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VIKING 

The National Aeronautics and Space Administration 
will launch two spacecraft to Mars in 1975 to soft-land 
on the surface and test for signs of life. 

Called Viking, the two spacecraft will travel some 
7 0 0  million kilometers (440 million miles) through space 
on nearly a year's journey, arriving when the planet is 
about 330 million km. (206 million mi.) from Earth on 
the other side of the Sun. Each 3,400-kilogram (7,500- 
pound) spacecraft will be launched from Cape Kennedy by 
a Titan III/Centaur rocket during a 30-day launch period 
between mid-August and mid-September 1975. 

After confirming the site data from orbit, each of 
the spacecraft will separate into two parts, an orbiter 
and a lander. Together they will conduct scientific 
studies of the Martian atmosphere and surface. 
orbiter performs television, thermal and water vapor 
mapping, the lander will conduct analyses of the Martian 
soil and atmosphere. 

While the 

The lander's science instruments will collect data 
for transmission to Earth, direct or via the orbiter, in- 
cluding panoramic, stereo color pictures of its immediate 
surroundings; molecular organic and inorganic analyses of 
the soil; and atmospheric, meteorological, magnetic and 
seismic characteristics. 
of the atmosphere as it descends to the surface. 

It will also make measurements 

The entire lander system will be heat-sterilized be- 
fore launch to assure that Mars will not be contaminated 
by Earth microorganisms. Sterilization will assure that 
chances of contaminating Mars are less than one in a mil- 
lion. 

Importance of Viking 

Is Earth truly a unique life-supporting planet in the 
immense totality of creation? 
the contrary. Our Galaxy contains 100 billion stars 
of which are surrounded by families of planets, acco 
to the best astronomical evidence. In studying thes 
with telescopes, man has been able to verify that th 
chemicals of which Earth is composed are found throug 
the universe. In just the last century, it has been 
that the ratio of these elements in our own solar system 

istent with the overall ratio generally observ 
out the universe. 

There is growing evidence to 
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Further, radio astronomers have detected simple or- 
ganic compounds in interstellar space, Recent detection 
of complex organic compounds has increased our confidence 
that life could evolve on other worlds. But science cannot 
calculate the probability of encountering extraterrestrial 
life in this solar system and in other solar systems on 
the basis of this evidence. We cannot tell conclusively 
by laboratory studies or theoretical reasoning whether the 
evolution of life is vanishingly improbable or quite likely. 
We can only estimate the probability by looking around us 
for signs of extraterrestrial life, The nearest reasonable 
planet on which to look is Mars. 

Mars is dry, cold and less favorable than the Earth 
for the support of life, but it is not implacably hostile. 
Life could exist in the harsh climate of Mars, and if it 
does, we will know that on planets with comfortable cli- 
mates--similar to that on Earth--the chances of finding 
life are substantial. We will have strong reason to be- 
lieve that many inhabited solar systems--perhaps billions-- 
lie around us in the Galaxy. 

Viking exploration may also settle a question of 
equal importance for determining the probability of life 
arising out of nonliving chemicals: Is it possible that 
Mars is lifeless today, but was once the site of a rich 
variety of life that disappeared later in the history of 
the planet? 

The question turns on the abundance of water. Mars 
is relatively dry today, but discoveries by Mariner 9 of 
volcanism and riverbeds on Mars suggest that the planet 
could have had a substantial supply of water that at 
times became available in liquid form. The water could 
have remained long enough to permit some form of organism 
to evolve, only to be snuffed out later when the vital 
gases and water on Mars disappeared. If that happene 
may still find traces of one-time life on the surface 

Even if no signs of life, extant or extinct, are 
found on Mars, it is crucially important to study the nature 
of other planets presumed to have originated at about the same 
time and by the same processes as Earth. In this context, 
finding that Mars is without life could be nearly as im- 
portant as the discovery of life forms, The study of a 
planet--not too dissimilar from Earth--which has evolved 
in the absence of life would provide us with a yardstick 
with which to determine, for example, how the atmosphere 
of Earth has been influenced by the advent of biological 
processes. Comparative planetology will be of great 
value in understanding our own Earth, and in formulating 
measures to protect our own environment, 

- more - 
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These possibilities make the exploration of Mars 
the most important objective of planetary exploration 
for many decades to come. 

Previous Mars Missions 

The Mariner Mars flights have supplied most of 
the Martian data which permit us to plan and design the 
Viking mission. These data include atmosphere composi- 
tion, atmospheric structure, surface elevations, atmos- 
phere and surface temperatures, topography, figure of 
the planet and ephemeris information. 

As a result of the Marine 
has been gained also in conductlng 
serting a spacecraft into planetary 
large quantities of digital data. 
orbiter is based on the Mariner 
the subsystems being nearly i 

much experience 
ita1 mission, in- 
and processing 
ign of the Viking 
, with many of 

The Mariner flights have provided the logical steps 
in the exploration of Mars which had to precede Viking, 
just as Viking is a necessary prelude to eventual sample 
return by automated roving vehicles and possible manned 
missions to Mars. 

Viking Launch 

15-mi.) parking orbit. After 
I the Centaur will reignite to 

send the spacecraft on its journey to Mars. 

- more - 
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The T i t a n  b o o s t e r  i s  a two-stagel liquid-fueled r o c k e t ,  
w i th  two a d d i t i o n a l  l a r g e ,  s o l i d - p r o p e l l a n t  r o c k e t s  a t t a c h e d ,  
I t  i s  a member of t h e  T i t a n  family used on N A S A ' s  manned 
Gemini program. 
hydrogen, high-energy upper s t a g e  used on unmanned Surve 
f l i g h t s  t o  t h e  Moon and on Mariner f l i g h t s  t o  M a r s ,  

A t  l i f t o f f ,  t h e  s o l i d  r o c k e t s  provide  9,61 m i 1 1  
newtons ( 2 . 1 6  m i l l i o n  pounds) of t h r u s t .  When t h e  s o l i d s  
burn o u t ,  t h e  f i r s t  s t a g e  of t h e  T i t a n  boos te r  i g n i t e s ,  
and i s  followed by t h e  second-stage i g n i t i o n  a s  t h e  f i r s t  
s t a g e  s h u t s  down. 
shutdown t o  i n j e c t  t h e  s p a c e c r a f t  i n t o  o r b i t .  Then a f t e r  
a 30-minute c o a s t  around t h e  Ea r th  i n t o  p o s i t i o n  
s t a r t ,  t h e  Centaur r e i g n i t e s  t o  p rope l  Viking on 
M a r s  t r a j e c t o r y .  Once t h i s  maneuver i s  completed 

The Centaur i s  a l i q u i d  oxygen-liquid 

The Centaur i g n i t e s  on second s t a g e  

on t h e  s u r f a c e  of M a r s .  

r e f e rence .  

Journey Through Space 
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The orbiter will furnish electric power to the la 
until separation. The 
batteries which will b barged during Mars surfac 
operations by two radi 
(RTG's) being provided by the Atomic Energy Commis 
The RTG's convert heat produced by the nuclear sou 
electricity, making th riders independent of sol 

Information conce g flight performance is tr 
mitted to Earth throughout the flight. 
controls all spacecraft operations and supplies commands 
for trajectory corrections in addition to controlling th 
orbiter's scientific equipment while in orbit. 
same time, gro.und controllers will be monitoring all 
phases of the mission via the worldwide tracking facili 
ties . 

An onboard 

At the 

Trackins 

The Deep Space Network (DSN) supporting Viki 
consist of two networks, each with three stations 
26-m (85-ft.) antennas and one network 
with 64-m (210-ft.) antennas. The 64-m 
located in Calif 
most of the Viki 
craft will be in 
During orbital operations at Mars, there will be 
continuous tracking of the spacecraft by one of 
larger DSN stations. 

In addition to tracking the precise pat 
craft, this system processes three kinds of data 
ing telemetry, science, and commands to the spac 
initiate or change programmed operations. 

Communication with Viking will take long 
as the spacecraft gets farther away from Eart 
reaches Mars, a one-way message will take 20 
This means a rou of 40 minu 
fore a command from Eart be received 
craft in respons 
reason, automatio 
be interrupted, s 
automatically by 





r 



I n j e c t i o n  i n t o  M a r s  O r b i t  and Landing 

A s  t h e  s p a c e c r a f t  n e a r s  t h e  p l a n e t ,  it i s  maneuvered 
i n t o  t h e  proper  a t t i t u d e  f o r  baing p laced  i n  o r b i t .  
engine w i l l  be f i r e d  f o r  n e a r l y  an hour t o  p l a c e  t h e  com- 
bined o r b i t e r  and l ande r  i n  a h igh ly  e l l i p t i c a l  

of approxi  match Mars' 

The 

1 , 5 0 0  km km (20 ,50  

f t  w i l l  be t r a c k e  r a t  least  10 days 
i r b i t  t o  o b t a i n  d e t a i l e d  informat ion  f o r  

, as w e l l  as t o  check o u t  p r e s e l e c t e d  land- 
i n g  sites. Mission c o n t r o l l e r s  w i l l  have as many as 50  

y t h e  p l a n e t  i r m  optimum landing  

The l ande r  i s  prepared f o r  s 
t i o n  of a landing  s i t e  based on o 
Mariner 9 as w e l l  as Viking obse 
area would be r e l a t i v e l y  low, w a  

a f t e r  confirma- 
a1 d a t a  from 
An i d e a l  landing  

Landinq 

The Viking l ande r  i n s t r  

l anding  and t h o s e  used on t h e  M a  

about  9 1  kg 

t h e  l a n d e r ' s  
power i s  tu rned  
s e p a r a t e s  from ;t 
lande r  a g a i n s t  t 
dur ing  t h e  high-speed e n t r y  

- more - 



-6A- 

-- 

-more- 



-6B- 

I I 

I 

-more- 



P! 10s I 000'00P'2 

SlN'dll3dOtJd 

V 

I 
0 
k 



- 7 -  

A 50-foot parachute is deployed to further decelerate 
the lander at about 6,000 m (20,000 ft.) above the su 
face. Shortly thereafter, the aeroshell is jettisoned 
The parachute is jettisoned about 1 . 6  km 
the surface as the terminal propulsion system begins 
firing its three engines. This is a rocket subsystem simi- 
lar to that used by the Surveyors to soft-land on the Moon. 

The engines, firing 5 to 10 minutes, slow the 
for a soft landing and shut down just as the foot pads 
touch the sur 

(one mi a ) above 

As soon as the lander is on 
except those necessary for scien 
down to conserve power. 
determines its attitude on the surface to provide informa- 
tion necessary for aligning the S-band transmitting/re 
ceiving antenna with Earth. 

relayed to Earth via the orbiter. 
35-watt (elec 
the Pander's 

The lander's computer immediat 

ific data and monitoring information are immediately 
At the same time, the two 

The cameras will give the 66 principal scientists 
participating in Viking a vastly improved view, in 
and stereo, of the Martian topography and surface 
Of even greater interest to life scientists will be the 
results obtained from the org 
of the Martian soil, and from 

e. 

Q 

- more - 
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Lander instruments will also determine the temporal 
variations of atmospheric temperature and pressure, and 
wind velocity and direction; seismological characteristics 
of the planet: the atmospheric composition and its varia- 
tion; and the magnetic and physical nature of the surface. 

Orbiter 

While experiments are proceeding on the surface, the 
Viking orbiters will be circling overhead, observing the 
landing site, sothat local measurements made by the 
landers may be corrklated with overall surface effects. 
The orbiters will look for conditions such as buildup of 
dust storms, cloud formation, variations in temperature 
and humidity, and the passage of the seasonal wave of 
darkening. 

The Viking orbiters each carry about 6 9  kg 
(152  lbs.) of instruments, consisting of two high-re 
solution television cameras, an infrared spectrometer and 
an infrared radiometer. These instruments will be employed 
to survey landing sites both before and after lander deploy- 
ment in order to provide data on surface temperature, 
atmospheric water concentration, the presence of clouds 
and dust storms and their movement, the topography and color 
of the terrain, and other information to describe the 
broader aspects of the landing site and its relationship 
to the overall planet characteristics. This information 
will then be integrated with the lander data for a better 
understanding of what is happening on the surface. 

VIKING INVESTIGATIONS 

The Search for Life 

If life exists on Mars, it is probably in the 
croorganisms. To search for evidence of their 

ns tence in the surface samples, three different invest 
will be performed. The biology instrument will examin ree 
different soil samples, which will also be analyzed by the 
molecular analysis instrument for organic content and by the 
X-ray fluorescence spectrometer for chemical composition. 

- more - 
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Photosynthetic Analysis - Photosynthesis is the 
process by which organic compounds, such as carbohydrates, 
are formed by combining basic compounds like carbon 
dioxide, water and salts, using the Sun as a source of 
energy. It is a basic life-sustaining process; plant 
life on Earth consumes carbon dioxide during photosynthesis. 

In the Viking experiment, a s o i l  sample is inoculated 
with carbon dioxide gas that has been labeled with a 
radioactive tracer. The soil and gas are then allowed to 
incubate in simulated Martian sunlight for a period of 
time, Later, a11 remaining gas is flushed out of the 
chamber and the sample is heated to 600" C (about 1100" F). 
The heating will liberate any of the labeled carbon dioxide 
incorporated into organic'molecules in a photosynthesis 
process, and the liberated gas can then be measured. A 
substantial quantity of labeled gas would indicate that 
a photosynthetic process had taken place, which wou1 
strong evidence of the presence of living plant-like 
organisms. 

Metabolic Analysis - It i s  possible that the 
sustain life by obtaining nourishment from organi 
rather than through photosynthesis. Therefore, a 
very similar to the photosynthesis reaction analy 
been planned, which will "feed" organic compounds 
ing radioactively labeled carbon to the soil sampl 
as an example. If organisms are in the sample, an 

consume the Eood offered to them, they will di 
as waste--radioactive carbon gases that can be mea 
A sharp ri in the production of such metabo 
would be s ng evidence that life is present. 

Respiration - As metabolism takes place, the compo- 
sition of the gaseous environment is in a state of 
tinuous change. For this analysis, which is close1 
related to the metabolic conversion analysis alread 

cribed, the sample is wet with a growth 

gases will aga 

- more - 
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In the event of positive results from one or more 
of these experiments, a control sample will b 
to further verify the evidence. The control sam 
heat-sterilized to ensure that all living organi 
destroyed before analysis is made. Then+ if th 
changed, scientists can be relatively certain t 
original result was due to the existence of 1 

Molecular Analysis 

This investigation will perform a chemical ana 
of the Martian atmosphere and soil. The chemistry is 
important in all scientific aspects of understanding 
planet, but particularly so for biology. All 
is organic (composed of substances such as sug 
and proteins) . 

The composition of the atmosphere 
understanding the overall chemistry of 
attempting to trace the history of its 

is impor 
the plan 
inf ormat 

Both the atmospheric and soil analysis consist of 
detecting and identifying specific molecule 
a device called a gas chromatograph-mass sp 
For the atmospheric analysis, the ,method is si 

the Martian atmosphere with the mass s 
ice is sensitive to one part per'10 mil 
tect any volatile chemical whose molecu 

ion may strongly influence or be evide 
activity, as might unusual isotope ra 
n unstable equilibrium with the envir 

s than two hundred. Seasonal variation ic 

The soil analysis is more complex. The instrument 
contains several tiny ovens; each can receive 
sample from the soil processor. The ovens a 
to 500' C (about 900' F). During heatin 
compounds are vaporized and analyzed. I 
has not evolved on flars the oxganic anal 
explain and provide knowledge of pre-bio 
chemical evolution. A high yield of orga 
would support a positive active biology 
absence of a positive active biology fin 
the possible presence of organisms which 
to the conditions in the biology instrument; a hig 
or organic material in the absence of a positive result 
for active biology could be indicative of earlier biolo- 
gical activity. 

- more - 



This  i n v e s t i g a t i o n  w i l l  perform an e lementa l  a n a l y s i s  
of t h e  Martian s o i l .  The e lementa l  composition w i l l  
i d e n t i f y  e x i s t i n g  rock types  on t h e  p l a n e t  and i s  important  
i n  determining t h e  degree of d i f f e r e n t i a t i o n  t h a t  has  
occurred  on t h e  p l ane t .  The i n o r g a n i c  composition and 
c h a r a c t e r  of t h e  s u r f a c e  are important  t o  t h e  b i o l o g i s t s  , 
as w e l l  as t o  geochemists and p l a n e t o l o g i s t s .  

The a n a l y s i s  w i l l  be  performed by an X-ray f luo rescence  
spectrometer ,  The ins t rument  c o n s i s t s  of two r ad io i so tope  
X-ray sources  which bombard the s u r f a c e  material, inducing 
X-ray f luorescence ,  and fou r  thin-window p r o p o r t i o n a l  
coun te r s  which d e t e c t  and d i f f e r e n t i a t e  t h e  spectrum of t h e  
induced f luorescence .  The ins t rument  i s  capable  of 
q u a n t i t a t i v e  a n a l y s i s  f o r  m o s t  major, minor, and some trace 
elements  wi th  a s e n s i t i v i t y  range of 0.02 p e r  c e n t  t o  2.0 
p e r  c e n t ,  depending-upon-the element. 

The sample t o  be analyzed would be  ob ta ined  by t h e  
s u r f a c e  sampler and d e l i v e r e d  t o  t h e  ins t rument  by t h e  s o i l  
processor  and be a p a r t  of t h e  same sample examined f o r  
o rgan ic  con ten t  and l i v i n g  organisms, 

Imaging System 

Viking w i l l  extend our  knowledge of Mars by examini 
unique sites a t  a h igher  r e s o l u t i o n  than  p rev ious ly  
obta ined .  The Viking v i s u a l  imaging system on t h e  o r b i t e r  
w i l l  o b t a i n  p i c t u r e s  wi th  a r e s o l u t i o n  of about  39 m (130 f t . )  
p e r  t e 1 . v i s i o n  l i n e  a t  an o r b i t e r  a l t i t u d e  of 1 , 5 0 0  km 
(930 m i . ) ,  p e rmi t t i ng  one t o  d i s t i n g u i s h  o b j e c t s  about t h e  
s i z e  of a f o o t b a l l  stadium. 

The o r b i t e r  system c o n s i s t s  of two i d e n t i c a l  cameras, 
each composed of a t e l e s c o p e ,  f i l t e r s ,  TV tube  and 
a p p r o p r i a t e  e l e c t r o n i c s .  

o r b i t e r  camera w i l l  a i d  i n  confirmation of the p r e s e l  
l anding  sites o r ,  i f  necessary ,  i n  t h e  i d e n t i f i c a t i o n  o 
s u i t a b l e  a l t e r n a t i v e s .  A f t e r  landing ,  t h e  l ande r  observa- 
t i o n s  w i l l  be a v a i l a b l e  t o  v e r i f y  and extend t h e  i n t e r p r e -  
t a t i o n  of o r b i t e r  camera p i c t u r e s  f o r  a more d e t a i l e d  

P r i o r  t o  i n i t i a t i o n  of t h e  landing sequence, t h e  

- more - 
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~ d e r s t a n d i n g  of t h e  p h y s i c a l  and chemical c h a r a c t e r  of t h e  

d a t a  are a l s o  expected r e l a t i v e  t o  v a r i a b l e  f e a t u r e s  such 
as c louds ,  d u s t  storms and seasona l  a lbedo changes. 

ce i n  areas o t h e r  than t h e  landing  sites. Valuable 

P i c t u r e  1 i s  taken by C a m e r a  1 and s t o r e d  i n  t h e  t ape  
r eco rde r s .  P i c t u r e  2 i s  then taken by Camera. 2 and, whi le  
it i s  being pu t  i n  the t ape  r eco rde r ,  Camera 1 i s  prepared 
f o r  t a k i n g  P i c t u r e  3 by e r a s i n g  t h e  prev ious  p i c t u r e  from 
t h e  TV tube. This  process  i s  r epea ted  u n t i l  t h e  r e q u i r e d  
p i c t u r e s  are acquired.  

Lander Camera 

On t h e  Viking l a n d e r ,  two f a c s i m i l e  cameras w i l l  sub- 
s t i t u t e  f o r  man's eyes .  They can be d i r e c t e d  t o  look down 
a t  t h e  ground nearby,  o r  perform a 360-degree panoramic scan of 
t h e  e n t i r e  landscape. 

The cameras w i l l  t a k e  p i c t u r e s  i n  h igh  q u a l i t y  black- 
and-white and c o l o r ,  and i n  t h e  near  i n f r a r e d  r eg ion  of t h e  
spectrum. P i c t u r e s  taken by t h e  two cameras can a l s o  be 
combined t o  y i e l d  s t e r e o s c o p i c  views of t h e  areas. 

The p i c t u r e s  w i l l  convey a g r e a t  d e a l  of information 
about  t h e  geo log ica l  c h a r a c t e r  of t h e  s u r f a c e  of Mars, and 
could i d e n t i f y  any h ighe r  form of l i f e  t h a t  may e x i s t .  
Clouds and d u s t  storms may be seen. The cameras w i l l  h e l p  
i n  s e l e c t i n g  t h e  p l aces  where t h e  s u r f a c e  sampler i s  t o  d i g  
f o r  s o i l  specimens t o  be  analyzed by t h e  o t h e r  ins t ruments  
P i c t u r e s  of t h e  d igging  i t s e l f  w i l l  provide informat ion  on 
t h e  p h y s i c a l  p r o p e r t i e s  of t h e  s o i l .  

The f a c s i m i l e  camera ope ra t e s  by us ing  a s m a l l  m i r ro r  
which scans  a v e r t i c a l  l i n e  and p r o j e c t s  t h e  image l i g h t  
i n t e n s i t y  slowly onto  a s m a l l  d e t e c t o r .  A f t e r  t h a t  l i n e  i s  
scanned, t h e  camera i s  turned  0 . 1  degrees  and another  v e r t i c a l  
l i n e  i s  scanned. This  process  is r epea ted  many t i m e s  t o  b u i l d  
up an image from t h e  many scan l i n e s .  The d e t e c t o r  i s  a s m a l l  
p h o t o c e l l  t h a t  conver t s  t h e  l i g h t  i n  t h e  p i c t u r e  image t o  an 
e l e c t r o n i c  s i g n a l  which i s  then t r a n s m i t t e d  t o  Ear th .  The 
p i c t u r e  i s  obta ined  by r e v e r s i n g  t h e  p rocess ,  conve r t ing  t h e  
e l e c t r o n i c  s i g n a l  t o  a l i g h t  which i s  scanned over a f i l m  t o  
prepare  a nega t ive  f o r  making t h e  photograph. 

- more - 
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Entry Science 

As the l ande r  e n t e r s  t h e  atmosphere and descends t o  
a r t i a n  s u r f a c e ,  there w i l l  be an oppor tuni ty  t o  l e a r n  

about t h e  s t r u c t u r e  and chemical composition of t h e  
atmosphere. 

Atmospheric chemical composition w i l l  be meas 
s h o r t  i n t e r v a l s  dur ing  t h e  lander  a e r o s h e l l '  s descent  t o  
i d e n t i f y  changes i n  composition a t  d i f f e r e n t  a l t i t u d e s .  
T h i s  i n v e s t i g a t i o n  w i l l  show the p ropor t ions  of gases  such 
a s  carbon d iox ide ,  n i t r o g e n ,  oxygen, argon and of p a r t i c l e s  
suck a s  ions  and e l e c t r o n s .  P res su re ,  temperature  and 
d e n s i t y  v a r i a t i o n s  w i t h  a l t i t u d e  w i l l  be measured dur ing  
t h e  descent  a t  low a l t i t u d e  t o  determine t h e  atmosphere 'I !. 
v e r t i c a l  s t r u c t u r e .  

These i n v e s t i g a t i o n s  a r e  d iv ided  i n t o  two 
a e r o s h e l l  phase ( e n t r y )  I and- the parachute  phase (desc 
During t h e  a e r o s h e l l  phase,  atmospheric composition, 
temperature ,  p r e s s u r e  and d e n s i t y  will be obser  
accomplish t h i s  phase' of t h e  s tudy  , temperature  
pressure s e n s o r s ,  a magnetic s e c t o r  mass spec to  
a r e t a r d i n g  p o t e n t i a l  ana lyze r  are mounted on 
A f t e r  a e r o s h e l l  s e p a r a t i o n ,  temperature  and 
senso r s  mounted on t h e  l ande r  i tself  w i l l  con 
measurements t o  t h e  Mars s u r f a c e  and provide s 
data on t h e  s u r f a c e  f o r  t h e  du ra t ion  of the m i  

as u res  t h e  r e l a t i v e  
t h e  gases making up t h e  atmosphere, as w e l l  as i d e n t i f y i n g  
t h e  molecules. The  r e t a r d i n g  p o t e n t i a l  ana lyze r  measures 
both the concen t r a t ion  and t h e  e n e r g i e s  of upper atmosphere 
i o n s  and e l e c t r o n s .  Atmospheric d e n s i t y  i s  de r ived  from 
t h e  p r e s s u r e  and composition data toge the r  w i t h  t h e  aero- 
dynamic drag on t h e  s p a c e c r a f t  as i n d i c a t e d  by t h e  
accelerometers .  

Water Detec t ion  

T h e  Mars atmospheric water d e t e c t o r  on the Viking 
o r b i t e r  can detect very s m a l l  amounts of water vapor wi th  
a h igh  r e s o l u t i o n .  

- more - 
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The water d e t e c t o r  i s  an i n f r a r e d  spectrometer  which 
o p e r a t e s  on t h e  fol lowing p r i n c i p l e :  I f  w a t e r  vapor is  i n  
t h e  atmosphere, it w i l l  absorb a p a r t i c u l a r  p a r t  of t h e  
i n f r a r e d  l i g h t  t h a t  is  produced by t h e  Sun i n  much t h e  
same manner t h a t  ozone i n  our  atmosphere absorbs t h e  u l t r a -  
v i o l e t  l i g h  , o r  a yellow f i l t e r  absorbs a l l  eo10 
yellow. Th i n f r a r e d  spectrometer  can determine 
p a r t i c u l a r  p a r t  of t h e  i n f r a r e d  l i g h t  has  been absorbed and 

ch has  been absorbed. This  i n  t u r n  t e l l s  t h e  
i s ts  t h a t  t h e r e  i s  water vapor i n  t h e  atmosphere and 

how much. 

of t h e  i n f r a r e d  energy t h a t  i s  r a d i a t e d  
he Mars s u r f a c e  i s  an i n d i c a t o r  of t h e  s u r f a c e  tempera- 
.) The i n f r a r e d  thermal mapper on t h e  Viking o r b i t e r  

r a d i a t e d  energy and t h e r e f o r e  provide  
he d a t a  necessary  t o  determine ce 
rs. S i m i l a r  measurements w e r e  

9 ,  however,, t h e s e  measurements cove 
i p s  of t h e  su r face .  The Viking thermal mapper 

l a r g e  continuous a r e a s  a t  a b e t t e r  r e s o l u t '  
obtained.  Thermal m a  
f i c a n t l y  t o  t h e  selec 
mperature map of much of t h e  p l a n e t  a 
0 t h  day and n i g h t .  I n  a d d i t i o n ,  s 

rmation provided. 
locate f e a t u r e s  such as volcanoes,  us ing  khe 

Radio Science 

The r a d i o  c o ~ ~ i c a t i o n  system can be use 
c i e n t i f i c  i n t  by m e a  u r i n g  t h e  a l t e r a t i  

ed by t h e  p l a n e t  and it 
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The r a d i o  system--including t h e  radar - -wi l l  be used 
f o r  measuring t h e  g r a v i t a t i o n a l  f i e l d  of Mars, determining 
t h e  ax i s  of r o t a t i o n ,  measuring t h e  s u r f a c e  p r o p e r t i e s ,  and 
performing c e r t a i n  r e l a t i v i t y  experiments.  I t  w i l l  a l s o  be  
used t o  determine t h e  l o c a t i o n  of t h e  l ande r  on t h e  ground 

A s p e c i a l  r a d i o  l i n k ,  t h e  X-band, i s  very u s e f u l  f o r  
This  s tudy ing  charged p a r t i c l e s ,  t h e  i o n s  and e l e c t r o n s .  

i s  p a r t i c u l a r l y  so  f o r  measurements of t h e  ionosphere of 
M a r s .  I t  a lso w i l l  be  used f o r  s o l a r  corona experiments 
when M a r s  and t h e  E a r t h  are l i n e d  up w i t h  t h e  Sun. 

The r a d i o  d a t a  w i l l  be r ece ived  by t h e  t h r e e  l a r g e  
64-m ( 2 1 0 - f t , )  antennas of t h e  Deep Space Network: t h e  
l a r g e  antenna a t  B r i t a i n ' s  J o d r e l l  Bank w i l l  a lso receive 
s i g n a l s  f o r  an experiment i n  long-based i n t e r f e r o m e t r y .  

Weather S t a t i o n  on Mars 
-.. -. 

Weather has  been an important  f a c t o r  i n  shaping t h e  
thermal  h i s t o r y  and g e o l o g i c a l  c h a r a c t e r  of Mars. 
meteoro logica l  c o n d i t i o n s  a l s o  a f f e c t  any l i f e  t h a t  may 
e x i s t  on t h e  p l a n e t .  Like E a r t h ' s ,  t h e  dynamic weather 
c o n d i t i o n s  on Mars undergo c y c l i c  changes both  d a i l y  and 
s e as ona 1 l y  . 

The 

P e r i o d i c  measurements w i l l  be  made of t h e  atmospheric  
tempera ture ,  p r e s s u r e ,  and t h e  wind speed and d i r e c t i o n  f o r  
t h e  d u r a t i o n  of t h e  mission. 

Physic& and S e i s m i c  C h a r a c t e r i s t i c s  

Geological  measurements w i l l  be made of t h e  p h y s i c a l  
and magnetic p r o p e r t i e s  of t h e  s u r f a c e  and of the i n t e r n a l  
seismic a c t i v i t y .  
motion w i t h i n  Mars, b u t  w i l l  r e c o r  
t o  e s t a b l i s h  whether it i s  a very  a c t i v e  p l a n e t  o r  no t .  
Such informat ion  could shed l i g h t  on t h e  e a r l y  h i s t o r y  of  
t h e  p l a n e t .  

S c i e n t i s t s  do n o t  know t h e  l e v e l  of 
long enough 

r 

- more - 
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A s e n s i t i v e  m i n i a t u r i z e d  seismometer i s  mounted on t h e  
lander .  The seismic background and t h e  l a r g e r  e v e n t s ,  such 
as Mars quakes o r  meteoroid impacts ,  are measured wi th  a t h r e e -  
a x i s  device  capable  of  d e t e c t i n g  ground motion t r a n s m i t t e d  
through t h e  l ande r  l e g s ,  The ins t rument  uses  a r a p i d  d a t a  
mode dur ing  s p e c i a l  seismic even t s  t o  o b t a i n  much more d a t a  
du r ing  those  pe r iods .  

The magnetic p r o p e r t i e s  of t h e  p l a n e t  are measured by 
s m a l l  b u t  powerful magnets mounted on t h e  l ande r  s o i l  
sampler ,  These magnets w i l l  come i n t o  c o n t a c t  wi th  t h e  
s u r f a c e  du r ing  s o i l  sample a c q u i s i t i o n ,  then w i l l  be 
maneuvered i n  s i g h t  of t h e  Viking cameras t o  be viewed w i t h  
and wi thout  a 4-X magnifying mir ror .  P i c t u r e s  of c l i n g i n g  
p a r t i c l e s  w i l l  be  ev idence  of magnetic material  i n  t h e  s o i l ,  

The cameras w i l l  a l s o  photograph t h e  f o o t p r i n t s  of t h e  
l a n d e r  and t h e  t rough made by t h e  sampler ,  enab l ing  
s c i e n t i s t s  t o  s tudy  t h e  cohes ive  p r o p e r t i e s  of t h e  s o i l ,  
i t s  p o r o s i t y  , hardness  and p a r t i c l e  s i z e ,  Such obse rva t ions  
w i l l  h e l p  them t o  deduce informat ion  about  t h e  p h y s i c a l  
p r o p e r t i e s  of t h e  p l a n e t ' s  su r f ace .  Observat ions of t h e  
t rough over  s e v e r a l  weeks t i m e  w i l l  a l s o  g i v e  an i n d i c a t i o n  
of  p a r t i c l e  t r a n s p o r t  and t h e  e r o s i o n  p o t e n t i a l  of Martian 
winds. 

COMMUNI CAT1 ON S 

Both t h e  o r b i t e r  and t h e  l ande r  are capable  of 
communicating wi th  Ea r th .  The l ande r  system i s  l i m i t e d  by 
power and thermal  c o n s t r a i n t s  t o  t r ansmiss ion  pe r iods  of 
s e v e r a l  hours  d a i l y .  The o r b i t e r  system can t r a n s m i t  a t  
h igh  d a t a  ra tes  cont inuous ly  and can a l s o  be  used as a r e l a y  
s t a t i o n  f o r  d a t a  t r a n s m i t t e d  from t h e  lander .  Both t h e  
l ande r  and t h e  o r b i t e r  have d a t a  s t o r a g e  systems which 
c o l l e c t  d a t a  a t  rates h ighe r  than t h e  t r ansmiss ion  ra tes  t o  
E a r t h ,  and bo th  can be commanded over  t h e s e  communicative 
systems from t h e  E a r t h ,  

Three k inds  of communications systems w i l l  be  used, 
S-band microwave l i n k s  are used t o  t r a n s m i t  in format ion ,  
r e c e i v e  commands from E a r t h  -and measure v e l o c i t y  and 
d i s t a n c e .  U H F  l i n k s  are used t o  r e l a y  informat ion  %om t h e  
l ande r  t o  t h e  o r b i t e r .  F i n a l l y ,  as a s p e c i a l  t echnique  f o r  
s c i e n c e  use ,  t h e r e  i s  an X-band l i n k  from t h e  o r b i t e r  t o  
Ear th .  

- more - 
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The S-band systems us ing  broad and narrow beam 

antennas ,  one used as both  t h e  o r b i t e r  and l a n d e r .  The 
narrow-beam, h igh-da ta- ra te  antennas must be c a r e f u l l y  
o r i e n t e d  toward E a r t h ,  To accomplish t h i s ,  t h e  antennas 
are steerable. Due t o  t h e  p l a n e t ' s  r o t a t i o n ,  t h e  antenna 
on t h e  l ande r  must be moved cont inuous ly  du r ing  each t r a n s -  
miss ion  per iod .  The f i x e d  broad-beam, low-data-rate an- 
t ennas  are used t o  r e c e i v e  s i g n a f s  from Ear th .  

The l ande r - to -o rb i t e r  communication l i n k  i s  an u l t r a -  
high-frequency (UHF)  system t h a t  i s  used f o r  r a p i d ,  high- 
volume t ransmiss ion .  The o r b i t e r  r eco rds  t h e s e  data  and 
then  p l a y s  them back t o  E a r t h  over  i t s  S-band system. The 
X-band system on t h e  o r b i t e r  i s  used f o r  r a d i o  s c i e n c e  
only .  The o r b i t e r / l a n d e r  UHF system begins  o p e r a t i n g  when 
t h e  l ande r  s e p a r a t e s  from t h e  o r b i t e r ,  and con t inues  opera- 
t i n g  through t h e  descen t  and landing .  The r e l a y  l i n k  w i l l  
be a c t i v a t e d  aga in  each day when t h e  o r b i t e r  p a s s e s  over  
t h e  l ande r .  

MANAGEMENT RESPONSIBILITIES 

Viking management i s  under t h e  overal l  d i r e c t i o n  of 
t h e  O f f i c e  of P l a n e t a r y  Programs, O f f i c e  of Space S c  
NASA Headquarters ,  Langley Research Center ,  Hampton 
e x e r c i s e s  overal l  p r o j e c t  management and i s  r e s p o n s i b l e  f o r  
t h e  l a n d e r  p o r t i o n  of Viking. The Jet  Propuls ion  Laboratory,  
Pasadena, C a l i f . ,  i s  r e s p o n s i b l e  f o r  t h e  o r b i t e r  and 
t h e  Deep Space Network. L e w i s  Research Center ,  Cleveland,  
Ohio, i s  r e s p o n s i b l e  f o r  t h e  Ti tan/Centaur  launch v e h i c l e  
and i n t e g r a t i o n  of t h e  s p a c e c r a f t  t o  t h e  launch v e h i c l e .  
Kennedy Space Center  is i n  charge of  launch o p e r a t i o n s .  

Denver, which is  r e s p o n s i b l e  f o r  t h e  l ande r  and systems 
i n t e g r a t i o n  and b u i l d s  t h e  T i t a n  111 boos te r .  
Dynamics/Convair, San Diego, C a l i f ,  , b u i l d s  t h e  upper 
s t a g e  Centaur.  

Major c o n t r a c t o r  i s  t h e  Martin Marietta Corpora 

General  

- more - 
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VIKING SCIENCE TEAMS 

Teams of scientists were selected by the National 
Aeronautics and Space Administration to direct the Viking 
scientific investigations. These scientists interact with 
project engineers who are responsible for hardware design, 
test and fabrication of flight hardware. 

Scientists and engineers working together determine 
details of the investigations and instruments; the compro- 
mises that must be made because of weight, power, or data 
constraints; and the ultimate flexibility of experiments. 

of the Science Steering Group that develops the scientific 
policies and contributes to the overall coordination of 
Viking science requirements. 

Each science team has a leader who is also a member 

Science Steering Group 

Dr. Gerald A. Soffen, Chairman, Langley Research Center, 

Dr. Richard Sa Young, Vice Chairman, NASA Headquarters, 

Dr. A. Thomas Young, Langley Research Center 
Dr. Conway W. Snyder, Jet Propulsion Laboratory, Pasadena, Calif. 
Dr. Paul V. Fennessey, Martin Marietta Aerospace, Denver, Colo. 

Hampton, Va. 

Washington, D.C. 

Orbiter Imaging 

Dr. Michael H. Carr, U.S. Geological Survey, Menlo Park, Calif. 
William A. Baum, Lowell Observatory, Flagstaff, Ariz. 
Geoffrey A. Briggs, Bellcomm Inc., Washington, D.C. 
Dr. Harold Masursky, U.S. Geological Survey, Flagstaff, Ark. 
James A. Cutts, Jet Propulsion Laboratory 
Donald U. Wise, University of Massachusetts, Amherst, Mass. 

Orbiter Water Vapor Mapping 

Dr. Crofton B. Farmer, Jet Propulsion Laboratory 
Daniel D. La Porte, Jet Propulsion Laboratory 

Orbiter Thermal Mapping 

Prof. Hugh H. Kieffer, University of California, Los Angeles, Calif 

- more - 
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Orbiter Thermal Mapping (con t . ) 
Stillman Chase, Santa Barbara Research Corp., Goleta, Calif. 
Ellis D, Miner, Jet Propulsion Laboratory 

Lander Imaging 

Dr. Thomas A. Mutch, Brown University, Providence, R.I. 
Friedrich 0. Huck, Langley Research Center 
Elliot C. Morris, U.S. Geological Survey, Flagstaff, Ariz. 
William Patterson, Brown University 
Alan B. Binder, ITT Research Institute, Tucson, Ark, 
Elliot C. Levinthal, Stanford University 
Dr. Carl Sagan, Cornel1 University, Ithaca, N.Y,, 
Prof. Sidney Liebes, Stanford University 

Biology 

Dr. Harold P. Klein, Ames Research Center, Moffett Field, Calif. 
Prof. Alexander Rich, Massachusetts Institute of Technology, 

Dr. Gilbert V. Levin, Biospherics, Inc. Rockville, Md. 
Prof. Norman H. Horowitz, California Institute of Technology 
Vance I. Oyama, Ames Research Center 
Dr. Joshua Lederberg, Stanford University 

Cambridge, Mass. 

Molecular Analysis 

Prof. Klaus Biemann, Massachusetts Institute of Techn 
Leslie E. Orgel, Salk Institute, San Diego, Calif. 
Tobias Owen, State University of New York, Stony Brook 
Prof, Alfred O.C. Nier, University of Minnesota, Minne 
DuWayne M. Anderson, U.S. Army, Cold Regions Research 

Joh Oro, University of Houston, Houston, Tex. 
Prof. Harold C. Urey, University of California at San Diego, 

, Minn. 
ering 

Laboratory, Hanover, N.H. 

La Jolla, Calif, 

Meteorology 

Dr. Seymour L. Hess, Florida State University, Tallahassee, Fla. 
Prof. Conway Leovy, Rand Corporation, Santa Monica, Calif 
Robert M. Henry, Langley Research Center 
Jack A. Ryan, McDonnell Douglas Corp., Huntington Beach, Calif. 

Entry 

Prof. Alfred O.C. Nier, University of Minnesota, Minneapolis, Minr 
Nelson W. Spencer, Goddard Space Plight Center, Greenbelt, Md. 
Dr. Michael B. McElroy, Harvard University, Cambridge, Mass. 
Dr. William B. Hanson, Uni itY of Texas, Te 
Uvin Seiff, Ames Research Center - _ _  - more - 
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D r ,  P r i e s  Toulmin 111, U , S ,  Geological  Survey, 

D r ,  Alex K ,  Baird,  Pomona Col lege ,  Claremont, C a l i f .  
Klaus K e i l ,  Un ive r s i ty  of New Mexico, Albuquerque, N O M ,  
Benjamin C la rk ,  Martin Marietta Aerospace, Denver, Colo, 
Harry J. Rose, Jr, U S .  Geological  Survey, Washington, DC 

Washington , DC 

Se i s mome t e  r 

P ro f ,  Don L,  Anderson, C a l i f o r n i a  I n s t i t u t e  o f  Technology 
P ro f ,  Frank Press, Massachusetts I n s t i t u t e  of Technology 
Gary Latham, Columbia Un ive r s i ty ,  N.Y. 
Prof ,  Robert  A,  Kovach, S t an fo rd  Un ive r s i ty  
Prof , M, Naf i  Tokscz, Massachusetts I n s t i t u t e  of Technology 
P ro f ,  George Sut ton ,  Un ive r s i ty  of H a w a i i ,  Honolulu, H a w a i i  

D r ,  Richard W, S h o r t h i l l ,  Boeing S c i e n t i f i c  Research 

Henry J, Moore 11, U , S ,  Geological  Survey, Menlo Park,  C a l i f ,  
Prof .  Ronald F ,  S c o t t ,  C a l i f o r n i a  I n s t i t u t e  of Technology 
Robert  E ,  Hutton, TRW Applied Mechanics Laboratory,  

Laboratory,  Sea t t le ,  Washington 

Redondo Beach, C a l i f .  

P ro f ,  Robert  B. Hargraves,  

Radio 

P r ince ton  Un ive r s i ty  

D r ,  W i f l i a m  H ,  Michael, Jr, , Langley Research Center  
J . D .  Davies,  J o d r e l l  Bank, Maccles f ie ld ,  Cheshi re ,  England 
D r ,  Mario D ,  Gross i ,  Raytheon Co, 
Prof , Irwin I ,  Shapiro,  Massachusetts I n s t i t u t e  of Technology 
Joseph Brenkle,  Je t  Propuls ion Laboratory 
Dan L,  Cain,  Je t  Propuls ion  Laboratory 
D r ,  Gunnar F je ldbo ,  J e t  Propuls ion  Laboratory 
Prof ,  G,  Leonard Ty le r ,  S t an fo rd  Un ive r s i ty  
Robert  H ,  Tolson, Langley Research Center  

Science T e a m  Leaders o r  P r i n c i p a l  I n v e s t i g a t o r s  are 
names f i r s t  under each group. 

- more - - more - 
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1, 

V I K I N G  QUESTIONS AND ANSWERS 

? 

There are many r easons ,  i r x l u d i n g  s c i e n t i f i c ,  ph i lo-  
s o p h i c a l ,  t e c h n i c a l  and n a t i o n a l  p r e s t i g e  c o n s i d e r a t i o n s ,  
However, t h e  c h a r a c t e r i z e  t h e  p l a n e t  
i n  as much de inc lud ing  t h e  p o s s i b i l i t y  
of r e s o l v i n g  f e  on Mars, 

2 ,  ? 

By comparing o t h e r  p l a n e t s  w i t h  Ea r th  w e  w i l l  be 
a b l e  t o  b e t t e r  understand t h e  r a p i d  changes h e r e  and pos- 
s i b l e  f o r e c a s t  f u t u r e  changes which are now only  poor ly  
o r  n o t  a t  a l l  understood, 

For  example, knowledge of o t h e r  p l a n e t s  ' atmospheres 
should h e l p  us b e t t e r  understand our own p o l l u t i o n -  
t h r e a t e n e d  atmosphere, Dust s torms on Mars supply d a t a  on 
f u t u r e  e f f e c t s  of smoke and p a r t i c u l a t e  p o l l u t i o n  i n  E a r t h ' s  
atmosphere, And s tudy  of s torms on M a r s ,  whose weather-making 
mechanism is  r e l a t i v e l y  s imple  because of t h a t  p l a n e t ' s  
l ack  of oceans,  can c o n t r i b u t e  t o  an understanding of E a r t h ' s  
weather ,  and thus  t o  weather  p r e d i c t i o n  and p o s s i b l y  f u t u r e  
weather  c o n t r o l ,  

3, What d i f f e r e n c e  would it make i f  l i f e  w e r e  t o  be 
d iscovered  on M a r s ?  

Man would have more t o o l s  f o r  understanding t h e  o r i g i n  
and n a t u r e  of l i f e  and would be t h a t  much c l o s e r  t o  under- 
s t a n d i n g  h i s  own p l a c e  and r o l e  i n  t h e  un ive r se ,  

4, What i s  Vikinq? 

Viking i s  a s p a c e c r a f t  c o n s i s t i n g  of an o r b i t e r  and 
a l a n d e r ,  weighing 3,400 kg ( 7 , 5 0 0  l b s , ) ,  measuring 9,8 m 
(32 f t , )  i n  width and 4,9 m (16  f t , )  i n  he igh t .  The space- 
c r a f t  w i l l  be  launched from Cape Kennedy, F l a ,  , aboard a 
T i  t a n  I I I /Centaur  r o c k e t  , 

5. How b i g  are t h e  o r b i t e r s  and l ande r s  s e p a r a t e l y ?  

The o r b i t e r  measures 9 , 8 m (32 f t ,  ) a c r o s s  and 3 ,3  m 
(10,8 f t , )  t o p  t o  bottom, I t  weighs 2,360 kg (5,200 l b s , ) ,  
The l a n d e r ,  which rests on t h r e e  l e g s  , measures 2,7 m 
( 9  f t , )  a c r o s s  and 2 , l  m ( 7  f t , )  t o p  t o  bottom. I t  weighs 
1 , 0 5 0  kg (2,300 l b s , ) ,  
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6 ,  When w i l l  Viking be launched? 

The two Viking s p a c e c r a f t  w i l l  be launched s e p a r a t e l y  
dur ing  a 30-day pe r iod ,  b u t  a t  least  1 0  days a p a r t ,  between 
mid-August and mid-September i n  1 9  75 , 

7 ,  ? 

They w i l l  t r a v e l  some 700 m i l l i o n  km ( 4 4 0  m i l l i o n  m i , )  
through space on n e a r l y  a y e a r ' s  journey t o  a r r i v e  when t h e  
p l a n e t  i s  about 320 m i l l i o n  km (206  m i l l i o n  m i . )  from Ear th  
on t h e  o t h e r  s i d e  of t h e  Sun, 

8, ? 

Between $920 and $950 m i l l i o n ,  n o t  i n c l u d i n g  t h e  launch 
v e h i c l e ,  The Ti tan/Centaurs  c o s t  $66  m i l l i o n ,  

9, ? 

The o r b i t e r  s p a c e c r a f t  w i l l  go i n t o  o r b i t  and w i l l  
remain i n  o r b i t  whi le  t h e  l ande r  w i l l  s e p a r a t e  and land  
on t h e  s u r f a c e  anytime wi th  50 days of a r r i v a l ,  v i a  
parachute  and r e t ro - rocke t .  Together %hey w i l l  conduct- 
s c i e n t i f i c  s t u d i e s  of t h e  Nar t i an  atmosphere and s u r f a c e ,  

1 0 ,  What w i l l  be t h e  o r b i t s  of t h e  o r b i t e r s ?  

The o r b i t  i n s e r t i o n  r e t r o - r o c k e t s  w i l l  be  f i r e d  
f o r  n e a r l y  an hour t o  p l a c e  each Viking i n t o  a h igh ly  
e l l i p t i c a l  o r b i t  of 1 ,500  km (930 m i , )  by 33,000 km 
( 2 0 , 5 0 0  m i , )  , 

11, ? 

Each o r b i t e r  w i l l  c a r r y  about  65 kg ( 1 4 4  l b s , )  
of ins t ruments  c o n s i s t i n g  of two h igh - re so lu t ion  tele- 
v i s i o n  cameras , an i n f r a r e d  spec t rometer  and an i n f r a r e d  
radiometer  , 
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1 2 ,  How long w i l l  t h e  o r b i t e r  remain i n  o r b i t ?  

The design l i f e t i m e  i s  1 4 0  days,  b u t  it may ope ra t e  
f o r  a s  long as two y e a r s ,  Sometime a f t e r  50 y e a r s ,  t h e  
o r b i t e r  w i l l  be dragged i n t o  t h e  atmosphere of Mars by 
g r a v i t y  and burn up o r  impact t h e  s u r f a c e ,  

13,  What w i l l  the l ande r s  c a r r y ?  

The landed in s t rumen t s ,  weighing about  60  kg (133 
l b s , )  , c o n s i s t  of a gas chromatograph/mass spectrometer ;  
b io logy  ins t rument ;  two cameras ( s t e r e o  and c o l o r  
c a p a b i l i t y )  ; p r e s s u r e ,  temperature  and wind s e n s o r s ;  
t h ree -ax i s  seismometer; b a r  magnets; a s o i l  sampler;  
X-ray f luorescence  spec t rometer ;  upper atmosphere m a s s  
spec t rometer  and r e t a r d i n g  p o t e n t i a l  ana lyzer .  
sampler i s  n o t  u s u a l l y  c a l l e d  an ins t rument  and i t s  weight  
is n o t  inc luded  i n  t h e  18  kgm 

The s o i l  

A candida te  landing  a r e a  would be r e l a t i v e l y  low, 
w a r m ,  w e t ,  s a f e ,  and i n t e r e s t i n g .  Previous Mariner/ 
Mars mission r e s u l t s  have been used t o  h e l p  select  poten- 
t i a l  landing  sites. I n  a d d i t i o n ,  t h e  Viking o r b i t e r  w i l l  
b e  used f o r  f i n a l  checkout of a cand ida te  s i te ,  The ten-  
t a t i v e  s i t e  f o r  t h e  f i r s t  l anding  i s  a v a l l e y  n e a r  t h e  
mouth of t h e  20,000-foot=-deep Martian Grand Canyon, 
known as Chryse ( 1 9 , 5  degrees  N ,  34 degrees  W) . The 
t e n t a t i v e  landing  s i t e  f o r  t h e  second Viking i s  Cydonia, 
i n  t h e  Mare Acidaliwn reg ion  (44.3 degrees  N ,  10  degrees  W )  , 

15. ? 

The primary mission i s  60  days,  The des ign  l i f e t i m e  
is  90 days,  b u t  it may cont inue  t o  t r a n s m i t  in format ion  
f o r  more than  one year .  
be operable  beyond t h e  planned 60-day mission. 

C e r t a i n  ins t ruments  w i l l  n o t  
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1 7 ,  Where w i l l  Viking g e t  power t o  ope ra t e  ins t rumenta t ion?  

So la r  c e l l s  and b a t t e r i e s ,  recharged by t h e  s o l a r  ce l l s ,  
w i l l  p rovide  power f o r  bo th  t h e  o r b i t e r  and l ande r  while  i n  
f l i g h t .  The o r b i t e r  w i l l  f u r n i s h  e l e c t r i c a l  power t o  t h e  
l ande r  u n t i l  i t  i s  sepa ra t ed  f o r  landing .  The l ande r  a l so  
has  a se t  of rechargeable  ba t te r ies  which w i l l  be charged 
dur ing  su r face  ope ra t ions  by two rad io i so tope  thermo- 
e l e c t r i c  genera tors  ( R T G s ) .  The RTGs conver t  h e a t  produced 
by a nuc lea r  source  i n t o  e l e c t r i c i t y  and thus  make t h e  
l ande r s  independent  of s o l a r  energy,  

1 8 ,  How do w e  communicate a t  such v a s t  d i s t ances?  

V i a  N A S A ' s  Deep Space Network composed of s i x  s t a t i o n s  
having 2 6 - m  ( 8 5 - f L )  antennas and t h r e e  o t h e r  s t a t i o n s  
wi th  6 4 - m  ( 2 1 0  f t , )  antennas,  D i g i t a l  d a t a  w i l l  be 
t r ansmi t t ed  t o  Ear th  t o  be reproduced i n t o  p i c t u r e s  and i n  
t a b u l a r  form. I t  w i l l  t a k e  a t  l eas t  2 0  minutes t o  send a 
message one way, 

19, How many s c i e n t i s t s  w i l l  p a r t i c i p a t e  i n  t h e  mission? 4 

There w i l l  be 66  s c i e n t i s t s  from t h e  United S ta tes  and 
o t h e r  n a t i o n s  p a r t i c i p a t i n g  i n  t h e  i n i t i a l  examination of  
da ta  from Viking, W e  a n t i c i p a t e  t h a t  many o t h e r  s c i e n t i s t s  
w i l l  p a r t i c i p a t e  i n  l a t e r  a n a l y s i s  of t h e  data.  

2 0 ,  Whgt have w e  l earned  from t h e  previous Mariner f l i g h t s  
t o  M a r k  t h a t  w i ' l - 1  enable  us t'o. have a' bet'ter ch'ance o'f 
success  'for- Viking'?- ' .- 

The previous Mariner f l i g h t s  have con t r ibu ted  both 
engineer ing  and s c i e n t i f i c  d a t a  t h a t  improve our  chances of 
success  wi th  Viking, On t h e  engineer ing  s i d e  w e  now know 
cons iderably  more than could be  learned  from ground 
observa t ion  about  t h e  atmosphere I topography and s u r f a c e  
charac te r i s t ics  of t h e  p l a n e t  t o  a i d  i n  t r a j e c t o r y  planning 
and des igning  t h e  s t r u c t u r a l  f e a t u r e s  of t h e  l ande r  f o r  safe  
e n t r y  and landing ,  
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S c i e n t i f i c a l l y  w e  know t h a t  Mars i s  a more dynamic body 
than w a s  p rev ious ly  supposed, w i t h  geo log ica l ly - r ecen t  
v o l c a n i c  a c t i v i t y  and wi th  o c c a s i o n a l  c i o l e n t  d u s t  storms. 
The knowledge of t h e  l o c a t i o n  of comparatively r e c e n t  t e c t o n i c  
a c t i v i t y  and of apparent  s u r f a c e  d i f f e r e n t i a t i o n s ,  t o g e t h e r  wi th  
t h e  eng inee r ing  d a t a ,  w i l l  a i d  i n  t h e  s e l e c t i o n  of l and ing  
s i tes ,  as w e l l  as i n  t h e  p lanning  f o r  t h e  s c i e n t i f i c  
obse rva t ions .  

2 1 ,  How w i l l  the d u s t  s torms w e  s a w  on M a r s  w i th  Mariner 9 
a.f fe’c? Viking? 

The d u s t  s torms w e  s a w  v i a  Nar iner  9 w e r e  t h e  l o n g e s t  
l a s t i n g  s torms e v e r  observed on t h e  p l a n e t .  We do n o t  expec t  
such storms t o  occur  du r ing  t h e  Viking miss ion ,  e s p e c i a l l y  
over  t h e  e n t i r e  p l a n e t  as t h e  1971-72 storm. However, should  
s torms occur ,  Viking has a c a p a b i l i t y  of o r b i t i n g  t h e  p l a n e t  
f o r  a lmost  two months b e f o r e  de taching  t h e  l ande r  and then  
s e l e c t i n g  t h e  clearest  looking s i t e ,  

22. Previous Mars journeys took only about s i x  months. l a y  
i s  t h e  Viking t r i p  so  long? 

Launch o p p o r t u n i t i e s  t o  M a r s  w i th  reasonable  launch 
e n e r g i e s  and encounter  v e l o c i t i e s  occur a t  r e g u l a r  i n t e r v a l s  
of 25.6 months. Some of  t h e  o p p o r t u n i t i e s  are much more 
f avorab le  than  o t h e r s .  These d i f f e r e n c e s  are due t o  t h e  Mars 
o r b i t  i n c l i n a t i o n ,  e c c e n t r i c i t i e s  of t h e  p l a n e t  o r b i t s ,  and 
t h e  l o c a t i o n s  of  t h e  o r b i t  axes.  C h a r a c t e r i s t i c s  of t h e  
o p p o r t u n i t i e s  t end  t o  r e p e a t  i n  about  15-year c 

A t  most launch o p p o r t u n i t i e s  t h e r e  are two 
of minimum-energy t r a j e c t o r i e s .  Type I t r a j e c t o r i e s  i nvo lve  
t r i p s  of less than  180 degrees  around t h e  sun and f e a t u r e  s h o r t  
t r a n s i t  t i m e s ,  Type 11 t r a j e c t o r i e s  r e q u i r e  t r i p s  of more 
than 180  degrees  around t h e  sun t h u s  r e q u i r i n g  longer  t r a n s i t  t i m e s  
b u t  a l s o  s l i g h t l y  less launch energy. 

Viking w i l l  u t i l i z e  Type I1 t r a j e c t o  s i n  1975 wi th  
t r i p  t i m e s  of 1 0  t o  1 2  months. I n  c o n t r a s t ,  1 9 7 1  was a very 
f avorab le  launch oppor tun i ty ,  so  Mariner 9 used a Type I 
t r a j e c t o r y  wi th  a t r i p  t i m e  of less than  s i x  months, 
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23, Why was t h i s  - t r a j e c t o r y  launch p e r i o d  chosen? 

Viking w a s  o r i g i n a l l y  scheduled f o r  launch i n  1973, a t  
which t i m e  it would have u t i l i z e d  a Type I t r a j e c t o r y  wi th  a 
s h o r t  t r i p  t i m e ,  Budget c o n s i d e r a t i o n s  r e q u i r e d  t h e  launch 
t o  be postponed t o  1975, 
1 9 7 5  i s  n o t  a f avorab le  launch oppor tun i ty  i n  terms of 
launch-energy requirements  and encounter  v e l o c i t i e s .  There- 
f o r e ,  i n  o r d e r  f o r  Viking t o  use t h e  same launch v e h i c l e  and 
s p a c e c r a f t  design planned f o r  1973, it i s  necessary  f o r  
Viking i n  1975 t o  employ a Type I1 t r a j e c t o r y  and t r a v e l  a 
h e l i o c e n t r i c  angle  over  1 8 0  degrees .  The d isadvantages  
are a long t r i p  t i m e  and a much g r e a t e r  M a r s  t o  E a r t h  
d i s t a n c e  f o r  communications. 

Compared t o  e i t h e r  1 9 7 1  o r  '1973, 

2 4 ,  W i l l  w e  t r y  t o  l and  on t h e  Fourth of  J u l y  1 9 7 6 ?  

That  depends on t h e  d a t e  Viking a r r i v e s  a t  M a r s  and t h e  
d i t i o n s  on t h e  p l a n e t ,  whether e x t e n s i v e  t r a c k i n g  o r  

cont inued o r b i t i n g  t o  s e a r c h  f o r  a s u i t a b l e  l and ing  s i t e  i s  
necessa ry ,  t h e  cond i t ions  of t h e  o r b i t e r  and l a n d e r ,  and 

p o s s i b i l i t i e s ,  I f  cond i t ions  are r i g h t ,  w e  would 
o land  on t h e  200th anniversary  of our  Na t ion ' s  

independence , 

25, Have w e  coord ina ted  wi th  t h e  USSR t o  p reven t  a redundant  
mission'? ' ' . _  ' 

W e  a r e  p r e s e n t l y  exchanging s c i e n t i f i c  d a t a  on t h e  
f i n d i n g s  of Mariner 9 and M a r s  4 ,  5 ,  6 ,  and 7,  The USSR has  
good access t o  o u r  p l a n s  f o r  Viking '75. 

2 6 ,  Who has endorsed t h i s  mission? 

Na t iona l  Acade 
Sciences and the P r e s i d e n t ,  as w e l l  as t h e  Congress 
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