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Cover photo: A montage of planetary
images taken by Mariner 10, the Mars
Global Surveyor Orbiter, Voyager 1,
and Voyager 2, all managed by the Jet
Propulsion Laboratory in Pasadena,
California. Included (from top to bottom)
are images of Mercury, Venus, Earth
(and Moon), Mars, Jupiter, Saturn,
Uranus, and Neptune.

The inner planets (Mercury, Venus, Earth
and its Moon, and Mars) and the outer
planets (Jupiter, Saturn, Uranus, and
Neptune) are roughly to scale to each other.
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Foreword

From the 1950s to the present, to some
Americans, space has represented prestige
and a positive image for the United States on
the world stage. To others, it has signified
the quest for national security. Some view it
as a place to station telecommunications
satellites and little else. To still others, space
is, or should be, about gaining greater knowl-
edge of the universe. It represents, for them,
pure science and the exploration of the
unknown. Even so, the history of space sci-
ence and technology is one of the largely neg-
lected aspects in the history of the space
program. This important monograph by Asif
A. Siddiqi chronicles the many space probes
that have been sent from Earth to explore
other bodies of the solar system. It provides
a chronological discussion of all space
probes, both those developed by the United
States and those developed by the Soviet
Union/Russia and other nations; basic data
about them; their findings; and their status
over time. As such, this monograph is a
handy reference work that will provide fun-
damental data for all missions undertaken
during the twentieth century.

Since the first flights discussed here, every
planet of the solar system has been explored
in a modest way at least once (save Pluto),
and several of the moons of planetary bodies
(including our own), as well as some comets

and asteroids, have been visited. We have
placed spacecraft in orbit around our Moon
and the planets Venus, Mars, and Jupiter; we
have landed on Venus, Mars, and our Moon.
NASA’s stunning missions to explore the
outer Solar System have yielded a treasure of
knowledge about our universe, how it origi-
nated, and how it works. NASA’s exploration
of Mars—coupled with the efforts of the
Soviet Union/Russia—has powerfully shown
the prospect of past life on the Red Planet.
Missions to Venus (including some that
landed on it) and Mercury have increased our
understanding of the inner planets. Lunar
exploration has exponentially advanced
human knowledge about the origins and evo-
lution of the solar system. Most importantly,
we have learned that, like Goldilocks and the
three bears, Earth is a place in which every-
thing necessary to sustain life is “just right,”
while all the other planets of our system
seem exceptionally hostile.

Planetary exploration has not taken place by
magic. It required visionary leadership,
strong-willed management, and persevering
execution. Like NASA and other aspects of
the space program, it began as a race
between the United States and the Soviet
Union to see who would be the first to get
some sort of spacecraft near the Moon. It
expanded in the 1960s when space science




first became a major field of study. During
that decade, both the United States and the
Soviet Union began an impressive effort to
gather information on the planets of the solar
system using ground-, air-, and space-based
equipment. Especially important was the cre-
ation of two types of spacecraft, one a probe
that was sent toward a heavenly body, and
the second an Earth-orbiting observatory
that could gain the clearest resolution avail-
able in telescopes because it did not have to
contend with the atmosphere.

The studies resulting from this new data
have revolutionized humanity’s under-
standing of Earth’s immediate planetary
neighbors. These studies of the planets, per-
haps as much even as Project Apollo, cap-
tured the imagination of people from all
backgrounds and perspectives. Photographs
of the planets and theories about the origins
of the solar system appealed to a very broad
cross section of the public. As a result, NASA
had little difficulty in capturing and holding
a widespread interest in this aspect of the
space science program.

Exploration of the Terrestrial (Inner)
Planets

During the 1960s, NASA space science
focused much of its efforts on lunar missions
with projects Ranger, Surveyor, and Lunar
Orbiter. Even so, a centerpiece of NASA’s
planetary exploration effort in that era was
the Mariner program, originated by NASA in
the early part of the decade to investigate the
nearby planets. Built by Jet Propulsion
Laboratory (JPL) scientists and technicians,
satellites of this program proved enormously
productive in visiting both Mars and Venus.

Mariner made a huge impact in the early
1960s as part of a race between the United
States and the Soviet Union to see who would
be the first to reach Venus. This goal was
more than just an opportunity to beat the
rival in the Cold War; scientists in both the
United States and the Soviet Union recog-
nized the attraction of Venus for the further-
ance of planetary studies. Both the evening
and the morning star, Venus had long
enchanted humans, and it has done so all the

more since astronomers realized that it was
shrouded in a mysterious cloak of clouds per-
manently hiding the surface from view. As a
further attraction, it was also the closest
planet to Earth and a near twin to this planet
in terms of size, mass, and gravitation.

After ground-based efforts in 1961 to view
the planet using radar, which could see
through the clouds, and after learning,
among other things, that Venus rotated in a
retrograde motion opposite from the direction
of orbital motion, both the Soviet Union and
the United States began a race to the planet
with several robotic spacecraft. The United
States claimed the first success in planetary
exploration during the summer of 1962, when
Mariner 1 and Mariner 2 were launched
toward Venus. Although Mariner 1 was lost
during a launch failure, Mariner 2 flew by
Venus on 14 December 1962 at a distance of
34,827 kilometers. It probed the clouds, esti-
mated planetary temperatures, measured the
charged particle environment, and looked for
a magnetic field similar to Earth’s magnetos-
phere (but found none). After this encounter,
Mariner 2 sped inside the orbit of Venus and
eventually ceased operations on 3 January
1963, when it overheated. In 1967, the United
States sent Mariner 5 to Venus to investigate
the atmosphere. Both spacecraft demon-
strated that Venus was a very inhospitable
place for life to exist and determined that the
entire planet’s surface was a fairly uniform
425 degrees Celsius. This discovery refuted
the probability that life—at least as humans
understood it—existed on Venus.

The most significant mission to Venus began
in 1989 when the Magellan spacecraft set out
for Venus to map the surface from orbit with
imaging radar. This mission followed the
Pioneer Venus 1 spacecraft that had been
orbiting the planet for more than a decade
and had completed a low-resolution radar
topographic map, and Pioneer Venus 2, which
had dispatched heat-resisting probes to pene-
trate the atmosphere and communicate infor-
mation about the surface, Venus’s dense
clouds, and the 425°C temperature. It also
built on the work of the Soviet Union, which
had compiled radar images of the northern
part of Venus and had deployed balloons into




the Venusian atmosphere. Magellan arrived
at Venus in September 1990 and mapped 99
percent of the surface at high resolution, parts
of it in stereo. The amount of digital imaging
data the spacecraft returned was more than
twice the sum of all returns from previous
missions. This data provided some surprises,
among them the discovery that plate tectonics
was at work on Venus and that lava flows
clearly showed the evidence of volcanic
activity. In 1993, at the end of the mission,
NASA’s Jet Propulsion Laboratory shut down
the major functions of the Magellan space-
craft and scientists turned their attention to a
detailed analysis of its data.

Mars has attracted significant attention from
the beginning of the space age. An attraction
yet to be relinquished by most planetary sci-
entists, Mars prompted many missions. In
July 1965, Mariner 4 flew by Mars and took
21 close-up pictures. Mariners 6 and 7,
launched in February and March 1969,
respectively, each passed Mars in August
1969, studying its atmosphere and surface to
lay the groundwork for an eventual landing
on the planet. Their pictures verified the
Moon-like appearance of Mars and gave no
hint that Mars had ever been able to support
life. Among other discoveries, these probes
found that much of Mars was cratered almost
like the Moon, that volcanoes had once been
active on the planet, that the frost observed
seasonally on the poles was made of carbon
dioxide, and that huge plates indicated con-
siderable tectonic activity. Mariner 9, sched-
uled to enter Martian orbit in November
1971, detected a chilling dust
spreading across Mars; by mid-October dust
obscured almost all of Mars. Mariner 9’s first
pictures showed a featureless disk, marred
only by a group of black spots in a region
known as Nix Olympia (Snows of Olympus).
As the dust storm subsided, the four spots
emerged out of the dust cloud to become the
remains of giant extinct volcanoes dwarfing
anything on Earth. Olympus Mons, the
largest of the four, was 483 kilometers across
at the base with a 72-kilometer-wide crater in
the top. Rising 32 kilometers from the sur-
rounding plane, Olympus Mons was three
times the height of Mt. Everest. Later pic-
tures showed a canyon, Valles Marineris,

storm

4,000 kilometers long and 5.6 kilometers
deep. As the dust settled, meandering “rivers”
appeared, indicating that, at some time in the
past, fluid flowed on Mars. Suddenly, Mars
fascinated scientists, reporters, and the
public.

Project Viking represented the culmination of
a series of missions to explore Mars that had
begun in 1964. The Viking mission used two
identical spacecraft, each consisting of a
lander and an orbiter. Launched on 20 August
1975 from the Kennedy Space Center (KSC),
Florida, Viking 1 spent nearly a year cruising
to Mars, placed an orbiter in operation around
the planet, and landed on 20 July 1976 on the
Chryse Planitia (Golden Plains). Viking 2 was
launched on 9 September 1975 and landed on
3 September 1976. The primary mission of the
Viking project ended on 15 November 1976,
eleven days before Mars’s superior conjunc-
tion (its passage behind the Sun), although
the Viking spacecraft continued to operate for
six years after first reaching Mars. The last
transmission from the planet reached Earth
on 11 November 1982.

Since the Viking landings, there have been
several missions to Mars seeking to further
unlock its mysteries. These were energized in
1996 when a team of NASA and Stanford
University scientists announced that a Mars
meteorite found in Antarctica contained pos-
sible evidence of ancient Martian life. When
the 1.9-kilogram, potato-sized rock, labeled
ALHB84001, was formed as an igneous rock
about 4.5 billion years ago, Mars was much
warmer and probably contained oceans hos-
pitable to life. Then, about 15 million years
ago, a large asteroid hit the Red Planet and
jettisoned the rock into space, where it
remained until it crashed into Antarctica
around 11,000 B.C.E. The scientists presented
three compelling, but not conclusive, pieces of
evidence that suggest that fossil-like remains
of Martian micro-organisms that date back
3.6 billion years are present in ALH84001.
These findings electrified the scientific world,
but they excited the public just as fully and
added support for an aggressive set of mis-
sions to Mars by the year 2000 to help dis-
cover the truth of these theories.




The United States has undertaken several
missions since then, including the hugely
popular Mars Pathfinder. After launch in
December 1996, it sped to Mars and landed
on 4 July 1997. There, a small, 10.4-kilogram
robotic rover named Sojourner departed from
the main lander and began to record weather
patterns, atmospheric opacity, and the chem-
ical composition of rocks washed down into
the Ares Vallis flood plain, an ancient outflow
channel in Mars’s northern hemisphere.
Pathfinder returned more than 1.2 gigabits
(1.2 billion bits) of data and over 10,000 tan-
talizing pictures of the Martian landscape.
The images from both craft were posted to
the Internet, and individuals retrieved infor-
mation about the mission more than 500 mil-
lion times through the end of July 1997.

Another mission reached Mars on 11
September 1997, when the Mars Global
Surveyor, launched in December 1996,
entered orbit. That spacecraft’s magneto-
meter soon detected the existence of a plane-
tary magnetic field. This held important
implications for the geological history of
Mars and for the possible development and
continued existence of life there. Planets like
Earth, Jupiter, and Saturn generate their
magnetic fields by means of a dynamo made
up of moving molten metal at the core. A
molten interior suggests the existence of
internal heat sources that could give rise to
volcanoes and a flowing crust responsible for
moving continents over geologic time periods.

These missions, coupled with others, began to
create a new portrait of the Martian environ-
ment through the analysis of data relating to
weather patterns, atmospheric opacity, and
the chemical composition of rocks washed
down into the Ares Vallis flood plain. Despite
significant setbacks to the Mars exploration
program with the failure of two missions in
1999, scientific returns from the Mars Global
Surveyor reenergized interest in the planet.
In what may prove a landmark discovery, sci-
entists announced on 22 June 2000 that fea-
tures observed on the planet suggested that
there may be sources of liquid water at or
near the surface. The new images showed the
smallest features ever observed from
Martian orbit—the size of an SUV. NASA sci-

entists compared those features to those left
by flash floods on Earth.

Everyone agreed that the presence of liquid
water on Mars would have profound implica-
tions for the question of life on Mars. NASA’s
Associate Administrator for Space Science,
Ed Weiler, commented, “If life ever did
develop there, and if it survives to the present
time, then these landforms would be great
places to look.” The gullies observed in the
images were on cliffs—usually in crater or
valley walls—and showed a deep channel
with a collapsed region at its upper end and
at the other end an area of accumulated
debris that appeared to have been trans-
ported down the slope. Relative to the rest of
the Martian surface, the gullies appeared to
be extremely young, meaning they may have
formed in the recent past. It is possible, sci-
entists said, that water could be about 90
meters to 400 meters below the surface of
Mars. Some scientists have been skeptical of
these claims, but all agree that the only way
to find out what is truly present is to send
additional missions to Mars.

Exploration of the Jovian (Outer)
Planets

As the heady spaceflight projects of the
1960s—culminating in the lunar exploration
effort—suffered from more constrained
budgets in the 1970s, NASA’s most ambitious
planetary science expedition was hatched
amongst its leadership. Once every 176 years,
the giant planets on the outer reaches of the
solar system gather on one side of the Sun,
and such a configuration was due to occur in
the late 1970s. This geometric line-up made
possible close-up observation of all the
planets in the outer solar system (with the
exception of Pluto) in a single flight, the so-
called “Grand Tour.” The flyby of each planet
would bend the spacecraft’s flight path and
increase its velocity enough to deliver it to
the next destination. This would occur
through a complicated process known as
“gravity-assist,” something like a slingshot
effect, whereby the flight time to Neptune
could be reduced from thirty to twelve years.




In 1964, to prepare the way for the “Grand
Tour,” NASA conceived Pioneers 10 and 11 as
outer-solar-system probes. Although severe
budget constraints prevented the commence-
ment of the project until the fall of 1968 and
forced a somewhat less ambitious effort,
Pioneer 10 was launched on 3 March 1972. It
arrived at Jupiter on the night of 3 December
1973, and while many were concerned that
the spacecraft might fall prey to intense radi-
ation discovered in Jupiter’s orbital plane,
the spacecraft survived, transmitted data
about the planet, and continued on its way
out of the solar system, away from the center
of the Milky Way galaxy. By May 1991, it was
about 52 astronomical units (AU) from Earth,
roughly twice the distance from Jupiter to
the Sun, and still transmitting data.

In 1973, NASA launched Pioneer 11, pro-
viding scientists with their closest view of
Jupiter, from 42,800 kilometers above the
cloud tops in December 1974. The close
approach and the spacecraft’s speed of
172,800 kph, by far the fastest ever reached
by an object from Earth, hurled the Pioneer
11 spacecraft 2.4 billion kilometers across the
solar system. In 1979, Pioneer 11 encountered
Saturn, closing to within 20,900 kilometers of
the planet, where it discovered two new moon-
lets and a new ring and charted the magne-
tosphere, its magnetic field, its climate and
temperatures, and the general structure of
Saturn’s interior. In 1990, it officially
departed the solar system by passing beyond
Pluto and headed into interstellar space
toward the center of the Milky Way galaxy.
Both Pioneers 10 and 11 were remarkable
space probes; they stretched a thirty-month
design life cycle into a mission of more than
twenty years and returned useful data, not
only about the other Jovian planets of the
solar system, but also about some of the mys-
teries of the interstellar universe.

Meanwhile, NASA technicians prepared to
launch what became known as Voyager.
Although the four-planet mission was known
to be possible, it quickly became too expensive
to build a spacecraft that could go the dis-
tance, carry the instruments needed, and last
long enough to accomplish such an extended
mission. Thus, the two Voyager spacecraft

were funded to conduct intensive flyby studies
only of Jupiter and Saturn, in effect repeating
on a more elaborate scale the flights of the
two Pioneers. Even so, the spacecraft builders
designed as much longevity into the two
Voyagers as possible with the $865-million
budget available. NASA launched these from
Cape Canaveral, Florida; Voyager 2 lifted off
on 20 August 1977, and Voyager 1 entered
space on a faster, shorter trajectory on 5
September 1977.

As the mission progressed, with the suc-
cessful achievement of all its objectives at
Jupiter and Saturn, additional flybys of the
two outermost giant planets, Uranus and
Neptune, proved possible—and irresistible—
to mission scientists. Accordingly, as the
spacecraft flew across the solar system,
remote-control reprogramming was used to
prepare the Voyagers for the greater mission.
Eventually, between them, Voyager 1 and
Voyager 2 explored all the giant outer
planets, forty-eight of their moons, and the
unique systems of rings and magnetic fields
those planets possess.

The two spacecraft returned information to
Earth that revolutionized solar system sci-
ence, helped to resolve some key questions,
and raised intriguing new ones about the
origin and evolution of the planets. The two
Voyagers took well over 100,000 images of
the outer planets, rings, and satellites, as
well as millions of magnetic, chemical
spectra, and radiation measurements. They
discovered rings around Jupiter, volcanoes on
To, shepherded satellites in Saturn’s rings,
new moons around Uranus and Neptune, and
geysers on Triton. The last sequence of
images was Voyager 1’s portrait of most of the
solar system, showing Earth and six other
planets as sparks in a dark sky lit by a single
bright star, the Sun.

It was nearly two decades after Voyager before
any spacecraft ventured to the outer solar
system again. In October 1989, NASA’s Galileo
spacecraft began a gravity-assisted journey to
Jupiter and sent a probe into the atmosphere
that observed the planet and its satellites for
several years beginning in December 1995.
Jupiter was of great interest to scientists




because it appeared to contain material in its
original state left over from the formation of
the solar system, and the mission was
designed to investigate the chemical composi-
tion and physical state of Jupiter’s atmosphere
and satellites. Because of a unique orbital
inclination that sent the probe around the Sun
and back on the way to Jupiter, Galileo came
back past both Venus and Earth, made the
first close flyby of asteroid Gaspra in 1991, and
provided scientific data on all. But the mission
was star-crossed. Soon after Galileo’s deploy-
ment from the Space Shuttle, NASA engineers
learned that Galileo’s umbrella-like high-gain
antenna could not be fully deployed. Without
this antenna, communication with the space-
craft was both more difficult and more time-
consuming, and data transmission was greatly
hampered. The engineering team that worked
on the project tried a series of cooling exercises
designed to shrink the antenna central tower
and enable its deployment.

In mid-1995, Galileo deployed the probe that
would parachute into Jupiter’s dense atmos-
phere. The two spacecraft then flew in forma-
tion the rest of the way to Jupiter, and while
the probe began its descent into the atmos-
phere, the main spacecraft went into a trajec-
tory that placed it in a near-circular orbit. On
7 December 1995, the probe began its
descent. Its instruments began relaying data
back to the orbiter about chemical composi-
tion; the nature of the cloud particles and
structure of the cloud layers; the atmos-
phere’s radiative heat balance, pressure, and
dynamics; and the ionosphere. The probe
lasted for about 45 minutes, during which it
stored and returned the data, before the
atmosphere and the pressure of the planet
destroyed it. For months thereafter, because
the high-gain antenna was inoperative, scien-
tists and technicians coaxed the data back to
Earth for analysis. Today, Galileo continues
to transmit scientific measurements back to
Earth. The result has brought a reinterpreta-
tion of human understanding about Jupiter
and its moons.

Most significant in terms of results has been
the discovery of a frozen ocean of water cov-
ering Europa, one of the principal moons of
Jupiter. On 13 August 1996, data from Galileo

revealed that Europa may harbor “warm ice” or
even liquid water—a key element in life-
sustaining environments. Many scientists and
science fiction writers have speculated that
Europa—in addition to Mars and Saturn’s
moon Titan—is one of the three planetary
bodies in this solar system that might possess,
or may have possessed, an environment where
primitive life existed. Galileo’s photos of
Europa were taken during a flyby of
Ganymede some 154,500 kilometers away from
Europa. They revealed what appeared to be ice
floes similar to those seen on Earth’s polar
regions. The pictures also revealed giant cracks
in Europa’s ice where warm-water “environ-
mental niches” may exist. In early 1997,
Galileo discovered icebergs on Europa, a dis-
covery that lent credence to the possibility of
hidden, subsurface oceans. These findings gen-
erated new questions about the possibility of
life on Europa. While NASA scientists stressed
that the data did not conclusively prove any-
thing, they thought the images exciting, com-
pelling, and suggestive. They called for a
concerted effort to send a lander to Europa to
burrow through the ice to reach water beneath.

NASA’s 2000-01 Near Earth Asteroid
Rendezvous (NEAR) mission to the asteroid
Eros achieved excellent results. NEAR was the
first spacecraft to orbit an asteroid. In one
year it met all of its scientific goals while
orbiting the asteroid Eros, and then it under-
took a controlled descent to the surface of the
asteroid on 12 February 2001. The chief goal of
the controlled descent was to gather close-up
pictures of the boulder-strewn surface of 433
Eros, more than 315.4 million kilometers from
Earth. During its five-year, 3.2-billion-kilo-
meter journey, the NEAR mission provided the
most detailed profile yet of a small celestial
body. It began a yearlong orbit of Eros on 14
February 2000 and collected ten times more
data than originally planned. The data include
a detailed model culled from more than 11 mil-
lion laser pulses; radar and laser data on
Eros’s weak gravity and solid but cracked inte-
rior; x-ray, gamma-ray, and infrared readings
on its composition and spectral properties; and
about 160,000 images covering all of the 34-
kilometer bouldered, cratered, dusty-terrain
asteroid.




Finally, in 1997, NASA launched the Cassini
spacecraft on its voyage to Saturn. In some
respects a sister spacecraft to the remarkable
Galileo vehicle at Jupiter, this spacecraft will
linger for several years collecting all manner
of data about Saturn and its moons. Once it
arrives in 2003, Cassini is expected to provide
a similar level of stunning scientific data
about the Saturnine system to the rich har-
vest that Galileo brought to the human race
about Jupiter and its moons.

Conclusion

The Deep Space Chronicle provides a ready
reference of deep space missions attempted
since the opening of the space age in 1957
and documents the development, testing, and
implementation of robotic spacecraft. Here
are a few of its features:

e A list of significant “firsts” takes readers
from the American Able 1 lunar probe in
August 1958, to the Russian Mars 2 space-
craft impact on Mars in November 1971, to
the American Sojourner’s wheeled touch-
down on Mars in 1997, to the American

NEAR spacecraft orbit of Eros in February
2000.

e A discussion, with results, of planet flybys
introduces attempts on Mars, Jupiter,
Saturn, Uranus, and Neptune.

e A detailed bibliography is enclosed, and the
author highly recommends Andrew Wilson’s
Solar System Log for more details regarding
particular missions.

We are pleased to publish Asif A. Siddiqi’s
monograph on all planetary missions under-
taken during the twentieth century. He is
also the author of the recently published
pathbreaking book Challenge to Apollo: The
Soviet Union and the Space Race, 1945-1974
(NASA SP-2000-4408). He has created in
Deep Space Chronicle a factual reference
source that will prove useful to all who are
interested in planetary exploration.

Roger D. Launius
NASA Chief Historian
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Introduction

This monograph contains brief descriptions
of all robotic deep space missions attempted
since the opening of the space age in 1957.
The missions are listed strictly chronologi-
cally in order of launch date (not by planetary
encounter).

Different people have different criteria for
which kind of spacecraft to include in a list of
“deep space probes.” In the list that follows, I
have included all robotic spacecraft that sat-
isfied the following guidelines:

1) Any probe that was launched to an
“encounter” with a “planetary body.”

Encounters include the following:

a) flybys,

b) orbiting,

¢) atmospheric entry and impacts, and
d) soft-landing.

Planetary bodies include the following:

a) Mercury, Venus, Mars, dJupiter,
Saturn, Uranus, Neptune, and Pluto;

b) Earth’s Moon;

¢) asteroids;

d) natural satellites of the planets and
asteroids; and

e) comets.

2) Any probe that was deliberately sent to
heliocentric (solar) orbit without a plane-
tary encounter.

3) Any probe that was sent into a halo orbit
around the L1 libration point (about 1.5
million kilometers from Earth), where
Earth’s and the Sun’s gravitational
forces are exactly equal.

4) Any probe that was launched as part of a
lunar or planetary program into deep
space (i.e., at least to lunar distance) in
order to simulate a deep-space trajectory
(such as Zond 4 and a few early Surveyor
Model mockups).

I have included probes whether they suc-
ceeded in their objectives or not. Thus, some
probes never got more than a few meters
beyond the launch pad, while others have
already left the solar system.

From the launch of Sputnik in 1957 until the
late 1980s, the Soviet Union never
announced a mission that failed to reach
Earth orbit. For deep space payloads that
reached Earth orbit but were stranded there,
they did not make an announcement of any
kind until 1963. Beginning with Kosmos 21
in November 1963, the Soviets assigned
Kosmos numbers to deep space payloads that




remained stranded in Earth orbit. Since such
failed missions had no designation, I thought
it useful to provide a quick indication to
readers of what these missions were about.
For Soviet missions where no name was
assigned, the type of mission is bracketed [ ].
The designation inside the bracket denotes
the class of the mission, such as Luna, Mars,
Venera, Zond, or N1 flight test.

Additionally, some U.S. mission names
appear in quotation marks (“Pioneer 0”) to
indicate unofficial names (that is, not
assigned by NASA or assigned retroactively
by NASA).

For statistical data on U.S. probes (such as
launch vehicle numbers, launch times, list
of instruments), I have used, as much as
possible, original NASA sources such as
press kits and postflight mission reports.
Because in many cases there exist wildly
contradictory data (even within NASA), I
have corroborated statistical data from
other nongovernmental published sources.
Every attempt has been made to present
accurate information, but with a project of
this size, there will naturally be errors.
Corrections are welcome.

In terms of the mission descriptions, I have
kept the focus on mission events rather than
scientific results. Mission descriptions have
been kept relatively short and to the point;
readers interested in learning more details
about particular missions are encouraged to
search the sources listed in the bibliogra-
phies. I would particularly recommend
Andrew Wilson’s Solar System Log for deep
space missions up to the mid-1980s.

All spacecraft masses listed in the statistical
tables are masses at launch.

Many thanks to Roger D. Launius, NASA’s
Chief Historian, for his support in facilitating
this monograph. I acknowledge, too, the aid of
his staff in the History Office at NASA
Headquarters, especially Louise Alstork and
Stephen Garber. I also thank Lisa Jirousek
and Joel Vendette for their attention to detail
while proofing, editing, and designing this
manuscript. Special thanks go out to Anoo
Raman.

Asif A. Siddiqi
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1958

1)
Able 1/ “Pioneer 0”
Nation: U.S. (1)
Objective(s): lunar orbit
Spacecraft: Able 1
Spacecraft Mass: 38 kg
Mission Design and Management: USAF / BMD
Launch Vehicle: Thor-Able 1 (Thor no. 127)
Launch Date and Time: 17 August 1958 / 12:18 UT
Launch Site: ETR / launch complex 17A
Scientific Instruments:

1) magnetometer

2) micrometeoroid detector

3) temperature sensors

4) infrared camera
Results: This mission was the first of two U.S.
Air Force (USAF) launches to the Moon and
the first attempted deep space launch by any
country. The Able 1 spacecraft, a squat, con-
ical, fiberglass structure, carried a crude
infrared TV scanner. This device was a simple
thermal radiation device comprising a small
parabolic mirror for focusing reflected light
from the lunar surface onto a cell that would
transmit voltage proportional to the light it
received. Engineers painted a pattern of dark
and light stripes on the spacecraft’s outer sur-
face to regulate internal temperature. The
spacecraft was also disinfected with ultravi-
olet light prior to launch. According to the
ideal mission profile, Able 1 was designed to
reach the Moon 2.6 days after launch; then the

TX-8-6 solid propellant motor would fire to
insert the vehicle into orbit around the Moon.
Altitude would have been 29,000 kilometers
with an optimal lifetime of about two weeks.
The actual mission, however, lasted only 77
seconds after the Thor first stage exploded at
15.2 kilometers altitude. The upper stages hit
the Atlantic about 123 seconds later.
Investigators concluded that the accident had
been caused by a turbopump gearbox failure.
The mission has been retroactively known as
“Pioneer 0.”

2)
no name / [Luna]
Nation: USSR (1)
Objective(s): lunar impact
Spacecraft: Ye-1 (no. 1)
Spacecraft Mass: ¢. 360 kg (with upper stage)
Mission Design and Management: OKB-1
Launch Vehicle: 8K72 (no. B1-3)
Launch Date and Time: 23 September 1958 /
09:03:23 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:
1) three-component magnetometer
2) two gas discharge counters
3) piezoelectric detector
4) scintillation counter
5) ion traps
Results: The Soviet government approved a
modest plan for initial exploration of the



Moon in March 1958. Engineers conceived of
four initial probes, the Ye-1 (for lunar
impact), Ye-2 (to photograph the far side of
the Moon), Ye-3 (to photograph the far side of
the Moon), and Ye-4 (for lunar impact with a
nuclear explosion). The Ye-1 was a simple
probe, a pressurized spherical object made
from aluminum-magnesium alloy, approxi-
mately the size of the first Sputnik, that car-
ried five scientific instruments. The goals of
the mission were to study the gas component
of interplanetary matter (using the proton
traps), meteoric particles and photons in
cosmic radiation (using the piezoelectric
detectors), the magnetic fields of the Moon
and Earth (using the magnetometer), varia-
tions in cosmic ray intensity, and heavy
nuclei in primary cosmic radiation. The
probe (on its upper stage) also carried one
kilogram of natrium to create an artificial
comet on the outbound trajectory that could
be photographed from Earth. During the
first Ye-1 launch, the booster developed lon-
gitudinal resonant vibrations on the strap-on
boosters of the launch vehicle. The rocket
eventually disintegrated at T+93 seconds,
destroying its payload.

3)
Able 2 / “Pioneer 1”
Nation: U.S. (2)
Objective(s): lunar orbit
Spacecraft: Able 2
Spacecraft Mass: 38.3 kg
Mission Design and Management: AFBMD /
NASA
Launch Vehicle: Thor-Able I (no. 1/ Thor no.
130 / DM-1812-6)
Launch Date and Time: 11 October 1958 / 08
42:13 UT
Launch Site: ETR / launch complex 17A
Scientific Instruments:

1) ionization chamber

2) magnetometer

3) micrometeoroid detector

4) NOTS infrared imaging system

5) temperature sensor
Results: Although the USAF actually con-
ducted the mission, this was the first U.S.
space mission under the aegis of the recently
formed National Aeronautics and Space
Administration (NASA). The spacecraft was
very similar in design to the Able 1 probe.

During the mission, the Thor second stage
shut down 10 seconds early due to incorrect
information from an accelerometer meas-
uring incremental velocity. The launch
vehicle thus imparted insufficient velocity for
the probe to escape the Earth’s gravity. An
attempt to insert the spacecraft into high-
Earth orbit at 128,700 x 32,200 kilometers by
using its retromotor failed because internal
temperatures had fallen too much for the bat-
teries to provide adequate power. The probe
did, however, reach an altitude of 115,400
kilometers by 11:42 UT, verifying the exis-
tence of the Van Allen belts and returning
other useful data before reentering 43 hours
17 minutes after launch. Investigators later
concluded that an accelerometer had mistak-
enly cut off the Able stage because of an
incorrect setting of a valve. The mission has
been retroactively known as “Pioneer 1.”

4)
no name / [Luna]
Nation: USSR (2)
Objective(s): lunar impact
Spacecraft: Ye-1 (no. 2)
Spacecraft Mass: ¢. 360 kg (with upper stage)
Mission Design and Management: OKB-1
Launch Vehicle: 8K72 (no. B1-4)
Launch Date and Time: 11 October 1958 /
23:41:58 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:

1) three-component magnetometer

2) two gas-discharge counters

3) piezoelectric detector

4) scintillation counter

5) ion traps
Results: The second attempt to impact the
Moon failed when, again, the probe never left
Earth’s atmosphere. The launch vehicle
exploded at T+104 seconds due to longitudinal
resonant vibrations in the strap-on boosters.

5)

Pioneer 2

Nation: U.S. (3)

Objective(s): lunar orbit

Spacecraft: Able 3

Spacecraft Mass: 39.6 kg

Mission Design and Management: USAF BMD /
NASA




Launch Vehicle: Thor-Able I (no. 2 / Thor no.
129 / DM-1812-6)
Launch Date and Time: 8 November 1958 /
07:30 UT
Launch Site: ETR / launch complex 17A
Scientific Instruments:

1) ionization chamber

2) magnetometer

3) temperature sensor

4) micrometeoroid sensor

5) proportional counter

6) imaging system
Results: For this third Air Force launch of a
lunar orbiter, engineers introduced a number
of changes to the Thor-Able launcher. The
probe included a new TV scanner and a new
type of battery, as well as a new cosmic-ray
telescope to study the Cherenkov Effect.
Pioneer 2, like its predecessors, never reached
its target. A signal from the ground shut down
the Thor launch vehicle’s stage 2 earlier than
planned. Additionally, when the X-248 third-
stage engine separated, it failed to fire. As a
result, the probe burned up in Earth’s atmos-
phere only 45 minutes after launch. During
its brief mission, it reached an altitude of
1,550 kilometers and sent back data that sug-
gested that Earth’s equatorial region had
higher flux and energy levels than previously
thought. The information also indicated that
micrometeoroid density was higher near
Earth than in space. Investigators concluded
that the third-stage engine had failed to fire
because of a broken wire.

6)
no name / [Luna]
Nation: USSR (3)
Objective(s): lunar impact
Spacecraft: Ye-1 (no. 3)
Spacecraft Mass: ¢. 360 kg (with upper stage)
Mission Design and Management: OKB-1
Launch Vehicle: 8K72 (no. B1-5)
Launch Date and Time: 4 December 1958 /
18:18:44 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:
1) three-component magnetometer
2) two gas-discharge counters
3) piezoelectric detector
4) scintillation counter
5) ion traps

Results: This mission was the third failure in a
row in Soviet attempts to send a Ye-1 lunar
impact probe to the Moon. The thrust level of
the core engine of the R-7 booster dropped
abruptly at T+245 seconds, leading eventually
to premature engine cutoff. The payload never
reached escape velocity. Later investigation
showed that a pressurized seal cooling in the
hydrogen peroxide pump of the main engine
had lost integrity in vacuum conditions. The
malfunction caused the main turbine to cease
working and thus led to engine failure.

7)
Pioneer 3
Nation: U.S. (4)
Objective(s): lunar flyby
Spacecraft: N/A
Spacecraft Mass: 5.87 kg
Mission Design and Management: NASA / ABMA
/ JPL
Launch Vehicle: Juno II (no. AM-11)
Launch Date and Time: 6 December 1958 /
05:44:52 UT
Launch Site: ETR / launch complex 5
Scientific Instruments:

1) photoelectric sensor trigger

2)  two Geiger-Mueller counters
Results: This mission was the first of two U.S.
Army launches to the Moon. Pioneer 3 was a
spin-stabilized probe (up to 700 rpm) whose pri-
mary goal was to fly by the Moon. Two special
0.21-ounce weights were to spin out on 1.5-
meter wires and reduce spin to 12 rpm once the
mission was under way. The spacecraft carried
an optical sensor to test a future imaging
system. If the sensor received, from a source
such as the Moon, a collimated beam of light
that was wide enough to pass through a lens
and fall simultaneously on two photocells, then
the sensor would send a signal to switch on an
imaging system (not carried on this spacecraft).
In the event, the main booster engine shut
down 4 seconds earlier than planned due to pro-
pellant depletion. Once put on its trajectory,
Pioneer 3 was about 1,030 kilometers per hour
short of escape velocity. It eventually reached
102,322 kilometers and burned up over Africa
38 hours 6 minutes after launch. The spacecraft
contributed to the major scientific discovery of
dual bands of radiation around Earth.






1959

8)
Cosmic Rocket / [Luna 1]
Nation: USSR (4)
Objective(s): lunar impact
Spacecraft: Ye-1 (no. 4)
Spacecraft Mass: 361.3 kg (with upper stage)
Mission Design and Management: OKB-1
Launch Vehicle: 8K72 (no. B1-6)
Launch Date and Time: 2 January 1959 /
16:41:21 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:

1) three-component magnetometer

2) two gas-discharge counters

3) piezoelectric detector

4) scintillation counter

5) ion traps
Results: Although this Soviet spacecraft was
the first humanmade object to reach escape
velocity, its trajectory was less than accu-
rate due to a problem in the guidance
system, and the probe missed its main
target, the Moon. The spacecraft (which,
with its launch vehicle, was referred to as
“Cosmic Rocket” in the Soviet press) even-
tually passed by the Moon at a distance of
6,400 kilometers about 34 hours following
launch. Before the flyby, at 00:57 UT on 3
January 1959, the attached upper stage
released one kilogram of natrium at a dis-
tance of 113,000 kilometers from Earth and
was photographed by astronomers on Earth.

The first robotic explorer to the Moon, Luna 1.

Ground controllers lost contact with Cosmic
Rocket (retroactively named Luna 1 in
1963) approximately 62 hours after launch.
The probe became the first spacecraft to
enter orbit around the Sun.



foreropLs

The Luna 3 spacecraft returned the first views ever of
the far side of the Moon. The first image was taken at
03:30 UT on 7 October at a distance of 65,200 kilo-
meters, after Luna 3 had passed the Moon and looked
back at the sunlit far side. The last image was taken
40 minutes later from 66,700 kilometers. Altogether,
twenty-nine photographs were taken, covering 70 per-
cent of the far side. The photographs were very noisy
and of low resolution, but many features could be rec-
ognized. This was the first image returned by Luna 3;
taken by the wide-angle lens, it showed that the far
side of the Moon was very different from the near
side, most noticeably in its lack of lunar maria (the
dark areas). The right three-quarters of the disk are the
far side. The dark spot at upper right is Mare
Moscoviense; the dark area at lower left is Mare
Smythii. The small dark circle at lower right with the
white dot in the center is the crater Tsiolkovskiy and its
central peak. The Moon is 3,475 kilometers in diam-
eter, and north is up in this image.

9)
Pioneer 4
Nation: U.S. (5)
Objective(s): lunar flyby
Spacecraft: N/A
Spacecraft Mass: 6.1 kg
Mission Design and Management: NASA / ABMA
/ JPL
Launch Vehicle: Juno II (no. AM-14)
Launch Date and Time: 3 March 1959 /
05:10:45 UT
Launch Site: ETR / launch complex 5
Scientific Instruments:
1) photoelectric sensor trigger
2) two Geiger-Mueller counters
Results: Although it did not achieve its primary
objective to photograph the Moon during a

flyby, Pioneer 4 was the first U.S. spacecraft to
reach escape velocity. During the launch, the
Sergeants of the second stage did not cut off on
time and caused the azimuths and elevation
angles of the trajectory to change. The space-
craft thus passed by the Moon at a range of
59,545 kilometers (instead of the planned
32,000 kilometers)—not close enough for the
imaging scanner to function. The closest
approach was at 10:25 UT on 4 March 1959.
The craft’s tiny radio transmitted information
for 82 hours before contact was lost at a dis-
tance of 655,000 kilometers from Earth, the
greatest tracking distance for a humanmade
object to date. The probe eventually entered
heliocentric orbit and became the first
American spacecraft to do so. Scientists
received excellent data on radiation in space.

10)
no name / [Luna]
Nation: USSR (5)
Objective(s): lunar impact
Spacecraft: Ye-1A (no. 5)
Spacecraft Mass: ¢. 390 kg (with upper stage)
Mission Design and Management: OKB-1
Launch Vehicle: 8K72 (no. I1-7)
Launch Date and Time: 18 June 1959 / 08:08 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:

1) three-component magnetometer

2) two gas-discharge counters

3) piezoelectric detector

4) scintillation counter

5) ion traps
Results: The Soviet Ye-1A probe, like the Ye-1,
was designed for lunar impact. Engineers had
incorporated some minor modifications to the
scientific instruments (a modified antenna
housing for the magnetometer, six instead of
four gas-discharge counters, and an improved
piezoelectric detector) as a result of informa-
tion received from the first Cosmic Rocket
(Luna 1) and the American Pioneer 4. The
launch was originally scheduled for 16 June
but was postponed for two days as a result of
the negligence of a young lieutenant who inad-
vertently permitted fuelling of the upper stage
with the wrong propellant. During the actual
launch, one of the gyroscopes of the inertial
guidance system failed at T+153 seconds, and
the wayward booster was subsequently
destroyed by command from the ground.




11)
Second Cosmic Rocket / Luna 2
Nation: USSR (6)
Objective(s): lunar impact
Spacecraft: Ye-1A (no. 7)
Spacecraft Mass: 390.2 kg (with upper stage)
Mission Design and Management: OKB-1
Launch Vehicle: 8K72 (no. I1-7b)
Launch Date and Time: 12 September 1959 /
06:39:42 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:

1) three-component magnetometer

2) six gas-discharge counters

3) piezoelectric detector

4) scintillation counter

5) ion traps
Results: After an aborted launch on 9
September, the Ye-1A probe successfully
lifted off and reached escape velocity three
days later. Officially named the “Second
Soviet Cosmic Rocket,” the spacecraft
released its one kilogram of natrium on 12
September at a distance of 156,000 kilome-
ters from Earth in a cloud that expanded out
to 650 kilometers in diameter and was clearly
visible from the ground. Fortunately, this
sixth attempt at lunar impact was much
more accurate than its predecessors. The
spacecraft successfully reached the surface of
the Moon at 23:02:23 UT on 14 September
1959, thus becoming the first object of human
origin to make contact with another celestial
body. The probe’s impact point was approxi-
mately at 30° north latitude and 0° longitude
on the slope of the Autolycus crater, east of
Mare Serenitatis. Luna 2 (as it was called
after 1963) deposited Soviet emblems on the
lunar surface carried in 9 x 15-centimeter
metallic spheres. The spacecraft’s magne-
tometer measured no significant lunar mag-
netic field as close as 55 kilometers to the
lunar surface. The radiation detectors also
found no hint of a radiation belt.

12)

Automatic Interplanetary Station / Luna 3
Nation: USSR (7)

Objective(s): lunar flyby

Spacecraft: Ye-2A (no. 1)

Spacecraft Mass: 278.5 kg

Mission Design and Management: OKB-1
Launch Vehicle: 8K72 (no. I1-8)

Launch Date and Time: 4 October 1959 /
00:43:40 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:

1) Yenisey-2 photographic-TV imaging

system

2) micrometeoroid detector

3) cosmic-ray detector
Results: This spacecraft, of the Ye-2A class,
was the first Soviet probe designed to take
pictures of the far side of the Moon using the
Yenisey-2 imaging system (replacing the
Yenisey-1 used on the abandoned Ye-2 probe).
The TV system consisted of a 35-mm camera
with two lenses of 200-mm (wide-angle) and
500-mm (high-resolution) focal lengths and a
capacity to read up to 40 images. Strictly
speaking, the probe was not meant to reach
escape velocity; instead, the launch vehicle
inserted the spacecraft, called the Automatic
Interplanetary Station (AMS) in the Soviet
press, into a highly elliptical orbit around the
Earth at 48,280 x 468,300 kilometers, suffi-
cient to reach lunar distance. During the
coast to the Moon, the AMS suffered over-
heating problems and poor communications,
but the vehicle eventually passed over the
Moon’s southern polar cap at a range of 7,900
kilometers on 6 October before climbing up
over the Earth-Moon plane. At a distance of
65,200 kilometers from the Moon, on 7
October, cameras began taking the first of 29
pictures of the far side of the Moon. The
exposed film was then developed, fixed, and
dried automatically, after which a special
light beam of up to 1,000 lines per image
scanned the film for transmission to Earth.
Images were finally received the next day
(after a few aborted attempts). Seventeen of
the images were of usable quality and
showed parts of the Moon never before seen
by human eyes. The spacecraft, named Luna
3 after 1963, photographed about 70 percent
of the far side and found fewer mare areas on
the far side, prompting scientists to revise
their theories of lunar evolution.

13)

Able IVB / “Pioneer”

Nation: U.S. (6)
Objective(s): lunar orbit
Spacecraft: P-3 / Able IVB
Spacecraft Mass: 169 kg



Mission Design and Management: AFBMD /
NASA
Launch Vehicle: Atlas-Able (no. 1/ Atlas D no.
20)
Launch Date and Time: 26 November 1959 /
07:26 UT
Launch Site: ETR / launch complex 14
Scientific Instruments:

1) high-energy radiation counter

2) ionization chamber

3) Geiger-Mueller tube

4) low-energy radiation counter

5) two magnetometers

6) photo-scanning device

7) micrometeoroid detector

8) aspect indicator

9) radio receiver to detect natural radio

waves
10) transponder to measure electron
densities

Results: This mission used the first of four
spacecraft designed by Space Technology
Laboratories for a lunar assault in 1959 and
1960; two of them had originally been slated
for Venus orbit (in June 1959), but mission

planners had redirected their missions
after the success of the Soviet Luna 3 mis-
sion. All the scientific experiments and
internal instrumentation were powered by
nickel-cadmium batteries charged from
1,100 solar cells on 4 paddles. Each probe
also carried an internal hydrazine monopro-
pellant motor for lunar orbit insertion at a
range of 8,000 kilometers from the Moon.
Ideal lunar orbital parameters were
planned as 6,400 x 4,800 kilometers. The
missions also inaugurated the first use of
the Atlas-with-an-upper-stage combination,
affording increased payload weight. During
this first launch, the nose fairing began to
break away just 45 seconds after liftoff.
Aerodynamic forces then caused the third
stage and payload to break away and explode.
The ground lost contact with the tumbling
booster at T+104 seconds. Investigation
showed that the 3-meter fiberglass shroud
failed because there had been no measures to
compensate for pressure differentials as the
rocket gained altitude.




1960

14)
Pioneer 5
Nation: U.S. (7)
Objective(s): heliocentric orbit
Spacecraft: P-2 / Able 6
Spacecraft Mass: 43.2 kg
Mission Design and Management: NASA GSFC /
USAF BMD
Launch Vehicle: Thor-Able IV (no. 4 / Thor no.
219/ DM-1812-6A)
Launch Date and Time: 11 March 1960 /
13:00:07 UT
Launch Site: ETR / launch complex 17A
Scientific Instruments:

1) magnetometer

2) ionization chamber

3) Geiger-Mueller tube

4) micrometeoroid momentum

spectrometer

5) photoelectric cell aspect indicator

6) proportional counter telescope
Results: Launched on a direct solar orbit trajec-
tory, Pioneer 5 successfully reached heliocentric
orbit between Earth and Venus to demonstrate
deep space technologies and to provide the first
map of the interplanetary magnetic field. The
spacecraft had originally been intended for a
Venus flyby, but the mission was switched to a
solar flyby. Pioneer 5 carried Telebit, the first
digital telemetry system operationally used on
a U.S. spacecraft; it was first tested on Explorer
6. The system used a 5-watt or a 150-watt

transmitter, with a 5-watt transmitter acting as
driver. Information rates varied from 64 to 8 to
1 bit per second. Controllers maintained contact
with Pioneer 5 until 26 June 1960, to a record
distance of 36.2 million kilometers from Earth
(later surpassed by Mariner 2). The probe,
using its 18.1-kilogram suite of scientific instru-
ments, confirmed the existence of previously
conjectured interplanetary magnetic fields.

15)
no name / [Luna]
Nation: USSR (8)
Objective(s): lunar farside photography
Spacecraft: Ye-3 (no. 1)
Spacecraft Mass: unknown
Mission Design and Management: OKB-1
Launch Vehicle: 8K72 (no. 11-9)
Launch Date and Time: 15 April 1960 /
15:06:44 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:

1) Yenisey-2 photographic-TV imaging

system

2) micrometeoroid detector

3) cosmic-ray detector
Results: After the spectacular success of Luna 3,
this spacecraft was launched to return more
detailed photos of the lunar far side. The Ye-3
class vehicle was essentially a Ye-2A probe
using a modified radio-telemetry system, but
with the old Yenisey-2 imaging system. (A more



advanced Ye-3 type with a new imaging system
had been abandoned earlier.) During the
launch, the probe received insufficient velocity
after premature third-stage engine cutoff. The
spacecraft reached an altitude of 200,000 kilo-
meters and then fell back to Earth and burned
up in Earth’s atmosphere, much like some of
the early American Pioneer probes.

16)
no name / [Luna]
Nation: USSR (9)
Objective(s): farside lunar photography
Spacecraft: Ye-3 (no. 2)
Spacecraft Mass: unknown
Mission Design and Management: OKB-1
Launch Vehicle: 8K72 (no. I1-9a)
Launch Date and Time: 19 April 1960 /
16:07:43 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:

1) Yenisey-2 photographic-TV imaging

system

2) micrometeoroid detector

3) cosmic-ray detector
Results: This was the last of the “first-genera-
tion” Soviet probes to the Moon. Like its
immediate predecessor, it was designed to
photograph the far side of the Moon.
Unfortunately, the probe never left Earth’s
atmosphere. Instead, immediately after
launch, at T+10 seconds, the launch vehicle
began to fall apart. As each strap-on fell
away, parts of the booster landed separately
over a large area near the launch site.
Thundering explosions broke windows in
many nearby buildings.

17)
Able VA / “Pioneer”
Nation: U.S. (8)
Objective(s): lunar orbit
Spacecraft: P-30 / Able VA
Spacecraft Mass: 175.5 kg
Mission Design and Management: AFBMD /
NASA
Launch Vehicle: Atlas-Able (no. 2 / Atlas D no.
80)
Launch Date and Time: 25 September 1960 /
15:13 UT
Launch Site: ETR / launch complex 12
Scientific Instruments:
1) high-energy radiation counter

2) ionization chamber

3) Geiger-Mueller tube

4) low-energy radiation counter

5) two magnetometers

6) scintillation spectrometer

7) micrometeoroid detector

8) plasma probe

9) Sun scanner
Results: This probe, Able VA, had a slightly dif-
ferent instrument complement from that of its
predecessor Able IVB (launched in November
1959), but it had similar mission goals. Able
VA was to enter lunar orbit about 62.5 hours
after launch with parameters of 4,000 x 2,250
kilometers in a period of 10 hours. During the
launch, although the first stage performed
without problems, the Able second stage
ignited abnormally and shut down early
because of an oxidizer system failure. The
third stage never fired, and the probe burned
up in Earth’s atmosphere 17 minutes after
launch. Although the mission was a failure,
ground controllers fired Able VA’s onboard
liquid propellant hydrazine rocket engine—
the first time that an onboard motor was fired
on a space vehicle. Later, on 15 November
1960, NASA announced that two objects from
the Able VA payload had been found in
Transvaal, South Africa.

18)
no name / [Mars]
Nation: USSR (10)
Objective(s): Mars flyby
Spacecraft: 1M (no. 1)
Spacecraft Mass: 480 kg
Mission Design and Management: OKB-1
Launch Vehicle: 8K78 (no. L1-4M)
Launch Date and Time: 10 October 1960 /
14:27:49 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:

1) ultraviolet spectrograph

2) radiation detector

3) cosmic-ray detector
Results: This was the first of two Soviet Mars
spacecraft intended to fly past Mars. It also
was the first attempt by humans to send
spacecraft to the vicinity of Mars. Although
the spacecraft initially included a TV
imaging system and a spectroreflectometer
(to detect organic life on Mars), mass con-
straints forced engineers to remove both




instruments a week before launch. The mis-
sion profile called for the probe to first enter
Earth orbit and then use a new fourth stage
(called “Blok L) to gain enough additional
velocity to fly to a Mars encounter. During
the launch, violent vibrations caused a gyro-
scope to malfunction. As a result, the booster
began to veer from its planned attitude. The
guidance system failed at T+309 seconds, and
the third-stage engine was shut down after
the trajectory deviated to a pitch of greater
than 7 degrees. The payload eventually
burned up in Earth’s atmosphere over
eastern Siberia without reaching Earth orbit.
The Mars flyby was planned for 13 May 1961.

19)
no name / [Mars]
Nation: USSR (11)
Objective(s): Mars flyby
Spacecraft: 1M (no. 2)
Spacecraft Mass: 480 kg
Mission Design and Management: OKB-1
Launch Vehicle: 8K'78 (no. L1-5M)
Launch Date and Time: 14 October 1960 /
13:51:03 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:

1) ultraviolet spectrograph

2) radiation detector

3) cosmic-ray detector
Results: Like its predecessor, this spacecraft
never reached Earth orbit. During the launch
trajectory, there was a failure in the third-
stage engine at T+290 seconds as a result of
frozen kerosene in the pipeline feeding its
turbopump (which prevented a valve from
opening). The third and fourth stages, along
with the payload, burned up over Earth’s
atmosphere over eastern Siberia. The Mars
flyby had been planned for 15 May 1961.

20)
Able VB / “Pioneer”
Nation: U.S. (9)
Objective(s): lunar orbit
Spacecraft: P-31 / Able VB
Spacecraft Mass: 176 kg
Mission Design and Management: AFBMD /
NASA
Launch Vehicle: Atlas-Able (no. 3 / Atlas D no.
91)
Launch Date and Time: 15 December 1960 /
09:10 UT
Launch Site: ETR / launch complex 12
Scientific Instruments:

1) micrometeoroid detector

2) high-energy radiation counter

3) ionization chamber

4) Geiger-Mueller tube

5) low-energy radiation counter

6) two magnetometers

7) Sun scanner

8) plasma probe

9) scintillation spectrometer

10) solid state detector
Results: The mission of Able VB, as with its two
unsuccessful predecessors, was to enter lunar
orbit. Scientific objectives included studying
radiation near the Moon, recording the inci-
dence of micrometeoroids, and detecting a
lunar magnetic field. Planned lunar orbital
parameters were 4,300 x 2,400 kilometers with
a period of 9 to 10 hours. The spacecraft had a
slightly different scientific instrument comple-
ment from that of its predecessors. This was
third and last attempt by NASA to launch a
probe to orbit the Moon in the 195960 period.
Unfortunately, the Atlas-Able booster exploded
68 seconds after launch at an altitude of about
12.2 kilometers. Later investigation indicated
that the cause was premature Able stage igni-
tion while the first stage was still firing.






1961

21)
Tyazhelyy Sputnik / [Venera]
Nation: USSR (12)
Objective(s): Venus impact
Spacecraft: 1VA (no. 1)
Spacecraft Mass: ¢. 645 kg
Mission Design and Management: OKB-1
Launch Vehicle: 8K78 (no. L1-7)
Launch Date and Time: 4 February 1961 /
01:18:04 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:
1) three-component magnetometer
2) variometer
3) charged-particle traps
Results: This mission was the first attempt
to send a spacecraft to Venus. Original
intentions had been to send the 1V space-
craft to take pictures of the Venusian sur-
face, but this proved to be far too ambitious
a goal. Engineers instead downgraded the
mission and used the 1VA spacecraft for a
simple Venus atmospheric entry. The 1VA
was essentially a modified 1M spacecraft
used for Martian exploration. The space-
craft contained a small globe containing
various souvenirs and medals commemo-
rating the mission. This flight was also the
first occasion on which the Soviets used an
intermediate Earth orbit to launch a space-
craft into interplanetary space. Although
the booster successfully placed the probe

into Earth orbit, the fourth stage (the Blok
L) never fired to send the spacecraft to
Venus. A subsequent investigation showed
that there had been a failure in the PT-200
DC transformer that ensured power supply
to the Blok L guidance system. The system
had evidently not been designed to work in
a vacuum. The “spacecraft + upper-stage
stack” reentered Earth’s atmosphere on 26
February 1961. The Soviets announced the
total weight of the combination as 6,483
kilograms.

22)
Venera
Nation: USSR (13)
Objective(s): Venus impact
Spacecraft: 1VA (no. 2)
Spacecraft Mass: 643.5 kg
Mission Design and Management: OKB-1
Launch Vehicle: 8K78 (no. L.1-6)
Launch Date and Time: 12 February 1961 /
00:34:37 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:
1) three-component magnetometer
2) variometer
3) charged-particle traps
Results: This was the second of two Venus
impact probes that the Soviets launched in
1961. This time, the probe successfully
exited Earth orbit and headed toward



The Ranger fleet of spacecraft launched in the mid-sixties
provided live television transmissions of the Moon.
These transmissions resolved surface features as small
as 10 inches across and provided over 17,000 images
of the lunar surface. These detailed photographs
allowed scientists and engineers to study the Moon in
greater detail than ever before, thus allowing for the
design of a spacecraft that would one day land men of
Earth on its surface.



Venus. Despite some initial problems with
the solar orientation system, the spacecraft
responded properly during a communica-
tions session on 17 February 1961 at a dis-
tance of 1.9 million kilometers. Unfortunately,
controllers were unable to regain contact
during a subsequent communications
attempt on 22 February. A later investiga-
tion indicated that the spacecraft had lost
its “permanent” solar orientation due to a
faulty optical sensor that malfunctioned
because of excess heat after the spacecraft’s
thermal control system failed. The inert
spacecraft eventually passed by Venus on
19 and 20 May 1961 at a distance of about
100,000 kilometers and entered heliocen-
tric orbit.

23)
Ranger 1
Nation: U.S. (10)
Objective(s): highly elliptical Earth orbit
Spacecraft: P-32
Spacecraft Mass: 306.18 kg
Mission Design and Management: NASA JPL
Launch Vehicle: Atlas-Agena B (no. 1/ Atlas
D no. 111/ Agena B no. 6001)
Launch Date and Time: 23 August 1961 /
10:04 UT
Launch Site: ETR / launch complex 12
Scientific Instruments:

1) electrostatic analyzer

2) photoconductive particle detectors

3) Rubidium vapor magnetometer

4) triple-coincidence cosmic-ray telescope

5) cosmic-ray integrating ionization

chamber
6) x-ray scintillation detectors
7) micrometeoroid dust particle
detectors

8) Lyman alpha scanning telescope
Results: Ranger 1 was the first in a series of
standardized spacecraft designed to rough-
land simple instrumented capsules on the
surface of the Moon and take photos of the
lunar surface during its descent to the
Moon. The spacecraft consisted of a tubular
central body connected to a hexagonal base
containing basic equipment required for
control and communications. Power was
provided by solar cells and a silver-zinc
battery. Ranger 1’s specific mission was to
test performance of the new technologies

intended for operational Ranger flights and
to study the nature of particles and fields
in interplanetary space. Its intended orbit
was 60,000 x 1.1 million kilometers. Ranger
1 was the first American spacecraft to use a
parking orbit around Earth prior to its
deep space mission. In this case, the Agena
B upper stage cut off almost immediately
after its ignition for translunar injection
(instead of firing for 90 seconds). The probe
remained stranded in low-Earth orbit (501
x 168 kilometers), and telemetry ceased by
27 August, when the main battery went
dead. The spacecraft reentered Earth’s
atmosphere three days later. The cause of
the Agena failure was traced to a malfunc-
tioning switch that had prematurely
choked the flow the red fuming nitric acid
to the rocket engine.

24)
Ranger 2
Nation: U.S. (11)
Objective(s): highly elliptical Earth orbit
Spacecraft: P-33
Spacecraft Mass: 306.18 kg
Mission Design and Management: NASA JPL
Launch Vehicle: Atlas-Agena B (no. 2 / Atlas
D no. 117 / Agena B no. 6002)
Launch Date and Time: 18 November 1961 /
08:12 UT
Launch Site: ETR / launch complex 12
Scientific Instruments:
1) electrostatic analyzer for solar
plasma
2) photoconductive particle detectors
3) Rubidium vapor magnetometer
4) triple-coincidence cosmic-ray telescope
5) cosmic-ray integrating ionization
chamber
6) x-ray scintillation detectors
7) micrometeoroid dust particle
detectors
8) Lyman alpha scanning telescope
Results: Like its predecessor, Ranger 2 was
designed to operate in a highly elliptical
Earth orbit that would take it into deep space
beyond the Moon. Mission planners expected
that during five months of operation, they
could verify both the technical design of the
vehicle and conduct key scientific experi-
ments to study the space environment over a
prolonged period. Since the Block I Rangers



Ranger 7 took this image of the Moon on 31 July 1964 at
13:09 UT (9:09 a.m. EDT), about 17 minutes before
impacting the lunar surface. The area photographed is
centered at 13° south latitude and 10° west longitude
and covers about 360 kilometers from top to bottom. The
large crater at center right is the 108-kilometer-diameter
Alphonsus. Above it is Ptolemaeus and below it Arzachel.
The terminator is at the bottom right corner. Mare Nubium
is at center and left. North is at about 11:00 at the center
of the frame. The Ranger 7 impact site is off the frame, to
the left of the upper left corner. (Ranger 7, BOO1) The
Ranger series of spacecraft were designed solely to take
high-quality pictures of the Moon and transmit them back to
Earth in real time. The images were to be used for scien-
tific study, as well as for selecting landing sites for the
Apollo Moon missions. Ranger 7 was the first of the
Ranger series to be entirely successful. It transmitted 4,308

high-quality images over the last 17 minutes of flight, the final image having a resolution of 0.5 meters per pixel.
Ranger 7 was launched on 28 July 1964 and arrived at the Moon on 31 July 1964.

(Ranger 1 and 2) carried no rocket engine,
they could not alter their trajectories. On this
attempt, Ranger 2, like its predecessor, failed
to leave low-Earth orbit. This time, the Agena
B stage failed to fire. In its low orbit, Ranger
2 lost its solar orientation and then eventu-
ally lost power; it reentered Earth’s atmos-
phere on 19 November 1961. The most

probable cause of the failure was inoperation
of the roll-control gyroscope on the Agena B
guidance system. As a result, the stage had
used up all attitude-control propellant for its
first orbit insertion burn. At the time of the
second burn, without proper attitude, the
engine failed to fire.




1962

25)
Ranger 3
Nation: U.S. (12)
Objective(s): lunar impact
Spacecraft: P-34
Spacecraft Mass: 330 kg
Mission Design and Management: NASA JPL
Launch Vehicle: Atlas-Agena B (no. 3 / Atlas D
no. 121 / Agena B no. 6003)
Launch Date and Time: 26 January 1962 /
20:30 UT
Launch Site: ETR / launch complex 12
Scientific Instruments:

1) imaging system

2) gamma-ray spectrometer

3) single-axis seismometer

4) surface-scanning pulse radio

experiment

Results: This was the first U.S. attempt to
achieve impact on the lunar surface. The Block
IT Ranger spacecraft carried a TV camera that
used an optical telescope that would allow
imaging down to about 24 kilometers above
the lunar surface during the descent. The
main bus also carried a 42.6-kilogram instru-
ment capsule that would separate from the
bus at 21.4 kilometers altitude and then inde-
pendently impact on the Moon. Protected by a
balsa-wood outer casing, the capsule was
designed to bounce several times on the lunar
surface before coming to rest. The primary
onboard instrument was a seismometer.

Because of a malfunction in the Atlas guid-
ance system (due to faulty transistors), the
probe was inserted into a lunar transfer tra-
jectory with an excessive velocity. A subse-
quent incorrect course change ensured that
the spacecraft reached the Moon 14 hours
early and missed it by 36,793 kilometers on 28
January. The central computer and sequencer
failed and the spacecraft returned no TV
images. The probe did, however, provide scien-
tists with the first measurements of interplan-
etary gamma-ray flux. Ranger 3 eventually
entered heliocentric orbit.

26)
Ranger 4
Nation: U.S. (13)
Objective(s): lunar impact
Spacecraft: P-35
Spacecraft Mass: 331.12 kg
Mission Design and Management: NASA JPL
Launch Vehicle: Atlas-Agena B (no. 4 / Atlas D
no. 133 / Agena B no. 6004)
Launch Date and Time: 23 April 1962 /
20:50 UT
Launch Site: ETR / launch complex 12
Scientific Instruments:

1) imaging system

2) gamma-ray spectrometer

3) single-axis seismometer

4) surface-scanning pulse radio

experiment



Results: This spacecraft, similar in design to
Ranger 3, was the first U.S. spacecraft to
reach another celestial body. A power failure
in the central computer and sequencer
stopped the spacecraft’s master clock and
prevented the vehicle from performing any
of its preplanned operations, such as
opening its solar panels. Drifting aimlessly
and without any midcourse corrections,
Ranger 4 impacted the Moon on its far side
at 12:49:53 UT on 26 April 1962. Impact
coordinates were 15°30' south latitude and
130°42' west longitude. Although the space-
craft did not achieve its primary objective,
the Atlas-Agena-Ranger combination per-
formed without fault for the first time.

27)
Mariner 1
Nation: U.S. (14)
Objective(s): Venus flyby
Spacecraft: P-37 / Mariner R-1
Spacecraft Mass: 202.8 kg
Mission Design and Management: NASA JPL
Launch Vehicle: Atlas-Agena B (no. 5 / Atlas D
no. 145/ Agena B no. 6901)
Launch Date and Time: 22 July 1962 /
09:21:23 UT
Launch Site: ETR / launch complex 12
Scientific Instruments:

1) microwave radiometer

2) infrared radiometer

3) fluxgate magnetometer

4) cosmic dust detector

5) solar plasma spectrometer

6) energetic particle detectors
Results: After approval by NASA Headquarters
in September 1961, JPL prepared three space-
craft based on the design of the Ranger Block
I series (therefore named Mariner R) to fly by
Venus in late 1962. Each spacecraft carried a
modest suite (9 kilograms) of scientific instru-
mentation but had no imaging capability. The
spacecraft included 54,000 components and
was designed to maintain contact with Earth
for 2,500 hours—an ambitious goal given that
the (still unsuccessful) Ranger was designed
for only 65 hours of contact. Mariner 1 would
have flown by Venus at a range of 29,000 kilo-
meters on 8 December 1962, but due to an
incorrect trajectory during launch, range
safety had to destroy the booster and its pay-
load at T+290 seconds.

28)

no name / [Venera]

Nation: USSR (14)

Objective(s): Venus impact

Spacecraft: 2MV-1 (no. 1)

Spacecraft Mass: 1,097 kg

Mission Design and Management: OKB-1

Launch Vehicle: 8K78 (no. T103-12)

Launch Date and Time: 25 August 1962 /
02:18:45 UT

Launch Site: NIIP-5 / launch site 1

Scientific Instruments: unknown

Results: This mission was the first of a second
generation of Soviet deep space probes based
on a unified platform called 2MV (“2” for the
second generation, “MV” for Mars and Venus)
designed to study Mars and Venus. The series
included four variants with the same bus but
with different payload complements: 2MV-1
(for Venus impact), 2MV-2 (for Venus flyby),
2MV-3 (for Mars impact), and 2MV-4 (for Mars
flyby). The landers carried pressurized cap-
sules; the Venus landers were cooled with an
ammonia-based system, while the Mars lan-
ders used a system of air conditioners. Both
landers were sterilized with a special sub-
stance on recommendation from the Academy
of Sciences’s Institute of Microbiology. The
buses were powered by solar panels with an
area of 2.5 square meters capable of providing
2.6 A. For Venus, the Soviets prepared three
spacecraft for the August-September 1962
launch window, one flyby spacecraft and two
landers. This first spacecraft was successfully
launched into Earth orbit, but the Blok L
upper stage cut off its interplanetary burn
after only 45 seconds (instead of the planned
240 seconds). Later investigation showed that
the stage had been set on a tumbling motion
prior to main engine ignition due to asymmet-
rical firing of stabilizing motors. The space-
craft remained in Earth orbit for three days
before reentering Earth’s atmosphere.

29)

Mariner 2

Nation: U.S. (15)

Objective(s): Venus flyby

Spacecraft: P-38 / Mariner R-2

Spacecraft Mass: 203.6 kg

Mission Design and Management: NASA JPL
Launch Vehicle: Atlas-Agena B (no. 6 / Atlas D
no. 179 / Agena B no. 6902)




Launch Date and Time: 27 August 1962 /
06:53:14 UT
Launch Site: ETR / launch complex 12
Scientific Instruments:

1) microwave radiometer

2) infrared radiometer

3) fluxgate magnetometer

4) cosmic dust detector

5) solar plasma spectrometer

6) energetic particle detectors
Results: NASA brought the Mariner R-2 space-
craft out of storage and launched it just
thirty-six days after the failure of Mariner 1.
Mariner 2, as it was known after launch, was
equipped with an identical complement of
instrumentation to that of its predecessor (see
Mariner 1). The mission proved to be the first
fully successful interplanetary mission per-
formed by any nation. After a midcourse cor-
rection on 4 September, the spacecraft flew by
Venus at a range of 34,762 kilometers on 14
December 1962. During a 42-minute scan of
the planet, Mariner 2 gathered significant
data on the Venusian atmosphere and surface
before continuing on to heliocentric orbit.
NASA maintained contact until 07:00 UT on
3 January 1963, when the spacecraft was 87.4
million kilometers from Earth, a new record
for a deep space probe. The data returned
showed that the surface temperature on Venus
was at least 425°C with minimal differentia-
tion between the day and night sides of the
planet. Mariner 2 also found that there was a
dense cloud layer that extended from 56 to 80
kilometers above the surface. The spacecraft
detected no discernable planetary magnetic
field; this lack is partly explained by the great
distance of the flyby. After this successful mis-
sion, NASA elected to stand down the third
spacecraft in the series (Mariner R-3), sched-
uled for the 1964 launch window.

30)

no name / [Venera]

Nation: USSR (15)

Objective(s): Venus impact

Spacecraft: 2MV-1 (no. 2)

Spacecraft Mass: ¢. 1,100 kg

Mission Design and Management: OKB-1
Launch Vehicle: 8K78 (no. T103-13)
Launch Date and Time: 1 September 1962 /
02:12:30 UT

Launch Site: NIIP-5 / launch site 1

Scientific Instruments: unknown

Results: This was the second of three Venus
spacecraft launched by the Soviets in 1962.
Like its predecessor launched in August 1962
(also a Venus impact probe), the spacecraft
never left parking orbit around Earth because
of a malfunction in the Blok L upper stage
designed to send the probe out of Earth orbit
toward Venus. Evidently, the valve that con-
trolled the delivery of fuel into the combustion
chamber of the Blok L engine (the S1.5400)
never opened. As a result, the engine never
fired. The payload decayed within five days of
launch.

31)
no name / [Venera]
Nation: USSR (16)
Objective(s): Venus flyby
Spacecraft: 2MV-2 (no. 1)
Spacecraft Mass: unknown
Mission Design and Management: OKB-1
Launch Vehicle: 8K78 (no. T103-114)
Launch Date and Time: 12 September 1962 /
00:59:13 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:

1) imaging system

(remainder unknown)

Results: Like its two predecessors (launched
on 25 August and 1 September 1962), this
Soviet Venus probe never left parking orbit
around the Earth. The Blok L upper stage,
designed to send the spacecraft toward
Venus, fired for only 0.8 seconds before shut-
ting down because of unstable attitude. Later
investigation indicated that the upper stage
had been put into a tumble by the violent
shutdown of the third stage. The tumble had
mixed air bubbles within the propellant
tanks, preventing a clean firing of the engine.
Unlike its predecessors, this probe was
designed for a Venus flyby rather than atmos-
pheric entry and impact. The spacecraft reen-
tered Earth’s atmosphere two days after
launch.

32)

Ranger 5

Nation: U.S. (16)
Objective(s): lunar impact
Spacecraft: P-36

Spacecraft Mass: 342.46 kg



Mission Design and Management: NASA JPL
Launch Vehicle: Atlas-Agena B (no. 7/ Atlas D
no. 215 / Agena no. 6005)
Launch Date and Time: 18 October 1962 /
16:59:00 UT
Launch Site: ETR / launch complex 12
Scientific Instruments:

1) imaging system

2) gamma-ray spectrometer

3) single-axis seismometer

4) surface-scanning pulse radio

experiment

Results: This was the third attempt to impact
the lunar surface with a Block II Ranger
spacecraft. On this mission, just 15 minutes
after normal operation, a malfunction led to
the transfer of power from solar to battery
power. Normal operation never resumed; bat-
tery power was depleted after 8 hours, and all
spacecraft systems died. The first midcourse
correction was never implemented, and
Ranger 5 passed the Moon at a range of 724
kilometers on 21 October and entered helio-
centric orbit. It was tracked to a distance of
1,271,381 kilometers. Before loss of signal, the
spacecraft sent back about 4 hours of data
from the gamma-ray experiment.

33)
no name / [Mars]
Nation: USSR (17)
Objective(s): Mars flyby
Spacecraft: 2MV-4 (no. 1)
Spacecraft Mass: ¢. 900 kg
Mission Design and Management: OKB-1
Launch Vehicle: 8K78 (no. T103-15)
Launch Date and Time: 24 October 1962 /
17:55:04 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:

1) imaging system

2) magnetometer
Results: This was the first of three “second-
generation” interplanetary probes (two flyby
probes and one impact probe), designed to
reach Mars, prepared by the Soviets for the
late-1962 launch window. Because of the
repeated failures of the Blok L upper stage
during deep space missions, engineers elected
to outfit the stage for the Mars missions with
supplementary control and measurement
equipment. As a result, most of the scientific
instruments were removed from the Mars

spacecraft. The three missions were primarily
technological test flights rather than scientific
missions. In this case, the Blok L interplane-
tary stage failed again. Just 17 seconds after
trans-Mars injection ignition, the main
engine (the S1.5400A1) turbopump exploded,
destroying the payload. The problem was
traced to leaking lubricant. As many as
twenty-four fragments were later tracked, the
largest of which reentered on 29 October. The
original probe was designed to fly by Mars on
17 June 1963.

34)
Mars 1
Nation: USSR (18)
Objective(s): Mars flyby
Spacecraft: 2MV-4 (no. 4)
Spacecraft Mass: 893.5 kilograms
Mission Design and Management: OKB-1
Launch Vehicle: 8K78 (no. T103-16)
Launch Date and Time: 1 November 1962 /
16:14:16 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:

1) imaging system

2) magnetometer
Results: The second of three Soviet spacecraft
intended for the 1962 Mars launch window,
Mars 1 was the first spacecraft sent by any
nation to fly past Mars. Its primary mission
was to photograph the surface. This time the
upper stage successfully fired the probe
toward Mars, but immediately after engine
cutoff, controllers discovered that pressure in
one of the nitrogen gas bottles for the space-
craft’s attitude-control system had dropped to
zero (due to incomplete closure of a valve). On
6 and 7 November, controllers used a backup
gyroscope system to keep the solar panels
constantly exposed to the Sun during the
coast phase, although further midcourse cor-
rections became impossible. Controllers
maintained contact with the vehicle until 21
March 1963, when the probe was 106 million
kilometers from Earth. Mars 1 eventually
silently flew by Mars at a distance of 197,000
kilometers on 19 June 1963. Prior to loss of
contact, scientists were able to collect data on
interplanetary space (on cosmic-ray intensity,
Earth’s magnetic fields, ionized gases from
the Sun, and meteoroid impact densities) up
to a distance of 1.24 AU.




35)

no name / [Mars]

Nation: USSR (19)

Objective(s): Mars impact

Spacecraft: 2MV-3 (no. 1)

Spacecraft Mass: unknown

Mission Design and Management: OKB-1

Launch Vehicle: 8K78 (no. T103-17)

Launch Date and Time: 4 November 1962 /
15:35:15 UT

Launch Site: NIIP-5 / launch site 1

Scientific Instruments: unknown

Results: This was the third and last of the
Soviet “second-generation” Mars attempts in

1962 and also the only lander in the series.
During the trans-Mars injection firing of the
Blok L stage, the main engine (the S1.5400A1)
prematurely shut down after 33 seconds due
to a malfunction in the programmed timer for
the stage. The problem was later traced to
excessive vibrations of the second stage during
liftoff. These vibrations evidently also jarred
loose a pyrotechnic igniter from its support,
preventing the Blok L upper stage from firing.
The spacecraft remained stranded in orbit and
reentered Earth’s atmosphere on 5 November.
The spacecraft had been intended to fly by
Mars on 21 June 1963.






1963

36)
no name / [Luna]
Nation: USSR (20)
Objective(s): lunar soft-landing
Spacecraft: Ye-6 (no. 2)
Spacecraft Mass: 1,420 kg
Mission Design and Management: OKB-1
Launch Vehicle: 8K78 (no. T103-09)
Launch Date and Time: 4 January 1963 /
08:49 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:

1) imaging system

2) radiation detector
Results: This spacecraft was the first “second-
generation” Soviet lunar probe (known as Ye-
6). These were designed to accomplish a
survivable landing on the surface of the
Moon. The Ye-6 probes were equipped with
simple lander capsules (called the ALS)
whose primary objective was to send back
photographs from the lunar surface. Each
egg-shaped ALS was installed on a roughly
cylindrical-shaped main bus. Like the Mars
and Venera deep space probes, the Ye-6 Luna
spacecraft were also launched by the four-
stage 8K78 (Molniya) booster but modified
for lunar missions. Like many of its deep
space predecessors, this first Luna probe
failed to escape Earth orbit because of a
failure in the Blok L translunar injection
stage. There was apparently a failure in the

inverter in the power system of the I-100
guidance system (which controlled both the
Blok L and the spacecraft), which failed to
issue a command to fire the Blok L engine.
The spacecraft remained in Earth orbit,
unacknowledged by the Soviets.

37)
no name / [Luna]
Nation: USSR (21)
Objective(s): lunar soft-landing
Spacecraft: Ye-6 (no. 3)
Spacecraft Mass: 1,420 kg
Mission Design and Management: OKB-1
Launch Vehicle: 8K78 (no. G103-10)
Launch Date and Time: 3 February 1963 /
09:29:14 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:

1) imaging system

2) radiation detector
Results: This was the second Soviet attempt to
accomplish a soft-landing on the Moon. This
time, the spacecraft failed to reach Earth orbit.
Following separation of the second stage, the
booster lost attitude control and deposited its
third and fourth stages in the Pacific Ocean
near Midway Island. Later investigation indi-
cated that the I-100 guidance system provided
incorrect information to the booster’s trajec-
tory control system.



38)
Luna 4
Nation: USSR (22)
Objective(s): lunar soft-landing
Spacecraft: Ye-6 (no. 4)
Spacecraft Mass: 1,422 kilograms
Mission Design and Management: OKB-1
Launch Vehicle: 8K78 (no. G103-11)
Launch Date and Time: 2 April 1963 /
08:16:37 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:

1) imaging system

2) radiation detector
Results: The third Soviet attempt to perform a
lunar soft-landing was the first in which the
spacecraft actually left Earth orbit. During the
coast to the Moon, the spacecraft’s Yupiter
astronavigation system suffered a major
failure (probably in its thermal control
system) and left the probe in an incorrect atti-
tude. As a result, Luna 4 was unable to per-
form its planned midcourse correction.
Although communications were maintained
with the spacecraft, it passed by the Moon at a
range of 8,500 kilometers on 6 April and even-
tually entered heliocentric orbit (after being in
an intermediate barycentric orbit).

39)

Kosmos 21 / [Zond]

Nation: USSR (23)

Objective(s): lunar flyby

Spacecraft: SMV-1A (no. 1)

Spacecraft Mass: ¢. 800 kg

Mission Design and Management: OKB-1
Launch Vehicle: 8K78 (no. G103-18)
Launch Date and Time: 11 November 1963 /
06:23:35 UT

Launch Site: NIIP-5 / launch site 1

Scientific Instruments:

1) radiation detector

2) charged-particle detector

3) magnetometer

4) piezoelectric detector

5) atomic hydrogen detector

6) radio telescope

7) ultraviolet and Roentgen solar radi-

ation experiment

8) technology experiment

9) plasma engines
Results: This was the first of the Soviet
Union’s “third-generation” deep space plane-
tary probes of the 3MV series. Like the
second generation, Soviet engineers projected
four types of the 3MV: the 3MV-1 (for Venus
impact), 3MV-2 (for Venus flyby), 3MV-3 (for
Mars impact), and 3MV-4 (for Mars flyby).
The primary difference over the second gen-
eration was vastly improved (and in many
cases doubled) orientation system elements.
While these four versions were meant to
study Mars and Venus, the Soviets conceived
of two additional variants of the series, sim-
ilar but not identical to the 3MV-1 and 3MV-
4 versions. These “test variants” were
designed to verify key technological systems
during simpler missions on flyby missions to
the Moon and the near planets. On this par-
ticular launch, the first to fly a “test variant,”
the third and fourth stages separated abnor-
mally; after the craft reached Earth orbit,
ground control lost telemetry from the Blok L
upper stage designed to send the vehicle past
the Moon. The stage’s main engine tur-
bopump probably exploded upon ignition,
destroying the payload. With this mission,
the Soviets began the practice of giving
Kosmos designations to lunar and planetary
probes that remained stranded in Earth
orbit.




1964

40)

Ranger 6

Nation: U.S. (17)

Objective(s): lunar impact

Spacecraft: P-53 / Ranger-A

Spacecraft Mass: 364.69 kg

Mission Design and Management: NASA JPL
Launch Vehicle: Atlas-Agena B (no. 8 / Atlas D
no. 199 / Agena B no. 6008)

Launch Date and Time: 30 January 1964 /
15:49:09 UT

Launch Site: ETR / launch complex 12
Scientific Instruments:

1) imaging system (six TV cameras)
Results: This fourth American attempt at
lunar impact was the closest success. The
spacecraft, the first Block III type vehicle
with a suite of six TV cameras, was sterilized
to avoid contaminating the lunar surface. The
series would also serve as a test bed for
future interplanetary spacecraft by deploying
systems (such as solar panels) that could be
used for more ambitious missions. The Block
III spacecraft carried a 173-kilogram TV unit
(replacing the impact capsule carried on the
Block IT Ranger spacecraft). The six cameras
included two full-scan and four partial-scan
cameras. Ranger 6 flew to the Moon success-
fully and impacted precisely on schedule at
09:24:32 UT on 2 February. Unfortunately, the
power supply for the TV camera package had
short-circuited three days previously during

Atlas booster separation and left the system
inoperable. The cameras were to have trans-
mitted high-resolution photos of the lunar
approach from 1,448 kilometers to 6.4 kilo-
meters range in support of Project Apollo.
Impact coordinates were 9°24' north latitude
and 21°30' east longitude.

41)
no name / [Zond]
Nation: USSR (24)
Objective(s): Venus flyby
Spacecraft: SMV-1A (no. 4A)
Spacecraft Mass: ¢. 800 kg
Mission Design and Management: OKB-1
Launch Vehicle: 8K78 (no. T15000-19)
Launch Date and Time: 19 February 1964 /
05:47:40 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:
1) radiation detector
2) charged-particle detector
3) magnetometer
4) piezoelectric detector
5) atomic hydrogen detector
6) radio telescope
7) ultraviolet and Roentgen solar radi-
ation experiment
8) technology experiment
9) plasma engines
Results: This was another Soviet “third-
generation” deep space probe that failed to



accomplish its mission of a Venus flyby. This
spacecraft failed to reach Earth orbit due to a
malfunction in the launch vehicle’s third
stage. Later investigation indicated that a
liquid oxygen leak through an unpressurized
valve seal froze propellant in the main
pipeline. As a result, the pipeline cracked,
leading to an explosion in the third stage.

42)
no name / [Luna]
Nation: USSR (25)
Objective(s): lunar soft-landing
Spacecraft: Ye-6 (no. 6)
Spacecraft Mass: ¢. 1,420 kg
Mission Design and Management: OKB-1
Launch Vehicle: 8K78M (no. T15000-20)
Launch Date and Time: 21 March 1964 /
08:15:35 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:

1) imaging system

2) radiation detector
Results: This fourth Soviet attempt to achieve a
soft-landing on the Moon failed to reach an
intermediate orbit around Earth. During the
boost phase, the launcher’s third-stage
engine’s main liquid oxygen valve failed to
open when the valve rod broke off. As a result,
the third-stage engine never reached full
thrust and eventually cut off prematurely at
T+489 seconds. The spacecraft never reached
Earth orbit.

43)
Kosmos 27 / [Zond]
Nation: USSR (26)
Objective(s): Venus impact
Spacecraft: SMV-1 (no. 5)
Spacecraft Mass: 948 kg
Mission Design and Management: OKB-1
Launch Vehicle: 8K78 (no. T15000-22)
Launch Date and Time: 27 March 1964 /
03:24:42 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:
Bus:
1) radiation detector
2) charged-particle detector
3) magnetometer
4) piezoelectric detector
5) atomic hydrogen detector

Lander:

1) barometer

2) thermometer

3) radiation detector

4) micro-organism detection experiment

5) atmospheric composition experiment

6) acidity measurement experiment

7) electro-conductivity experiment

8) luminosity experiment
Results: The probe, designed to accomplish
atmospheric entry into Venus, successfully
reached Earth orbit but failed to leave for
Venus when the Blok L upper stage malfunc-
tioned. The upper stage evidently lost stable
attitude due to a failure in the circuit of the
power supply for the attitude-control system.
The spacecraft burned up in Earth’s atmos-
phere the following day. Had this mission been
successful, it would probably have been given
a Zond designation.

44)
Zond 1
Nation: USSR (27)
Objective(s): Venus impact
Spacecraft: 3MV-1 (no. 4)
Spacecraft Mass: 948 kg
Mission Design and Management: OKB-1
Launch Vehicle: 8K78 (no. T15000-23)
Launch Date and Time: 2 April 1964 /
02:42:40 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:
Bus:
1) radiation detector
2) charged-particle detector
3) magnetometer
4) piezoelectric detector
5) atomic hydrogen detector
Lander:
1) barometer
2) thermometer
3) radiation detector
4) micro-organism detection experiment
5) atmospheric composition experiment
6) acidity measurement experiment
7) electro-conductivity experiment
8) luminosity experiment
Results: Although this Venus impact probe was
successfully sent toward Venus, ground con-
trollers discovered a series of major malfunc-
tions in the spacecraft during its coast to the
planet. These included depressurization of the




main spacecraft bus when the glass cover of a
solar-stellar attitude-control sensor cracked.
Additionally, the internal radio transmitters of
the spacecraft were automatically switched on
at the wrong time—during depressurization,
when the gas discharge created high-voltage
currents that shorted out the system. Contact
was maintained with the still-pressurized 290-
kilogram lander module until 25 May 1964, by
which time controllers had managed to conduct
two major course corrections (at 560,000 kilo-
meters and 13 to 14 million kilometers from
Earth, respectively), the first time such actions
had been performed on a Soviet interplanetary
spacecraft. The inert spacecraft eventually flew
by Venus on 19 July 1964 at a range of 110,000
kilometers. The Soviets later published some
data on cosmic-ray flux measured by Zond 1.

45)
no name / [Luna]
Nation: USSR (28)
Objective(s): lunar soft-landing
Spacecraft: Ye-6 (no. 5)
Spacecraft Mass: ¢. 1,420 kg
Mission Design and Management: OKB-1
Launch Vehicle: 8K78M (no. T15000-21)
Launch Date and Time: 20 April 1964 /
08:08:28 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:

1) imaging system

2) radiation detector
Results: This was the fifth Soviet attempt at a
lunar soft-landing. The mission was aborted
early when during the ascent to Earth orbit,
the launch vehicle’s third-stage engine pre-
maturely shut down. A subsequent investiga-
tion indicated that the engine cut off due to
loss of power when a circuit between a bat-
tery in the fourth stage (which powered the
third-stage engine) and the I-100 guidance
unit was broken.

46)

Ranger 7

Nation: U.S. (18)

Objective(s): lunar impact

Spacecraft: P-54 / Ranger-B

Spacecraft Mass: 365.6 kg

Mission Design and Management: NASA JPL
Launch Vehicle: Atlas-Agena B (no. 9 / Atlas D
no. 250 / Agena B no. 6009)

Launch Date and Time: 28 July 1964 /
16:50:07 UT

Launch Site: ETR / launch complex 12
Scientific Instruments:

1) imaging system (six TV cameras)
Results: Ranger 7, the second of the Block IIT
Ranger series, was the first unequivocal suc-
cess in U.S. efforts to explore the Moon—after
thirteen consecutive failures. In some ways, it
marked a major milestone in American deep
space exploration because the ratio in favor of
successes increased dramatically after this
point. After a nominal midcourse correction
on 29 July, Ranger 7 approached the Moon
precisely on target two days later. Just 15
minutes prior to impact, the suite of TV cam-
eras began sending back spectacular photos
of the approaching surface to JPL's Goldstone
dish in California. The last of 4,316 images
was transmitted only 2.3 seconds prior to
impact at 13:25:49 UT on 31 July 1964. The
impact point was at 10°38' south latitude and
20°36' west longitude on the northern rim of
the Sea of Clouds. Scientists on the ground
were more than satisfied with Results; image
resolution was, in many cases, one thousand
times better than photos taken from Earth.
Scientists concluded that an Apollo crewed
landing would be possible in the mare regions
of the lunar surface, given their relative
smoothness.

47)
Mariner 3
Nation: U.S. (19)
Objective(s): Mars flyby
Spacecraft: Mariner-64C / Mariner-C
Spacecraft Mass: 260.8 kg
Mission Design and Management: NASA JPL
Launch Vehicle: Atlas-Agena D (no. 11 / Atlas
D no. 289 / Agena D no. AD68/6931)
Launch Date and Time: 5 November 1964 /
19:22:05 UT
Launch Site: ETR / launch complex 13
Scientific Instruments:

1) imaging system

2) cosmic dust detector

3) cosmic-ray telescope

4) ionization chamber

5) magnetometer

6) trapped radiation detector

7) solar plasma probe

8) occultation experiment



Results: NASA approved two probes for the
Mariner-Mars 1964 project in November 1962.
The primary goal of the two spacecraft was to
photograph the Martian surface using a single
TV camera fixed on a scan platform that could
return up to twenty-one pictures after an
eight-month journey. During the launch of
Mariner 3, the first of the two probes, the
booster payload shroud failed to separate from
the payload. Additionally, battery power mys-
teriously dropped to zero (at T+8 hours 43
minutes), and the spacecraft’s solar panels
apparently never unfurled to replenish the
power supply. As a result, ground control lost
contact with the spacecraft, which eventually
entered heliocentric orbit. A later investiga-
tion indicated that the shroud’s inner fiber-
glass layer had separated from the shroud’s
outer skin, thus preventing jettisoning.

48)
Mariner 4
Nation: U.S. (20)
Objective(s): Mars flyby
Spacecraft: Mariner-64D / Mariner-D
Spacecraft Mass: 260.8 kg
Mission Design and Management: NASA JPL
Launch Vehicle: Atlas-Agena D (no. 12 / Atlas
D no. 288 / Agena D no. AD69 / 6932)
Launch Date and Time: 28 November 1964 /
14:22:01 UT
Launch Site: ETR / launch complex 12
Scientific Instruments:

1) imaging system

2) cosmic dust detector

3) cosmic-ray telescope

4) ionization chamber

5) magnetometer

6) trapped radiation detector

7) solar plasma probe

8) occultation experiment
Results: The Mariner 4 mission, the second of
two Mars flyby attempts in 1964 by NASA, was
one of the great early successes of the Agency,
returning the very first photos of another
planet from deep space. Using a new all-metal
shroud, the spacecraft lifted off without any
problems and was successfully boosted toward
Mars by the Agena D upper stage. A single mid-
course correction on 5 December ensured that
the spacecraft would fly between 8,000 and
9,660 kilometers from the Martian surface.
Approximately 40 minutes prior to closest

Eleventh picture of Mars from Mariner 4 (in “raw” state)
taken through the green filter from 12,500 kilometers
away, showing a crater 121 kilometers in diameter in the
Atlantis region. Mariner 4 was the first spacecraft to get
a close look at Mars. Flying as close as 9,846 kilometers,
Mariner 4 revealed Mars to have a cratered, rust-colored
surface, with signs on some parts of the planet that liquid
water had once etched its way into the soil. Mariner 4
was launched on 28 November 1964 and arrived at
Mars on 14 July 1965.

approach (which was at 01:00:57 UT on 15 July
1965 at a range of 9,846 kilometers), the TV
camera began taking the first of twenty-one
images (plus twenty-two lines of a twenty-
second) through red and green filters. About
1.25 hours after the encounter, Mariner 4
dipped behind the right-hand side of Mars (as
viewed from Earth) in order to refract its radio
signals through the Martian atmosphere. Data
indicated that surface pressure was quite low—
future Mars landers would have to be equipped
with retro-rocket engines in addition to para-
chutes. The probe detected daytime surface
temperatures of about —100°C. A very weak
radiation belt, about 0.1 percent of that of
Earth’s, was also detected. The day after the
closest encounter, Mariner 4 began transmit-
ting its photos back to Earth. The images
clearly showed Mars to be an ancient Moon-like
body with widespread cratering. Given the thin
atmosphere, scientists believed it unlikely that
Mars harbored any life. NASA maintained con-
tact with the spacecraft until 1 October 1965,
when the probe was 309 million kilometers
from Earth. Two years later, in October 1967,
the spacecraft was reactivated for attitude con-




trol tests in support of the Mariner 5 mission to
Venus, which used a similar spacecraft bus.
Final contact was lost on 21 December 1967.

49)
Zond 2
Nation: USSR (29)
Objective(s): Mars flyby
Spacecraft: SMV-4 (no. 2)
Spacecraft Mass: 996 kg
Mission Design and Management: OKB-1
Launch Vehicle: 8K78
Launch Date and Time: 30 November 1964 /
13:12 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:
1) radiation detector
2) charged-particle detector
3) magnetometer
4) piezoelectric detector
5) radio telescope
6) nuclear component of cosmic-ray
experiment
7) ultraviolet and Roentgen solar radi-
ation experiment
8) imaging system

Results: Zond 2 was the Soviet Union’s first
third-generation (“3MV”) spacecraft sent
toward Mars. This particular model, the 3MV-
4, was designed to fly by the planet and take
photographs. After the spacecraft successfully
entered a trans-Mars trajectory, ground con-
trollers discovered that the probe’s solar
panels had not completely unfurled, which
deprived the vehicle of full power. Later inves-
tigation indicated that a tug cord, designed to
pull the panels free at the moment of separa-
tion from the Blok L upper stage, had broken
off. Controllers were able to fully open the
panel only on 15 December 1964, but by then
the time for the first midcourse correction to
fly by Mars had already passed. Additionally,
between communications sessions, there had
been a failure in the onboard programmed
timer immediately after transinterplanetary
injection that led to inappropriate thermal
conditions for the spacecraft. On 18 December,
before loss of contact, Zond 2 successfully fired
six plasma electric rocket engines (twice) as a
technology demonstrator for future deep space
missions. The spacecraft was to have flown by
Mars on 6 August 1965. It eventually entered
heliocentric orbit.






1965

50)

Ranger 8

Nation: U.S. (21)

Objective(s): lunar impact

Spacecraft: Ranger-C

Spacecraft Mass: 366.87 kg

Mission Design and Management: NASA JPL
Launch Vehicle: Atlas-Agena B (no. 13 / Atlas
D no. 196 / Agena B no. 6006)

Launch Date and Time: 17 February 1965 /
17:05:00 UT

Launch Site: ETR / launch complex 12

Scientific Instruments: Imaging system (six TV
cameras)

Results: As successful as its predecessor,
Ranger 8 returned 7,137 high-resolution pho-
tographs of the lunar surface prior to its
scheduled impact at 09:57:37 UT on 20
February. Unlike Ranger 7, however, Ranger 8
turned on its cameras about 8 minutes earlier
to return pictures with resolution comparable
to Earth-based telescopes (for calibration and
comparison purposes). Controllers attempted
to align the cameras along the main velocity
vector (to reduce imagine smear) but aban-
doned this maneuver to allow greater area
coverage. There had also been a mysterious
loss of telemetry during a midcourse correc-
tion on 18 February that gave rise for con-
cern, although the mission was completed
successfully. Ranger 8 impacted at 2°43'
north latitude and 24°38' east longitude,

just 24 kilometers from its intended target
point in the equatorial region of the Sea of
Tranquillity—an area that Apollo mission
planners were particularly interested in
studying.

51)

“Atlas-Centaur 5”

Nation: U.S. (22)

Objective(s): highly elliptical orbit

Spacecraft: SD-1

Spacecraft Mass: 951 kg

Mission Design and Management: NASA JPL
Launch Vehicle: Atlas-Centaur (AC-5 / Atlas C
no. 156D / Centaur C)

Launch Date and Time: 2 March 1965 /

13:25 UT

Launch Site: ETR / launch complex 36A
Scientific Instruments: none

Results: This mission was designed to rehearse a
complete Centaur upper-stage burn in support
of the Surveyor lunar lander program. On a
nominal mission, the Centaur would boost its
payload on a direct-ascent trajectory to the
Moon. On this test flight, SD-1, a nonfunctional
dynamic model, would be boosted on a simu-
lated lunar transfer trajectory to a hypothetical
Moon with an orbit of 167 x 926,625 kilometers.
During the actual launch, less than 1 second
after liftoff, a faulty valve caused both Atlas
main engines to shut down. As a result, the
booster fell back onto the pad and exploded.



52)
Kosmos 60 / [Luna]
Nation: USSR (30)
Objective(s): lunar soft-landing
Spacecraft: Ye-6 (no. 9)
Spacecraft Mass: ¢. 1,470 kg
Mission Design and Management: OKB-1
Launch Vehicle: 8K78 (no. R103-25)
Launch Date and Time: 10 April 1965 / N/A
Launch Site: NITP-5
Scientific Instruments:

1) imaging system

2) radiation detector
Results: Yet another Soviet attempt to soft-land
a Ye-6 probe on the lunar surface ended in
failure when the Blok L upper stage failed to
fire for the translunar injection burn. Instead,
the spacecraft remained stranded in Earth
orbit. A later investigation indicated that
there had been a short circuit in an inverter
within the I-100 guidance system of the space-
craft (which also controlled the Blok L stage)
preventing engine ignition. The spacecraft’s
orbit decayed five days later.

53)

Ranger 9

Nation: U.S. (23)

Objective(s): lunar impact

Spacecraft: Ranger-D

Spacecraft Mass: 366.87 kg

Mission Design and Management: NASA JPL
Launch Vehicle: Atlas-Agena B (no. 14 / Atlas
D no. 204 / Agena B no. 6007)

Launch Date and Time: 21 March 1965 /
21:37:02 UT

Launch Site: ETR / launch complex 12
Scientific Instruments:

1) imaging system (six TV cameras)
Results: Ranger 9 was the final Ranger mission
of the Block III series and closed out the pro-
gram as a whole. Since both Ranger 7 and
Ranger 8 had provided sufficient photographs
of the mare regions (potential landing sites for
the early Apollo missions), Ranger 9 was tar-
geted to the more geologically interesting
Alphonsus crater in the lunar highlands, at
that time a possible site for recent volcanic
activity. Following a midcourse correction on
23 March, the spacecraft headed directly to its
impact point. Only 20 minutes prior to impact,
Ranger 9 began taking the first of 5,814 pic-
tures from an altitude of 2,100 kilometers.

Unlike its predecessors, the cameras this time
were aimed directly in the direction of travel
and provided some spectacular shots as the
spacecraft approached the lunar surface.
These pictures were converted for live viewing
on commercial TV. Best resolution was up to
25 centimeters just prior to impact. The space-
craft crashed into the Moon at 14:08:20 UT on
24 March at 12.83° south latitude and 357.63°
east longitude, about 6.5 kilometers from its
scheduled target.

54)
no name / [Luna]
Nation: USSR (31)
Objective(s): lunar soft-landing
Spacecraft: Ye-6 (no. 8)
Spacecraft Mass: ¢. 1,470 kg
Mission Design and Management: OKB-1
Launch Vehicle: 8K78 (no. R103-26)
Launch Date and Time: 10 April 1965 / N/A
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:

1) imaging system

2) radiation detector
Results: This was the seventh consecutive
failure to accomplish a lunar soft-landing by
the Soviets. On this mission, engineers
redesigned the problematic I-100 guidance
system that had caused most of the previous
failures. Previously, the I-100 unit had
controlled both the Blok L upper stage and
the spacecraft itself. On this mission (and
subsequent Lunas), the fourth stage and
the Ye-6 spacecraft had separate systems.
Unfortunately, this probe never reached Earth
orbit. During the launch, depressurization of a
nitrogen pipe for the liquid oxygen tank on the
third stage had prevented third-stage engine
ignition. The spacecraft broke up over the
Pacific without reaching orbit.

55)

Luna 5

Nation: USSR (32)

Objective(s): lunar soft-landing
Spacecraft: Ye-6 (no. 10)

Spacecraft Mass: 1,476 kg

Mission Design and Management: OKB-1
Launch Vehicle: 8K78M (no. U103-30)
Launch Date and Time: 9 May 1965 /
07:49:37 UT

Launch Site: NIIP-5 / launch site 1




Scientific Instruments:

1) imaging system

2) radiation detector
Results: In May 1965, Luna 5 became the first
Soviet probe to head for the Moon in two
years. Following the midcourse correction on
10 May, the spacecraft began spinning around
its main axis due to a problem in a flotation
gyroscope in the I-100 guidance system unit. A
subsequent attempt to fire the main engine
failed because of ground control error, and the
engine never fired. After loss of control as a
result of the gyroscope problem, Luna 5
crashed. Landing coordinates were 31° south
latitude and 8° west longitude. It was the
second Soviet spacecraft to land on the Moon
(following Luna 2 in 1959).

56)
Luna 6
Nation: USSR (33)
Objective(s): lunar soft-landing
Spacecraft: Ye-6 (no. 7)
Spacecraft Mass: 1,442 kg
Mission Design and Management: OKB-1
Launch Vehicle: 8K78M (no. U103-31)
Launch Date and Time: 8 June 1965/ 07:40 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:

1) imaging system

2) radiation detector
Results: On this ninth Soviet attempt at a
lunar soft-landing, the mission proceeded as
planned until the major midcourse correction
late on 9 June. Although the main retro-rocket
engine (the S5.5A) ignited on time, it failed to
cut off and continued to fire until propellant
supply was exhausted. An investigation later
indicated that the problem had been due to
human error; a command had been mistak-
enly sent to the timer that ordered the main
engine to shut down. Although the spacecraft
was sent on a completely wrong trajectory,
ground controllers put the spacecraft through
a series of steps to practice an actual landing,
all of which were satisfactorily accomplished.
Luna 6 passed by the Moon late on 11 June at
a range of 161,000 kilometers and eventually
entered heliocentric orbit. Contact was main-
tained to a distance of 600,000 kilometers
from Earth.

57)
Zond 3
Nation: USSR (34)
Objective(s): lunar flyby
Spacecraft: 3MV-4 (no. 3)
Spacecraft Mass: 950 kg
Mission Design and Management: OKB-1
Launch Vehicle: 8K78
Launch Date and Time: 18 July 1965 / N/A
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:

1) imaging system

2) ultraviolet spectrograph

3) ultraviolet and infrared

spectrophotometer
4) meteoroid detectors
5) radiation sensors (cosmic rays, solar
wind)

6) magnetometer

7) ion thrusters

8) radio telescope
Results: This “third-generation” deep space
probe had originally been slated for a Mars
flyby in late 1964 but could not be prepared
on time. Instead, Soviet designers diverted
the mission for a simple lunar flyby in 1965
to test its basic systems and photograph the
far side of the Moon. After a successful
translunar injection burn, Zond 3 approached
the Moon after only a 33-hour flight. Its
imaging mission began on 20 July at a range
of 11,570 kilometers from the near side of the
Moon. The camera system used a similar
system to that of Luna 3, with onboard expo-
sure, development, fixing, and drying prior to
scanning for transmission to Earth. In total,
the spacecraft took twenty-five visual and
three ultraviolet images during its flyby. The
closest approach was to 9,220 kilometers.
These pictures were successfully transmitted
back to Earth on 29 July, nine days after Zond
3’s lunar encounter, when it was 2.2 million
kilometers from Earth. Further communica-
tions sessions occurred on 23 October
(involving photo transmissions) when Zond 3
was 31.5 million kilometers from Earth. The
last contact was sometime in early March
1966, when the spacecraft was 153.5 million
kilometers away. During the mission, it had
photographed the unseen 30 percent of the
far side of the Moon. Zond 3 also demon-
strated successful course correction using



both solar and stellar orientation, a first for a
Soviet spacecraft.

58)

Surveyor Model 1

Nation: U.S. (24)

Objective(s): highly elliptical orbit

Spacecraft: SD-2

Spacecraft Mass: 950 kg

Mission Design and Management: NASA JPL
Launch Vehicle: Atlas-Centaur (AC-6 / Atlas D
no. 151D / Centaur D)

Launch Date and Time: 11 August 1965 /
14:31:04 UT

Launch Site: ETR / launch complex 36B
Scientific Instruments: none

Results: This was the second attempt to launch
a dummy Surveyor lunar lander spacecraft
into a barycentric orbit toward a simulated
Moon. Unlike the results of the previous
attempt (in March 1965), all systems worked
without fault; the Surveyor dynamic model
was inserted on a simulated lunar trajectory
so precise that it would have landed on the
Moon without a trajectory correction on an
actual mission. The spacecraft reentered
Earth’s atmosphere after thirty-one days.

59)
Luna 7
Nation: USSR (35)
Objective(s): lunar soft-landing
Spacecraft: Ye-6 (no. 11)
Spacecraft Mass: 1,506 kg
Mission Design and Management: OKB-1
Launch Vehicle: 8K78 (no. U103-27)
Launch Date and Time: 4 October 1965 /
07:56:40 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:

1) imaging system

2) radiation detector
Results: Unlike its predecessors, Luna 7 suc-
cessfully carried out its midcourse correction
on 5 October on the way to the Moon, in antic-
ipation of a soft-landing two days later.
Unfortunately, immediately prior to planned
retro-fire during the approach to the lunar
surface, the spacecraft suddenly lost attitude
control and failed to regain it. Automatic pro-
grammed systems then prevented the main
engine from firing. As controllers observed
helplessly, Luna 7 plummeted to the lunar sur-

face at a very high speed, crashing at 22:08:24
UT on 7 October west of the Kepler crater, rel-
atively near the actual intended target.
Impact coordinates were 9° north latitude and
49° west longitude. Later investigation indi-
cated that the optical sensor of the astronavi-
gation system had been set at the wrong angle
and had lost sight of Earth during the critical
attitude-control maneuver. It was the tenth
consecutive failure in the Ye-6 program.

60)
Venera 2
Nation: USSR (36)
Objective(s): Venus flyby
Spacecraft: 3MV-4 (no. 4)
Spacecraft Mass: 963 kg
Mission Design and Management: OKB-1
Launch Vehicle: 8K78M
Launch Date and Time: 12 November 1965 / N/A
Launch Site: NIIP-5 / launch site 31
Scientific Instruments:

1) three-component magnetometer

2) imaging system

3) solar x-radiation detector

4) cosmic-ray gas-discharge counters

5) piezoelectric detectors

6) ion traps

7) photon Geiger counter

8) cosmic radio emission receivers
Results: Although the 3MV-3 and 3MV-4 type
spacecraft were originally intended for Mars
exploration, the Soviets re-equipped three of
the series, left over from the 1964 Mars
launch windows, for Venus exploration in
1965. This particular vehicle was scheduled
to fly past the sunlit side of Venus at no more
than a 40,000-kilometer range and take pho-
tographs. During the outbound flight, com-
munications with the spacecraft were poor.
Immediately before closest approach in late
February 1966, ground control commanded to
switch on all the onboard scientific instru-
mentation. The closest approach to the planet
was at 02:52 UT on 27 February 1966 at
about a 24,000-kilometer range. After its
flyby, when the spacecraft was supposed to
relay back the collected information, ground
control was unable to regain contact.
Controllers finally gave up all attempts at
communication on 4 March. Venera 2 eventu-
ally entered heliocentric orbit. Later investi-
gation indicated that improper functioning of




40 thermal radiator elements caused a sharp
increase in gas temperatures in the space-
craft. As a result, elements of the receiving
and decoding units failed, the solar panels
overheated, and contact was lost. Ironically,
the scientific instruments may have collected
valuable data, but none of it was ever trans-
mitted back to Earth.

61)
Venera 3
Nation: USSR (37)
Objective(s): Venus impact
Spacecraft: 3MV-3 (no. 1)
Spacecraft Mass: 958 kg
Mission Design and Management: OKB-1
Launch Vehicle: 8K78M
Launch Date and Time: 16 November 1965 / N/A
Launch Site: NIIP-5 / launch site 31
Scientific Instruments:

Bus:

1) radiation detector

(rest unknown)
Results: This was the second of three 3MV
spacecraft the Soviets attempted to launch
toward Venus in late 1965. Venera 3 success-
fully left Earth orbit and released a small 0.9-
meter-diameter, 337-kilogram (some sources
say 310-kilogram) landing capsule to explore
the Venusian atmosphere and transmit data
on pressure, temperature, and composition of
the Venusian atmosphere back to Earth
during the descent by parachute. During the
outbound trajectory, ground controllers suc-
cessfully performed a midcourse correction on
26 December 1965 and completed 93 commu-
nications sessions. However, contact was lost
on 16 February 1966, shortly before the
Venusian encounter, although the spacecraft
automatically released its sterilized lander
probe, which landed inertly on the Venusian
surface at 06:56 UT on 1 March 1966. It was
the first time a humanmade object had made
physical contact with another planetary body
besides the Moon. Later investigation con-
firmed that Venera 3 suffered many of the
same failures as Venera 2, such as overheating
of internal components and the solar panels.

62)

Kosmos 96 / [Venera]
Nation: USSR (38)
Objective(s): Venus flyby

Spacecraft: SMV-4 (no. 6)
Spacecraft Mass: ¢. 950 kg
Mission Design and Management: OKB-1
Launch Vehicle: 8K78M
Launch Date and Time: 23 November 1965 / N/A
Launch Site: NIIP-5 / launch site 31
Scientific Instruments:

1) three-component magnetometer

2) imaging system

3) solar x-radiation detector

4) cosmic-ray gas-discharge counters

5) piezoelectric detectors

6) ion traps

7) photon Geiger counter

8) cosmic radio emission receivers
Results: This was the third and last spacecraft
prepared for a Venus encounter by the
Soviets in 1965. All three spacecraft had orig-
inally been intended for Mars exploration in
1964 and 1965. However, during coast to
orbit, a combustion chamber in the booster’s
third-stage engine exploded due to a crack in
the fuel pipeline. Although the payload
reached Earth orbit, the Blok L upper stage
was tumbling and was unable to fire for
trans-Venus trajectory injection. The probe
remained stranded in Earth orbit, and the
Soviets named it Kosmos 96 to disguise its
true mission. The probe’s orbit decayed on 9
December 1965.

63)
Luna 8
Nation: USSR (39)
Objective(s): lunar soft-landing
Spacecraft: Ye-6 (no. 12)
Spacecraft Mass: 1,552 kg
Mission Design and Management: OKB-1
Launch Vehicle: 8K78 (no. U103-28)
Launch Date and Time: 3 December 1965 /
10:46:14 UT
Launch Site: NIIP-5 / launch site 31
Scientific Instruments:

1) imaging system

2) radiation detector
Results: This, the tenth Soviet attempt to
achieve a lunar soft-landing, nearly suc-
ceeded. After a successful midcourse correc-
tion on 4 December, the spacecraft headed
toward the Moon without any apparent prob-
lems. Just prior to the planned retro-fire
burn, a command was sent to inflate cush-
ioning airbags around the ALS lander probe.



Unfortunately, a plastic mounting bracket
apparently pierced one of the two bags. The
resulting expulsion of air put the spacecraft
into a spin of 12 degrees per second. The
vehicle momentarily regained attitude, long
enough for a 9-second retro-engine firing, but
then lost it again. Without a full retro-fire
burn to reduce approach velocity sufficient
for a survivable landing, Luna 8 plummeted
to the lunar surface and crashed at 21:51:30
UT on 6 December just west of the Kepler
crater. Impact coordinates were 9°8' north
latitude and 63°18' west longitude.

64)
Pioneer 6
Nation: U.S. (25)
Objective(s): heliocentric orbit
Spacecraft: Pioneer-A
Spacecraft Mass: 62.14 kg
Mission Design and Management: NASA ARC
Launch Vehicle: Thor-Delta E (no. 35 / Thor no.
460/DSV-3E)
Launch Date and Time: 16 December 1965 /
07:31:21 UT
Launch Site: ETR / launch complex 17A
Scientific Instruments:

1) single-axis fluxgate magnetometer

2) Faraday-cup plasma probe

3) plasma analyzer

4) cosmic-ray telescope

5) cosmic-ray-anisotropy detector

6) radio wave propagation experiment

7) celestial mechanics experiment
Results: Pioneer 6 was the first of four NASA
spacecraft designed to study interplanetary
phenomena in space. The spacecraft success-
fully provided simultaneous scientific meas-
urements at widely dispersed locations in
heliocentric orbit. It returned the first data
on the tenuous solar atmosphere and later
recorded the passage of Comet Kohoutek’s
tail in 1974. Along with Pioneers 7, 8, and 9,
the spacecraft formed a ring of solar weather

stations spaced along Earth’s orbit.
Measurements by the four Pioneers were
used to predict solar storms for approxi-
mately 1,000 primary users, including the
Federal Aviation Administration; commer-
cial airlines; power companies; communica-
tion companies; military organizations; and
entities involved in surveying, navigation,
and electronic prospecting. By December
1990, Pioneer 6 had circled the Sun twenty-
nine times (traveling 24.8 billion kilometers)
and had been operational for twenty years—
a record for a deep space probe. Its original
slated lifetime had been only six months. On
15 December 1996, the spacecraft’s primary
transmitter failed, but during a track on
11 July 1996, ground controllers switched on
the backup transmitter. Of the spacecraft’s
six scientific instruments, two (the plasma
analyzer and the cosmic-ray detector) still
continue to function. NASA maintains con-
tact with the spacecraft once or twice each
year. For example, 1 hour’s worth of scientific
data was collected on 29 July and 15
December 1995 (although the primary trans-
mitter failed soon after that), and again on 6
October 1997, more than thirty years after
launch. The probe’s solar arrays continue to
deteriorate, although the transmitters can
be turned on at perihelion when the solar
flux is strong enough to provide sufficient
power. On 8 December 2000, to commemo-
rate its thirty-fifth anniversary of operation,
ground controllers established successful
contact with the spacecraft for about 2 hours.




1966

65)
Luna 9
Nation: USSR (40)
Objective(s): lunar soft-landing
Spacecraft: Ye-6M (no. 202)
Spacecraft Mass: 1,538 kg
Mission Design and Management: GSMZ
Lavochkin
Launch Vehicle: 8K78M (no. U103-32)
Launch Date and Time: 31 January 1966 /
11:41:37 UT
Launch Site: NIIP-5 / launch site 31
Scientific Instruments:

1) imaging system

2) SBM-10 radiation detector
Results: With this mission, the Soviets accom-
plished another spectacular first in the space
race, the first survivable landing of a human-
made object on another celestial body. Luna 9
was the twelfth attempt at a soft-landing by
the Soviets; it was also the first deep space
probe built by the Lavochkin design bureau,
which ultimately would design and build
almost all Soviet (and Russian) lunar and
interplanetary spacecraft. All operations
prior to landing occurred without fault, and
the 58-centimeter spheroid ALS capsule
landed on the Moon at 18:45:30 UT on 3
February 1966 west of the Reiner and Marius
craters in the Ocean of Storms (at 7°8' north
latitude and 64°22' west longitude).
Approximately 5 minutes after touchdown,

Luna 9 began transmitting data to Earth, but
it was 7 hours (after the Sun climbed to 7°
elevation) before the probe began sending the
first of nine images (including five
panoramas) of the surface of the Moon. These
were the first images sent from the surface of
another planetary body. The radiation
detector, the only scientific instrument on
board, measured a dosage of 30 millirads per
day. Perhaps the most important discovery of
the mission was determining that a foreign
object would not simply sink into the lunar
dust, that is, that the ground could support a
heavy lander. Last contact with the space-
craft was at 22:55 UT on 6 February 1966.

66)
Kosmos 111 / [Luna]
Nation: USSR (41)
Objective(s): lunar orbit
Spacecraft: Ye-6S (no. 204)
Spacecraft Mass: ¢. 1,580 kg
Mission Design and Management: GSMZ
Lavochkin
Launch Vehicle: 8K78M (no. N103-41)
Launch Date and Time: 1 March 1966 /
11:03:49 UT
Launch Site: NIIP-5 / launch site 31
Scientific Instruments:
1) magnetometer
2) gamma-ray spectrometer
3) five gas-discharge counters



4) two ion traps and a charged-particle
trap

5) piezoelectric micrometer detector

6) infrared detector

7) low-energy x-ray photon counters
Results: In early 1966, the Soviets began
hastily putting together an interim lunar
orbiter program, the Ye-6S, partly to upstage
the American Lunar Orbiter project and
partly to commemorate the 23rd Congress of
the Communist Party held in March 1966.
Engineers quickly designed a set of two rudi-
mentary probes using the old Ye-6 (lander)
buses for these missions. The first of them was
prepared in less than a month but failed to
leave Earth orbit. During Earth orbit opera-
tions, the Blok L upper stage lost roll control
and failed to fire to send the probe towards
the Moon. The official Soviet media named the
stranded satellite Kosmos 111; it reentered
Earth’s atmosphere two days after launch.

67)
Luna 10
Nation: USSR (42)
Objective(s): lunar orbit
Spacecraft: Ye-6S (no. 206)
Spacecraft Mass: 1,582 kg
Mission Design and Management: GSMZ
Lavochkin
Launch Vehicle: 8K78M (no. N103-42)
Launch Date and Time: 31 March 1966 /
10:47 UT
Launch Site: NIIP-5 / launch site 31
Scientific Instruments:

1) magnetometer

2) gamma-ray spectrometer

3) five gas-discharge counters

4) two ion traps and a charged-particle

trap

5) piezoelectric micrometer detector

6) infrared detector

7) low-energy x-ray photon counters
Results: After a midcourse correction on 1
April, Luna 10, the second of two hastily pre-
pared Soviet Ye-6S probes (that is, the
backup), successfully entered lunar orbit two
days later at 18:44 UT, thus becoming the
first humanmade object to go into orbit
around another planetary body. A 245-kilo-
gram instrument compartment separated
from the main bus, which was in a 350 x
1,000-kilometer orbit inclined at 71.9° to the

lunar equator. The spacecraft carried a set of
solid-state oscillators that had been pro-
grammed to reproduce the notes of the
Internationale so that it could be broadcast
live to the 23rd Communist Party Congress.
During a rehearsal on the night of 3 April,
the playback went well, but the following
morning, controllers discovered a missing
note and played the previous night’s tape to
the assembled gathering at the Congress—
claiming it was a live broadcast from the
Moon. Luna 10 conducted extensive research
in lunar orbit, gathering important data on
the weakness of the Moon’s magnetic field, its
radiation belts, and the nature of lunar rocks
(which were found to be comparable to ter-
restrial basalt rocks), cosmic radiation, and
micrometeoroid density. Perhaps its most
important finding was the first evidence of
mass concentrations (called “mascons”)—
areas of high density below the mare basins
that distort lunar orbital trajectories. Their
discovery has usually been credited to the
American Lunar Orbiter series. Last contact
was on 30 May 1966.

68)

Surveyor Model 2

Nation: U.S. (26)

Objective(s): highly elliptical orbit

Spacecraft: SD-3

Spacecraft Mass: 784 kg

Mission Design and Management: NASA JPL
Launch Vehicle: Atlas-Centaur (AC-8 / Atlas
no. 184D / Centaur D)

Launch Date and Time: 8 April 1966 /

01:00:02 UT

Launch Site: ETR / launch complex 36B
Scientific Instruments: none

Results: This was a test to launch a dummy
Surveyor lunar lander spacecraft into a
barycentric orbit toward a simulated Moon.
Unlike the two previous Surveyor mass model
tests, this flight was supposed to demonstrate
a restart capability for the Centaur upper
stage. The Centaur-Surveyor combination
successfully achieved parking orbit around
Earth, but at the desired time, the Centaur
engines fired for only a few seconds. A thrust
imbalance left the payload tumbling. The
problem was later traced to a hydrogen per-
oxide leak in the ullage motors of the Centaur
stage. With no hope of reaching its ultimate




orbit, the spacecraft reentered Earth’s atmos-
phere on 5 May 1966.

69)
Surveyor 1
Nation: U.S. (27)
Objective(s): lunar soft-landing
Spacecraft: Surveyor-A
Spacecraft Mass: 995.2 kg
Mission Design and Management: NASA JPL
Launch Vehicle: Atlas-Centaur (AC-10 / Atlas
D no. 290 / Centaur D)
Launch Date and Time: 30 May 1966 /
14:41:01 UT
Launch Site: ETR, launch complex 36A
Scientific Instruments:

1) imaging system
Results: NASA initially (c. 1963) conceived of
the Surveyor program as a landing and
orbiting robotic lunar project, but it scaled
down plans to a more specific program of ten
lunar soft-landers (seven were eventually
launched) geared toward basic engineering
goals rather than scientific exploration. The
primary “scientific instrument” was an
imaging system. Unlike the Soviet Luna lan-
ders, Surveyor was a true soft-lander, com-
prising a 3-meter-tall vehicle based on a
27-kilogram, thin-walled aluminum trian-
gular structure with one of three legs at each
corner and a large solid-propellant retro-
rocket engine (that comprised over 60 percent
of the spacecraft’s overall mass) in the center.
The spacecraft was equipped with a Doppler
velocity-sensing system that fed information
into the spacecraft computer to implement a
controllable descent to the surface. Each of
the three landing pads also carried aircraft-
type shock absorbers and strain gauges to
provide data on landing characteristics,
important for future Apollo missions.
Surveyor 1, the first in the series, was an
unprecedented success. NASA accomplished
the first true soft-landing on the Moon on its
very first try when the probe landed in the
southwest region of the Ocean of Storms at
06:17:36 UT on 2 June 1966, just 63.6
hours after launch from Cape Canaveral.
Touchdown coordinates were 2°27' south lati-
tude and 43°13' west longitude, just 14 kilo-
meters from the planned target. At landing,
the spacecraft weighed 294.3 kilograms. The
initial panoramic views from the lunar sur-

face indicated that Surveyor 1 was resting in
a 100-kilometer-diameter crater that con-
tained boulders of more than 1 meter in
length scattered all around. The photos
showed crestlines of low mountains in the
distant horizon. The lander transmitted
11,350 images over two separate communica-
tions sessions by 6 July. Although the pri-
mary mission was completed by 13 July,
NASA maintained contact until 7 January
1967. Without doubt, Surveyor 1 was one of
the great successes of NASA’s early lunar and
interplanetary program.

Image of Surveyor 1’s shadow against the lunar surface in the late lunar afternoon,
with the horizon at the upper right. Surveyor 1 was the first U.S. mission to make a
successful softlanding on the Moon. In addition to transmitting over 11,000 pictures,
it sent information on the bearing strength of the lunar soil, the radar reflectivity, and
temperature.




70)
Explorer 33
Nation: U.S. (28)
Objective(s): lunar orbit
Spacecraft: IMP-D
Spacecraft Mass: 93.4 kg
Mission Design and Management: NASA GSFC
Launch Vehicle: Thor-Delta E-1 (no. 39 / Thor
no. 467 / DSV-3E)
Launch Date and Time: 1 July 1966 /
16:02:25 UT
Launch Site: ETR / launch complex 17A
Scientific Instruments :

1) fluxgate magnetometers

2) thermal ion probe

3) ion chamber

4) tubes plus p-on-n junction

5) Faraday-cup probe
Results: Explorer 33 was designed to become
the first U.S. spacecraft to enter lunar orbit
(planned parameters were 1,300 x 6,440 kilo-
meters at 175° inclination), but the Thor
Delta E-1 second stage accelerated too rap-
idly for compensation by the probe’s retro-
rocket to achieve lunar orbit. Instead, the
spacecraft (56.7 kg by this time) went into an
eccentric Earth orbit of 15,897 x 435,330
kilometers. The main solid-propellant retro-
rocket engine later stabilized the orbit to a
less eccentric 30,550 x 449,174-kilometer
orbit at 28.9° inclination. In its new orbit, the
probe returned key data on Earth’s magnetic
tail, the interplanetary magnetic field, and
radiation.

71)
Lunar Orbiter 1
Nation: U.S. (29)
Objective(s): lunar orbit
Spacecraft: LO-A
Spacecraft Mass: 385.6 kg
Mission Design and Management: NASA LaRC
Launch Vehicle: Atlas-Agena D (no. 17 / Atlas
D no. 5801 / Agena D no. AD121 / 6630)
Launch Date and Time: 10 August 1966 /
19:26:00 UT
Launch Site: ETR / launch complex 13
Scientific Instruments:

1) imaging system

2) micrometeoroid detectors

3) radiation dosimeters
Results: The Lunar Orbiter program originated
as a response to the need to obtain 1-meter-

resolution photographs of potential Apollo
landing sites. NASA planned launches of a
series of three-axis stabilized spacecraft with
four solar panels and a main engine (derived
from an Apollo attitude control thruster) for
lunar orbit insertion. The primary instrument
on board was a 68-kilogram Eastman-Kodak
imaging system (using wide- and narrow-
angle lenses) that could develop exposed film,
scan the images, and send them back to Earth.
The narrow-angle pictures provided resolution
of up to 60 to 80 meters, while the wide-angle
photos showed resolutions up to 0.5 kilome-
ters. Lunar Orbiter 1 entered a 191 x 1,854-
kilometer orbit around the Moon on 24
August, becoming the first U.S. spacecraft to
do so. The spacecraft’s primary mission was to
photograph nine potential Apollo landing
sites, seven secondary areas, and the Surveyor
1 landing site. During its mission, the probe
took 207 frames of the lunar surface covering
an area of 5.18 million square kilometers. The
high-resolution photos were blurred from
smearing, but the medium-resolution images
were the best lunar surface images returned
to date. One of the images returned, taken on
23 August, was the first picture of Earth from
the Moon. Lunar Orbiter 1 returned its last
picture on 30 August and was commanded to
crash on to the lunar surface on 29 October to
prevent its transmissions from interfering
with future Lunar Orbiters. Impact coordi-
nates were 6°42' north latitude and 162° east
longitude (at 13:30 UT).

72)
Pioneer 7
Nation: U.S. (30)
Objective(s): heliocentric orbit
Spacecraft: Pioneer-B
Spacecraft Mass: 62.75 kg
Mission Design and Management: NASA ARC
Launch Vehicle: Thor-Delta E-1 (no. 40 / Thor
no. 462 / DSV-3E)
Launch Date and Time: 17 August 1966 /
15:20:17 UT
Launch Site: ETR / launch complex 17A
Scientific Instruments:
1) single-axis fluxgate magnetometer
2) Faraday-cup plasma probe
3) plasma analyzer
4) cosmic-ray telescope
5) cosmic-ray-anisotropy detector




6) radio wave propagation experiment

7) celestial mechanics experiment
Results: Identical to Pioneer 6, Pioneer 7
was put into heliocentric orbit at 0.814 x
0.985 AU to study the solar magnetic field,
the solar wind, and cosmic rays at widely
separated points in solar orbit. On 7
September 1968, the spacecraft was cor-
rectly aligned with the Sun and Earth to
begin studying Earth’s magnetic tail. In
1977, eleven years after its launch, Pioneer 7
registered the magnetic tail 19.3 million
kilometers out, three times further into
space than recorded previously. On 20
March 1986, the spacecraft flew within
12.3 million kilometers of Halley’s Comet
and monitored the interaction between the
cometary hydrogen tail and the solar wind.
As with Pioneer 6 and Pioneer 8, NASA
continues to maintain intermittent contact
with Pioneer 7, more than thirty years
after its mission began. On 31 March 1995,
for example, the plasma analyzer was
turned on during 2 hours of contact with
the ground.

73)
Luna 11
Nation: USSR (43)
Objective(s): lunar orbit
Spacecraft: Ye-6LF (no. 101)
Spacecraft Mass: 1,640 kg
Mission Design and Management: GSMZ
Lavochkin
Launch Vehicle: 8K78M (no. N103-43)
Launch Date and Time: 24 August 1966 /
08:03 UT
Launch Site: NITP-5
Scientific Instruments:

1) imaging system

2) gamma-ray detector

3) magnetometer

4) radiation detectors

5) infrared radiometer

6) meteoroid detectors

7) R-1 gear transmission experiment
Results: This subset of the “second-generation”
Luna spacecraft, the Ye-6LF, was designed to
take the first photographs of the surface of
the Moon from lunar orbit. A secondary objec-
tive was to obtain data on mass concentra-
tions (“mascons”) on the Moon first detected
by Luna 10. Using the basic Ye-6 bus, a suite

of scientific instruments (plus an imaging
system similar to the one used on Zond 3)
replaced the small lander capsule used on the
soft-landing flights. The resolution of the
photos was reportedly 15 to 20 meters. A
technological experiment included testing the
efficiency of gear transmission in vacuum as
a test for a future lunar rover. Luna 11,
launched only two weeks after the U.S. Lunar
Orbiter, successfully entered lunar orbit at
21:49 UT on 27 August. Parameters were 160
x 1,193 kilometers. During the mission, the
TV camera failed to return usable images
because the spacecraft lost proper orientation
to face the lunar surface when a foreign
object was lodged in the nozzle of one of the
attitude-control thrusters. The other instru-
ments functioned without fault before the
mission formally ended on 1 October 1966
after the power supply had been depleted.

74)
Surveyor 2
Nation: U.S. (31)
Objective(s): lunar soft-landing
Spacecraft: Surveyor-B
Spacecraft Mass: 995.2 kg
Mission Design and Management: NASA JPL
Launch Vehicle: Atlas-Centaur (AC-7 / Atlas D
no. 194 / Centaur D)
Launch Date and Time: 20 September 1966 /
12:32:00 UT
Launch Site: ETR / launch complex 36A
Scientific Instruments:

1) imaging system
Results: Surveyor 2, similar in design to its
predecessor, was aimed for a lunar soft-
landing in Sinus Medii. During the coast to
the Moon, at 05:00 UT on 21 September, one
of three thrusters failed to ignite for a 9.8-
second midcourse correction and thus put the
spacecraft into an unwanted spin. Despite as
many as thirty-nine repeated attempts to fire
the recalcitrant thruster, the engine failed to
ignite, and Surveyor 2 headed to the Moon
without proper control. Just 30 seconds after
ignition at 09:34 UT on 22
September, communications fell out, and the
lander crashed on to the surface of the Moon
at 5°30' north latitude and 12° west longi-
tude, just southeast of Copernicus crater.

retro-fire



75)
Luna 12
Nation: USSR (44)
Objective(s): lunar orbit
Spacecraft: Ye-6LF (no. 102)
Spacecraft Mass: 1,620 kg
Mission Design and Management: GSMZ
Lavochkin
Launch Vehicle: 8K78M (no. N103-44)
Launch Date and Time: 22 October 1966 / 08:42
UT
Launch Site: NIIP-5 / launch site 31
Scientific Instruments:

1) imaging system

2) gamma-ray detector

3) magnetometer

4) radiation detectors

5) infrared radiometer

6) meteoroid detectors

7) R-1 gear transmission experiment
Results: Luna 12 was launched to complete the
mission that Luna 11 had failed to accom-
plish—take high-resolution photos of the
Moon’s surface from lunar orbit. Luna 12 suc-
cessfully reached the Moon on 25 October 1966
and entered a 133 x 1,200-kilometer orbit. The
Soviet press released the first photos taken of
the surface on 29 October—pictures that
showed the Sea of Rains and the Aristarchus
crater. Resolution was as high as 15 to 20
meters. Film was developed, fixed, dried auto-
matically, and scanned for transmission to
Earth. No further photos were ever released.
After completing its main imaging mission,
Luna 12 was put into a spin-stabilized roll to
carry out its scientific mission, which was ful-
filled quite successfully. Contact was finally
lost on 19 January 1967 after 302 communica-
tions sessions.

76)

Lunar Orbiter 2

Nation: U.S. (32)

Objective(s): lunar orbit

Spacecraft: LO-B

Spacecraft Mass: 385.6 kg

Mission Design and Management: NASA LaRC
Launch Vehicle: Atlas-Agena D (no. 18 / Atlas
D no. 5802 / Agena D no. AD122 / 6631)
Launch Date and Time: 6 November 1966 /
23:21:00 UT

Launch Site: ETR / launch complex 13

Scientific Instruments:

1) imaging system

2) micrometeoroid detectors

3) radiation dosimeters
Results: Lunar Orbiter 2’s mission was to pho-
tograph thirteen primary and seventeen sec-
ondary landings sites for the Apollo program
in the northern region of the Moon’s near side
equatorial area. On 10 November 1966, the
spacecraft entered a 196 x 1,871-kilometer
orbit around the Moon. By 6 December, when
the probe transmitted back its last photo-
graph, 211 pictures had been taken of both
the near side and large areas of the far side.
These photos covered nearly four million
square kilometers of the lunar surface. The
high-gain transmitter failed on the same day,
but did not significantly affect the coverage
afforded by the photos. Lunar Orbiter 2
returned perhaps the most memorable photo
of any in the series, a spectacular shot
looking across the Copernicus crater from an
altitude of only 45 kilometers, which vividly
emphasized the three-dimensional nature of
the lunar surface. On 8 December, after the
main photographic mission was over, Lunar
Orbiter 2 fired its main engine to change its
orbital plane in order to provide tracking
data of the Moon’s gravitational field over a
wider swath. Finally, on 11 October 1967,
when attitude control gas was almost
depleted, a retro-burn deliberately crashed
the spacecraft onto the lunar surface at 4°
south latitude and 98° east longitude on the
far side to prevent communications interfer-
ence on future missions.

77)
Luna 13
Nation: USSR (45)
Objective(s): lunar soft-landing
Spacecraft: Ye-6M (no. 205)
Spacecraft Mass: 1,620 kg
Mission Design and Management: GSMZ
Lavochkin
Launch Vehicle: 8K78M (no. N103-45)
Launch Date and Time: 21 December 1966 /
10:17 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:

1) TV cameras

2) infrared radiometer

3) penetrometer




4) radiation densitometer

5) radiation detector
Results: Luna 13 became the second Soviet
spacecraft to successfully soft-land on the
surface of the Moon. The probe landed in the
Ocean of Storms at 18:01 UT on 24 December
1966, between the Krafft and Seleucus
craters at 18°52' north latitude and 62°3'
west longitude. Unlike its predecessor,
the heavier Luna 13 lander (113 kilograms)
carried a suite of scientific instruments in
addition to the usual imaging system. A
three-axis accelerometer within the pressur-
ized frame of the lander recorded the landing
forces during impact to determine the soil
structure down to a depth of 20 to 30 cen-
timeters. A pair of spring-loaded booms was
also deployed. Both were equipped with tita-

nium-tipped rods that were driven into the
ground with a powerful force by small explo-
sive charges to measure soil density (found at
roughly 0.8 grams per cubic centimeter). Four
radiometers recorded infrared radiation from
the surface indicating a noon temperature of
117 + 3°C while a radiation detector indi-
cated that radiation levels would be less than
hazardous for humans. The lander returned a
total of five panoramas of the lunar surface,
showing a more smooth terrain than seen by
Luna 9. One of the two cameras (intended to
return stereo images) failed, but this did not
diminish the quality of the photographs.
After a fully successful mission, contact was
lost at 06:13 UT on 28 December when the
onboard batteries were exhausted.






1967

78)
Lunar Orbiter 3
Nation: U.S. (33)
Objective(s): lunar orbit
Spacecraft: LO-C
Spacecraft Mass: 385.6 kg
Mission Design and Management: NASA LaRC
Launch Vehicle: Atlas-Agena D (no. 20 / Atlas
D no. 5803 / Agena D no. AD128 / 6632)
Launch Date and Time: 5 February 1967 /
01:17:01 UT
Launch Site: ETR / launch complex 13
Scientific Instruments:

1) imaging system

2) micrometeoroid detectors

3) radiation dosimeters
Results: Lunar Orbiter 3 was the final Lunar
Orbiter mission to study potential Apollo
landing sites; further missions would be ded-
icated to scientific and global surveys. The
spacecraft arrived in lunar orbit on 7
February 1967. Initial orbital parameters
were 200 x 1,850 kilometers at 21° inclina-
tion. During its eight-month mission, the
spacecraft took 211 frames of pictures,
although only 182 were actually returned to
Earth because of a problem on 24 February
with the motor that rewound the film.
Despite the minor glitch, Lunar Orbiter ful-
filled its original mission objectives,
returning images of 15.5 million square kilo-
meters of the near side and 650,000 square

kilometers of the far side. On 30 August 1967,
ground controllers commanded the vehicle to
circularize its orbit to 160 kilometers in order
to simulate an Apollo trajectory. Later, on 9
October 1967, the probe was intentionally
crashed onto the lunar surface at 14°36'
north latitude and 91°42' west longitude. The
photographs from the first three Lunar
Orbiters allowed NASA scientists to pick
eight preliminary landing sites for Apollo by
early April 1967, including site 2 in the Sea of
Tranquillity, where Apollo 11 would land, and
site 5 in the Ocean of Storms, where Apollo 12
(and also Surveyor 3) would disembark.

79)
Surveyor 3
Nation: U.S. (34)
Objective(s): lunar soft-landing
Spacecraft: Surveyor-C
Spacecraft Mass: 997.9 kg
Mission Design and Management: NASA JPL
Launch Vehicle: Atlas-Centaur (AC-12 / Atlas
D no. 292 / Centaur D)
Launch Date and Time: 17 April 1967 /
07:05:01 UT
Launch Site: ETR / launch complex 36B
Scientific Instruments:
1) imaging system
2) surface sampler
Results: Surveyor 3 was the third engineering
flight of the series; for the first time, it car-



Charles Conrad, Jr., Apollo 12 Commander, examines the unpiloted Surveyor 3 spacecraft during the second
extravehicular activity (EVA-2). The Lunar Module (LM) Intrepid is in the right background. This picture was taken
by astronaut Alan L. Bean, Lunar Module pilot. The Intrepid landed on the Moon’s Ocean of Storms only 600 feet

from Surveyor 3. The television camera and several other components were taken from Surveyor 3 and brought

back to Earth for scientific analysis. Surveyor 3 soft-landed on the Moon on 19 April 1967.




ried a soil-sampling instrument that could
reach up to 1.5 meters from the lander and
dig up to 0.5 meters deep. Unlike the pre-
vious Surveyors, Surveyor 3 began its mis-
sion from parking orbit around Earth with
a burn from the Centaur upper stage, now
capable of multiple firings. Although the
landing radar cut out prematurely, basic
inertial control ensured that Surveyor 3
landed on the lunar surface with minimal
vertical velocity at 00:04:17 UT on 20 April
1967 in the southeastern region of Oceanus
Procellarum, at 2°56' north latitude and
23°20' west longitude. A fairly strong side-
ways motion made the lander hop twice
before coming to a standstill. Less than an
hour after landing, the spacecraft began
transmitting the first of 6,315 TV pictures
of the surrounding areas. The most exciting
experiment of the mission was the deploy-
ment of the remote scooper arm, which, via
commands from Earth, dug four trenches
and performed four bearing tests and thir-
teen impact tests. Based on these experi-
ments, scientists concluded that lunar soil
had a consistency similar to wet sand, with
a bearing strength of 0.7 kilograms per
square centimeter—solid enough for an
Apollo Lunar Module. Last contact was
made on 4 May 1967, two days after the
lunar night began. More than three years
later, Apollo 12 astronauts Charles Conrad,
Jr., and Alan L. Bean landed the Intrepid
LM near the inactive Surveyor 3 lander on
18 November 1969. The astronauts recov-
ered parts from Surveyor 3, including the
soil scoop and camera system, to allow sci-
entists to evaluate the effects of nearly two
and one-half years of exposure on the
Moon’s surface.

80)

Lunar Orbiter 4

Nation: U.S. (35)

Objective(s): lunar orbit

Spacecraft: LO-D

Spacecraft Mass: 385.6 kg

Mission Design and Management: NASA LaRC
Launch Vehicle: Atlas-Agena D (no. 22 / Atlas
D no. 5804 / Agena D no. AD131 / 6633)
Launch Date and Time: 4 May 1967 /
22:25:00 UT

Launch Site: ETR / launch complex 13

Scientific Instruments:

1) imaging system

2) micrometeoroid detectors

3) radiation dosimeters
Results: Lunar Orbiter 4 was the first in the
series dedicated to scientific surveys of the
Moon. After a burn at 21:54 UT on 8 May
1967, the spacecraft entered a 2,705 x 6,034-
kilometer orbit inclined at 85.48 degrees,
becoming the first vehicle to enter polar orbit
around the Moon. Controllers successfully
overcame a problem with the Thermal
Camera Door, and subsequently, during its
two-month mission, the orbiter took pictures
of 99 percent of the near side and 75 percent
of the far side of the Moon in a total of 193
frames. The images had a resolution of up to
60 meters. In early June, controllers lowered
the spacecraft’s orbit to match that of Lunar
Orbiter 5 so that scientists could collect grav-
itational data in support of the latter mission.
Before losing contact on 17 July, Lunar
Orbiter 4 took the first photos of the lunar
south pole and discovered a 240-kilometer-
long crustal fault on the far side. Since contact
was lost before controlled impact, the space-
craft naturally crashed onto the Moon on 6
October 1967 due to gravitational anomalies.

81)

Kosmos 159 / [Luna]

Nation: USSR (46)

Objective(s): highly elliptical orbit around
Earth

Spacecraft: Ye-6LS (no. 111)

Spacecraft Mass: unknown

Mission Design and Management: GSMZ
Lavochkin

Launch Vehicle: 8K78M (no. Ya716-56)

Launch Date and Time: 16 May 1967 /

21:43:57 UT

Launch Site: NIIP-5 / launch site 1

Scientific Instruments: unknown

Results: This spacecraft was a one-off high-
apogee Earth satellite developed to acquire
data on trajectory measurement techniques on
future lunar orbital missions. By perfecting
such techniques, engineers could accurately
measure trajectories of future lunar orbiters
affected by anomalies in the Moon’s gravita-
tional field. Mission designers had planned to
send the probe into a highly elliptical orbit
with an apogee of 250,000 kilometers, but the



Blok L upper stage evidently cut off too early.
Instead, the spacecraft, named Kosmos 159,
entered a lower orbit of 260 x 60,710 kilome-
ters at 51.7° inclination. Despite the incorrect
orbit, controllers no doubt used the spacecraft
for its original mission. No data is available on
when the ground lost contact with the space-
craft. Kosmos 159 reentered Earth’s atmos-
phere on 11 November 1967.

82)
Venera 4
Nation: USSR (47)
Objective(s): Venus impact
Spacecraft: 1V (no. 310)
Spacecraft Mass: 1,106 kg
Mission Design and Management: GSMZ
Lavochkin
Launch Vehicle: 8K78M
Launch Date and Time: 12 June 1967 /
02:39:45 UT
Launch Site: NIIP-5 / launch site 1
Scientific Instruments:

Lander:

1) radio altimeter

2) aneroid barometer

3) eleven gas-analyzer cartridges

4) two resistance thermometers

5) ionization densitometer

Bus:

1) magnetometer

2) cosmic-ray counters

3) charged-particle traps

4) ultraviolet photometer
Results: Venera 4 was the first Venus probe
built by the Lavochkin design bureau,
although Lavochkin engineers retained the
basic design layout of the earlier Korolev
probes. The spacecraft consisted of a main bus
about 3.5 meters high and a 383-kilogram
lander probe designed to transmit data as it
descended through the Venusian atmosphere.
This capsule was designed to endure loads as
high as 350 g and land on both land and liquid.
For atmospheric entry, it was equipped with a
thick ablative heatshield. After a midcourse
correction on 29 July 1967, Venera 4
approached Venus on 18 October and released
the lander at 04:34 UT, immediately prior to
entry of the bus. Parachuting into the planet’s
atmosphere, the lander turned on its scientific
instruments 5 minutes later when the rate of
descent lowered to 10 meters per second (at 55

kilometers altitude). The probe continued to
transmit for 93 minutes as it slowly fell
through the atmosphere. Initially, Soviet sci-
entists believed that the probe transmitted
until contact with the surface. In reality, trans-
missions ceased at an altitude of 27 kilometers
when the high atmospheric pressure and tem-
peratures crushed the probe. The data implied
that surface temperatures and pressure were
500°C and 75 atmospheres respectively.
Venera 4’s gas analyzers also found that the
planet’s atmosphere was composed of 90 to 95
percent carbon dioxide with no nitrogen. The
spacecraft bus measured the planet’s weak
magnetic field and found no ring of radiation
belts. It detected a very weak atmosphere of
atomic hydrogen about 9,900 kilometers above
the planet. Venera 4 was the first spacecraft to
transmit data from a planet’s atmosphere.

83)
Mariner 5
Nation: U.S. (36)
Objective(s): Venus flyby
Spacecraft: Mariner-67E / Mariner-E
Spacecraft Mass: 244.9 kg
Mission Design and Management: NASA JPL
Launch Vehicle: Atlas-Agena D (no. 23 / Atlas
D no. 5401 / Agena D no. AD157 / 6933)
Launch Date and Time: 14 June 1967 /
06:01:00 UT
Launch Site: ETR / launch complex 12
Scientific Instruments:

1) ultraviolet photometer

2) S-band occultation experiment

3) dual-frequency occultation

experiment

4) solar plasma probe

5) magnetometer

6) trapped-radiation detector

7) celestial mechanics experiment
Results: In December 1965, NASA approved a
project to modify the Mariner 4 backup space-
craft to conduct a closer flyby of Venus than
the only other NASA probe to fly past Venus,
Mariner 2. Unlike Mariner 4, however,
Mariner 5 did not carry an imaging instru-
ment. Initiallyy NASA had planned to send
Mariner 5 on a flyby at a miss distance of
8,165 kilometers, but the Agency altered its
plan in favor of a more modest 75,000-kilo-
meter flyby in order to prevent the nonsteril-
ized vehicle from crashing into the planet.




After a midcourse correction on 19 June,
Mariner 5 began transmitting data about
Venus on 19 October during its encounter.
Closest approach was at 17:34:56 UT at a
range of 4,094 kilometers. Mariner 5 found no
radiation belts trapped by Venus’ magnetic
field. The ultraviolet photometer detected a
hydrogen corona (as did the Soviet Venera 4),
but no oxygen emission. Mariner 5’s instru-
ments indicate