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PREFACE 

In l a t e  1976 there   were   two  V ik ing   Landers   and  two  V ik ing   Orb i te rs  in full 
opera t ion   on   t he   su r face   and  in  o r b i t   a r o u n d   t h e   p l a n e t   M a r s .  O f  t hese   f ou r  
spacec ra f t ,   on l y   t he   V i k ing   Lander  1 was a c t i v e   i n t o   O c t o b e r   o f  1982. As t h e  
Thomas A. Mu tch   Memor ia l   S ta t i on ,   t h i s   spacec ra f t   rep resen ted   t he   Un i ted   S ta tes '  
presence  on  Mars. As the   V i k ing   Lander   Mon i to r   M iss ion  (VLMM), it gathered  and 
r e g u l a r l y   t r a n s m i t t e d   t o   E a r t h   i m a g i n g  a n d   m e t e o r o l o g y   d a t a   r e l a t i v e   t o   i t s   l o c a l  
Mar t ian  env i ronment .  

T h i s   r e p o r t   c o n t i n u e s   t h e   d e s c r i p t i o n   o f   t h e   t r a c k i n g  a n d   d a t a   a c q u i s i t i o n  
s u p p o r t   f o r   t h e   V i k i n g   M i s s i o n   t o   M a r s   p u b l i s h e d  i n  f i v e   p r e v i o u s  volumes,  which 
a r e   l i s t e d  i n  the   re fe rences .  

The f i r s t  vo lume  descr ibes   o rgan iza t ion ,   p lann ing ,   imp lementa t ion ,   and  tes t  
a c t i v i t y   f r o m   i n c e p t i o n  o f  t h e   P r o j e c t  in  1969 to   l aunch   ope ra t i ons  i n  1975. 
C r u i s e   a c t i v i t y   f r o m   t h e   l a u n c h  o f  t w o   s p a c e c r a f t   t o   t h e   l a n d i n g   o f   V i k i n g  1 in  
July 1976 i s  descr ibed in  Volume 11. The th i rd vo lume  covers   the   land ing   o f   the  
second  V ik ing   Lander   and  Mars   p lanetary   opera t ions   fo r   two  Orb i te rs   and  two 
Landers  through  the  end  o f   the  pr ime  miss ion i n  November 1976. V ik ing  Extended 
M i s s i o n   s u p p o r t   a c t i v i t y   f r o m  November 1976 th rough May 1978 i s  descr ibed i n  
Volume I V .  From  June  1978  through A p r i l  1980, V i k ing   M iss ion   Opera t i ons   were  
conducted  under   var ious names r e l a t e d   t o   t h e   c o n d i t i o n   o f   t h e   r e m a i n i n g  space- 
c r a f t  and   t he   f und ing   ava i l ab le   t o   suppor t   m iss ion   ope ra t i ons .   Th i s   pe r iod  i s  
descr ibed i n  JPL P u b l i c a t i o n  82-18. 

The Deep Space Network  continued t o  suppor t   V i k ing   f rom May 1980 t o   t h e   p r e s -  
ent   (March  1983) .   Th is   phase  o f   the  cont inu ing l i f e   o f   t h e   V i k i n g   P r o j e c t  was 
te rmed, the   V ik ing   Lander   Mon i to r   M iss ion ,   and was expec ted   t o   con t i nue   t h rough   the  
year  1994.  However,   the  spacecraf t   fa i led i n  November 1982,  and i n  March  1983, 
t h e   m i s s i o n  was cons ide red   t o   have  ended. 

In t h i s  document, t h e   t r a c k i n g  a n d   d a t a   a c q u i s i t i o n   s u p p o r t   f o r   t h e   V i k i n g  
Lander   Mon i to r   M iss ion   f rom May 1980 t o  March  1983 i s  d e s c r i b e d   t o g e t h e r   w i t h   a n  
overv iew  o f   : ' the   sc ience  resu l ts .  The e v e n t s   l e a d i n g   t o   t h e   f a i l u r e  and the  Net-  
w o r k ' s   e f f o r t s   t o   r e c o v e r   t h e   L a n d e r   s i g n a l   a r e   a l s o   i n c l u d e d .  

/ && 0 
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ABSTRACT 

From May 1980 until t h e   V i k i n g   L a n d e r   S p a c e c r a f t   f a i l e d   t o   t r a n s m i t  a down- 
link t o   E a r t h  i n  November 1982, t h e  Deep Space Network  prov ided  t rack ing  and  data 
a c q u i s i t i o n   s u p p o r t   t o   t h e   V i k i n g   L a n d e r   M o n i t o r   M i s s i o n  (VLMM). 

Th is   repor t   g ives   the   background  fo r   the  VLMM and  d iscusses   the   techn ica l  and 
opera t i ona l   aspec ts  o f  t h e   t r a c k i n g  and da ta   acqu is i t i on   suppor t   t ha t   t he   Ne twork  
was ca l l ed   upon   to   p rov ide .  An ove rv iew   o f   t he   sc ience   resu l t s   ob ta ined   f rom  the  
imaging,   meteoro log ica l ,   and  rad io  sc ience  data i s   a l s o   g i v e n .  

The repor t   conc ludes  w i t h  a d e s c r i p t i o n  o f  t h e   i n t e n s i v e   e f f o r t s   t h a t  were 
made t o   r e c o v e r   t h e   m i s s i o n   f r o m  November 1982 unt i l  t h e   e f f o r t  was d i scon t inued  
i n  March 1983.  
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I. INTRODUCTION 

In l a t e  1976 there   were   two  V ik ing   Landers   and  two  V ik ing   Orb i te rs  i n  full 
operat ion  on  and  around  the  p lanet   Mars.  O f  t hese   f ou r   spacec ra f t ,   V i k ing   Lander  1 
h a d   t h e   l o n g e s t   l i f e ;  it was s t i l l   a c t i v e  i n  October  1982. As t h e  Thomas A. Mutch 
Memor ia l   S ta t ion ,   V ik ing   Lander  1 represented   the   Un i ted   S ta tes '   p resence on Mars. 
As t he   V i k ing   Lander   Mon i to r   M iss ion  (VLMM), i s  c o n t i n u e d   t o ' g a t h e r   a n d   r e g u l a r l y  
t r a n s m i t   t o   E a r t h   i m a g i n g   a n d   m e t e o r o l o g y   d a t a   r e l a t i v e   t o   i t s   l o c a l   M a r t i a n  
environment.  However, l a t e  in 1982, t h e   l a n d e r   f a i l e d   t o   r e s p o n d   t o  uplink com- 
mands f o r  a downl ink  t ransmission.  Repeated  at tempts  over a p e r i o d   o f   f o u r  
months f a i l e d   t o   r e c o v e r   t h e   l a n d e r   s i g n a l .   F i n a l l y ,  i n  March  1983,  the  Vik ing 
Lander M o n i t o r  M i s s i o n  was terminated. I 

P rev ious   t rack ing  and da ta   sys tems  suppor t   fo r   the   V ik ing   Miss ion   to   Mars  
a re   desc r ibed  in  Refs. 1-1 through 1-5. 
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11. BACKGROUND 

In  July 1980, a press  re lease  (Appendix  A) announced the  imminent   conc lus ion 
o f   t h e   V i k i n g   O r b i t e r  1 (VO-1) M i s s i o n  and t h e   b e g i n n i n g   o f   t h e  VLMM. Th is  an- 
nouncement  marked  the  end o f  t h e   m a j o r   V i k i n g   o p e r a t i o n s   a c t i v i t y ,  and the   beg in -  
n i n g   o f  a new e r a   o f   l o w - l e v e l   s u p p o r t  o f  an   au tomat ic   lander   m iss ion   on   an  "op- 
p o r t u n i t y "   b a s i s .  The request   fo r   te lecommunica t ions   and  da ta   acqu is i t ion   suppor t  
f rom  the  Deep Space Network (DSN) f o r   t h e  VLMM through  1990 i s  reproduced in  
Appendix B. 

A comprehens ive   and  in fo rmat ive   account   o f   the   las t   year   o f   the   V ik ing   Mis -  
s i o n  i s  g iven  in  Reference 2 - 1  f r o m   t h e   p o i n t   o f   v i e w   o f  one o f   t h e   s c i e n t i s t s  
most c l o s e l y   i n v o l v e d  with t h e   p r o j e c t   f r o m   i t s   i n c e p t i o n  in  1969.  Table 2-1 i s  
taken  f rom  Reference 2-1 t o  show t h e   p r i n c i p a l   m i s s i o n   e v e n t s   o f   t h e   f i n a l  months 
o f   V i k i n g   O r b i t e r  1. 

O n  August 7 ,  1980, a t  2015 GMT, the Deep Space S t a t i o n  (DSS) 6 1  i n  Spain 
sent  a command t o  VO-1 t o  turn o f f   i t s  S- and X-band t r a n s m i t t e r s .  To s a t i s f y  
i n t e r n a t i o n a l  ag reemen ts   rega rd ing   uncon t ro l l ed   rad io   t ransmiss ions   f rom  mace-  
c r a f t ,   t h e  s- and X-band t r a n s m i t t e r s  w e r e   t u r n e d   o f f   b e f o r e   g r o u n d   c o n t r o l  was 
l o s t .  Subsequent RF searches a t   t h e  VO-1 f r e q u e n c i e s   v e r i f i e d   t h a t   b o t h   t r a n s -  
m i t t e r s   r e m a i n e d   o f f .  These searches  were  repeated  several  t imes  over  subsequent 
weeks, but no ca r r i e rs   were   de tec ted .  

Thus ended t h e   V i k i n g   O r b i t e r  1 M i s s i o n   t o  Mars a f t e r   f i v e   y e a r s   o f   c o n t i n u -  
ous operat ional   suppor t   by  the  Network.   Throughout   th is   per iod,   the  Network  pro-  
v ided  cont inuous  miss ion  suppor t   and was e f f e c t i v e  in deve lop ing   ope ra t i ona l  
techn iques   to  overcome  p rob lems  caused  by   h igh ly   reduced  s ta f f ing   leve ls ,   obso le te  
ha rdware   and   so f tware ,   and   t he   s teady   a t t r i t i on   o f   expe r ienced   V i k ing .opera t i ons  
s t a f f .  

The V i k i n g   P r o j e c t   S c i e n t i s t   c o m p i l e d   t h e   s t a t i s t i c s   o f   g e n e r a l   i n t e r e s t  
g iven  in  Table 2-2 rega rd ing   t he   two   V i k ing   Orb i te rs   and   t he  Deep Space Network 
suppor t .  

V ik ing  Lander  1 (F igure  2-1) i s   l o c a t e d  i n  Chryse   P lane t ia   a t  22"N,  48"  and 
was i n  an  au tomat ic   opera t iona l  mode s ince   March   1979,   t ransmi t t ing   s to red   imag ing  
and   me teo ro logy   da ta   on   ac t i va t i on   f rom one o f   t h e  deep  space s t a t i o n s .   T h i s  
a c t i v i t y  became i d e n t i f i e d  as   the   V ik ing   Lander   Mon i to r   M iss ion  (VLHM) on Novem- 
b e r  6,  1979,  and  continued t o   p r o v i d e   r e g u l a r   t r a n s m i s s i o n s   o f   s t o r e d   e n g i n e e r i n g ,  
imaging,  and  meteorological  data  through  October  1982. 

The V ik ing   Lander  1 (VL-1) spacecraf t   rad io  system  had one a c t i v e   r e c e i v e r  
(o f   two)   and  two  ac t i ve   t ransmi t te rs .  A s tored  program i n  the   l ander   t u rned  a 
t r a n s m i t t e r   o n   a t  a spec i f i ed   t ime   co r respond ing  t o  each  Ear th   v iew  per iod ,  and 
a l ong - te rm  s to red   p rog ram  ma in ta ined   t he   an tenna 's   Ea r th -po in t i ng   d i rec t i on .  The 
Ear th-point ing  antenna  program was w r i t t e n   t o   b e   v a l i d   t h r o u g h  1994. In  t h e  
period  between  Network  communication  passes,  imaging  and  meteorological  data  were 
accumulated  on  the  tape  recorders  for   readout   dur ing  each  Network  pass.  
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Table 2-1.  V i k i n g   O r b i t e r  1. Survey  Mission, 1980 

Date  Event 

A p r i l  23 Orbi t  t r i m  to   beg in   survey   miss ion  

May 1 7  Las t  Sun o c c u l t a t i o n  

June 1 5  L a s t   i n f r a r e d   ‘ o b s e r v a t i o n  o f  t he   p lane t  

J u l y  1 2  L a s t   E a r t h   o c c u l t a t i o n  

July 1 4  F ina l   imag ing  sequence of   survey 

July 1 5  F i r s t  engine burn in propu ls ion   sys tem  tes t  

July 1 7  Second engine burn i n  propu ls ion   sys tem  tes t  

July 1 8  Third  engine burn in p r o p u l s i o n   s y s t e m   t e s t   f a i l s   t o  
exhaust   propel lant  as in tended 

J u l y  26  Two imaging sequences: global   survey  f rom  apoapsis,  
and  ground-track s t r i p   n e a r   p e r i a p s i s  

July 28 Ground-track s t r i p   n e a r   p e r i a p s i s  

July 30 F ina l   imag ing  sequence:  ground-track  near  periapsis 

July 3 1  Fourth  engine  burn i n  propuls ion  system  test   exhausts  
p rope l l an t ,  Rev. 1485 

August 5 Playback o f  l a s t   o r b i t e r   p i c t u r e ,  Rev. 1488 

August 7 -  O r b i t e r  power tu rned  o f f   by   g round command, Rev. 1 4 8 9  
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Table 2-2. G e n e r a l   V i k i n g   O r b i t e r   S t a t i s t i c s  

Parameter vo-1 vo- 2 

Number o f  days   f rom  launch  to   end o f  m i s s i o n  1813 .98   1049 .52  

Number o f  o r b i t s   o f  Mars 1488 .0   706 .1  

Number o f  p i c t u r e s   r e c o r d e d  i n  o r b i t  36 ,622   16 ,041  

Number o f  d a t a   b i t s   p l a y e d   b a c k   f r o m   t h e   t w o  
t a p e   r e c o r d e r s   ( i n c l u d i n g   l a n d e r   r e l a y   d a t a )  357.7 x 10 1 6 1 . 3  x 10 

Tape t rave l   ac ross   reco rde r   heads ,  km 2955  1397 

Number o f  commands sent  by the  Network 269,500 

Number o f  t rack ing   passes   suppor ted  by the  Network 7 , 3 8 0  

Amount o f   t r a c k i n g   t i m e   p r o v i d e d  by the  Network, h 5 6 , 5 0 0  

9 9 

n S-BAND HIGH  GAIN  ANTENNA (DIRECT) 

MAGNIFYING MIRROR i".. 1 
RADAR  ALTIMETER 
ELECTRONICS 2 

METEOROLOGY 
UHF ANTENNA (RELAY)  SENSORS 

METEOROLOGY 
BOOM ASSEMBLY (INSIDE COVER) 

RTG WIND COVER (2 EA) LANDING SHOCK ABSORBER 
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ROLL ENGINE (4 E LEG 2 

TERMINAL DESCENT 
PROPELLANT TANK (2 EA) 

RADAR  ALTIMETER ANTENNA  AND 
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SURFACE  SAMPLER BOOM 

TERMINAL DESCENT 
ENGINE (3 EA) 
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F i g u r e  2-1. Viking Lander 
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A f unc t i ona l   b lock   d iag ram  o f   t he  VL-1  radio  system i s  shown i n  F ig .  2-2. 
Receiver 1 on t h a t   d i a g r a m   f a i l e d   p r i o r   t o   t h e  end o f  VLMM, a l though i t s  associ- 
a ted command detec tor  and modu la to r -exc i te r   con t inued  to  w o r k  s a t i s f a c t o r i l y ,  as 
d i d   a l l   o t h e r  elements o f  t he   rad io  system.  Loss o f   r e c e i v e r  1 forced  access  to 
e i t h e r  command decoder  through  receiver 2, which i s  permanently  connected  to  the 
high-gain  antenna. Thus, b o t h   u p l i n k  and downlink  communication w i t h  the  space- 
c r a f t  was dependent  upon the  high-gain  antenna  automatic  point ing  program. 

Spacecraf t   te lecommunicat ion  character ist ics  are  g iven i n  Table 2-3. 

By January  of 1982, th ree   o f   t he   f ou r  8-A.h, n ickel-cadmium  batter ies on- 
board  Vik ing  Lander 1 showed s i g n s   o f   s i g n i f i c a n t  l o s s  of   energy-storage  capaci ty.  
An in tens ive  program  of   deep-d ischarge  bat tery   condi t ion ing was begun i n  January 
1982 i n  a n   a t t e m p t   t o   r e t u r n   t h e   b a t t e r i e s   t o   l e v e l s  o f  capaci ty  approaching  ear ly 
m iss ion   l eve l s .  

The recond i t i on ing  was r e l a t i v e l y   s u c c e s s f u l ,   b u t   t h e   a b i l i t y   o f   t h e   b a t t e r -  
i es   t o   re ta in   t he i r   ene rgy -s to rage   capac i t y  was poor. In one case, 80% o f  the  
gained  capaci ty was a g a i n   l o s t   o n l y  f o u r  months a f t e r   t h e   l a s t   r e c o n d i t i o n i n g  
cyc le .  

In a n   a t t e m p t   t o   e x t e n d   t h e   l i f e   o f   t h e   b a t t e r i e s  as l ong  as poss ib le ,   the  
bat tery .per formance and the  method o f   r e c o n d i t i o n i n g   t h e   b a t t e r i e s  was reviewed 
i n  d e t a i l   b y   s e v e r a l   e x p e r t s  in t h i s   f i e l d .   T h i s   r e v i e w ,   h e l d  in  August 1982, 
l e d   t o   t h e   a d o p t i o n   o f  a new b a t t e r y   c o n d i t i o n i n g  and opera t ing   s t ra tegy .  Reauc- 
t i o n  in  the  f requency  of   bat tery  charging,  deeper  d ischarging  dur ing  recondi t ion- 
ing ,  and shor ter   durat ion  o f   recharg ing  were  cons idered  key  i tems in  pro long ing  
the   V i k ing   Lander   ba t te ry   l i f e .  These s t ra teg ies  were  incorporated i n  the   V i k ing  
Lander sequences,  and t h e   e f f e c t s  o n  battery  performance  were  careful ly  observed. 

Fo l low ing  one o f  t h e   u p l i n k  sequences,  however, the  network was unable 
t o  detect   the  presence  of  a downl ink  s ignal .  Subsequent e f f o r t s   t o  command the  
downlink "on," recharge  the  bat ter ies,  and point  the  lander  antenna  were  unsuc- 
c e s s f u l  in  producing a downl ink  t ransmission.  Af ter  f o u r  months o f  unsuccessful 
recove ry   e f fo r t s ,   t he  VLMM was terminated in  March 1983. 
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Table 2-3. V i k ing   Lander  1 Spacecraf t   Telecommunicat ion  Parameters 
I 

I Parameter Value 

Transmit   f requency, MHz 2294.629630  (channel  13a) 

Transmi t ter   power,  dBm 42.6 

I High-gain  antenna, dB 22.3, t r a n s m i t ;  21.3, r e c e i v e  

Low-gain  antenna, dB 

R e c e i v e r   n o i s e   f i g u r e ,  dB 

4.5, r e c e i v e   o n l y  

7.8 

System noise  temperature,  K 1549, h i g h   g a i n ;  1150, l o w   g a i n  

Receive  frequency, MHz 2112.971451  (channel  13b> 

Science b i t  r a t e ,   b i t s l s  1000, 500, and  250 

Coding B io r thogona l   b lock   cod ing   (32 :6)  

Eng ineer ing  b i t  r a t e ,   b i t s l s  8-113, uncoded 

Subcarr ier   f requency, kHz 12,  engineer ing;  72, sc ience 

Command b i t  r a t e ,   b i t s / s  4 

, 

I 
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111. DSN SUPPORT 

The h i s t o r y   o f   t r a c k i n g  and data a c q u i s i t i o n   s u p p o r t   f o r   t h e   V i k i n g   P r o j e c t  
from i t s   i n c e p t i o n   t h r o u g h  mid-1980 i s   g i v e n  i n  Refs.  1-1 through.1-5.  

A.  0PERAT:IONS 

A comptehensive  report   on a l l   t h e   d i r e c t  DSN t o  VL-1 d o w n l i p k   o p p o r t u n i t i e s  
f r o m   t h e   b e g i n n i n g   o f   t h e   V i k i n g   L a n d e r   M o n i t o r   M i s s i o n  i n  August  1980 t o   O c t o b e r  
1982 i s   g i v e n  i n  Appendixes C and D. Over t h i s  2-yr p e r i o d ,   t h e   s u c c e s s   r a t e   f o r  
t h e   e n t i r e   N e t w o r k  was 90% f o r   t e l e m e t r y  (TLM) and 80% f o r   r a d i o   m e t r i c   ( T r a c k i n g  
System (TRK)) data.   Success  rate i s   t h e   r a t i o   o f  good  passes t o   t o t a l  passes 
scheduled  for   the  Network.   Passes  are  judged "good" o r  "no  good" o n   t h e   b a s i s   o f  
t h e  amount and qual i ty o f   t h e   d a t a   r e t u r n .  A comparison o f  t h e   d a t a   a c q u i s i t i o n  
success  rate  for  1980,  1981,  and  1982 i s   g i v e n  i n  Table 3-1. Success r a t e s   f o r  
a l l   s t a t i o n s   o v e r   t h e   3 - y r   p e r i o d   a r e  i n  t h e   r e g i o n   o f  80% t o  90%. A summary 
o f   t h e   d i r e c t - l i n k   r e q u e s t s   i s   g i v e n  i n  Appendix C, w i t h  t h e   d e t a i l s   o f   e a c h   p a s s  
g i v e n  in  Appendix D. These d a t a   a f f o r d  a good i n s i g h t   i n t o   t h e   o v e r a l l   p e r f o r -  
mance o f  the  Network i n  s u p p o r t i n g   t h e s e   r a t h e r  random Vik ing  Lander   passes  over  
an e n t i r e   3 - y r   p e r i o d .  

I 

The VLMM d i d  n o t   e n j o y  a h i g h   p r i o r i t y  in  the   ass ignments   o f   t rack ing   t ime.  
F r e q u e n t l y   a n   a v a i l a b l e   v i e w   p e r i o d  was l o s t  because  antenna  time was n o t   a v a i l -  
a b l e ,   o r  a pass   schedu led   fo r   V ik ing  was preempted f o r   a n o t h e r   f l i g h t   p r o j e c t .  
Examples o f   t h i s   a r e   g i v e n  in  Appendix D. 

The VLMM crea ted  some o p e r a t i o n a l   d i f f i c u l t i e s   f o r   t h e   N e t w o r k   o p e r a t i o n s  
teams. Dur ing   t he   V i k ing   p r ime   m iss ion ,  command sequepces  developed by t h e   f l i g h t  
teams were   loaded  in to   IBM 360-75 computers  located i n  t h e  JPL M i s s i o n   C o n t r o l  
Center.  From  there, a l l   i n t e r a c t i o n s   w i t h   t h e  Deep Space S t a t i o n  Command System - 
i n c l u d i n g   v e r i f i c a t i o n ,   t r a n s m i s s i o n ,  and c o n f i r m a t i o n  - were  automatic. With 
the  decommissioning o f   t hese   t h ree   compu te rs   a t   t he   end   o f   t he   p r ime   m iss ion ,   t he  
N e t w o r k   a c c e p t e d   r e s p o n s i b i l i t y   f o r   s e n d i n g   a l l  VL-1 commands manua l ly ,   a l though 
t h e   s m a l l  VLMM o p e r a t i o n s   s t a f f   r e m a i n i n g   w i t h   t h e   p r o j e c t   a c t u a l l y   d e s i g n e d   t h e  
d e s i r e d  command sequences. The command sequence d e s i r e d   f o r   t h e   p a s s  was t rans-  
m i t t e d  by the  Network  Operat ions  Pro ject   Engineer  (NOPE) t o   t h e   s t a t i o n  by t e l e t y p e  
(TWX). An example o f  a Viking  Lander  sequence o f  events  i s  g i v e n  i n  Appendix E. 
A t  t h e  DSS, t h e  TWX command sequence was loabed   manua l l y   i n to   t he  command b u f f e r ,  
r e c a l l e d  by t h e  NOPE, and v e r i f i e d   f o r   a c c u r a c y .  

A t y p i c a l   l a n d e r   p a s s   i s   i l l u s t r a t e d  i n  F i g .  3-1. D u r i n g   t h e   f i r s t  60 m i n  
o f   t h e   p r e t r a c k   p r e p a r a t i o n  (PTP), t h e   s t a t i o n   c o u n t e d  down the   t e lemet ry ,  command, 
mon i to r ,   and   rad io   me t r i c   da ta   sys tems .   Dur ing   t he   l as t  30 m i n  o f  t h e  PTP, t h e  
s t a t i o n   t u r n e d   o v e r   t h e  command system  to   Network  Analys is  Team  (NAT)  command f o r  
a command-system v a l i d a t i o n .   A f t e r  NAT  command v a l i d a t e d   t h e  command system, t h e  
DSS en te red   t he  commands requ i red   f o r   t he   pass ;   t hese  commands were  received by TWX 
message f rom  the  NOPE i n t o   t h e  manual  buf fer .  NAT  command t h e n   r e c a l l e d   t h e   m a n u a l  
b u f f e r  and   va l i da ted   t he  command b i t  p a t t e r n .   F o l l o w i n g   v e r i f i c a t i o n  by NAT  com- 
mand, t h e  DSS t h e n   t r a n s f e r r e d   t h e   c o n t e n t s   o f   t h e   m a n u a l   b u f f e r   t o   M o d u l e  1 of 
t h e  DSS Command System. 
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Table 371. C,omparative  Success  Rates f o r   V i k i n g   L a n d e r   D a t a   A c q u i s i t i o n  

Passes 

Year   S ta t ion  Good Bad Success  Rate, % 

TLM  TRK  TLM  TRK TLM TRJK 

1980 Goldstone 2 2 1 1 67  67 

A u s t r a l i a  3 2 0 1 100 67 

Spain 3 3 0 0 100 100 

1 9 8 1  Goldstone 4 3 1 2 80  6 0  

A u s t r a l i a  9 9 2 2 82  82 

Spain 11  11 2 2 85  35 

1982 Goldstone 8 7 1 2 89  78 

A u s t r a l i a  1 3  10 0 3 100 77 

Spain 1 2  11 0 1 100 92 

1980 A l l  s t a t i o n s  8 7 1 2 89 73 

1 9 8 1  A l l  s t a t i o n s  24  23 5 6 83  79 

1982 A l l   s t a t i o n s  33  28 1 6 97  82 

COMMAND UPLINK 

SWEEP START M A  TURN ON 

DOWNLINK START DOWNLINK STOP 

SWEEP 
ACQUISITION 

COMMAND 
SYSTEM 
DETECTOR  LOCK 

PROGRAM START 
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I I  \ \ 
\ 
\ 
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\ 
\ 

COMMAND DATA VALIDATION 
\ 
\ '\ \\ '\ 

DSS \ 
\ 
\ \\ DSS POST 
\\, \\CALIBRATION \ 

a 90 rnin 

a 2H) rnin MAXIMUM 

F igu re  3-1. T y p i c a l  Lander Pass 
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F o l l o w i n g   t h e   s t a r t   o f   t r a c k ,   a p p r o x i m a t e l y  15  m i n  w e r e   r e q u i r e d   f o r   t h e  
u p l i n k   a c q u i s i t i o n  sweep; t h e r e  was a pad  of 1 2  m i n  i n  w h i c h   t o  turn on command 
modu la t i on   be fo re   t he  command window  opened. The command window was u s u a l l y   o f  
15  m i n  d u r a t i o n .  

The a c t u a l   d o w n l i n k   l a s t e d  60 m i n  when the   spacec ra f t  was conf igured  on 
TWTA1. A l l o w i n g  a 30-minute   pos tca l ib ra t ion   on   the   rang ing   sys tem and t h e  maximum 
one-way l i g h t   t i m e   e x p e c t e d   d u r i n g   t h e   m i s s i o n ,   t h e  maximum VLMM t r a c k  was 270 m i n .  

Because o f   t h e   t e m p e r a t u r e - s e n s i t i v e   n a t u r e   o f   t h e   o s c i l l a t o r s   o n b o a r d   t h e  
V ik ing   Lander   and  the   la rge   tempera ture   excurs ion   on   the   p lanet ' s   sur face ,  a non- 
c o n v e n t i o n a l   a c q u i s i t i o n  sweep procedure was d e v i s e d   t o   i n s u r e   r e l i a b l e  two-way 
t r a c k i n g .   F i g u r e  3-2 i l l u s t r a t e s   t h i s   p r o c e d u r e .  

Because t h e   l a n d e r   t r a n s m i t t e r  was programmed " o f f r '   a f t e r   e a c h   s u c c e s s f u l  
d i r e c t - l i n k  p a s s ,   t h e   l a n d e r   u p l i n k  was always  acquired i n  t h e   b l i n d .   U n l i k e  
n o r m a l   a c q u i s i t i o n  sweeps, t h e   i n i t i a l   t r a n s m i t  XA was always  above  that  shown on 
t h e   p r e d i c t s ,  a n d   t h e   f i r s t  ramp was always i n  the   nega t i ve   d i rec t i on .   Under   no r -  
ma l   cond i t i ons ,   t he   spacec ra f t   rece ive r  was c a p t u r e d   d u r i n g   t h i s   p o r t i o n   o f   t h e  
sweep.. The n e x t   p o r t i o n   o f   t h e  sweep was a t  a s lower   ra te   and  i n  t h e   p o s i t i v e  
d i r e c t i o n   o v e r   t h e  same range. The f i n a l  downward  ramp took   the   spacecra f t   re -  
c e i v e r   t o  a nominal   center   f requency,   which was des igna ted   t he   t rack   syn thes i ze r  
f requency (TSF) f o r   t h e   p a s s .  

Th is   p rocess  was time-consuming  and cumbersome, and very   suscept ib le   to -human 
e r r o r ,   p a r t i c u l a r l y  i f  a l o n g  command sequence was c a l l e d   f o r .  It i s  a t r i b u t e   t o  
the  Network  Operations Team tha t   m is takes   se ldom  occu r red ;   t h i s   f i ne   reco rd   has  
been  recogn ized  by   the   Pro jec t  Manager in  a memo o f  commendation. I n  c o n t r a s t   t o  
command'ing, t h e   t e l e m e t r y   o p e r a t i o n a l   p r o c e d u r e s  became much simpler.   There was 
no   rea l - t ime   p rocess ing   o f   t e lemet ry   eng inee r ing   o r   sc ience   da ta   a t  JPL. Ins tead,  
a r e a l - t i m e   r e c o r d   o f   t h e   t e l e m e t r y   s t r e a m  was  made by the   da ta   records   genera tor  
i n  the  Network  Operat ions  Contro l   Center  (NOCC). From t h i s ,  and u s i n g   r e c a l l s  i f  
necessary,   an  Intermediate  Data  Record (IDR) was  made and  shipped  immediately  to 
the   Un ivers i ty   o f   Wash ing ton   where   the   te lemet ry   p rocess ing  was c a r r i e d   o u t .  The 
VLMM spacecra f t   eng ineer   accessed  th is   source   fo r   spacecra f t   eng ineer ing   da ta   and 
t h e   i m a g i n g   a n d   m e t e o r o l o g i c a l   i n v e s t i g a t o r s   a l s o   o b t a i n e d   t h e i r   d a t a   f r o m   t h i s  
source. 

S i g n a l   l e v e l s   o n   t h e  up and down te lecommuncat ion  l inks  between  the DSN 
and VL-1  were q u i t e   h i g h  and  genera l l y   a l lowed  the  DSN t h e   o p t i o n  o f  s u p p o r t i n g   t h e  
V L - 1  passes  on a 64-m o r  34-m antenna. A p l o t   o f   d o w n l i n k   s i g n a l   l e v e l  and  Earth- 
Mars  range  through  1988 i s  shown in F i g .  3-3. T y p i c a l  S-band downlink  telecom- 
municat ions  parameters in October  1982  were: 

Downl ink   rece ived  car r ie r   power ,  dBm 
DSS rece iver   marg in ,  dB 

Telemetry SNR a t ,  8-113 b i t s l s ,  dB 
Telemetry SNR a t  1000 b i t s / s ,  dB 

U p l i n k   r e c e i v e d   c a r r i e r   p o w e r ,  dBm 
VL-1  command rece iver   marg in ,  dB 

-148.2 
26.9 
20.9 

6 .1  

26.2 
-119.1 

F o r   e l e v a t i o n s   o t h e r   t h a n  90  deg, t h e  above data  must   be  reduced  accord ing ly ;   the 
maximum c o r r e c t i o n   a t  10-deg e l e v a t i o n  was 2.00 dB. 
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XA + 35,000  HZ 

XA + 10,000  Hz 

FREQUENCIES ARE S-BAND. 
RATES ARE FROM 

THE  PROGRAMMABLE 
OXILIATOR CONTROL ASWBLY. 

F i g u r e  3-2. V i k i n g   L a n d e r   U p l i n k   A c q u i s i t i o n  Sequence 

450 I I I I I 

, - -152 

YEAR 

F i g u r e  3-3. Pred ic ted   Downl ink   S igna l   Leve l   F rom  V ik ing   Lander  1 
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Over t h e   y e a r s   o f   t h e   p r i m a r y   m i s s i o n ,   t h e   o p e r a t i o n a l   c o m p l e x i t i e s  o f  t h e  
Ne twork   rang ing   sys tem  f requen t l y   resu l ted  i n  t h e  l o s s  o r   d e g r a d a t i o n   o f   t h e  
r a n g i n g   d a t a .   T h i s   s i t u a t i o n   i m p r o v e d  in l a t e r   y e a r s ,  and the   Network   p rov ided 
e x c e l l e n t   r a d i o   m e t r i c   d a t a   r e t u r n  and h igh-qua l i t y   rang ing   da ta ,   as   seen  f rom 
t h e   r a n g i n g   p e r f o r m a n c e   s t a t i s t i c s   g i v e n  i n  Appendixes C and D. The s u b s t a n t i a l  
c o n t r i b u t i o n   t o   t h e   r a d i o - s c i e n c e   i n v e s t i g a t i o n s   r e s u l t i n g   f r o m   t h e   i m p r o v e m e n t  
in r a n g i n g   d a t a   q u a l i t y   i s   r e f l e c t e d  i n  the   rad io -sc ience   d i scuss ion  i n  Sub- 
s e c t i o n  I I - A .  

B. CONFIGURATIONS 

The b a s i c   N e t w o r k   c a p a b i l i t i e s   r e q u i r e d   t o   s u p p o r t   t h e  VLMM f o l l o w :  

(1) Te lemet ry :   p rocess   two  te lemet ry   subcar r ie rs   s imu l taneous ly   a t   da ta  
r a t e s   o f  8.333 b i t s / s  uncoded  and up t o  1000 b i t s / s   b l o c k  coded. 

(2) Command:  command a s i n g l e   s p a c e c r a f t   a t  a b i t  r a t e   o f  4 b i t s / s .  

(3)  Track ing:   generate S-band dopp ler   rang ing   and  d i f fe renced  range  versus  
i n t e g r a t e d   d o p p l e r  (DRVID) r a d i o   m e t r i c   d a t a .  

( 4 )  Moni to r :   ou tpu t   the   s tandard   Network   s ta tus   and  conf igura t ion   b locks .  

The ways i n  wh ich   these  requ i rements   were   t rans la ted   in to  a t y p i c a l   s t a t i o n  
c o n f i g u r a t i o n  (DSS 1 4  at   Go lds tone)   a re  shown i n  F i g s .  3-4 through 3-7. 

The s tandard 64-m  DSS c o n f i g u r a t i o n   f o r   t e l e m e t r y   i s  shown i n  F i g .  3-4.  It 
i s  obvious  that   the  Block  Decoder  Assembl ies (BDA) r e q u i r e d   f o r   t h e   h i g h e r  16- 
k b i t s / s   b l o c k - c o d e d   d a t a   r a t e s   o f   t h e   V i k i n g   O r b i t e r s   w e r e   d e l e t e d .  In o t h e r  
respects ,  a s t a n d a r d   s t a t i o n   c o n f i g u r a t i o n  was used. 

The t r a c k i n g   c o n f i g u r a t i o n   r e q u i r e d   t o   g e n e r a t e   r a d i o   m e t r i c   d a t a   i s  shown 
i n  F i g .  3-5. 

P r o v i s i o n   f o r  manual commanding th rough   the   t e rm ine t   connec ted   t o   bo th  com- 
mand processor  assembl ies (CPA) i s  apparent i n  t h e  command c o n f i g u r a t i o n   o f  
F ig .  3-6. 

M o n i t o r  and o p e r a t i o n s   c o n t r o l   p r o v i d e d  by t h e   c o n f i g u r a t i o n  in  F i g .  3-7 
a f f o r d e d   t h e   h i g h   d e g r e e  o f  i n t e r a c t i v e   c o n t r o l   b e t w e e n   t h e  NOCC and t h e  DSS r e -  
qu i red  for   the  shor t   passes,   complex  acquis i t ion  procedures,   and  manual  commanding 
p rocedures   t ha t   resu l ted   f rom  the   reduced   scope   o f   V i k ing   ope ra t i ons  i n  t h i s   p e r i o d .  

C. REAL-TIME LINK TO THE UNIVERSITY OF WASHINGTON 

E a r l y  i n  1982, D r .  James T i l l m a n   o f   t h e   U n i v e r s i t y   o f   W a s h i n g t o n   p r o p o s e d  a 
r e a l - t i m e  da,ta l ink between JPL and   the   Un ive rs i t y  o f  Washington (UW) t o   t r a n s f e r  
t h e  VLMM t e l e m e t r y   d a t a   d i r e c t l y   t o  UW f o r   p r o c e s s i n g  and d i s p l a y .  It was envisaged 
tha t   these  and  o ther   supp lementary   da ta   wou ld   eventua l l y   be   t ransmi t ted   f rom UW 
t o  the  Smi thsonian A i r  and  Space Museum in Washington, D.C., f o r   d i s p l a y   t o   t h e  
g e n e r a l   p u b l i c .  
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The p l a n n e d   c o n f i g u r a t i o n  i s  shown i n  F i g .  3-8. I n  the   cen t ra l   communica t ions  
t e r m i n a l  (CCT) a t  JPL, the   i ncoming   V i k ing   Lander   eng inee r ing   da ta   (8 -1 /3   b i t s / s )  
and  science  data (1 k b i t s / s )  was f e d   t o  a d a t a   s e t  w i t h  FTS d i a l - u p   c a p a b i l i t y   t o  
a c o r r e s p o n d i n g   d a t a   s e t   a t  UW. The data   s t ream was b u f f e r e d   a t   t h i s   p o i n t   p r i o r  
t o   e n t r y   i n t o   t h e  UW da ta   p rocessor .  I n  a d d i t i o n   t o   t h e   r e a l - t i m e  link descr ibed 
above, the  Data  Records  Generator in t h e  CCT a t  JPL c o n t i n u e d   t o   r e c o r d   t h e  incom- 
i n g   d a t a   t o  make t h e   I D R   f o r   n o n r e a l - t i m e   d e l i v e r y   t o  UW. 

By May 1982, the  real-t ime  system  had  been  set  up,  and  on May 1 4  r e a l - t i m e  
V ik ing   Lander   da ta  was t r a n s m i t t e d   t o  UW f rom JPL. The pu rpose   o f   t he   t ransmis -  
s i o n  was t o   t e s t   t h e   4 . 8 - k b i t s I s   d a t a - l i n k   m o d i f i c a t i o n s   a t  JPL, and t o   t e s t   t h e  
c a p a b i l i t y   o f   r e c e i v i n g  and   decod ing   t he   da ta   a t  UW. T h i s  was accomplished  success- 
f u l l y  o n   i n t e r i m   d a t a   p r o c e s s i n g   e q u i p m e n t   t h e n   a v a i l a b l e   a t  UW. By  October  1982, 
r e g u l a r   V i k i n g   t r a n s m i s s i o n s w e r e   t a k i n g   p l a c e   u s i n g  a permanent i n s t a l l a t i o n   a t  uw. 

Imp lemen ta t i on   o f   t he  l ink t o   t h e   S m i t h s o n i a n  was w e l l  advanced by October 
1982,  and p lans   were   be ing  made t o  open   the   d i sp lay  i n  t h e  A i r  and Space Museum 
t o   t h e   g e n e r a l   p u b l i c  by the  end o f  t he   yea r .  

D.  AUTOMATIC  S-BAND  DOWNLINK 

Dur ing   t he   V i k ing   ex tended   m iss ions ,  one o f   t h e  two VL-1 command r e c e i v e r s  
f a i l e d ,   l e a v i n g   o n l y  Command Receiver  2 (CR2) i n  s e r v i c e   f o r   t h e   V i k i n g  Lande? 
Mon i to r   M iss ion .  CR2 had a temperature  problem  that   caused it t o   d r o p   l o c k  when 
i t s  case  temperature  exceeded 25OC. As a r e s u l t ,   d o w n l i n k   t r a n s m i s s i o n   p e r i o d s  
t h a t   r e q u i r e d   a c t i v a t i o n   o f   t h e   s p a c e c r a f t   t r a n s m i t t e r s   w e r e   l i m i t e d   t o  one  hour 
t o   a v o i d   t h e   t e m p e r a t u r e - s e n s i t i v e   o p e r a t i n g   c o n d i t i o n .  

I n  November 1981, A. B r i t t i n g ,  Jr., proposed  that   an  automat ic  sequence  be 
d e s i g n e d   f o r  VL-1, one t h a t   w o u l d   a c t i v a t e   t h e   d o w n l i p k   t r a n s m i s s i o n  i n  the   even t  
o f  f a i l u r e   o f   t h e  one remain ing  command r e c e i v e r .  The  sequence  would  include a 
t i m e r   i n i t i a t e d   a t   t h e  end o f  each  success fu l   downl ink   t ransmiss ion .  I f  t h e   t i m e  
s i n c e   t h e   l a s t   t r a n s m i s s i o n   e x c e e d e d  a prese lec ted   va lue   (e .g . ,  2 mo), t h e   n e x t  
d o w n l i n k   w o u l d   b e   i n i t i a t e d   a u t o m a t i c a l l y   a n d   r e p e a t e d   a t   r e g u l a r   i n t e r v a l s  
th rough December 5, 1994, a t   w h i c h   t i m e   t h e   e x i s t i n g   h i g h - g a i n   a n t e n n a   E a r t h -  
po in t i ng   p rog ram  wou ld   exp i re .  

Such a scheme was cons idered  an   exped ier l t   to   ensure  a c o n t i n u u m   o f   r e g u l a r  
V&-1 d a t a  in  t h e   e v e n t   o f  a p o t e n t i a l  l o s s  o f  uplink c a p a b i l i t y .  

A p p r o v a l   f o r  a w a i v e r   t o   t h e   N a t i o n a l   a n d  NASA D i r e c t i v e  (NMI 2570.3) r e -  
q u i r i n g   o n / o f f  telecommand c a p a b i l i t y   f o r  NASA s p a c e c r a f t  was sought   on  the 
g rounds   t ha t   t he  VL-1 wou ld   con t i nue   t o   use   i t s   app roved   t ransmiss ion   Channe l  13, 
and t h e   t r a n s m i t t e r   w o u l d   b e  programmed t o   s h u t  down i n  1996. A d d i t i o n a l l y ,   s h o u l d  
t h e  programmer f a i l ,  it was cons ide red   t ha t   t he  RTG performance  would  have de- 
graded by 1996 t o   t h e   p o i n t  where  the RTG power   ou tpu t   cou ld   no t   suppor t   f u r the r  
VL-1 t ransmiss ions .  The wa iver  was approved on January 20, 1982  (Refs.  3-1  and 
3-2). The automat ic  program was t r a n s m i t t e d   t o  VL-1 on January 27,  1982. 
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As o f   t ha t   da te ,   t he   au tomat i c  S-band downl ink  t ransmiss ion was a c t i v a t e d  
a f te r   e igh t   consecu t i ve   down l ink   i n te rva l s   e lapsed   w i thou t   an   up l i nk   recep t ion .  
Because o f   t h e   d i f f e r e n c e  i n  the   leng ths  o f  Mars  and Ear th   days ,   t he   i n te rva l  
between  downl ink  t ransmissions  var ied f r o m  7 t o  8 Earth  days. Thus, an  auto- 
mat ic  downl ink was i n i t i a t e d  between 56 and 6 4  days a f te r   t he   p rev ious   down l ink  
had  been  completed,  unless a scheduled  upl ink  had  been  successful ly  completed. 

The program was i n t e r r u p t e d  and  the  counter  reset t o  zero  a t   any  t ime in  
the   event   tha t   the  absence o f   a n   u p l i n k  was  d.ue t o  t h e   u n a v a i l a b i l i t y  o f  antenna 
t ime,   ra ther   than a VL-1  r e c e i v e r   f a i l u r e .  

E. THE VL-1 RECOVERY  EFFORT 

Although  the  Vik ing  Lander M o n i t o r  Missi .on  cont inued  successful ly f o r  seve ra l  
years,  signs o f  a ser ious  bat tery   problem  began  to  show i n  l a t e  1981. The adv ice 
o f  exper ts  i n  t h i s   f i e l d   f r o m   a l l   o v e r   t h e   c o u n t r y   s u g g e s t e d  a change t o   t h e   b a t -  
tery-charg ing  s t ra tegy  descr ibed i n  Sect ion 11; t h i s   s t r a t e g y   i n v o l v e d   d i s c h a r g i n g  
t h e   b a t t e r i e s   t o  a known v o l t a g e   r a t h e r   t h a n   f o r  a f i x e d   t i m e .  A command sequence 
in tended t o  make these changes t o   t h e   b a t t e r y - c h a r g i n g  sequence was up l i nked   by  
DSS 43 on November 19, 1982,  and  an a c q u i s i t i o n  sequence for   the  expected down- 
l ink was c a r r i e d  ou$ 

However, the  expected  downlink  did  not  appear, and the   P ro jec t   dec la red  a 
spacecraf t  emergency on November 20, 1982. 

It was assumed that   the  bat tery   under-vo l tage (UV) swi tch ,and  t r ipped,  and 
t h e   P r o j e c t   d i r e c t e d   i t s   s t r a t e g y   f o r  subsequent  passes t o   c l o s i n g   t h e  UV sw i t ch  
and increas ing   the   ba t te ry -charg ing   cyc les .  

However, s h o r t l y   t h e r e a f t e r ,  it was recogn ized  tha t   the  new bat te ry -charg ing  
sequence had  been w r i t t e n   i n t o   s p a c e c r a f t  memory locat ions  occupied  by  the  lander  
high-gain  antenna  point ing  parameters.  It fol lowed, ,   therefore,   that   the VL-1  
antenna was no   longer   po in t ing   to   Ear th .   Us ing   the   o ld ,   Lander   s imu la t ion   p ro-  
gram, a new s e t  o f  antenna  po int ing  angles was developed  based  on  the  erroneous 
bat tery   parameters  then  res id ing in the  lander  computer memory. The lander  antenna 
then  cont inued  to  execute  regular  antenna  point ing  sequences,  but   these  did  not  
cross  the  Earth-Mars l i n e  excep t   f o r tu i t ous l y  o n  s p e c i f i c  days  and  times. 

Most o f   t he   f o l l ow ing   recove ry   s t ra tegy  was based  on t h i s  assumption. As 
shown i n  the  chronology o f  events i n  Appendix F, many attempts  were made t o   t r a n s -  
m i t  commands to   t he   spacec ra f t ,   c l ose  t h e  UV switch,  and  undo t h e  erroneous 
point ing  parameters i n  the  computer. 

Th i s   i nvo l ved  a g r e a t   d e a l   o f  manual commanding a t   t h e  DSSs u s u a l l y  i n  much 
longer  sequences than  had  previously  been  used on  the  Vik ing  extended  missions. 
Some mis takes   resu l ted  i n  l o s t  passes,   but   these  were  qu ick ly   rect i f ied,  and a f t e r  
t h e   f i r s t  week o r  two,  Network  support f o r  t he  l o n g  manual command sequences  and  the 
h igh-power  t ransmi t ter   running  a t  80 kW was ve ry  good. 

3-12 



A te lecommunicat ions  upl ink  analysis showed t h a t ,   a t  a t r a n s m i t t e r  power o f  
100 kW nominal   (actua l  power o f  80 kW), there  was a 10- t o  14-dB m a r g i n   f o r  com- 
mand w i t h  the  po int ing  angle  pass ing  through  the  s ide  lobes  o f   the VL-1  antenna 
polar  diagram.  There was no  concern f o r  l i m i t a t i o n s  in  the   up l i nk   marg in  on t h i s  
basis.   Nevertheless,   because  of .uncertainty in t h e   p o l a r i z a t i o n   e f f e c t s   a t   a n g l e s  
w e l l   o f f   t h e   m a i n  beam of  the VL-1 antenna,  sometransmissionswere made i n  t h e   l e f t  
c i r c u l a r  and l i n e a r  modes, as w e l l  as t h e   n o r m a l   r i g h t   c i r c u l a r   p o l a r i z a t i o n .  

By the end o f  December 1982, the  spacecraf t   had  not  responded  to  these 
r e p e a t e d   e f f o r t s   t o   i n i t i a t e  a downlink, and f u r t h e s   e f f o r t s  were  suspended 
pending  an  in-depth  invest igat ion  by  Mar t in  Company engineers. 

Although a l l  op t ions   fo r   improv ing   the   up l ink   marg in   had  been  t r ied ,  it was 
dec ided  tha t   the   up l ink   marg in  was adequate  even w i t h  the  antenna o f f   p o i n t .  It 
was thought   that   the VL-1 antenna  might   not   be  po int ing i n  t h e   d i r e c t i o n   i n d i c a t e d  
by   t he   s imu la t i on  program,  and tha t   t he  VL-1  computer  had  also  been  switched o f f  
by   t he  UV swi tch .   Other   fa i lu re  modes were also  proposed. The outcome of   the 
Mart in-JPL  invest igat ion was a s t r a t e g y   i n v o l v i n g   r e c o n d i t i o n i n g   t h e   b a t t e r i e s ,  
r e i n i t i a l i z i n g   t h e   l a n d e r  computer,   c losing  the UV switch,   and  var ious  other 
lander   housekeep ing   ac t i v i t ies .  

Th is   s t ra tegy  would  requi re  much longer  Network command sequences, repeated 
many t imes   du r ing   t he   l im i ted   v iew   pe r iods .  It became obv ious   t ha t   t h i s  was be- 
yond t h e   c a p a b i l i t y  o f  t h e   e x i s t i n g  manual command system,  and some form o f  auto- 
mat ing  the command sequences would  be  necessary. 

Over the  preceding  several   years,  a manual command procedure  had  been  used i n  
which a maximum o f  24  commands could be  sent  manually f r o m  the   s ta t i on .  The s ta-  
t i o n   r e q u i r e d  2 minutes  per command t o   l o a d  and v e r i f y .  Once the  loaded  set  o f  
commands  was t ransmi t ted,   the  process  had  to   be  repeated  for  any f u r t h e r  command 
sequences. 

Since  the new VL-1  s t ra tegy   ca l l ed  f o r  command seauences o f  a t   l e a s t  30 com- 
mands in  leng th   t o   be   t ransmi t ted   eve ry  20 minutes, it was apparent  that  such a 
s t ra tegy  was too  time  consuming  and t o o  prone t o  e r r o r s  f o r  use i n  the  then-current 
command procedures. 

Therefore, new software was developed t o   p e r m i t   t h e  MCCC mul t imiss ion '  com- 
mand system t o  convert  360-75 card-based command sequences i n t o  f i l e s  tha t   cou ld  
be  accepted  by  the CPA a t  each DSS. A spacecraf t  I D  p rev ious ly   used  fo r  HELIOS 
simulat ion  enabled  the NOCC t o  over lay  V ik ing  "s tandards  and  l imi ts"   tab les on  
the  unused HELIOS tables,  and  cause t h e  CPA t o  respond t o  cont inuous  t ransmission 
o f   V i k i n g  command f i l e s  from  the MCCC. T h i s   c a p a b i l i t y  was f i r s t   t e s t e d  w i t h  
CTA 2 1  and  worked s a t i s f a c t o r i l y  i n  a l l  respects.  

Th is  new c a p a b i l i t y  was used  opera t iona l l y   fo r   the   f i r s t   t ime  on   February  1, 
1983, t o  t ransmi t  30  commands every 20 m i n u t e s   f o r   t h e   t o t a l   d u r a t i o n   o f   t h e  DSS 
43-view  period. The f i r s t  command load   res ta r ted   t he  VL-1 computer  and i n i t i a l -  
i zed   the   ba t te ry -charg ing  sequences. The second command c losed  the UV sw i t ch  
and parked.the  antenna. The f i r s t   p a r t   o f   t h i s   l o a d  was t ransmi t ted  over  DSS 43 
and the  second pa r t   ove r  DSS 63 on  February 10. The th i rd   load   on   February  11 
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turned  on  the  downl ink,   and  the  s ta t ion  carr ied  out   the  appropr ia te  downl ink 
search. A l l  t h i s  was accomplished  by  February 11, 1983, w i thou t  any  appearance 
o f  a downlink. Two f u r t h e r   s t r a t e g i e s  were  proposed. The f i r s t   o f  these was t o  
change to  the  spare  TWTA-modulator/exci ter   str ing,   even  though  there was no  ev i -  
dence t o  s u g g e s t   t h a t   t h e   o r i g i n a l   s t r i n g   h a d   f a i l e d .  These commands were  sent 
on  February 16, but no  downlink  could  be  found. 

The second strategy  presupposed  that  t h e  antenna  posi t i -on and the  computer 
i n s t r u c t i o n s  were  out o f  a l ignment,   possibly  because  the  antenna  stuck  or   s lowed 
d u r i n g   e a r l i e r   r e p o s i t i o n i n g  sequences. The antenna was d r i v e n   t o   i t s   l i m i t s   t o  
r e a l i g n   t h e  computer  and  antenna a t  a common re fe rence   po in t ,  and  then moved t o  
an   Ear th -po in t   pos i t ion .  A downl ink was then  act ivated  on  February 25. 

The c o r r e c t   u p l i n k  commands were  sent  on  February 18 t o   r e p o s i t i o n   t h e  an- 
tenna,  and  the  downlink  "f lag" was sent  on  February 25; t h i s  was fo l l owed  by a ,  
downlink  search  over  Goldstone. No downlink  could  be  found. 

Next, a h igh ly   sens i t ive  wide-bandwidth  spect rum  analyzer   used  for   RFI   detec-  
t i o n  purposes a t  Goldstone was also  used  for   the  search. The th resho ld   de tec t i on  
s e n s i t i v i t y   o f   t h i s   i n s t r u m e n t  was -186 -,dBm, but subsequent  analysis  of   the 
resu l t i ng   i n teg ra ted   spec t ra   revea led   no th ing .  

A t  t h i s   p o i n t   t h e   P r o j e c t  announced t h a t  no f u r t h e r   a c t i o n  was warranted 
and it was presumed tha t   t he   l ander  was unab le   to  communicate w i t h  Earth.  
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I V .  VLMM SCIENCE  RETURN 

A. R A D I O  SCIENCE 

Dur ing   t he   cou rse  o f  t h e   V i k i n g   M i s s i o n ,  a s u b s t a n t i a l   c o n t r i b u t i o n   t o   t h e  
f i e l d  o f  r a d i o   s c i e n c e  was  made by i n v e s t i g a t o r s   u s i n g   t h e   o r b i t e r s   o r   l a n d e r s  
o r   b o t h .  

Spec i f i c   a reas  i n  which  papers  have  been  publ ished  are:  

(1) Rang ing   va l ida t ion .  

(2) R e l a t i v i t y   i n v e s t i g a t i o n .  

(3)  Dynamica l   cons t ra in ts  o f  Mars. 

( 4 )  S o l a r - w i n d   s c i n t i l l a t i o n .  

(5) Shape o f  Mars. 

( 6 )  Mars   g rav i ty .  

(7) Radio  beacon f o r  deep  space n a v i g a t i o n .  

(8) G r a v i t y  waves. 

( 9 )  S o l a r   g r a v i t y .  

(10) So la r -w ind   e lec t ron   dens i t y .  

(11) Ephemeris  ref inement. 

Some o f   t h i s  w o r k   c a r r i e d   o v e r   i n t o   t h e  VLMM, p a r t i c u l a r l y  i n  the   a reas  
o f  g r a v i t a t i o n a l   t h e o r y  and  ephemeris  development. 

VLMM rad io   sc ience  da ta   genera ted  by the  Network was gathered  over a p e r i o d  
o f  t en   success fu l  VL-1  ranging  passes  and  de l ivered  as a package t o   t h e   i n v e s t i -  
ga tors  I. Shapiro  and R. Reasenberg a t   t h e   M a s s a c h u s e t t s   I n s t i t u t e  o f  Technology 
and t o  W. Michael   at   the  Lewis  Research  Center.   Each  package  del ivered  contained 
t h e   f o l l o w i n g   i t e m s :  

(1) A t ape   con ta in ing  a Master   T rack ing   Data   F i le   o f   dopp ler   and  rang ing  
data  f rom  ten  successfu l   passes.  

(2) A r a n g i n g   c a l i b r a t i o n  summary and a s e t  of punched  cards   con ta in ing   the  
summary data.  

( 3 )  A c u r r e n t  s e t  o f  Range "Z" c o r r . e c t i o n s   t o   a d j u s t   t h e  measured  range t o  
t h e   s t a t i o n   r e f e r e n c e   l o c a t i o n .  

( 4 )  A COPY o f   t h e   p a s s   f o l d e r   c o n t a i n i n g  a l o g   o f   s t a t i o n   e v e n t s   d u r i n g   e a c h  
pass. 
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(5) A copy o f   t h e   l a t e s t   s t a t u s   r e p o r t  on  the VLMM w r i t t e n  by t h e   P r o j e c t  
Engineer. 

(6) A commentary summar iz ing   the   qua l i t y   o f   the   da ta   re tu rn  and n o t i n g  
s ign i f i can t   even ts   f o r   each  pass dur ing  the  per iod  covered  by  the 
package. 

Th is   subs tan t i a l  package o f   da ta  was assembled by one o f  the  engineers  support ing 
the  VLMM on a par t - t ime  bas is .  Much o f  the.  data was handwr i t ten  t o  save costs .  
Seven packages conta in ing  the  data  descr ibed above  were t r a n s m i t t e d   t o   t h e   i n v e s t i -  
ga tors   dur ing   the   per iod  1980 t o  1982. 

Two recent   papers   descr ib ing   the   V ik ing   Re la t i v i t y   Exper iment   a re   g iven  i n  
Refs. 4-1 and 4-2. Analys is  o f  ranging  data  f rom  the  V ik ing  spacecraf t ,   inc lud ing 
t h e   l a n d e r s ,   v e r i f i e d  a p r e d i c t i o n  o f  t he   Genera l   Theory   o f   Re la t i v i t y   re la t i ng  
t o   t h e   i n f l u e n c e  o f  s o l a r   g r a v i t y  o n   t h e   r o u n d - t r i p   l i g h t   t i m e   o f   s i g n a l s   p a s s i n g  
between  Earth and  Mars. 

The est imated  accuracy  of   these  resul ts was 0.1%  based  on  observations  over 
a period  of  about one year .   Fur ther   reduct ion i n  t h e   u n c e r t a i n t y   o f   t h i s   t e s t   o f  
g e n e r a l   r e l a t i v i t y  was dependent  on the   co l l .ec t ion  and  re f inement   o f   add i t iona l  
data. 

More recent ly ,   the  VLMM rad io   met r i c   da ta  was used  by  Shapiro, e t   a l . ,   t o  
eva lua te   ev idence   f o r   t he   t ime   va r ia t i on   o f   t he   g rav i ta t i ona l   cons tan t  as a func- 
t i o n  o'f  atomic  time. 

In invest igat ing  these  long- term  ef fects ,   prec ise measurements o f  t h e   o r b i t a l  
p e r i o d s   o f   E a r t h  and  Mars ( represent ing a g r a v i t a t i o n a l   c l o c k )   a r e  made w i t h  hy- 
drogen-maser t ime  standards  (representing  atomic  t ime). In an e f f o r t   t o  reduce 
the  res iduals   between  predic t ions and  models, t h e   q u a l i t y  o f  t h e   r a d i o   m e t r i c  
data,  the  computer  programs, and the  models  themselves  are  being  investigated, 
as w e l l  as p e r t u r b a t i o n s   o f   t h e   E a r t h  and Mars o r b i t s   b y . t h e   g r a v i t a t i o n a l   e f f e c t s  
o f   s e v e r a l   a s t e r o i d s  and p lanets .  

B . METEOROLOGY 

Two meteorology  experiment  sensors  on V L - 1  were the   Loca l  Ambient  Pressure 
Sensor  and the   Loca l  Ambient  Temperature  Sensor.  Under the   l eadersh ip   o f  D r .  James 
T i l lman  o f  t he   Un ive rs i t y  o f  Washington, t he   l ong   pe r iods  o f  cont inuous  Vik ing 
observations f r o m  these two inst ruments  have  prov ided  major   ins ight   in to  many 
Mart ian  atmospheric  processes,  such  as  frontal  systems,  annual  cl imate measure- 
ments, i n te rannua l   c l ima te   va r ia t i ons ,  and dust  storms. 

Typ ica l   da i l y   reco rds   o f   p ressu re  and temperature  from VL-1, which  have  been 
processed a t  UW as  described i n  Subsection C ,  are  shown in Figs.  4-1 and 4-2. 

Simi la r   da ta   cover ing  a span o f  3 Mart ian  years i s  shown i n  F ig .  4-3. In  
t h i s  diagram, 669.0 s o l s  equal 687 Ear th  days. T h i s   i s   t y p i c a l  o f  t h e   a n a l y t i c a l  
data  developed by Ti l lman, and reveals  the  presence o f  dust  storms i n  wide 
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F i g u r e  4-3.  Vik ing   Landers  1 and- 2 Loca l   Ambien t   Pressure   fo r  3 M a r t i a n  
years.  Lower  Plot:  Dai ly  Average.  Upper P l o t :  Standard 
Dev ia t ions   o f   Pressure   Around  Da i ly  Mean a t   V i k i n g   L a n d e r  1, 
Which i s  an   Ind ica tor   o f   A tmospher ic   Dus t  f o r  Values o f  
Sigma 2 0 . 1  and  Longitude (Season) (L,) Between 180 and 300; 
A f t e r  300, Synopt ic  Systems Generate  Large  Var ia t ions Within 
a s o l  a t   T h i s   T r o p i c a l   S i t e   ( C o u r t e s y  o f  t h e   U n i v e r s i t y  o f  
Washington  Department o f   Atmospher ic   Sc iences)  
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p e r t u r b a t i o n s   o f   t h e   d a i l y   p r e s s u r e   p a t t e r n s  due to   so la r   hea t ing   o f   a tmospher i c  
dus ts ,   a t ,   f o r  example,  1977a  and  1977b.  Features o f   i n t e r e s t   i d e n t i f i e d   b y  
T i l lman   a re  shown by  the  smal l   pressure  sp ikes  labeled "C" o c c u r r i n g   a t   a p p r o x i -  
mately  1-Mart ian-year  intervals..  These spikes seem to   be   assoc ia ted  w i t h  the  
passage o f   la rge-sca le   dus t   s to rms and  appear a t  almost  the same Mar t i an  season 
each  year. Because these  disturbances  were  being  sought i n  the  1982 data,   the 
Network  received  requests  for  as much cont inuous   t rack ing   da ta   as   poss ib le   to  
maximize  the chance o f   reco rd ing   t hese   da ta   f o r   f u r the r   s tudy  and ana lys is .  

C. IMAGING  EXPERIMENT* 

Vik ing  Lander 2 ceased opera t ion  i n  February  1980  because o f  onboard   ba t te ry  
f a i l u r e .  A t  t ha t   t ime   bo th  cameras were f u l l y   a c t i v e   a f t e r  3-1/2 years  of   Mars 
operations,  during  which  they  had  performed 2156 camera events  (imaging  sequences). 
Fo r tuna te l y ,   bo th  cameras on VL-1 also  remained  operational,  and  continued t o  per-  
form programmed  camera events  throughout  the VLMM. Dur ing   t he  VLMM, .there  were 
164 possib le   imaging  oppor tun i t ies,   o f   which 88 r e s u l t e d  i n  images rece ived and 
d e l i v e r e d   t o   t h e   i n v e s t i g a t o r s .  The d i f f e r e n c e   i s  due m a i n l y   t o   t h e   l a c k   o f  
avai lab le  antenna  t ime in the  ear ly  years  because o f  h i g h e r   p r i o r i t y  Voyager 
J u p i t e r  and  Saturn  support. 

The VL-1 cameras  were a c t i v a t e d  by a s tored  program  that   set  a l l   t h e  camera 
parameters   inc lud ing   po in t ing ,  so t h a t   t h e  same scene was viewed  once  each Mar- 
t i a n   y e a r .  Comparison o f  successive  annual i.mages was used t o  check f o r   d u s t  
o r  condensate  deposi t ion o r  e ros ion   ove r   t he   i n te rva l  o f  t ime. A recent  example 
of   comparat ive  imaging i s  shown in F ig .  4-4,  where the   t ime  in te rva l   be tween  the  
two photos  extended  from  February 1979 ( l e f t )   t o   J u l y  1981 ( r i g h t ) .  The sub jec t  
was a 5-cm p i l e  o f  s o i l   p l a c e d   b e s i d e  and par t l y   a top   an   l l - cm  rock   by   VL-1 's  
so i l -sampl ing  arm.  Comparison o f  t h e  two  photos shows that some of  the s o i l  had 
been  removed by  Mar t ian  winds  to   reexpose  the  rocks.  The smal l  change i s  impor- 
t a n t ,   s c i e n t i s t s  say,  because it shows that  d.eposit ion  and  removal o f  f i ne -ha te -  
r i a l . i s  a con t inu ing   cyc le  o n  Mars,  as it i s  on  Earth. 

The IDRs made by   the  DSN i n  the  NOCC con ta ined   t he   l - kb i t / s   imag ing  and 8-1/3 
b i t s l s   eng inee r ing   da ta ;   t hey  were d e l i v e r e d   t o   t h e  Image Processing  Lab  (IPL) a t  
JPL f o r  processing. The IDRs were  processed i n t o   p r i n t s  and d i g i t a l  tapes,  and 
10 cop ies   o f   each  were   d is t r ibu ted   by   the  VLMN P r o j e c t   t o   t h e  seven  regional  
p lane ta ry   imag ing   f ac i l i t i es   t h roughou t   t he  U.S.A. The others  were  archived. 
I n v e s t i g a t o r s  i n  various  areas  had  access t o   t h e   c o n t i n u i n g   f l o w   o f  Mars imaging 
products  f r o m  t h e s e   r e g i o n a l   f a c i l i t i e s .  

A recent  Lander 1 p i c t u r e  sequence showing a unique  Mars  event, a dust  storm, 
i s  shown i n  F ig .  4-5. The seven-picture sequence was acquired  over a p e r i o d  of  
1 6  mo from  indiv idual   Vik ing'   Lander  imaging  sequences. Such images a l l o w  re- 
searchers  to  observe  the  year-to-year  surface changes around  the  lander - changes 
that   he lp  quant i fy   the  magni tudes  o f   the  geolog ica l   processes  act ing  to  shape the  
s u r f a c e   o f  Mars. The predominant  type  of   surface changes a re  due t o   d u s t  - b o t h  
e ros iona l  and depos i t iona l .  In  t h e   s i x t h  frame  (June 1 4 ,  1901), t h e   e n t i r e  
scene was darkened  by  the  passage  of what apparent ly  was a loca l i zed   dus t   s to rm.  
P r i o r   t o  and a f t e r   t h i s  image, the  sky and sur face  were  br ighter .  The change i n  

*A l i s t i n g   o f  NASA p u b l i c a t i o n s   r e l a t i n g   t o   t h e   V i k i n g   O r b i t e r  and Lander  imaging 
experiments i s  g iven in Appendix G. 
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Figure 4-4. Viking  Lander 1 Comparative Mars  Images 

F igure  4-5.  Viking  Lander 1 Seven-Picture Sequence 

4- 7 



a p p a r e n t   b r i g h t n e s s   o f   t h e   l a r g e   b o u l d e r  named "B ig  Joe" e a r l y  in  t h e   m i s s i o n  was 
due to   seasonal   changes in the  Sun's  angle.   .Af ter   one  complete  Mars  year,   the 
Sun r e t u r n s   t o   t h e  same p o s i t i o n  in  t h e  sky,  and  images  can  be  compared by com- 
p u t e r   t o   s e a r c h   f o r   d i f f e r e n c e s .  

The Mars  imaging  program was to   con t i nue   t h roughou t   t he  VLMM, systemat i -  
c a l l y   r e t u r n i n g  images o f  t h e  same Mars  scene,  each  Mars  year, unt i l  End o f  
M i s s i o n  ( 1 9 9 4 ) .  
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V. CONCLUSION 

The Network  has  been  involved w i t h  t h e   V i k i n g   P r o j e c t   t h r o u g h   i t s   v a r i o u s  
phases  s ince i t s   i n c e p t i o n  i n  1968 t o   t h e   p r e s e n t   t i m e ,  1983." Throughout  the  pre- 
launch  p lann ing   and  the   p r ime  miss ion ,   the   Network   responded  to   the   p ro jec t ' s  
r e q u i r e m e n t s   f o r   s u p p o r t   w i t h   t o t a l  commitment  and  an  extremely  h igh  standard  of  
performance.  This was a c h i e v e d   u n d e r   t h e   d i f f i c u l t -   c o n d i t i o n s   o f   l i m i t e d   s t a f f ,  
obsolete  hardware  and  sof tware,   and  sparse  documentat ion.  

Fo l low ing   the   p r ime  miss ion ,   the   "ex tended"  and "cont inuat ion"   m iss ions   re -  
! ce i ved   t he  same l e v e l   o f   t e c h n i c a l   s u p p o r t ,   a l t h o u g h   c o m p e t i t i o n   f o r   a n t e n n a   t i m e  

by f l i g h t   p r o j e c t s   o f   h i g h e r   p r i o r i t y   r e s u l t e d  i n  reduced   t rack ing   t ime   fo r   t he  
VLMM. As NASA i n t e r e s t  i n  t h e   r e m a i n i n g   o p e r a t i o n a l   V i k i n g   s p a c e c r a f t   d e c l i n e d ,  it 
became more d i f f i c u l t   t o   s c h e d u l e   a l l   t h e   r e q u e s t e d   a n t e n n a   t i m e ,   e v e n   t h o u g h  
s c i e n t i f i c   i n t e r e s t  i n  the  reduced  data  re turn  qu ickened.   Th is   p laced much 
more  emphasis on a c h i e v i n g  "good  passes'' t o   r e a p  maximum r e t u r n   f r o m   t h e   l i m i t e d  
o p p o r t u n i t i e s   a v a i l a b l e .  

D u r i n g   t h e   f i n a l  phase o f   t h e  VLMM, the  Network was ca l led   upon  to   deve lop  
and c a r r y   o u t  many i n n o v a t i v e   t e c h n i c a l  and o p e r a t i o n a l   s t r a t e g i e s   t o   s u p p o r t  
t h e   e f f o r t   t o   r e c o v e r   t h e  VL-1 spacecraf t .  

* F a c t s   r e l a t i v e   t o   t h e   V i k i n g   m i s s i o n s   a r e   g i v e n  i n  Appendix H. 
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Antenna P o i n t i n g  Subsystem 
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Cen t ra l  Communications Terminal 

command c o n t r o l  unit 

Command Modulat ion Assembly 

Command System 
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communications 
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Command Processor Assembly 
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Command Switch Assembly 
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ex te rna l  
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FMTR 

FTS 

GCF 
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magnetic 
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Mu l t im iss ion  Open-Loop Receiver Assembly 
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Pre- and Postdetection  Recording Subsystem 

Planetary  Ranging Assembly 
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PRDX 

RA 

RCVR 

RDA 

S I C  

SDA 

S I A  

SMC 

SPD 

S SA 

ssc 

S S I  

STA 

S/W IiD 

SYNC 

TODR 

TPA 

TRS 

TWTA 

TX 

TXR 

uwv 

VOCA 

VK LDR 

WB 

WBDL 

p r e d i c t s  

r igh t   ascens ion  

rece iver  

Ranging  Demodulator Assembly 

spacecraft 

Subcarrier  Demodulator Assembly 

s ta r   sw i tch   in te r face   adapter  

S ta t ion   Mon i to r  and Cont ro l  Subsystem 

S-Band P o l a r i z a t i o n   D i v e r s i t y  

Symbol Synchronizer Assembly 

Star   Swi tch  Contro l ler  

Spec t ra l   S igna l   I nd i ca to r  

Stimulus Assembly 

software  block  decoder 

synchronizat ion 

temporary o r i g i n a l   d a t a   r e c o r d  

Telemetry  Processor Assembly 

t ransmi t / rece ive   se lec to r  

t ravel ing-wave  tube  ampl i f ier  

t ransmi t te r  

Transmi t ter  Subsystem 

Antenna  llicrowave Subsystem 

Voice Communications  Assembly 

Vik ing  Lander 

wideband 

wideband  data l i n e  
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O F F I C E  OF PUBLIC INFORMATION 
JET PROPULSION  LABORATORY 
CALIFORNIA INSTITUTE OF TECHNOLOGY 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
PASADENA, CALIF. PHONE ( 2 1 3 )  354 -5011  

FOR IMMEDIATE RELEASE 

A f t e r  more than  four   years  explor ing Mars, NASA's 

V i k i n g   O r b i t e r  1 has  almost  reached  the end o f  i t s  mission. 

The o r b i t e r  has  used almost a l l   i t s   a t t i t u d e - c o n t r o l  

gas, t h a t  keeps i t s   s o l a r   p a n e l s   p o i n t e d   t o   t h e  Sun and the an- 

tenna aimed a t   E a r t h .  When the  gas i s  exhausted -- probably  about 

Ju l y  2 3  -- c o n t r o l l e r s   a t   J e t   P r o p u l s i o n   L a b o r a t o r y  will send 

commands t o  t u r n  o f f  V i k ing   Orb i te r  1 t o  end i t s   l o n g  and produc t ive  

mission. 

Meanwhile,  Viking  Lander 1 i s  programmed t o   o p e r a t e  un- 

attended  on Mars i n t o  1990,  perhaps t o  be  extended i n t o  1994. 

During  the  most  recent phase o f  V ik ing 's   m iss ion   the  

o r b i t e r  has  taken  about 3 0  p i c t u r e s  a day o f  a region  southwest o f  

Olympus Mons and t h e  three  volcanoes  on  the  Tharsis  Ridge,  an  area 

o f   p a r t i c u l a r   i n t e r e s t   f o r   i t s   l a r g e ,   r i v e r - l i k e   c h a n n e l s .   T h a t  

sequence will cont inue  through  Ju ly  12. 

P r o j e c t   o f f i c i a l s   p i a n  a f u l l  program f o r   O r b i t e r   1 ' s  

f i n a l  days. How much o f  t h e  program  can  be  completed will depend 

on  the amount o f  a t t i t u d e - c o n t r o l  gas  remaining.  Here i s  a t i m e l i n e  

o f  events   tha t   a re   p roposed  to  be c a r r i e d   o u t  i f  t h e  o r b i t e r  con- 

t i n u e s   t o  be cooperat ive:  

J u l y  1 3 8  1 4 :  The spacecraf t  will take a s e r i e s  o f  h igh-  

reso lu t i on   pho tos  o f  the summit ca ldera  o f  Olympus Mons. These 

should be the   h ighes t - reso lu t ion   ever   ob ta ined o f  t h e   c a l d e r a   o f  

the   so la r   sys tem's   la rges t  known volcano. 
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J u l y  1 5  through 18:  The spacec ra f t  will p e r f o r m   t h r e e  

c o n t r o l l e d   b u r n s  o f  i t s   r o c k e t   e n g i n e s .  Those b u r n s   a r e   p a r t   o f  

a s e r i e s   o f   e n g i n e e r i n g   t e s t s   t o   p r o v i d e   d a t a   t h a t  will b e n e f i t  

f u t u r e  space  missions. One e f f e c t   o f   t h e   b u r n s  will be t o  change 

t h e   s p a c e c r a f t ' s   o r b i t   f r o m   i t s   p r e s e n t  3 7 0  k i l o m e t e r s  ( 2 3 0  m i l e s )  

p e r i a p s i s  and 3 4 , 0 0 0  k i l o m e t e r s  ( 2 1 , 1 2 7  m i l e s )   a p o a p s i s   t o  350  

k i l o m e t e r s  ( 2 2 0  m i l e s )   p e r i a p s i s  and 56,000 k i l o m e t e r s  ( 3 4 , 8 0 0  

mi les)   apoaps is .  The new o r b i t  will s a t i s f y  t h e  c o n d i t i o n ,  i n  ac- 

cordance wi th  p l a n e t a r y - q u a r a n t i n e   p r o v i s i o n s ,  o f  no t   impact ing ,  

and thereby not con tamina t ing ,   t he   p lane t   be fo re   t he   yea r  2019. 

J u l y  20 t o  23: A d d i t i o n a l   e n g i n e e r i n g   t e s t s  will be  con- 

d u c t e d ,   p r i n c i p a l l y   o n   t h e   r a d i o  system,  and t h e   f i n a l   o r b i t  will 

be determined. 

C u r r e n t   e x t r a p o l a t i o n  o f  t h e   s u p p l y  and  usage r a t e  o f  

a t t i t u d e - c o n t r o l   g a s   i n d i c a t e s  July 23 i s   t h e   a p p r o x i m a t e   d a t e  of  

d e p l e t i o n ,  but f l i g h t   c o n t r o l l e r s  say   there  i s   p r o b a b l y  a one-week 

u n c e r t a i n t y  i-n t h a t   d a t e ,  so t h e   o r b i t e r   c o u l d   r u n   o u t  o f  gas  as 

e a r l y   a s  July 1 6  o r  as l a t e  as J u l y  30.  

I f  it should tu rn  o u t   t h a t   t h e r e   i s   s t i l l  gas  remaining, 

t hen   abou t   Ju l y  27 O r b i t e r  1 will make a f i n a l   h i g h - a l t i t u d e   g l o b a l  

s u r v e y   o f   t h e   v i s i b l e   p o r t i o n  o f  the   Mars   d isk  -- 25  p i c t u r e s  

through  each o f  t h r e e   f i l t e r s ,   f o r  a t o t a l  o f  7 5  frames. 

When the  gas i s  exhausted, t h e  o r b i t e r ' s   r a d i o   t r a n s m i t -  

t e r  will be commanded o f f  f o r   t h e   l a s t   t i m e ,  and t h e   s p a c e c r a f t  

will c o n t i n u e   s i l e n t l y   o r b i t i n g  Mars f o r  many decades. 

V i k i n g  1 was launched t o  Mars Aug. 20 ,  1 9 7 5 ,  and a r r i v e d  

June 198 1976. V ik ing  Lander  1 touched down o n   t h e   M a r t i a n   s u r f a c e  
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Ju ly  20 ,  1976,  w i th  a 90-day mission  expectat ion.   That  mission com- 

p le ted ,  it has now observed  the   p lanet   fo r  more than  two f u l l  Mars 

years -- four   Ear th   years  on  Ju ly  20. 

As . long  as it survives,  Viking  Lander 1 will c o n t i n u e   t o  

c o l l e c t   p h o t o s  and weather  data  from  the  Mart ian  surface and, on 

command from  Earth,   t ransmit  them on  approximately a weekly  basis. 

V i k i n g   O r b i t e r  2 r a n   o u t   o f   a t t i t u d e - c o n t r o l  gas and 

was  commanded o f f   J u l y  2 4 ,  1978. Vik ing  Lander 2 was t u r n e d   o f f  

a f t e r   i t s   l a s t   r e l a y   t r a n s m i s s i o n  Ap r i l  11, 1980. 

The V ik ing   P ro jec t  -- today  wi th  fewer  than 3 0  people 

engaged i n   f l i g h t   o p e r a t i o n s  and science  data  processing -- i s  man- 

aged f o r  NASA's Of f i ce  o f  Space Science  by  Jet   Propuls ion  Laboratory.  

# # # # #  

#940/7/9/80/DB 
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APPENDIX B 

VIKING LANDER MISSION SUPPORT EXTENSION REQUEST 

LANDER (VL-1) MONITORING MISSION 

JULY 20,  1979 THROUGH  DECEMBER 29,  1990 
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OBJECTIVES 

1. O b t a i n  S-band rang ing   da ta   f rom  the   su r face  o f  Mars p e r i o d i c a l l y   o v e r  a 
l o n g   t i m e  span f o r  the  conduct  o f  Radio  Science. 

2. Obta in   meteoro logy  and  imaging  data  f rom  the  sur face o f  Mars p e r i o d i c a l l y  
over  a l o n g   t i m e   s p a n   t o   m o n i t o r   a n d   d i s s e m i n a t e   i n f o r m a t i o n   r e l a t i v e  t o  
a n y   s i g n i f i c a n t  changes w i t h  t ime. 

SUPPORT  REQUIREMENTS 

1. R e t a i n   e x i s t i n g  DSS lander   te lemet ry   and command s o f t w a r e   c a p a b i l i t y .  

2 .  A t  l e a s t  two  64-meter  passes o f .3   hou rs   du ra t i on   pe r   mon th   t h rough  1980. 

3. A t  l e a s t  one 64-meter pass o f  3 hours   dura t ion   per   month   th rough 1981. 

4. Subsequent  years - to   be   nego t ia ted   on  a y e a r l y   b a s i s .  

MCCC - 
1. Suppor t   requi rements  conta ined within t h e   o r b i t e r   r e q u i r e m e n t s  u n t i l  

2/1/80. No MCCC dependency o r   requ i remen ts   t he rea f te r .  

PROJECT/DSN  INTERFACE 

1. m e   p r o j e c t   s h a l l   p r o v i d e  a p e r s o n   t o   a c t   a s  a f o c a l   p o i n t   f o r   a l - 1   l a n d e r /  
-DSN i n t e r a c t i o n s .  

2 .  The p r o j e c t   i n p u t s   t o   t h e  DSN s h a l l   i n c l u d e   s c h e d u l i n g ,   p r e d i c t i o n s ,  
sequences, commands and o p e r a t i o n a l   d i r e c t i o n  during passes. 

3.  The DSN s h a l l   p r o v i d e   l a n d e r  IDRs  and da ta   packages  to   th is   person.  

R. S. Watkins 
V i k i n g   P r o j e c t  Manager 

~ Z u c e   N u r r a y ,   D i r e c t o r  " 
J e t   P r o p u l s i o n   L a b o r a t o r y  

Thomas A. Mufch 
A s s o c i a t e   A d m i n i s t r a t o r   f o r  
Space  Science 

W .  C. Schneider 
A s s o c i a t e   A d m i n i s t r a t o r  f o r  
Space Tracking  and  Data  System6 
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APPENDIX C* 

VIKING LANDER  MONITOR MISSION DIRECT-LINK REQUEST SUMMARY 

*The i n f o r m a t i o n  in  t h i s   a p p e n d i x  was taken f r o m  I n t e r o f f i c e  Memorandum 3394-82- 
122 f rom P. Eshe t o  G. Gianopu lous ,   "V ik ing   Lander   Mon i to r   M iss ion   D i rec t  Link," 
Je t   P ropu ls ion   Labora to ry ,  Pasadena, Ca l i f . ,   Oc t .  7, 1982. 
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F i r s t   y e a r   o f   t h e  VLMM August 1 3 ' t o  December 28, 1980: 

19 t o t a l  passes a v a i l a b l e  

9  passes  scheduled 

9  passes  unable t o  schedu le   ( in fo rmat ion   no t   ava i lab le )  

1 pass was ou t  o f  s ta t ion   v iewper iod  

Good low-rate  and/or  high-rate  data:  8  passes 

Good ranging  data: 7 passes 

Bad low-rate  and/or  high-rate  data: none 

Bad ranging  data:  1 ranging  pass  bad due to   locked  s ideband 

L o s t   d i r e c t  link: 1 - bad  pass due t o   d i g i t a l l y   c o n t r o l l e d   o s c i l l a t o r  (DCO) 
sweep problem 

Second yea r   o f   t he  VLMM January 4 t o  December  27, 1981: 

48 t o t a l  passes  avai lable 

31  passes  scheduled 

1 7  passes  unable t o  schedule. Reasons: 

4 passes  given up to   P ioneer  

7 passes  given up t o  Voyager 

1 pass  g iven  up  to   Hel ios 

3  passes  given  up due t o  S ta t i on  14  be ing  down 

2  passes  were  out o f  s ta t ion   v iewper iod  

Good low-rate  and/or  high-rate  data: 22 good passes o f  low-rate and h igh-  
r a t e   d a t a  

1 pass good h igh- ra te   da ta  

Good ranging  data:  23 passes 

Bad low-rate  and/or  high-rate  data: 1 pass no low-rate  data;  no  sync 

1 wrong TPA c o n f i g u r a t i o n ;   l o s t   b a t t e r y  
da ta  

Bad ranging  data:  1 pass PRA  RED 

c-2 



L o s t   d i r e c t  link: 

1 - Sun-Earth-probe (SEP) angle 1.2 deg 

1 - t ransmi t te r   t r i pped  o f f  

1 - wrong command sent 

2 - DCO sweep problem 

2 - DSS 14 was scheduled; s t a t i o n  was  down 

Thi rd  year  o f  the VLMM January 4 t o  December 28, 1982: 

48 t o t a l  passes a v a i l a b l e  

41  passes  scheduled a t   t h i s   t i m e  (Dec. 12 t o  Dec. 28 have n o t  been  scheduled 
ye t ) .  To t h i s  day, we have  had 36 passes ava i lab le .  

3 passes  unable t o  schedule. Reasons: 

1 pass  given  up t o   r a d i o  astronomy fo r   Aus t ra l ian   exper iment  

1 pass  out o f  s ta t ion   v iewper iod  

1 pass  unable t o  schedule DSS 63 due t o  gearbox  repai r .   Tr ied f o r  
DSS 61   ins tead o f  DSS 63, but Voyager  needed DSS 61. 

Good low-rate  and/or  high-rate  data: 32 passes 

2 passes o f  good low-rate  data 

Good ranging: 29 passes 

Bad low-rate  and/or  high-rate  data: 1 - unable  to   lockup  on  h igh  ra te  data,  
probably due t o   b e i n g   o n l y  one way. 

1 - no  high-rate  data due t o   o n l y  
34-m s t a t i o n   a v a i l a b l e  

Bad ranging: 1 - unknown 

1 - PRA declared RED 

1 - wrong tun ing  

1 - downl ink  only 

L o s t   d i r e c t  link: 1 pass DSS-14 rad ia l   bear ing   p rob lem 
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APPENDIX  D* 

VIKING LANDER  MONITOR MISSION  DIRECT-LINK REQUEST DETAIL 

"The i n f o r m a t i o n  i n  t h i s   a p p e n d i x  was t a k e n   f r o m   I n t e r o f f i c e  Memorandum 3394-82- 
122 f r o m  P.  Eshe t o  G. G i a n o p u l o u s ,   " V i k i n g   L a n d e r   M o n i t o r   M i s s i o n   D i r e c t  Link," 
Je t   P ropu ls ion   Labora to ry ,   Pasadena ,  Cal i f . ,  Oct.  7, 1 9 8 2 .  
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Day 
o f  S o l  

Year  Date  Year No. DSS Scheduled Comments 

1 9 8 0   8 / 1 3  

8 / 2 0  

8 / 2 8  

915 

9 / 1 2  

9 / 2 0  

9 / 2 7  

1015 

10113 

1 0 / 2 0  

10128 

1 1 1 4  

1 1 / 1 2  

1 1 / 2 0  

1 1 / 2 7  

1215 

1 2 / 1 2  

1 2 / 2 0  

1 2 / 2 8  

1 9 8 1   1 / 4  

226 

233 

2 4 1  

249 

256 

264 

2 7 1  

279 

287 

294 

302 

309 

317 

325 

332 

340 

34 7 

355 

363 

004 

1445 

1452 

1460 

1468 

1475 

1482 

1 4 8 9  

1497 

1505 

1512 

1 5 1 9  

1526 

15  34 

1542 

1 5 4 9  

1556 

1563 

1 5 7 1  

15   79  

1586 

1 2  

6 3  

42 

63  

1 4  

43 

1 4  

43 

63  

43 

Yes 

No 

No 

Yes 

No 

Yes 

No 

Yes 

No 

Yes 

No 

Yes 

No 

No 

Yes 

No 

Yes 

Yes 

No 

Yes 

Good pass 

Good pass 

Good pass 

Good pass 

No good 
DCO sweep problem 

Good pass 
1:lO l a t e  

No v iewper iod 

Good pass 
0 0 : 3 5  l a t e  

LR/HR data  OK. No 
ranging  data  locked  on 
sideband 

Good pass 

Wrong TPA c o n f i g . ;   l o s t  
ba t te ry   da ta ;  good 
rang ing  
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Day 
o f  S o l  

Year  Date  Year No. DSS Scheduled Comments 

1 9 3 1   1 / 1 2  

1 / 1 9  

1 / 2 7  

214 

2 / 1 1  

2 119 

2 / 2 6  

3 16 

3 / 1 4  

3 / 2 1  

3 / 2 9  

4 / 1 3  

4 / 2 1  

4 / 2 8  

516 

5 / 1 3  

5 / 2 1  

5 / 2 9  

615 

6 / 1 3  

012 

019 

027 

035 

04 2 

050 

05 7 

065 

073 

080 

088 

095 

10 3 

111 

118 '  

126 

1 3 3  

1 4 1  

1 4 9  

156 

1 6 4  

1593 

1600 

1608 

1616 

1623 

1630 

1637 

1645 

1653 

1660 

166 7 

1674 

1682 

1690 

1697 

1704 

1 7 1 1  

1 7 1 9  

1727 

1 7  34 

1 7 4 1  

43 

43 

63 

1 4  

1 4  

43 

63  

1 4  

1 4  

43 

63  

63  

1 4  

43 

43 

63  

63  

1 4  

43 

No 

Yes 

Yes 

No 

Yes 

Yes 

No 

Yes 

No 

Yes 

Yes 

Yes 

No 

No 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

No 

Gave up f o r  PN-12 

Good pass 

Good pass 

Gave up f o r  PN-12 

Good pass 

Good LR/HR date;  no 
r a n g i n g  (PRA  RED) 

No v iewper iod  

Good pass 

DSS-14 maintenance 

SEP 2.6 deg; acceptable 
LR/HR da ta ;   no   rang ing  

SEP 1.2  deg; no LR/HR 
Data 

SEP 0.8 deg; No data.  
High-power  t ransmi t ter  
t r i p p e d   o f f  

Gave up f o r   P i o n e e r  1 2  

Gave up f o r  P ioneer  1 2  

Good pass 
One r a n g k n g   p o i n t  

Gave up f o r  Voyager 2 

Good pass 

Good pass 

Good pass 

Good pass 

No v iewper iod  
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Day 
o f  S o l  

Year  Date  Year No. DSS Scheduled Comments 

1 9 8 1   6 / 2 0  

6 /28  

7 / 6  

7 /13  

7 / 2 1  

7 /28  

815 

8 / 1 3  

8 /20  

8 /28  

914 

9 /12  

9 /20  

9 /27  

1015 

10112 

1 0 / 2 0  

1 / 2 8  

1114 

1 1 / 1 2  

11 /19  

11 /27  

12   / 05  

1 7 1  

179 

187 

194 

202 

209 

217 

225 

232 

240 

247 

255 

263 

270 

278 

285 

293 

3 0 1  

308 

316 

323 

3 3 1  

339 

1746 

1756 

1764 

1 7 7 1  

1778 

1785 

1793 

1 8 0 1  

1808 

1815 

1822 

1830 

1838 

1845 

1852 

1859 

1867 

1875 

1852 

1889 

1896 

1904 

1912 

63 

63 

1 4  

43 

63 

63 

63 

14 

43 

63 

63 

1 4  

1 4  

43 

63 

63 

1 4  

43 

43 

63 

63 

1 4  

43 

Yes 

No 

Yes 

Yes 

Yes 

No 

No 

No 

No 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Good pass;  gave  up 

For  Voyager 2 

Good pass 

Good pass 

Good pass 

Gave up f o r  Voyager 

Gave up f o r  Voyager 

Gave up f o r  Voyager 

Gave up f o r  Voyager 

Good pass 

Gave up f o r  Voyager 

DSS 1 4  down 

DSS 1 4  down 

Good pass 

Good pass 

Good h i g h   r a t e  and 
ranging; no l o w  r a t e  

DSS-14 gearbox  repai r  

No good 
Wrong command sent 

Good pass 

No good; DCO problem 

Good pass 

DSS 1 4  down 

Good pass 



Day 
o f  S o l  

Year  Date  Year No. DSS Scheduled Comments 

1 9 8 1   1 2 / 1 3  

1 2 / 2 0  

1 2 / 2 7  

1 9 8 2   1 / 4  

1 / 1 2  

1 / 2 0  

1 / 2 7  

213 

2 / 1 1  

2 / 1 9  

2 / 2 7  

316 

3/13 

3 / 2 1  

3 / 2 9  

416 

4 / 1 3  

4 / 2 0  

4 / 2 8  

516 

5 / 1 4  

347 

354 

3 6 1  

004 

012 

020 

027 

034 

042 

050 

058 

065 

072 

080 

088 

096 

1 0 3  

110 

118 

126 

134 

1919 

1926 

1933 

1 9 4 1  

1949 

1956 

1963 

1970 

1975 

1936 

1993 

2000 

2007 

2015 

2023 

2030 

2037 

2044 

2052 

2060 

2067 

63  

63  

1 4  

43 

43 

63  

63  

1 4  

43 

43 

63  

1 4  

1 4  

42 

63  

1 4  

1 4  

43 

63  

63  

1 4  

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Good pass 

Gave up f o r   H e l i o s  

No good; DCO problem 

Good pass 

Good low- and h igh- ra te  
data;  ranging  no good 

Good pass 

Good pass I 

Good pass 

Good pass 

Good pass 

Good pass 

Good low-  and h igh- ra te  
data;   ranging no good 

Good pass 

Good pass 

Good pass 

No good; r a d i a l   b e a r i n g  ~r 

problem 

Good pass ~ ' L Y ?  

Gave up f o r  Radio 
Astronomy A u s t r a l i a n  
Experiment 

Good pass L .  

Good pass bc 

Good pass L/ 
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Day 
o f  S o l  

Year  Date  Year No. DSS Scheduled Comments 

1 9 8 2   5 / 2 1  1 4 1  2074 43 Yes 

5 / 2 8   1 4 8   2 0 8 1   4 3  

615 1 5  6 2089  63 

6 / 1 3  1 6 4  2097  12 

6 / 2 1  1 7 2  2104  43 

6 / 2 8  1 7 9  2111  43  

7 15  1 8 6  2118  63 

7 / 1 3  

7 / 2 1  

7 / 2 9  

8 15 

8 / 1 2  

8 / 2 0  

8 / 2 8  

915 

9 / 1 2  

9 / 1 9  

9 / 2 7  

1 0 / 5  

1 9 4  

202 

210 

217 

224 

232 

240 

248 

255 

262 

270 

278 

10113  286 

2126 

2134 

2 1 4 1  

2148 

2155 

2163 

2 1 7 1  

2175 

2185 

2192 

2200 

2208 

2215 

‘Yes 

‘Yes 

‘Yes 

‘Yes 

Yes 

‘Yes 

63 Yes 

1 2  Yes 

43 Yes 

43 Yes 

63 Yes 

63 ’le s 

1 4  If es 

43 Yes 

43 Yes 

6 1  Yes 

No 

1 4  Yes 

43 Yes 

Good low-  and  high-rate 
data;  ranging  no good; 
commanding no good 

Good low-  and  high-rate 
data;  ranging  no good 

Good pass LJ‘ 

Good pass L, 

Good pass t 

Good pass t. 

No u p l i n k   a v a i l a b l e ;  r/ 
no  ranging  avai lab le;  
l o s t  high-rate  data,  
low-rate  ok 

Good pass L/ 

Good pass 

Good pass r /  

Good pass fl 

Good pass 

Good pass - 
Good pass; two rang iqg  
p o i n t s  J 

Good pass / 

Good pass . b c L ”  :. . ,I 
Good pass;  no HR da ta  

No v iewper iod ? -  

L 

\ 
v 

. .  
\ 
\ 

‘. , 
, , L- 
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Day 
o f  S o l  

Year  Date  Year No. DSS Scheduled Comments 

1982  10120  203  2222 

10 /27   300  2229 

1 1 / 4  

1 1 / 1 2  

11/20 

1 1 / 2 7  

1214 

1 2 / 1 2  

1 2 / 2 0  

12/28  

308 

316 

324 

3 3 1  

338 

346 

354 

362 

2237 

2245 

2252 

2259 

2266 

2274 

2282 

2289 

43 

6 1  

14  

1 4  

43 

43 

63  

1 4  

1 4  

43 

Yes 

No I- Unable t o  have DSS 63 
due t o  gearbox  repair ;  
VGR needed DSS 6 1  f o r  
t e s t  

, . ./. . + .  

!" 

1 .  

Yes 

Yes < I  

Yes 

Yes 

Yes 

I ' .  
1 ~. , 

'.I , I 
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APPENDIX  E 

AN EXAMPLE OF VIKING LANDER  SEQUENCE OF EVENTS 
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4:;; iJEE JZED OUTGOING MESSAGE 

FM J NASH/R hEVAREZ 
TO ANBE/STADIR/43 OPS 

I N F O  JZED/PAG 
DLD W JENSEN/G REED/E BURKE/A BERMAN/D MUDGWAY/K LUDWIG/R GfLLETTE/ 
P ESHE/A BRITTING/G  GIANOPULOS/J BRENKLE/E HAMPTON/R HOLLINCSWORTH/ 
J HODDER/S BENEDICT/T BOREHAM/COMM  CONTROL 

JPL001A 

02/00012 

JOCC/NOC~TRKCHF/NATCMD/NATRK/NATEL 

SUBJECT: V IKING LANDER SOE FOR DSS-43, SOL-2178 DOY-248 
1. 

2 .  
3. 

4. 

5 .  

6 .  

ON DOY 248 DSS-43 WILL BE SUPPORTING A VIK ING LANDER RADIO  SCIENCE 
R A t i G I N C  PASS. PROJECT HAS REQUESTED THAT BATTERY CONDITIONING 
COMMANDS BE  TRANSMITTED DURING THIS TRACKING PASS. THREE 
TRANSMISSkONZ WILL BE  REQUIRED. THE FIRST  TRANSMISSION WILL BE THE 

CONDITIONIl4G,,COMMANDS, AKD THE THIRD  TRANSMISSION WILL BE  THE 
DOWNLINK "ON COMMANDS FOR THE TRACKING  PASS SCHEDULED OVER DSS-43 
ON DOY 255. 
I T  I$ REQUIRED THAT 9 LANDER ( S / C - 2 6 )  COMMANDS BE MANUALLY LOADED 
INTO THE MANUAL BUFFER DURING  PTP. 
UPLINK TRANSMITTER POWER WILL BE 10KW. 
DURING  THE FIRST'HOUR OF THE 1 1/2 HOUR PTP, CONFIGURE  THE STATION 
FOR LAWDER  SUPPORT. CONFIGURE ONE TPA FOR LANDER  SUPPORT (CH-1, I K  
AND CH-2, 8.33 HSD).  USE SOFTWARE  BLOCK DECODING FOR LAhDER l K  
CODED DATA. ENSURE THAT THE SSA TO BE  UTIL IZED I N  SUPPORT OF THE 
I K  CODED DATA I S  SET WITH A THKESHOLD OF 0.0 DB. 
CONFIGURE THE PRIME CPA FOR LANDER  COMMANDIKG. MANUAL COMMANDS WILL 
ENTERED FOR THE FIRST ANC SECOND TRANSMISSION  DURING THE PTP AND 
AFTER NATCMD HAS VALIDATED THE COMMANDS SYSTEM PEi l  SOE. THE THIRD 
SET OF COMMANDS WILL BE LOADED INTO THE  MANUAL BUFFETi DURING THE 
LAST HOUR OF THE TRACKING PASS, 
DURING  THE  PTP PERFORM R A K G I N G  PRE-CALS FOR LAhiDER. 
COMP: 0 6 
TO: 3 E  
T1: 90 
T 2  : 9 
T3  : 6 0  
CARRIER  SUPRESSION: 9DB 
SEQUENCE OF EVENTS FOR LANDER SUPPORT 
02:25:00 DSS-43 CONFIGURE S T A T I O N  FOR LANDER  SUPPORT 
03:10:00 DSS-43 TURN COMMAND SYSTEM OVER TO  NATCMD FOR VALIDATION 
03:20:00 DSS-43 AFTER COMMAND VALIDATION, RETURN TO MANUAL AND 

DOW~LINK ON COMMANDS, THE SECOND TRANSMISSION WILL BE THE BATTERY 

ENTER THE COMMANDS I N T O  TEE FOLLOWING OhDER. 

MOUDLE MSG NBR T I M E   B I T  PATTERN 
1 I 248:04:23:00 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 E 2 5 

2 NONTIMED 6 8 2 0 1 ' 7 0 1 6 F 4 5 0 0 B D 8  
3 NONTIMED. 5 F 4 4 0 0 B 9 5 F A C E 8 C A 8  

MODULE MSG NBR T IME  B IT  PATTERN 
2  4  248:04:38:00. 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 E 2 5 

5 NONTIMED 6 8 2 0 1 D 7 2 7 D 3 9 0 0 D 9 8  
6 NONTIMED 7 1 E A Z B C 6 B 4 D D 0 B F A 8  
7 NONTIMED C Z D C 0 0 E Z F 4 D D B a A 2 8  
8 NONTIMED 0 0 0 @ 0 0 D E C 9 B 9 € 3 a 9 5 8  
9 NONTIMED Z Z D C 0 D 1 9 1 4 B E 0 9 0 6 8  

e n  
MORE 
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J P L 0 0 3 A  
RR ANBE  JOCC  JZED 
DE JJPL 0038 
02/0001z 

P A G E  TWO 
@3:35:00 D S S - 4 3   R E M A I N   I N   M A N U A L   A N D   R E T U R N   C O M M A N D   S Y S T E M   B A C K  

O V E R   T O   N A T  CMD FOR MODULES 1 AND 2 V A L I D A T I O N .  
@3:36:00 N A T C M D   R E C A L L   M A N U A L   B U F F E R   A N D   V A L I D A T E  COMMAND B I T  

PATTERNS.  
03:51:00 D S S - 4 3   A F T E R   N A T C M D  HAS V A L I D A T E D  COMMAND BJT PATTERNS, ,  

RETURN  TO  REMOTE. 
03:52:@0 N A T C M D   V E R I F Y   C O R R E C T  COMMAND T R A N S M I T   T I M E   D I S P L A Y E D  ON 

FORMAT 301. 
03:55:00 D S S - 4 3   S T A R T  OF LANDER  TRACK SOL-21'78 
04:01:00 D S S - 4 3   T R A N S M I T T E R   O N  (10KW) LANDER  FLAG  S /C-26 ,   S -BAND 

ONLY,  Z-WAY, B A D   D A T A ,  ROL I N  THE MDA. 
MDA DATA RATES:  1 S A M P L E / 1 0  SEC. A T  AOS  TO LOS 
OF L A N D E R   P A S S .  

04:01:2? DSS-43 S T A R T   A C Q U I S I T I O N   S W E E P   A S   P E R   S W E E P   M E S S A G E .  
04:18:00 DSS-43  COMMAND  MODULATION ON 
04:19:08 D S S - 4 3   S E N D   I D L E - 2 / A C T I V E  ON 
04:24:00 N A T / D S S   C O N P I R M   F I R S T  COMMAND T R A N S M I S S I O N  
04:39:00 NAT/DSS  CONFIRM  SECOND COMMAND T R A N S M I S S I O N  
04:48:00 T R K C O N   V E R I T Y   B A N G I N G   P A R A M E T E R S  
04:41:@0 N A T C M D   A F T E R   A L L   N I N E  (9 )  COMMANDS H A V E   BEE^ T R A N S M I T T E D  

04:45:00 D S S - 4 3  RANGING  MOD  ON 
B4:49:58 D S S - 4 3  T R A K S M I T   F I R S T   R A N G E   A C Q U I S I T I O N  
@5:12:52 D S S - 4 3  S T A R T   S W E E P   F O R   D O W N L I N K   A C Q U I S I T I O N  
@5:14:22 D S S - 4 3  AOS  (2-WAY)  S/C-26 LOW R A T E   C H A N N E L  8 1/3 UNCODED 
05:14:52 DSS-43 R E C I E V E   F I R S T   R A E G E   A C Q U I S I T O N  

@5:16:00 D S S - 4 3   C L E A h  THE M A N U A L   B U F F E R  AND E N T E R  THE T H I R D  SET OF 

A N D   C O K F I E M E D ,   R E T U S N   T O   I D L E - l / A C T I V E   O F F .  

05:15:00 D S S - 4 3   R E T U R N  COMMAND SYSTEMsTO  MANUAL  MODE 

COMMANDS I N  THE FOLLOWING  ORDER.  

MODULE MSG N B R   T I M E  B I T  P A T T E R N  
1 10 248:05:34:30 5 5 5 5 5 5 5 5 ' 5  5 5 5 5 5 5 E 2 5 

11 N O N T I M E D  6 8 2 0 1 ' 7 0 1 6 F 4 5 0 0 B D 8  
12 WONTIMED 5 F 4 4 0 0 B 9 5 F A C E 8 C A 8  

05:16:57 DSS-43 RANGING  MOD OFF 
05:21:00 D S S - 4 3   R E M A I N  I N  MANUAL  MODE  AND  RETURN  COMMAND  SYSTEM 

05322308 S A T C M D   R E C A L L   M A N U A L   B U F F E R   A N D   V A L I D A T E   C O M M A N D   B I T  

05:27:00 D S S - 4 3   A F T E R   N A T C M D   H A S   V A L I D A T E D  COMMAND B I T  P A T T E R N ,  

OVER TO  NATCMD FOR MANUAL BUFFER V A L I D A T I O N .  

P A T T E E N  

T R A N S F E i l  MANUAL 3 U F F E R  TO MODULE-1 AND RETURN T O  
REMOTE. 

FORMAT 301. 
05:29:00 B A T C M D   V E R I F Y   C O R R E C T  COMMAND T R A N S M I T   T I M E   D I S P L A Y E D  ON 

05:30:00 NATCMD S E N D   I D L E - Z / A C T I V E  ON 
0 5 : 3 5 : @ 0  NAT/DSS CONB'IBM T H I R D  COMMAND T R A N S M I S S I O N  
05 :3? :00  NATCMD A F T E R   A L L   T H R E  ( 3 )  COMMANDS H A V E   B E E N   T R A N S M I T T E D  

05:41:51 DSS-43 H I G H   R A T E   C H A N N E L  O N  ( 1 K )  DUAL S U B C A R R I E R  SSA 
A N D   C O N F I R M E D ,   R E T U R N   T O   I D L E - l / A C T I V E   O F F .  

THRESHOLD  SHOULD BE S E T   A T  0.0 DB. 

MORE 
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JrL005A 
RR ANBE  JOCC JZED 
DE JJPL 005A 
02/0001z 

OUTGOING MESSAGE 

PAGE THREE 
06:04:0@ DSS-43 COMMAND MOD OFF 
05:54:00 DSS-43 TRAKSMITTER OFF 
06:14:53 DSS-43 LOS S/C-26 

7 .  TELEMETRY I D R  REQUIREMENTS  (NOCC) 
A .  LOW RATE  ENGINEERING 

DOY-248/05:14:222 TO DOY 248:@6:15:002 
B .  H.IGH RATE SCIENCE 

DOY-248:05:41:002 TO 248:06:15:002 
8 .  I F  THERE ARE A N Y  QUESTIONS  CALL J. NASH X-4491 OR R .  E. NEVAREZ 

X-7163 REGARDS, REN . 
END OF MESSAGE 
02/01052 SEP 82 JJPL 
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APPENDIX F 

RECOVERY  STRATEGY LOG FOR VIKING LANDER 1 

November  Through  February 1983 
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The chrono logy   o f   events   tha t   fo l lowed  the   spacecra f t   emergency   dec la red   on  
November  20,  1982,  and t h e   s u b s e q u e n t   e f f o r t s   t o   r e c o v e r   t h e   s p a c e c r a f t   s i g n a l  
a re   g i ven   be low:  

November 19:DOY 324:SOL 2252: DSS 43: 
No down l ink   ob ta ined   du r ing   t h i s   regu la r   down l ink   pass .  

November 20:DOY 325:SOL 2253: 
Spacecraft  emergency  declared by t h e   V i k i n g   P r o j e c t   a t  0000 hours  because  o f  
f a i l u r e   t o   r e c e i v e  a schedu led   downl ink   t ransmiss ion   f rom VL  1. The opening 
o f   a n   u n d e r v o l t a g e   s w i t c h   o n   t h e   l a n d e r   e l e c t r i c a l   e q u i p m e n t   b u s s  was 
suspected. 

November 23:DOY 325:SOL 2256: DSS 43: 
Transmi t  uplink o n l y   t o   L a n d e r .  The commands were t o   i n c r e a s e   b a t t e r y -  
charg ing  f requency,   c lose  the  undervol t .age  swi tch,   and  cause a d o w n l i n k   t o  
occur  on DOY 331. 

November 26:DOY 331:SOL 2253: DSS 43: 
W h i l e   t r a n s m i t t i n g  commands t o   i n i t i a t e   t h e   d o w n l i n k ,   t h e  DSS 43 antenna 
h a l t e d  due t o  a hyd rau l i c   coo lan t   l eak ;   t he   pass  was c a n c e l e d .   P r o j e c t   d i s -  
cove red   t ha t   t he   l ander   an tenna   po in t i ng   pa ramete rs  i n  the  lander   computer  
memory h a d   i n a d v e r t e n t l y   b e e n   o v e r w r i t t e n   w i t h   t h e   b a t t e r y - c h a r g i n g  param- 
e t e r s .  A new s t r a t e g y   t h a t   r e c o g n i z e s   t h e   l a n d e r   a n t e n n a   a s   b e i n g   o f f   p o i n t  
will h a v e   t o   b e   d e v e l o p e d   f o r   a l l   f u t u r e  uplink t ransmiss ions .  

December 02:DOY 336:SOL 2264: DSS 63: 
Transmi t  commands f o r  a downl ink on DOY’ 338 w i t h  VL-1 antenna i n  a parked 
p o s i t i o n .  

December 04:DOY 338:SOL 2266: DSS 63: 
No down l ink   obse rved   du r ing   t h i s   pass .  

December 06:DOY 340:SOL 2268: DSS 63: 
Transmi t  commands f o r   d o w n l i n k   o n  DOY 341 with VL-1 antenna i n  a parked 
p o s i t i o n .  

December 07:DOY 341:SOL 2269: DSS 63: 
F u r t h e r   s e t   o f  commands f o r  a downl ink   on  DOY 343 w i t h  antenna in  parked 
p o s i t i o n .  

December 09:DOY 343:SOL 2271: 
Ops t e a m   d i s c o v e r s   t h a t   2 5 6 - b i t   i d l e  sequence was i n a d v e r t e n t l y   o m i t t e d   f r o m  
the   un t imed  commands sent  on SOL 2264,  2266, and 2268, t h u s   i n v a l i d a t i n g  
those uplink sequences. 

December 11:DOY 345:SOL 2273: DSS 1 4  
Command t ransmiss ions   f rom DSS 14 now i n c l u d e d   t h e   c o r r e c t   2 5 6 - b i t   i d l e  se- 
quence.  This  sequence was t o  move t h e  V L - 1  a n t e n n a   t o  a known f a v o r a b l e  
E a r t h - p o i n t   p o s i t i o n ,   f o r  a downl ink on SOL 2274.  The a t tempt  t o  r e p o s i t i o n  
the   h igh-ga in   an tenna was o n l y   p a r t i a l l y   s u c c e s s f u l   b e c a u s e   t h e   h i g h - p o w e r  
t r a n s m i t t e r   f a i l e d   s e v e r a l   t i m e s   d u r i n g   t h i s  pass.  However, 36 commands o f  
the   p lanned 60  were s u c c e s s f u l l y   t r a n s m i t t e d .  
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December 12:DOY 346:SOL: 2274: DSS 14: 
T h i s  was i n t e n d e d   t o   b e  a  downlink-only  pass.  However,  the commands t o  
i n i t i a t e   t h e   d o w n l i n k   f l a g   w e r e   n o t   t r a n s m i t t e d   b e c a u s e   a n   o p e r a t i o n s   p r o b -  
l e m   p r e v e n t e d   t h e   p r o p e r   i d l e  sequence be ing   execu ted   be fo re   t he  command 
window  closed a t  20042.  The f a i l u r e   t o   i n i t i a t e   t h e  command sequence  cor- 
r e c t l y  was subsequent ly   inves t iga ted ,  but  no   conc lus ive   p rob lem  cou ld   be  
found . 

December 17:DOY 351:SOL 2279: DSS 63: 
Commands w e r e   t r a n s m i t t e d   t o   p a r k   t h e   a n t e n n a   a n d   i n i t i a t e  a  downl ink on 
SOL 2282. 

December 20:DOY 355:SOL 2282: DSS 14:  
Searched f o r  a   d o w n l i n k   a f t e r   t r a n s m i t t i n g   t h e   d o w n l i n k   f l a g ,  but  no down- 
link detected.  

December 23:DOW 358:SOL 2285: DSS 1 4 :  
T h i s  uplink sequence was to   park   the   an tenna  and  cause a   downl ink   to   occur  
on SOL 2289. Approx ima te l y   2 /3   o f   t h i s   pass  was conducted w i t h  t he   t rans -  
m i t t e r  on r i g h t   c i r c u l a r   p o l a r i z a t i o n  (RCP) and  1/3  on l e f t   c i r c u l a r   p o l a r i -  
z a t i o n  (LCP). 

December 27:DOY 362:SOL 2289: DSS 43: 
Searched f o r  a   d o w n l i n k   a f t e r   t r a n s m i t t i n g   t h e   d o w n l i n k   f l a g ,  but no down- 
link detected.  

December 31:DOY 365:SOL 2 2 9 2 :  DSS 43: 
U p l i n k  commands t o   p a r k   t h e   a n t e n n a .   F i r s t   p a r t   o f   t h i s   p a s s  i n  RCP, second 
p a r t  i n  l i n e a r   p o l a r i z a t i o n   a t   t h e  45-deg  and  90-deg  phase p o s i t i o n s ,  w i t h  
t r a n s m i t t e r   a t  80 k W .  

January 04:DOY 004:SOL 2296: DSS 43?63: 
T h i s  was a s p l i t  pass w i t h  DSS 43 t r a n s m i t t i n g   t h e  uplink turn-on commands. 
The second p a r t   o f   t h e   p a s s  w i t h  DSS 63 i n i t i a t e d  a  downl ink  search w i t h  
t h e  S S I  and  open- loop  recording,  but   no  downl ink  could  be  detected. 

January  05,  1983 
P r o j e c t  announced  suspension o f   f u r t h e r  DSN suppor t   pending  an  in-depth 
i n v e s t i g a t i o n   i n t o   t h e   l a n d e r   a n t e n n a   p o i n t i n g   p r o g r a m .  

February 1:DOY 003:SOL 2324: DSS 43: 
The pass  over DSS 43 on  February 1 was s a t i s f a c t o r y ,  w i t h  23 o f  the   p lanned 
25-command sequences be ing   t ransmi t ted .  The h igh -power   t ransmi t te r   t r i pped  
o f f   f o u r   t i m e s   c a u s i n g   t h e   l o s t  sequences. The automat ic  command f a c i l i t y  
worked   pe r fec t l y .  Any one o f   t h e  commands w o u l d   h a v e   b e e n   s u f f i c i e n t   t o  
reprogram  the VL. The 11-hour   pass  a l lowed  for   a   fu l l -Ear th   pass  as  v iewed 
from  Mars. 

February 03:DOY 035:SOL 2326: DSS 43: 
T h i s  was the  second o f  the   au tomat ic   D /L   t ransmiss ions   fo l low ing   an  8-week 
U/L  absence. (Assumed by t h e   l a c k  o f  response  o f   the   spacecra f t . )  No s i g -  
n a l  was seen  on  the S S I  by DSS 43. 
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February 06:DOY 036/37:SOL  2328: DSS 43: 
This  pass  consisted  of  a continuous command t o   c l o s e   t h e  UV sw i t ch  and pa rk  
the  antenna. (It will be  completed  over DSS 63 on February 11) TX power was 
80 kW, and the  new automat ic CMD S/W was used. Commands were  separated by 
40 m i n  t o  ensure  that  the  spacecraft  could  execute one command before   re -  
c e i v i n g   t h e   n e x t  and  before.processing  the  next.  312 commands were  sent. 
There  were  no  t ransmi t ter   t r ips.  

February 10:DOY'41:SOL  2332: DSS 63: 
Th is  was the  remainder o f  the  CMD sequence sent  February 6. Because the  
DCO d i d   n o t   s t a r t  on  t ime,  the f i r s t   b l o c k   o f  commands  was missed;  otherwise 
a l l  commands were  sent  ok. 

February 11:DOY 42:SOL  2333: DSS 63: 
The sequence c o n s i s t e d   o f  a TX sweep f o l l o w e d   b y   a n   i d l e  sequence  and sho r t  
s e t   o f  commands to   ac t i va te   t he   down l ink .  Even i f  the   spacecra f t   had  no t  
rece ived any o f   t h e  commands in the  past,   an  automat ic  downl ink  should  have 
o c c u r r e d   a t   t h i s   p o i n t .  None was found. A two-way sweep was then made and 
a search   fo r   the   downl ink   us ing   the   spec t rum  s igna l   ind ica tor  and  openloop 
rece ive rs .  No downl ink was found. 

February 16:DOY 047:SOL  2338: DSS 63: 
F o l l o w i n g   a n   u p l i n k   a c q u i s i t i o n  sweep, a 25-command sequence was s e n t   t o  

I change the   spacec ra f t   rad io   con f i gu ra t i on   f rom TWTAl/I4OD-EXCl and t o   a c t i -  
~ v a te  a downl ink.  However, an i n t e n s i v e   s e a r c h   f a i l e d   t o   f i n d  a downl ink 
i s i gna l .  

February 18:DOY 49:SOL 2340: DSS 63: 
A 1ong.ser ies  o f  commands t o  move the  antenna  to  i t s  limit and  then  park   a t  
E a r t h   p o i n t  were now sent f r o m  DSS 63. T h i s  should  have  enabled  the  antenna 
and  computer d r i v e   t o  come i n t o   r e g i s t r a t i o n   a t   t h e  limit p o i n t .  It had  been 
though t   t ha t  some kind o f   s t i c k i n g  and f r i c t i o n  may have  caused  the  antenna 
and  computer d r i ve   t o   l ose   a l i gnmen t .   S ince   t he   an tenna   po in t i ng   d i rec t i on  
was n o t  known, commands were  sent  through  the  whole  view  period (10 h). O n  
the  next  avai lable  pass,  an  immediate  downlink w i l l  b e   i n i t i a t e d .  

February 25:DOY 56:SOL 2347: DSS14: 
A s h o r t   u p l i n k - a c q u i s i t i o n  sequence fo l lowed by a search   fo r   the   downl ink  
f a i l e d   t o   f i n d  a s igna l .  The R F I  van a t  Goldstone was a lso   used  to   search  
fo r   t he   down l ink  w i t h  i t s  spect rum  analyzer   a t  a min imum d e t e c t i o n   l e v e l  o f  
-186 dBm. No s i g n a l  was detected. 
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The entr ies  be low may be  ordered  from  the  Superintendent  of Documents, U.S. 
Government P r i n t i n g   O f f i c e ,  Washington, D.C., 20402. 

Images o f  Mars (1980, 32 pp.) 

NASA SP-444, Stock NO. 033-000-00793-1 
A c o l l e c t i o n   o f  39 of   the  best   orb i ter   photographs  f rom  the  V ik ing  Extended 
Mission, 1 9 7 7  t o  1979, w i t h  d e s c r i p t i v e   t e s t .  

Mars: The V ik ing   D iscover ies  (1977, 32 pp.) 

NASA EP-146, Stock NO. 033-000-00703-5 
A nontechn ica l   account   o f   the   f ind ings   o f   the   f i r s t   few months o f   t h e   V i k i n g  
Miss ion  w i t h  28 p i c tu res ,   i nc lud ing  7 i.n co lo r .  

The Mar t i an  Landscape (1978,  160 pp.) 

NASA SP-425, Stock NO. 33-000-00716-7 
A large  book  containing  over 200 Viking  Lander  photographs i n  c o l o r  and 
b l a c k  and wh i te ,   i nc lud ing  19  stereopai.rs.  Includes a f i rs t -person  account  
o f   t h e   p r e p a r a t i o n s   f o r  and actual   photographing  of   Mars  f rom i t s  surface. 

Vik ing-Mars  Exhibi t  Package  (1977) 

Stock NO. 033-000-00711-6 
A se t   o f   pos te rs ,   i nc lud ing  one 76.2 by 101.6 cm, two 61  by 89 cm, and many 
smal ler  ones. In  a d d i t i o n   t o   p i c t u r e s ,   m o s t l y  in  co lo r ,   there   a re   descr ip -  
t i o n s   o f  each s c i e n t i f i c   i n s t r u m e n t   o n   t h e   o r b i t e r s  and landers and some o f  
the r e s u l t s  o f  each  experiment. 

V i k i n g   O r b i t e r  Views o f  Mars  (1980,  182 pp.) 

NASA SP-441, Stock NO. 033-000-00795-7 
The var ious  types  o f   geolog ic   features  on Mars are  descr ibed and i l l u s t r a t e d  
by some o f   t h e   b e s t   o r b i t e r   p i c t u r e s   f r o m   t h e   f i r s t   y e a r   o f   t h e   V i k i n g   m i s -  
sion; more than 200 i l l u s t r a t i o n s .  

V ik ing  P ic tures  o f   Mars:   Set  No. 1 (1977) 

Stock NO. 033-000-00691-8 
A s e t   o f   f o u r   c o l o r  and f i v e  black-and-white  reproductions, 30.5 by 63.5 cm, 
o f  Mars  taken by the  cameras on   the   V ik ing   Orb i te rs  and Landers. 

V i k i n g  1 Ear ly   Resu l ts  (1976, 67 pp.) 

NASA SP-408, Stock NO. 033-000-00675-6 
The V i k i n g   P r o j e c t ,   t h e   o r b i t i n g  and 1a.nding spacecraft,  and t h e   r e s u l t s  
obtained i n  t h e   f i r s t  few weeks a t  Mars  are  described w i t h  photographs, 
graphs, and diagrams. 
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The ent r ies   be low may be  ordered  f rom  the  Nat ional   Technical   Informat ion 
Serv ice ,   Spr ing f ie ld ,   V i rg in ia ,  22151. 

The Mosaics o f  Mars  as Seen by  the  Vik ing  Lander Cameras (1980, 75 pp.) 

Stock NO. N80-32311 
This  publ icat ion  describes  the  10  panoramic  mosaics and var ious   o ther  image 
products  that   were  der ived  by computer p rocess ing   f rom  the   ind iv idua l   p ic -  
tures  obtained by the  Vik ing  Landers.  20 i l l u s t r a t i o n s .  

Vik ing  Lander  Imaging  Invest igat ion  Dur ing  Extended and Continuation  Automatic 
Missions, Volume 1: Lander 1 Picture  Catalog  of  Experiment  Data  Record (1981, 
650 pp. Ava i lab le  soon) 

The format i s   t h e  same as that  of   the  pr imary  mission  catalog,  below. It 
deta i l s   the   opera t ion   o f   the   Lander  1 cameras from December 1976 t o  February 
1979. Volume 2 on  Lander 2 w i l l  be   i ssued   l a te r .  

Vik ing  Lander  Imaging  Invest igat ion  Picture  Catalog  of   Pr imary  Mission  Exper iment 
Data  Record (1978, 560 pp.) 

Stock NO.  78N-20042 
A technical   encyclopedia  of   the  performance  of   the cameras on  the two V i k i n g  
Landers   du r ing   t he   f i r s t   f ou r  months of   the  miss ion.   Inc luded i s  a repro- 
duct ion  of   every  photograph  (smal l   s ize and mediocre i n  qua l i t y )   a long  w i t h  
complete  information  about where, when, and how each p i c t u r e  was taken. 

G- 3 



\ 

APPENDIX H 

VIKING FACTS 

H- 1 



Even t   V i k ing  1 V i k i n g  2 

Launch Aug. 20, 1975  Sept. 9,  1975 

A r r i v a l  June 19,  1976 Aug. 7,  1976 

Landing July 20, 1976  Sept. 3, 1976 

S i t e  Chryse P l a n i t i a   U t o p i a   P l a n i t i a  

Coord inates 22.3"N, 48.0"  47.7"N,  225.8" 

O r b i t e r  i n  o r b i t  1,509.9  days  718.8  days 

Lander   on  sur face 2,100 days  (4/20/82  1,316.1  days 

End l a n d e r   o p e r a t i o n s  

End o r b i t e r   o p e r a t i o n s  Aug. 7, 1980 July 2 5 ,  1978 

(. 
&JQL" a a ,  l%%L- 
( p r e d i c t e d )  1994) A p r i l  11, 1980 

O r b i t e r   p h o t o s  51,539 

Lander  photos  More  than 4,500 

Photo  coverage 97% of  p l a n e t  with r e s o l u t i o n  o f  300 m 
(1,000 f t )  o r  b e t t e r .  

25% o f  p l a n e t   w i t h   r e s o l u t i o n  o f  25 m 
(82 f t )  o r   b e t t e r .  

Lander  weather  reports:   more  than 1 m i l l i o n  

O r b i t e r   i n f r a r e d   o b s e r v a t i o n s :  more t h a n  1 m i l l i o n  

O r b i t e r   w e i g h t :  2,325 k g  

Lander   we igh t :   571  kg  

O r b i t e r s  b u i l t  by J e t   P r o p u l s i o n   L a b o r a t o r y  

Lander bu i l t  by Mar t i n   Mar ie t ta   Ae rospace  
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