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United States Senate 

Dear Mr. Chairman: 

You asked us to assess the cost, schedule, performance, and 
status of the National Aeronautics and Space 
Administration's (NASA's) 

-- Galilee mission to Jupiter; 
-- Ulysses mission to the sun, a joirt project with the 

European Space Agency; 

-- Magellan mission to Venus; and 
-- Mars Observer mission. 

This report provides the requested information on the 
Magellan mission to Venus. We are issuing separate reportsl 
on the other deep space missions. In addition, the overall 
results of our work, including the causes and impacts of 
delays and other issues related to the projects, arc 
discussed in our report, Space Exploration: NASA's Deep 
Space Missions Are Experiencing Long Delays (GAO/NSIAC-88- 
1286R, May 27, 1988). 

The Magellan mission is intended to investigate the origin 
and evolution of Venus. At the start of the project in 
fiscal year 1Yb4, NASA estimated the project's total cost 

 ace Exploration : C>st, Schedule, and Performance of 
NASA's Gallleo M:ssion to Jupiter (GAO/NSIAD-88-138FS, ~ q m ) ;  Space Exploration: Cost, Schedule, and 
Performance of NASA's 01 sses Mission to the Sun (GAO/NSIAD- 
B s - 1 2 9 ~ ~ ,  May 27, 1988*pace Exploration: Cost, Schedule, 
an? Performance of NASA's Mars Observer Mission, (GAO/NSiAD- 
88-137~~, May 27, 1 9 8 8 ) .  



at $294.6  million, assuming that the spacecraft would be 
launched by the Shuttle in April 1988 and would use a 
Centaur upper stage to provide propulsi~n into an 
interplanetary trajectory. In October 1987, the mission 
cost estimate was increased about $219 milllon to $513.5 
million, which was a result of launch delays adopting to a 
new upper stage, accommodatir-g a new trajectory, and 
problems with the development of the mission's major 
scientific instrument. 

The launch date for this mission was originally set for 
April 1988, 2nd it was scheduled to end in April 1989. 
Since then, the launch date has changed twlce. First, after 
the Challenger accident, the launch was moved back to 
October 1989. Second, the launch date was pushed forward to 
April 1989 so the Galileo spacecraft could be launched in 
October 1983. The new launch date far the Flagellan mission 
requlres the use of a longer trajectory that will delay the 
arrlval of t h e  spacecraft at Venus to August 1430, just over 
2 years later than the originally pldnned July 1988 arrival 
date. Tne launch delay and cruise time IncreJsG has also 
delayed the end of the mission by 2 years to the end of 
Aprrl 1991. According ta project starf, this mission's 
objective to map at least 70 percent of the Venus' surface 
is expected to be achieved. 

As requested, we did not obtaln officlal agency comments on 
this report; however, we discussed the report with NASA and 
Jet Propulsion Laboratory offlc;als, and they agreed with 
the facts as present-ed. The objectives, scope, and 
methodology of our work are 2iscussed ir appendix I. A 
glossary of technical terms follows the project chronology 
in appendrx 11. 

Unless you publicly announce its contents earlier, we plan 
no further distribution of this report until 50 days from 
i ~ s  issue date. At that time, copies will be sent to other 
interested parties upon request. 

If we can be of farther assistance, please contact me on 
275-4265 .  

Sincerely yours, 

- 
Harry R. Finley 
Senior Associate Director 
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MAGELLAN MISSION TO VENUS 

APPENDIX I 

The Magellan mission t o  Venus was o r i g i n a l l y  designated a s  t h e  
V e n u s  Orbiting Imaging Radar ( V O I R ) .  A s  f i r s t  envisioned i n  
1980, t h e  VOIR spacecraf t  was t o  c a r r y  a high-resolution 
Synthet ic  Aperture Radar (SAR) and s i x  other instruments, most of 
them fo r  atmospheric s tud ies .  The estimated cos t  for  t h e  VOIR  
mission was between $545 mil l ion and $635 mil l ion based on a 
f i s c a l  year 1982 s t a r t i n g  d a t e .  

After the VOIR funding was deleted from NASA's f i s c a l  year 1982 
and 1983 budgets, t he  Nat.iona1 Aeronautics and Space 
Administration (NASA) dropped the  atmospheric s tud ies ,  lowered 
t h e  SAR mapping resolu t ion ,2  d e l e t e  the  a e r o ~ r a k i n g  sh ie ld  
(which would have been used t o  propel t h e  ,Shuttle Centaur i n t o  
Venus o r b i t ) ,  and announced a "new projec t  s t a r t m  fo r  f i s c a l  
year 1984--the Venus Radar Mapper (VRM)--at an estimated cos t  of 
$294.6 mi l l ion .  To keep the  VRM mission w i t h i n  its budget, NASA 
opted t o  use ex i s t ing  spacecraf t  designs and technology and 
res idual  hardware, e spec ia l ly  p a r t s  from the  Galileo and Voyager 
p ro jec t s .  

VRM--renamed Magellan--is managed for  NASA by t h e  J e t  Propulsion 
Laboratory ( J P L ) .  The spacecraf t  cont rac t  was won by Martin 
Marietta Corporation, and the  Hughes Aircraf t  Company was awarded 
t h e  SAR cont rac t .  

The primary objec t ive  of t h i s  m i s s ' 3 n  i s  t o  inves t iga te  the  
o r ig in  and evolution of Venus by ob,aining a global radar image 
of the  planet.  The surface of Venus has remained r e l a t i v e l y  
unknown, s ince t h e  photographic techniques used t o  image other  
p lanets  a r e  useless  when imaging a planet  shrouded i n  a dense 
atmosphere t h a t  is  opaque t o  v i s i b l e  radia t ion .  The SAR is 
designed t o  penetrate the  opaque atmosphere of Venus. 

T h i s  mission was o r i g i n a l l y  t o  be launched i n  April 1988 on a 
d i r e c t  b a l l i s t i c  t r a j e c t o r y  by the  Shuttle/Centaur upper s tage.  
After the  Challen e r  accident ,  t h e  launch d a t e  was moved t o  

&Centaur upper s tage ,  which NASA canceled a s  a April 1989, 
s h u t t l e  safe ty- re la ted  measure, was replaced by an I n e r t i a l  Upper 

2 ~ h e  i n i t i a l  SAR objec t ive  was t o  map the  planet w i t h  a radar 
resolut ion of 300 meters ard t o  produce topographic maps w i t h  a 
resolut ion of 30 meters. I t  was lowered t o  1,000 meters ( 1  
kilometer) and 53 meters, respect ively.  
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Stage  (IUS).  NASA then  i n i t i a t e d  s t u d i e s  of a l t e r n a t i v e  
launcher/upper s t a g e  combinations t o  r ep l ace  t h e  cance l l ed  
Shut t le /Centaur  and t o  s a t i s f y  Magellan 's  launch energy 
requirements .  In October 1986, NASA s e l e c t e d  a  Shutt le/IUS 
c o m b i n ~ t i o n  . 
The Apri l  1989 launch w i l l  use a  longer  t r a j e c t o r y ,  which ex tends  
t h e  c r u i s e  t i m e - - t h e  amount of t ime i', would t ake  a s p a c e c r a f t  t o  
reach i ts  des t ina t ion- -by  a lmost  1 y ea r .  me s p a c e c r a f t  is 
schedcled t o  a r r i v e  a t  Venus i n  August 1990, and mapping of  t h e  
p l a n e t  1s scheduled t o  be completed by Apri l  1991. 

The s p a c e c r a f t  w i l l  perform two t ypes  <jf i n v e s t i g a t i o n s :  r ada r  
and g r a v i t y .  me radar  i n v e s t i g a t i o q s  w i l l  produce ( 1 )  
cont iguous  images of  a t  l e a s t  70% (wi th  a  goa l  o f  90%) of  t h e  
p l a n e t  w i t h  no sy s t ema t i c  gaps excep t  f o r  one po le  and with a  
s u r f a c e  r e s o l u t i o n  o f  a t  l e a s t  1 k i lomete r  and ( 2 )  a  g l o b a l  
topograph ic  map w i t h  a  range of r e s o l u t i o n  commensurate w i t h  t h e  
SAR range of r e s o l u t i o n ,  The g r a v i t y  i n v e s t i g a t i o n  w i l l  measure 
t h e  d i s t r i b u t i o n  of g r a v i t y  p o t e n t i a l  around V e n u s .  

The mission is  in tended t o  improve knowledge of t h e  t e c t o n i c  and 
g e o l o g i c a l  h i s t o r y  of  Venus through a n a l y s e s  of s u r f a c e  
morphology d e n s i t y  d i s t r i b u t i o n  and i n t e r i o r  dynamics, and smal l -  
s c a l e  s u r f a c e  c h a r a c t e r i s t i c s .  

The s c i e n t i f i c  d a t a  ga the red  by t h e  s p a c e c r a f t  w i l l  be used t o  
determine  t h e  g e o l o g i c a l  h i s t o r y  and evo lu t i on  of V e n u s .  For 
example, some of t h e  s c i e n t i f i c  informat ion gathered could 
i n d i c a t e  vo l can i c  p rocesses  and p l a n e t a r y  thermal e v o l u t i o n ;  
c r a t e r s ,  which p rov ide  a  means f o r  ob t a in ing  t h e  age  of t h e  
s u r f a c e ;  a r 3  g e o l o g i c a l  fo rmat ions ,  w h i c h  add t o  evidence  o f  
a n c i e n t  oceans.  The g r a v i t y  d a t a  t o  be  obta ined could be used t o  
develop models of  t h e  d e n s i t y  and s t r e s s  w i t h i n  t h e  i n t e r i o r  o f  
Venus. 

OBJECTIVES, SCOPE, AND METHOWL9GY 

Our o b j e c t i v e s  were t o  d e s c r i b e  t h i s  mission and o b t a i n  
informat ion on i t s  c o s t ,  s chedu l e ,  and performance. To 
accomplish these c o j e c t i v e s ,  we in terviewed NASA and J P L  program 
and p r o j e c t  manarjers r e spons ib l e  f o r  t h e  m i s s ion ' s  d e s i g n ,  
devel opnent ,  an4 management. We a l s o  reviewed p r o j e c t  planning 
and budqet documents, a r t i c l e s  i n  s c i e n t i f i c  j ou rna l s ,  and 
r e p o r t s  i n  t e c h n i c a l  and t r a d e  p e r i o d i c a l s .  Our work was 
performed a t  NASA Headquarters  i n  Washington, D.C., and a t  JPL i n  
Pasadena, C a l i f o r n i a .  k more d e t a i l e d  d e s c r i p t i o n  of our 
o b j e c t i v e s ,  scope,  and methodolory on t h i ~ ,  assignment is  
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conta ined i n  appendix I  of  our r e p o r t ,  Space Explora t ion:  NASA's 
Deep Spac-i Missions Are Experiencing Loag Delays (GAO/NSIAD-88- . 
128BRr May 27 ,  1 9 8 8 ) -  

SPACECRAFT CONFIGURATION 

T h e  s p a c e c r a f t  c o n s i s t s  of  a r ec t angu la r  forward equipment module 
a t t a ched  t o  a  bus ( a  p a r t  of t h e  s p a c e c r a f t  t h a t  houses v a r i o u s  
av ion i c s  and s c i e n t i f i c  i n s t r u m e n t s ) ,  a  high-gain antenna (used 
both a s  t h e  SAR antenna and a s  t h e  h igh - r a t e  telecommunications 
antenna,  an a l t i m e t e r  an t enna ) ,  two s o l a r  power a r r a y s ,  and a  
propuls ion module. The bus c o n t a i n s  t h e  command and d a t a  system, 
a l t i t u d e  c o n t r o l  p r o p e l l a n t ,  t a p e  r eco rde r s ,  an3 o ther  e l e c t r o n i c  
components, and t h e  forward equipment module houses t h e  
e l e c t r o n i c  components of t h e  SAR and o the r  e l e c t r o n i c  equipment. 
The s p a c e c r a f t  s h a r e s  s e v e r a l  components w i t h  t h e  Voyager 
s p a c e c r a f t ,  inc luding t h e  bus and t h e  high-gain antenna.  The use 
of t h e  Voyager antenna lowers SAR r e s o l u t i o n .  Also, because t h e  
s p a c e c r a f t  w i l l  be exposed t o  h igh - in t ens i t y  s o l a r  r a d i a t i o n ,  i t  
r e q u i r e s  thermal p ro t ec t i on  fo r  i t s  s o l a r  power a r r a y s .  

The spacec ra f t  ope ra t i ona l  con f igu ra t i on  and t h e  l o c a t i o n  of i t s  
major components a r e  shown i n  f i g u r e  I. 1 .  
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COST - 
A t  t he  s t a r t  of the  project  i n  f i s c a l  year 1984, NASA estimated 
the  t o t a l  cos t  for  development and mission operat ions & da ta  
ana lys i s  (MO&DA)  a t  $294.6 mi l l ion ,  assuming t h a t  the  spacecraf t  
would be launched by t h e  Shuttle,/Centaur upper s tage  i n  April 
1988. As a r e s u l t  of a decis ion co enlarge the scope of SAR 
inves t iga t ions  and t o  improve t h e  SAR resolu t ion ,  problems w i t h  
SAR development, the  Challenger accident ,  and the Centaur 
cancel la t ion ,  t h e  mission cos t  was estin,ated i n  October 1987 a t  
$513.5  mil l ion ,  an increase of about $219 mil l ion.  The breakdown 
of the  cos t  increase between f i s c a l  year 1984 and the  October 
198'7 est imates  i s  shown i n  t a b l e  I. 1.  
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Table 1.1: Breakdown of  Est imated Developnent Cost I n c r e a s e  From 
F i s c a l  Year 1984 t o  October 1987 

Activ i t y  

Increased 
e s t i m a t e d  

c o s t s  
( m i l l i o n s )  

Enlarged sccpe  f o r  SAR $ 2.7 
Launch d e l a y  65.0 
Change from Centaur t o  IUS 13.0 
Longer miss ion  o p e r a t i o n s  12.0 
Replacement of  G a l i l e o  s p a r e s  24.0 
S A R  development problems 

Cor rec t ion  of  d e s i g n  problems 24.0  
J P L  developnent  of SAP d i g i t a l  u n i t s  7 .9  
Increased c o s t  of  sensor  3.0 
Addi t iona l  so f tware  developnent  4 . 0  

38,0 

Miscellcneouz enhancements/mod i f  i c a t  ions  
Space z ra f  t 
Mtmorf c h i p  hardeninq and replacement 
High 4 a t a  r a t e  p rocessor  
Addi t jonal  s c i e n t i s t  

Added r e l i a b i l i t y  f o r  miss ion  o p e r a t i o n s  
sys tems 6.Q 

Increased miss ion  o p e r a t i o n s  s t a f f i n g  15.0 

J P L  c o n t r a c t  moni to r ing  3-0  

Increasetq r e s e r v e s  25.0 

'Po t a l  

F igures  do n o t  add t o  t o t a l  due t o  rounding 
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The cost  i n c r e a s e s  and c u n u l a t i v e  t o t a l s  by fiscal year  a r e  shown 
in f i g u r e  1 . 2  and t a b l e  X.2. 

Tab1 e 
MOCDA 

FY  - 
1984 
1985 
1986 
198 7 
1988 
198 9 
1990 
1991 

1 . 2 :  Cumulat ive  Costs b y  Fiscal Year f o r  Developnent  and 
Under F i s c a l  Year 1984 and October 1987 E s t i m a t e s  

1984 - E s t i m a t e  October 1987 E s t i m a t e  
D e v e l o p e n  L M O ~ D A  ~ o t a i  Development WWDA ~ o t a l  

aThese a r e  a c t u a l  c u m u l a t i v e  costs .  
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F i g u r e  I .  2: D e v e l o p e n t  and MOSDA Costs 

! S84 1 ?b5 ; 388 1 ti89 1390 7 ?3: 

F I S C A L  YEARS 

CUMULATIVE COSTS 

CURVE A - I N I T I A L  F I S C A L  YEAR 1984 ESTIMATE 

CURVE B - OCTOBER 1987 ESTIMATE 
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The annual  growth i n  t h e  p r o j e c t  c o s t  e s t i m a t e  i s  shown i n  t a b l e  
1.3. P ro j ec t  c o s t  e s t i m a t e s  a r e  updated a t  l e a s t  twice  a  year by 
NASA and r ep re sen t  an e s t i m a t e  o f  t o t a l  p r o j e c t  c o s t  through 
complet ion.  

Table 1.3: Annual P ro j ec t  Cost Ystimate Growth 

Fi s c a l  
year  

To ta l  

SCHEDULE 

Estimated Annual 
p r o j e c t  c o s t  

c o s t s  i nc r ea se  
-00 omit ted)- -  

A t  t h e  s t a r t  of t h e  p o j e c t  i n  f i s c a l  year 1984,  t h i s  mission was 
scheduled fo r  launch i n  Apr i l  1988,  and t h e  end of t h e  mission 
was set f o r  Apri l  1989.  However, t h e  l a ~ n c h  d a t e  has been 
changed twice .  F i r s t ,  a f t e r  t h e  Challen e r  a cc iden t ,  t h e  launch 
d a t e  was moved t o  October t 9 8 9 .  d e  launch d a t e  was 
pushed up t o  Apri l  1989 so  t h e  Ga l i l eo  s p a c e c r a f t  could use t h e  
Octohpr 1989 launch d a t e .  The c u r r e n t  Apr i l  1989 launch d a t e  
r e q u i r e s  a t r a j e c t o r y  of one and one-half o r b i t s  around t h e  s u n  
( c a l l e d  a  Type IV t r a j e c t o r y ) ,  w h i c h  d e l a y s  t h e  a r r i v a l  a t  V e n u s  
t o  August 1990,  j u s t  over 2 yea r s  l a t e r  than t h e  o r i g i n a l l y  
planned July 1988 a r r i v a l  d a t e ,  w h i c h  would have used a  
t r a j e c t o r y  of l o s s  than one-half of an o r b i t  around t h e  s u n  
( c a l l e d  a  Type I  t r a j e c t o r y ) .  The  launch d e l a y  and t h e  c r u i s e  
t ime inc rease  w i l l  d e l a y  t h e  end of :he n, ission by 2 y e a r s  t o  
1991. Some of t h e  k e y  mi les tones  in  t h e  schedule ,  a s  es t imated  
i n i t i a l l y  i n  f i s c a l  year 1984 and then i n  October 1987,  a r e  shown 
i n  t a b l e  1 .4 .  

Table 1 . 4 :  Schedule f o r  t h e  Magellan Mission 

Event - 
E s t  irnate Increase  

I n i t i a l  Oct. 1 9 8 7  i n  yea rs  

Pro jec t  s t a r t  1984 1984 
Ia unc h 1988 1989 
End of  mission 1389 1991 
Pro j ec t  c5uration ( y e a r s )  5 7 
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PERFORMANCE 

~ c c o r d i n g  t o  pro jec t  c f f i c i a l ,  t he  Magellan mission ob jec t ive  t o  
map a t  l e a s t  70 percent of Venus' sur face  is expected t o  be 
achieved, although the  April 1989 launch da te  and the selected 
Type I V  t r a j e c t o r y  w i l l  place t h e  spacecraf t  i n t o  Venus o r b i t  
s h o r t l y  before so la r  conjunction. m i s  w i l l  in te r rupt  
spacecraft communication w i t h  ea r th  for  abot;t 2 weeks and 
contt  ibute  t o  a gap i n  the mapping coverage. According t o  
projet-t o f f i c i a l s ,  i f  addi t ional  funding is  avai lab le  fo r  
extending t h e  mission, these gaps could be covered and the  
spacecraf t  could achieve t o t a l  mapping coverage. 
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MAGELLAN MISSION CHRONOLOGY 

APPENDIX 11 

1966-77 NASA conducts  f e a s i b i l i t y  s t u d i e s .  

1978 The Space Science  Board recommends g l o b a l  mapping of 
t h e  topography and morphology of V e n u s .  

NASA i n i t i a t e s  VOIR s t u d i e s .  

1979 National  Research Council recommends a j o i n t  US/USSR 
mission t o  Venus w i t h  an emphasis on g l o b a l  mapping 
and atmospheric s tud  i eo  . 

FY 19?9 NASA r e l e a s e s  an Announcement of Opportunity f o r  t h e  
VOIR miss ion.  

VOIR experiments  a r e  s e l e c t e d .  

$3.3 m i l l i o n  is  spen t  on advanced s t u d i e s .  

FY 1980 $5.4 m i l l i o n  is  spen t  on advanced s t u d i e s .  

NASA i n i t i a t e s  a d d i t i o n a l  V O I R  s t u d i e s  i n  w h i c h  
a l t e r n a t i v e  de s igns  a r e  cons ide red .  

FF 1981 F u l l - s c a l e  developnent  planning f o r  t h e  VOIRmission 
t ake s  p lace .  

$3.7 m i l l i o n  is  spen t  on advanced s t u d i e s .  

FY 1982 NASA reques t s  $40 m i l l i o n  t o  s t a r t  des igning t h e  
s p a c e c r a f t  and the SAR f o r  VOIR. 

The launch d a t e  i s  t e n t a t i v e l y  planned f o r  mid-1986. 
Tota l  p r o j e c t  c o s t  a r e  es t imated  a t  $545 t o  $635 
m i l l i o n .  

VOIR is no t  i n i t i a t e d  due t o  NASA budget problems. 

$2.3 mi l l i on  is  s p e n t  on advanced s t u d i e s .  

The Solar  System Explora t ion  Committee urges a less 
expensive  inission than vvIH t h a t  i s  s t i l l  capab l e  of  
a ~ h i e v i n g  ba s i c  s c i e n c e  o b j e c t i v e s ,  and i t  
recommends t h e  VRM mission a s  a n e w  p r o j e c t  s t a r t  
f o r  FY 1984. 
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FY 1983 $4.5 mi l l ion  is spent  on advanced s t u d i e s .  

NASA cance ls  t h e  p l ane t a ry  I U S  because of performance 
and budget d i f f i c u l t i e s  and decides  t o  use t h e  
Centaur upper s t a g e  in s t ead .  

FY 1984 VRM is  announced a s  a  n e w  p r o j e c t  s t a r t  f o r  FY 1984. 

The spacec ra f t  c o n t r a c t  is  awarded t o  Martin Marie t ta  
Corporation;  t h e  SAR c o n t r a c t  is  awarded to  Hughes 
A i rc ra f t  Company. 

The launch is  scheduled f o r  April 1988 using t h e  
Shuttle/Centaur upper s t a g e  on a  d i r e c t  b a l l  i s t i c  
t r a j e c t o r y .  

NASA p lans  t o  use r e s i d u a l  hardware from t h e  Gal i leo  
mission ( a f t e r  i t s  launch)  f o r  t h e  Magellan 
s p a c e c r a f t ,  

FY 1985 m e  p ro j ec t  conf i rmat ion review, a  comprehensiv? c o s t  
and s t a t u s  review, i s  held .  

FY 1986 VRM i s  renamed Magellan. 

The Challenger acc iden t  occurs .  

The r e s idua l  hardware from the  Gal i leo  mission w i l l  no 
longer be a v a i l a b l e .  

The launch d a t e  is  scheduled f o r  October 1989. 

The Centaur upper s t a g e  is  replaced w i t h  an IUS. 

FY 1987 The launch d a t e  is changed from October 1989 t o  April 
1989. 

Final  mission design reviews a r e  held.  

An e a r l y  radar t e s t  i s  conducted, 

FY 1988 The spacecraf t  i s  being assembled, and t e s t i n g  is 
i n i t i a t e d .  

SAR t e s t i n g  is completed. 



Advanced s tud ies  

Altimetry 

Bus  

Centaur 

Density d i s t r i b u t i o n  

Direct b a l l i s t i c  
t r a j e c t o r y  

Gravi tat ional  f i e l d  

Hard ware 

High-gain antenna 

Studies  on the f e a s i b i l i t y  of t h e  
technology, t h e  instruments, and t h e  
mission conducted before the  o f f i c i a l  
s t a r t  of a NASA pro jec t .  

The science or p rac t i ce  of measuring 
a l t i t u d e s  w i t h  an a l t ime te r .  

A spacecraf t  c a r r i e r  vehicle  f o r  various 
payloads; i t  is  a l s o  a pa r t  of a 
spacecraf t  housing various avionics  and 
s c i e n t i f i c  instruments. 

An expendable, high-performance 
hydrogen-oxygen cryogenic upper s t age  
used by NASA t o  launch in terp lanetary  
and e a r t h  ~ r b i t a l  payloads. It was 
b u i l t  by the  General Dynamics Convair 
Division. 

An experiment designed t o  measure tne  
dens i ty  d i s t r i b u t i o n  w i t h i n  t h e  c r u s t a l  
mass by observing o r b i t a l  per turbat ions 
of t h e  Magellan spacecraf t .  Similar 
inves t iga t ions  of the  moon and Mars 
revealed l a rge  concentrations of high- 
dens i ty  c r u s t a l  formations thought t o  be 
re la ted  t o  massive meteoric depos i t s  or  
t o  formations created by t ec ton ic  or 
volcanic processes . 
A path of an unpowered spacecraf t  
governed by g r a v i t y  and previously 
acquired veloci ty .  

That region of space i n  w h i c h  
appreciable  g r a v i t a t i o n a l  force e x i s t s .  

A general  term for  a l l  mechanical and 
e l e c t r i c a l  component p a r t s  of a computer 
or  d a t a  processing system; i t  is a l s o  
applied t o  spacecraf t  components. 

A highly s e n s i t i v e  antenna capable of 
receiving and t ransmit t ing radio s igna l s  
a t  g r e a t  d is tances .  



I n e r t i a l  Upper Stage A rocket booster and assoc 'a ted  
( IUS)  guidance system thar  is used t o  move 

heavy payloads from a lov Earth o r b i t  
i n t o  higher operati .ywl o r b i t s  or  
1 ighter  payloads in to  deep space 
t r a j e c t o r i e s .  The s ~ l i d - f u e l  IUS was 
developed j o i n t l y  by the  U.S. Air Force 
and NASA, and t h e  Boeinq Aerospace 
Company w h s  t h e  prime cont rac tor .  The 
IrJS family i n c l ~ d e d  two versions of a  
three-staqe Planetary IUS ( canceled by 
NASA i n  19821, and a  two- s t age  U.S. Air 
Force version t h a t  w i l l  be used t o  
lsunch t h e  Gal i leo,  Ulysses, and 
Magellan missions. 

In te r io r  dynamics 

Jup i t e r  

Launch energy 

Mars 

Geological a c t i v i t y  occur r i n r ,  i n  t h e  
i n t e r i o r  of a pl.anet a t  a  ?cpth of 100 
t o  200  kilometers.  

The f i f t h  planet from t h e  s u n ,  which is 
t h e  l a r g e s t  planet i n  t h e  so la r  system 
(318 times rhe  mass of Earth) . I t  has 
1 6  known s a t e l l i t e s ,  w i t h  t h e  four 
l a r g e s t  known a s  t h e  Galilean moons (10, 
Europa, Ganymede, and C a l l i s t o ) .  

Twice t h e  energy per u n i t  of mass 
imparted t o  a  spacecra'it  measured i n  
r e l a t i o n  t o  Earth 's  hyperbolic escape 
t r a j ec to ry .  A hyperbolic escape 
t r a j e c t o r y  resembles a  hyperbola, a  
curve formed by t h e  i n t e r s e c t i o n  of a  
double r i g h t  c i r c u l a r  cone w i t h  2 plane 
t h a t  c u t s  both halves of t h e  cone. A 
spacecraf t  on z deep space mission is 
t y p i c a l l y  launched by t h e  Shu t t l e  i n t o  a 
c i r c u l ~ r  o r b i t  and w i l l  require  an 
addi t ional  propulsion burn t o  acquire 
s u f f i c i e n t  ve loc i ty  t o  leave  t h e  
c i r c u l a r  o r b i t  and enter  a  hyperbolic 
escape t r a j e c t o r y  toward t h e  t a r g e t  
planet.  

The fau r th  planet from t h e  s u n ,  which 
has two known s a t e l l i t e s ,  Phobos and 
Deimos. 

Mission Operations and A NASA term t h a t  denotes an operat ional  
Data Analysis ( MOLDA 1 phase of a  mission, genera l ly  beginninq 

w i t h  launch. 



Morphology 

New project  s t a r t  

Orbiter 

Payload 

Residual hardware 

Shut t le  

Solar conjunct ion 

Solar power a r ray  

Synthetic Aperture 
Radar (SAR) 

The externa l  s t r u c t u r e ,  form, and 
arrangement of rocks i n  r e l a t i o n  t o  t h e  
development of landforms. 

A NASA term t h a t  indica tes  the  s t a r t  of 
a  new projec t  a t  t h e  beginning of a 
f i s c a l  year. 

A spacecraf t  or  mission involving 
inserkion of a vehicle  i n t o  o r b i t  around 
a  c e l e s t i a l  body; i t  is  a l s o  the o r b i t a l  
f l i g h t  vehicle  of the  Shut t le  system. 

The useful or net weight t h a t  is  placed 
in to  o r b i t  i n  a  space mission. 

Spare hardware t h a t  is l e f t  a f t e r  the  
launch of a  spacecraf t .  

A U.S. Space Transportation System 
vehicle t h a t  place payloads i n t o  o r b i t .  
I t  c o n s i s t s  of a  reusable pi loted 
o r b i t e r  w i t h  t h r e e  main engines,  two 
reusable so l id  rocket boosters ,  and an 
expendable l iquid  propel lant  tank. 

The s i t u a t i o n  i n  which t h e  s u n  is i n  
posi t ion between two planets.  For t h e  
Magellan mission, s o l a r  conjunction 
w i l l  occur when t h e  s u n  is between t h e  
spacecraf t  and ea r th .  During t h i s  
period , t h e  spacecraf t -ear th 
communications w i l l  be interrupted for  
about a  2-week per i d .  

A l a r g e  tssembly of photovoltaic ( s o l a r )  
c e l l s .  

A radar system u t i l i z i n g  an 
electromagnetic beam and the motion cf a  
spacecraf t  t o  simulate a  la rge  antenna 
s i z e  ( syn the t i c  aper ture)  t o  obtain 
high-resolution images. 

Rock s t r u c t u r e s  t h a t  a r e  d i r e c t l y  
a t t r i b u t a b l e  t o  e a r t h  movements involved 
i n  folding and fau l t ing .  
The de l inea t ion  of the  natural  and 
a r t i f i c i a l  f ea tu res  of an area .  



Trejectory 

Type I  t r a j e c t o r y  

Type I V  t r a j e c t o r y  

Upper s t age  

The path t raced by a  rocket o r  
spacecraf t  moving a s  a  r e s u l t  of an 
e x t e r n a l l y  appl ied force ,  considered i n  
t h r e e  dimensions. In te rp lane tary  
t r a j e c t o r i e s  a r e  commonly c l a s s i f i e d  
i n t o  severa l  groups. (See d i r e c t  
b a l l  ist i c  , Type I, and Type IV 
t r a j e c t o r i e s .  ) 

An in t e rp lane ta ry  t r a j e c t o r y  i n  which 
the  spacecraf t  w i l l  complete less than 
one-half of one o r b i t  around the  su- 
(where t h e  angle  formed by t h e  
injection-point-to-sun l i n e  and the  
a r r iva l -po in t - to  s u n  l i n e  is from 0 t o  
180 deg rees  ) . 
An i n t e rp lane ta ry  t r a j e c t o r y  i n  which 
t h e  spacec ra f t  w i l l  complete a t  l e a s t  
one and one-half o r b i t s  around the s u n  
(where t h e  angle formed by t h e  
i n  jection-point-to-sun l i n e  and the  
a r r iva l -po in t - to  s u n  l i n e  i s  from 540 t o  
720 degrees)  . 
A vehic le  t h a t  i s  used t o  propel 
payloads i n t o  higher-than-earth o r b i t ,  
i n t e rp lane ta ry  t r a j e c t o r i e s ,  o r  other  
high-energy o r b i t a l  maneuvers. 

Ven u s  The second planet  from the  s u n .  

Venus Orbiting Imaging The i n i t i a l  mission planned by NASA t o  
Radar (vOIR) inves t iga te  V e n u s ,  which was scaled down 

and renamed t h e  Venus Radar Mapper and 
l a t e r  renaned the Magellan missior,, 

Venus Radar Mapper The scaled-down Venus Orbit ing Imaging 
( VRM Radar mission,  which was l a t e r  renamed 

Magellan. 

Voyage r  Missions t o  J u p i t e r  and Saturn i n  w h i c h  
t h e  Voyager I  and 11 spacec ra f t s  were 
launched in 1973 and 1975, respec t ive ly .  
Both missions returned a  wealth of 
information on the  p lane ts  and t h e i r  
s a t e l l i t e s .  
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