o  t h e  mas te r  clock w i t h o u t  t he  
i n c l u s i o n  o f  TV p r o p a g a t i o n  d e l a y .  The d i f f e r e n c e s  between t h e  (mas te r  clock-Maser) 
r e s u l t s  over- the-a i r  and t h o s e  v i a  p o r t a b l e  c l o c k  i s  t h e  p ropaga t ion  d e l a y .  I n  t h e  
l a t t e r  h a l f  of 1978 t h e  r e s u l t  o f  t e n  p o r t a b l e  c l o c k  t r i p s  t o  Maryland P o i n t  showed 
a  t o t a l  r ange  o f  120 n s e c  w i t h  an rms d e v i a t i o n  o f  40 nsec .  S ince  o n l y  f o u r  p o r t -  
a b l e  c l o c k  t r a n s f e r s  were performed ld i th in  t h e  t i m e  i n t e r v a l  spanned by our  d a t a ,  
t h e r e  i s  l i t t l e  t h a t  can be s a i d  about  s y s t e m a t i c  p r o p a g a t i o n  d e l a y  v a r i a t i o n s .  The 
f o u r  d e l a y  v a l u e s  t h u s  o b t a i n e d  y i e l d  an average  of 224.1k3.3 ( rms)  microseconds  f o r  



t h e  t r a n s m i t t e r - M a r y l a n d  P o i n t  d e l a y .  Chiu  and Shaw ( 1981 )  hav?  r e p o r t e d  t h a t  t h e  
d e l a y s  t h e y  measured  o v e r  t h e  30 km p a t h  be tween  WTTG and t h e  J o h n s  Hopkins  
U n i v e r s i t y  4 p p l i e d  P h y s i c s  L a b o r a t o r y  d u r i n g  a  span  o f  a p p r o x i m a t e l y  15  months  i n  
1980-1981 had a t o t a l  r a n g e  o f  (60 n s e c  and an rms d e v i a t i o n  of 11 nsec, b a s e d  upon 
30 p o r t a b l e  c l o c k  t r i p s .  We do n o t  o b t a i n  a  s i m i l a r  r e s u l t  o v e r  o u r  70  km p a t h .  
I n s t e a d ,  t h e r e  is  a  r a n g e  o f  a l m o s t  11 m i c r o s e c o n d s  i n  o u r  d e l a y  measurements  ( s e e  
F i g u r e  5 ) .  The a n t e n n a  a t  Maryland P o i n t  is  beyond t h e  d i r e c t  l i n e  o f  s i g h t  from 
t h e  t r a n s m i t t e r ,  and t h u s  t h e  s i g n 3 1  i s  s u b j e c t  t o  c o n s i d e r a b l y  more complex p r o -  
p a g a t i o n  p a t h s .  

Ye e x p e r i e n c e d  a numSer o f  ha rdware  problems d u r i n g  t h e  p e r i o d  o f  t h e  December 1951 
d e l a y  measurement ,  s o  its v a l u e  ( t h e  s m s l l e s t  i n  o u r  new s a m p l e )  s h o u l d  be  r e g a r d e d  
a s  s u s p e c t .  If t h i s  d e l a y  i s  d i s c a r d e d ,  t h e  r e m a i n i n g  3 d e t e r m i n a t i o n s  y i e l d  an rms 
o f  k 0 . 3  vsec .  A t  t h e  t i m e  o f  t h e  d e l a y  measurement  on 19 Oc tobe r  1982 we n o t i c e d  
t h e  f o l l o w i n g  phenomenon: j u s t  b e f o r e  1400 UT, t h e  o v e r - t h e - a i r  TV s i g n a l  e x h i b i t e d  
an a p p a r e n t  34 mic rosecond  jump. Ye saw a s i m i l a r l y  a b r u p t  r e t u r n  t o  t h e  normal  
v a l u e  e i g h t  h o u r s  l a t e r  ( j u s t  b e f o r e  2200 UT).  These p o i n t s  c an  be  s e e n  a s  a  
l l c lumpu n e a r  198 p s e c  an3  MJD=5262 i n  F i g u r e s  3. On tQ i s  d a y  t h e  p o r t a b l e  c l o c k  was 
a t  Maryland P o i n t  1600-1500 UT, and we used  t h e  a v e r a g e  of TV d a t a  t a k e n  b e f o r e  1400 
and a f t e r  2200 i n  compu t ing  t h e  p r o p a g a t i o n  d e l a y .  We know f rom t h e  c o n s i s t e n c y  of  
t h e  p r o p a g a t i o n  d e l a y  t h a t  t h e  34 m i c r o s e c o n d  jump was a  problem w i t h  t h e  t e l e v i s i o n  
t r a n s m i t t i n g  s y s t e m  r a t h e r  t h a n  w i t h  t h e  Maryland P o i n t  s y s t e m .  

C .  Rubidium Clock  Compar i sons  

F i g u r e  6 shows t h e  o v e r - t h e - a i r  r e l a t i o n s h i p  b s tween  t h e  m a s t e r  c l o c k  and o u r  
r u b i d i u m  c l o c k  d e t e r n i n e d  i n  a manner a n a l o g o u s  t o  t h a t  u sed  on  t h e  maser  d a t a .  The 
s h a r p  jumps i n  t h i s  d a t a  r e s u l t  f rom t h e  r e s z t t i n g  o f  t h e  Rb c l o c k ,  The d r i f t  r a t e s  
a r e  of t h e  o r d e r  o f  1 m i c r o s e c o n d / d a y ,  s i g n i f i c a n t l y  l a r g e r  t h a n  t h o s e  o b s e r v e d  f o r  
t h e  maser .  

Another  o f  t h e  r e d u n d a n c i e s  b u i l t  i n t o  o u r  a u t o m a t i c  d a t a  a c q u i s i t i o n  s y s t e m  i s  t h e  
d i r e c t  o n - s i t e  i n t e r c o m p a r i s o n  of  t h e  maser  and r u b i d i u m  c l o c k s .  A p l o t  o f  t h i s  
d a t a  a l o n g  w i t h  a  h i s t o g r a m  o f  i ts  d i s t r i b u t i o n  i s  p r o v i d e d  i n  F i g u r e  7. Much o f  
t h e  a p p a r e n t  w i d t h  of t h i s  d i s t r i b u t i o n  is due  t o  t h e  d r i f t  of t h e  Rb clock r e l a t i v e  
t o  t h e  mase r ,  and n o t  t o  i n h e r e n t  measurement  s c a t t e r .  The two c l o c k s  c a n  a l s o  be  
compared i n d i r e c t l y  by combin ing  t h e  TV measu remen t s  o f  b o t h .  I d e a l l y ,  b o t h  t h e  
d i r e c t  and i n d i r e c t  d e t e r m i n a t i o n s  o f  Maser-Rb s h o u l d  y i e l d  t h e  same v a l u e  ( s i n c e  
t h e  e f f e c t  o f  TV p r o p a g a t i o n  d e l a y  s h o u l d  c a n c e l ) ,  and c e r t a i n l y  t h e i r  d i f f e r e n c z s  
s h o u l d  c l u s t e r  a b o u t  z e r o ,  'dhen t h i s  is done ,  56 p e r c e n t  o f  t h e  d i f f e r e n c e s  c l u s t e r  
w i t h i n  5 p s e c  o f  z e r o .  

CONCLUSIONS 

With t h e  p o s s i b i l i t y  o f  undocumented e r r o r s  a s  l a r g e  a s  34 m i c r o s e c o n d s  i n  t h e  
t r a n s m i t t e d  TV s i g n a l ,  and t h e  i n a b i l i t y  t o  d e t e r n i n e  t h e  p r o p a g a t i o n  d e l a y , t h e  
u n a t t e n d e d  t e l e v i s i o n  t i m e  t r a n s f e r  method a p p e a r s  t o  be p r i m a r i l y  u s e f u l  a s  a  t o o l  
f o r  t h e  d e t a i l e d  m o n i t o r i n g  o f  t h e  s t s t i o n  c l o c k s .  

For  t h e  f u t u r e ,  s i n c e  o n l y  s l i g h t l y  more t h a n  55 p e r c e n t  o f  t h e  d i r e c t  and i n d i r e c t  
i n t e r c o m p a r i s o n s  of  t h e  s t a t i o n  c l o c k s  g i v e  c o n s i s t e n t  r z s u l t s ,  we need t o  m o n i t o r  
more o f t e n  t h o  pe r fo rmance  o f  t h e  d a t a  t a k i n g  sys t em.  The a d d i t i o n  o f  a b a t t e r y  
backup s y s t e m  t o  t h e  Mark I1 f o r m a t t e r  i s  s l s o  d e s i r a b l e .  F i n a l l y ,  we must  a c q u i r e  

36 1 



p r o p a g a t i o n  d e l a y  measurements much more f r e q u e n t l y ,  so  t h a t  w e  can t r a c k  any s i g -  
n i f i c a n t  changes  and remove t h e i r  effect from o u r  ( f u t u r e )  d a t a .  
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MICROSECONDS 
Figure 2 (a) - Drift of NRL maser relative to WlTG television signal as received 
at Maryland Point .  No correction for propagation delay ha8 been applied. (b)- 
Frequency illstribution of the data ahown in 2 (a). 
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Figure 3(a) - Expanded and clipped view of d r i f t  of NRI. maser relative to the 
received WTTG television signal. The clump at 198 usec is discussed i n  the 
text. (b) - Hardware measurewnt of maser/WTTG drift using pseudo 1/1.001 pps. 
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Figure 7 ( a )  - D i r e c t  on site comparison of  Maryland Point s t a t i o n  clocks 
n o t  invo lv ing  any television signal. (b) - Frequency  distribution of the 
data shown i n  7 ( a ) .  



QUESTIONS AND ANSWRS 

None f o r  Paper #18. 
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