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Ten years ago when the National Aeronautics and Space presents the findings made in the first ten years of the 
Administration was brought into being to explore space, existence of NASA It is one of the avenues selected by 
it began immediately to give thought to exploring the the Agency to disseminate the knowledge that it has 
Moon and the planets. From its beginning NASA has gained in its program in keeping with its responsibilities. 
been interested in the scientific studies of these bodies. 
Since 1961 it has had the added responsibility of John E. Naugle 
securing information concerning the Moon that would Associate Administrator for 
be needed for a manned expedition to the Moon. In Space Science and Applications 
the ten years of NASA's existence our knowledge of the 
Moon has increased immeasurably; we know the far side 
as well as the front. We have seen a portion of the surface 
of Mars from nearby. We have made measurements 
close to Venus. "Exploring the Moon and Planets" 







Exploring the 
Moon and 
Planets 
An 
Earth Dweller's 
view 

The positions of the planets at your birth fix your 
destiny--so said the ancient astrologers. Many people 
still believe this to be true. Others know for certain 
that sleeping in the moonlight courts lunacy. 

Not content with superstitious speculations, 
scientists have watched and measured the motions of 
the Moon and planets for thousands of years. First, 
they used the naked eye; then, the telescope; and, 
more recently, spectroscopes and other mcdern 
instruments. Only a decade or so ago, astronomers 
were well satisfied with the apparent order they 
had found in the solar system. To be sure, the Earth's 
Moon was indecently large to be a satellite, and the 
axis of Uranus pointed the wrong way. But, by and 
large, only a few problems remained to be ironed out 
before the origin, evolution, and future of the Sun's 
little group of planets could be described with 
assurance. 

Space probes and radar astronomy have changed all 
that. We know now that Mercury rotates with 
unconscionable rapidity; while its cloud-shrouded 
neighbor, Venus, turns hardly at all and the wrong 
way at that. Mars, which seemed an older version of 
Earth to scientists of 1900, has been found pock-marked 
with great craters. Frozen Jupiter has a magnetic field 

v many t h e s  that of Earth and radiation belts to match. 

In just a decade, our comfortable view of the 
solar system has been shaken to its foundations. 
Solar system astronomy is in ferment. 

The Moon 
Through the 
Telescope 

The first thing man wanted to know about the Moon 
was where it was going to be and when. Eclipses, 
especially, were events of great religious concern. 
Even primitive man was able to discover a great deal 
of order in the Moon's motions. Visualize the precision 
of the huge circles of stone markers at Stonehenge. 
How many centuries did Stonehenge's builders watch 
the Moon and mark its progress before they discovered 
its lengthy eclipse oycle? 

Today, we are more interested in knowing where 
the Moon came from and what it's made of. Surprisingly, 
just by watching it through the telescope we can 



1 Some lunar local hot spots. Dots indicate hot spots; 
shaded areas, widespread thermal anomalies. 

narrow down thc range of possible answers. First, 
the Moon is big as natural satellites go-the Earth 
being only 80 times heavier. It is also quite c!ose- 
about a quarter million miles awiy. Astronomers, 
in fact, tend to think of the Earth-Moon corporation 
as a double-planet. The two spheres revolve like a 
lop-sided dumbbell about rheir commm center of mass, 
located some 3000 miles from the Earth's center toward 
the Moon. No other solar system planet can claim 
such an out-sized moon. 

The Moon is so big and so close that its gravitation 
pulls our atmosphere, our oceans, and even the Earth's 
rocky mantle out of shape, although only slightly 
in the latter instance. The energy absorbed by 
the friction of these tides comes ultimately from the 
motion of the Earth and Moon. As a result, the Earth's 
day increases about 33 seconds per century and the 
Moon is slowing down in its orbit. As the Moon 
slows down, it slowly recedes from the Earth. Here 
is where we get some insight into the past history 
of the Earth-Moon system. y r k i n g  the tidal 
friction theory backwards, scikntists such as Gordon 
J.  F. MacDonald arrive at the conclusion that the Moon 
would have receded to its present distance in 1.3 
billion years. However, the Earth's age is apparently 
some 4.5 billion years, inferring that thc Earth-Moon 
partnership may not have been created when the 
Earth was born. 

Well, then, whence the Moon? Perhaps the Moon was 
once an asteroid that wandered in from the belt 
between Mars and Jupiter and was somehow 
gravitationally snared by the Earth. (One can imagine 
the ter-iestrial geologic upheavals accompanying such 
a union.) Or, as George H. Darwin, Charles' son, 
calculated around 1880: The Earth might have 
spun off a glob of Moon stuff eons ago when it was 
rotating much faster on its axis. Some believe that 
the Pacific Ocean basin is the scar left by this planetary 
fission. 

Another intriguing obscrvation: knowing the Earth's 
mass and the Moon's distance, astronomers can infer 
the Moon's mass and measure its diameter through the 
telescope. The average density of the Moon is only 
around 3.4, much less than the Earth's average of 5.5; 
yet it is close to the density of the lighter rock forming 
the Earth's crust. The advantage of the lunar probe 
is now obvious; it can analyze directly the composition 
of the surface of the Moon and see if it resembles that 
of the crust of the Earth. 

'The most obvious feature of the Moon through the 
telescope--even good binoculars-is its cratered 
surface. For the first half of this century, just abodt 
everyone believed that ltlnar craters were meteor 
craters. The Moon was suppsed to be a cold, 
dead world "where nothing ever happened," so, the 
craters could not be of volcanic origin. Besides, the 
Earth, too, is pock-marked by huge craters. Photos 
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from aircraft (and more lately satellites) have revealed 
many well-weathered craters right here on Earth, 
particularly in Canada and the Carolinas. It could be 
that both sets of craters were born during and after 
the Moon's bilth pangs or its cataclysmic capture. 

But is the Moon really dead? On the night of April 18, 
1787, the great German-English astronomer William 
Hergchel saw a red area near the crater Aristarchus 
glowing like "slowly burning charcoal thinly covered 
with ashes." Over the centuries, many Moon 
watchers have seen flashes of light and glowing red 
spots. Some old craters even seem to have disappeared. 
Despite the imperious pronouncement that the 
Moon was dead, over 400 "transient lunar events" 
have been recorded over the past five centuries. 
Apparently, the Moon's pulse still beats-though 
perhaps weakly. 

Astronomers can also watch the Moon tl~rough 
our atmosphere's infrared window. * During 
the lunar eclipse of March 13, 1960, for example, 

Z . Richard W. Shorthill and his associates noticed that 
. , the infrared temperatures of the floors of some of 

the lunar craters did not fall @'rapidly as the rest of 
the shadowed surface. More recently, infrared maps 
of the Moon have revealed many hot spots. The 
erratic visual red spots seen by Herschel and 

Our rtmosphere blocks out most radraiion from space; the 
"window$" are open to visible, wmr infrared and most radio 
freuuencles. 

many others since may be lava flows or some other 
surface manifestation of lunar volcanic activity. 
Nonthermal explanations also exist; areas of the Moon 
might glow when stimulated by Sunlight--or possibly 
the solar wind. 

The telescope has obviously been a powerful tool in 
learning about the Moon. But there is a limit to 
what we can do with Earth-bged tools. A well- 
equipped scientist-astronaut on the spot could best 
find out what is really transpiring on the Moon. 
First, though, there is an active lunar experiment we 
can carry out from Earth. 

Radar 
Astronomy 
Of the Moon 

The only kind of experipent we can perform on the 
Moon across a quarter million miles poses its questions 
electromag~eticdly. To do this, we aim a radar 
transmitter at the Moon, send out short pulses of radio 
waves, and wait'for the echoes to arrive some 2% 
seconds later. In radar parlance, the echo gives us 
the Moon's radar signature, which can be most 
revealing to the radar graphologist. For example, 
a smeared echo that is strong in the beginning and 
then trails off in a few microseconds reveals that the 
radar signal is being reflected from a rough 





Summary of NASA's Lunar And Planetary Programs 

Pioneer 
Ranger (phase 1) 
Ranger (phase 2) 
Lunar Orbiter 
Surveyor 
Apollo 
Mariner II 
Mariner IV 
Mariner V 

Number of 
Flights 

5 
5 
4 
5 
7 
- 
1 
1 
1 

Launch 
Dates 

58-59 
51-62 
64-65 
66-67 
6- 
68+ 
62 
64 
67 

Target 

Moon 
Moon 
Moon 
Moon 
Moon 
Moon 
Venus 
Man 
Venus 

Flyby 
Hard landers 
Hard landers 
Orb~ters 
Soft landers 
Manned landers 
Flyby 
Flyby 
Flyby 

In order of marksmanship and technical sophistication 
required, the feasible space probe missions are: 
(1 ) a near miss or flyby: (2) a hard landing or 
unbraked impact; (3) a swing around the Moon, 
coming back toward Earth; (4) an orbit around the 
Moon; and (5) a soft landing. As mission difficulty 
increases so does the scientific potential of the probe. 

Both the United States and Russia were interested 
in the Moon early in their space programs. The 
U.S. Pioneer space probes flew toward the Moon; they 
were instrumented to explore space between the 
Earth and Moon (called cislunar space). The 
only Pioneer instrument that might have provided 
insight about the Moon itself was a magnetometer. The 
Pioneer that came closest to the Moon was Pioneer IV 
(launched March 3, 1959), which passed 37,300 miles 
from the Moon on its way into orbit about the 
Sun. Those tarly Pioneers contributed greatly to our 
understanding of the Earth? Van Allen Region 
and the solar wind. 

Russia's Luna 1 was launched on January 2,1959 
and passed within 3728 miles of the Moon. Luna 2 

on Luna 2 indicated that the Moon possesses a very 
weak magnetic field. Luna 3 did even better; 
launched on October 4, 1959, it was temporarily 
captured by the Moon's gravitational field on 
October 6, swung around the Moon, and headed back 
toward Earth, where it went into orbit. While 
swinging around the Moon, Luna 3 took 40 minutes 
of pictures on 35-mm film. When the film was 
automatically developed and its images relayed back 
to Earth, the world had the first photographs of the 
Moon's back side, although the pictures did not 
have high resolution. 

The United States undertook its first lunar exploration 
in the Ranger Program. Originally, the first Ranger 
spacecraft, the Block I models, were to fly by the Moon, 
making measurements of micrometeoroids and 
radiation in the space near the Moon like the Pioneers. 
Toward the end of the program, Block I1 Rangers 
were to drop packages of instruments onto the lunar 
surface. Rangers I and 11, the two Block I spacecraft, 
were launched in the latter half of 1961. Neither was 
injected successfully into a Moon-bound trajectory. 

scored a direct hit a few months later. A magnetometer 



3 Photograph of a Block I Ranger. 

4 Ptcture taken by Ranger IX frcrn 258 mrles, show;:rg 
the crater Al~honsus 
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During 1902, the t h r ~ e  Rangers in Block I1 departed 
from Earth satisfactorily. But, because of launch 
vehicle problems, Rangers 111 and V missed the Moon 
(only by 450 miles in the case of Racger V). Ranger IV 
landed on the back side of the Moon, but its instrument 
package was destroyed when a timer failed to 
fire a retrorocket. 

Block 111 was created when President Kennedy 
declared that landing a man on the moon by 1970 
was a national goal. The mission of Rangers VT 
through IX was to obtain close-up pictures of the 
Moon's surface during approach to a hard landing in 
support of the man-on-the-Moon goal. 

On January 30, 1964, Ranger VI left the launch pad 
for the Moon. Everything looked great up to a few 
seconds before impact on the Moon, but no pictures 
arrived back at Earth. It was later discovered that the 
television camera had been accidentally turned on while 
the probe was ascending through the Earth's atmos- 
phere. Electrical arcing had occurred, damaging the 
camera. The remainder of the Ranger program was 
outstandingly successful. Rangers VII, VIII. and IX 

returned over 17.000 excellent photographs of the 
lunar wrface in 1964 and 1965. 

N'ith visual resolution a thougand times those of the 
best Earth-based telescopes. scientists hoped that the 
Ranger pictures might settle some of the lunar 
controversies. Details less than two feet across could 
be seen. But the photos coulu not tell what the Moon 
was made of. nor was obvious volcanic activity seen. 
What science did gain was a tremendous mass of 
detailed terrain information. plus a few new perplexities. 

In the Ranger pictures, countless craters of a11 sizes 
dominate the lunar maria (dark areas) that look so 
smooth through the telescope. The snaller the crater 
diameter, the more there are. Most of the crziters smaller 
than I000 feet in diameter have smoothiy rounded rims. 
giving them a windblown appearance, which is quite 
contrary to the impression given by the larger, much 
sharper craters seen through the telescope. 

The smaller lunar craters are nonuniformly distributed. 
Many seem to be secondary craters occupying the 
bright "rays" we see around large craters through the 
telescope. Presumably, these swarms of secondary 
craters are formed by debris or ejecta thrown out from 
the primary crater when it was formed. 

The Ranger photos show.few rocks and little rubble. 
Numerous collapse features. such as crevasses and 
crater slumpings, were photographed. 

Ranger IX obtained some excellent close-ups of the 
prominent crater Alphonsus (diameter about 50 miles) 
and its surroundings. Many of the transient lunar 
events noted by earlier observers had occurred around 
the crater. Do the Ranger photos sustain the view 
that internal thermal activity still transpires in and 
around it? The answer is a fairly definite yes, although 
Alphonsus seems no different from many other large 
lunar craters. It boasts a striking central peak standing 
incongruously in the center of the rel~tively flat crater 

%+ 

floor. Detailed Ranger photos show Pis  peak to be vt 

nearly featureless and twice as bright as its surround- ... 
ings-almost as if it were covered with snow. Snow 
is manifestly impossible on the cloudless, airless Moon. 



















13 Typical flight profde for a Lunar Orbiter. 7 he 
flight to the Moon takes about 90 hours 

The fact that fresh craters exist in the company of 
old craters infers the existexe of some sort of 
weathering process on the Moon. Since the Moon has 
no weather as we know it, perhaps a steady rain of 
micrometeoroids knocks the fresh edges off cratero in 
time. Only the fresh craters display angular, block-like 
rubble; will astronauts find similar blocks buried around 
old crater sites? If so, how did they get buried? And 
by what? Quite obviously, our closer look at the Moon 
raises questions we never thought of while looking 
through telescopes. 

Some of the Mcon's hot spots have been identified 
with fresh craters. I t  seems as if the impact of a 
meteoroid, or possibly a subsurface explosion, blasted 
off a layer of thermal insulation while making the crater. 
Fresh craters appear hotter than the surroundings 
because we see exposed the uninsulated, hot rock 
surface of the Moon. If this view is correct, we can 
imagine that today's hot spots will slowly be covered 
by dust--or whatever comprises lunar prccipitation- 
and fade from our infrared pictures. After some 
nlillions of years. fresh craters may take on that worn, 
windblown look of the mare craters 

The subject of lunar craters is not as far removed 
from Earthly concerns as .r.: might like to think. There 
are enough fresh craters on thc Moon to tell us that 

' large meteoroids ate still colliding with the Moon 
(assuming they are meteoroid craters of course). If 
l a rg  meteoroids collide with the Moon, they can also 

, hit the Earth. Is Meteor Crater, in Arnona, a fresh 
:: terrestrial crater corresponding in time to thcse fresh 

%. craters we see on the Moon? Perhaps !he Earth and 
Moon survived the same celestial cannonades and the 

(i 

Moon can give us hints about the Earth's past and 
future. 

An intriguing fcnture frcln the Orbiter photographs: 
several of the pictures provide strong indications that 
material has flowed down the sides of some craters. 
There is clear evidence of what terrestrial geologists call 
"mass wastingw-that is, dirt, rock, or something 
flowing down hill. On Earth, both lava and water- 

saturated soil flow down hill. We might expect lava 
on the Moon-but water? Unlikely as it may seem, 
some scientists feel that ice may still survive under the 
insulating dust that seems to covcr most of the Moon. 
Lunar mass wasting might occur as dust-covered ice 
moves glacier-like down slopes. 

The 
Planets 

Beyond the Moon, eight planets and numberlezs 
planetoids and asteroids ply their elliptical paths 
around the Sun. The plmets, in particular, attract 
us. Through the telescopic eyepiece, they seem to 
float tantalizingly in space-so near yet so far. 
Though we know now that these distant worlds are 
in5ospitable to our form of life, they are our closest 
neighbors in a universe that otherwise seems very 
empty. Perhaps they harbor life forms adapted to 
their extreme environments; or we may find remnants 
or precursors of life. 

Mars has always been a favorite target of the 
astronomer's telescopes. Rich surface detail swims 
frustratingly in and out of the observer's ken. Some 
astronomers see a Martian surface covered with a 
gr~dwork of artificial-looking lines; others see nothing 
or a few smudges at best. Most agree, however, that 
d peculiar wave of darkening sweeps toward the 
equator following the shrinking of the polar caps in the 
Martian springs. Clouds are also observed, indicating 
the presence of an atmosphere. In fact, Mars looked 
so obviously inhabitable to early qbservers, especially 
Boston's Percival Lowell, that they scarcely doubted 
that it was inhabited. Modem telescopic studies 
reveal a much less inviting planet-a frigid spheroid 
where temperatures at the equator barely get above 
freezing during the hottest summers, and a thin 
atmosphere, n~ostly carbon dioxide, only one-fortieth 
the pressure at the Earth's surface. 

Mars is a little too far away for today's radar to be 



of much use in probing its surface. It is the planet 
Venus that yields to radar interrogation. This is 
fortunate because Venus is so shrouded by clouds so 
heavy that astronomers never catch even fleeting 
glimpses of anything below. By choosing the proper 
frequency, radio pulses can be reflected directly from 
Venus' solid surface. Venus also emits radio waves 
that help us diagnose its atmospheric structure and 
temperature; however, these radiations are subject to 
wildly varying interpretations. 

Beneath all the clouds, Venus is about the size of the 
Earth, but since we cannot see the surface, we cannot 
guess its topography nor even deduce from visual data 
alone how fast it rotstes on its axis. The Irish 
planetologist, Patrick Moore, once counted all the 
guesses of the rotational period of Venus made from 
1666 to 19 6 1 and came up with 85, ranging from about 
22 hours to 225 days. 

Radar offers a way to determine the rate of rotation 
of a planet even if the. surface cannot be seen. If a 
pulsed radar signal of a given frequency is transmitted 
toward a planet, the echo will be spread out both in 
time and in frequency. The first part of the echo was 
reflected back from the nearest part of the planet and 
the tail of the echo from more distant parts of the planet. 
The spread in frequency is a Doppler effect produced 
by the relative motions of the planet and the Earth, 
including the rotation of the planet. If, for a given 
portion of the tail of the echo, the spread in frequency 
of the echo is plotted for various positions of the planet 
in its orbit, both the direction and rate of rotation 
of the planet can be calculated. 

% 

The first radar contacts with Venus were made in 1961. 
These echoes were too weak to dek~mine the planet's 
rotation. More powerful radar systems were used during 
subsequent years By watching the shape of the echo 
signal, radar astronomers decided that Venus rotates 
on its axis only once every 240 to 250 days and that it 
rotstes the wrong way; that is, its rotation is retrograde, 
opposite to the rotations of all the other planets. The 
exact rate of rotation has k e n  determined by another 
use of radar. Today's radar is good enough to distinguish 
rough spots on the planet's disk. It is assumed that 
these rough spots are true surface features, such as 
mountains, and not atmospheric phenomena. By 
watzhing the movement of these features over long 
periods of time, the rate of rotation of Venus is known 
to within an hour or so. 
* A micron Is o w  mllllonth ot r m t e r .  

The temperature of Venus' unseen surface is also a 
subject of controversy. The temperature of a planet 
can be deduced from the electromagnetic radiation it 
emits. In the case of Mars, surface temperature is 
easy to measure because we can !wk directly at the 

.dace with an infrared detector. The temperature 
of the invisible surface of Venus can be i.derred in 
two ways: (1) by direct measurement of surface 
radiation in the microwave region of th: spectrum 
which may pass throueh the cloud -over unalter~d; 
and (2) by measuring the temperature of the top of 
the cloud layer and making assumptions about 
how temperatules vary below. The first supposed 
temperature measurements of Venus' surface were made 
in 1924 in the 8-13 micron* infrared band which 
represents a spectral window in the Earth's atmosphere. 
The result was a chilly -28°F. But the clouds of 
;'?nus are apparently not transparent in the infrared, 
and the -28°F turned out to be only the temperature 
of the atmosphere far above the surface. When 
temperature measurements were made in the microwave 
region in 1956, a startling ? '0°F was measured. 
More microwave measurements confirmed a hoti.ather 
than cold Venus. Visions of a life-sustaining planet 
vanished as scientisrs pictured a baked surface, 
possibly spotted with lakes of liqcid metal. 

Venus did not stay hot for long. In thick atmosphere 
continuously stirred and activated by the Sun, 
nonthermal radiation is quite possible in the microcvavc 
portion of the radio spectrum; glow discharges and 
similar electrical activity might radiate microwaves 
that would make Venus appear hotter than it is. Some 
experimenters rneosuring Venus' radio emissions in 
1966 estimated that 30% of the radio energy they 
received was probably nonthermal. This viewpoint 
brought the surface temperatures or Venus down so 
far that seas of ordinary water and even polar ice 
could exist. Today, however, most observers of 
Venus fed that nonthermal microwave radiation 
is negligible. The temperature question is still not 
settled. 

Flying 
By 
Venur 

Why fly by Venus instead of going straight in through 
its atmosphere for a hard or soft landing? Surveyor- 
type soft landings have been out of the question until 
recently because operational booster rockets were bd 
























