
I 

OESE?VATIONS OF -W.RINER. IV WITH THE PARKES 
210-FT Mi310 TELESCOPE 

D.J. Cole and P.R. Crosthwaite 

RPL 1 7 3  



SERVATIONS OF MARINER IV WITH T 

t 210-ET RADIO TELESCOPE 

D.J. Cole and P.R. Crosthwaite 
Badiop h y  s i cs Laboratory, CSIRO, Sydney 

Surnmary 
The performance of she Parkes 2 7 0 - f t  r a d i o  teZescope 

f o r  t h e  r ecep t ion  of data from d i s t a n t  spacecra f t  has been 
demonstrated b y  observat ions  on Mariner Itr i n  t h e  v i c i n i t y  
of Mars. S ignat  l e v e l s  and f r equenc ie s  rece i ved  from t h e  
spaceera f t  were observed during a two-month p s r i o d  commenc- 
i n g  June 22, 1 9 6 5  and t e l e m e t q  recordings  ictere made during 
t h e  p i c t u r e  t ransmiss ion  per iod  following t h e  Mars encounter .  
An at tempt  was made t o  observe t h e  occuZta t ion  e x i t  which 
occurred below t h e  normal hor izon  of t h e  +elescope .  This 
repor t  b r i e f Z y  describe2 $.he squipment used and t h e  r e s u Z t s  
ob ta ined .  

1. INTRODUCTION 
Observat ions o f  t h e  s i g n a l s  r ece ived  from deep- 

space probes have been made wi th  t h e  Parkes 2 1 0 - f t  r a d i o  
t e l e scope  as p a r t  of a NASA - s u p y o r t e d  s tudy  o f  t h e  t c l e -  
scope ' s performance . 

obta ined  i n  1962 on Mariner I1 t ransmiss ions  from t h e  v i c i n i t y  
of Venus us ing  an L-band, c r y s t a l - m i x e r  t ype ,  r e c e i v i n g  
equipment supp l i ed  by t h e  J e t  Propuls ion  Laboratory.  This 
system provided s i g n a l s  3 db above the  t h r e s h o l d  leve l  and 
d a i l y  observa t ions  continued from December 2 0 ,  1962 u n t i l  t h e  
s p a c e c r a f t  t ransmiss ions  ceased on Zanuary 3, 1963. 

Ea r ly  i n  1965, i t  was decided t o  c a r r y  ou t  more 
ex tens ive  obse rva t i cns  on t h e  Mariner IV s p a c e c r a f t ,  which 
was then  on t h e  way t o  Mars. The o b j e c t i v e s  of t h i s  e x p e r i -  
ment were t o  demonstrate t h e  performance o f  t h e  2 1 0 - f t  d i s h  
f o r  t he  r ecep t ion  of  da ta  from d i s t a n t  s p a c e c r a f t ,  t o  r e c o r d  
t h e  p i c t u r e  t ransmiss ions  du r ing  t h e  c r i t i c a l  pos t - encoun te r  

Experience with t h i s  type  of  ope ra t ion  was f i r s t  
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p e r i o d  and, i f  p o s s i b l e ,  t o  observe t h e  o c c u l t a t i o n  of  t h e  
s p a c e c r a f t  by Mars on J u l y  1 5 .  

receiver t o  S-band opera t ion  and a Hughes paramet r ic  a m p l i f i e r  
u n i t  from DSlF42, Canberra were rece ived  i n  Parkes e a r l y  i n  
June. The f i rs t  s i g n a l s  from Mariner I V  were obta ined  on 
June 2 1  and t h e  experiment concluded a t  t h e  end of August. 

Equipment f r o m  J . P . L .  f o r  conver t ing  t h e  L-band 

2 .  EQUIPMENT 

s t a l l e d  on t h e  foca l -p l ane  p l a t fo rm of  t h e  2 1 0 - f t  t e l e scope  
and connected by a 4 - f t  l ength  of 7 / 8  i n  h e l i x  c o a x i a l  l i n e  
t o  t h e  feed.  The l a t t e r ,  designed by D. Yabsley, c o n s i s t e d  
o f  a c i r c u l a r  c o n i c a l  horn wi th  a one-wavelength a p e r t u r e  mo e 
o p e r a t i n g  i n  t h e  TEll/and arranged t o  r ece ive  r ight-handed 
c i rcu lar  p o l a r i z a t i o n .  

r i m  was -14 db. From previous performance s t u d i e s ,  it was 
e s t i m a t e d  t h a t  t h e  antenna would have an i s o t r o p i c  power ga in  
o f  60.7 db a t  t h e  paramp input .  (Appendix.) This c o r r e s -  
ponds t o  a margin of about 7.7db over  t h e  nominal ga in  of  t h e  
s t a n d a r d  S-band 85 f t  t r ack ing  antenna,  such as  t h a t  i n s t a l l e d  
a t  DSlF42, Canberra,  

2 . 1  Antenna System The pa rame t r i c  a m p l i f i e r  u n i t  was i n -  

With t h i s  feed t h e  a p e r t u r e  i l l u m i n a t i o n  a t  t h e  

2 . 2  Receiving Equipment Before conversion t o  S-band, t h e  
receiver  wi i s  t r a n s f e r r e d  from t h e  base tower t o  t h e  t u r r e t  
r a d i o  room, which i s  on the r o t a t i n g  p a r t  of  t h e  s t r u c t u r e .  
This  avoided t h e  problem of t a k i n g  l a rge -d iame te r  c a b l e s  
through t h e  cab le  twister  and allowed t h e  s t anda rd  paramp 
c o n t r o l  cab le s  from DSlF42 t o  be used wi thout  modi f ica t ion .  
Tests  o f  t h e  reassembled r e c e i v e r  showed t h e  performance was 
s imilar  t o  t h a t  achieved during t h e  1962 Mariner I1 obse rva t ions .  

w i t h  u n i t s  s u p p l i e d  by J . P . L .  The mixer and R.F. assembly 
were r ep laced  wi th  new components which were i n s t a l l e d  i n  t h e  
focus  cabin  of  t h e  te lescope .  The loop f i l t e r  and V.C.O.  were 
a l s o  rep laced  and a va rac to r  m u l t i p l i e r  added t o  t h e  l o c a l  

The conversion of t h e  r e c e i v e r  t o  S-band was made 
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o s c i l l a t o r  chain.  
i n s t a l l e d  i n  t h e  t u r r e n t  room t o g e t h e r  w i th  t e l eme t ry  t ape -  
r eco rd ing  equipment. 
f i n a l  S-band system. 

f i g u r e  was checked us inp  an A . I . L .  noise  lamp. 
i t  was found d i f f i c u l t  t o  o b t a i n  a s a t i s f a c t o r y  n o i s e  f i g u r e  
w i t h  t h e  new v a r a c t o r  m u l t i p l i e r  i n s t a l l e d .  
was obta ined  by tun ing  the remaining v a r a c t o r  m u l t i p l i e r  
c a v i t y  t o  t h e  d i f f e r e n c e  between t h e  o u t w t  and i n p u t  f re-  
quencies .  This  i nc reased  t h e  m u l t i p l i e r  e f f i c i e n c y  more than  
f ive  t i m e s  and pe rmi t t ed  a mixer c r y s t a l  c u r r e n t  of 1 mA t o  
be obtained.  

Having obtained a s a t i s f a c t o r y  n o i s e  f i g u r e  of 
approximately 8 db with t h e  no i se  lamp connected d i r e c t l y  
t o  t h e  mixer ,  t h e  paramet r ic  amDli f ie r  was  included and tuned 
accord ing  t o  t h e  manufactureys i n s t r u c t i o n s .  While pa rame t r i c  
ga ins  o f  up t o  40 db could be obta ined  under i d e a l  c o n d i t i o n s ,  
i t  was found t h a t  t h e  maximum p r a c t i c a l  ga in  wi th  t h e  a m p l i f i e r  
mounted a t  t h e  focus was 20 t o  25 db vary ing  somewhat w i th  
tempera ture ,  l i n e  vo l t age  e t c .  from day t o  day. 

The System Noise Temperature Veter was c a l i b r a t e d  
by s u b s t i t u t i n g  a 50 ohm te rmina t ion  f o r  t h e  feed  and observ-  
i n g  t h e  meter readings  a t  room temperature  [ reading 500°K) and 
w i t h  t h e  t e rmina t ion  i n  l i q u i d  n i t r o g e n  ( reading  275'K f o r  
23 db pa rame t r i c  ga in ) .  
an i n d i c a t i o n  t h a t  t h e  r e c e i v e r  wzs performing s a t i s f a c t o r i l y  
when t h e  system no i se  temperature read  between 180" and 230°K 
w i t h  t h e  f eed  connected. 
t h e  r a d i o  source  3C 273 the  s i g n a l  from which g ives  an a e r i a l  
temperature  of s l i g h t l y  l e s s  than  30°K. 

t h r e s h o l d  l e v e l  a t  t h e  paramp i n p u t  o f  -164.8 dbm (see  Appendix). 
A t y p i c a l  system temperature f o r  a maser equipped 85 f t  t r a c k -  
i n g  antenna i s  60°K r ep resen t ing  an advantage of 5.2 db. 
Allowing f o r  t h e  g r e a t e r  gain o f  t h e  2 1 0 - f t  antenna,  t h e  over -  
a l l  s i g n a l - t o - t h r e s h o l d  advantage of  t h e  Parkes f a c i l i t y  was 
t h e r e f o r e  about 2 5 db. 

Spec ia l  monitoring and t e s t  f a c i l i t i e s  were 

F i g u r e  1 i s  a block diagram of  t h e  

Af te r  conversion t o  S-band, t h e  r e c e i v e r  no i se  
I n i t i a l l y  

An improvement 

This meter was subsequent ly  used as  

An a d d i t i o n a l  check w a s  made us ing  

A system temperature of 200°K corresponds t o  a 
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To measure t h e  l e v e l  of t h e  r ece ived  s i g n a l s ,  
t h e  t e s t  o s c i l l a t o r  was c a l i b r a t e d  us ing  t h e  HP431B power 
meter .  
v a r i a b l e  a t t e n u a t o r  and cable t o  t h e  v e r t e x  thence through 
a d i r e c t i o n a l  coupler  i n t o  t h e  inpu t  t o  t h e  pa rame t r i c  
a m p l i f i e r  (Fig.  1 ) .  The t e s t  o s c i l l a t o r  was then  used t o  
measure s i g n a l  s t r e n g t h  a t  t h e  i n p u t  t o  t h e  pa rame t r i c  amFli- 
f i e r  by s u b s t i t u t i o n .  Thus, f i g u r e s  f o r  s p a c e c r a f t  s i g n a l  
s t r e n g t h  are those  measured a t  t h e  i n m t  t o  t h e  pa rame t r i c  
a m p l i f i e r .  The a t t e n u a t o r  and power meter c a l i b r a t i o n s  
were checked by t h e  CSIRO Nat ionz l  Standards Laboratory.  

s i g n a l s  were made by measuring t h e  f requencies  of the  V.C.O. 
and t h e  r e fe rence  o s c i l l a t o r s  (30.455 Yc/s  and 455 k c / s )  
w i t h  a d i g i t a l  counter  (model HP5245L) which has  a frequency 
s t a b i l i t y  of  about 3 p a r t s  i n  1 0 ”  per  day. The c r y s t a l  fre- 
quency of  t h e  counter  was cont inuous ly  s t a n d a r i z e d  a g a i n s t  
t h e  VLF t r ansmiss ions  from GBR Rugby, England*. 

The o s c i l l a t o r  output  was f e d  through t h e  HP394A 

Measurements o f  t h e  frequency of t h e  r ece ived  

0 

2 . 3  Telemetry Recording Equipment Tape record ings  o f  t h e  
s p a c e c r a f t  t e l eme t ry  t ransmiss ions  were made from t h e  phase 
d e t e c t o r s  o f  b o t h  t h e  t r ack ing  and t e l eme t ry  channels  of  t h e  
r e c e i v e r .  (Tracks 2 and 3 o f  Pernco 4-trrzck r e c o r d e r ,  model 
101) .  In  a l l  except  t h e  f i r s t  Eew hundred f e e t  o f  t a p e ,  t h e  
DC component o f  t h e  d e t e c t c r  ou tpu t s  was blocked by 8 micro- 
f a r a d  c a p a c i t o r s .  D e t a i l s  o f  each r eco rd ing  were given by 
vo ice  on t h e  f o u r t h  t r a c k .  

Shor t  recordings o f  t h e  s p a c e c r a f t  s i g n a l s  con- 
v e r t e d  i n t o  b i n a r y  form were a l s o  made. A demodulator was 
designed by P.R. Crosthwaite t o  accept  t he  dynamic p h a s e - e r r o r  
ou tpu t  from t h e  455 kc/s  phase  d e t e c t o r  and t o  produce an 
ou tpu t  s u i t a b l e  f o r  d r iv ing  a Kelvin and Hughes pen r eco rde r  
running a t  a paper  speed o f  1 c m  p e r  second, 

*For t h i s  purpose,  a t r a n s i s t o r i z e d  r e c e i v e r  g i v i n g  continuous 
phase-comparison records was made a v a i l a b l e  by t h e  CSIRO 
Div i s ion  of Applied Physics ,  Nat iona l  Standards Laboratory,  
Sydney. 



!I * 

I' 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 

The demodulator was designed t o  process  a s i g n a l  
having t h e  fol lowing c h a r a c t e r i s t i c s  (observed during s e t t i n g  
up of  t h e  r e c e i v e r ) : -  

1. Sub-ca r r i e r  frequency of 150 c/s produced by phase 
modulation of t he  S-band s i g n a l ,  and recovered as t h e  
dyr?amic phase -e r ro r  ou tput  from t h e  455 k c / s  phase 
d e t e c t o r  o f  t h e  t r a c k i n g  channel.  

2 .  Double-sideband s u p p r e s s e d - c a r r i e r  amplitude modu- 
l a t i o n  of  the 150 c,/s s u b c a r r i e r  a t  ?I maximm b i t  
r a t e  of  8113 b i t s  per  second, t h e  r e c t a n g u l a r  modu- 
l a t i n g  waveform producing r e l a t i v e  150 c/s s u b c a r r i e r  
phases o f  0' and 180" a t  cons t an t  ampli tude,  c o r r e s -  
ponding t o  t h e  two binary code s t a t e s .  

of t h e  demodulator o f  t h e  o rde r  of  40 c/s t o  pas s  
f requencies  up t o  the f i f t h  harmonic of t h e  funda- 
mental  modulating frequency of  4 l /6  c/s.  P o s t -  
d e t e c t i o n  bandwidth of t h e  o r d e r  of 8 t o  16 c / s  (both 
a d j u s t e d  i n  opera t ion  f o r  b e s t  r e s u l t s  a t  a given 
s i g n a l - t o - n o i s e  r a t i o ) .  

3. Required p r e d e t e c t i o n  bandwidth i n  t h e  150 c/s c i r c u i t s  

The block diagram o f  t h e  demodulator (Fig.  2 )  
shows t h e  mode of opera t ion .  The 150 c/s modulated sub-  
ca r r i e r ,  a f t e r  pas s ing  through a t  150 c /s  bandpass f i l t e r ,  
is  doubled t o  provide a 300 c/s cons t an t  r e l a t ive  phase 
r e fe rence .  This i s  used to phase lock a v o l t a g e  c o n t r o l l e d  
300 c/s m u l t i v i b r a t o r  which synchronizes  a second 300 c/s 
a s t a b l e  m u l t i v i b r a t o r ,  followed by a d i v i d e r  t o  150 c/s 
d r i v i n g  a balanced,  ga t ed ,  synchronous d e t e c t o r  c i r c u i t .  
The f i l t e r e d  150 c/s s i g n a l  a f t e r  phase s h i f t i n g  and ampl i f i -  
c a t i o n  i s  a l s o  app l i ed  t o  the  synchronous d e t e c t o r .  The 
ou tpu t  o f  t h e  d e t e c t o r ,  a f t e r  p a s s i n g  through a low pass  
8-16 c/s f i l t e r  and D.C. a m p l i f i e r / l i m i t e r ,  d r i v e s  t h e  
r e c o r d e r  pen. 

t r o l l e d  300 c/s m u l t i v i b r a t o r  was adequate t o  main ta in  c o r r e c t  
phas ing  dur ing  s i g n a l  drop o u t s  of s e v e r a l  seconds.  The 

The f r e e  running s t a b i l i t y  o f  t h e  v o l t a g e  con- 
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p o l a r i t y  of t h e  record obtained must be i n t e r p r e t e d  i n  r e -  
l a t i o n  t o  known reference  elements ,  s i n c e  the  demodulation 
may lock i n  e i t h e r  t he  0' o r  180' s u b c a r r i e r  phase.  

3 .  OBSERVATIONS 
To f i t  i n  wi thother  t e l e scope  programmes, 

Mariner I V  observat ions were scheduled f o r  a two-5our pe r iod  
each af te rnoon cent red  approximately on the  meridian t r a n s i t  
t i m e  of t h e  s o a c e c r a f t .  
were reserved  f o r  J u l y  3 ,  1 4 ,  1 5  and 16 .  Arrangements were 
a l s o  made t o  expand the  two-hour viewing per iod  t o  g ive  
f u l l  coverage during t h e  post-encounter  p i c t u r e  t ransmiss ions  
should t h e  need a r i s e .  

Horizon t o  horizon observing pe r iods  

3 .1  Measured Pos i t i ons  and Signal  Levels Employing p o s i t i o n  
d a t a  from J.P.L., Mariner I V  was f i r s t  loca t ed  on June 2 1 ,  1965. 
A f t e r  a few days of  observa t ions ,  i t  was p o s s i b l e  t o  p r e d i c t  
t h e  s p a c e c r a f t ' s  p o s i t i o n  on t h e  sky ( r i g h t  ascension and 
d e c l i n a t i o n )  by l i n e a r  e x t r a p o l a t i o n  from previous ly  re- 
corded p o s i t i o n s .  When seve ra l  days had e lapsed  s i n c e  t h e  
t e l e scope  was l a s t  ava i l ab le  a second-order  c o r r e c t i o n  was 
made. This method was simple s i n c e  t h e  day t o  day changes 
i n  r i g h t  ascension and i n  d e c l i n a t i o n  were small .  P o s i t i o n  
measurements were made by varying r i g h t  ascension and dec- 
l i n a t i o n  i n  t u r n  t o  maximize the  rece ived  s i g n a l .  

t h e  s i g n a l  l eve l ,  w i th  t h e  r e c e i v e r  func t ion ing  normally 
was a t  l e a s t  10  db above the l e v e l  a t  which  lock was l o s t .  
I t  w a s  common t o  lock t h e  r ece ive r  onto one of t h e  two s t r o n g  
s idebands 150 c/s  above and below t h e  s p a c e c r a f t  c a r r i e r  
frequency. However, t h e  l o w e r  s i g n a l  l e v e l  made it easy 
t o  d i s t i n g u i s h  t h e  sidebands f r o m  t h e  c a r r i e r .  

Table I shows t h e  measured Dos i t ion  of the  space- 
c r a f t  each day and the  s t r e n g t h  of t h e  rece ived  s i g n a l .  These 
s i g n a l  s t r e n g t h s  a r e  p l o t t e d  i n  F i g .  3 as a func t ion  o f  d i s t -  
ance t o g e t h e r  with a t h e o r e t i c a l  curve.  F o r  comparison, 

During the two-month Deriod o f  t h e  observa t ions  

* 
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average measured i n t e n s i t i e s  from DSlF42 Canberra and 
DSlF41, Woomera are given t o g e t h e r  w i t h  8 t h e o r e t i c a l  curve 
f o r  an 85 - f t  antenna. Both t h e o r e t i c a l  curves  and t h e  
i n d i c a t e d  r e c e i v e r  t h re sho lds  a rc  hnsed CII? t h e  p a r a m t e r s  
given i n  t h e  Appendix. 

Figure 3 showsthat t h e  observed s i g n a l  l e v e l s  
for both  s i z e s  of antenna are i n  reasonzble agreement with 
t h e o r e t i c a l  levels and confirms the p r e d i c t e d  7.7 db g a i n  
s u p e r i o r i t y  o f  t h e  2 1 0 - f t  antenna. 

3 .2  Telemetry Records Test recordings were made of t h e  
t e l e m e t r y  channel ou tput  e a r l y  i n  J u l y  and were processed  
by J . P . L .  
r a t i o  provided hy t h e  210-f t  antenna system, t h e s e  were 
found t o  be of h igh  q u a l i t y .  

Because o f  t h e  a d d i t i o n a l  s i g n a l - t o - t h r e s h o l d  

R e g u l n  te lemet ry  record ing  cont inued from 
J u l y  8 t o  August 2 7  dur ing  t h e  scheduled d a i l y  observ ing  
pe r iod .  Horizon t o  horizon records  were made on t h e  day 
fo l lowing  Mars encounter  when t h e  f i rs t  p i c t u r e  trans- 
miss ions  were i n  p r o g r e s s .  In  a l l ,  seven 1 4  inch  drums of 
t a p e  were recorded a t  Parkes and t r a n s m i t t e d  t o  J . P . L .  
I n s u l a t i o n  leakage i n  t h e  paramp cab le  a f f e c t e d  t h e  q u a l i t y  
o f  some of t h e  record ing  taken i n  August. 

on J u l y  2 7 ,  a record  of the s i g n a l  i n  b ina ry  form was made 
over  a per iod  of s e v e r a l  hours.  Time d i d  no t  permit  t h e  
r eco rd ing  t o  be made on punched paper t ape  which would have 
been s u i t a b l e  for f u r t h e r  process ing  t o  i n d i c a t e p i c t u r e  l e v e l s ,  
b u t  d i r e c t  examination of t h e  b i n a r y  modulation showed t h e  
o r g a n i z a t i o n  of t h e  s i g n a l  i n t o  t h e  va r ious  synchroniz ing ,  
d a t a ,  and p i c t u r e  l e v e l  p e r i o d s ,  no ted  i n  f u r t h e r  d e t a i l  
below. 

During t h e  record ing  of t h e  p i c t u r e  t r ansmiss ions  

A s h o r t  sample s e c t i o n  o f  t h e  r eco rd ing  made 
is  shown i n  F i g .  4 and t h e  fo l lowing  d e t a i l s  a r e  noted ,  be ing  
common t o  a l l  p i c t u r e  l i n e s  examined. 

(1) About 1 7 4  p i c t u r e  elements or 1044 b i t s  p e r  l i n e  convey 
p i c t u r e  d e t a i l .  



( 2 )  A v a r i a b l e  per iod  of du ra t ion  i n  t h e  range 1 2  t o  18 
b i t s ,  a l l  zero,  appears st t h e  end of each l i n e  and 
apparent ly  reDresents v a r i a t i o n s  i n  r e l a t i v e  l i n e  

(3) About 90 b i t s  o f  l i n e  2nd p i c t u r e  d a t a  o r  synchroniz-  
i ng  information follow ( 2 )  above. 

(4) The p i c t u r e  l e v e l  information i s  then preceded by 14 
repeated 6 b i t  elements of  the  . form 000001, and 4 8  
b i t s  a l l  zero.  

and b i t  frzqi2encies. 

(5) Tot21 =f?riOd occu9ied b-7 I cne pictr?re lize plus data, 
re ference  and space elements i s  approxiamtely 154 
seconds (recorded a t  paper speed of  1 cm/second), o r  
1284 b i t s  w i t h  6 b i t s  pe r  Dic ture  element of range 
6 4  l e v e l s .  

The recording was obtained under the  follow- 
ing  cond i t ions :  

6 Spacecraf t  r a d i a l  d i s t ance :  approx. 130 x 10 miles  
Received s i g n a l  l e v e l :  -150 dbm 
System no i se  temperature:  210'K 
System noise  l e v e l :  -163 dbm ( i n  demodulator p o s t -  

d e t e c t i o n  bandwidth of 8 c/s) .  
Thus the  c a l c u l a t e d  s i g n a l / n o i s e  power r a t i o  was 13  db. 
The record  shows t h e  system t o  be o p e r a t i n g  w e l l  above 
t h r e s h o l d ,  but  no p r z c t i c a l  assessment of t he  margin could 
be made. The measured margin o f  the  t r a c k i n g  channel phase- 
lock  loop above drop o u t  was about 1 2  db. 

3.3 Occul ta t ion  Experiment The circumstances of  t h e  occul-  
t a t i o n  o f  Mariner I V  by Mars were very unfavourable  f o r  
observa t ions  a t  Parkes w i t h  t h e  210-f t  t e l e scope .  P red ic t ed  
o c c u l t a t i o n  e n t r y  was one hour (15 degrees)  below t h e  t e l e -  
scopes horizon s e t  by the  maximum z e n i t h  angle  of 6 0 ' .  
Resumption of s i g n a l s  a t  Parkes a f t e r  o c c u l t a t i o n  was ex- 
pec ted  t o  occur 11 minutes ( 2 . 5  degrees)  below the  horizon.  
The l a t t e r  corresponds t o  18  beamwidths a t  S-band and coma 
l o s s e s  f o r  a normal feed o f f s e t  t o  t h i s  e x t e n t  would have 
been excess ive .  However, computations by D. Yabsley of t h e  
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coma phase e r r o r s  over the d i s h  s u r f a r e  showed t h a t  t h e  
a r e a s  of large e r r o r  (~90') were confined t o  t h e  o u t e r  r eg ions ,  
By narrowing t h e  f eed  response g a t t e r n  i t  was p o s s i b l e  t o  
p r a c t i c a l l y  e l i rn inz te  t h e  degrzdir ig  ef fect  o f  t h e s e  a r e a s  
and reduce t h e  com3 l o s s  f o r  z given beam d e v i a t i o n .  A 
c i r c u l a r l y  p o l a r i z e d  f eed  was designed by Yabsley wi th  a 
response t a p e r i n g  t o  -13 db a t  * 3 0 " ,  corresponding t o  an 
e f f e c t i v e  d i s h  diameter  of 9 3  f t  wi th  an f / D  r a t i o  of  n e a r l y  
unity.  Operated 7.7 f t  from t h e  f o c a l  p o i n t  t h i s  f e e d  swung 
t h e  beam 4 degrees  b e l o w  the h ~ r i z m ,  ( g i v i r , ~  a safety margin 
of about 5 minutes on t h e  p r e d i c t e d  reacquis i t ion t ime) .  Allow- 
i n g  f o r  t h e  lower system temperature of 1 7 S ° K  due t o  reduced 
s p i l l o v e r ,  t h e  n e t t  l o s s  of s i g n z l - t o - t h r e s h o l d  r a t i o  w i t h  t h e  
o f f s e t  feed was 7 db ,  l eav ing  a 3 db margin f o r  obse rva t ion  
o f  t h e  o c c u l t a t i o n .  

When t r a c k i n g  wi th  o f f s e t  feed on an a l taz imuth-  
mounted d i s h ,  t h e  p o i n t i n g  o f  t h e  t e l e scope  must be cont inu-  
ous ly  c o r r e c t e d  t o  a l l o w  f o r  changes of p a r a l l a c t i c  angle .  The 
magnitude o f  t h e  beam o f f s e t  was e s t a b l i s h e d  approximately 
from obse rva t ions  on the Moon (us ing  t h e  system temperature  
monitor) and then  more a c c u r a t e l y  on Mariner I V  be fo re  s e t t i n g  
on J u l y  1 4 .  Po in t ing  c o r r e c t i o n s  were computed from t h i s  
d a t a .  

P r e d i c t e d  frequencies  f o r  t he  r ece ived  s i g n a l  
a t  o c c u l t a t i o n  e x i t  became u n r e l i a b l e  because of  l a s t  minute 
changes i n  t h e  o c c u l t a t i o n  circumstances.  A frequency s e t t i n g  
f o r  t h e  Parkes V.C.O. was t h e r e f o r e  computed from t h e  frequency 
recorded f o r  t h e  V.C.O. a t  DSlF42 a t  o c c u l t a t i o n  e n t r y .  

a t  03 26 20 GMT bu t  lock was l o s t  a f t e r  1 0  seconds.  The 
s i g n a l  was locked aga in  a t  0 3  28 25 . 

Reacquisition o f  t h e  s i g n a l  ws?s achieved f i r s t  
h m s  

h m s  

4. CONCLUSION 
The experiments on blariner I V  w i th  t h e  Parkes 

r a d i o  t e l e scope  have shown t h a t  t h e  210-f t  d i s h  equipped wi th  
t h e  s t a n d a r d  S-band paramet r ic  a m p l i f i e r  hzs a margin of  about 
2.5 db over  i? maser-equipped 8 5 - f t  d i s h .  The r e s u l t i n g  gain 
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i n  da t a - t r ansmiss ion  performance has  been demonstrated. 
Using i d e n t i c a l  r e c e i v e r s ,  t h e  i n c r e a s e  i n  performance w i t h  
t h e  210- f t  d i s h  should  be c l o s e  t o  t h e  t h e o r e t i c a l  f i g u r e  o f  
7 . 7  db. 
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APPENDIX - THEORETICAL PERFORMANCE 

Antenna Gzin a t  2 2 9 7  Mc/s 

Actual  a rea  of 210- f t  aper ture  : 34601) sq;ft  
Eff i c i ency  (from rad io  astronomy 

Power gain : 60 .7  db 
measurements ) 0.50 

Actual  a r e a  of 85 f t  aper ture  : 5700 s q . f t  
Nominal y w e r  gain : 53.3 db 
Deduced e f f i c i e n c y  0 .53  

Gain margin of Parkes antenna : + 7 . 7  db 

Siena l  Level 

Spacecraf t  ( t r a n s m i t t e r  Dower : 10 w a t t s  
(antenna gain : 40 

Hence s i g n a l  lev& f o r  s p a c e c r a f t  
a t  100 x 10 miles a r e  found t o  be 6 

( 2 1 0  - f t antenna : -146 .9  dbm 
( 8 5 - f t  antenna : -154 .6  dbm 
( 

Receiver Noise Level 

Tracking b andw i d t h  1 2  c/s 
Parkes system temperature  (with 

Hence no i se  power i s  : -164.8 dbm 
paramet r ic  amp 1 i f i e  r ) : 200°K 

System temperature  f o r  t y p i c a l  
maser - equipped 85 - f t antenna 60°K 

Corresponding noise  power : - 1 7 0  dbm 

Threshold improvement with maser : +5.2  db 



Date Acquisition Horizon T r a n s i t  Fdeasured %e asured 
Time  Time (approx) Time R.A. Dec. S i g n a l  Level 
(GMT) (GMT) (GMT) 
h m  h m  h m  h m s deg min dbm 

(1965) 

June 25 06 35 
26 05  30 
27 06 36 
28 06 52 
29 06 06 
30 0 7  1 0  

July 1 06 56  
2 06 09 
3 03  59 
4 06 38 
5 06 1 0  
6 06 30 
7 06 1 9  
8 06 1 4  
9 0 5  5 8  

10 06 37 
11 06  4 1  
1 2  05  52 
13 06 5 8  
1 4  04  32  
1 5  0 7  00 
16  0 3  26 
1 7  06  35 
1 8  09  02 
1 9  06  13 
20 0 7  10 
2 1  06 4 3  
2 2  06  26 
23  0 5  54 
24 06 30 
25 06 20 
26 04  4 3  
2 7  0 3  25 
29 0 8  55 
31 06  38 

0 4  1 5  
04 1 2  
0 4  1 0  
04  06 
0 4  04  
04  02  
0 3  59 
0 3  56 
0 3  5 4  
0 3  5 1  
0 3  48 
0 3  46 
0 3  43  
0 3  4 1  
0 3  38 
03 35 
0 3  33 
0 3  30 
0 3  27 
0 3  2 3  
0 3  2 2  
0 3  20 
0 3  1 7  
0 3  1 5  
0 3  13 
0 3  10 
0 3  0 8  
0 3  06  
0 3  0 3  
0 3  00 
02 5 8  
02 5 5  
02 5 3  
02 50  
02 45  

07  45 
0 7  43 
0 7  4 1  
07 39 
0 7  37 
0 7  36 
0 7  34 
07 32 
07 30 
0 7  28 
0 7  26 
07  2 4  
07 2 2  
07  20 
0 7  1 8  
07 16 
0 7  1 4  
07  1 2  
0 7  10  
0 7  0 8  
0 7  06 
07 05 
07 0 3  
07  0 1  
06 59 
06 57 
06 56 
06 54 
06 52 
06 50 
06 48 
06 46 
06 44 
06 42 
06 38 

11 5 1  05  + 0 1  0 3  
11 5 3  0 4  *O 50 
11 54 59 +o 37 
11 5 7  04 +O 24 
11 59 06 +O 11 

iZ 0 3  0 3  -00 15 
1 2  0 1  0 4  -0  02  

1 2  05 0 3  -00  29 
1 2  0 7  06 -00  42 
1 2  09 0 4  - 0 0  5 4  
1 2  11 06 - 0 1  0 8  
1 2  1 3  09 - 0 1  2 1  
1 2  1 5  0 8  - 0 1  34 
1 2  1 7  05 - 0 1  47  
12  1 9  09 -02  00 
1 2  2 1  1 4  -02  1 4  
1 2  2 3  09  -02  2 8  
1 2  25 1 0  -02  40 
1 2  27 1 9  -02  54  
1 2  29 38 - 0 3  0 8  
1 2  31 1 8  - 0 3  20 
1 2  33 40 -03 34 
1 2  35 39 -03 45 
1 2  38 00 - 0 3  59 
1 2  40 02 -04  0 9  
1 2  42 1 3  -04  22 
1 2  44 18  -04  34 
1 2  46 22 -04  47 
1 2  4 8  36 - 0 4  5 8  
1 2  50  50 - 0 5  11 
1 2  52 59  -05  2 3  
1 2  55  04  - 0 5  35  
1 2  57  09 - 0 5  48 
13 0 1  5 3  -06  13  
1 3  0 6  06  -06  38 

-150  
-148  
- 1 4 8  
-148  
-148  
-148 .5  

- 
- 149  
- 1 4 9  
- 1 4 8  
-149 
-149 
-148  
-148 .5  
-149  
-149  
-149 .5  

- 
- 1 4 9 . 5  
-149 .5  
-151 .5  
-149 .5  
-149 .5  
-149  
-149 .5  
-149 .5  
-149 .5  

- 
-149 .5  
- 1 4 9 . 5  

1 

-149 .5  
-148 .5  I 
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Date Acquisition H o r i d n  Transit Me as ure d ? v f e  as u r e  d 
T i m e  T ime  (approx) Time R.A. Dec. S igna l  Level 

h m  h m  h m  h m s deg rnin dbm 
(GMT) (GMT) (GhlT) (1965) 

09 38 02 42 06 36 13 0 8  30 -06 5 1  - 
2 06 45 02 40 06 35 13  10 33 -07 0 3  -149.5 
3 06 30 02 38 06  33 13 1 2  45  -07 16 -149db 
4 0 4  00 02 35 06 31 1 3  1 4  46 -07 26 -149db 
5 04  36 02 34 06 30 1 3  16 57  - 0 7  39 -149.5 
6 05  00 02 31 06 28 13  19 1 8  -07 52 - 
b 0 4  25 02 24  06 2 3  13 25 55 -08 2 7  -150 

1 0  07  1 0  02 2 2  06 2 1  13  28 1 7  -08 4 1  -150 
11 07 30 02 19  06 1 9  1 3  30 37 -08 51 -151 
1 2  08 55 02 1 7  06 1 7  1 3  33 00  -09 06 -150 
1 3  0 4  39 02  16 06  16  13  34 55 -09 16 - 
1 6  0 4  1 3  02 09 06 11 13  4 1  40 -09 53 -150.5 
17 05 18  02 08 06 1 0  13  43 59 -10 0 4  -150.5 
18 03  25 0 2  05 06 08 1 3  46 2 2  -10 16 -150.5 
2 1  08 00 01  58 06 03 13 53 23 -10 53 - 
23 05 56 0 1  53 os 59 13  57 46 -11 16 -150.5 
25 03 45 0 1  49 05 56 1 4  02 19 -11 38 - 
27 08 46 01  45 05 53 1 4  07 20 - 1 2  05 - 

1 
1 
1 

Notes: 1. Time o f  acquig t ion  an July 1 4  app l i e s  on ly  f o r  
on-axis  feed. 

2 .  During August performance was a f f e c t e d  by leakage 
i n  paramp cable .  Breakdown o f  cab le  prevented 
obse rva t ions  a f t e r  August 27 .  
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