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a n d d a t a a c q u i s i t i o n f a c i l i t y s u p p o r t i n g t h e s c i e n t i fi c
e x p l o r a t i o n o f s p a c e .

^ T h e r e s e a r c h d e s c r i b e d i n t h i s p u b l i c a t i o n w a s c a r r i e d o u t b y
t h e J e t P r o p u l s i o n L a b o r a t o r y , C a l i f o r n i a I n s t i t u t e o f Te c h n o l o g y ,
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H i s t o r i c a l P e r s p e c t i v e o f Te l e c o n n m i n i c a t i o n s

Space communications technology, as we use the term, started with
military rockets. The concept of measuring performance parameters
on board a vehicle and radioing the encoded data to a ground
receiving station proved a successful technique. Consequently,this technique was expanded and refined to enable the development
of the flight and ground equipment for the early earth orbiting
satel l i tes. The first US satel l i te wi th th is technology was the
Explorer 1 which was designed and built by JPL and used a
modified US Army sponsored ballistic missile to place the
s a t e l l i t e i n o r b i t . T h e fl i g h t d a t a f r o m t h a t fi r s t o n b o a r d
flight instrument were returned to the ground receiving stations
v ia t he commun i ca t i ons l i n k . Tha t fl i gh t i n s t r i amen t de tec ted
what is now known as the Van Allen Belt of charged particles that
o rb i t t h e e a r t h . Th e r e ce i v i n g s t a t i o n s f o rme d t h e b a s i s o f t h e
world wide Deep Space Network (DSN). Satellite technology has
contributed to the development of the deep space planetary
e x p l o r a t i o n s p a c e c r a f t t h a t a r e i n fl i g h t t o d a y.

D i s c u s s i o n

The overall evolution of the unmanned space program, which began
wi th ear th o rb i te rs , was fo l l owed by fl igh ts to the moon, and
eventually lead to the exploration of all of the planets (except
P lu to ) , has been we l l documented in the wor ld p ress , sc ien t i fic
j o u r n a l s a n d a c a d e m i a . T h e d e v e l o p m e n t o f t h e D S N a n d i t s u s e t o
suppor t those p lane ta ry miss ions i s ra re ly recogn ized .

Today's world wide DSN consists of three tracking complexes
located near Madr id , Spain; Canberra, Aust ra l ia ; and Goldstone,
C a l i f o r n i a , n e a r L o s A n g e l e s , i n t h e U n i t e d S t a t e s . E a c h o f t h e s e
complexes contain one 70 meter antenna, one 26 meter antenna, and
two 34 meter antennas. These antennas are remotely operated from
a centra l ly located s ignal process ing center a t each complex. The
c o m p l e x e s a r e c o n n e c t e d t o a n e t w o r k c o n t r o l c e n t e r a t J P L i n
Pasadena, California. There is also a launch support facility
located at Cape Canaveral, Florida. The DSN has grown
s i g n i fi c a n t l y f r o m i t s o r i g i n a l f a c i l i t i e s a n d c a p a b i l i t i e s , t o
become a world leader in the development of large, fully
steerable microwave antennas, low noise receiv ing systems,
d ig i t a l s i gna l p rocess ing capab i l i t i es , and deep space rad io
n a v i g a t i o n .

T h e p r i m a r y d i f f e r e n c e b e t w e e n t h e D S N a n d o t h e r c o m m u n i c a t i o n
systems is the extreme distances and accuracies required by
p lanetary miss ions. The DSN is requ i red to suppor t
commun ica t ions over b i l l i ons o f k i l omete rs w i th s igna l l eve ls on
t h e o r d e r o f 1 0 t o t h e m i n u s 1 6 w a t t s a n d t o d e t e r m i n e t h e
v e l o c i t y o f t h e s p a c e c r a f t t o a m i l l i m e t e r o f a s e c o n d a n d i t s
p o s i t i o n w i t h i n a f e w m e t e r s .
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The early years of the planetary program (1960 to 1975) were
characterized by flights to the various inner planets by the
Mar iner ser ies o f spacecra f t . These spacecra f t were th ree-ax is
stabilized and used solar energy to provide the required power.
The instrument complements included various experiments such as
ul traviolet spectrometers, infrared interferometer spectrometers,
m a g n e t o m e t e r s , a s w e l l a s a n i m a g i n g s y s t e m ( T V ) . Te n m i s s i o n s
were flown, seven were success fu l . The Mar iner fl igh ts , the
p lanets they v is i ted , and the years they were launched are l i s ted
i n T a b l e 1 b e l o w .

T a b l e 1 .

M i s s i o n
M a r i n e r
M a r i n e r
M a r i n e r
M a r i n e r
M a r i n e r
M a r i n e r

P l a n e t ( s )
V e n u s
M a r s
V e n u s
M a r s
M a r s

Venus/Mercury

L a u n c h Y e a r
~ 1 M 2

1 9 6 4
1 9 6 7
1 9 6 9
1 9 7 1
1 9 7 3

*Fai lures exper ienced dur ing launch phase.

The Mariner 9 Mars flight in 1971 was the first planetary
o r b i t i n g m i s s i o n . T h i s l o n g t e r m o b s e r v a t i o n o f M a r s f r o m o r b i t
r efined t he bas i s f o r t he f o l l ow on V i k i ng fl i gh t s i n 1976 wh i ch
p l a c e d t h e m a i n s p a c e c r a f t i n o r b i t a n d i n s t r u m e n t e d l a n d e r s o n
the surface. The Viking mission was built on the findings of
Mar iner 9 and s ign ificant ly added to our knowledge of Mars. The
o r b i t e r p h o t o g r a p h e d , i n g r e a t e r d e t a i l , t h e v o l c a n o e s a s w e l l a s
t h e g r e a t r i f t v a l l e y d i s c o v e r e d b y M a r i n e r 9 . T h e l a n d e r s
samp led t he ma r t i an so i l f o r s i gns o f l i f e w i t h nega t i ve r esu l t s .
H o w e v e r , t h e o v e r a l l d a t a g a t h e r e d b y t h e t w o o r b i t e r s a n d
l a n d e r s h a v e p r o v i d e d t h e d e fi n i t i v e s o u r c e f o r t h e c u r r e n t
s c i e n t i fi c s t u d y o f M a r s t o d a y .

T h e Ve n u s / M e r c u r y m i s s i o n i n 1 9 7 3 w a s t h e fi r s t m i s s i o n t o
uti l ize the gravitational assist of one planet to add energy to
t h e s p a c e c r a f t i n o r d e r t o p r o p e l i t o n t o t h e n e x t . T h i s
technique, demonst ra ted by the 1973 miss ion, enabled the fl ight
o f the Voyager spacecra f t to t rave l to the ou te r p lane ts in the
l a t e 1 9 7 0 s a n d t h e 1 9 8 0 s . T h e Vo y a g e r m i s s i o n w i l l b e d e s c r i b e d
l a t e r .

The DSN provided tracking, command and telemetry support for al l
o f t h e s e m i s s i o n s . T h e r e s u l t s o f t h e s e fl i g h t s t o t h e i n n e r
p l a n e t s a r e s u m m a r i z e d b e l o w .
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Mercury - Very moon-like - Characterized by an extremely
c r a t e r e d s u r f a c e w i t h l a r g e fl a t c i r c u l a r
basins. Large scarps approximately 3 km high by
u p t o 5 0 0 k m i n l e n g t h .

Venus - Surface temperature - 477 degrees C; Atmosphere
- Carbon Dioxide and Nitrogen; Upper atmosphere -
Sulphur ic Acid; Surface - Many volcanoes, Impact
c r a t e r s , c o n t i n e n t s i z e d h i g h l a n d s .

M a r s - F e w b u t m a s s i v e v o l c a n o e s ; e v i d e n c e o f s u r f a c e w a t e r
in the past ; many impact craters; atmosphere very
th in but enough to suppor t massive, p lanet cover ing,
d u s t s t o r m s ; p o l a r i c e c a p s ( w a t e r a s w e l l a s c a r b o n
dioxide); long (over 4500 km) "grand canyon".

In the early 1960s, the data rates from a Mars flyby were 8 1/3
bi ts per second and took almost 8 hours to return one picture.
By 1974 the DSN was capable of receiving up to 117,600 bps from
Venus and Mercury. By 1979 i t was capable of receiving 115,200
b p s f r o m J u p i t e r .

T h e r e m a i n d e r o f t h i s p a p e r w i l l e m p h a s i z e t h e c o m m u n i c a t i o n
rates the DSN supported from the extreme distances of the Voyager
M i s s i o n . T h e s e h i g h d a t a r a t e s w e r e a n d s t i l l a r e p r i m a r i l y
ret ired for the imaging systems. Although a lot of valuables c i e n t i fi c e x p l o r a t i o n c a n b e c a r r i e d o u t w i t h o u t i m a g i n g , i t s
a d d e d v a l u e i s c o n s i d e r e d i m p o r t a n t e n o u g h t o c o n t i n u e t o i n v e s t
i n t h e c a p a b i l i t y t o o b t a i n i m a g e s .

T h e Vo y a g e r m i s s i o n , w h e n o r i g i n a l l y c o n c e i v e d , w a s r e f e r r e d t o
as the "Grand Tour". The mission was to take advantage of the
in f requent a l ignment o f the p lane ts tha t wou ld a l low a spacecra f t
t o g o t o J u p i t e r , g e t a g r a v i t y a s s i s t t o s e n d i t o n t o S a t u r n ,
ano the r g rav i t y ass i s t t o send i t t o U ranus , and fina l l y ano the r
t o s e n d i t t o N e p t u n e . T h e m i s s i o n w o u l d h a v e t o i n c l u d e a
c a p a b i l i t y o n t h e s p a c e c r a f t t o g a t h e r a n d t r a n s m i t a s i g n i fi c a n t
a m o u n t o f d a t a t o j u s t i f y i t s fl i g h t s . W h i l e t e c h n i c a l l y
p o s s i b l e , t h e f u n d i n g w a s n o t a v a i l a b l e t o s u p p o r t s u c h a
m i s s i o n . C o n s e q u e n t l y , i t w a s d e s c o p e d t o a J u p i t e r / S a t u r n
m i s s i o n w i t h a s m a l l e r s p a c e c r a f t a n d m u c h l e s s p o w e r f u l
t r a n s m i t t e r s .

A l l cons idered, even a Jup i ter /Saturn miss ion was cons idered very
cost ly. With descoping the missions, NASA and JPL, f rom the very
b e g i n n i n g , w e r e s t i l l c o n s i d e r i n g e x t e n d i n g t h e Vo y a g e r m i s s i o n s
t o t h e " G r a n d T o u r " c o n c e p t i n o r d e r t o b e n e fi t f r o m t h e
p l a n e t a r y a l i g n m e n t s . A l a r g e p a r t o f t h e r e s p o n s i b i l i t y t o
a c c o m p l i s h t h i s f e l l o n t h e D S N .
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T h e t w o Vo y a g e r s p a c e c r a f t w e r e l a u n c h e d i n m i d 1 9 7 7 a n d a r r i v e d
i n m i d 1 9 7 9 .

J u p i t e r

T h e J u p i t e r e n c o u n t e r w a s s u p p o r t e d b y t h e 6 4 m e t e r a n t e n n a s a t
115 ,200 bps . I n an t i c i pa t i on o f t he f o l l ow on requ i remen ts , an
advanced development concept of e lect ronical ly connect ing two
antennas together in an ar ray to increase the rece ived s igna l
s t rength was tested. The concept proved a successfu l technique
t o t h e e x t e n t t h a t c o n t i n u e d w o r k w a s a u t h o r i z e d f o r i t s u s e o n
the upcoming Saturn encounters. There were 33,000 c lear p ic tures
rece ived a t the ra te o f one 5-mi l l ion-b i t image per every 48
s e c o n d s .

S a t u r n

T h e s p a c e c r a f t fl e w o n t o S a t u r n a r r i v i n g o n N o v e m b e r 1 2 , 1 9 8 0
and August 25, 1981. This encounter was supported by arraying a
6 4 m e t e r a n t e n n a w i t h a 3 4 m e t e r a n t e n n a . T h i s a l l o w e d t h e
mission to use a 44,800 bps data rate rather than the 29,000 bps
r a t e t h a t w o u l d h a v e b e e n u s e d w i t h o n l y t h e 6 4 m e t e r a n t e n n a .
The Network received 30,000 h igh qual i ty te lev is ion images of
S a t u r n , i t s r i n g s , a n d i t s s a t e l l i t e s .

U r a n u s

T h e Vo y a g e r 1 s p a c e c r a f t w a s a l l o w e d t o c o n t i n u e i n t o
i n t e r s t e l l a r s p a c e a n d t h e Vo y a g e r 2 s p a c e c r a f t w a s d i r e c t e d o n
t o U r a n u s w i t h a n a r r i v a l d a t e o f F e b r u a r y 1 9 8 6 . T h e n e x t
c h a l l e n g e w a s t o s u p p o r t t h i s U r a n u s e n c o u n t e r w i t h a d a t a r a t e
t h a t w o u l d s u p p o r t a m e a n i n g f u l i m a g i n g e x p e r i m e n t . T h e 6 4 a n d 3 4
m e t e r a n t e n n a s a r r a y e d w e r e f a r s h o r t o f w h a t w a s n e e d e d f o r t h e
3 .0 b i l l i on km d is tance. To increase the e lements o f the ar ray,
a n o t h e r 3 4 m e t e r a n t e n n a a t G o l d s t o n e a n d A u s t r a l i a h a d t o b e
b u i l t .

T h e s p a c e c r a f t ' s c l o s e s t a p p r o a c h t o U r a n u s w o u l d o c c u r o v e r
A u s t r a l i a , s o t h e g r e a t e s t i m p r o v e m e n t s w o u l d b e m a d e t h e r e . A n
a g r e e m e n t w a s n e g o t i a t e d w i t h t h e A u s t r a l i a n G o v e r n m e n t f o r t h e
u s e o f a 6 4 m e t e r r a d i o t e l e s c o p e l o c a t e d a t P a r k e s , A u s t r a l i a
a b o u t 2 9 0 k m N o r t h o f C a n b e r r a .

A m i c r o w a v e l i n k w a s i n s t a l l e d b e t w e e n t h e f a c i l i t i e s a l l o w i n g
r e a l - t i m e t r a n s m i s s i o n o f t h e d i g i t i z e d i n t e r m e d i a t e f r e q u e n c y
s i g n a l f r o m P a r k e s t o C a n b e r r a . T h e t h r e e C a n b e r r a a n t e n n a s ( 6 4 m
a n d t w o 3 4 m ) w e r e t h e n a r r a y e d t o g e t h e r a n d a f t e r w a r d a r r a y e d
w i t h t h e P a r k e s s i g n a l t o a l l o w a 2 1 K i l o b i t d a t a s t r e a m . T h i s
a l l o w e d f o r t h e h i g h q u a l i t y i m a g i n g e x p e r i m e n t d e s i r e d .

C h a n g e s w e r e a l s o m a d e o n t h e Vo y a g e r s p a c e c r a f t . S i n c e t h e
s p a c e c r a f t w a s c o m p u t e r i z e d ( w i t h s i x o n b o a r d c o m p u t e r s ) i t w a s
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poss ib le to reprogram some o f the cont ro l func t ions . Two o f the
c o m p u t e r s w e r e r e p r o g r a m m e d t o i m p l e m e n t a d a t a r e d u c t i o n
t e c h n i q u e t h a t a l l o w e d a 6 0 p e r c e n t r e d u c t i o n i n t h e n u m b e r o f
bi ts needed to produce an image. This, along with the increased
data rates provided by the DSN, al lowed a picture to be
transmitted every 4 minutes allowing the capture of 2516 images
o f U r a n u s , i t s r i n g s a n d s a t e l l i t e s .

Another spacecra f t mod ifica t ion tha t was necessary i s o f
i n t e r e s t . S i n c e t h e l i g h t i n t e n s i t y w a s l e s s t h a n 1 / 1 0 o f t h a t
a t Jup i te r, a longer exposure was necessary. To p reven t p ic tu re
s m e a r i n g a s t h e s p a c e c r a f t fl e w b y t h e p l a n e t a n d i t s m o o n s a t a
v e r y h i g h s p e e d , i t w a s n e c e s s a r y t o t u r n t h e c a m e r a s a t t h e s a m e
rate the spacecraf t was moving. This technique was very
successful and provided outstanding images of the Uranian moons.

The Uranus encounter occurred in January 1986 and was very
s u c c e s s f u l .

N e p t u n e

The Voyager 2 spacecraft was then directed to Neptune with an
ar r iva l da te o f August , 1989. Another monumenta l cha l lenge
given to the DSN was to obtain the same quali ty pictures of
N e p t u n e t h a t w e r e o b t a i n e d a t U r a n u s o n l y w i t h l e s s t h a n h a l f t h e
l i g h t i n t e n s i t y o f U r a n u s .

Arranging for the reuse of the Parkes antenna was re la t ive ly
s t ra igh t fo rward , bu t fa r more was requ i red . I t was necessary to
m o d i f y t h e 6 4 m e t e r a n t e n n a s t o i n c r e a s e t h e d i a m e t e r t o 7 0
mete rs . Th is i nc reased aper tu re resu l ted in a 50 pe rcen t
i n c r e a s e i n g a i n . A r r a n g e m e n t s w e r e m a d e w i t h t h e N a t i o n a l
Science Foundation to use the National Radio Astronomy
O b s e r v a t o r y ' s v e r y l a r g e a r r a y ( V L A ) a t S o c o r r o , N e w M e x i c o . T h e
V L A c o n s i s t s o f t w e n t y - s e v e n 2 5 m e t e r a n t e n n a s t h a t c a n b e m o v e d
i n p o s i t i o n a l o n g t h r e e Y- s h a p e d r a d i a l r a i l r o a d t r a c k s . T h i s
f a c i l i t y i s n o r m a l l y u s e d f o r r a d i o a s t r o n o m y . A n u m b e r o f
m o d i fi c a t i o n s h a d t o b e m a d e t o u s e t h e V L A . N e w X b a n d
r e c e i v e r s , l o w n o i s e a m p l i fi e r s , a n d a c o r r e l a t o r t o c o m b i n e t h e
s i g n a l s f r o m t h e 2 7 a n t e n n a s w e r e a d d e d . A s a t e l l i t e
c o m m u n i c a t i o n s l i n k w a s e s t a b l i s h e d b e t w e e n t h e V L A a n d
G o l d s t o n e . N e w c o m b i n e r s w e r e d e v e l o p e d f o r G o l d s t o n e t h a t
e n a b l e d r e c e p t i o n o f t h e s i g n a l s f r o m t h e t h r e e a r r a y e d G o l d s t o n e
a n t e n n a s t o b e c o m b i n e d w i t h t h e s i g n a l r e c e i v e d f r o m t h e V L A .
I t w a s a l s o n e c e s s a r y t o a d d t h e n e e d e d e q u i p m e n t a n d t r a i n i n g t o
c o n v e r t t h e V L A f r o m a r e s e a r c h t y p e f a c i l i t y t o a h i g h l y
r e l i a b l e o p e r a t i o n a l f a c i l i t y f o r t h e s e v e r a l m o n t h s o f
s i gn i fican t Voyage r suppo r t . The VLA p rov ided a capab i l i t y o f
m o r e t h a n 2 1 / 2 t i m e s t h a t o f a D S N 7 0 m e t e r a n t e n n a . T h i s a d d e d
a p e r t u r e f o r t h e a r r a y e n a b l e d t h e r e q u i r e d s i g n a l p o w e r t o b e
r e c e i v e d t h u s a c h i e v i n g t h e d e s i r e d p i c t u r e q u a l i t y .
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The encounter with Neptune in August, 1989 was very gratifying to
the navigation and science teams. In order to fly by Neptune and
Triton, Voyager 2 was targeted to pass only 4900 km above the
cloud tops. This close approach to the planet allowed Voyager's
t ra jec tory to be bent sharp ly as i t passed over the p lanet to
assure an acceptab ly c lose flyby o f Tr i ton . The nav igat ion team
w a s c o n g r a t u l a t e d f o r a c h i e v i n g a n a i m p o i n t m i s s o f l e s s t h a n 4 0
k m f r o m a d i s t a n c e o f o v e r 4 . 4 b i l l i o n k i l o m e t e r s .

The sc ience t eam an t i c i pa ted find ing po r t i ons o f r i ngs ( ca l l ed
r ing arcs) about Neptune, but were surpr ised to observe complete,
though tenuous, r ings. The team was also surprised by the high
veloci ty wind storms that were observed in the atmosphere.

T h e e n c o u n t e r w i t h N e p t u n e c o n c l u d e d t h e t o u r o f t h e o u t e r
p lanets fo r Voyager 2 . The cont inu ing fl igh ts o f the two Voyager
spacecra f t in to in te rs te l la r space w i l l be mon i to red by the DSN
w e l l i n t o t h e n e x t c e n t u r y . I t i s a n t i c i p a t e d t h a t t h e o n b o a r d
consumables, such as power and at t i tude contro l gas, wi l l
m a i n t a i n t h e Vo y a g e r s b e y o n d t h e c u r r e n t r a n g e o f t h e D S N
t r a c k i n g c a p a b i l i t y .

T h e Vo y a g e r fl i g h t s o b t a i n e d s u f fi c i e n t d a t a t o e s s e n t i a l l y
r e w r i t e t h e e n c y c l o p e d i a o f t h e o u t e r p l a n e t s . S o m e o f t h e
h i g h l e v e l r e s u l t s a r e l i s t e d b e l o w .

J u p i t e r - S i g n i fi c a n t d e t a i l s o f t h e p l a n e t ' s a t m o s p h e r i c
d y n a m i c s ; d i s c o v e r y o f a t e n u o u s r i n g ;
Observat ion of volcanism on lo. Close up view of
t h e f o u r G a l i l e a n s a t e l l i t e s ; D i s c o v e r y o f n e w
m o o n s .

S a t u r n - S i g n i fi c a n t d e t a i l s o f t h e d i v e r s e s t r u c t u r e o f
t h e r i n g s a n d r i n g / m o o n l e t i n t e r a c t i o n ;
O b s e r v a t i o n o f t h e a t m o s p h e r e o f T i t a n ;
I n t r i g u i n g o b s e r v a t i o n s o f t h e v a r y i n g s u r f a c e
f e a t u r e s o f t h e l a r g e r m o o n s ; D i s c o v e r y o f n e w
m o o n s .

U r a n u s - S k e w e d m a g n e t i c fi e l d r e l a t i v e t o r o t a t i o n a x i s ;
U n u s u a l s u r f a c e f e a t u r e s o n t h e l a r g e r m o o n s ;
S i g n i fi c a n t n u m b e r s o f r i n g s .

N e p t u n e - H i g h s p e e d w i n d s ; C y c l o n i c s t o r m s i n t h e
a t m o s p h e r e ; Te n u o u s r i n g s ; W e a k m a g n e t i c fi e l d ;
V o l c a n i s m o n T r i t o n ; N i t r o g e n f r o s t o n T r i t o n .

C u r r e n t M i s s i o n s

T h e p l a n e t a r y m i s s i o n s t h a t a r e c u r r e n t l y b e i n g s u p p o r t e d i n c l u d e
M a g e l l a n i n o r b i t a t V e n u s a n d G a l i l e o e n r o u t e t o J u p i t e r . B y
t h e t i m e t h i s p a p e r i s p r e s e n t e d , t h e M a g e l l a n S p a c e c r a f t w i l l
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have entered the Venus atmosphere and been lost. Magellan was
launched in May, 1989 and was placed in an elliptical, nearly
polar orbit around Venus in August 1990. The primary objective
of the mission was to map at least 70% of the planet 's surface.
This flight placed unusual demands on the DSN to rapidly acquire
telemetry signals under very high doppler rates and for handlingthe large quantit ies of data that are characteristic of imaging
t y p e m i s s i o n s . T h e D S N h a s s u p p o r t e d a 2 6 8 k i l o b i t d a t a r a t e f o r
two hours out of every three since the mapping sequence began in
1990. Magel lan exceeded i ts pr imary ob jec t ive and re turned data
t o p r o d u c e a m a p o f 9 9 % o f t h e s u r f a c e . A t t h e c o n c l u s i o n o f t h e
mapping sequence, the spacecraf t was configured to lower i ts
e l l i p t i ca l o rb i t i n o rde r t o t es t ae rob rak i ng as a means o f
trajectory or orbit adjustment. The aerobraking technique allows
the atmosphere of a planet to slow the spacecraft enough to
m o d i f y t h e fl i g h t p a t h w i t h o u t a s i g n i fi c a n t e x p e n d i t u r e o f o n
board propellant. The successful application of this technique
m a y h a v e s i g n i fi c a n t p o s i t i v e i m p a c t o n f u t u r e m i s s i o n s i n t e r m s
o f w e i g h t t r a d e o f f s b e t w e e n p r o p e l l a n t a n d i n s t r u m e n t s .

The Gal i leo spacecraf t inc ludes an orb i ter and an atmospher ic
ent ry probe to invest igate the Jov ian System. The spacecraf t was
launched by the space shu t t l e , and fo l l ow ing th ree g rav i t y ass is t
flybys o f Venus (1 ) and Ear th (2 ) , i s we l l on i t s way to Jup i te r
t o a r r i v e i n 1 9 9 5 . T h e p r o b e w i l l b e r e l e a s e d t o e n t e r t h e
a t m o s p h e r e a n d r e l a y i t s fi n d i n g s t o t h e o r b i t e r . T h e o r b i t e r
w i l l t h e n b e g i n i t s d e t a i l e d i n v e s t i g a t i o n s o f t h e l a r g e r o f
J u p i t e r ' s m o o n s . C h a l l e n g e s a r e p r e s e n t e d t o t h e D S N f r o m t h i s
m i s s i o n b e c a u s e o f t h e l o n g c r u i s e , i n c r e a s e d d i s t a n c e , a n d l o w e r
p o w e r a t e n c o u n t e r .

F u t u r e M i s s i o n s

Cass in i - The Cass in i miss ion wi l l exp lore the Saturn ian system,
w h i c h c o n t a i n s a h o s t o f v o l a t i l e - r i c h b o d i e s a n d i n d i c a t i o n s o f
t h e p r o c e s s e s t h a t h a v e m o d i fi e d t h e m . T h e m i s s i o n w i l l b e
composed of a Saturn orbi ter spacecraft , bui l t by JPL for NASA,
and a detachable Titan entry probe supplied by the European Space
Agency (ESA) . The Cassin i spacecraf t wi l l de l iver the probe to
Ti tan and on each orb i t o f Saturn, wi l l make a c lose flyby of
T i t a n t o a l l o w i n t e n s i v e s t u d y o f t h i s m o s t u n u s u a l m o o n . O n e o f
t h e m o s t i n t r i g u i n g a s p e c t s o f T i t a n i s t h e p o s s i b i l i t y t h a t i t s
s u r f a c e m a y c o n t a i n l a k e s o f l i q u i d h y d r o c a r b o n s t h a t r e s u l t f r o m
p h o t o c h e m i c a l p r o c e s s e s i n t h e u p p e r a t m o s p h e r e . A d d i t i o n a l
s tud ies wi l l be conducted o f Ti tan to determine the composi t ion
a n d s t r u c t u r e o f t h e a t m o s p h e r e a s w e l l a s t h e s u r f a c e f e a t u r e s .
T h e o r b i t e r w i l l m a k e e x t e n s i v e s t u d i e s o f S a t u r n ' s m o o n s t o
enhance the knowledge gained dur ing the ear l ier Voyager flyby of
t h e S a t u r n i a n s y s t e m .
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To prepare for the Cassini Mission and to replace the aging 34
m e t e r s t a n d a r d a n t e n n a s , a n e w s e r i e s o f 3 4 m e t e r B e a m
Waveguide Antennas are current ly being implemented into the
DSN. In addition, a new digital receiver and higher frequency
microwave reception equipment are being planned.

M a r s G l o b a l S u r v e y o r - T h i s m i s s i o n , s c h e d u l e d f o r l a u n c h i n
1 9 9 6 , i s i n t e n d e d t o b e t h e fi r s t o f a s e r i e s o f l o w c o s t
orbiters and landers to be launched every 26 months through the
y e a r 2 0 0 5 . T h e s e s p a c e c r a f t w i l l c o n t i n u e t h e i n v e s t i g a t i o n s o f
M a r s o n a p l a n e t - w i d e s c a l e . T h e i n s t r i a m e n t s w i l l b u i l d o n t h e
her i tage of the Mars Observer miss ion which was lost just pr ior
t o e n t e r i n g o r b i t i n 1 9 9 3 .

Pluto Fast Flyby - Advanced planning and mission design studies
are be ing conducted to de termine the feas ib i l i t y o f send ing a
p a i r o f s m a l l s p a c e c r a f t t o P l u t o . T h e o b j e c t i v e i s t o
i n v e s t i g a t e t h e l a s t u n e x p l o r e d p l a n e t a n d i t s m o o n , C h a r o n ,
w h i l e t h e y a r e c l o s e e n o u g h i n t h e i r h i g h l y e l l i p t i c a l o r b i t o f
t he sun to have a measu rab le a tmosphere .

R e fl e c t i o n

T h e t h i r t y t w o y e a r s o f p l a n e t a r y e x p l o r a t i o n h a s y i e l d e d a n
e n o r m o u s a m o u n t o f d a t a a n d k n o w l e d g e o f t h e p l a n e t s o f o u r s o l a r
s y s t e m . T h e o v e r a l l g o a l o f t h e U n i t e d S t a t e s * c i v i l i a n s p a c e
p r o g r a m t h r o u g h o u t t h e t h r e e d e c a d e s p l u s o f N A S A ' s e x i s t e n c e ,
h a s b e e n t h e u n d e r s t a n d i n g o f t h e b i r t h a n d e v o l u t i o n o f o u r
p l a n e t a r y s y s t e m . I n p u r s u i t o f t h a t g o a l , a s t r a t e g y o f
p l a n e t a r y r e c o n n a i s s a n c e ( a c c o m p l i s h e d b y f a s t fl y b y s ) ,
e x p l o r a t i o n ( a c h i e v e d b y o r b i t e r s a n d e n t r y p r o b e s ) , a n d
i n t e n s i v e s t u d y ( i m p l e m e n t e d b y l a n d e r s ) h a s b e e n f o l l o w e d . T h e
r e s u l t s t o d a t e h a v e s u r p r i s e d a n d a m a z e d t h e s c i e n t i fi c
c o m m u n i t y a s w e l l a s t h e g e n e r a l p u b l i c . I t i s h o p e d t h a t t h e
d i s c o v e r i e s o f t h e p a s t w i l l e n c o u r a g e s i g n i fi c a n t l y m o r e
c h a l l e n g i n g m i s s i o n s o f e x p l o r a t i o n a n d i n t e n s i v e s t u d y o f t h e
p l a n e t s . W h e n t h o s e m i s s i o n s a r e fl o w n , t h e D S N w i l l c o n t i n u e t o
b r i n g t h e d a t a t o t h e w a i t i n g s c i e n c e t e a m s .
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