2
2
= IACCESSION NUMBDE ) 1ITHRU)
=
2 72 '
'Y
...... 8 _ /
L] IPAGES) {CODE)
4 5 #
2 T ol 30
S L= 2D -
INASA CR OR TMX Ot AD NUMBER) (ICATEGORY)

R K
i
' .

PROGRAM REVIEW

11 JULY 1969

OFFICE OF SPACE SCIENCE AND APPLICATIONS
NASA HEADQUARTERS




NOTE

This review by the Office of Planetar, Programs
was presented to NASA General Manayement on
11 July 1969 under the sponsorship of the Office
of Space Science and Applications (OSSA) .
Questions concerning this review and requests for
additional copies of this document, should be
addressed to the Office of Planetary Programs,
Code SL, NASA Headquarters, Washington, D.C,
20545,




PLANETARY
PROGRAM
REVIEW

11 JULY 1969

PRESENTED BY:

OFFICE OF PLANETARY PROGRAMS;
OFFICE OF SPACE SCIENCE AND APPLICATIONS

GRAPHICS, COMPOSITION AND PUUBLICATION BY:

PROGRAM AND SPECIAL REPORTS DIVISION
EXECUTIVE SECRETARIAT

NASA HEADQUARTERS, WASHINGTON, D. C. 20546




This report on NASA's Planetary Program
provides a baseline review of the objectives,
accomplishments , plans, and opportunities
associated with this major program of the
Office of Space Science and Applications .
Planetary Exploration is concerned with the
Foreword genesis, distribution and composition of planets
and their satellites, the comets and asteroids,
and other solid materials in the solar system.
It includes the search forextraterrestrial life,
embraces such  Ids as geology, geography,
petrography, mineralogy, seismology, vulcan=
ology, astronomy, and aeronomy, and extends
their scope of interest beyond the earth to
includeall the condensed material of our solar
system. It also includes examination of the
interplanetary environment.

The discussion of future programs contained
herein addresses itself to the opportunities for
space exploration which are within the realm
of possibility with current and anticipated
technologies. The inclusion of these potential
missions and the discussion of theirmerits does
not imply official acceptance or apgroval by
NASA General Management but they are
described as illustrations of the range of mis-
sions available as options in the next 10 = 15
yeai time period. Specitic program plans to
be executed will be the resultof careful review
and consideration of all program needs within
the OSSA, as approved by General Manage-
ment, and within the framework of program
authorizations established by the President and

the Congress.

Dr. J. E. Naugle
Associate Administrator,
Spacd/ Science and Applications
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INTRODUCTION

By: Mr. Donald P, Hearth

Our solar system stretches across a distance of some 8 or 9 billion miles, It includes nine planets
vith their 32 moons; thousands of asteroids, most of which are located in a belt between the orbits
of Mars and Jupiter; and hundreds of comets. Some of the comets may possibly come from outside

our solar system,

The planets range in size from Mercury which is a little more than a third of the diameter of
Earth, to Jupiter which is over 11 times the diameter of Earth. Thus, Earth, on the scale shown
in Figure 1, is a relatively small planet.

The statistics of nine planets and 32 moons may be wrong. Pluto was only discovered in 1930.
In addition, the tenth moon of Saturn was discovered in December 1967.

Man has investigated Venus and Mars with spacecraft. In the process, he has examined the
80 million mile portion of the solar system between these two plunets. This is a small portion
when compared to the 3 to 4 billion mile distance to the planets Neptune and Pluto.

With telescopes man has been able to examine the planets out beyond Mars, although to a limited
extent. As we revier some of the mysteries of our solar system we will see that most of what we
do know has come from man's observations with telescopes.




Qur start in the exploration of our solar system with spacecraft, illustrated in Figure 2, was the
Mariner Il flight to Venus in 1962 followed by two more Mariners-~one to Mars in 1965 and one
to Venus in 1967. The Mariner VI and VII spacecraft, launched earlier this year, are rapidly
approaching Mars and will be there within 3 weeks. Mariner VI, for example is about 7-1/2
million miles from the planet and closing in rapidly,

During the past 4 years, NASA has placed a series of Pioneer spacecraft into orbit about the Sun
to examin: the interplanetary medium. The last of the current series of these spacecraft will be
launched in August 1969,

Let me define now what we mean by terms like "on-going program, " “this year's program, " and
the "approved program." By these terms we mean the program that President Nixon submitted to
the Congress in the Fiscal 1970 budget. In the on-going program, we are broadening our
horizons, as shown in Figure 3. We are going out beyond the 80 million mile region discussed
earlier, and we're doing more with the nearby planets.

In 1971, for example, we'll be orbiting Mars; thus, extend our observing time of that planet from
a matter of minutes, as associated with the flyby, to months and perhaps even longer.

In 1973 we will, for the first time, land on Mars and continue observation from orbit. This will
give us our first opportunity to make direct observations on the surface of another planet, and
perhaps give us the first clues on the existence of or lack of extraterrestrial |ife.
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We're moving outward in the solar system beyond Mars with the Pioneer F & G missions; modifi-
cations to the current Pioneer spacecraft used to examine the interplanetary medium. Pioneer F
& G will go out to the planet Jupiter, a journey that will take 2 years to compleic.

These spacecraft will carry instruments to measure the interplanetary medium. At Jupiter,
Pioneer F & G will measure the radiation belts, the magnetic field, and make some measure-

ments of the atmosphere,

We will be searching for an indication of the Helium content on Jupiter. The Helium/Hydrogen
ratio is a very important parameter in understanding the planet.

The spacecraft will also carry visual imaging equipment to photograph Jupiter at .zsolutions
considerably better than we get from Earth.

In addition, we're moving in toward the Sun. Our international project with West Germany (Helios)
will give us the capability, by 1974, of sending spacecraft inside the orbit of Mercury to within
about 30 million miles from the Sun.

In 1973 we also hope to examine, with a Mariner spacecraft, the planet Mercury for the first time.
This will be a two-for-one flight in which we will actually view the planet Venus on the way into

Mercury.

PLANETARY PROGRAMS SPACECRAFT

VIKING PIONEER F & 6

MARINER MARS 'T1
MARS ORBITER 1971/1872 MARS ORBITERS & LANDERS JUPITER FLYBY 1972/1873
1973/1974

HELIDS MARINER MERCURY '73

INTERPLANETARY 1974 & 1975 VENUS & MERCURY FLYBY
1973/1974

Fig. 3
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This, then represents our spacecraft missions in the on-going program. You'll hear more about
some of the possibilities for the future later.

Now, this technique; that is, the examination of the planets by spacecraft, is only one means
of exploration. Ground-based observations are *he othor technique.

There are two new telescopes that are coming into operation this year which are being uevoted
almost entirely to observing the planets (Figure 4): the 88-inch telescope at Hawaii and the
107~inzh ‘elescope at the University of Texas. Actually, a number of findings on the planets
have been made from telescopes, and these will come out as we move along. One of the more
interesting ones, just this year, was from an §2-inch telescope at the University of Texas which
found the first concrete evidence of the existence of water vapor in the Martian atmosphere.

This, then is the task we have. I'd like to now review the team that NASA has put together to do
this job (Figure 5). | think it's a good team.

Within Headquaters we have some 23 professionals in our office that do the planning and provide
overall direction and guidance to the program.

NEW PLANETARY TELESCOPES

s
) . T,

BE INCH UINIVERSITY 107 INCH UNIVERSITY
OF HAWAN OF TEXAS

Fig. 4 Fig. 5

We depend very heavily on the management
and technical capabilities of the NASA field
centers (Figure 6). The Jet Propulsion Labora- .
tory has been actively engaged in the planetary = % i L T
program dating back to Mariner II, and includ- ' '
ing the current Mariners that are on their way )
to Mars. | would expect that JPL will continue “{;‘;g:l;;:-':'j
to play a major role in the future. 3
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1963 and will be responsible for the modifica-
tions to the Pioneer for the Jupiter missions.




The Langley Research Center. which did an excellent job on the Lunar Orbiter Project, is
responsible for Viking, the orbiter/lander combination to Mars in 1973, They will
also have a inajor role in the future.

Our international project, Helios, is the responsibility of Goddard, which is also responsible
for the Delta launch vehicle with which we have been launching our Fioneers. Our larger
launch vehicles, the Atlas Centaur and the Titan family, are the responsibility of the Lewis
Research Cenier in Cleveland. All of our planetary launches are fran: the Cape,

This, then, represents the six NASA centers involved in our flight projects. We are also
assisted in the Supporting Research and Technology Program by three other centers: the
Electronics Research Center, the Marshall Space Flight Center, and the Manned Spacecraft
Center.

This is the NASA team involved in the program. NASA depends, of course, very heavily upon
two other groups in the country (Figure 7).

Most of ou scientific investigators come from
the universities. There are 53 colleges and
universities involved in our progrom at various
geographical locations across the United States.

Most of the hardware is provided by industry,
and there are literally hundreds of organizations
involved. There are some 21 industrial organi-
zations involved to a major extent--again,
spread geographically across the United States.

Today you are hearing from four members of
this team; we are only spokesmen for this
team,

Fig. 7

Before Dr. Rec reviews the scientific aspects of the program, |'d like to say a few words on
the values of exploring our solar system.

The opportunity for scientific discovery-~answering important questizas such as does life exist
elsewhere in our solar system, or answering the question as to why did life de selop only on the
Earth. ‘The application of this scientific knowledge to a better undersranding of our own planet,
the Earth, is also important. But there are two other values which we sometimes fail to mention.
They're what | call exploration and technology.

Picture the sense of exploring this vast exapnse, of going out to planets such as Neptune and
Pluto 3 billion and 4 billion miles in space, and returning photographs of these planets back to
Earth. It is very challenging and very exciting, and is the sort of thing that this nation can be
proud of. |f one looks back through history he will find that countries, and indeed whole
societies have wanted to explore the unknown and achieve the difficult, providing society with
an opportunity to look upward. In its small way, | think planetary exploratior. fills that desire,




By its very nature, these missions are very difficult and force the growth of technology. Again,
history has clearly shown the need to provide stimulants to technology if we are to make progress.

Why explore the solar system? There are three reasons--science, exploration, and technology.

Dr. Rea will not discuss the goals and objectives of our program and what | call the mysteries of
our solar system,




GOALS AND OBJECTIVES

By: Dr. Donald G. Rea

Our Planetary Program is structured around three goals, outlined in Figure 1.

Number one is understanding the origin and evolution of the solar system, how the system came
into being, how it has evolved in the course of billions of years.

The second one is to understand the origin and evolution of life; one of our most significant areas
of inquiry at the present time.

The third one is getting a better understanding of terrestrial phenomena by doing comparative
studies on the other planets.

Understanding our own atmosphere, interior, end suiface is very difficult. We cannot do experi-
ments on these as we can on lab probleins. So, being able to go to unother pianet where the
boundary conditions are different will give us a better understanding of the complex ways in
which the physics and chemisty of our planet have operated.

These are the three goals thai ou program is structured about. | will take them one at a
time~-starting off with the origin and eveluticn of our solar system (Figure 2).

Here are two hypotheses for this origin and evolution; the solar nebula having the sun already
formed. We don't know whether it developed in the nebula itself or whethe r ~ur sur sicked up
the nebula in a collision. So there's a stage omiiicu from the top of this chart.

There are two ways in which this nebula has evolved. In one, condensations form protoplanets
which evolve rather smoothly to our present system.

The second one involves condensations throughout the nebula forming small particles or planetesi-
mals, which then proceed to interact by collision, by disintegration, accretion, and rearringe=
ment, proceeding on to the present arrangement.

From hare there's another stage. Each of these GOALS OF PLANETARY EXPLORATION
bodies ¢z undergo further processes which are

independent cna have nothing to do with inter- FURTHER OUR UNDERSTANDING OF:

action with the other bodies, In the evoiution o THE ORIGIN AND EVOLUTION OF
of earth, the differentiation of the interior is THE SOLAR SYSTEM
Sk exqmple of *h;s process. @ THE ORIGIN AND EVOLUTION OF LIFE

! i . © EARTH BY COMPARATIVE STUDIES
I'm going to go through each of the planets with T PTE

brief comments on the salient points of our
knowledge at the present time, and on the
questions we want to have answered in relation

to these two hypotheses. it
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| want to emphasize that we are not merely acquiring data for the sake of acquiring datc.
Rather, we want to understand the process by which this has all come to pass.

The first planet, moving out from the Sun, is Mercury, shown in Figure 3. In size it's somewhat
larger than the moon. its dessity is very high. We believe this is either due to a high concen-
tration of iron, or due to loss of volatiles, relative to Earth.

So it seems as though eithsr its original formation was different, or else in the evolutionary
process it has differed from earth.

The spin, that is the rotation about the rota- HERGURY
tional axis,and the motion around the sun,
have an unusual coupling that Bill Brunk will
cominent on in some detail later. We believe
at the present time that, in order for this
coupling to have developed, there has to be
a liquid core inside the planet.

So far no atmosphere has been detected. The
upper limit is--depending unon whom yau

believe--either 1/1000th or 1/10G, 000ths ® SOMCWHAT LARGER o UNUSUAL SPIN-ORBIT GOUPLING
that of earth. o HIGH DENSITY * LITTLE, IF ANY, ATMOSPHERE

MASA Wk
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The next pianet out is Venus (Figure 4}. In nany ways it's similar to Earth. [t's roughly the
same size--a little bit smaller-~ine mass a little bit less, the density is a bit less. But basically
it's similar.

However, there are some rather gross differences when we start looking at details, It's the only
planet in the solar system which has a retrograde rotation. That is, looking down from the

North Pole--instead of rotating counter-clockwise, it rotates clockwise. Bill Brunk will commer t
on this unusual coupling that we have no really rigorous theory for at the present time. There

are sore ideas, but our understanding is in the preliminary stages.

The atmosphere and the atraospheric pres.ure at the surface are quite different from earth, Our
current beliefs are there's a urface pressure roughly 100 times ours. And the temperature is

up around 900° Fahrenhcit. So while Venus is in many ways very similar to Earth, these wide
differences exist. The atmosphere is around 90 - 95 percent carbon dioxide. Some minor con=-
stituents have been detectad. Water is one, carbon monoxide is a second, and the acids, hydro-
gen chloride and hydrogen fluoride are others. These acids are in such concentraticns that

if the clouds are at any point liquid water, they would not be merely water--they would be
strong acid. So, it's an aweasome place.

These pictures are in the ultraviolet. If I had pictures in the visible you would see no structures
at all. These features are detected only in the ultraviolet.

2240 UT 2315 UV 0302 UT
21-22 MAY, 1987

o TWIN OF EARTH IN SIZE AND MASS o ATMOSPHERE PRIMARILY CO,
o SLOW, RETROGRADE ROTATION, o EXTENSIVE CLOUD COVER

COUPLED TQ EARTH'S PR8IT
o MASSIVE ATMOSPHERE

® HIGH SURFACE TEMPERATURE

o HiGH VELOCITY UPPER WINDS
e LITTLE OR MO MAGNETIC FIELD

MASA SL&P-1092
(REV. 1.) 7-7-67

Fig. 4




This is an unusual one which is circular. You'll notice it's moving across the planet in this
sequence. The velocity is some 250 miles an hour. Structures have been observed in other
ultraviolet pictures, again with the same speed. To my knowledge, there is no theory advanced
for this phenomenon at this time. This is a rather peculiar oddity on Venus, one of many.

The Mariner Il and V spacecraft did not detect any magnetic field. The upper limit is roughly
1/1000 of ours.

So, while Venus seems to be similar to Earth, it clearly has noted differences. How these are
related to the hypotheses of the crigin and evolution of the solar system is one of our major
problems.

Now we come to the planet which has received the greatest portion of our attention so far, and
thet is Mars (Figure 5).

The day is half an hour longer than ours. The rotation axis is filied about 24° to the orbit
so that there are seasons very similar to ours; but since the year is 687 days long, the seasons
are close to being double the length of ours.

The atmospheric pressure at the surface is about 10 millibars, which is 1/100th the pressure of
Earth. This atmosphere, like Venus, appears to be largely carbon dioxide. Water and carbon
monoxide have also been detected but in small amounts.

® ATMOSPHERE PRIMARILY.
* MINOR COMPONENTS

© MODERATE SURFAGE TEMPERATURE l
b Ml (Rev.2) 7-22-69 |

Fig. 5
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The surface temperature is relatively moderate at the equator, it gets up to around 70° or 80°
Fahrenheit. However, due to the thin atmosphere and the surface properties, there is a large
diurnal range--about 200° Fahrenheit at the equator.

The white areas at the poles are called polar caps. At one time we thought they were water
ice=-hoar frost, but now the best theory is that they are frozen carbon dioxide==-dry ice.

There are bright and dark areas. The dark areas do not keep their configurations the same or their
darkness. Here you see in southern spring a rather large polar cap, and the dark areas are rela-
tively muted. As the cop recedes, the dark areas near it begin to get darker; and as it further
recedes, this darkening moves across the planet in what is called a darkening wave.

One original explanation of the darkening wave is that it is the visual appearance of a growth
of vegetation. The cap releases water as it recedes, the organisms in the soil respond to this
water, they grow, proliferate, and the surface darkens.

However, there are other explanations which are not biological, and | think at the present time,
the nonbiological ones are favored.

The dark areas not only undergo seasonal changes but also secular changes. In particular, there
are two canals which we cannot see in this view called Thoth-Nepenthes and which have shown
a great change in the last few years.

Scme of these surface features have been photographed by the Mariner IV spacecraft. Figure 6
shows four pictures which were obtained. The first one is an historic one. It's the first spacecraft
picture of a planet and shows the limb.

What | think is one of the most exciting pictures is the frame numbered 11, showing numerous
craters as the others do, but also this very large one. This sequence of pictures has picked up
something like 300 craters, ranging from 3 kilometers up to 180 kilometers in diameter.

We expect that Mariners VI and VII will work perfectly; and as Bob Kraemer will say later, they
will give us a large number of pictures, which will be of much higher quality than we have now.

Mariner 1V did not detect a magnetic field, with an upper limit about 1/1000 earth's.

Two small satellites are known=-Phobos and Deimos. Phobos rotates with a period around Mars of
8 hours--the only planet in the solar system to have an orbital period which is shorter than the
rotational period of its planet.

At one time it was believed that Phobos was accelerating=~moving into the planet. inis was not
possible based on calculations assuming a solid satellite; it was supposed then by Shklovsky that

the satellite was hollow. Well, the natural step then was that it had to be put into orbit by
intelligent Martians. But this has not stood the test of time; and in fact, the observations themselves
are questioned right now. So we have no reason to believe that we have a competing space program
on Mars.

You have seen that Mars has many characteristics different from those of Mercury and Venus. So
its place in the evolutionary scheme seems to be different. We hope that by studying the planet we
can get a better understanding of the factors responsible. :
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Going further out we nave the most massive planet in the solar system, Jupiter (Figure 7). It is
318 times the mass of Earth but has a very low density. It rotates very rapidly, the period
being somewhat less than 10 hours.

Its radius is some 11 times that of earth. It's striking to have this huge body rotating with a
period which is less than hclf that of earth.

The atmospheric constituents that have so far been detected are hydrogen, with minor amounts of
methane and ammonia. Helium is inferred. The helium/hydrogen ratio is a very important
parameter in studies and calculations on the structure of the planet and on its évolution. One of
the experiments on Pioneers F and G is aimed af getting a better feeling for this ratio.

When you look at the planet on a somewhat larger scale (Figure 8), you get a better appreciation
its structure.

This is a shadow of one of the Galilean satellites. The planet has bands going across it, although
the structure does change with time. The famous Red Spot was detected a little over 300 years
ago, and it seems to float on the planet. It doesn't change in latitude, but it floats in longitude.
In the course of the last 200 years, it has revolved around the planet 3 times, and now it's
winding back again. It's almost back to where it was about 200 years ago.

There are theories for it but none without some rather serious objections.
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® VERY MASSIVE
® LOW DENSITY -

® ROTATES RAPIOLY —
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To give you an idea for the size, Earth is only 1/3 of the length of the Red Spot. You can see
that Earth is rather a trivial object in terms of size when you're talking about something like
Jupiter,

The pastel colors are also peculiar to Jupiter, and I'll comment briefly on that later. One
proposal is that there are complex organic molecules in the upper atmosphere.,

Jupiter is the first planet that was observed to emit more energy than it absorbs. Our measure-
ments currently indicate that it emits roughly twice as much energy as it absorbs; one hypothesis
for this is that it is due to contraction; the planet is still contracting, the gravitational energy

being released accounting for this excess eneigy.

In 1955 there was an accidental discovery that Jupiter is a strong emitter of bursts of decameter
radiation, radiation with wavelengths some tens of meters. It was a purely accidental discovery,
and yet it turned out to be very important. Since then, shorter wavelength iadiation has also
been detected.

The mechanisms for producing this radiation are believed to involve energetic electrons in a
radiation belt which is somewhat analogous to our Van Allen belt. The fluxes, according to
at least a model, are somewhat larger than those of earth, but the magnetic fields are much
larger. Field strengths of 10 to 50 gauss are estimated at the surface, about 20 to 100 times
our own surface field,

Jupiter has twelve satellites. In size, two of these are comparable to the Moon and two to
Mercury. So it has its own satellite system, very reminiscent of the satellite system that the
Sun has.

The satellite, lo, which is the inner one of the four Galilean satellites, modulates the radiation,
which comes in bursts. The mechanism of this modulation is not understood, or how lo would
interact with the trapped radiation and inevitably dump the particles out. We hope that
Pioneers F and G will provide some insight, but | am not sure if they will. | expect that we're
not going to get a really good understanding of this until we get a Jupiter orbiter.

But it's interesting that this is the only one of the Galilean satellites that appears to have this
effect, despite the fact that af least one or two of the others are believed to be within the belts.,
So there's something strange about lo.

Also, there's some evidence that lo may have an atmosphere. As a matter of fact, some theories
of the evolution of the solar system can be investigated by looking at the satellite system of an
individual planet.

Jupiter is thus a very unusual object. Because of its low density and very high hydrogen content,
we believe that it may represent the primordial nebular material; and that after the condensation

process, the body that was formed has not lost any of its gas during its further evolutionary stages.

This may then provide us with an opportunity to find out what the nebula was like at the time the
planets were formed.

14




Jupiter is only one of the four so-called Jovian planets (Figure 9). Really they should be broken
down into two classes. Oneis Jupiter and Saturn. They're similar in size, the uncompressed
densities are roughly the same, their compositions are similar, and each has an energy imbalance.

A major difference, however, is that Saturn has these rings. We don't know at the present time
what the composition of the rings is. Various ideas have been put forward--ice, dust covered
with ice, and most recently polymerized formaldehyds.

The rings are very thin. When one sees them edge on, there's practically nothing to be seen.
The upper limit of the thickness is around a mile or two, but they may be much thinner than that.

The other two of the Jovian planets are Uranus and Neptune. These are over-exposed pictures
to bring out some of the satellites; but even if they were not, we would not see structure. They'd
still be too far away, and it would have to be a very large=scale structure to be detected.

The densities are significantly higher than Jupiter and Saturn, so evidently they've lost a lot of
hydrogen, or they didn't have the hydrogen when they originally condensed.

Uranus is unique in the solar system in that iis rotational axis is tilted 98° to its orbital plane,
whereas the maximum amount of tilt of ony other planet is around 24°. This unusual effect
implies some extraordinary event in its origin or evolution,

Neptune is ve.y similar to Uranus. [t has two satellites=-one, Triton, which is very large and
a smailer one, Nereid.

UNIQUE ASPECTS OF OTHER JOVIAN PLANETS

SATURN
© BANDED STRUCTURE
o ENERGY IMBALANGE
* RINGS
® 10 SATELLITES, 1 SIMILAR TO MERCURY

URANUS
© ROTATION AXIS NEARLY IN ORBITAL PLANE

® NO ENERGY IMBALANCE

» DENSE GASEOUS ATMOSPHERE
© DEPLETION OF H2
o 5 SATELLITES

NEPTUNE
® SIMILAR TO URANUS
® 2 SATELLITES, 1 SIMILAR TO MOON

MASA SL67-1141
(Rev, 1) 7-27-67

Fig. 9
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Progressing beyond the Jovian planets, we come to the last one that we know of at the present
time==Pluto (Figure 10).

It is shown in a stai field and is, in even this narrow field picture, dimmer than many stars.
Because of its faintness, we know very little about it. Its size is uncertain, but appears to be
somewhat smaller than Mars.

The mass and density are currently debatable. Present estimates give a rather high density, but
there are major uncertainties in the analysis. We hope that analyses underway on the motions
of the outer planets will provide a more reliable mass and density.

Its orbit is highly inclined to the ecliptic and is also highly eccentric. Consequently it is con-
jectured that at one time Pluto was a satellite of Neptune. This would bear on rearrangement
mechatisms active during the evolution of the solar system.

We know very little about Pluto. In exploring it we want to make basic measurements, things
we know 1easonably well for the other planets. We hope to make ths class of medsurements
together with more sophisticated observations in the late 70's.

PLUTO

PROPERTIES
® SIZE SIMILAR T0 MARS
® DENSITY PROBABLY SIMILAR TO EARTH
® HIGHLY ECCENTRIC ORBJT ’
© ORBIT HIGHLY INCLINED TO ECLIPTIC

Fig. 10
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Now we come tc the asteroids (Figure 11). There are some 1600 asteroids which have been
detected, the vast majority in a beit between Mars and Jupiter, Some 20 have been detected
which have diameters greater than 100 miles, the figure shows four of these.

There is at least one theory on current processes in the belt, which involves mechanisms very
similar to mechanisms suggested for the very early condensation in the solar nebula. So an

understanding of those mechanisms should give us a better feeling for the early solar system.

Furthermore, it appears that mary of our meteorites come from the asteroid belt, and that they
are asteroid fragments.

SIZES OF MAJOR ASTER0'0S

MANHATTAN
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Fig. 11

Finally, we come to the comets. Figure 12
shows Halley's Comet which has a period of
76 years, coming back next in '86. We don't
know whether all of the comets belong to our
solar system or not. If they are not parf of
our solar system, they will provide us with an
unusual opportunity to analyze matter from
outside of our own environment.

This is a brief rundown of our first planetary
exploration goal.




Regarding the second one, getting a better understanding of the origin and evolution of life
(Figure 13), the item which immediately comes to mind is, of course, Martian exploration.

I will not dwell on this subject here, but will restrict myself to two other aspects which may
not be quite so obvious.

It is believed that the evolution of the earth and the evolution of life proceeded in parallel.,
We start off with eorth with no atmosphere. Extensive outgassing produces a reducing armos-
phere coritaining water, methane, and ammonia. There are bodies of liquid water--oceans,

nonds, etc,

Energy enters the atmosphere via sources such as lightning discharges, volcanoes, and ultraviolet
radiation. Complex crganic molecules are formed, they dissolve in the ponds, and then life
spontaneously arises.

The initial life forms cannot be in the upper part of the water because the ultraviolet radjation is
lethal . But the radiation decomposes the water vapor, hydrogen is lost by escape, and the oxygen
so formed then produces ozone. The ozone forms a UV protective layer over the water so that the
biota can come close to the surface. Then photosynthesis is initiated and large amounts of oxygen
are produced. This in turn produces a very extensive ozone layer, and life can emerge from the
water and exist on land and in the air.

The point | want to make is that the origin and evolution of life are intimately tied to the
evolution of earth itself. However, we have many open questions in this evolutionary scheme
of earth.

POSSIBLE EVOLUTIONARY CHAIN ON EARTH

ORGANIC MOLECULES
AND LIFE

Fig. 13
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We may be able to tie this down better by comparative studies of the other terrestrial planets
(Figure 14). Mercury has no atmosphere-=at least we haven't detected one so far, but it
evidently has a core. This suggests that Mercury is in a late stage of evolution, that it has
produced a atmosphere which has been subsequently lost.

Venus, on the other hand, has an atmosphere that is very massive and is largely carbon dioxide.
The carbon dioxide is roughly the same amount we have on earth, if we take into account the

CO., which is combined in carbonates. We're not sure just how this fits into the scheme of things.
It may be that it's gone through the stage that earth is in, or it may be that the water has never
come out, and that it's trapped below the surface.

We have a fair knowledge of the present atmospheric conditions on Mars. Like Venus, it has

a lot of CO,, |t's @ major question as to why it has this amount of carbon dioxide, having such
a light atmosphere. | won't go into the arguments, but | think it's the consensus right now that
Mars is in an early stage of evolution. At any rate we believe that a comparative study of all
of the terrestrial planets will give us a better understanding of the evolutionary process on earth.
In turn, this will give us a better understanding for the origin and evolution of life on earth.

The second item | want to comment on is the step from a reducing gas mixture to complex
organic molecules of biological iimportance (Figure 15). If you take hydrogen, ammonia,
methane, water, and put energy into the mixture (e.g. by a spark discharge) complex molecules
result. These include glycine, one of the alpha amino acids from which proteins are formed,
ard adenine and cytosine, which are essential ingredients in our genetic material. These

and other important biochemicals have been produced in laboratory reactions.

On Jupiter we believe that the conditions at the present time are such that these same reactions
may be occurring. | have already mentioned that the colors of Jupiter may be due to organic
molecules formed in the upper atmosphere.

These particular ones happen not to be colored; but Mr. Ponnamperuma at the Ames Research
Center has taken mixtures like this, passed a discharge through, condensed the molecules
produced, and obtained a red material which looks v ery similar to some of the colors we see
on Jupiter.

PRESENT ATMOSPHERES OF TERRESTRIAL PLANETS ABIOGENIC: PRODUGTION: OF ORGANIC: COMPOUNDS
ENERGY H H
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So it is suggested that reactions like this may be occurring on Jupiter. We'd like to get there
and try to see if this is going on in order to bridge the gap between the laboratory and nature.

Finally, our third goal is getting a better feeling for earth by looking at the other planets. Here
I will comment on two aspects. One is the atmosphere of earth, and the second is the interior
of earth.

Figure 16 illustrates plots of pressure and temperature versus altitude for Venus. The solid curve
is from Mariner V and the dashed one from Venerq 4.

The horizontal line near 6050 km is the radius which was established initially by radar by itself

and finally by the combination of radar with measurements on Mariner V. It was originally believed
by the Russians that Venera 4 had landed so that the radius would have to be about 6075 km.

This was questioned by our scientists because it contradicted a great deal of our prior under-
standing.

This disagreement was recently resolved when the Russians, in reporting on their Veneras 5 and 6,
stated that they now agree that not only Veneras 5 and 6, but also Venera 4, did not reach the
surface,

The radar results from Veneras 5 and 6 have been interpreted to indicate ar elevation difference
of 10 miles. This is in contradiction with our radar which skows no stiuctures, no elevations
greater than a mile. Furthermore, the surface is very hot and it has been estimated thot the
feature would have to be stainless steel in order to be able to retain its existence.
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In any case, when the measurements are extrapolated to the surface, one finds a pressure of
approximately 100 atmospheres and a surface temperature of approximately 900°K.

There's no agreement yet on the origin of this high temperature. There are two theories which

are currently in favor. The first one is the Greenhouse model. In this theory, the solar radiation

which is not retlected to space is transmitted to the surface, absorbed, and converted into infrared
radiation which is emitted. In the very massive atmosphere with its extensive cloud cover, most of

the infrared is absorbed by the atmosphere. (Figure 17)

So, in order for the emitted infrared flux to match the solar flux absorbed by the surface, the
surface temperature must be very high. There is a thermal blanket keeping the heat inside
just as a greenhouse does--hence the name.

The second theory, which has been put forth by Richard Goody, involves differential heating.
In this theory, the solar flux is deposited in the upper layers of the atmosphere, the deposition being
greatest at the subsolar point, and decreasing toward the terminators where it is zero. (Figure 18)

Differential heating and associated motions have been studied on earth for problems in both the
atmosphere and the oceans. In this scheme, the fluid rises at the subsolar point, comes around,

and sinks at the antisolar point.
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If in fact this circulation pattern holds on Venus, the study of the energy aspects of the details
of the circulation should provids: us with insight into similar circulation patterns we have

If the Greenhouse model is applicable, the fact that CO, is a key factor in the energy transfer
has application to a problem which may arise here on earth. This involves possible adverse
effects resulting from the increase of C02 in our own atmosphere.

There have been only a few measurements of the carbon dioxide content. The ones shown in
Figure 19 were taken from some work done at Mauna Loa in Hawaii. It appears that the CO,
content is increasing at the rate of roughly 0.7 ppm per year and is currently at around the
320 ppm level.

The question is, what is the significance of this with respect to our own environment? Here are
some calculations by two ESSA scientists. They have assumed constant cloud cover and relative
humidity, and radiative energy transfer by CO2 and H9O. One sees that q changa from 150 to
300 to 600 ppm doesn't change the lower temperature too much, but it does have a significant
effect on the temperature of the stratosphere,

First impressions are that the immediate problem is not at all severe. However, with this kind
of a buildup, if it continues and if these calculations are correct, then a potential problem
certainly exists.

‘POSSIBLE-CIRCULATION OF VENUS ATMOSPHERE
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C02 BUILDUP
AT MAUNA LOA

EFFECT OF CO, CONTENT

ON ATMOSPHERIC TEMPERATURE

Furthermore, we don't know if this buildup is constant and we are uncertain about some of the
assumptions. There is no doubt, though, that understanding this effect better on Venus, if in
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fact it is the dominant mechanism, should provide insight into our Earth problems.

The second potential application | wiil discuss has to do with earthquakes. Figure 20 is a map

of epicenters for the past 100 years or so, an epicenter, of course, being the central point

of an earthquake.

You will see that the earthquakes are not random but occur in belts such as the mid-Atlantic

ridge, west coast of the Americas, and the island chain in the Pacific.

In the course of the past few years, the mechanism involving continental drift has grown in

favor for interpreting these earthquakes.

Figure 21 is a portion of an ancient continent--it is now believed that all of the present large
land masses were once joined in a single, huge continent. A few hundred million years ago,

this continent began to break up and started drifting apart.

It is believed that these parts are presently drifting at rates up to a few centimeters a year.

Along the mid-Atlantic ridge material is coming up and spreading. Where there are great
crustal blocks meeting one another, there is relative motion either laterally along the interfaces
or vertically into the trenches.
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EARTHQUAKE EPICENTERS
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Fig. 20

AN ANCIENT
EARTH CONTINENT

Fig. 21
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The earthquake epicenters are concentrated along these boundaries. It is only in the last few
years that this theory has really started to receive the attention of a significant number of
scientists although the concept of continental drift has been around for a while.

Mars, it seems, has certain similarities to Earth whizh offer some potential for getting a better
understanding of this drift phenomenon.

Figure 22 is a projection of the visual appearance with two radar strips superimposed. These

are at 21° and 5° N. latirude They were obtained by the Haystack radar and depict the
topographic elevations ur these lavitudes. The strips show two highs and two lows, very reminiscent
of what one would observe for earth.

In fact, the M.1.T. scientists have analyzed the data and shown that the spherical harmonic
coefficients are very similar to those calculated for earth.

This suggests that there are continents and "ocean" basins on Mars. There may then be motion
of these continental blocks on Mars resulting in marsquakes. Studying marsquakes may e more
straightforward than earthquakes because of the lesser erosion on Mars.

By getting these insights from Mars we will in turn get a better insight into the mechanisms that
are operative on earth.
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INTRODUCTION - EARTH-BASED AND SPACE FLIGHT PROGRAMS
By: Mr. Donald P. Hearth

You've now heard a little ocbout the solar system--what we know und more importantiy about what
we don't know. '

What we'd like to do now is discuss what we are now doing and contemplate doing in the next 10
or 15 years to learn more about our solar system.

As an introduction to this part of the review, 1'd like to talk about ihe techniques that one may

use to explore our solar system. It's really a question of wheic man is relative to his instruments.
(Figure 1)

< _MAN'% INSTROMENT
) 'ON EARTH

' ANSTRUMENT IN' SPACE

._.} "

Since the time of Galilec the use of earth-bound instruments is the technique that man has primarily
used to explore the solar system.

In 1962 man sent his instruments into space toward the planets==but he himself stayed upon the
earth. With the Apollo landing, in a matter of 10 days or so, man will join his instruments in
the exploration of another body in the solar system. And no doubt the time will come when this
technique will be used to explore planets such as Mars.
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Whet we try to do is to weave together in an integrated way these various techniques, to move
out, exol *re, and to learn,

| think Dr. Naugle has put it very well, He has said it i< iike playing an organ, in which you
want to blend together these three different chords to get a harmonious tune.

Right now, in our planetary programs, we have a duet between the first two of these techniques.
To review the first part of the duet we have Dr. William Brunk, who will discuss Planetary
Astronomy.,
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PLANETARY ASTRONOMY

By: Dr. William E. Brunk

Dr. Rea discussed briefly the information we know about the planets, and also presented ;ome cf
the problems that we reed to solve in order to more fully understand the solar system. One of the

techniques that can be used to solve some of these problems is to make observations from the earth.

Man has been interested in the planets for practically all of recorded history. He was able very
early to distinguish the planets from most of the other objects in the sky, because the planets
appeared to wander through the fixed stars. In fact, the word "planet” is derived from the Greek
word for wanderer.

Figure 1 is an engraving fiom a book printed in 1504, it chows an early astronomer seated with the
stars above him and the planets, indicated by itheir symbols, behind him.

EARLY ASTRONOMER

ARABIC ASTRONOMER MESSAHALLA
FROM STABIUS' SCIENTIA, NUREMBERG, 1504

Fig. |
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Man's knowledge of the planets was rather elementary until around 1600 when Galileo tuiie
first telescope towards the planets., Figure 2 shows o nicture of two of his teiescopes, mount=d
for display in a museum. He was the first man to observe and sketch the rings around Saturn,
Jupiter and its moons, Mars, and the various phases of Venus.

- H’!e

GALILEO
PLANETARY QBSERVATIONS-1610

TWO EARLY TELESCOPES

@ ®e

Dibos

DRAWINGS OF PLANETS GALILEO IN 1640

Fig. 2

Since the time of Galileo, there has been great intere
astronomer has studied them as much as possible.

could be obtained from ground-based observations
to two reasons,

st in observing the planets and the
However, the amount of information that
has been somewhat limited, due primarily
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The first limitaiion is the atmosphere itself, which 1s not a very good window. Figure 3 shows
the transmission of the earth's atmosphere as a function of wavelength. The dark areas represent
those portions of the spectrum where radiation cannot penetrate through the atmosphere; the light
areas represent those portions where the radiation reaches the surface of the earth.

NASA 5169-1152 8
(REV. 1) 7-7-49

Fig. 3

On the left is the rather narrow optical "window" and on the right, the wide radio "window."
In the infrared wavelengths there exist only some very narrow windows, and few of these have
100 percent transmission.

However, this limited transmission is no longer as serious an obstacle as it was several years ago,
because we are now able to use other techniques to observe in those spectral regions where we
cannot observe through the earth's atmosphere. Aircraft, bailoons, rockets, and earth-orbiting
satellites are used as observing platforms in and above the earth's atmosphere.

Now, why are we interested in observing the planets thioughout the entire spectrum? The reason
is that all regions contain information of interest.

In the ultraviolet we can observe emission lines produced in the planetary atmospheres, and from
these we can determine properties of the atmospheres.

In the visible and near infrored regions the planet reflects sunlight, and we can observe planetary
surface details, clouds, motions of these clouds, and other physical features.
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In the infrared region, we observe thermal radiation from the planet it-elf, as well as absorption
lines and bands due to molecules in the atmosphere of the planet. Aiso, in certain cases we can
find out something about the composition of the surface material of the planet,

In the very long radio wavelength region, we can observe non-thermal radiation from the planet,
that is. radio emission preduced by processes not related directly to the temperature of he planet.

The second iimitation on earth-based astronomical

G . PLANETARY ASTRONOMY
observations is due to technology. Since the year INFIRTANT FIRST OSERVATIONS
1600 astroncmers have been generally limited to

. o | - 4 VISIBLL AND WEAR INFRARED PLANETARY DSSERYATIONS
working in the visible and near infrared as shown

in Figure 4. In fact, it was not until 1955 that RS T WO
advances in technology enabled them to observe o SADHR CCROS FROM vEnes
the planets outside of that spectral region. In o Ul s o

INFRARED SPECTRA OF
YERUS FROM ARCRATT

1955 the first radio signal from a planet was re-
ceived. In 1961 the first radar return signal from

@ ULTRAVIOLET SPECTRA

a planet was clearly detected. In 1963 the first ARG TESEoe 0k
ultraviolet planetary spectrum was obtained from i P, S S N S,
a rocket, and not until 1968 were astronomers Year .

able to observe the infrared spectrum of a planet
from aircraft.

Fig. 4
Thus, advances in technology have enabled scientists to obtain much more information about the

planets as observed from the vicinity of the Earth.

Now | will discuss briefly three examples of how knowledge of the planets that was known from
greund-based observations prior to 1960 has had a major effect on the planetary flight program.

The first example concerns our knowledge of the

surface temperature of Venus. Radio signals re- VENUS - KADID SPECTRUM
ceived from Venus at wavelengths between 1 and i .
10 centimeters, when plotted in terms of bright- .' . 5 %
ness temperature (Figure 5), indicate that the £ " ¢ t» LA
short wavelength radiation originates from a & il ey o .
source at a relatively low temperature, and the & :
longer wavelength radiation originates from a 2 400} R
source at a much higher temperature. § . 3

& 300 . i

WAVELENGTH |CM| birigiyre it
Fig. 5
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The interpretation of this observational result is

ti 2t thie short wavelength radiation is coming ] & : . L
froim the upper part of the atmosphere of Venus, T
and indicates a low temperature for that part of - s S

the atmosphere (Figure 6). For wuvelengths of

3 centimeiers or longer, the source of radiation

is primarily the surface of the planet, and this
radiation gives an indication of the surface
temperature of the planet. The intermediary
values come from various levels in the atmospheare.

Of what value is this result to the space program?

It means that a spacecraft that is expected to Fig. 6

enter info the atmosphere and possibly land on

the surface of Venus would have to be designed so it could withstand very high temperaiures -
much higher than would be expacted from simple theoretical considerations.

The second example has to do with the interpretation of the radio radiation from Jupiter in the
wavelength range from 3 to 100 centimeters (Figure 7). When Jupiter was observed with radio=-
telescopes, it was found that the brightness temperature increased very rapidly with increasing
wavelength. There was only one way to explain this result, and that was to assume that Jupiter
had a strong magnetic field which contained high-energy electrons. Thus, it was concluded that

there were radiation belts about Jupiter (Figure 8), very similar to the Van Allen belts about the
Earth.

JUPITER
DECIMETER RADIATION
105
g 0t -
=
% i0? |-
7
s
1 L 1
% 3 0 30 00
WAVELENGTH [CM| HASA SLa 1112
Fig. 7 Fig. 8

This information affects the space program in the planning and design of spacecraft for Jupiter
missions. The spacecraft have to be designed for operation in a strong magnetic field during the
time of encounter, and the paylcad must include experiments to measure both the Jovian magnetic
field and the charged particle content therein.
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The final example is one where knowledge P

xert 5 : ) oty
obtained from ground based observations was used MARINER IV — RADIO OCCULTATION

to interpret the results from a spacecraft experi=
ment (Figure 9).

EXIT t
DCCULTATION

When Mariner IV flew past Mars in 1965, scientists onfT
were able to deduce properties of the Martian o /
atmosphere from the analysis of variations in the e ),)'?»: </ R

DCCULTACIDN

——— WARS orgiy LU 4

radio signals received from the spacecraft. How=
ever, the only reason that the interpretation

could be made relatively easily was that a great
deal was already known ab the properties of
the atmosphere of the pla. «* “~d4 nothing been
known about the Martian atmospheie, it would

have been almost impossible fo interpret Mariner IV
data in terms of atmospheric properfies.

The above examples involve information about the planets that we have known for some time. Now,
| want to give you some examples of the information that we are finding today from ground-based
observations, and how it is helping to answer some of the questions about the solar system.

One of the newest and most promising fechniques to be applied to planetary astronomy is radar, and
one of the first things that was discovered with radar was the rotation rate of the planet Venus
(Figure 10). Prior to 1962, no one had been able to determine the rotation rafe of that planet,
because none of the standard techniques were usable. However, when the planet was observed with

radar, it was determined tnat Venus had a very unusual rotation.

ATION PERIOD . .

S~ PRE-RADAR . RADAR OBSERVATIONS
PRIOR TO 1962 ‘ "L AFTER1962 -

EARTH

VENUS

34

T R e
T i g N L e d




Venus was found to rotate in a retrograde direction. The Earth and all other planets rotate in a
counter=clockwise direction when viewed from the north; Venus rotates in a clockwise direction
For an observer on Venus, the Sun rises in the west and sets in the east,

To illustrate this rotation, | have placed an imaginary tall, thin mountain en the planet and
pointed it iowaid the Earth at the time when Venus is locatzd directly Lutween the Earth ond the
Sun. Approximately 56 days later, the mountain is pointing *< rhe right in the figure. And 56
days later, it is pointing downward. The mountain does iiot point upward again on this figure
until Venus has gone through more than one complete revolution about the Sua. The rotation

period is 243 days while the period of revolution about the Sun is 224 days.

A day on Venus is approximately 116 Earth days long. Five hundred and eighty-three days from
the time that the Earth, Venus, and the Sun are lined up as shown, they will be lined up again
in the same relative position, but in the location shown by the dashed circles. At that time, the
tall mountain wiil again point at the carth.

This illustrates an unusual property of the Venus rotation. Whenever Venus is closest to the Earth,
the same side of Venus faces the Earth. The rotation appears to be locked in some manner to the
Earth.

The same radar technique was then used to look at the planet Mercury. However, we already
"knew" that the rotation period of Mercury was 88 days. The rotation period and the revolution
period about the Sun were the same. This had been determined from visual observations (Figure 11).
In other words, if we again put an imaginary mountain on the planet and point it towards the Sun,
the mountain will always face the Sun.

" 'MERCURY — ROTATION-PERIOD

. RADAR OBSERVATIONS
"~ AFTER 1965
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However, the radar data indicated that 88 days was the wrong period of rotation, the actual
period was 59 days. This result is illustrated on the right side of the figure. After travelling
through approximately two-thirds of its orbit about the Sun, Mercury has undergone one full

rotation with respect to the stars.

The interesting thing about this period of rotation is that in two revolutions around the Sun,
Mercury makes three rotations about its own axis. The rotation is therefore locked in a unique
way to its period of revolution around the Sun.

When astronomers went back and analyzed the visual observations, it turned out that these could
also be interpreted in terms of the rotational period of 59 days. So the two types of observational
data do not contradict each other, as it appeared at the beginning.

Recently an instrument has been developed to obtain extremely high dispersion spectra which are
very useful for planetary studies. This instrument, called an interference spectrometer, when
used together with a major telescope gave some very interesting and important informatjon about
the planet Venus.

Analysis of the spectra showed the existence in f— —
. . VENUS
+ -~
the Venus otmo-sphere of two minor constituents MINOR ATHOSPHERIE CORSTIFUERTS
hydrogen chloride and hydrogen fluoride
(Figure 12). The abundance of these constituents
is very small, much less than one part per million. ook

HYDROGEN FLUORIDE
AN

LRV i

HYOROGEN CHLORIDE

What does it mean to find these minor constitu=- WS s ‘ L
ents in the Venus atmosphere? In this particular : |

case, the e?(istence of these very hi.ghl'y reactive "5!‘33-{ " ﬂ.lﬁm s "Nﬁv{l j (
compounds in the outer atmosphere indicates that : [ IR
the temperature of the surface is probably very d " f’
high. And, if the surface temperature is high, \W R

there is a strong probability that the mineral
content of the surface is in chemical equilibrium
with the lower part of the atmosphere. Therefore,
by studying the outer part of the atmosphere, we
are able to infer some information about the
interacticn between the surface and lower
atmosphere,

Fig. 12
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Another very interesting result that was obtained just a matter of a few months ago was the
positive identification of water vapor on Mars (Figure 13). Detection of the existence of water
vapor on another planet is a difficult job. First, the water vapor lines for any planet lie at
exactly the same wavelengths as the watei vapor lines in our own atmosphere, Second, the
Earth's atmosphere contains a large umount of water vapor, so that the lines are very broad and
mask the weaker planetary lines. In the past it has not been possible to successfully separate
the two components, the planetary component and the earth's component, of the water vapor
lines.

MARS
ATMOSPHERIC WATER VAPOR

/ EARTH

MiRS

Fig. 13

However, combining the use of very high dispersion speciroscopy and making the observations when
the planet has the maximum relative velocity toward or away from the Earth, it is possible to separate
the water vapor lines due to the planet and the Earth. Complete separation of the lines also requires
that the observations be made from a dry site on the Earth so that the Earth's water vapor lines are

as narrow as possible. The segment of the spectrum shown in the figure contains three sets of water
vapor lines, In each case, the faint line to the left is produced by water vapor on Mars. For two

of the sets a tracing of the spectrum is given which shows very clearly the absorption lines.

The amount of water vapor on Mars producing these lines is approximately 25 microns. This is

less than 1 percent of the water vapor above a very dry site on the Earth. The slit on the spectro-
graph that was used to obtain this spectra, was oriented in a north-south direction across the
planet, thus permitting the relative amount of water vapor in the northern and tt - southern
hemisphere to be determined. There was approximatzty twice as much water in the northern
hemisphere as in the southern hemisphere at the time of observation.
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Before completing the discussion of recent work, | want to mention two patrols that are underway
at the present time.

The first patrol is a planetary photographic patrol (Figure 14). There are five stations located
around the worid (Figure 15), each equipped with telescopes of approximately 24-inch diameter,
where the planets are photographed on a continuous basis during the night in order to study time
varying phenomena, such as the formation and motion of clouds on Mars, the motion of the clouds
on Jupiter, and other similar activiry,

PLANETARY MONITORING PATROLS
OBSERVING NETWORK
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Fig. 14 Fig. 15

The second patrol is a radio patrol using rela-
tively simple Yagi antennas, located at six

locations around the world, to study the very
long wavelength . adio storms from Jupiter, to

YAGI ANTENKAS

determine whether there's any correlation 5 JUPITER
?z;ween these storms and solar activity (Figure -::_1IJE¢@M___EJER"/

Again, this is history, but very recent history.
Now, what about the future? Have we come to
the end of what we can learn from earth~based
observations? The answer to that is an emphatic
no.

| would like to give two examples of what could Fig. 16
be done if we continue the work that has been

started and also increase the available observg-

tional facilities.
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It was pointed out by Dr. Rea that Venus, when observed at any wavelength other than in ultra-
violet light, shows just a featureless disc. Nothing can be determined about the surface of this
planet by observing it photographicully (the left picture in Figure 17).

VENUS IMAGING
VISUAL RADAR

UNIV. OF ARIZONA FROTOGRAPH HAYSTACK OBSERVATORY PHOTOGRAPH

Fig. 17

However, using radar it has been possible to map areas of higher reflectivity on the surfaze of the
planet by standard mapping techniques. The result is shown in the right hand photograph. The
resolution on this photograph is about 100 to 150 kilometers. The bright spots are those areas that
reflect the radar signal more than the surrounding area on the planet. They represent, most
probably, mountains or some other large features.

This radar mapping technique has been applied to the moon. Figure 18 shows ain example of the
results. On the left is a photograph taken from the earth of the crater Tycho and its vicinity and
on the right is a radar image of the same region. The resolution of the rador image is about 2
kilometers, and of the photograph, abour i kilometer

The same surface features, such s craters, are identifiable in botir images. In the case of the moon,
the radar image adds nothing now. However, if the moon were covered by an cpaque atmosphere so
that the surface could not be seen, it would still be possible to obtain the saime radar image of the
surface and thus "see" through the atmosphere.

Exactly the same iechnique can be used to observe the surface of Venus from the Earth, and a
resolution of 2 to 5 kilometers on the surface of Venus could be obtained. This, however, is only
possibie if we are able to upgrade o laige radar telescope like the 1000 foot diameter antenna at
the Arecibo Radio Observatory in Puerto Rico by improving the antenna so that it is operational at
a shorter wavelength and by modifying the feeds and the transmitters (Figure 19).
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RADAR IMAGING OF MOON
CRATER TYCHO AND VICINITY

PHOTOGRAPH 3.8 CM RADAR IMAGE

UNIVERSITY OF ARIZONA
PHOTOGRAPH

HAYSTACK 0BSERVATORY
PHOTOGRAPH

Fig. 18

ARECIBO IONOSPHERIC OBSERVATORY
1000 FOOT DIAMETER ANTENNA

A Ay e
b - /

s

e o s o ——— T e

v ¥ i
e et o

it




The other example that | would like to disucss is the area of infrored observations. This region of
the spectrum is important for planetary observations as it is the region where the planet radiates
most of its energy as well as where absorption lines are produced by molecules in the planet's
atmosphere.

In Figure 20 the top, center curve shows the infrared solar spectrum as it would appear from above
the atmosphere. However, if you observe the sun from an observatory located at an altitude within
a few thousand feet above sea level, you would get the bottom curve where a large portion of the
solar spectrum is obscured due to strong absorptions by water vapor and carbon dioxide in the earth's
atmosphere.

. INFRARED OBSERVATIONS -

SOLAR SPECTRUM -7 ATHOSPHERTC
ARANSMISSION -,

-MICRONS %
3R A

Fig. 20

At higher altitudes, such as 14,000 feet, and

relatively dry sites, much of the atmospheric

abscrption is eliminated as you are located above R SRR

a large percentage of the atmospheric water vapor. — gauna kea 0BSERVATORY
88-INCH TELESCOPE

We ars making use of the reduced absorption

available from such a site by installing an 88-

inch telescope on Mauna Kea, ir Hawaii (Figure

21). This telescope is located at an altitude of

not quite 14,000 feet and the site is extremely

dry. In fact, most of the measurements made at

the site show 1o measureable water vapor. The

telescope will be used primarily for infrared

spectroscopy of the planets.
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It is possible to eliminate almost a!l of the unwanied awserption by going to still higher altitudes
which can be done by installing a telescope in n airplane.

If observations are made from above the rropopause, there is practically no adverse effect at
these wavelengths due to absorption on the earth': atmosphere, However, if observations must
be mude from brlow the tropopause, a small adverse effect remains due to the increase in water
vapor content at the altitude of the tropopause.

Infrared planatary observations have been made at approximately 40,000 feet altitude using the
NASA Convair-990 aircraft, a large research airplane operated by the Ames Research Center
(Figure 22). Several of the viewing windows can be seen along the top of the airplane,

At the present time a 36-inch telescope is under construction which is to be carried on this air-
plecae. However, a ma  problem cxists with the use of the Convair-990 as it is limited to q
maximum altitude of abe.: 41,000 feet, The altitude of the tropopause changes with latitude
and time of the year. Much of the ‘ime it is above 4] ,000 feet and the airplane must fly below
it.

If the telescope were mounted in an airplane that could fly at a higher altitude, tl.2n it would
always be possible to fly above the tropopause. Such an aircraft is the Lockheed C-141
"Starlifter, " which has a maximum altitude of about 50,000 feet (Figure 23), It can also fly
ai maximum altitude for about twice the length of time as the Cenvair-990, 6 hours rather than
3, and can carry a much larger payload,

NASA CONVAIR 990
e

LOCKHEED C-141 “STARLIFTER"

=T

ik

Fig. 22 Fig. 23

Up to now, | have been discussing observations at the shorter infrarea wavelengths, At ilie “ery
long infrared wavelengths, there is no fransmission at all through the atmosphere at sea level. At
altitudes of 14,000 feet there is no transmission threugh the atmosphere for wavelengths below

230 microns and about 50 percent transmission at longer wovelengths. For observations from above
the tropopause, the atmospheric transmission is high, between 50 and 100 percent, at all wave-
lengths. It is, therefore, possible to observe at almost all infrarea wavelengths from high-altitude
aircraft,
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Now, it is obvious that it is still possible to learn a great deal about the planets from earth-based
planetary astronomy. However, there are certain very definite limitations. [t is obvious that in
situ measurements of the planets can not be made. Also, because of the geometry of the solar
system it is not possible fo observe the outer planets at any but almost full phase.

the spatial resolution which can be obtained from the vicinity of the earth

There is also a limit to
| would like to illustrate the effect of resolution limitations

regardless of the instrumentation used.
using the following photographs.

Figure 24 is a photograph of the earth taken by an ATS satelliic. The resolution on the earth is
about 2 miles. In other words, two poinfs on the earth's surface would have to be ut least 2 miles

apart before they could be distinguished as two separate points.

ATS-I1l: THE WESTERN HEMISPHERE ON JANUARY 21, 1968

-

Fig. 24

Keep this picture in mind as | illustrate the effect of decreasing resolution. Figure 25 is a
photograph of Saudi Arabia with a resolut.on of 10 meters. On the left there is a desert rzgion,

and on the right, an upland region.

Figure 26 shows tne seme photograph with the resolution decreased by a factor of ten. Note that
the lighter portion of the upland region (see right side of Figure 25) is now almost indistinguishakle

from the desert regions on the left side.

Thi: is approximately the difterence in resolution that you would have in looking at Mars at
maximum obtainable resolution, as compared to the ATS photogr 1ph of the Earth.
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To consider ihe maximum 1esolution possible on Jupiter from the Earth, we must decrease the
resolutior again by about a factor of ten. Such a decreuse would affect our picture of Saudi
Arabia to almost the extent shown in Figure 27. Here it is not possible to differentiate between
the desert and many parts of the uplands.

SAUDI ARABIA

RESOLUTION 1.4km
Fig. 27

This poorer resolition is indicative of the best we could ever do in observing any planet as far
from the Earth as Jupiter. Thus, high resolution studies of any planet must be made from the
vicinity of the planet.

For this and other reasons, compleie understanding of a planet requires observations and in situ
measurements made from planetary spacecraft.
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SPACE FLIGHT PROGRAM

By: Mr. Robert S. Kraemer

Dr. Brunk has aescribed for you the use of far-seeing telescopes for the study of the planets frem
Earth. During just the past several years, we have established the practicality and value of a
second tool, automated spacecraft, to fly to the planets and study them directly with close-up
observation. | will briefly summarize for you the past, the present, and the future use of such
spacecraft in the direct exploration of the planets.

History of Planetary Flight

In contrast to the centuries of experience in planetary astronomy, the first man-made spacecraft
reached another planet only é-1/2 years ago. The direct exploration of the planets is still very
much in its infancy but maturing rapidly.

The Russians were the first to attempt to launch to another planet, with an attempt ot a Mars
flight on 10 October 1960. This attempt was a failure and so were their next 15 planetary
attempts, stretching over a period of 7 years.

[he successes to date in the United States (US) planetary flight program are shown in Figure 1.
We started with two Mariner spacecraft launches to Venus in 1962, just 7 years ago. On the
launch of Mariner |, the Atlas-Agena launch vehicle veered off course and kad to be destroyed
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by the range safety officer == a rather discouraging beginning. However, we were able to
diagnose the iroubles, correct them, and successfully launch Mariner Il on jts way to Venus just
5 weeks after the Mariner | attempt. The Mariner || flight was far from trouble-free. The Atlas-
Agena started to roll during launch and was more than a little lucky to burn out on an acceptable
trajectory. The spacecroft itself then develcped a series of anomalies -- it kept attempting to
lock on to the wrong celestial objects, the solar panels began to short out, and the spacecraft
seriously overheated as it ventured in toward the sun. Some of these problems were corrected by
Earth command and others just seemed to correct themselves. It is a common saying at the Jet
Propulsion Laboratory (JPL) that Mariner || got to Venus not with radio guidance, stellar guidance,

. inertial guidance, but rather by “divine guidance." [n any event, by the time the spacecraft
reached Venus, it was in satisfactory functioning condition and made very successful measure-
ments of the planet. Some of the results of these measurements were unexpected, such as finding
no magnetic field at Venus, and other measurements confirmed earlier indications such as a very
hot surface temperature on Venus.

We next tried a pair of launches to Mars in 1964. For these flights the Mariner spacecraft was
provided with a newly designed fiberglas honeycomb shroud. The Mariner || spacecraft was
unable to separate from that shroud after launch. With round~the-clock effort, a new magnesium
shroud was designed, built, fested, and delivered to the Cape in just 17 days for the launch of
Mariner IV The flight of Maiiner IV was quite trouble-free and highly successful. It is probably
most noted for returning the rather startling TV piciures showing the surface of Mars to be cratered
much liks the Moor. Dr, Rea has just shown you some of these pictures,

In 1967 we returned to Venus to make refined and extended measurements with the Mariner V
spacecraft. This was a picture-perfect flight and highly successful, |ts timing was especially
fortuitous in that the Russians attained the first partial su. cess in their planetary program when

the Venera IV probe entered the Venus atmosphere within hours of the Mariner V flyby. The
Russians immediately claimed that Venera |V had reached the surface of Venus, measuring a
surface pressure of about 20 atmospheres. The Mariner V results coupied with Earth radar measure-
ments said that this was just not so, that the surface pressure at Venus had to be at least 100
atmospheres. Following the Venera V and VI entry attempts into the Venus atmosphere in early
1969, the Russians have now admitted that Mariner V was correct and that all three of their
Venera probes have collapsed due to high Venus atmospheric pressure before reaching the surface.

In addition to the Mariner flights, we have also launched a series of Pioneer spacecraft along the
poth of Earth's orbit around the sun to form a "space weather" network. All four of these Pioneers

launched since 1965 are stil| functioning and are being utilized in the Apollo program to give
advance warning of dangerous solar flare activities,

| would now like to relate these past achievements into the picture of our total planetary explora-
tion objectives, making use of the progress chart or "score card" shown in Figure 2. As one scale
of this matrix, | have listed the planets and major objects in the solar system in an approximate
order of priority. This priority is a somewhat arbitrary combination of scientific interest and
accessibility, For example, the first four planets listed, Mars, Venus, Jupiter, and Mercury,
alse happen to be the planets closest to Earth and most easily reached with flight spacecraft,

The lest-hand vertical column of this Figure lists the specific scientific objectives and measure-
ments that we must make to answer the more pressing questions outlined by Dr. Rea. Along side
these scientific objectives are listed the vehicles or missions generally required to make the
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measurements. For example, the measurement of "detailed atmospheric properties" normally
requires an "atmospheric probe" which directly enters the atmosphere in question.

The vehicles are listed in an order of increasing sophistication in cost from bottom to top. For
example, the flight of a flyby or orbiting spacecraft is more expensive than the use of a tele-
scope, and a lander mission is more expensive yet. Thus, it behooves us to stay as low on the
list as possible for any given measurement. The actual choice of vehicles and missions turns
out to be a function of the properties of the particular planet. At Mars, with its thin atmos=

phere, we can obtain a good deal of atmospheric information using Earth-based telescopes, as
already described by Dr. Brunk, and still more with flyby and orbiting spacecraft, so that those
measurements which have to be made with an atmospheric probe can be minimized. At Venus,
however, with its very thick opaque atmosphere, we are quite limited in our measurements with
telescopes or flyby and orbiting spacecraft, and will have to depend heavily on the use of
atmospheric entry probes.

The extent of our planetary exploration progress up to 1969 is plotted on this Figure. We are

well along in a good general survey of all the planets using Earth-based telescopes. We have
also sent flyby spacecraft through interplanetary sgace to the planets Mars and Venus.
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The Russian contribution to date has been three Venera probes which entered part way into the
atmosphere of Venus. The latest version of those Venera spacecraft is shown in Figure 3.

Notable features include the spherical entry capsule at the bottom of the assembly, the propulsion
subsystem under the conical shro-d at the top, the protruding sol-.r panels behind which is the
high gain antenna, and various scientific instruments mounted ubout the spacecraft assembly.,

This vehicle is quite large, weighing almost 2500 pounds, or about five times the weight =7 our
early Marirers and three times the weight of our Mariners currently flying to Mars.

USSR 1969 VENUS PROBE
VENERA 5 SPACECRAFT

- » LAUNCH JAKJARY 5TH'
= ENTERED VENUS
. ATMOSPHERE MAY 16

Fig. 3

Fiscal Year 197') Program

Coming from the past to today, Fiscal Year 197C, 1 would like to describe for you the ingredients
of our present program. Let us start with the top priority planet Mars. Certainly Mars still rates
this highest priority, being a most interesting dynamic planet with changing seasons much like
Earth's. Moreover, the recent positive measurement of water in the atmosphere of Mars further
solidifies its position as the most likely planet in the solar system for finding extraterrestrial |ife,

Our presently approved Mars prograr is summarized in Figure 4. We currently have two Mariner
spacecraft on their way to Mars. Mariner VI will reach its closest encounter altitude of approxi-
mately 2000 miles on 31 July. Mariner VII will fiyby Mars at a similar distance on 5 August,
These will be followed in 1971 by a puir of Mariner spacecraft incorporating larger propulsion
subsystems to place the spacecraft into long-life orbits for long term study of the dynamic planet
Mars. In 1973 under the Viking program we will not only orbit Mars, but we will achieve o
longstanding goal in landing our first set of automated instruments directly onto the surface.
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Now you will note that in this program the Mariner spacecraft play a strong role throughout, going
from a flyby in 1969 to orbiting in 1971, and finally the delivery of the lander capsule in 1973.
Some of the reasons we are able to accomplish these diverse functions with the Mariner space-raft
are illustrated in Figure 5. During the 1960's the Mariner spacecraft has evolved into a highly
versatile machine. Several of the features that permit great flexibility of operation are noted in
the Figure. For exomple, a reprogrammable computer allows the spacecraft to function in any
desired sequence, and we can even modify this sequence as desired after launch, as we have
already done with Mariner VI and VII. With this sequence control, the ali-attitude capability,
and the scan platform on which the science instruments are mounted we can fully optimize the
science return during a planet flyby or orbit.

The scan platform can rotate about its vertical axis and can also be rotated through 7C° on @
plane through this axis. The desirability of this uegree of pointing control can be better under-
stood by looking at Figure 6, which shows the instruments on the Mariner 69 scan platform. These
Mariners are carrying a complement of highly sophisticated instruments, including wide angle and
high resolution television cameras, spectrometers in both the infrared and ultraviolet, and an
infrared radiometer. For best results, these instruments do not all want to scan the exact same
portion of the planet. With the full pointing control of the Mariner spacecraft, we can direct
cach of these instruments in turn for best results,as illustrated in Figure 7. As the spacecraft
approaches and then passes the planet, we can keep the solar panels pointing toward the sun,

the high gain antenna pointed toward earth, while pointing the instruments in the desired modes.

Approaching the planet, the television cameras are turned on several days before the nearest
encounter so that the lighted area of the planet can be studied through several Martian days.

Also in the field of view will be Phobos, one of the two known moons of Mars, but it is so small

that it will probably just show up as a tiny point of light. Approaching closest encounter, the

full complement of instruments is activated, scanning various portions of the planet to return the

best data on surface topography, atmospheric properties and constituents, and surface temperatures.
During viewing of the south polar cap by Mariner VII, measuring its temperature and the constituents
of the near-surface atmosphere, we hope to pin down the cao's composition, whether it ve Jry ice,

water ice or a mixture of both.
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Measurements will also continue afier leaving the planet. The radio beam from the spacecraft
back o Earth slices down through the atmosphere of Mars befere being occulted or cut off at the
surface as the spacecraft swings out of view behind the planet. Through careful analysis of this
radio signal, we are able to determine the atmospheric profile of Mars, including its pressure
and density characteristics. Precise tracking of the spacecraft will also improve our knowledge
of Mars' ephemeris and body charocieristics.

We are now currently developing the Mariner H and | spacecraft to orbit Mars in 1971, as
illustrated in Figure 8. These two flights will actually accomplish two rather distinct missions.
Mariner H is primarily a "mapping" mission. The spacecraft will be placed into a 60° inclined
orbit with a 12=hour period which permits the maximum data eturn as the planet slowly rotates
beneath each orbit. The spacecraft will systematically map the planet, returning maps of high
resolution topography, surface temperatures, and atmospheric characteristics. Approximately

70 percent of the planet will be mapped in the firsi 90 days. We have high hopes that the space-
craft will actually last much longer than 90 days to study even more of the planet.,
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Fig. 8

Mariner | will concentrate on studying the various changes known to occur on Mars. For this
mission it is desirable to get repeated viewing of the same points on the surface. Hence,
Mariner | will be placed into a 4/3 synchronous orkit of 32-hour period which will retum to
view the same areas on the surface every three orbits (four Martian doys). Mariner | will thus
stv'' phenomena such as the Wave of Darkening, the formation of the ~arious colored hazes and
crouds which have been observed on Mars, anc hopr fully the occurrence of the occasionally
observed Martian dust storms.
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In 1973, Viking will make our first londing on the surface of Mars, as illustrated in Figure 9,
The Viking !ander is a direct evolution from the Surveyor lunar landing vekicle, although Viking
will be about twice the size of Surveyor, One of the 12asons we can give Viking this enlarged

capability is the help provided by the Martian atmosphere during the landing. You will recall
that Surveyor had to depend entirely on rocket propulsion to slow down and land on the airless

Moon. Viking, however, wiil fully utilize the Martian atmosphere first with aerodynamic braking
of the vehicle within its aeroshell followed by further deceleration using a parachute, The lander

depends on its throttled rocket propulsion subsystem only for the final touchdown maneuvers.

+_p VIKING LANDING: SEQUENCE __

»
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Fig. 9

The Viking will stait its measurements of atmos—
pheric charac’ericiics during eniry. Orcc on the
surface (Figure 10) the Viking lander will deploy
its camera and begin taking panoramic pictures of
the surface, wi'l erect its aeronomy package for
making measurements of the local atmospheric
pressure, temperature and wind conditions, and
will scoop up a soil sample from the wurrounding
surface. The soil sample will be processed and
sent to several instiuments within the lander
vehicle. One of these instruments will attempt
to directly uetect the existence of living
organisms. However, it should be remembered
that life forms on Mars may be quite different
from those we are familiar with on Earth, and it
is not at all certain that this life deteciion
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instrument will give a positive measuremeni cven if life should abound on the surface of Mars.
Another set of instruments aboard the Viking, perhaps the mosl impe:tant of all, will azeoplish
a careful organic analysis of the soil sample. This analysis wi | then peimit the desigi of much
more specific life detection experiients which can b tai'ored te Martian conditions and
organisms on any succeeding Mars landing mission.

It is important not to forget the Viking orbiter -~ an importent member of the orbiter/lander
team. Tha orbiter complements the lander in a number of ways. First of all it serves as o com-
munications relay station. The orbiter is much closer to the lander as it passes overhead than is
Earth, > that data may be sent at a much higher rat- to the oibiter. The orbiter can then relay
the sorie » data at leisure back to Earth. The use of this relay capability can more than double
the amount of data returned from the Viking lander vehicle. In addition, measurements made
from the orbiter will greatly help in the interpretatian of the surface phenomena detected by the
lander. For example, the orbiter will be able to watch for the Wave of Darkening as it passes
the landed vehicle, and,should the lander detect a sudden increase in local wind velocity, thz
orbiter will be able to teli whether this is aue to the approach of a large dust storm.

So far | have discussed only the Mars portion of cur preseni program. However, we are also
sending Picneer-class spacecraft to other regions of the solar system, as indicated in Figure 11.

| have already mentioned the spac. ~eather network of Pioneer spacecraft arbiting the Sun. In
August of this year, we will launch the fifth in this series, Pioneer E, which will further

improve this solar flare warni..y network. We are also sending Pioneer-type spacecraft both

out from and in toward the Sun. | ccoperation with West Germany, we will launch a spacecraft
designated Helios which will pass in over 2/3 of the way from Earth tovard the Sun, passing 10
million miles inside the orbit of the planet Mercury. Helios will be designed to withstand the
considerable heating of this close pass to the Sun and will make many ime-.rtant sclar measure-
ments. The first of two Helios launches is scheduled for 1974.
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We are also developing Pioneer spacecraft fo poss [N PIONEEK FLEHT-TOWARD JUPITER

-t

P ;
far out from the Sun. |In fact, the Pioneer F and Wi - Vet iy
G spacecraft will go five times farther out from BT T W e - "
the Sun than Earth's orbit to achieve a close flyby ‘
of the planet Jupiter. As shown in Figure 12, the
Pioneer F and G spacecraft will pass out through
the Asteroid Belt to make direct measuremenrs at
Jupiter itself, including accurote measurements of
the suspected strong magnetic field and radiation
belts. Now, this Pioneer spacecraft is a relatively
small vehicle, carrying only about 1/3 the instru-
ment payload of the Mariner spacecraft. However,
even within this limited payload, we wil! be able
to carry a spin-scan type camera which will take
pictures of Jupiter at least four times better than
the very best viewing we have ever had from Earth using telescopes. Another experiment will
attempt to measure the very important helium/hydrogen ratio in the Jovian atmosphere.

-

Less spectacular thon the Jupiter measurements but in many ways just as important will be the results

of two experiments the Pioneer spacecraft will carry through the Asteroid Belt. These instruments
will measure the distribution, size, and velocity of particles in the Belt. We currently think we
can fly through this Asteroid Beit but we don't really know for sure. [t is important fo pin uown
the exteni of this potentic| hazard in order to plon futu-e flights not only to Jupiter but to all of
the other outer planets as we!l . Thus, the planned launches of Pioneers F and G in 1972 and
1973 are coming none too early in our planetary explcration program.

Of the near planets, | have now described missions
to Jupiter, Mars, and Venus, 'eaving Mercury as
a notable omission. We are designing a mission to _
Mercury in 1973 to remedy that shortcoming. As Lo %E%‘E&iﬁ:"'ﬂi‘?é‘é‘ﬁs t
shown in Figure 13 this will be our first two-planet oY PRI
mission, flying by Venus on its way to Mercury.
One obvious reason for doing this is that we will

ENUS — MERCURY 1973 SWINGBY
_E{PI.OI!ES TWO PLANETS

receive data from two planets ‘or the price of one - t
launch. A second reason is that we can actually ' '
reach Mercury easier using the Venus swingby o o s PRESENGE & SUTE Of 4 CoRe;
. . = . et 1] FIELD; SURFACE
maneuver, reducing the required launch vehicle CRARRETERISTICS: THERMAL
s : : T L REGIME; ATMOSPHERIC OETECTION
energy to less than half and permitting the flight AN
of a Mariner spacecraft to Mercury using a modest “
launch vehicle such as the Atlas/Centaur. As the Fig. 13

Mariner spacecraft flies by Venus, we will take our

first closeup television pictures of this still puzzling planet, We don't really expect that there
will by any large holes in the cloud layers over Venus that will perm.! us to view the surface,
but if such holes exist we should see them in the 1973 flight. However, by viewing in the
ultraviolet, we are quite certain that we will be able to view interesting structure in the upper
cloud layers.
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The 1973 flight will make extensi:-e measurements of Mercury during the close flyby maneuver.
A magnetometer will attempt to detect the presence of a magnetic field at Mercury, which
would in turn indicate the presence of a fluid core for that planet. Television cameras will

view the surface in high resolution, looking at the entire lighted portion of the planet during

the flyby. Other instruments will measure the thermal characteristics of Mercury and will search
for the presence of an atmosphere. Results of the imaging and tracking date will also permit
considerable improvements in our knowledge of the body characteristics of Mercury, such as its
diameter and density.

| have now described all of the present ingredients of our FY 70 planetary flight program, anc
we can now return to our scorecard (Figure 14) to check our progress. As you can see, | have
filled in our Mariner 71 orbiters and the Viking atmospheric entry and lander missions. | have
also shown our flyby missions to Mercury and Jupiter. The program is now beginning to shape up
into what we consider a highly desirable "balanced program." The forefront of progress in an
ideal balanced program as shown includes second generation exploratory missions at the higher
priority planets at the scme time we are continuing to forge outward in the solar system with
initial probing missions to the more distant planetary objects.

PLANETARY EXPLORATION PROGRESS
QRJECTIVES VEHICLES

~ PROGRESS TO 1969
EXTENDED EXPLORATION. &8 "
CHALLENGE MANNED FY 70 PROGRAM
DETAILED MINERALOGY. B
EXOBIOLOGY SAMPLE RETURN
EXTENDED SURFACE
NEASUREMENTS ROVER
SURFACE COMPOSITION,
EXOBIOLOGY LANDER
DETAILED ATMOSPHERIC ATMOSPHERIC
PROPERTIES PROBE
SURFACE MAPPING,
DYNAMIC CHANSES ORBITER
BODY CHARACTERISTICS, ;
SURFACE FEATURES, FLYBY

ATMOSPHERIC PROPERTIES

SOLAR SYSTEM ENVIRONMENT  'NTERPLANETARY

PROBE
GENERAL SURVEY TELESCOPES

Fig. 14
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Planned Fuiure Missions

We have so far looked .t past accomplishments and our present project endeavors. Let us now
take a look at what lies ahead for the next few years,

| would like te start viith a lesson we have leanred in studying our own planet Earth. As indicated
in Figure 15 we nave found it to ba most efficient and economical to use two different classes of
spacecraft in studying Earth. Relatively large high-powered orbiters such as the Orbiting Geo-
physical Observatories (OGO), Nimbus, and the Applications Technology Satellites (ATS) are
necessary ior making detailed studies of the surface and atmosphere of Earth. However, small
spin=stabilized mo jnetically~-clean Explorer orbiters have proved to be most economicz! for
studying the soiar environment surrounding Earth. It is these small Explorers that have largely
mapped the bow wave and other interactions of the Earth with the solar wind.

CQMMON ETTH/PL!NET:EXPLORATIOH APPROACH

-

JS™ T PLANETS

' HIGH-POWER ORBITERS
* STUBY WORFACE,
ATMOSPHERS: MARINER

LARGE HIGH-POWER
ORBITERS STUDY
SURFACE, ATMOSPHERE:
060, NIMBUSFRTS

\ SMALL MAGNETICALLY-CLEAN
-ORBITERS SHRVEY NEAR-PLANET
+ ENVIRONMENT: PLANETARY EXPLORER
- . a\

ORBITERS SURVEY NEAR-EARTH
ENVIRONMENT: EXPLORES

Fig. 15

We believe that we should take advantage of this lesson learned at Earth in our program to
explore the near planets Mars and Venus. Here again we need relatively sophisticated space-
craft such as the Mariners to make the detailed studies of the planet itself. However, we can
make better measurements of the solar environment about the planet at much lower cost using
small Planetary Explorer orbiters. We are currently studying these missions in detail and are
planning the first Flanetary Explorer flight to Venus for 1973.
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The Planetary Explorers can do a good job map- "0 ,¥. VENYS MULTIPLE PROBES
ping the solar environment about Venus, hut to ' '
study its atmosphere in derail we will need probes
which actually penetrate the atmosphere. Whi le
valunble, the Russian Venera probes have re-
turned only very sketchy atmospheric information.
The Venus mission which our US scientists believe
necessary to make a large advance in our know-
ledge of te Venusian atmosphere is illustrated

in Figure 16. This mission features the deploy-
ment of multiple probes to erter vorious portions
of the Venusian atmosphere at near simultaneous
times. If you will recall the Venus atmospheric
circulation thecries presented by Dr. Rea, the
poinis of critical activity are hypothesized fo
occur at the subsolar point directly facing the
Sun, ct the antisolar point directly cpposite the
Sun, and at the terminator interface between the irradiated sunlit side and the radiating dark
side of the planat. Four proves entering at the subsolar, antisolar, terminator/equatorial, and
terminator/polar regions will constitute a large step toward verifying these theories or advancing
toward improved models of the Venusian atmosphere. Such a mission is being planned for launch
in 1975.

.

TERMINATOR *

SUB. SOLAR

L ANTISOLAR.

Fig. 16

Following the atmospheric profile measurements
of the multiple probes, we will then want to
directly study the interesting clouds and circu-
lation patterns of Venus. One very promising
mission proposed for accomplishing this is illus=
trated in Figure 17. In this buoyant station
mission, we make use of a known characteristic
of Venus =~ its heavy CO, atmosphere == to
maintain our instruments where we wish them for
long duration measurements. A relatively small
20-foot diameter balloon filled with hydrogen or
helium will develop over 1-1/2 times as much _
lift in the Venusian atmosphere as it would in 5 * SN
) PR A S A R
Earth's atmosphere, enabling it to support several
hundred pounds of payload. The 250 miles per
hour winds in the Venus atmosphere mentioned
by Dr. Rea provide the motive force to carry the
balloon about the planet. Precise tracking of the balloon will then permit direct measurements
of the atmospheric circulation patterns. While circulating over the surface, small probes or
drop sondes can be deployed from the balloon payload to provide profiie measurements as desired
through the atmosphere dowr to the surface.
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The buoyant station is an example of utilizing a particular characteristic of the planet to enable

us to accomplish our mission objectives, Another quite useful planetary property is its gravitational
attraction, which can be utilized for variety of swingby missions as illustrated in Figure 18.

| have already discussed one such gravity assist swingby mission in the 1973 Venus-Mercury {light.
However, the planet most useful for swingby fiights is Jupiter with its huge mass of over 318 times
the mass of Earth, or more than all the other planets combined. Jupiter attracts an approaching
spacecraft like a tremendously powerful space magnet. If we fly over one of the poles of Jupiter,
the spacecraft is deflected out-of-the-ecliptic plane and can pass out into an as yet unexplored
region of space.
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SOLAR PROBES
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. 1rI .
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Fig. 18

This giont maynet of a planet Jupiter can also be used to accelerate or decelerate a passing
spacecratr, Jupiter is not just sitting stationary in the solar system but is moving about the Sun
at a velcity of approximately 25,000 miles per hour. If an appreaching spacecraft passes in
front of “he planet, circling it in the direction opposite to Jupiter's motion, the spacecraft
actually slows down in its path around the Sun. As the spacecraft departs Jupiter it begins to
fall in tovard the Sun, rapidly accelerating as it goes. Tnis high velocity can be utilized for
close solar probes or even solar impacts, as well as to rendezvous with fast moving objects in
the solar system such as various comets and asteroids.

Perhaps the most useful Jupiter swingby maneuver is one in which the spacecraft posses behind
the planet s5 that the attraction of Jupiter accelerotes the spacecraft along its solar orbital path
performing ¢ "crack the whip" acceleration which can boost the spacecraft by a large portion of
Jupiter's 25,000 miles per hour velocity. This swingby acceleration is thus the equivalent of
adding one o two extra stages to our launch vehicle and can permit faster flights to the far
outer planets and even fast solar system escape missions,

I
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Probably the most interesting and publicized of these Jupiter swingby missions is the "four-planet
Grand Tour" illustrated in Figure 19. In the late 1970's, the outer planets are sc aligned that a
spacecraft can leave Earth to swingby Jupiter, then by Saturn, and on to Uranus and Neptune
before escaping the solar system. This opportunity is very rare indeed, occuring only every 179
years or almast six generations. In one of the mysterious blessings of providence, this opportunity
is presented to our generation at just the time when we will have the technical capability to take
advantage of it.

GRAND TOUR
EXPLORES FOUR OUTER PLANETS

&
A
$

Fig. 19

Some of the benefits of the four-planet Grand Tour are obvious. For exanple, we can view four
planets for the price of a single launch. However, it has one major disadvantage == it is a
relatively slow trip. Those beautiful rings of Saturn represent a potential hazard to the space-
craft and we dare not pass very close to them. Pessing farther from Saturn means that the space-

craft must fravel slower in order to permit the gravity of Saturn to turn the spacecraft through the
desired flight path angle. The slower velocity at Saturn also means a slower velocity at Jupiter,
which in turn means a greater flyby distance at Jupiter also, so that we get a weakened swingby
assist from both of these large planets. This necessity to avoid the rings of Saturn means that the
trip time to Neptune will have to be at least 13 years long. Now, we currently have spacecraft
in orbit about the Earth which are still operating fairly well after 6 years of lifetime, and there

is also electronic equipment in undersea cables which is still operating after 13 years of service,
so that | will not say that we could not accomplish a 13-year flight. However, | can say that it

would certainly be a challenge.
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Fortunately, we have found a solution to this potential problem. Using the same planetary
alignment in the late 1970's, we can fly the two three-planet Grand Tours illustrated in Figur. 20.
In the first flight we swingby Jupiter, skip Saturn, and go directly to Uranus and then to Neptune.
On a second Grand Tour we swingby Jupiter and then beneath the south pole of Saturn, avoiding
the rings, then passing up out of the ecliptic piane to a close flyby of the planet Pluto. By
avoiding the rings of Saturn, both of these three-planet Grand Tours can be relatively fast trips,
reaching both Neptune and Pluto in approximately 7-1,/2 years. Using these dual three=planet

Grand Tours we can visit all five of the known outer planets. Needless to say, these Grand Tour
prospects look most promising.

Fig. 20

The Grand Tours will require a new spacecraft , : _ GRAND TOUR SPACECRAFT
design. The Mariner spacecraft is solar powered ... ... . TOROUTER PLANET EXPLORATION
and generally limited to the regions of the near )
planets Mars, Venus, and Mercury. The
Pioneer F and G spacecraft is designed for
operation out to at least the orbit of the planet
Jupiter, but it is a relatively small spacecraft
which could neither carry the desired payload
nor return the data from distances as far as
Neptune and Pluto. The new Grand Tour space-
craft as currentiy conceived is illustrated in
Figure 21. It weighs about 1500 pounds, or
1=1/2 times the weight of our most recent
Marirer spacecraft, Possibly its most notable

Fig. 21
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feature is the large deployable antenna, approximately 15 fee in diameter. Remember that
when we reach Neptune and Pluto w- w:li be over 2 biilion miles from Earth, presenting quite

a challenge to the communications system. However, with the high gain antenna and other
telemetry advances already demons! =ted, this spacecraft will be able to return data from
Neptune and Pluto faster and in greate: total quantity than any of our earlier Mariner spacecraft
were able to return from Mars and Venus.

Another notable feature of the spacecraft is its power supply of clustered Radioisotope Thermo-
electric Generators (RTG). These RTGs utilize a nuclear energy source which provides the
spacecraft with constant power, independent of its distance from the sun. Several RTGs havz
been flown in Earth orbit and have proved to be highly reliable long-life power supplies. Other
unique features of the spacecraft are hidden within the black box portion, including a self-test
and repair computer which has some of the characteristics of the computer Hal in the movie
"2001--A Space Odessy, " although hopefully this computer wil! not have the personality

problems encountered with Hal.

Let us now return to the scorecard (Figure 22) to check the extent of our planning. | have now
added onto this Figure those missions planned for the 1970's that | have just described. You will
note that the Grand Tour miscions, in addition to accomplishing flyby objectives at all of the
outer planets, will make measuremeats well out of the ecliptic plane and in the regions of the
solar system beyond the orbits of the planeis Neptune and Pluto.
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it has not been pessible in this limited discussion to describe for you all of the missions we are
planning fer the 19/0's. However, | cun quickly summarize them for you in my final scorecard
(Figure 23). You car se2 that in addition to the missions described we are also planning surface
roving missions ‘o extend our measurement capability at Mars, additional orbiting and probe
missions at the outer planets, and our first Mariner flights to representative comets and asterojds.
As orbiters of the planets Jupiter and Saturn wil! make many flybys of the larger satellites of
those planets, the Figure also riotes reaching this stage in our planetary exploration program,
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Predicting for many years in advance the many factors affecting our space program, such as the
Nation's economic status and the international situation, is extremely difficult. By 1980 our
crystal ball has become hopelessly cloudy. However, | have indicated by the dotted line on

this Figure missions that will be within our technical capability by the mid-1980's. Some of
these missions are relatively easy to czcomplisk, such as landing on the astercids. These asteroids
are quite small so that the landing maneuver is more like a "docking" of two spacecraft. Landing
on moons is more difficult, but it appears that an extension of our Viking lander technology will
make landings quite possible on the larger satellites of the planets Jupiter and Saturn.

Perhaps the most interesting and technically challenging missions in the 1980's are being studied
for the planet Mars. One is the Mars Surface Sample Return (MSSR) mission. 'hile not an easy
mission, it will be within our technical capability using a Saturn V/NERVA launch vehicle to send
automated vehicles to return a surface sample from Mars back to Earth for detailed analysis in our
well-equipped Earth laboratories. Also, | would be completely remiss not to make some mention
of the mission to land a manned crew on the surface of Mars and return them to Earth, much as
Apollo is about fo do on the Moon. | think that we all know that this mission will be flown some
day and it is just a question of how soon. What | can say with confidence is that we can be
technically capable of performing this mission in the early to mid 1980's,
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That concludes a summary of the spacecraft portion of our planetary exploration program. As a
footnote | would like to commen® that we in the Planetary Programs Office cannot help but get
quite enthused as we view our capabiiities and prospects for the decade ahead. During the
1970's we can send spacecraft to visit all the major objects in the solar system and can unlock
for mankind many of the long-withheld secrets of our solar system. In doing this, we are confi-
dent that we will also greatly increase our understanding of our home planet Earth.

| would now like to return the podium to Don Hearth for some concluding remarks.
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SUMMARY

By: Mr. Donald P. Hearth

We'll now iefer to Mr. Kraemer's lasi chart (Figure 23) to summarize the point that | made at
the beginning; the Planetary Program is belanced.

Balance mean: a mix of the earth-based cbservations reviewed by Dr. Srunk with the space flight
cbservations reviewed by Mr. Krcemer.

Balance also means that while we may be putting more stress on Mais at the present time, it's
not being done ot the expense of broad-based explcration. Note that the on-going program
includes missions in*> Mercury and out to Jupiter. This is required to r.ake the coiaparative
studies that Dr. Rea pointed out as so important. Balance aiso means ¢ mix of the small space-
craft of the Pioneer type, with the lcrger Meriner and Viking type.

I'd like to come back from the future now--back from the suggestions of 10 or 15 years from now- -
to this year. What are we doing ilow? What can we expect in the remainder of this year?

We kave one more launch to be made this year--thar is ih=s lact of the current Pioneer
series (Figure 1).

This will be the fifth in a series of spacecraft

that will be orbiting the Sun. The Pioneer E

spacecraft will be put into a trajectory around

the sun that will keep it very close to the sarth

for some 900 days, thus forming o very good PIONEER MATED

network around the solar system (Figure 2). TG DELTA
READY FOR LAUNCH

Perhaps the biggest event of this year for us,

though, is coming up in less than 3 weeks.

That's when the Marirer VI and /Il spacecraft
will fly by Mars(Figure 3). Mcriner VI was
launched in February followed about a month
later by the launch of Mariner VII. Mariner VI
will make it's closest approach early in the
morning of 31 July, Eastern time. Mariner VII
will follow almost exactly 5 days iatcr.

We are doing something different with these two
spacecraft from that done with Mariner IY. We
will be looking at the planet as we approach it
(Figure 4), starting 2 to 3 days before closest
approach.

Fig. 2
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In the case of Mariner VI, 2 days before the Mariner's closest approach, we will begin to take
television pictures of the planet; taking a total of some 50 pictures in this way. These will be
transmitted back to earth over the high-rate 16,000 bits per second communication system.
Transmission will start about 9:30 Eastern time on the night of 29 July.

Four days later-~Mariner VI will begin the same process. With the two spacecrafi we will gei
seme 140 pictures as we approach the planet--perhaps for the first time giving us a better feel for
some of Mars' dynamic behavior.

Figure 5 is a sample of the 50 far encounter pictures fo be obtained by Mariner VI, The first
one to be iransmitted will be at a distance of some 770,000 miles from the planet at a resolution
similar to what we can get with our best earth-based telescope. As the spacecraft approaches
the pianet, the view of the planet becomes larger. We'll be looking at different portions of the
planet, until finally, the last far encounter picture from Mariner VI will be from a distance of
about 110,000 miles ut a resolution of about 5 times better than the first of these pictures. The
spacecraft will stiil be about 100,000 miles from the planet af that time.

During the near encounter, though, the spacecraft will come in very close, flying by the planet
at about 2000 miles. Mariner VI will view the equatorial region--looking at the more temperate
portion of the planet. The photographic resolution will be on the order of about 300 meters,
You'll be able to pick out an object about the size of the Rayburn Office Building, as an
example.

Mariner VI, which will fly by Mars almost exactly 5 days later, will view the southern hemis-

phere and by slewing the scan platform will view the edge of the southern polar cap, From this
observation, perhaps we'll get a better idea of what the southern polar cap is made of--carbon
dioxide or water or some mixture.

This concludes our report to you today. We have enjoyed having the opportunity
to talk about the pregram that we're very proud to be associated with., We think it's one of the
most exciting and most rewarding parts of the NASA program.
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ADDENDUM

A significant portion of this presentation referred, in future tense, to the
Mariner VI and VII encounters and the launch of Pioneer E. Therefore,
later information on these missions, available at the time of publication,
is included here. Preliminary analyses of data from the highly successful
Mariner VI and VIl encounters are summarized below. Launch of the
Pioneer E mission was attempted on 27 August 1969 but orbit was not
achieved due tc launci rehicle booster failure.

SUMMARY OF MARINER '69 MISSION RESULTS

Preliminary analyses of the Mariner Mars '69 Program scientific data indicate the following:

The Martian surface has numerous craters == many from 30 to 50 miles in diumeter and some with
diameters as large as 300 miles. The sharp demarcation of the light and dark areas as observed
from Earth were shown to be more diffused and splotchy when observed in higher resolution. The
polar cap region, also heavily craterea, has a jagged edge and appears to be covered by a thick
layer of ice. It is believed that the ice is carbon dioxide, with a small admixture of water.

The appearance of the Martian surface indicates there are surface modification processes different
from the Moon. The unique absence of craters in the bright Martian "desert," Hellas, distinctively
differentiates Mars from *he Moon and strongly indicates an activiry in that region which obliterates
the craters.

The surface temperature was found to be relatively moderate with an indicated day-time temperature
of =63°F to 62°F and night-time temperature of -63°F to ~153°F. The southern polar cap tem-
perature was measured by the infrared radiometer as =189 which corresponds to the temperature

at which solid CO2 is in equilibrium with the Martian pei‘iol pressure of CO2. The infrared

spectrometcr measurements were not in agreement wiih 17 radiometer readings and indicated a
polar cap tempe-oiure of about ~94°F. Heowever, these 'atter measurements were made over a
larger integrated area than the radiometer's measurement: and may consequently reflect the
avercge temperature of bare ground and frozen CO, covered regions.

Consistenr with previous observations, Mars' surface press sres were observed to lie between 0035
and ,0065 Earth atmospheres. The lower pressures indica e high ground elevations == an areu at
C.C035 atmospheres being about 6 km higher than o1e at ).0065 atmospheres. Atmospheric
temperatures at the surface varied from 12°F in the vquaterial region to lows of ~153°F to -189°F
in the southern polar region. Evening ionospheric okservations indicated electron densities of
the order 0. 1.5 x 10° electrons per cubic centimeter at altitudes of 130 km. This is comparable
to the Earth's ionospheric electron density. Spectroscopic measuremants of the atmosphere con-
firmed the presence of carbon cioxide, carbon monoxide, and water vapor, There is a tentative
indication that the lower atmosphere may contc:n water ice. Nitrogen and ozone were not

detected above instrument limits. The contreversial blue haze, observed by Earth-based tele-
scopes, also was not detected,

GPO AR !-G5:

€
Ll

71
PRECEDING PAGE BLANK NOT FILMED.






