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Kad l o  i n  tlerferorne t r : r  0:) ria Lura l  : ;ourccs which h a s  bcc!n 
an i m p o r t a n t  r a d i o  ast:rorlon17 tc:cli:liquc~, rec . lui~res  Lwo  corlnec- 
t i o ~ n s  between t h e :  a n t e r lnas ;  a c!;it2a li:-1:; aild ;.i l o c a l  n s u i l -  
l t l t o r  s y n c h r o n i z a t i o ~ l  1 i n k .  I 'or  i j ~ s e L i r l e s  o f  ~1.j t o  a fcw 
kil-orne t e r s ,  t-hese connections are IIIF~LI~ hy c a b l e s ,  and f o r  ul) 
t o  a b o u t  5 0  k i l o r n c t e r s  11g d i r e c t  n~ ic rowave  l i n k .  Radio  i n -  
t c r f e r o r n c t r y  over l o n g e r  d i  s t a n c e s  has used  - the "V1,BI1" 
t e c h n i q u e ,  which r e c o r d s  t h e  two d a t a  s t r e a m s  on m a y n e t i c  
t a p e  f o r  l a t e r  c o r r e l a t i o n  and u s e s  i n d e p e n d e n t  a t o m i c  f r e -  
quency  s t a n d a r d s  a t  e a c h  station. A n  a l t e r n a t i v e  method f o r  
long-base l i r - le  intel-fercjmctcr: ;  i.s t o  u s c  a n  ~ i r t i f i c i a l  s a t e l -  

. . 
l i t e  as a r e a l -  tj.!-r~e I ~ . r l k  b e t ~ . ~ . c ! e ~ ~  t h e  two ;i:-lte~l:~;is. T h i s  
mctllod was F i r s t .  successful I : /  cler7-~on:;t.r;~t.ecl I>l7 o u r  q r o ~ l l )  i l l  

Novembcr 1976 ,  anti re l jor tcc:  :111 at. t l l e  ii t 1-1 rJl"l'l Corif c r c l i ce .  
T h i s  rcport rccords thi: results o f  L i r l  c:<;~!erirlle~-lt. by o u r  
q r o u p  cor lducted i n  E ' cb~rua r ;~  1 9 7 7  io rlcln.ions ira te t h e  feasri- 
bili L y  o f  a  real. - t i r n c !  Liccura t.e -time t r ~ l n s f e r .  O b s e r v i n g  
s i t e s  a t  Grccn Bank, \L'c:;L T-irqi :?i;i ( (Ua t ion ,~ l  Radio  Ast.ronomy 
O b s e r v a t o r y )  and L a k e  'Travcr-sc,  O:ltaric7 (Al (ljonquin Radio 
o b s e r v a t o r y )  were  :~seci f o ~  t.5e c x p e r i r n e ~ l t  . I\ communica t ions  
s a t e l l i t e  known var^iousl17 as i lerc-~es :;r CTS-1 was made avai.1- 
a b l c  c o u r t e s y  o f  t h c  Canacliai: ".:i nistr:! ,  o f  Con~municat j .ons .  
Cesi-urn beam ti.me s t a n d a r d s  !,el 011c-;irIc;j -to t.he i.:. S . Naval 
O b s e r v a t o r y  were tr;lnspori.i-.ci t o  ~?~ii:l> s i t t ?  ,'is a n  inc lc l je~~clen t  
chcck  on t h e  a c c u r a c y  o f  t!lc t i r i p  t r a n s f e r ;  t h e y  wercl c a l l -  
b r a t e d  a t  the b e y i n n i n q  tind PIT(? cf eacl7 trip. The a c t u a l  
e x p e r i m e n t  was perf 'or~necl D I ~  2 0  Im'cbruary 1.977 a t  1 9 5 5  U T ,  
o b s e r v i n g  t h e  n a t u r a l  r a d i o  s o u r c e  3C84 a t  2 . 8  cm w a v e l e n g t h .  
T h e  measured del-ay was o b s c r v c d  i n  r e a l  t i m e  a t  t h e  m a s t e r  



station i.11 0nt;lrio bg~ l oc:king <?I. tile :?bscrveci correlati.on 0:) 
a c~~thocle-r-ay disl:)l.ay. T h c  corrclat i . o ; ~  output was a l so  
rec:ordcd on magnetic tape Tor later analysis. The raw 
ruca.sured t h e  cij.ffercncc was ARO-i;R - + 4 7 0  nax-~c.)scconds. 
W i t h  our system bandwidth of 10 MHz, the correlation func- 
tion was 100 nanoseconds widc, and its centroid could be 
det-ermimncd wi,th a prcci.sj.on of about 10 nanoscconds.   his 
measurement was then corrected for the cable delays at each 
station, and agreed with that predicted from the cesium 
cl-ocks to within 70 nanoscconds. This err0.r could have been 
accounted f o r ,  e-g., by a 25 mcter error in baselines or the 
relatively coarsc cab1.e delay measurements at Al-gonquin 
Radio Observatory. Bandwidth synthesis a.nd accurate cali- 
bration techniques as dcscribcd in Counselman -- et al. (1977) 
could be applied to yield real-timc comparisons with an 
accuracy of a few nanoseconds. It should be noted that by 
transmitting sampl-ed and clocked data the delay time of the 
satellite link does not enter into thc measurement. 

As an additional demonstration of the versatility of a 
real-time interferometer link, the stability of several 
different samples of atomic frequency standards was compared 
by substituting them in turn as master oscillators for thc 
local oscillator at one station and observing the apparent. 
dispersion in frequency of the interferometer fringes. T h . i s  
is known to be a very sensitive test a£ frequency standards 
because of the high multiplication involved. The results 
are displayed i.n figure 1. In each case a one minute avera- 
g i ~ a ~ t i m e  was used. Resolution is 0.016 MHz, or about 6 x 

. It will be seen that the H-P 5065A rubidium standard 
is close to the stability of a hydrogen mascr over this 
period, while a cesium standard, even the "supertube" ver- 
sion, is appreciably poorer. These measurements did not 
test lony-term stability. Also illustrated is an attempt to 
improve a cesium standard by using an external crystal idl-er 
instead of its internal crystal. This did not result in 
noticeable improvement; the same is true when the time 
constant of the servo loop was changed in a cesium standard 
equipped with this adjustment. We are continuing our satel- 
lite-link VLBI experiments. Our current objective is to use 
the satellite to provide a local osci.llator link as wel.1 as 
a real-time data link. A two way path is required to 
correct for changes in the satellite position. Since the 
translation oscillator in the tlermes satellite is not phasc 
coherent, the beacon signal from the satellite must also be 
used at each station to correct for the satellite oscillator 
phase. The use of the satellite link to correct the L.O. 
phase will provide much higher phase accuracy then prcvio,cls 
VLUT tcchnic~ucs and should greatly ease the requirements on 
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