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ABSTRACT 

The i n t e r c o n t i n e n t a l  c lock synch ron i za t i on  
c a p a b i  l  i  t i e s  o f  Very Long Basel i rie I n t e r -  
fe romet ry  ( V L B I  ) and the Navigation Techno1 ogy 
Sa t e l  l  i  t e  (NTS) were compared i n  May 1978 by 
using both methods t o  synchron ize  t h e  Cesiurri 
c l ocks  a t  the NASA Deep Space Net conlplexes 
a t  Madrid, Spain and Goldstone,  C a l i f o r n i a .  
The VLBI exper iments  used t h e  Wideband V L B I  
Data Acqu i s i t i on  Systeni developed a t  t h e  NASA 
J e t  Propuls ion  Labora tory .  The PITS S a t e l l i t e s  
which were des igned  and b u i l t  by t h e  Naval 
Research Laboratory were used with  NTS Tinling 
Receivers  developed by t h e  Goddard Spacc F l i g h t  
Cen t e r ,  The two rriethods agreed a t  about  t h e  onc- 
h a l f  microsecond l e v e l .  The V L B I  sys te~ l l  a l s o  
ob ta ined  long tern1 s t a b i l i t y  infortriat ion on t h e  
HP5061A-004 Cesium s t anda rds  by measuring ' T / T  
over  f o u r  3-4 day i n t e r v a l s  oh t a in inq  s t a b i l i t y  
e s t i m a t e s  of ( 1  - + 1 ) x 10-13 f o r  t h e  combined 
t iniing sys tems .  

*This paper p r e sen t s  t h e  r e s u l t s  of one phase  o f  r e s ea r ch  c a r r i e d  o u t  
( i n  p a r t )  a t  t h e  J e t  Propuls ion  Labora tory ,  C a l i f o r n i a  I n s t i t u t e  of 
Technology, under Cont rac t  No. NAS 7-100, sponsored by t h e  National 
Aeronaut ics  and Space Adminis t ra t i  on.  



INTRODUCTION 

A s e r i e s  o f  exper iments  were conducted i n  May 1978 t o  compare 
t h e  i n t e r c o n t i n e n t a l  c l o c k  s y n c h r o n i z a t i o n  c a p a b i l i t i e s  o f  t h e  
N a v i g a t i o n  Techno1 ogy Sate1 1 i t e  (NTS)  t i m e  t r a n s f e r  sys tem and a 
Very Long Base l i ne  I n t e r f e r o m e t r y  (VLBI) system which i s  i n  use 
i n  t h e  NASA Deep Space Net .  The purpose o f  t h e  exper iments  was 
t o  p r o v i d e  independent  v e r i f i c a t i o n  o f  t h e  accuracy o f  bo th  
systems. T h i s  v e r i f i c a t i o n  was accompl ished a t  t h e  one -ha l f  
microsecond 1 eve1 . 

The exper iments  were conducted between t h e  64m Deep Space 
S t a t i o n s  a t  Goldstone, Cal i f o r n i a  (DSS 14)  and Madr id ,  Spain  
(DSS 63) .  The VLBI exper iments  used t h e  Wideband D i g i t a l  V L B I  
Data A c q u i s i t i o n  System (WBDAS) developed a t  t h e  NASA J e t  
P ropu l s i on  Labora to ry ,  which has been i n  r o u t i n e  use i n  i t s  
p resen t  c o n f i g u r a t i o n  s i n c e  January 1978. The sate1 1 i t e  t i m e  
t r a n s f e r  exper iments  used t h e  NTS-1 s a t e l l i t e ,  des igned and 
b u i l t  by t h e  Naval Research Labora to ry ,  and t h e  NTS Timing 
Receivers  developed by t h e  Goddard Space F l i g h t  Center .  The 
NTS r e c e i v e r s  were b rough t  t o  t h e  DSS's s p e c i a l l y  f o r  these  
exper iments .  U n f o r t u n a t e l y  t h e  NTS-2 s a t e l l i t e  was n o t  
a v a i l a b l e  f o r  t h e  exper iments ,  as use o f  t h i s  s a t e l l i t e  m igh t  
have improved t h e  accuracy o f  t h e  i n t e r compar i son  by an o r d e r  
of rnagni tude.  

Exper iment C o n f i g u r a t i o n  

The c o n f i g u r a t i o n  o f  t h e  VLBI da ta  a c q u i s i t i o n  system and t h e  
NTS t i m e  t r a n s f e r  r e c e i v e r  a t  each DSS i s  shown i n  F i gu re  1. 
O f  p a r t i c u l a r  i n t e r e s t  i s  t h e  c l o c k  system. The p r ima ry  
f requency s tandard  a t  each s t a t i o n  was a HP5061A-004 Cesium 
o s c i l l a t o r .  Var ious  f r equenc ies  a r e  d e r i v e d  f r om t h e  r e f e r e n c e  
i n  a Coherent Reference Generator ,  i n c l u d i n g  50 MHz which i s  
used i n  t h e  VLBI system, and v a r i o u s  coheren t  t i m i n g  s i g n a l s  a r e  
made a v a i l a b l e  a t  t h e  o u t p u t  o f  t h e  Time and Frequency Assembly. 
For  t h e  purpose o f  t h i s  exper iment ,  t h e  s t a t i o n  r e f e r e n c e  c l o c k  
i s  t h e  1 pps s i g n a l  a t  t h e  o u t p u t  of t h e  TFA, s i n c e  b o t h  t h e  
VLBI and t h e  NTS systems connect t o  t h e  s t a t i o n  t i m i n g  system 
a t  t h i s  p o i n t .  I n  comparing t h e  r e s u l t s  f o r  t h e  two systems we 
accounted f o r  t h e  cab le  de lays  acco rd i ng  t o  t h e  s p e c i f i e d  o r  
measured p h y s i c a l  l e n g t h s  o f  t h e  cab les ,  and we measured t h e  
de lay  f rom t h e  1 pps i n p u t  t o  t h e  1 pps o u t p u t  o f  t h e  NTS 
r e c e i v e r s ,  wh ich  i s  t h e  r e fe rence  f o r  these  r e c e i v e r s .  The 
de lay  w i t h i n  t h e  WBDAS u n i t s  i s  l e s s  than  20 ns and i s  n o t  
s i g n i f i c a n t .  



111. NTS Tinie Transfer  Results 

Tinie t r a n s f e r  using a  NTS s a t e l l i t e  i s  accomplished by u s i n g  the  
s t a b l e  o s c i l l a t o r  on board the  sate17 i tc  as a por table  c l ack ,  
a n d  reading t h i s  clock over a  microwave l ink  a s  the  s a t e l l - i t e  
passes near the  var ious  ground s t a t i o n s .  The two nlajor fundamen- 
t a l  sources of e r r o r  !n the  time t r a n s f e r  a re  the i n s t a b i l i t y  
of the  o s c i l l a t o r  on the  s a t e l l i t e ,  and propoyation delays i n  
the ionosphere. Both o f  these  e r r o r  sources a f f e c t  the  time 
tvans fe r  meas~retnent b o t h  d i r e c t l y ,  a n d  i ndi r e c t l y  through 
e r r o r s  i n  the  s a t e l l i t e  o r b i t .  Raymond, e t  a l ,  [ q e f ,  1 1  
descr ibe  the  tinling rece iver  used here,  and present  the r e s u l t s  
of sorne titlie t r a n s f e r  experiments between Ros~i- an, N C ,  a n d  the 
Naval Research Laboratory, using the  NTS-1 s a t e l l i t e  which was 
a1 so used here.  These experiments deinonst.rated rtiis e r r n r s  of 
86 ns with respect  t o  a  portable c lack .  Errcrs  over intercon- 
t inen ta l  d is tances  a r e  soin~ewhat rilore due t o  tirue separa t ion ,  
o r b i t  e r r o r s ,  and 1 a rge r  i onospheri c e f f e c t s .  The ionospheric 
e f f e c t  and i t s  uncer ta in ty  j s  of ten  cn the  order  of 1 r-s a t  the  
r a d i o  frequency cf  335 MHz, b u t  t h i s  e r r o r  source tends t o  can- 
cel when the  time a n d  space separa t ion  a r e  small .  

The NTS time t r a n s f e r  nieasuretrieilts reported on here were 
niore o r  l e s s  adjunct  t o  the  s j x  nat.ion cooperative experiment 
described by Buisson, e t  a ; ,  [Ref. 2 1 .  The rece iver  used a t  t h e  
Madrid s t a t i o n  was the  sanie as  the onc u s ~ d  a t  Bureau 
In ternat ional  de 1 'Heure, France, and a  spare rece iver  was used 
a t  Goldstone, Ca l i fo rn ia .  As indicated in Figure 1 ,  the  
rece ivers  were i n s t a l  led i n  t h e  DSS coni;rol rooms, with the NTS 
antennas on the  roofs .  The pos i t ions  of the  antennas were 
measured t o  within a  few f e e t  with respect  t o  benchmarks a t  the  
s t a t i o n s ,  and e r r c r s  in the  antenna coordinates a r e  n o t  expected 
t o  con t r ibu te  s i g n i f i c a n t l y  t o  e r r o r s  in the  r e s u l t s ,  The data 
here processed in the sarrle imanner a s  i r ;  the  s i x  nation expcri-  
went, thereby e s t i ~ n a t i n g  the  o f f s e t s  :n the  DSS c locks  with 
respect  t o  the  l IN9  tilaster c l o c k  CaD,  a t  the  PJaval Observator ,~ .  

Figure 2 shows the  r e s u l t s  o f  t h i r t e e n  rrieasu!-enictits !nade a t  
Goidstone froni day 145  (I'la,y 2 5 )  t h r o u g h  dab/ 151 (May 31)  o f  l 975. 
T h e  r ~ s u l  t s  a re  corrected for- a delay o f  (j. 232 1, s  fr-o~n the  
Goldston@ clock reference point  t o  the r;TS rece iver  clock.  A 
l e a s t  squares l i n e a r  f i t  t o  the  data result ,s  i n  arl o f f s e t  USNO 
nii nus Go1 dstone of -0.688 1.h~ a t  O hours ori d a y  147, \+i t h  a r a t e  
o f f s e t  of -0 .9  x 10-12 a n d  an rms r e s i d i ~ a l  o f l . 3 4 1  1.1s. 



Ten measurements were conducted a t  Madrid during the same time 
frame, with the resul ts  shown in Figure 3.  These resul ts  are 
corrected for  a delay of 0 .279 us from the DSS clock reference 
point t o  the NTS receiver o u t p u t .  The leas t  squares f i t  indicates 
an of fse t  USNO minus Madrid of 8.593 us a t  0 hrs. on day 147, 
with a ra te  o f f se t  of -0.28 x 10-l2 and rrns residuals of 
0 .226 us. 

IV. V L B I  System Description 

Station clock of fse t  i s  one of the many parameters which can be 
estimated by Very Long Baseline Interferometry. The random 
radio signal from an extragalactic radio s t a r  i s  observed a t  
two antenna s ta t ions .  Because the antennas are widely separated 
and the Earth i s  rotat ing,  there i s  a time varying time delay 
between the arrival of the signal a t  the two s ta t ions .  This 
time delay and  i t s  derivative can be estimated from the geometry, 
and can be measured by cross-correlating the signals received a t  
the two s ta t ions.  Because the arr ival  of the signal i s  time-, 
tagged by t h e  clocks a t  the s ta t ions ,  the difference between 
the measured and the predicted time delays forms an estimate of 
the of fse t  between the s tat ion clocks. 

The Wideband VLBl Data Acquisition System (WBDAS) has been 
described elsewhere (Ref. 3 ) ,  together with resul ts  of experi - 
ments held in 1976, so we present only a brief description here. 
A simplified block diagram of the WBDAS i s  given in Figure 4 .  
As shown in Figure 1 ,  the systern interfaces t o  the standard [)SN 
receiving system a t  the 55 MHz 2 18 MHz output of the Block I V  
receiver. The receiver o u t p u t  i s  d ig i t a l ly  demodulated t o  base- 
band by sampling a t  50 MHz in each of two phase-quadrature 
3-bit  analog-to-digital converters. The AID converter outputs 
are then low pass f i l t e r e d ,  i f  desired, by summing N consecutive 
samples in a d ig i ta l  integrate-and-dump f i l t e r .  These experi- 
ments used b o t h  unfil tered sampling, and f i l t e r i n g  with N = 3, 
fo r  a f i l t e r  bandwidth o f  16 213 MHz, which was a reasonably 
good match t o  the receiver system bandwidths. 

The digi ta l  f i l t e r  outputs are quantized t o  1-bi t  and stored in a 
high speed buffer of 4096 b i t s .  When the buffer i s  f u l l ,  which 
takes about 120  IS for  N = 3,  sampling i s  inhibited and the 
buffer i s  emptied through the control computer on to  digi ta l  
magnetic tape. T h e  total  d a t a  ra te  onto magnetic tape i s  
57 kb/s, consisting of 14 bursts of 4096 b i t s .  The control 
computer u t i l i zes  knowledge of the radio source position t o  
predict t h e  geometric signal delay from the source, and  controls 



the  hardware b u f f e r  so t h a t  the same segments o f  t h e  signal  
wavefront a re  sampled a n d  recorded a t  both s t a t i o n s .  

The u t i l i z e d  rece iver  bandwidth of 16 2/3 MHz i; s u f f i c i e n t  t o  
achieve measurenicnt resol  ut ions of under 10 ns f o r  any radio 
source which i s  s trong enouyh t o  be detec ted .  Resolution of 
about 1 ns i s  achieved w i t h  strong sources ,  using 1 minute of 
data ( 3  x 106 b i t s ) .  

The accuracy o f  the  syster:! i s  l imited p r i ~ n a r i l y  by propagation 
uncer ta in ty  in the  ionosphere, which i s  often 20 ns a t  the  S-band 
recei  vi ng  frequency of  2290  MI-tz ; by unccrtai  nty in the Earth ' s 
o r i e n t a t i o n  (UTl) ,  which causes e r r o r s  o f  about 5 ns;  by e r r o r s  
i c  the  pos i t jons  o f  the  radio sources;  and by receiving systeni 
dela.ys, We current1 y estl:ll~i.,te the -total day t o  clay consistency 
in  r e s u l t s  t o  be about 30 ns ;  and the cons tant  bias due t o  
unknown b u t  constant  receivina systelrl de73js t o  be another 40 ns, 
f o r  an estimated t o t a l  e r r o r  of 50 ns. ( I t  i s  possible t h a t  the 
e r r o r  in the receiving systerri delays i s  g r e a t e r  than 40 ns ,  
because the  delays have not been measured, b u t  were est ir~iated 
f r on i  cable length spec i f i ca t ions  j. 

V L B I  Results arid Coriiparisorl t o  NTS Kesu: t s  

F G U ~  V L B I  clock sync experirwr?ts were c u r ~ d u c t ~ d  on May 1 5 ,  20, 
2 4 ,  and 2 7 ,  1978. The l a s t  three  experinienti consisted of fro111 
8 t o  13 t o t a l  o b s e r v a ~ i o n s  o f  7-11  radio  sources cver t o t a l  t ir~ie 
spans of 1.5-3 hours. O n  May 15, due t o  operat ional  probleiils, 
only two sources were observed, about 10 minutes a p a r t *  Despite 
the  discrepdncy in the alioirnt o f  d a t a ,  the  expected clock sync 
e r r o r s  are  about t h e  satrle o n  a l l  days, except t h a t  the expected 
e r r o r  on May 15 i s  s l i s h t l y  l a r g e r .  As shown i n  Yigure 4 ,  t h e  
con~puter associa ted  with the  WBDAS i s  in ter faced to  data t r ans -  
mission l i n e s .  We used t h i s  capabi i i  t y  t o  transriii t solfie of ~ lhe  
data from Madrid t o  JPL, a ~ d  we processed t h i s  data between 
experiments t u  provide c o ~ i f i  rmation t h a t  the  s t a t i o n s  were 
properly configured. 

Fjyure 5 shows the  f i n a l  clcck o f f s e t  e s t i n ~ a t e s  f o r  the four ddys 
The r e s u l t s  a re  cclriipensateci f o r  a l l  kno\~in c l o c k  a n d  s i ~ n a l  delays 
and a r e  expressed as Goldytone clock ~ ~ ~ i t ~ u s  Eadrid clock.  A 
1 inear  least squares f i t  t o  the  d a t a  y i e lds  ari estimated c l o c k  
o f f s e t  of 8 . 7 7 5  1.s a t  0 hr -5 .  ~ r i  d a y  147, w i t h  a :-ate o f f s e t  
o f  0 . 33  x 10-12. The rlvs of "the r e s idua l s  i s  20.7 ns ,  a n d  the  
san lp le  standard deviation i s  29.3 ns ,  with the  d i f fe rence  due 
t o  estiniating two parameter-s wi t ,h  an1.y four data points .  This 



i s  compatible with our a -p r io r i  est imate of day-to-day 
consistency of 30 ns. 

Also shown in Figure 5 i s  the NTS time t r an s f e r  experiment 
est imate of the clock and clock r a t e  o f f s e t  between the two 
s t a t i o n s .  This est imate i s  9.281 us a t  0 hrs.  on day 1 4 7 ,  
with a r a t e  o f f s e t  of 0.62 x 10-12, which i s  just the  USNO- 
Madrid r e s u l t  of Figure 3,  minus the USNO-Goldstone r e s u l t  of 
Figure 4. The di f ference between the VLBI a n d  the NTS est imates 
i s  0.506 ps a t  0 hrs .  on day 147 ,  with a r a t e  o f f s e t  of 
0.29 x 10-12. Day 147 was chosen as the reference epoch because 
both experiments were in progress a t  t h a t  time. 

The di f ference of 0.5 ps between the two experiments i s  probably 
mainly due t o  the  ionospheric e f f ec t s  on the NTS measurements, 
both d i r e c t l y  and through e r ro r s  i n  o r b i t  determination. There 
may a l so  he a l a rge r  constant  e r r o r  in the estimated s t a t i on  
delays f o r  the  VLBI experiment than the  ant ic ipated f4.0 ns. The 
di f ference between the  r a t e  est imate i s  within the e r r o r  bounds 
of the NTS experiment. 

VI. Osc i l l a to r  S t a b i l i t y  Estimate from the  VLBI Data 

The i n s t a b i l i t i e s  of the HP5061A-004 Cesium o s c i l l a t o r s  a t  the 
two s t a t i o n s  can be bounded by using the VLBI r e s u l t s .  The four  
experiments form three  tinie i n t e rva l s  of 3 t o  4.5 da.ys. 
Differencing the  clock o f f s e t  est imates f o r  successive experiments 
leads t o  frequency o f f s e t  est imates of 1.55 x 10-13, 
4.26 x 10-13, and 3.63 x 10-13. Successive absolute d i f ferences  
between the o f f s e t s ,  divided by root  2 ,  y ie ld  Allan variance 
tr 's  of 1.70 x 10-13 and 0.44 x 10-13. The average of the  two 
A1 lan variance pa i r s  y i e ld s  an average CJ o f  1.07 x 10-13 with a 
sample sigrna o f  0.9 x 10-13. 

We have estimated the combined i n s t a b i l i t y  of the  two Cesium 
o s c i l l a t o r s ,  the  s t a t i on  time d i s t r i bu t i on  systems, and the V L B I  
measurements, over 3-4 day i n t e rva l s ,  t o  be approximately one 
par t  in  1013, with an uncertainty of one par t  in 1013. By 
increasing the time in terval  t o  about 10 days and by reducing 
the  ionospheric e f f e c t  on the VLBI measurements by use of X-band, 
1 ong term frequerlcy s tab i  1 i  t y  measurements a t  the  10-14 level 
seem f ea s ib l e .  

VII. Conclusion 

By i ntercompari son of resul  t s  , we have demonstrated the absol u-te 
accuracy of the NTS time t r an s f e r  system and the WBDAS V L B I  



sys tem t o  be 0 .5  l..s o r  b e t t e r  between G c l d s t o n e ,  C a l i f o r n i a ,  
and M a d r i d ,  S p a i n .  F o r  t h e  V L B I  systeni,  we have p roduced  c l o c k  
sync r e s i d u a l s  wh ich  de lnons t ra tn  day tc! day c o n s i s t e n c y  a t  t h e  
20-30 ns l e v e l ,  and t h e  a b i  1 i t y  t o  use t h j s  systeri i  t o  rneasure 

- 
l o n g  t e r m  f r e q u e n c y  s t a b i l i t y  a t  t h e  1 0 - I  l e v e l .  krequenc) j  
s t a b i l i t y  measurements a t  t h e  10-14 l e v e l  a r e  i n d i c a t e d  t o  he 
f e a s i b l e .  
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FIGURE 1. CONFIGURATION OF THE NTS 
RECEIVER A N D  THE VLBI SYSTEM IN A DSS 

EXTRA 

/ OSCILLATOR 1 , 1 I 

. CONTROL 
COMPUTER 

- 
D S S  
RECEIVER 
(BLOCK I V )  

VER 

- 
55 MHz 
1 F OUTPUT A 

H P506 1 A -004 

b 

D I G I T A L  
MAGNET I C 
TAPE 

W I DEBAND V L B  I 
DATA ACQU l S I T  l ON 
SYSTEM 
( W B D A S I  

NTS R C V R  
REF CLOCI( 

b p s  

TIME AND FREQ. 

50 MHz 
ANTENNA 

CES l UM ,- 

c4qV 
7 

COHERENT 
REFERENCE 
GENERATOR 

N T S - 1  SATELLITE 

NTS ANTENNA CLOCI< I p p s )  v 
(ON ROOF OF DS  S 
CONTROL ROOM) NTS 

b RECE l 
'4 

ASSEMBLY DSS REFERENCE 





FIGURE 3. NTS 1 TIME T R A N S F E R  
RESULTS FOR MADRID 

USNOMC (C8D) - MADRID (DSS 6 3 )  

EPOCH (DAYS)  147.00 
OFFSET I p seci 8.593 
FREQ ( X  0. 28 - 
RMS RES I DUAL ( p sec) 0.226 

- 

El 
El 

El I3 
El 

El El 
- 

- 

C 

I I I 1 1 1 



FIGURE 4. WIDEBAND DIGITAL DATA 
ACQUISITION SYSTEM BLOCK DIAGRAM 

MISSION 

l P P S  



AND COMPARISON TO NTS RESULTS 

GOLDSTONE (DSS 14) - MADRID (DSS 6 3 )  

12 

NTS RESULTS 9.281 psec AT 147.0, RATE 0.62 x 10-l2 

_ _ _ _ C _ - - - - - -  -- 
VLB l RESU LTS 8.775 psec at 147.0, RATE 0.33 x 10-l2 

(RMS RES I DUAL = 20.7 n s e c )  



Uuestions and  Answers 

I DR. GERNOT M .  R .  W I N K L E R ,  U. S. Naval Observatory: 

I think you are absolute ly  r i y h t .  That cornparisor: t o  one p a r t  in  
1013 looks as good a s  you can possibly expect i t  t o  considering t h e  
va r i a t ions  of these  clocks jus t  on ther;-iselves and a l l  your o ther  
c i r c u i t r y .  

B u t  t he re  i s  one very stupid question f o r  which I hope you will  
forgive  me, or; account of the  1 a t e  s t a t e  of t h e  conference. I have 
heard so rnuch about the  absolute delay measurer-~ents frorn the  antenna 
t o  the  point where yoli r~ake the  tir,iiny. lihy c a n ' t  one have, ? 
wouldn't say a portable clock ca l ihra- t ion  t.o t he  antenna t i p ,  h u t  
why c a n ' t  one i n j e c t  a t  a reference point in t h e  antenna a s ignal  on 
a f ixed and ca l ib ra ted  length,  which i s  t ranspor ted  t o  t h a t  point ,  
a n d  then d o  t h e  same th ing a t  your clocking s t a t i o n ?  Could you give 
me an answer t o  t h a t ,  please? 

I D R .  H U K D :  

Well, Tom Clark i s  one of the  world 's  experts  on t h i s ,  h u t  fror:: a 
JPL point o f  view, yes--we a re  ir-lplernenting such a system. We h a v e  
experil-nental copies o f  the  PIIT system, which we hope work, and they 
a re  supposed tcr be i n s t a l  led in the  s t a t i o n s  in t h e  next s i x  rilonths 
or  so,  I believe.  So by t h i s  time next yea r ,  we should have t h a t  
cal i bra t ion .  

DR.  CLARK: 

Yes. A t  l a s t  y e a r ' s  PTTI rileeting, I gave a n a p e r  wh-ici-I did use .just 
such a ca l ib ra ted  systern, which d i d  c a l i b r a t e  a! 1 t h e  cables t h r o u g h  
the  system, and between Massachusetts and West Virginia.  9e repor- 
ted on two 10-nanosecond clock synchron.izati on experi rnents i  n con- 
junction with the  Naval Ubservatory. So yes ;  i t  c a n  be done, and 
has. 

MR.  L A U R E N  R U E C E R ,  Johns Hopkins /In; vers-i t.y, A/-tpl ied Phys'cs Lab: 

One o f  t he  problems - i n  doing w h a t ,  13r. Winkler has suggested i s ,  you 
rilust take in to  a c c o ~ n t  tho delays t h a t  the antenna i t s e l f  i n t r o -  
duces. In  some o f  our ins-trui;-lcnts we have used, t h e r e  was a s  i:lucF! 
as  70 nanoseconds antenna deiay. 

Yes. There i s  a n  antenna i:lultipath probleri involved in here. Onc 
of  the  argunients f o r  vdrious V L E I  systerls i s  t h a t  t.he tlffect. of r , ~ u l -  
t i  path r;light he differer: t  on differerr t  sy~ter;is.  Y O U  i i a v e  - to  i n j e c t  
your t e s t  sigr:al as f a r  forward i n  t h e  syster:~ d s  ~ r o ~ :  car!. 

One of the  r:iost unstable portions of' -thc receiving syster~i f o r  
V L B I  i s  t h e  t r a v e l i n g  wave rlaser, t he  f i r s t  amplifier. And we e s t i -  
rrrdte tha t  due t o  the wa,y i t  7s t u n e d  t h a t  day, i t ,  r;tay v3r.y day-to-, 



day on t h e  o r d e r  o f  10 o r  20 nanoseconds, and we hope t o  be a b l e  t o  
c o n t r o l  t h i s .  And i f  t h i s  i s  t h e  cause  o f  e r r o r s  i n  o u r  measure- 
ments, t h e n  we have rnore m o t i v a t i o n  t o  f o r c e  t h e  s t a t i o n s  t o  c o r ~ t r o l  
t h i s  t u n i n g ,  o r  c a l i b r a t e  i t  w i t h  t h e  phase c a l i b r a t i o n  sytem. 

My system i s  r e a l l y  an a t t e m p t  t o  make some u s e f u l  measuren~ents 
i n  t h e  DSN w i t h o u t  t h e  need f o r  t h e  phase c a l  i b r a t o r - - u p  u n t i l  t h e  
t i m e  when t h e  phase ca1 i b r a t o r s  a r e  a v a i  1  a b l e ,  and i n  case t h e y  a r e  
n o t  w o r k i n g  someday. 




