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TRACKING AND DATA HANDLING FOR THE PIONEER I11 
AND PIONEER I V  FIRINGS 

Summary 

Manfred E i m e g  
Robertson Stevens2  

The t h r e e  major requirements  of t h e  t r a c k i n g  and da ta-handl ing  

network which was used f o r  Pioneers  I11 and I V  were (1) t o  provide  

cont inuous  r e c e p t i o n  of t e l eme te r ing  d a t a  t o  s e v e r a l  t ens  of 

thousands of k i lome te r s  i n  o rde r  t o  r e c e i v e  cosmic-ray d a t a  from t h e  

o u t e r  r a d i a t i o n  bands,  (2) t o  communicate t o  d i s t a n c e s  beyond t h e  

moon, and ( 3 )  t o  make t h e  p r e c i s i o n  a n g u l a r  measurements r e q u i r e d  

f o r  a c c u r a t e  d e t e r m i n a t i o n  of t h e  f l i g h t  p a t h s  of t h e  probes. The 

cosmic-ray d a t a  measured by t h e  v e h i c l e s  were encoded i n  a unique 

way t o  maximize t h e  in fo rma t ion  t r a n s m i s s i o n  c a p a b i l i t y  f o r  t h e  

l i m i t e d  bandwidth a v a i l a b l e  wi th  t h e  communications system. The 

t r a c k i n g  network c o n s i s t e d  of doppler  and ang le  t r a c k i n g  s t a t i o n s  i n  

F l o r i d a ,  Puer to  Rico, and C a l i f o r n i a  which had t h e  c a p a b i l i t y  of 

phase-coherent  d e t e c t i o n  of t h e  t r a n s m i t t e d  c a r r i e r  s i g n a l ,  au to-  

m a t i c a l l y  encoding t h e  t ime-tagged t r a c k i n g  d a t a  i n t o  s t a n d a r d  

t e l e t y p e  format  and t r a n s m i t t i n g  t h e  in fo rma t ion  t o  a d i g i t a l  computer 

i n  C a l i f o r n i a .  The d a t a  were ana lyzed  t h e r e  t o  provide r a p i d  and 

p r e c i s e  a c q u i s i t i o n  p o i n t i n g  in fo rma t ion  f o r  t h e  t r a c k i n g  s t a t i o n s  

and a c c u r a t e  de t e rmina t ions  o f  t h e  v e h i c l e  pa ths .  

l A c t i n g  C h i e f ,  Research Analys is  S e c t i o n  
Qh ie f  , Guidance Techniques Research S e c t i o n  

Page i v  



let  Propulsion laboratory E x t e r n a l  P u b l i c a t i q n  No. 701 

L I S T  OF SYMBOLS 

f 

Ri = d i s t a n c e  from e a r t h ' s  c e n t e r  a t  probe i n j e c t i o n .  

v = e a r t h - f i x e d  v e l o c i t y  a t  i n j e c t i o n .  

= counted dopp le r  frequency a t  ith s t a t i o n .  
i 

i 
X,Y,Z = r ight-handed,  ea r th -cen te red ,  space-or ien ted  C a r t e s i a n  

coord ina te s  (Z-axis i n  d i r e c t i o n  o f  n o r t h  p o l a r  a x i s  and 

X-axis i n  d i r e c t i o n  of v e r n a l  equinox) .  

= l o c a l  hour angle  from ith s t a t i o n .  

= e l e v a t i o n  angle  of t h e  e a r t h - f i x e d  v e l o c i t y  a t  i n j e c t i o n ;  
'i 

Y i  
e l e v a t i o n  angle  f r o m  i t h  s t a t i o n .  

b (  ) = computed c o r r e c t i o n s  i n  i n i t i a l  cond i t ions .  

= l o c a l  d e c l i n a t i o n  angle  from ith s t a t i o n .  i 6 

Oi  = l ong i tude  a t  probe i n j e c t i o n .  

ci = s t anda rd  d e v i a t i o n .  

oi = azimuth angle  of t h e  ea r th - f ixed  v e l o c i t y  a t  i n j e c t i o n ;  
t h  azimuth ang le  from i s t a t i o n .  

= g e o c e n t r i c  l a t i t u d e  a t  probe i n j e c t i o n .  v i  

S u p e r s c r i p t s  

* = computations c o r r e c t e d  f o r  r e f r a c t i o n .  

we = computations c o r r e c t e d  f o r  d e v i a t i o n  of s t a t i o n  v e r t i c a l .  

** = computations c o r r e c t e d  f o r  b o r e s i g h t  s h i f t  and r e c e i v e r  

d r i f t  . 
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I. IMTRODUCTI ON 

The t h r e e  major requirements  of t h e  t r a c k i n g  and da ta-handl ing  

network which was used f o r  Pioneers I11 and I V  were: 

1. To provide cont inuous r e c e p t i o n  of t e l eme te r ing  d a t a  t o  

s e v e r a l  t e n s  of thousands of k i lome te r s  i n  o r d e r  t o  receive 

cosmic-ray d a t a  from t h e  o u t e r  r a d i a t i o n  bands; 

To provide a t  l e a s t  i n t e r m i t t e n t  r e c e p t i o n  of t e l e m e t e r i n g  

informat ion  t o  d i s t a n c e s  beyond t h e  moon; 

To make t h e  p r e c i s i o n  angu la r  measurements r e q u i r e d  f o r  

a c c u r a t e  de t e rmina t ion  of t h e  f l i g h t  pa ths  of t h e  probes.  

2.  

3 .  

A secondary o b j e c t i v e  was t h a t  t h e  concepts  and t h e  b a s i c  hardware of 

t h e  system could  be u t i l i z e d  i n  t h e  f u t u r e  e v o l u t i o n  of a deep-space 

network which would meet t h e  t r a c k i n g ,  d a t a  handl ing ,  and computat ional  

requi rements  of more s o p h i s t i c a t e d  deep-space experiments.  

11. NETWORK CONFIGURATION 

The primary d a t a - a c q u i s i t i o n  and t r a c k i n g  network c o n s i s t e d  o f  

a s e t  of r e c e i v i n g  s t a t i o n s  connected t o  a da ta -process ing  c e n t e r  

by t e l e t y p e  and voice communications, and a number o f  coopera t ing  

t r a c k i n g  s t a t i o n s  and computing c e n t e r s .  

e s t a b l i s h e d  by t h e  J e t  Propuls ion Laboratory and u t i l i z e d  (F ig .  1) : 

The primary n e t  was 

1. Tracking s t a t i o n s  a t  t h e  launch s i t e  a t  Cape Canavera l ,  

F l o r i d a ;  a t  Mayag'u.ez, Puerto Rico;  and a t  Goldstone Lake, 

C a l i f o r n i a .  

Page 1 
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2. A da ta -p rocess ing  and computing c e n t e r  a t  Pasadena, 

C a l i f o r n i a .  

3. Message c e n t e r s  a t  Pasadena and Cape Canaveral .  

The f u n c t i o n  of t h e  l a u n c h - s i t e  s t a t i o n  was t o  check o u t  t h e  

payload r a d i o  equipment p r i o r  t o  launch  and t o  provide t e l e m e t r y  

r e c e p t i o n  and one-way doppler  d u r i n g  t h e  f i r s t  10 t o  15 min of f l i g h t .  

This  s t a t i o n  u t i l i z e d  a narrow-band phase-locked receiver w i t h  a 

manually d i r e c t e d  r e l a t i v e l y  broad beam antenna. For t h e  P ioneer  I V  

t r a j e c t o r y ,  t h e  v e h i c l e  d isappeared  below t h e  ho r i zon  10 t o  15 min 

a f t e r  launching.  

approximate ly  6 min a f t e r  l i f t - o f f ,  t h e  veh ic l e  appeared on t h e  

nor thwes t  ho r i zon  a t  t h e  Puerto Rico s t a t i o n ,  and t h a t  s t a t i o n  

acqu i red  t h e  s i g n a l .  

S h o r t l y  be fo re  t h e  time of l o s s  a t  t h e  launch s i t e ,  

The Puerto Rico s t a t i o n  has a narrow-band phase-locked r e c e i v e r  

which i s  used i n  c o n j u n c t i o n  wi th  a 10 - f t -d i ame te r  au tomat ic  t r a c k i n g  

antenna mounted on a modi f ied  Nike Az-E1  antenna p e d e s t a l  (F ig .  2) .  

Data provided by t h e  s t a t i o n  inc lude  veh ic l e  c o o r d i n a t e s  ( A z - E l )  , 
one-way dopp le r ,  and telemetry. 

A s  t h e  P ioneer  cont inued  i t s  f l i g h t  toward t h e  moon, i t s  appa ren t  

e a s t e r l y  motion was a r r e s t e d  b-ecause of t h e  r o t a t i o n  of t h e  e a r t h .  

Af te r  approximate ly  6 1/2 hr of  t r a c k i n g  by t h e  Pue r to  Rico s t a t i o n ,  

t h e  v e h i c l e  appeared on t h e  s o u t h e a s t  ho r i zon  a t  Goldstone Lake and 

t h a t  s t a t i o n  a c q u i r e d  t h e  s i g n a l  (F ig .  3 ) .  A t  t h a t  time t h e  probe 

was approximately 80,000 km from t h e  e a r t h ,  s t i l l  h igh  i n  t h e  sky a t  

P u e r t o  Rico, and provid ing  a s i g n a l  c o n s i d e r a b l y  above t h e  t h r e s h o l d  

of the  Puer to  Rico s t a t i o n  r e c e i v e r .  

Page 2 
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The Goldstone s t a t i o n ,  which w i l l  be  desc r ibed  i n  some d e t a i l ,  

has  a phase-locked r e c e i v e r  used i n  con junc t ion  wi th  an 85- f t -d iameter  

polar-mounted t r a c k i n g  antenna. Bas i c  d a t a  provided by t h e  Goldstone 

i n s t a l l a t i o n  a r e  t h e  same a s  provided by Puer to  Rico: a n g u l a r  

p o s i t i o n ,  one-way doppler ,  and t e l eme t ry .  The Goldstone s t a t i o n  

t r a c k e d  t h e  Pioneer  probe from hor i zon  t o  hor izon ,  a pe r iod  of about  

9 h r .  A f t e r  t h e  probe s e t  i n  the  west a t  Goldstone i t  was n o t  v i s i b l e  

t o  t h a t  s t a t i o n  f o r  about 15 h r ,  a f t e r  which time it  was a g a i n  

acqu i r ed  and t r a c k e d  f o r  another  9-hr  per iod.  This sequence was 

r e p e a t e d  f o r  t h e  l i f e  of t h e  probe t r a n s m i t t e r .  

The t r a c k i n g  s t a t i o n  coverage i s  shown p i c t o r i a l l y  i n  Fig.  4. 

Coverage by one of t h e  major coopera t ing  s t a t i o n s ,  t h e  250-f t -d iameter  

J o d r e l l  Bank r a d i o  t e l e s c o p e  of t h e  U n i v e r s i t y  o f  Manchester i n  

England, i s  i n d i c a t e d  on t h i s  drawing. A less  a r t i s t i c  b u t  more 

t e c h n i c a l l y  f a c t u a l  r e p r e s e n t a t i o n  of t h e  coverage by t h e  network i s  

shown i n  Fig. 5. 

The dopp le r  d a t a  from a l l  s t a t i o n s  and t h e  angu la r  i n fo rma t ion  

from t h e  Puer to  Rico and Goldstone s t a t i o n s ,  tagged wi th  t h e  e x a c t  

Greenwich Mean T i m e ,  were au tomat i ca l ly  encoded i n t o  s t a n d a r d  t e l e t y p e  

format  and t r a n s m i t t e d  t o  t h e  Computing Cen te r  i n  C a l i f o r n i a  (Fig.  6 ) .  

Automatic t e l e t y p e  t o  IBM-card c o n v e r t e r s  were used t o  put  t h e  

r e c e i v e d  d a t a  i n t o  t h e  proper  machine i n p u t  format.  

The Computing C e n t e r  i n  Pasadena u t i l i z e d  p r i m a r i l y  an  IBM 704 

computer. The computer r e s u l t s  were monitored w i t h  s e v e r a l  independent  

procedures  us ing  s m a l l e r  e l e c t r o n i c  computers, desk c a l c u l a t o r s ,  and 

precomputed c h a r t s .  The IBM 704 computer a t  t h e  Rand Corpora t ion  i n  
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Santa  Monica, C a l i f o r n i a ,  served a s  back-up. 

C e n t e r  t h e  d a t a  were analyzed t o  provide r a p i d  and p r e c i s e  a c q u i s i t i o n  

po in t ing  in fo rma t ion  for t h e  t r ack ing  s t a t i o n s  and a c c u r a t e  d e t e r -  

mina t ion  of t h e  v e h i c l e  paths .  

were provided on IBM c a r d s  which were f e d  i n t o  a card- to- tape  

c o n v e r t e r  and t r a n s m i t t e d  t o  the a p p r o p r i a t e  t r a c k i n g  s t a t i o n s  by 

t e l e t y p e  (Fig.  7) . 

I n  t h e  Computing 

The resu l t s  o f  t h e s e  computations 

The f low of da t a  i n t o  and o u t  of t h e  Computing Cen te r  was 

r e g u l a t e d  from a communications n e t  c o n t r o l  c e n t e r  l o c a t e d  i n  t h e  

computer a r e a  which d i r e c t e d  the  swi tch ing  of communications l i n e s  

a c t u a l l y  c a r r i e d  o u t  by t h e  two message c e n t e r s  l o c a t e d  on t h e  e a s t  

and w e s t  c o a s t s  of t h e  United S t a t e s .  

The primary t r a c k i n g  network was thus  an  almost completely 

automatic  system which, when r e c e i v i n g  a probe s i g n a l ,  would 

a u t o m a t i c a l l y  count ,  encode, t r a n s m i t ,  and conver t  t r a c k i n g  d a t a ,  

and then  compute, conve r t ,  t r a n s m i t ,  and d i s p l a y  a c q u i s i t i o n  da ta .  

The on ly  nonautomatic f u n c t i o n  i n  t h e  system was t h e  c a r r y i n g  of 

d a t a  c a r d s  t h e  25 f t  between c o n v e r t e r s  and machine i n p u t  and output .  

111. PIONEER IV PAYLOAD 1 

I n  a d d i t i o n  t o  t h e  g e n e r a t i o n  and emiss ion  of a r a d i o  s i g n a l  

f o r  t h e  communications and t r a c k i n g  experiment , t h e  payload provided 

measurement of cosmic-ray i n t e n s i t y  a s  t h e  b a s i c  s c i e n t i f i c  experiment.  

Secondary experiments ,  inc luding  an  o p t i c a l  s h u t t e r  t r i g g e r  mechanism, 

a device for despinning  t h e  payload, a monitor  f o r  t h e  t r a n s m i t t e r  

power ou tpu t ,  and measurements of payload tempera ture ,  were i n c o r p o r a t e d  
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in the payload and their performance telemetered. The weight of  the 

assembled payload for Pioneer IV after probe separation was 13.4 lb; 

a breakdown of the subsystem weights is shown in Table I. 

Table 1. Weight Allocation f o r  Payload Components 

Structure 

Transmitter 

Antenna and feed 

Subsystem 

Power supply and VCO package 

Timer 

Batteries 

Radiation measurement equipment ( includ- 
ing two telemetry subcarrier oscilla- 
tors) 

3 Optical shutter trigger (includin 
telemetry subcarrier oscillator 

Despin mechanism 

Balancing weights 

Total 

Weight Allowance 
l b  

0 .9  

1.4 

0 .5  

0 .9  

0.2 

7.1 

1.4 

0.4 

0 .2  

0.4 

- 
13.4 

A photograph of the Pioneer payload is shown in F i g .  8. The 

VHF radio transmitter in the payload provided approximately 160 mw 
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of c a r r i e r  power and 90 mw of modulation s ideband power f o r  a u s e f u l  

f l i g h t  l i f e t i m e  of approximately 80 h r .  

The p re t r ansmiss ion  process ing  of t h e  cosmic-ray-count d a t a  

de r ived  from t h e  unshie lded  Geiger-Mueller tube i n  t h e  payload 

r e p r e s e n t e d  an  i n t e r e s t i n g  and s imple technique f o r  handl ing t h a t  

type  of measurement. A s e r i e s  of b i s t a b l e  c i r c u i t s  s c a l e d  t h e  counts  

from t h e  GM tube  by  f a c t o r s  of 29 ,  213, and 217 t o  provide l o g a r i t h m i c  

compression of t h e  count ing r a t e  da t a .  The ou tpu t  of t h e  t h r e e  t a p s ,  

a t  a p p r o p r i a t e l y  d i f f e r e n t  amplitude leve ls  t o  r e t a i n  t h e i r  i d e n t i t y ,  

were combined t o  c o n t r o l  a s i n g l e  s u b c a r r i e r  o s c i l l a t o r  frequency. 

Also,  f i l t e r i n g  was provided so t h a t  a s  t h e  lowes t  s c a l e - f a c t o r  ou tput  

(29  coun t s )  began t o  count r a p i d l y  and t h e  next  s c a l e - f a c t o r  

t a p  became a c t i v e ,  t h e  counts  from t h e  lowest  t a p  would be f i l t e r e d  

o u t  of t h e  t r a n s m i t t e d  da t a .  The o p e r a t i o n  of t h i s  mechanizat ion i s  

i n d i c a t e d  i n  F i g .  9 ,  which con ta ins  a sample of t h e  a c t u a l  f l i g h t  

d a t a  recorded  from Pioneer  I V .  

IV .  GOLDSTONE TRACKING STATION 

A d e s c r i p t i o n  of the Goldstone f a c i l i t y  w i l l  i l l u s t r a t e  t h e  

degree of complexity of  t h e  s t a t i o n s  i n  t h e  Pioneer  I11 and I V  

network. Except f o r  t h e  l a r g e r  antenna s i z e  and t h e  g r e a t e r  

permanency of t h e  Goldstone s t a t i o n ,  t h e  Puerto Rico and Goldstone 

i n s t a l l a t i o n s  a r e  very s i m i l a r .  I n  p a r t i c u l a r ,  i d e n t i c a l  e l e c t r o n i c  

equipment was i n s t a l l e d  a t  the two s t a t i o n s  whenever f e a s i b l e .  

The Goldstone t r a c k i n g  antenna i s  85 f t  i n  d iameter  and i s  

e q u a t o r i a l l y  mounted. S i g n i f i c a n t  parameters of t h e  s t ruc tu re  a r e :  
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1. Maximum t r a c k i n g  r a t e ,  1 deg/sec i n  b o t h  a x e s  

2. 

3. R e f l e c t i n g  su r face  accuracy ,  1/4 i n .  

4. 

Maximum a c c e l e r a t i o n ,  5 deg/sec 2 

Coverages,  f 6 h r  i n  hour  angle  from 90- t o  0-deg 

d e c l i n a t i o n ,  e s s e n t i a l l y  f u l l - s k y  coverage t o  ho r i zon  

f o r  sou th  d e c l i n a t i o n s .  

Opera t ion  w i t h  good accuracy  t o  45-mph wind v e l o c i t y ;  

can  s u r v i v e  87 mph i n  any p o s i t i o n  and 120 mph i n  

stowed p o s i t i o n .  

5. 

6. Accuracy of s t r u c t u r e  ( cons t ancy  of axes  a l ignment ,  e t c . ) ,  

on o r d e r  of 1 min of a r c .  

The antenna i s  d r i v e n  by a h igh-pressure  h y d r a u l i c  system. 

h y d r a u l i c  system was chosen because e l e c t r i c a l  i n t e r f e r e n c e  problems 

wi th  t h e  s e n s i t i v e  r e c e i v i n g  equipment a r e  minimized and t h e  r o t a t i n g  

i n e r t i a  of t h e  d r i v e  i s  less than  w i t h  e l e c t r i c a l  systems of comparable 

c a p a c i t y .  

speed of  1 deg/sec f o r  s a t e l l i t e  t r a c k i n g  and a low speed capable  of 

t r a c k i n g  t h e  range  which might be  encountered  w i t h  a space veh ic l e - -  

0.1 t o  0.005 deg/sec. 

A 

The d r i v e  system has two speeds of ope ra t ion :  a h igh  

The c o n t r o l  system f o r  t h e  antenna s e r v o  provided f o u r  modes 

of p o s i t i o n i n g  t h e  antenna:  

1. Manual c o n t r o l  a t  t h e  handwheels which would i n s e r t  

a p o s i t i o n  e r r o r  s i g n a l  t h a t  t h e  se rvo  would n u l l .  

Manual i n s e r t i o n  of a r a t e  e r r o r  s i g n a l  a t  t h e  

handwheels. The antenna would move a t  t h e  r a t e  se t  i n .  

2. 
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3.  A saw t o o t h  and a s p i r a l  scan  w i t h  a d j u s t a b l e  

parameters  which could  be i n s e r t e d  t o  c o n t r o l  t h e  

antenna mot ion .  This c o n s t i t u t e d  t h e  automatic  s ea rch  

p a t t e r n s  a v a i l a b l e  f o r  angle  a c q u i s i t i o n .  

4. Automatic t r a c k  i n  which t h e  ampl i f i ed  s i g n a l s  of t h e  

an tenna ' s  two-axis s imultaneous- lobing e r r o r  p a t t e r n s  

were n u l l e d  by the  se rvo  p o s i t i o n i n g  of t h e  antenna. 

The c losed- loop  bandwidth of t h e  slow-speed automatic  t r a c k  

mode was a d j u s t a b l e  from 0.025 t o  0.1 cps.  A t  low s i g n a l  l e v e l s  t h e  

narrow bandwidth was u t i l i z e d  t o  minimize n o i s e  j i t t e r  i n  t h e  t r a c k .  

The f eed  f o r  t h e  85-f t -diameter  antenna was a s imultaneous- lobing 

type ,  us ing  f o u r  c i r c u l a r l y  po la r i zed  t u r n s t i l e  r a d i a t o r s  l o c a t e d  i n  

f r o n t  of a ground plane.  The ou tpu t s  of t h e  i n d i v i d u a l  r a d i a t o r s  

a r e  combined i n  c o a x i a l  hybrids  t o  d e r i v e  t h e  hour-angle and 

d e c l i n a t i o n  e r r o r  p a t t e r n s  and t h e  r e f e r e n c e  channel  p a t t e r n .  The 

e l e c t r i c a l  performance of t h e  antenna i s  a s  fo l lows:  

1. Gain, 41 db above l i n e a r l y  p o l a r i z e d  i s o t r o p e  

2. 

3 .  S e p a r a t i o n  of e r r o r  channel  peaks,  1.2 t o  1.4 deg 

4. Reference channel on-axis e l l i p t i c i t y ,  2.5 db 

5. E r r o r  channel  c r o s s  coupl ing ,  1 t o  10 

6. S ide  lobe  level, 15 t o  20 db down f o r  f i r s t  s i d e  l o b e s  

Half-power beam width of r e f e r e n c e  channel ,  0.9 t o  1.3 deg 

depending on channel and p o l a r i z a t i o n ;  wide s i d e  l o b e s ,  

45 t o  50  db down on main channel  

The r a d i o  r e c e i v e r  u t i l i z e d  w i t h  t h e  960-mc t r a c k i n g  system i s  

a narrow-band phase-coherent double-conversion superheterodyne.  It  
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has  t h r e e  s e p a r a t e  channels :  a r e f e r e n c e  channel  f o r  d e t e c t i o n  of 

t h e  c a r r i e r  and t e l eme t ry  s i g n a l s  and d e r i v a t i o n  of t h e  coherent  

automatic  g a i n  c o n t r o l  ( A G C ) ,  and two s i m i l a r  e r r o r  channels  f o r  t h e  

hour-angle and d e c l i n a t i o n  e r ro r  s i g n a l s  from t h e  s imultaneous- lobing 

antenna. Parameters of t h e  r ece iv ing  system can be a d j u s t e d  t o  

provide b e s t  performance f o r  a p a r t i c u l a r  mission.  For t h e  P ioneer  I V  

t r a c k i n g  mission t h e  s i g n i f i c a n t  c h a r a c t e r i s t i c s  o f  t h e  r e c e i v e r  were: 

1. Noise bandwidth a t  UHF, 20 cps 

2. Noise temperature  of r e c e i v e r ,  1330OK 

3. Approximate r e c e i v e r  t h r e s h o l d ,  -154 dbm = 4 x 

w a t t s  

4. AGC loop  time cons t an t ,  11 and 300 sec  

For t h e  above parameters ,  t h e  maximum range f o r  t h e  Pioneer  I V  

t r a n s m i t t e r  of 200-mw t r a n s m i t t e d  power was approximately 1.6 x l o 6  km 

f o r  a u n i t y  S/N on t h e  c a r r i e r  s i g n a l  and about  20-db S/N i n  t h e  

angle  t r a c k  and AGC l o o p s .  During t h e  l a s t  phase o f  t h e  Pioneer  I V  

t r ansmiss ion ,  a s  t h e  r a d i a t e d  power of t h e  v e h i c l e  t r a n s m i t t e r  f e l l  

o f f  because of d e p l e t i o n  o f  the b a t t e r i e s ,  t h e  bandwidth of t h e  

r e c e i v e r  was changed t o  a 10-cps value which i n c r e a s e d  t h e  r e c e i v e r  

s e n s i t i v i t y  t o  about  -157 dbm. This  i s  e q u i v a l e n t  t o  a range 

c a p a b i l i t y  of 2.2 x l o 6  km f o r  a 200-mw t r a n s m i t t e d  power. 

The f u n c t i o n s  of da t a  handling and r eco rd ing  a t  t h e  s t a t i o n  

may be d iv ided  i n t o  t h r e e  a reas :  

t h e  s igna l -source  coord ina te s  ( l i m i t e d  t o  t w o  e a r t h - r e f e r e n c e d  

a n g l e s  and r a d i a l  v e l o c i t y  from one-way dopp le r )  u t i l i z e d  f o r  

d e t e r m i n a t i o n  of  t h e  v e h i c l e  t r a j e c t o r y ;  (2 )  r eco rd ing  and r e d u c t i o n  

of t h e  informat ion  te lemetered  on measurements made i n  t h e  v e h i c l e ;  

(1) measurement and handl ing of 
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(3) record ing  of t h e  r e c e i v e r  and t r a c k i n g  system performance and 

o t h e r  in format ion  de r ived  from t h e  na tu re  of t h e  r ece ived  c a r r i e r  

s i g n a l .  

The f i r s t  g r o u p  of measurements i s  processed  i n  r e a l  t ime and 

f e d  d i r e c t l y  t o  t h e  IBM 704 computer a t  t h e  J P L  c o n t r o l  c e n t e r .  

angle  and d e c l i n a t i o n  of t h e  t a r g e t  a r e  taken  from d i g i t a l  encoders  

on t h e  synchro fol low-up system i n  t h e  c o n t r o l  room; t h e s e  encoders  

fo l low t h e  p o s i t i o n  of t h e  d r i v e  p in ion  on t h e  antenna b u l l  gea r s .  

Also,  t h e  f requency  o f  t h e  o s c i l l a t o r  which i s  phase locked t o  t h e  

r ece ived  c a r r i e r  s i g n a l  i s  d i g i t a l l y  recorded  t o  provide t h e  v e l o c i t y  

measurement. These t h r e e  measurements t o g e t h e r  w i th  a da t a  c o n d i t i o n  

i n d i c a t o r  a r e  sampled synchronously i n  t i m e  and time coded. 

a r e  t h e n  s e r i a l i z e d ,  t ransformed t o  a t e l e t y p e  code, and t r a n s m i t t e d  

a s  a t e l e t y p e  message t o  t h e  Computing Center  f o r  i n s e r t i o n  i n t o  t h e  

IBM 704 computer. 

Hour 

They 

Recording of t h e  te lemetered  informat ion  ( t h e  i tems  of group 2) 

was done b a s i c a l l y  i n  two ways. F i r s t  t h e  composite s i g n a l  w i th  t h e  

t h r e e  informat ion-car ry ing  s u b c a r r i e r s  was recorded  on magnetic t ape  

f o r  permanent r ep roduc ib le  record  and l a t e r  r educ t ion .  

technique  employed i n  t h e  vehic le  was FM of  convent iona l  s u b c a r r i e r  

f r e q u e n c i e s ,  and t h i s  composite s i g n a l  was caused  t o  phase modulate 

t h e  t r a n s m i t t e r  s i g n a l  t o  approximately 1.2 r a d i a n s  rms. I n  a d d i t i o n  

t o  t h e  magnetic t ape  record ing ,  narrow-band phase- lock d i s c r i m i n a t o r s  

provided  s i g n a l s  t o  d r i v e  t h e  pens of s t r i p  c h a r t  r e c o r d e r s .  This  

provides  r ea l - t ime  r e d u c t i o n  on t h e  s i t e  of t h e  t h r e e  information-  

c a r r y i n g  channels .  The noise  bandwidth of t h e  audio d i s c r i m i n a t o r s  

was s e l e c t a b l e  i n  t h e ' r a n g e  of 1-8 cps ,  which provided a t h r e s h o l d  

The t e l e m e t r y  
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of t h e s e  channels  w i t h i n  a b o u t 4  db of t h e  r e c e i v e r  RF c a r r i e r  

t h r e s h o l d  wi th  t h e  des ign  values of payload modulat ion level.  

f u n c t i o n s  which were recorded  i n  t h i s  f a s h i o n  f o r  t h e  P ioneer  f l i g h t :  

inc luded  : 

The 

1 . Despin mechanism (memory) 

2. S h u t t e r  t r i g g e r  and memory 

3. 

4. Low-in tens i ty  r a d i a t i o n  

High- in t ens i ty  r a d i a t i o n  (power l e v e l  monitor)  

5. I n t e r n a l  t empera tu re  

The t h i r d  group of  func t ions  ins t rumented  were a l s o  recorded  on 

magnetic t a p e  and s t r i p  c h a r t ,  b u t  i n  t h i s  ca se  no d i s c r i m i n a t o r s  

were necessary.  These func t ions  included:  

1. 

2. 

3. RF in - lock  i n d i c a t o r  

4. Servo-cont ro l  mode swi tch  

5. 

6. 

7. Hour-angle-error  s i g n a l  

8. 

Received s i g n a l  s t r e n g t h  ( a l s o  d i g i t a l l y  recorded)  

Spin  modulation (from payload motion) 

RF s t a t i c  phase e r r o r  i n  r e c e i v e r  phase-locked loop  

RF dynamic phase e r r o r  i n  r e c e i v e r  phase-locked loop  

Dec l i n a  ti on-error s i g n a l  

The s p i n  modulat ion record ing  was made t o  provide in fo rma t ion  on t h e  

motion of t h e  payload. 

p a t t e r n  of t h e  veh ic l e  was d e l i b e r a t e l y  made s l i g h t l y  unsymmetrical  

t o  produce a modulat ion o f  the r e c e i v e d  s i g n a l  a s  t h e  payload r o t a t e d  

about  i t s  own a x i s .  

The e s s e n t i a l l y  symmetrical  d i p o l e - l i k e  
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V. DATA TRANSMISSION NETWORK 

A communications system made up of voice and t e l e t y p e  f a c i l i t i e s  

was e s t a b l i s h e d  e a r l y  i n  November 1958 t o  provide a r e l i a b l e ,  r a p i d ,  

and f l e x i b l e  means of t ransmiss ion  of d i g i t a l  d a t a ,  t e c h n i c a l  

in format ion ,  and a d m i n i s t r a t i v e  messages between t h e  var ious  t r a c k i n g  

s t a t i o n s ,  computing c e n t e r s ,  and communications c e n t e r s .  This  network 

provided f u l l - t i m e  voice and 60-word/min t e l e t y p e  communication between 

s t a t i o n s  a t  t h e  J e t  Propuls ion  Laboratory,  t h e  Goldstone Lake t r a c k i n g  

s t a t i o n ,  and t h e  A t l a n t i c  Miss i l e  Range by means of t runk  t i e - l i n e s  

wi th  e x i s t i n g  a d m i n i s t r a t i v e  exchanges a t  t h e s e  a reas .  

t r a c k i n g  s t a t i o n  was l i n k e d  t o  t h e  n e t  through t h e  submarine c a b l e  

which ex tends  from Cape Canaveral  t o  t h e  s o u t h e a s t e r n  range s t a t i o n s .  

The Mayagcez 

The o v e r - a l l  network, as  i l l u s t r a t e d  i n  F i g .  10, provided f o r  

a t  l e a s t  two ha l f -duplex  t e l e t y p e  c i r c u i t s  and two voice c i r c u i t s  

between a l l  p o i n t s ,  w i t h  switching c a p a b i l i t i e s  a t  t h e  two message 

c e n t e r s  t o  provide f o r  any makeup from a s i n g l e  po in t - to -po in t  

connec t ion  t o  a f u l l  p a r t y  l i n e .  

The two subsystems of t h e  communications n e t  used i n  t h e  

P ioneer  I11 and I V  f i r i n g s  were s e p a r a t e l y  c o n t r o l l e d  under non- 

emergency cond i t ions .  The Red Net was t h e  d a t a  f low n e t  and c o n s i s t e d  

o f  a l l  t e l e t y p e  communications and one voice l i n e  between a l l  po in t s .  

Con t ro l  of  t h e  Red Net o r i g i n a t e d  i n  t h e  J P L  Computing Center .  

White Net was t h e  t r a c k i n g  s t a t i o n  o p e r a t o r  n e t  and c o n s i s t e d  of one 

voice c i r c u i t  p r i m a r i l y  f o r  communications between t h e  t h r e e  t r a c k i n g  

s t a t i o n s  b u t  w i th  o u t l e t s  a t  t h e  two message c e n t e r s  and t h e  Computing 

C e n t e r  a t  JPL. 

The 
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V I .  DATA HANDLING AND COMPUTATION 

The r e d u c t i o n  of t r a c k i n g  da ta  i s  e s s e n t i a l l y  t h e  problem of 

f i l t e r i n g ,  by s t a t i s t i c a l  a n a l y s i s ,  t h e  random o b s e r v a t i o n a l  e r r o r s  

and t h e  sys t ema t i c  b i a s  e r r o r s .  A t  J P L ,  a computat ional  program was 

c o n s t r u c t e d  f o r  t h e  t r a c k i n g  of space probes which u t i l i z e d  an  I B M  704 

e l e c t r o n i c  computer. The program was most r e c e n t l y  used dur ing  t h e  

t r a c k i n g  of Pioneer  I V  and can be cons idered  a s  a pro to type  of more 

advanced computat ional  schemes. 

The b a s i c  procedure i s  as  fo l lows .  A s e t  of i n i t i a l  c o n d i t i o n s  

i s  assumed o r  ob ta ined  from i t e r a t i n g  w i t h i n  t h e  program and i s  used 

t o  s t a r t  t h e  i n t e g r a t i o n  of the  d rag - f r ee  equa t ions  of motion, 

i nc lud ing  t h e  e f f e c t s  of t h e  o b l a t e  e a r t h ,  t h e  moon, and t h e  sun. 

The computed t r a j e c t o r y  v a r i a b l e s  a r e  t ransformed i n t o  s t a t i o n -  

r e f e r e n c e d  c o o r d i n a t e s  and co r rec t ed  f o r  r e f r a c t i o n  and s t a t i o n  

anomalies. The d i f f e r e n c e s  between computed and observed va lues  a r e  

used t o  determine those  c o r r e c t i o n s  i n  i n i t i a l  c o n d i t i o n s  which r e s u l t  

i n  t h e  minimum sum of squares  of t h e  d i f f e r e n c e s  between c a l c u l a t i o n s  

and observa t ions .  The c o r r e c t i o n s  i n  i n i t i a l  c o n d i t i o n s  a r e  added t o  

t h e  p rev ious ly  employed i n i t i a l  c o n d i t i o n s  and t h i s  completes one 

i t e r a t i o n .  

F igure  11 i s  a b lock  diagram of t h e  t r a j ec to ry -computa t ion  

program. The i n i t i a l  cond i t ions  a t  time of i n j e c t i o n  a r e  assumed o r  

s p e c i f i e d  from t h e  t r a c k i n g  program. The i n p u t  coord ina te s  a r e  

d i s t a n c e  from t h e  e a r t h ' s  c e n t e r ,  g e o c e n t r i c  l a t i t u d e ,  l o n g i t u d e ,  

and t h e  magnitude, e l e v a t i o n ,  and azimuth of t h e  v e l o c i t y  r e l a t i v e  

t o  t h e  e a r t h .  The i n t e g r a t i o n  of t h e  t r a j e c t o r y  i s  c a r r i e d  o u t  i n  
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a r igh t -handed ,  e a r t h - f i x e d ,  space-or ien ted  C a r t e s i a n  coord ina te  

system where X i s  t h e  d i r e c t i o n  of t h e  ve rna l  equinox and Z i s  t h e  

d i r e c t i o n  of t h e  no r th  p o l a r  ax i s .  

For  purposes  of t h e  t r a c k i n g  program, t h e  t r a j e c t o r y  computat ions 

a r e  provided  i n  terms of coord ina te s  a s  s i m i l a r  a s  p o s s i b l e  t o  those  

be ing  observed a t  t h e  t r a c k i n g  s t a t i o n s .  The r a d i a l  r a t e  i s  conver ted  

t o  doppler  f requency  and t h e n  s c a l e d  and b i a s e d  cor responding  t o  t h e  

way i n  which t h e  i n d i v i d u a l  s t a t i o n s  a r e  mechanized. Angle d a t a ,  

c o r r e c t e d  f o r  r e f r a c t i o n ,  a r e  provided  i n  e leva t ion-az imuth  and 

loca l -hour-angle  l o c a l - d e c l i n a t i o n  coord ina te  systems. I n  a d d i t i o n ,  

probe p o s i t i o n  can  be  d i sp layed  i n  g e o c e n t r i c ,  geomagnetic,  and 

t a r g e t - o r i e n t e d  coord ina te  systems. A v a r i e t y  of  ang le s  involv ing  

t h e  d i r e c t i o n  of a mis s i l e - r e fe renced  coord ina te  system and d i s t a n c e s ,  

v e l o c i t i e s ,  and d i r e c t i o n s  between va r ious  bodies  and o b s e r v a t i o n a l  

s t a t i o n s  a r e  a l s o  p r i n t e d  out.  

The t r a c k i n g  program shown i n  Fig.  12 a c c e p t s  a s  i n p u t s  t h e  d a t a  

ob ta ined  from t h e  t r a c k i n g  s t a t i o n s  and t h e  computed va lues  of t h e  

e s t i m a t e d  t r a j e c t o r y  i n  terms of t h e  coord ina te s  measured a t  t h e  

s t a t  i ons .  

A sample of  a d a t a  message r e c e i v e d  a t  t h e  Computing Cen te r  from 

t h e  Goldstone s t a t i o n  i s  shown i n  Fig.  13. With machines a d j u s t e d  

f o r  a t r ansmiss ion  r a t e  of  60 words/min, a s i n g l e  t e l e t y p e  l i n e  of 

d a t a  was t r a n s m i t t e d  i n  7 sec. For  use  i n  t h e  s t a t i s t i c a l  e v a l u a t i o n  

of  s t a t i o n  performance a f t e r  t h e  complet ion of t r a c k i n g ,  t h e  

compara t ive ly  h igh  data-sampling r a t e  of 6 samples/min was used 

throughout  t h e  P ioneer  I V  opera t ion .  The d a t a  messages c o n s i s t e d  of 
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1. A s t a t i o n  i d e n t i f i c a t i o n  number ( t h e  number 2 f o r  t h e  

Goldstone s t a t i o n )  

2.  A d a t a  c o n d i t i o n  number gene ra t ed  i n  t h e  s t a t i o n  by two 

automat ic  switches and one manual b i n a r y  swi t ch  

i n d i c a t i n g  t h e  t r a c k i n g  mode of t h e  s t a t i o n  ( t h e  number 

0 i n d i c a t i n g  t h a t  t h e  rad io- f requency  s i g n a l  was phase 

locked ,  t h a t  t h e  antenna was i n  au tomat ic  a n g l e - t r a c k ,  

and t h a t  t h e  s t a t i o n  manager b e l i e v e d  t h e  t r a n s m i t t e d  

d a t a  t o  be good).  

3. A s i x - d i g i t  number r e p r e s e n t i n g  t h e  Greenwich Mean T i m e  

i n  hours ,  minutes ,  and seconds. (The times d i s p l a y e d  

c o r r e c t l y  t a g  the  d a t a  t o  w i t h i n  10 msec). 

4. A s i x - d i g i t  decimal number r e p r e s e n t i n g  t h e  l o c a l  hour  

ang le  a t  Goldstone Lake o r  t h e  e l e v a t i o n  ang le  a t  

MayagGez i n  thousandths  of degrees .  

5. A s i x - d i g i t  decimal number r e p r e s e n t i n g  l o c a l  d e c l i n a t i o n  

ang le  a t  Goldstone o r  t h e  azimuth ang le  a t  MayagGez i n  

thousandths  of degrees .  

The counted doppler  f requency i n  c y c l e s  p e r  second 

(which i s  r e l a t e d  t o  t h e  range r a t e  by l i n e a r  a l g e b r a i c  

e q u a t i o n s  wi th  d i f f e r e n t  c o n s t a n t s  f o r  each s t a t i o n )  . 

6.  

P r i o r  t o  f u l l  acceptance of a d a t a  p o i n t  i n t o  t h e  t r a c k i n g  

program, t h e  d i f f e r e n c e  between t h e  computed and observed va lues  i s  

compared wi th  a s t a n d a r d  d e v i a t i o n ,  which i s  e i t h e r  a n  e x t e r n a l l y  

s p e c i f i e d  number or one computed w i t h i n  t h e  t r a c k i n g  program from 

e a r l i e r  observa t ion '  p o i n t s .  Measured va lues  which d i f f e r  from t h e  

computed va lues  by more than  t h r e e  times t h e  s t a n d a r d  d e v i a t i o n  a r e  

r e j e c t e d .  
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I n d i v i d u a l  d a t a  p o i n t s  a r e  weighted i n v e r s e l y  a s  t h e  var iance  of 

t h e  d e t e r i o r a t i o n  i n  q u a l i t y  of t h e  t r a c k i n g  d a t a .  

may depend on whether an  automatic t r a c k i n g  mode i s  used,  on t h e  

s i g n a l  s t r e n g t h ,  and on t h e  e l e v a t i o n  angle .  

The weight ing used 

D i f f e r e n t i a l  c o e f f i c i e n t s  were computed by d i f f e r e n c i n g  s i x  

t r a j e c t o r i e s  w i t h  per turbed  i n i t i a l  cond i t ions  from a r e fe rence  

t r a j e c t o r y .  S ince  t h e  r e fe rence  t r a j e c t o r y  does n o t  need t o  be 

p r e c i s e l y  t h e  same a s  t h a t  used f o r  p r e d i c t i o n s ,  d i f f e r e n t i a l  

c o e f f i c i e n t s  need not  be  cont inuous ly  recomputed. 

The d i f f e r e n c e s  between computations and obse rva t ions  , prope r ly  

weighted, and t h e  d i f f e r e n t i a l  c o e f f i c i e n t s  of t h e  obse rva t ions  wi th  

r e s p e c t  t o  t h e  i n i t i a l  c o n d i t i o n s ,  a r e  f e d  i n t o  a number of l e a s t -  

s q u a r e s - f i t t i n g  r o u t i n e s .  I n  t h e  primary method, each  d a t a  type  i s  

weighted i n v e r s e l y  a s  t h e  p rev ious ly  computed v a r i a n c e s  from t h e  

mean f o r  t h a t  t ype  and then  i s  combined. Changes i n  t h e  s i x  

i n i t i a l  c o n d i t i o n s  and i n  cons t an t  b i a s e s  i n  t h e  f i v e  p o s s i b l e  

obse rva t ion  types  can be solved f o r .  Thus, t h e  maximum mat r ix  s i z e  

provided f o r  i s  11 x 11. 

p r e s e n t l y  be  used i s  based on t h e  r a t i o  of t h e  changes i n  i n i t i a l  

c o n d i t i o n s  and b i a s e s  c a l l e d  f o r  and t h e  computed s t a n d a r d  d e v i a t i o n  

i n  i n i t i a l  cond i t ions .  The new i n i t i a l  c o n d i t i o n s  and b i a s e s  ob ta ined  

by adding t h e  changes so lved  f o r  a r e  used a s  i n p u t  f o r  subsequent  

t r a j e c t o r y  computations.  Standard d e v i a t i o n s  from t h e  mean and 

s t a n d a r d  d e v i a t i o n s  i n  i n i t i a l  cond i t ions  a r e  always d isp layed .  

S tandard  d e v i a t i o n s  of p r e d i c t i o n s  a r e  computed on opt ion .  

The ma t r ix  s i z e  t e s t  which can, on o p t i o n ,  

Leas t - squares  r o u t i n e s  a r e  a p p l i e d  t o  each  s e p a r a t e  d a t a  type 

i n  o r d e r  t o  o b t a i n  t h e  changes i n  i n i t i a l  c o n d i t i o n s  c a l l e d  for by 
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t h e  var ious  types .  The i n i t i a l  c o n d i t i o n s  so so lved  f o r  a r e  used t o  

o b t a i n  s t anda rd  d e v i a t i o n  from t h e  mean f o r  t h e  optimum f i t  t o  each 

da ta  type s e p a r a t e l y ,  and a r e  c a l l e d  "noise"  s t anda rd  d e v i a t i o n s .  

The s e p a r a t e  changes i n  i n i t i a l  c o n d i t i o n s  obta ined  above a r e  combined 

by weight ing t h e  r e s u l t s  from each type  i n v e r s e l y  a s  t h e  var iance  of 

t h a t  d a t a  type  from t h e  poin t ing  t r a j e c t o r y .  S tandard  d e v i a t i o n s  of 

t h e  i n i t i a l  c o n d i t i o n s  obtained i n  t h i s  manner a r e  a l s o  computed. 

A c q u i s i t i o n  p r e d i c t i o n s  f o r  t r ansmiss ion  t o  t h e  a p p r o p r i a t e  

t r a c k i n g  s t a t i o n  a r e  genera ted  on command and d i sp layed  on punched 

ca rds .  The s t anda rd  a c q u i s i t i o n  message provides  d a t a  i n  1-min 

i n t e r v a l s .  For long-range p r e d i c t i o n s  l e s s  f r e q u e n t  i n t e r v a l s  were 

used. F igure  14 shows a sample of a s t anda rd  message s e n t  from t h e  

Computing Cen te r  t o  t h e  Goldstone t r a c k i n g  s t a t i o n .  The f i r s t  f o u r  

columns r e p r e s e n t  time, l o c a l  hour  ang le ,  l o c a l  d e c l i n a t i o n  ang le ,  

and counted doppler  frequency i n  t h e  same format and i n  t h e  same 

coord ina te  system ( i n c l u d i n g  r e f r a c t i o n  c o r r e c t i o n s  , etc.) a s  t h e  

expec ted  d a t a  message. The remaining t h r e e  columns r e p r e s e n t  l o c a l  

hour ang le  and l o c a l  d e c l i n a t i o n  ang le  r a t e s  i n  thousandths  of 

degrees  p e r  hour ,  and range i n  k i lometers .  

VII. SUMMARY OF NETWORK PERFORMANCE, 
PIONEER IV 

Using t h e  f i r s t 1 5  min of d a t a  a f t e r  l a s t - s t a g e  burnout ,  po in t ing  

p r e d i c t i o n s  were made f o r  t h e  Pue r to  Rico s t a t i o n  f o r  a time one hour 

l a t e r  t h a n  t h e  l a s t  da t a  point  used. These p r e d i c t i o n s  and a l l  l a t e r  

p r e d i c t i o n s  f o r  Puer to  R i c o  were subsequent ly  found t o  ag ree  wi th  t h e  
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o b s e r v a t i o n s  t o  w i t h i n  l e s s  than  0.2 deg. 

ob ta ined  w i t h  15 min of d a t a  d i f f e r  from t h e  p r e s e n t  b e s t  e s t i m a t e  

by 12 km i n  i n j e c t i o n  a l t i t u d e  and 30 m/sec i n  v e l o c i t y .  

The i n i t i a l  c o n d i t i o n s  

With 3 1/2 h r  of d a t a  from Puer to  Rico a n  a c q u i s i t i o n  p r e d i c t i o n  

was t r a n s m i t t e d  t o  t h e  Goldstone s t a t i o n  which agreed  w i t h  subsequent  

o b s e r v a t i o n s  t o  w i t h i n  0.1 deg. The i n i t i a l  c o n d i t i o n s  o b t a i n e d  a t  

t h a t  time d i f f e r  from t h e  p re sen t  b e s t  e s t i m a t e s  by 2 km i n  a l t i t u d e ,  

0.05 deg i n  l a t i t u d e  and long i tude ,  5 m/sec i n  v e l o c i t y ,  and 0.1 deg 

i n  t h e  v e l o c i t y  ang le s .  A l l  p r e d i c t i o n s  made a f t e r  t h e  f i r s t  day of 

t r a c k i n g  for p e r i o d s  one day l a t e r  were found t o  ag ree  w i t h  t h e  

o b s e r v a t i o n s  t o  w i t h i n  0.05 deg. 

The Goldstone Lake antenna was e v a l u a t e d  us ing  i n  p a r t  t h e  

tracking-computing program desc r ibed  above. The d a t a  were found t o  

have a s t a n d a r d  d e v i a t i o n  of about  1 min of a r c  which, because  of t h e  

l a r g e  q u a n t i t i e s  of d a t a  obta ined ,  r e s u l t e d  i n  e r r o r s  of t h e  mean 

s m a l l e r  by 1 o r  2 o r d e r s  of magnitude from t h i s  source.  The 

u n c e r t a i n t y  i n  t h e  de t e rmina t ion  of b i a s e s  appears  t o  be about  1 min 

of a r c  wi th  t h e  da t a - r educ t ion  procedures  used. 

F i g u r e s  15 and 16 show t h e  e r r o r s  i n  a c t u a l  samples of d a t a  w i t h  

r e s p e c t  t o  t h e  computed t r a j e c t o r y  f o r  t h e  f l i g h t  of P ionee r  I V  a t  

ranges  of 100,000 km and 500,000 km r e s p e c t i v e l y .  

ranges  (F ig .  15) s e v e r a l  c h a r a c t e r i s t i c s  of t h e  t r a c k i n g  system a r e  

d i s c e r n i b l e .  

sgwtooth forms wi th  s l o p e s  p r o p o r t i o n a l  t o  t h e  angu la r  r a t e s .  which 

a r e  caused  by round-off i n  t h e  d i g i t a l  encoding system. The hour- 

ang le  graph shows a s i n u s o i d a l  form w i t h  a p e r i o d  of 22 min 

A t  c l o s e  t r a c k i n g  

The d e c l i n a t i o n - a n g l e - e r r o r  graph  c l e a r l y  shows t h e  
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subsequent ly  found t o  have been caused b y  a n  out-of-round component 

i n  t h e  angu la r  readout  system. A t  t h e  l a r g e r  ranges (F ig .  16) t h e  

dominant f e a t u r e  of t h e  e r r o r  graphs i s  t h e  i n d i c a t i o n  of a s u b s t a n t i a l  

i n c r e a s e  i n  no i se  i n  t h e  system. 

A t  t h e  d i s t a n c e  of t h e  moon, t h e  accuracy  of t h e  probe p o s i t i o n  

a s  determined by t h e  t r a c k i n g  and computation network i s  e s t i m a t e d  

t o  have been 100 km. The Goldstone Lake s t a t i o n  t r a c k e d  and r e c e i v e d  

usab le  t e l e m e t r y  through t h e  l i f e  of t h e  payload t r a n s m i t t e r  b a t t e r i e s .  

The payload was 650,000 km d i s t a n t  when t h e  b a t t e r i e s  were d e p l e t e d  

a f t e r  t h e i r  nominal f l i g h t  l i f e t i m e  of more t h a n  80 hours.  
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Fig. 1. Bes ic  Tracking Network 
Pioneers  I11 and I V  
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_- 

Fig .  2. Puerto Rico Downrange Track ing  S t a t i o n  
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ITROL BUILD1 

._- --- 
F i g .  3. Golds tone  Lake Track ing  S t a t i o n  
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Fig .  6. P i o n e e r  I11 and I V  
Computing C e n t e r  

I 
Fig.  7. Data Handl ing  F a c i l i t y  
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Fig. 8.  P i o n e e r  Payload 

F ig .  9. Cosmic-Ray Data 
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I I From Track ing Program 

Init ial  conditions at time of injection 

Ri, +i, @ i t  vic ria 

Conversion to  perfect station coordinates 
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I Pointing predictions I 
Fig. 11. Trajectory Computation Program 
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Fig. 13. Sample of 
Goldstone Data 

Message 

1312~1 304116 3x507 11329 0i5i02 -00048 492858 

131311 305027 336506 11529 015102 -00048 492954 

131421 3d5211 336504 11329 015183 -00048 493050 

1316C1 305119 336501 11329 015104 -00048 493242 

131'701 306029 336500 11329 015105 -00048 493338 

131801 306288 356498 11329 015105 -00647 493435 

1319i31 306531 336491 11329 015106 -00047 493531 

Fig. 14. Sample of Goldstone Acquisition Message 
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........................ 

QOLDSTONE DECLINATION ANGLE 

Fig .  15. Go lds tone  Angular E r r o r s  (100,000-krn Range) 
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F i g .  16. Goldstone Angular E r r o r s  (500,000-km Range) 
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