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			January 31, 1958 marked a significant beginning for space exploration. More than the historic and successful launch of Explorer 1, the first U.S. satellite, it was the beginning of an unprecedented era of exploration and understanding of our own planet and the distant worlds beyond. The more we uncover about the mysteries and beauty of space, the more we are inspired to go farther. Yet, with all we have learned, we still cannot even imagine what future generations will find.


			Spacecraft from NASA and others have shown us the intricacies within clouds and terrain of distant planets that were only a dot in an astronomer’s telescope a few decades ago. We have seen the birth of stars, black holes, and found exoplanets orbiting stars in systems remarkably similar to ours. Future missions will take us forward in history, as we seek to uncover the very origins of our universe.


			We may not know precisely what—or who—we will find out there, but we can be sure that space exploration will continue to surprise and inspire us, as it did for those who came before and those who will follow. Along the way there will be missteps, some more devastating than others. That is the price of doing what’s never been done before—a price that sometimes is tragically paid at the highest cost by the courageous. But like those early days of the space program, we are as motivated to succeed by the missions that do not make it as those that do. And we learn from them, coming back stronger and smarter.


			In this book, the history of NASA’s six decades of exploration beyond Earth and its Moon to other planets and their moons is laid out. The story follows spacecraft to the Sun, comets, minor and dwarf planets and, ultimately, beyond our solar system. As we marvel at the ingenuity of the early pioneers of the Space Age, we realize how much they achieved with what, comparatively, was so little. Computers were human, and when the machines did take over calculations, they also took up entire rooms with processing capability less than smartphones in your pockets today.


			Yet some of NASA’s greatest achievements took place during this period: Mariner IV, which took the first pictures of the surface of Mars in 1965; the global view of Mars from Mariner 9 in 1971; and the Viking landers of the 1970s, which executed the first planetary soft-landings of American spacecraft. The crowning achievements of America’s mid-century robotic space exploration were the Pioneer and Voyager missions which were sent to the far boundaries of our solar system using early 1970s technology. As this is being written, Voyager 1 and Voyager 2 continue to send us data from beyond the outer planets from the boundary region of the Sun’s sphere of influence, the heliosphere. But space does not belong to the United States alone. We have evolved from the earliest days of the Space Race, when being “first” brought serious geopolitical consequences, to our current era of international partnerships that have taken us farther together than we could have gone alone.


			In the modern era of exploration, which itself will look outdated in a generation, we have discovered the extraordinary rings and moons of Saturn with NASA’s Cassini spacecraft and the Huygens lander built by the European Space Agency. We marvel at images of the swirling storms on Jupiter sent back to Earth by our Juno mission. And we constantly find new science from the Curiosity rover that’s been trekking across the surface of Mars for more than five years.


			Our robotic emissaries have made tremendous journeys over the past six decades. They carry the vision and inspiration of humankind beyond our physical ability to make the trip—yet. This book celebrates the extraordinary men and women who have looked up and wondered what’s out there and then found the answer. In only 60 years, our technology has evolved from a simple, modified Geiger counter launched into Earth orbit to sublime technologies sending full-color, high-resolution images and data from the edge of the universe. The next 60 should be exponentially rewarding.


			– Dr. Thomas H. Zurbuchen


			NASA Associate Administrator at Science Mission Directorate
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			Humans abandoned their nomadic habits and moved into settlements about 40 to 50 thousand years ago. We have been using tools even longer. But our ability to send one of our tools into the heavens is of much more recent origin, spanning only the past 60 years. Yet, in that time, we have created new tools—we call them robotic spacecraft—and sent them into the cosmos, far beyond Earth. Of course, many never got very far. That’s the cost of hubris and ambition. But most did. And many never came back to Earth and never will. In that sense, we as a species have already left a mark on the heavens; these small objects that dot the cosmos are a permanent legacy of our species, existing for millions of years, even if we as a planet were to disappear. This book that you hold in your hands (or are reading in digital form) is a chronicle of all these tools, both failed and successful, that humans have flung into the heavens beyond Earth.


			The text in front of you is a completely updated and revised version of a monograph published in 2002 by the NASA History Office under the original title Deep Space Chronicle: A Chronology of Deep Space and Planetary Probes, 1958–2000. This new edition not only adds all events in robotic deep space exploration after 2000 and up to the end of 2016, but it also completely corrects and updates all accounts of missions from prior years. The information in the monograph is current as of mid-2017 when I completed writing.


			What Does This Publication Include?


			This monograph contains brief descriptions of all robotic deep space missions attempted by humans since the opening of the space age in 1957. The missions are listed chronologically in order of their launch dates (i.e., not their target body encounters). 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 spacecraft that satisfied the following guidelines:








			1.	Any probe that was launched to an “encounter” with a “target.”


			a.	An “encounter” includes the following events:


			i.	flybys


			ii.	orbiting


			iii.	atmospheric entry and impacts


			iv.	soft-landing


			b.	“Targets” include the following:


			i.	the planets of the Solar System (Mercury, Venus, Mars, Jupiter, Saturn, Uranus, and Neptune)


			ii.	the Earth’s Moon


			iii.	minor planets or asteroids


			iv.	natural satellites of the planets and asteroids


			v.	comets


			vi.	dwarf planets (such as Pluto)


			2.	Any probe that was deliberately sent into heliocentric (solar) orbit.


			3.	Any probe that was sent into a halo (Lissajous) orbit around any of the libration points involving Earth, the Moon, and the Sun.


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


			



I have included probes whether they succeeded in their objectives or not. Thus, some probes never got a few meters beyond the launch pad while others are heading into the outer reaches of the solar system.


			It should be noted that the criteria for inclusion in this volume does not always coincide with NASA’s own programmatic distinctions about what constitutes a planetary science mission. For example, this volume includes missions such as Wind, ACE, MAP, and SIRTF, none of which was funded through NASA’s solar system exploration line. The criteria for inclusion here is simply whether the mission was intended to operate beyond Earth orbit and satisfied the above four requirements, regardless of who funded it or what kind of science it generated.


			Where Is the Information From?


			For statistical data on U.S. probes (such as launch vehicle numbers, launch times, list of instruments, etc.), I have used original NASA sources such as Public Affairs releases, press kits, postflight mission reports, and official histories. These records are deposited in the NASA Historical Reference Collection at NASA Headquarters in Washington, DC, or are available online at various NASA or government databases. For missions after approximately 2000, there is a proliferation of official mission websites, hosted by the organization sponsoring the missions, including, for example, the Jet Propulsion Laboratory (JPL), the Applied Physics Laboratory (APL), and the S. A. Lavochkin Scientific-Production Association (or NPO imeni Lavochkina). I have used these as primary sources of information. For some of the initial Earth orbital parameters of many deep space probes, a very useful source has been the online newsletter “Jonathan’s Space Report” prepared by Jonathan McDowell.


			For Soviet/Russian sources, I have used only Russian-language sources, such as the journal Kosmicheskaya issledovaniya (Space Research), official organizational histories, reliable memoirs, or the semi-official journal Novosti kosmonavtiki (News of Cosmonautics).


			In the bibliography at the end of the monograph, I list a few published secondary sources that have been useful in verifying or framing data. Every attempt has been made to present accurate information, but with a project of this size and scope, there will naturally be errors.


			I have avoided as much as possible using unofficial amateur Web sites (such as Wikipedia) or secondary history books, such as Andrew Wilson’s otherwise quite wonderful Solar System Log. These sources are good for a quick overview but they often reproduce errors (especially in timings, details, and distances) that have now been repeatedly and erroneously propagated in the Internet era. The one exception is Don Mitchell’s excellent website on Soviet lunar and planetary exploration, found at http://mentallandscape.com/V_Venus.htm. I highly recommend it.


			What Kind of Information Have I Included?


			In terms of the mission descriptions, I have kept the focus on dynamic mission events (course corrections, orbital insertion, reentry, landing, equipment deployment, etc.) rather than mission planning or scientific results, although in many cases I have included brief summaries of both. But I do not make any claim to comprehensiveness in terms of the scientific outcomes of the missions. This monograph is more about what happened rather than what was discovered. In the interest of space, the mission descriptions have been kept relatively short, filled with detail, and to the point.


			Conflicting Information


			There are many, many areas where different sources have supplied different information, especially for some early Soviet probes launched between 1960 and 1965. The precise instrument complement of these probes (1M, 1V, 2MV, and 3MV series) is not known very well because in many cases, scientific instruments that were meant for the spacecraft were removed before launch. I have listed all the originally slated instruments meant for those vehicles even if they were later removed before launch. Undoubtedly, there are mistakes and inconsistencies in the lists presented here but I have made every effort to be as accurate as possible.
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			Mission Designations


			I have made every attempt to use the names of spacecraft and missions that were contemporaneous to the time of the mission and assigned by the agency or organization implementing the missions.


			In the 1960s, NASA routinely used Roman numerals for missions (Mariner IV, Mariner V, etc.) in their official documentation, but these were discontinued in the 1970s. Readers will note that I have used this convention for all missions until and including 1970 but after that switched to Latin numbers (Mariner 9, Mariner 10, etc.). This division is somewhat arbitrary but was necessary not to confuse readers.


			The practice of giving spacecraft “official” names is complicated by the fact that beginning with the launch of Sputnik in 1957 and until the late 1980s, the Soviet Union never announced or acknowledged a mission if it failed to reach Earth orbit. In addition, for those lunar and planetary probes that did reach Earth orbit but failed to leave it, the Soviets adopted two strategies:


			

				between 1960 and 1963, the Soviets simply never admitted their existence and made no announcement; and


				beginning November 1963, the Soviet media began to give these stranded-in-Earth-orbit spacecraft “Kosmos” numbers. So, the deep space vehicle launched on 11 November 1963 that reached Earth orbit but failed to leave for deep space was simply given the “next” Kosmos number, in this case “21.” By giving it such a nondescript name (“Kosmos 21”), Soviet officials sought to draw attention away from such failures. This practice was followed well into the late 1980s.


			


			For both of these three types of missions, I have used the following convention:


			[Program, Spacecraft design designation, serial number]


			OR


			Kosmos number [Program]




			I do not use terms such as “Marsnik 1” or “Mars 1960A” (listed in the National Space Science Data Center, for example, to denote the spacecraft launched on 10 October 1960). Since the Soviets never used such names, it would be entirely inaccurate to ascribe such designations. Such fictitious names (such as “Sputnik 27”) unfortunately proliferate online but are Western inventions.


			Launch Sites


			For Soviet and Russian launch sites, the following conventions apply:


			“Site A / B” implies that the probe was launched from Site A, Launch Unit B


			Mission Goals


			There are good reasons not to use terms such as “flyby” or “flight” since spacecraft do not fly. As one of the reviewers for this manuscript pointed out, these terms are remnants of the era of aeronautics. As such, more appropriate terms would be “swingby” (instead of “flyby”) and “mission” (instead of “flight”). However, because terms such as “flyby” and “flight” are still widely used by many space agencies globally, this manuscript has retained their use, despite their imprecise nature.
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		Firsts  in the History of Deep Space Exploration




			Absolute Firsts


			First attempt to launch a probe into deep space:


			USA / Able 1 [Pioneer 0] / 17 August 1958


			First probe to reach escape velocity: 


			USSR / Soviet Space Rocket [Luna 1] / 2 January 1959


			First spacecraft to impact on another celestial body:


			USSR / Second Soviet Space Rocket [Luna 2] / 14 September 1959 (Moon)


			First successful planetary mission:


			USA / Mariner II / 14 December 1962 (Venus)


			First spacecraft to impact another planet:


			USSR / Venera 3 / 1 March 1966 (Venus)


			First spacecraft to make a survivable landing on a celestial body:


			USSR / Luna 9 / 3 February 1966 (Moon)


			First spacecraft to orbit a celestial body other than Earth or the Sun:


			USSR / Luna 10 / 2 April 1966 (Moon)


			First successful planetary atmospheric entry probe:


			USSR / Venera 4 / 18 October 1967 (Venus)


			First liftoff from another celestial body:


			USA / Surveyor VI / 17 November 1967 (Moon)


			First transmission from the surface of another planet:


			USSR / Venera 7 / 15 December 1970 (Venus)


			First robotic spacecraft to recover and return samples from another celestial body:


			USSR / Luna 16 / 12–21 September 1970 (Moon)


			First wheeled vehicle on another celestial body:


			USSR / Lunokhod 1 / 17 November 1970 (Moon)


			First spacecraft to fly through the asteroid belts:


			USA / Pioneer 10 / out in February 1973


			First spacecraft to use gravity assist to change its interplanetary trajectory:


			USA / Mariner 10 / 5 February 1974 (at Venus)


			First spacecraft to fly past multiple planets:


			USA / Mariner 10 / 5 February 1974 (Venus) and 29 March 1974 (Mercury)


			First spacecraft to transmit photos from the surface of another planet:


			USSR / Venera 10 / 22 October 1975 (Venus)


			First spacecraft to orbit a libration point:


			USA / ISEE-3 / 20 November 1978 (Sun-Earth L1)


			First spacecraft to fly past a comet:


			USA / ISEE-3 / 11 September 1985 (Comet Giacobini-Zinner)


			First spacecraft to use Earth for a gravity assist:


			ESA / Giotto / 2 July 1990


			First spacecraft to use aerobraking to reduce velocity:


			Japan / Hiten / 19 March 1991


			First spacecraft to fly past an asteroid:


			USA / Galileo / 26 October 1991 (951 Gaspra)


			First wheeled vehicle on a planet:


			USA / Sojourner / 5 July 1997 (Mars)


			First spacecraft to use ion propulsion as primary propulsion in deep space:


			USA / Deep Space 1 / 24 November 1998


			First spacecraft to orbit an asteroid:


			USA / NEAR Shoemaker / 14 February 2000 (433 Eros)


			First spacecraft to land on an asteroid:


			USA / NEAR Shoemaker / 12 February 2001 (433 Eros)


			First spacecraft to return extraterrestrial material from beyond lunar orbit:


			USA / Genesis / Returned 8 September 2004


			First spacecraft to use a solar sail as primary propulsion in deep space:


			Japan / IKAROS / 9 July 2010


			First spacecraft to orbit a body in the main asteroid belt:


			USA / Dawn / 16 July 2011 (4 Vesta)


			First spacecraft to orbit a dwarf planet:


			USA / Dawn / 7 March 2015 (1 Ceres)


			The Moon


			First lunar probe attempt:


			USA / Able 1 [Pioneer 0] / 17 August 1958


			First spacecraft to impact the Moon:


			USSR / Second Soviet Space Rocket [Luna 2] / 14 September 1959


			First spacecraft to fly by the Moon:


			USSR / Automatic Interplanetary Station [Luna 3] / 6 October 1959


			First to photograph farside of the Moon:


			USSR / Automatic Interplanetary Station [Luna 3] / 6 October 1959


			First survivable landing on the Moon:


			USSR / Luna 9 / 3 February 1966


			First soft-landing on the Moon:


			USA / Surveyor I / 2 June 1966


			First spacecraft to orbit the Moon:


			USSR / Luna 10 / 2 April 1966


			First liftoff from the Moon:


			USA / Surveyor VI / 17 November 1967


			First successful circumlunar mission:


			USSR / Zond 6 / 14–21 September 1968


			First robotic return of soil sample from the Moon:


			USSR / Luna 16 / 12–21 September 1970


			First wheeled vehicle on Moon:


			USSR / Lunokhod 1 / 17 November 1970


			The Sun


			First probe into heliocentric orbit:


			USSR / Soviet Space Rocket / 2 January 1959


			First spacecraft to view the poles of the Sun:


			ESA / Ulysses / September 2000 to January 2001


			Mercury


			First spacecraft to fly by Mercury:


			USA / Mariner 10 / 29 March 1974


			First spacecraft to orbit Mercury:


			USA / MESSENGER / 18 March 2011


			Venus


			First attempt to send a spacecraft to Venus:


			USSR / Heavy Satellite / 4 February 1961


			First spacecraft to successfully fly past Venus:


			USA / Mariner II / 14 December 1962


			First spacecraft to impact Venus:


			USSR / Venera 3 / 1 March 1966


			First successful atmospheric entry into Venus:


			USSR / Venera 4 / 18 October 1967


			First soft-landing and return of surface data from Venus:


			USSR / Venera 7 / 15 December 1970


			First surface photos of Venus:


			USSR / Venera 10 / 22 October 1975


			First spacecraft to orbit Venus:


			USSR / Venera 10 / 22 October 1975


			First spacecraft to image the entire surface of Venus:


			USA / Magellan / 1990–1994


			Mars


			First Mars probe attempt:


			USSR / [Mars, 1M no. 1] / 10 October 1960


			First successful mission to Mars:


			USA / Mariner IV / Launched 15 July 1965


			First spacecraft to orbit Mars:


			USA / Mariner 9 / 14 November 1971


			First spacecraft to impact Mars:


			USSR / Mars 2 / 27 November 1971


			First successful soft-landing on the Martian surface:


			USA / Viking 1 / 20 July 1976


			First wheeled vehicle on Mars:


			USA / Sojourner / 5 July 1997


			Jupiter


			First spacecraft to fly by Jupiter:


			USA / Pioneer 10 / 4 December 1973


			First atmospheric entry into Jupiter:


			USA / Galileo Probe / 7 December 1995


			First spacecraft to orbit Jupiter:


			USA / Galileo Orbiter / 8 December 1995


			First spacecraft to carry out detailed investigations of Jupiter’s interior:


			USA / Juno / 2016–present


			Saturn


			First spacecraft to fly by Saturn:


			USA / Pioneer 11 / 1 September 1979


			First spacecraft to orbit Saturn:


			USA / Cassini / 1 July 2004


			First spacecraft to soft-land on Titan:


			ESA / Huygens / 14 January 2005


			Uranus


			First spacecraft to fly by Uranus:


			USA / Voyager 2 / 24 January 1986


			Neptune


			First spacecraft to fly by Neptune:


			USA / Voyager 2 / 25 August 1989


			Pluto


			First spacecraft to fly by Pluto:


			USA / New Horizons / 14 July 2015


			Comets


			First spacecraft to fly past a comet:


			USA / ISEE-3 / 11 September 1985 (Comet 21P/Giacobini-Zinner)


			First spacecraft to enter the coma of a comet:


			USA / Deep Space 1 / 22 September 2001 (Comet 19P/Borrelly)


			First spacecraft to impact a comet:


			USA / Deep Impact / 4 July 2005 (Comet 9P/Tempel)


			First spacecraft to return material from a comet:


			USA / Stardust / Returned 15 January 2006 (Comet 81P/Wild)


			First spacecraft to orbit a cometary nucleus:


			ESA / Rosetta / 10 September 2014 (Comet 67P/Churyumov-Gerasimenko)


			First spacecraft to land on a comet:


			ESA / Philae / 12 November 2014 (Comet 67P/Cburyumov-Gerasimenko)


			Dwarf Planets


			First spacecraft to orbit a dwarf planet:


			USA / Dawn / March 7, 2015 (1 Ceres)


			Asteroids


			First spacecraft to fly past an asteroid:


			USA / Galileo / 26 October 1991 (951 Gaspra)


			First spacecraft to orbit an asteroid:


			USA / NEAR Shoemaker / 14 February 2000 (433 Eros)


			First spacecraft to land on an asteroid:


			USA / NEAR Shoemaker / 13 February 2001 (433 Eros)


			First spacecraft to return material from an asteroid:


			Japan / Hayabusa / 13 June 2010 (25143 Hideo Itokawa)


			First spacecraft to orbit an asteroid in the main asteroid belt:


			USA / Dawn / 16 July 2011 (4 Vesta)


			Lagrange Points


			First spacecraft to orbit a libration point (L1 [Sun–Earth]):


			USA / ISEE-3 / 20 November 1978


			First spacecraft to orbit libration point L2 (Sun–Earth):


			USA / WMAP / 1 October 2001


			First spacecraft to orbit libration point L2 (Earth–Moon):


			USA / ARTEMIS P1 / 25 August 2010


			First spacecraft to orbit libration point L1 (Earth–Moon):


			USA / ARTEMIS P2 / 22 October 2010
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[Pioneer 0]




  

	Table of Contents

  


	

			Nation: USA (1)


			Objective(s): lunar orbit


			Spacecraft: Able 1


			Spacecraft Mass: 38.5 kg


			Mission Design and Management: ARPA / AFBMD


			Launch Vehicle: Thor Able 1 (Thor no. 127)


			Launch Date and Time: 17 August 1958 / 12:18 UT


			Launch Site: Cape Canaveral / Launch Complex 17A


			Scientific Instruments:






				magnetometer


				micrometeoroid detector


				2 temperature sensors


				TV camera





			Results: On 27 March 1958, the U.S. Department of Defense announced the launch of four to five lunar probes later in the year, all under the supervision of the Advanced Research Projects Agency (ARPA) as part of scientific investigations during the International Geophysical Year. Of these, one or two (later confirmed as two) would be carried out by the Army’s Ballistic Missile Agency and the other three by the Air Force’s Ballistic Missile Division. This launch was the first of three Air Force attempts, and the first attempted deep space launch by any country. The Able 1 spacecraft, a squat conical fiberglass structure built by Space Technology Laboratories (STL), carried a crude infrared TV scanner. The simple thermal radiation device carried 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 surface to regulate internal temperature. The spacecraft was also disinfected with ultraviolet light prior to launch. The launch vehicle was a three-stage variant of the Thor intermediate range ballistic missile (IRBM) with elements appropriated from the Vanguard rocket used on its second and third stages. The entire project involved 3,000 people from 52 scientific and industrial firms, all but 6 of which were located in southern California. According to the ideal mission profile, Able 1 was designed to reach the Moon’s vicinity 2.6 days after launch following which the TX-8-6 solid propellant motor would fire to insert the payload into orbit around the Moon. Orbital altitude would have been 29,000 kilometers with an optimal lifetime of about two weeks. The actual mission, however, lasted only 73.6 seconds, the Thor first stage having exploded at an altitude of 15.2 kilometers altitude. Telemetry was received from the payload for at least 123 seconds after the explosion, probably until impact in the Atlantic. Investigators concluded that the accident had been caused by a turbopump gearbox failure. The mission was not named at the time but has been retroactively known as “Pioneer 0.”


				




			2  
[Luna, Ye-1 no. 1]
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			Nation: USSR (1)


			Objective(s): lunar impact


			Spacecraft: Ye-1 (no. 1)


			Spacecraft Mass: c. 360 kg (including the power sources installed on the upper stage)


			Mission Design and Management: OKB-1


			Launch Vehicle: 8K72 (no. B1-3)


			Launch Date and Time: 23 September 1958 / 07:03:23 UT


			Launch Site: NIIP-5 / Site 1/5


			Scientific Instruments:




			Ye-1:






				flux-gate magnetometer


				sodium-iodide scintillation counter


				2 gas discharge Geiger counters


				2 micrometeorite counters


				Cherenkov detector


				4 ion traps







			Blok Ye (upper stage):






				sodium vapor experiment


				scintillation counter





			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 farside of the Moon), Ye-3 (to photograph the farside of the Moon with advanced imaging equipment), and Ye-4 (lunar impact with a nuclear explosion). The Ye-1 was a simple probe, a pressurized spherical object made from aluminum-magnesium alloy slightly bigger than the first Sputnik. The goals were to detect the magnetic field of the Moon, study the intensity and variation of cosmic rays, record photons in cosmic rays, detect lunar radiation, study the distribution of heavy nucleii in primary cosmic radiation, study the gas component of interplanetary matter, study corpuscular solar radiation, and record the incidence of meteoric particles. The Blok Ye upper stage (with the 8D714 engine) carried additional instrumentation, including radio transmitters and one kilogram of sodium to create an artificial comet on the outbound trajectory that could be photographed from Earth. During the first Ye-1 launch, at T+87 seconds, the launch vehicle’s strapon boosters began to develop longitudinal resonant vibrations. The rocket eventually disintegrated at T+93 seconds, destroying its payload. The problem was traced to violent pressure oscillations in the combustion chamber of one of the strapon booster engines. This generated a resonant frequency vibration throughout the frame causing it to shake violently. A fix was proposed by reducing the thrust at T+85 seconds when the rocket reached maximum dynamic pressure.


				




			3  
Able 2 [Pioneer]
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			Nation: USA (2)


			Objective(s): lunar orbit


			Spacecraft: Able 2


			Spacecraft Mass: 38.3 kg


			Mission Design and Management: NASA / AFBMD


			Launch Vehicle: Thor Able I (Thor Able I no. 1 / Thor no. 130/DM-1812-6)


			Launch Date and Time: 11 October 1958 / 08:42:13 UT


			Launch Site: Cape Canaveral / Launch Complex 17A


			Scientific Instruments:




				ion chamber


				magnetometer


				micrometeoroid detector


				TV camera


				2 temperature sensors





			
[image: Thor-Able I with the Pioneer I spacecraft atop, prior to launch at Eastern Test Range at what is now Kennedy Space Center. Pioneer I launched on October 11, 1958, the first spacecraft launched by the 11-day-old National Aeronautics and Space Administration (NASA). Although the spacecraft failed to reach the moon, it did transmit 43 hours of data.]


			Thor-Able I with the Pioneer I spacecraft atop, prior to launch at Eastern Test Range at what is now Kennedy Space Center. Pioneer I, launched on 11 October 1958, was the first spacecraft launched by the 11-day-old National Aeronautics and Space Administration (NASA). Although the spacecraft failed to reach the Moon, it did transmit 43 hours of data. Credit: NASA

			




			Results: Although the USAF actually conducted the mission, this was the first U.S. space mission technically 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 and like its predecessor, built by Space Technology Laboratories (STL). The probe was designed to record micrometeoroid impacts, take magnetic field and radiation measurements, and obtain a “facsimile image of the surface of the moon.” During the launch, the Thor second stage shut down 10 seconds early due to incorrect information from an accelerometer measuring incremental velocity. The launch vehicle thus imparted insufficient velocity for the probe to escape Earth’s gravity. An attempt to insert the spacecraft into high Earth orbit at 128,700 × 32,200 kilometers by using its Thiokol-built retromotor failed because internal temperatures had fallen too low for the batteries to provide adequate power. The probe did, however, reach an altitude of 114,750 kilometers (according to NASA information from February 1959) by 11:42 UT on launch day, verifying the existence of the Van Allen belts and returning other useful data on the boundary of the geomagnetic cavity. It reentered 43 hours 17 minutes after launch. Investigators later concluded that an accelerometer had mistakenly cut off the Able stage because of an incorrect setting of a valve. In a press release on October 11 soon after the launch, the U.S. Department of Defense officially bestowed the name “Pioneer” to the probe, although it has often been retroactively known as “Pioneer 1.” The name was apparently suggested not by any NASA official but by one Stephen A. Saliga, an official in charge of Air Force exhibits at Wright-Patterson Air Force Base in Dayton, Ohio, who designed a display to coincide with the launch.
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			Nation: USSR (2)


			Objective(s): lunar impact


			Spacecraft: Ye-1 (no. 2)


			Spacecraft Mass: c. 360 kg (including power sources installed on the upper stage)


			Mission Design and Management: OKB-1


			Launch Vehicle: 8K72 (no. B1-4)


			Launch Date and Time: 11 October 1958 / 21:41:58 UT


			Launch Site: NIIP-5 / Site 1/5


			Scientific Instruments:


			Ye-1:




				flux-gate magnetometer


				sodium-iodide scintillation counter


				2 gas discharge Geiger counters


				2 micrometeorite counters


				Cherenkov detector


				4 ion traps







			Blok Ye (upper stage):




				1. 	sodium vapor experiment


				2.	scintillation counter





			Results: The second attempt to send a Ye-1 probe to impact on the Moon also never left Earth’s atmosphere. The 8K72 launch vehicle exploded at T+104 seconds, once again, due to longitudinal resonant vibrations in the strapon boosters.
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			Nation: USA (3)


			Objective(s): lunar orbit


			Spacecraft: Able 3


			Spacecraft Mass: 39.6 kg


			Mission Design and Management: NASA / AFBMD


			Launch Vehicle: Thor Able I (Thor Able I no. 2 / Thor no. 129/DM-1812-6)


			Launch Date and Time: 8 November 1958 / 07:30:20 UT


			Launch Site: Cape Canaveral / Launch Complex 17A


			Scientific Instruments:




				ionization chamber


				magnetometer


				temperature sensors


				micrometeoroid sensor


				proportional counter telescope


				TV system







			Results: This was the second official NASA deep space launch although operations on the ground were handled by the Air Force. For this third launch of an STL-built lunar orbiter, engineers introduced a number of changes to the Thor Able launcher. The probe also now 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 II, like its predecessors, never reached its target. A signal from the ground shut down the Thor launch vehicle’s second stage 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 atmosphere only 42 minutes 10 seconds after launch at 28.6° E longitude. During its brief mission, it reached an altitude of 1,530 kilometers (as announced in December 1959) and sent back data that suggested 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. A NASA press release from Administrator T. Keith Glennan (1905–1995) soon after the launch officially named the probe “Pioneer II.”
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			Nation: USSR (3)


			Objective(s): lunar impact


			Spacecraft: Ye-1 (no. 3)


			Spacecraft Mass: c. 360 kg (including power sources installed on the 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 / Site 1/5


			Scientific Instruments:


			Ye-1:




				flux-gate magnetometer


				sodium-iodide scintillation counter


				2 gas discharge Geiger counters


				2 micrometeorite counters


				Cherenkov detector


				4 ion traps







			Blok Ye (upper stage):




				sodium vapor experiment


				scintillation counter





			Results: This 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 (8D75) of the R-7 booster dropped abruptly at T+245.4 seconds to about 70% of optimal levels, leading to premature engine cutoff. The payload never reached escape velocity. Later investigation showed that a pressurized seal 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.
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			Nation: USA (4)


			Objective(s): lunar flyby


			Spacecraft: Pioneer III


			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: Cape Canaveral / Launch Complex 5


			Scientific Instruments:




				photoelectric sensor trigger


				two Geiger-Mueller counters





			Results: This was the first of two U.S. Army launches to the Moon, subsequent to three attempts by the Air Force. Pioneer III was a spin-stabilized probe (up to 400 rpm) whose primary goal was to fly by the Moon. Two special 6-gram weights were to be spun out on 1.5-meter wires to reduce spin to 6 rpm once the mission was under way. The spacecraft carried an optical sensor to test a future imaging system. If the sensor received a collimated beam of light from a source (such as the Moon) that was wide enough to pass through the lens and fall simultaneously on two photocells, then the sensor would send a signal to switch on the imaging system (which was actually not carried on this spacecraft). Unfortunately, the main booster engine shut down 4 seconds earlier than planned due to premature propellant depletion. Once put on its trajectory, it was determined that Pioneer III was about 1,030 km/hour short of escape velocity. It eventually reached a maximum altitude of 102,322 kilometers and subsequently plummeted and burned up over Africa 38 hours 6 minutes after launch. In addition, the de-spin mechanism failed to operate, preventing the test of the optical system. The radiation counters, however, returned important data. Dr. William H. Pickering (1910–2004), in a paper presented to an IGY Symposium on 29 December 1958, noted that “[w]hile the results of the launch were disappointing … the dividend of radiation measurements of the Van Allen belt gained as the payload returned to earth were of great value in defining this energy field.” This data contributed to the major scientific discovery of dual bands of radiation around Earth.


			

				

					[image: Pioneer III being assembled by technicians.]

				


					Pioneer III being assembled by technicians. Credit: NASA







				

					[image: Aerial View of the 26-meter diameter antenna at Goldstone, California]

				


			During the Pioneer IV mission, NASA tested a new space communications system. One component of the system was this 26-meter diameter antenna at Goldstone, California, the first of several antennas that would later constitute nodes in NASA’s Deep Space Network. Credit: NASA/JPL-Caltech
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			Nation: USSR (4)


			Objective(s): lunar impact


			Spacecraft: Ye-1 (no. 4)


			Spacecraft Mass: 361.3 kg (including power sources installed on the 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 / Site 1/5


			Scientific Instruments:


			Ye-1:


			1.	flux-gate magnetometer


			2.	sodium-iodide scintillation counter


			3.	2 gas discharge Geiger counters


			4.	2 micrometeorite counters


			5.	Cherenkov detector


			6.	4 ion traps


			Blok Ye (upper stage):


			1.	sodium vapor experiment


			2.	scintillation counter


			Results: Due to a ground error in an antenna that transmitted guidance information to the launch vehicle, the Blok Ye upper stage of the launch vehicle fired longer than intended—731.2 seconds—and thus, imparted 175 meters/second extra velocity to its payload. Because of this error, the Ye-1 probe missed the Moon. Nevertheless, the probe became the first human-made object to attain Earth escape velocity. The spacecraft (which with its entire launch vehicle was referred as “Soviet Space Rocket” in the Soviet press) eventually passed by the Moon at a distance of 6,400 kilometers about 34 hours following launch at 02:59 UT on January 4. (Some sources say the range was as high as 7,500 kilometers). Before the lunar encounter, at 00:57 UT on 3 January 1959 the attached upper stage released one kilogram of sodium at a distance of 113,000 kilometers from Earth which was photographed by Soviet ground-based astronomers although the quality of the images was poor, partly due to poor weather conditions. Ground controllers lost contact with the Soviet Space Rocket (retroactively named “Luna 1” in 1963) approximately 62 hours after launch due to loss of battery power when the payload was 597,000 kilometers from Earth, after which the probe became the first spacecraft to enter orbit around the Sun.
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			Nation: USA (5)


			Objective(s): lunar flyby


			Spacecraft: Pioneer IV


			Spacecraft Mass: 6.08 kg


			Mission Design and Management: NASA / ABMA / JPL


			Launch Vehicle: Juno II (no. AM-14)


			Launch Date and Time: 3 March 1959 / 05:10:56 UT


			Launch Site: Cape Canaveral / Launch Complex 5


			Scientific Instruments:


			1.	photoelectric sensor trigger


			2.	two Geiger-Mueller counters


			Results: This was the last of 5 American lunar probes launched as part of a series during the International Geophysical Year (although the year officially ended a few months prior). Its design was very similar to Pioneer III; a key difference was the addition of a “monitor” to measure the voltage of the main radio transmitter, which had failed for unknown reasons on Pioneer III. A de-spin mechanism was on board to slow the spin-stabilized vehicle from its initial spin of 480 rpm down to about 11 rpm about 11 hours after launch. Although it did not achieve its primary objective to photograph the Moon during a flyby, Pioneer IV became the first U.S. spacecraft to reach Earth escape velocity. During the launch, the Sergeants on the second stage did not cut off on time, causing the azimuths and elevation angles of the trajectory to change. The spacecraft thus passed by the Moon at a range of about 60,000 kilometers (instead of the planned 32,000 kilometers), i.e., not close enough for the imaging scanner to function. Closest approach was at 10:24 UT on 4 March 1959, about 41 hours after launch. Its tiny radio transmitted information for 82 hours before contact was lost at a distance of 655,000 kilometers from Earth—the greatest tracking distance for a human-made object to date. The probe eventually entered heliocentric orbit becoming the first American spacecraft to do so. Scientists received excellent data that suggested that the intensity of the upper belt of the Van Allen belts had changed since Pioneer III (probably attributable to a recent solar flare) and that there might be a third belt at a higher altitude to the others.


				




			10 
[Luna, Ye-1A no. 5]




  

	Table of Contents

  


	

			Nation: USSR (5)


			Objective(s): lunar impact


			Spacecraft: Ye-1A (no. 5)


			Spacecraft Mass: c. 390 kg (including power sources installed on the 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 / Site 1/5


			Scientific Instruments:


			Ye-1:


			1.	flux-gate magnetometer


			2.	sodium-iodide scintillation counter


			3.	2 micrometeorite counters


			4.	Cherenkov detector


			5.	4 ion traps


			6.	6 Geiger counters


			Blok Ye (upper stage):


			1.	sodium vapor experiment


			2.	Cherenkov detector


			3.	2 scintillation counters


			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 information received from the first Soviet Space Rocket (retroactively known as “Luna 1”) and the American Pioneer IV. The launch was originally scheduled for 16 June but had to be postponed for two days due to the negligence of a young lieutenant who inadvertently permitted fueling 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.
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			Nation: USSR (6)


			Objective(s): lunar impact


			Spacecraft: Ye-1A (no. 7)


			Spacecraft Mass: 390.2 kg (including power sources installed on the 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 / Site 1/5


			Scientific Instruments:


			Ye-1:


			1.	flux-gate magnetometer


			2.	sodium-iodide scintillation counter


			3.	2 micrometeorite counters


			4.	Cherenkov detector


			5.	4 ion traps


			6.	6 Geiger counters


			Blok Ye (upper stage):


			1.	sodium vapor experiment


			2.	Cherenkov detector


			3.	scintillation counter


			Results: After an aborted launch on 9 September, the Ye-1A probe successfully lifted off and reached Earth escape velocity. Officially named the “Second Soviet Space Rocket” by Pravda the day after launch, the spacecraft released its one kilogram of sodium at 18:42:42 UT on 12 September at a distance of 156,000 kilometers from Earth in a cloud that expanded out to 650 kilometers in diameter, clearly visible from the ground. This sixth attempt at lunar impact was much more accurate than its predecessors; the spacecraft successfully impacted the surface of the Moon at 21:02:23 UT on 14 September 1959, thus becoming the first object of human origin to make contact with another celestial body. The Blok Ye upper stage impacted about 30 minutes later, also at a velocity of just over 3 kilometers/second. The probe’s impact point was approximately at 30° N / 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 × 15-centimeter sized metallic spheres. The spacecraft’s magnetometer measured no significant lunar magnetic field as close as 55 kilometers to the lunar surface. The radiation detectors also found no hint of a radiation belt. These were the first measurements of physical fields for celestial bodies other than Earth. The ion traps on board Luna 2 made the first in situ measurements of the extended plasma envelope of Earth, suggesting the existence of what was later called the plasmapause.
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			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 / Site 1/5


			Scientific Instruments:


			1.	photographic-TV imaging system


			2.	4 micrometeoroid counters


			3.	4 ion traps


			4.	Cherenkov radiation detector


			5.	sodium iodide scintillation counter


			6.	3 gas discharge counters


			

				

					

					

				


			


			Results: This spacecraft, of the Ye-2A class, was the first Soviet probe designed to take pictures of the farside of the Moon using the Yenisey unit (using the AFA-Ye1 camera), which consisted of two lenses of 200 mm (wide angle) and 500 mm (high resolution) focal lengths, and a capacity to read up to 40 images on a 35 mm film roll. The dual lenses exposed adjacent frames simultaneously. It was also the first spacecraft to be fully powered by solar panels. Strictly speaking, the probe was not meant to reach Earth escape velocity; instead, the launch vehicle inserted the spacecraft, called the Automatic Interplanetary Station (Avtomaticheskaya mezhplanetnaya stantsiya, AMS) in the Soviet press, into a highly-elliptical orbit around Earth at 48,280 × 468,300 kilometers, sufficient to reach lunar distance. During the coast to the Moon, the AMS suffered overheating problems and poor communications, but the vehicle eventually passed over the Moon’s southern polar cap at a range of 7,900 kilometers at 14:16 UT on 6 October before climbing up (northward) over the Earth-Moon plane. At a distance of 65,200 kilometers from the Moon at 03:30 UT on 7 October, having been properly oriented by its Chayka attitude control system (the first successful 3-axis stabilization used on a spacecraft), the twin-lens 35 mm camera began taking the first of 29 pictures of the farside of the Moon. This session lasted a total of about 40 minutes, by the end of which the spacecraft was 68,400 kilometers from the lunar surface. The exposed film was then developed, fixed, and dried automatically, following which a special light-beam of up to 1,000 lines per image scanned the film for transmission to Earth. Images were received the next day (after a few aborted attempts) at two locations, a primary at Simeiz in Crimea known as IP-41Ye and a backup in the Soviet far east, at Yelizovo in Kamchatka, known as NIP-6. On the ground, there were two systems for recording the images from AMS, Yenisey I (fast mode, at 50 lines/second) and Yenisey II (at slow mode at 0.8 lines/second). Seventeen of the images were of usable quality, and for the first time, they showed parts of the Moon never before seen by human eyes. The trajectory of AMS was specifically designed so that images would show at least half of the Moon, one-third of which was on the near side, so as to provide a point of reference for evaluating formations on the farside. Controllers were unable to regain contact with the spacecraft after the spacecraft entered and then exited Earth’s shadow. Luna 3 circled Earth at least 11 times and probably reentered sometime in early 1960. Post-Cold War revelations confirmed that the film type used on AMS, known as “ASh” by the Soviets, was actually unexposed film that was repurposed from a CIA reconnaissance balloon (from Poject Genetrix) that had drifted into Soviet territory in the late 1950s. This film had been stored at the A. F. Mozhayskiy Military Academy in Leningrad when the space camera manufacturers at the VNII-380 institute had stumbled upon it. Further investigation showed that the temperature-resistant and radiation-hardened film would be perfect for the AFA-Ye1 camera, and the rest was history. The spacecraft, named Luna 3 after 1963, photographed about 70% of the farside and found fewer mare areas on the farside, prompting scientists to revise their theories of lunar evolution.
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			Nation: USA (6)


			Objective(s): lunar orbit


			Spacecraft: P-3 / Able IVB


			Spacecraft Mass: 168.7 kg


			Mission Design and Management: NASA / AFBMD


			Launch Vehicle: Atlas Able (Atlas Able no. 1 / Atlas D no. 20)


			Launch Date and Time: 26 November 1959 / 07:26 UT


			Launch Site: Cape Canaveral / Launch Complex 14


			Scientific Instruments:




				1.	high-energy radiation counter


				2.	ionization chamber


				3.	Geiger-Mueller tube


				4.	low-energy radiation counter


				5.	a flux-gate magnetometer and a search-coil magnetometer


				6.	photo scanning device


				7. micrometeoroid detector


				8.	aspect indicator (a photoelectric cell)


				9.	radio receiver to detect natural radio waves


				10.	transponder to measure electron densities


			Results: This was the first of three spacecraft designed by Space Technology Laboratories for a lunar assault in 1959–1960; 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 Automatic Interplanetary Station (“Luna 3”) mission. All the scientific experiments and internal instrumentation were powered by Nickel-Cadmium batteries charged from 1,100 solar cells on four paddles which made the vehicle resemble the recently-launched Explorer VI. The imaging system, the same one used on Explorer VI, comprised a tiny 1.13-kilogram scanning device developed by STL that was “to be used in [an] attempt to get a crude outline of the moon’s surface if the probe achieve[d] lunar orbit.” Each probe also carried a hydrazine monopropellant tank with two thrust chambers (each 9 kgf), one of which was for lunar orbit insertion at a range of 8,000 kilometers from the Moon. Ideal lunar orbital parameters were planned as 6,400 × 4,800 kilometers. The mission also inaugurated the first use of the Atlas-with-an-upper-stage combination, affording increased payload weight. During this first launch, which took place on Thanksgiving Day 1959, the nose fairing began to break away just 45 seconds after liftoff, still during first stage operation. 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 account for pressure differentials as the rocket rapidly gained altitude after liftoff.
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			Nation: USA (7)


			Objective(s): heliocentric orbit


			Spacecraft: P-2 / Able 6


			Spacecraft Mass: 43.2 kg


			Mission Design and Management: NASA / AFBMD


			Launch Vehicle: Thor Able IV (Thor Able IV no. 4 / Thor no. 219/DM-1812-6A)


			Launch Date and Time: 11 March 1960 / 13:00:07 UT


			Launch Site: Cape Canaveral / Launch Complex 17A


			Scientific Instruments:


			1.	magnetometer


			2.	ionization chamber


			3.	Geiger-Mueller tube


			4.	micrometeoroid momentum spectrometer


			5.	omnidirectional proportional counter telescope


			Results: Launched on a direct solar orbit trajectory, Pioneer V 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 encounter but the mission was switched to a direct entry into solar orbit. Pioneer V carried Telebit, the first digital telemetry system operationally used on a U.S. spacecraft—it was first tested on Explorer VI. The system used a 5-watt or a 150-watt transmitter, with a 5-watt transmitter acting as driver. Information rates varied from 1 to 64 bits/second. Controllers maintained contact with Pioneer V until 11:31 UT on 26 June 1960 to a record distance of 36.4 million kilometers from Earth (later beaten by Mariner II). The probe, using its 18.1-kilogram suite of scientific instruments, confirmed the existence of a previously conjectured weak interplanetary magnetic field. Information from the magnetometer was unfortunately unusable due to the instrument’s position within the spacecraft. Pioneer V remains a derelict spacecraft circling the Sun.
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			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. 1l-9)


			Launch Date and Time: 15 April 1960 / 15:06:44 UT


			Launch Site: NIIP-5 / Site 1/5


			Scientific Instruments:


			1.	photographic-TV imaging system


			2.	micrometeoroid detector


			3.	cosmic ray detector


			Results: This spacecraft was launched to return more detailed photos of the lunar farside, after the spectacular success of Luna 3. The Ye-3 class vehicle was essentially a Ye-2A probe with a modified radio-telemetry system, but with the original 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 (too low by 110 meters/second) after premature third stage engine cutoff (3 seconds short). The spacecraft reached an altitude of 200,000 kilometers and then fell back to Earth and burned up in Earth’s atmosphere, much like some of the early American Pioneer probes. The most likely reentry point was over central Africa.


				




			16 
[Luna, Ye no. 2]




  

	Table of Contents

  


	

			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. Ll-9a)


			Launch Date and Time: 19 April 1960 / 16:07:43 UT


			Launch Site: NIIP-5 / Site 1/5


			Scientific Instruments:


			1.	photographic-TV imaging system


			2.	micrometeoroid detector


			3.	cosmic ray detector


			Results: This was the last of the “first generation” Soviet probes to the Moon. Like its immediate predecessor, it was designed to photograph the farside 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 (its Blok D strapon actually began separating 0.02 seconds after launch). As each strapon fell away, parts of the booster landed separately over a large area near the launch site, breaking up between 21.15 and 40.3 seconds of launch. Thundering explosions broke windows in many nearby buildings.
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			Nation: USA (8)


			Objective(s): lunar orbit


			Spacecraft: P-30 / Able VA


			Spacecraft Mass: 175.5 kg


			Mission Design and Management: NASA / AFBMD


			Launch Vehicle: Atlas Able (Atlas Able no. 2 / Atlas D no. 80)


			Launch Date and Time: 25 September 1960 / 15:13 UT


			Launch Site: Cape Canaveral / 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 different instrument complement compared to its predecessor Able IVB (launched in November 1959), but had similar mission goals. Able VA was to enter lunar orbit about 62.5 hours after launch with parameters of 4,000 × 2,250 kilometers and a period of 10 hours. After launch, while the first stage performed without problems, the Able second stage ignited abnormally and shut down early because of an oxidizer system failure. Ground controllers were still able to fire the third stage engine, making this small STL-built engine the first rocket engine to successfully ignite and operate in space. Because of the second stage failure, the spacecraft failed to reach sufficient velocity and burned up in Earth’s atmosphere 17 minutes after launch. Later, on 15 November 1960, NASA announced that two objects from the Able VA payload had been found in Transvaal, South Africa.
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			Nation: USSR (10)


			Objective(s): Mars flyby


			Spacecraft: 1M (no. 1)


			Spacecraft Mass: 480 kg


			Mission Design and Management: OKB-1


			Launch Vehicle: Molniya + Blok L (8K78 no. L1-4M)


			Launch Date and Time: 10 October 1960 / 14:27:49 UT


			Launch Site: NIIP-5 / Site 1/5


			Scientific Instruments:


			1.	infrared spectrometer [removed before launch]


			2.	ultraviolet spectrometer [removed before launch]


			3.	micrometeorite detectors


			4.	ion traps


			5.	magnetometer


			6.	cosmic ray detectors


			7.	Yenisey imaging system [removed before launch]


			Results: This was the first of two Soviet Mars spacecraft intended to fly past Mars. They were also the first attempt by humans to send spacecraft to the vicinity of Mars. Although the spacecraft initially included a TV imaging system (similar to the one carried on Luna 3), a UV spectrometer, and a spectroreflectometer (to detect organic life on Mars), mass constraints forced engineers to delete these instruments a week before launch. A possibly apocryphal story has it that once removed from the spacecraft, the spectroreflectometer was tested not far from the Tyuratam launch site but failed to detect any life. The spacecraft itself was a cylinder, about a meter in diameter with all the basic systems required of interplanetary travel—a means to regulate temperatures, batteries charged by solar panels, a long-distance communication system, three-axis stabilization, and a mid-course correction engine (the S5.9). The mission profile called for the probe to first enter Earth orbit and then use a new fourth stage (called “Blok L”) capable of firing in vacuum, to gain enough additional velocity for a Mars encounter. During the launch, violent vibrations caused a gyroscope to malfunction. As a result, the booster began to veer from its planned attitude. The guidance system failed at T+309.9 seconds and the third stage (Blok I) engine was shut down at T+324.2 seconds, after the trajectory deviated to greater than 7° (pitch). The payload eventually burned up in Earth’s atmosphere over eastern Siberia without reaching Earth orbit. The Mars flyby had been planned for 13 May 1961.
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						Nation: USSR (11)


			Objective(s): Mars flyby


			Spacecraft: 1M (no. 2)


			Spacecraft Mass: 480 kg


			Mission Design and Management: OKB-1


			Launch Vehicle: Molniya + Blok L (8K78 no. L1-5M)


			Launch Date and Time: 14 October 1960 / 13:51:03 UT


			Launch Site: NIIP-5 / Site 1/5


			Scientific Instruments:


			1.	infrared spectrometer [removed before launch]


			2.	ultraviolet spectrometer [removed before launch]


			3.	micrometeorite detectors


			4.	ion traps


			5.	magnetometer


			6.	cosmic ray detectors


			7. imaging system [removed before launch]


			Results: Besides a slightly uprated S5.9A main engine, this vehicle was identical to its predecessor, launched four days before. And like its predecessor, it never reached Earth orbit. During the launch trajectory, there was a failure in the third stage (Blok I) engine at T+290 seconds due to 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 in Earth’s upper atmosphere over eastern Siberia. The Mars flyby had been planned for 15 May 1961.


				




			20 
Able VB [Pioneer]




  

	Table of Contents

  


	

			Nation: USA (9)


			Objective(s): lunar orbit


			Spacecraft: P-31 / Able VB


			Spacecraft Mass: 176 kg


			Mission Design and Management: NASA / AFBMD 


			Launch Vehicle: Atlas Able (Atlas Able no. 3 / Atlas D no. 91)


			Launch Date and Time: 15 December 1960 / 09:11 UT


			Launch Site: Cape Canaveral / 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.	a flux-gate magnetometer and a spin-search coil magnetometer


				7. Sun scanner (or photoelectric cell)


				8.	plasma probe


				9.	scintillation spectrometer


				10.	solid state detector


			Results: The mission of Able VB, like its two unsuccessful predecessors, was to enter lunar orbit. Scientific objectives included studying radiation near the Moon, recording the incidence of micrometeoroids, and detecting a lunar magnetic field. Planned lunar orbital parameters, to be achieved about 60 hours after launch, were 4,300 × 2,400 kilometers with a period of 9–10 hours. The spacecraft had a slightly different scientific instrument complement than its predecessors, including a plasma probe experiment designed by NASA’s Ames Research Center that was to provide data on the energy and momentum distribution of streams of protons with energies above a few kilovolts per particle in the vicinity of the Moon. Unfortunately, the Atlas Able booster suffered a malfunction 66.68 seconds after launch and then exploded at T+74 seconds at an altitude of about 12.2 kilometers. Later investigation indicated that the Able upper stage prematurely ignited while the first stage was still firing. This was the third and last attempt by NASA to launch a probe to orbit the Moon in the 1959–1960 period.
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			Nation: USSR (12)


			Objective(s): Venus impact


			Spacecraft: 1VA (no. 1)


			Spacecraft Mass: c. 645 kg


			Mission Design and Management: OKB-1


			Launch Vehicle: Molniya + Blok L (8K78 no. L1-7V)


			Launch Date and Time: 4 February 1961 / 01:18:04 UT


			Launch Site: NIIP-5 / Site 1/5


			Scientific Instruments:


			1.	infrared spectrometer


			2.	ultraviolet spectrometer


			3.	micrometeorite detectors


			4.	2 ion traps


			5.	magnetometer


			6.	cosmic ray detectors


			Results: This was the first attempt to send a spacecraft to Venus. Original intentions had been to send the 1V spacecraft to descend and take pictures of the Venusian surface, 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 and impact. The 1VA was essentially a modified 1M spacecraft used for Martian exploration (albeit with a different main engine, the S5.14 with a thrust of 200 kgf). The spacecraft contained a small globe containing various souvenirs and medals commemorating the mission. It was also the first Soviet mission to use an intermediate Earth orbit to launch a spacecraft 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 part had evidently not been designed for work in vacuum. The spacecraft+upper stage stack reentered on 26 February 1961. The Soviets announced the total weight of the combination as 6,483 kilograms without specifying any difference between the payload and the upper stage. In the Soviet press, the satellite was usually referred to as Tyazhelyy sputnik or “Heavy Satellite.”
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			Nation: USSR (13)


			Objective(s): Venus impact


			Spacecraft: 1VA (no. 2)


			Spacecraft Mass: 643.5 kg


			Mission Design and Management: OKB-1


			Launch Vehicle: Molniya + Blok L (8K78 no. L1-6V)


			Launch Date and Time: 12 February 1961 / 00:34:38 UT


			Launch Site: NIIP-5 / Site 1/5


			Scientific Instruments:


			1.	infrared spectrometer


			2.	ultraviolet spectrometer


			3.	micrometeorite detectors


			4.	ion traps


			5.	magnetometer


			6.	cosmic ray detectors


			Results: This was the second of two Venus impact probes that the Soviets launched in 1961. This time, the probe—which many years later was retroactively named “Venera 1”—successfully exited Earth orbit and headed towards Venus. On the way to Venus, on 12 February, data indicated unstable operation of the system designed to keep the spacecraft permanently oriented to the Sun, needed to generate energy from its solar panels. The spacecraft was programmed so that if such a problem occurred, it would automatically orient itself toward the Sun using gyroscopes, and then shut down non-essential systems. Unfortunately, it automatically shut down its communications system for five days until the next planned communications system, because it detected higher than usual temperatures in the spacecraft. The extra heat was due to the failure of mechanical thermal shutters designed to regulate heat in the vehicle. Despite these problems, the spacecraft responded properly during a communications session on 17 February 1961 at a distance of 1.9 million kilometers when scientific data on interplanetary magnetic fields, cosmic rays, and solar plasma was returned. Unfortunately, controllers were unable to regain contact during a subsequent communications attempt on 22 February. A later investigation indicated that the spacecraft had lost its “permanent” solar orientation due to an optical sensor (that was not pressurized) that malfunctioned because of excess heat after the spacecraft’s thermal control system failed. The inert spacecraft eventually passed by Venus on 19–20 May 1961 at a distance of about 100,000 kilometers and entered heliocentric orbit. Data from Venera 1 helped detect plasma flow in deep space.
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			Nation: USA (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 (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: Cape Canaveral / 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


						

			
[image: Labeled illustration of the Ranger I and II design]


			Ranger I and II design. Credit: NASA





			Results: Ranger I was the first in a series of standardized spacecraft designed to take photos of the lunar surface during its descent to the Moon and rough-land simple instrumented capsules on the surface. 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 I’s specific mission was to test performance of the new technologies intended for operational Ranger missions and also to study the nature of particles and fields in interplanetary space. Its intended orbit was 60,000 × 1.1. million kilometers. Ranger I 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 trans-lunar injection (instead of firing for 90 seconds). The probe remained stranded in low Earth orbit (501 × 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 malfunctioning switch which had prematurely choked the flow of red fuming nitric acid to the rocket engine.
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			Nation: USA (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 (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: Cape Canaveral / 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 II 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 experiments to study the space environment over a prolonged period. Since the Block I Rangers (Ranger I and II) carried no rocket engine, they could not alter their trajectories. On this attempt, Ranger II, like its predecessor, failed to leave low Earth orbit, the Agena B stage having failed to fire. In its low orbit, Ranger II lost its solar orientation and then eventually lost power, and reentered 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 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




  

	Table of Contents

  


	

				



			25 
Ranger III




  

	Table of Contents

  


	

			Nation: USA (12)


			Objective(s): lunar impact


			Spacecraft: P-34


			Spacecraft Mass: 330 kg


			Mission Design and Management: NASA / JPL


			Launch Vehicle: Atlas Agena B (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: Cape Canaveral / Launch Complex 12


			Scientific Instruments:


			1.	vidicon TV camera


			2.	gamma-ray spectrometer


			3.	radar altimeter


			4.	single-axis seismometer


			Results: This was the first U.S. attempt to impact a probe on the lunar surface. The Block II Ranger spacecraft carried a TV camera that used an optical telescope that would allow imaging during descent down to about 24 kilometers above the lunar surface. The main bus also carried a 42.6-kilogram instrument capsule that would separate at 21.4 kilometers altitude and then independently 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 guidance system (due to faulty transistors), the probe was inserted into a lunar transfer trajectory with an excessive velocity. A subsequent incorrect course change ensured that the spacecraft reached the Moon 14 hours early and missed it by 36,793 kilometers on January 28. The central computer and sequencer failed and the spacecraft returned no TV images. The probe did, however, provide scientists with the first measurements of interplanetary gamma ray flux. Ranger III eventually entered heliocentric orbit.
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			Nation: USA (13)


			Objective(s): lunar impact


			Spacecraft: P-35


			Spacecraft Mass: 331.12 kg


			Mission Design and Management: NASA / JPL


			Launch Vehicle: Atlas Agena B (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: Cape Canaveral / Launch Complex 12


			Scientific Instruments:


			1.	vidicon TV camera


			2.	gamma-ray spectrometer


			3.	radar altimeter


			4.	single-axis seismometer


			Results: Ranger IV was the first American spacecraft to reach another celestial body, in this case, the Moon. Like its predecessor, also a Block II spacecraft, it was designed to transmit pictures in the final 10 minutes of its descent to the Moon and rough-land on the lunar surface a balsawood capsule (about 65 centimeters in diameter) that, among other instruments, carried a seismometer. A power failure in the central computer and sequencer stopped the spacecraft’s master clock, preventing the vehicle from performing any of its pre-planned operations, such as opening its solar panels. Drifting aimlessly and without any mid-course corrections, Ranger IV impacted the Moon on its far side at a velocity of about 9,600 kilometers/hour at 12:49:53 UT on 26 April 1962. Impact coordinates were 15.5° S / 229.3° E. Although the spacecraft did not achieve its primary objective, the Atlas Agena-Ranger combination performed without fault for the first time.
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			Nation: USA (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 (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: Cape Canaveral / 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


			7.	ionization chamber


			Results: In formulating a series of early scientific missions to Venus, in early 1961, NASA originally planned two missions, P-37 and P-38, to be launched on Atlas Centaur rockets, each spacecraft weighing about 565 kilograms. By the time NASA Headquarters formally approved the plan in September 1961, problems with the Atlas Centaur necessitated a switch to the Atlas Agena B with a reduced payload. By that time, JPL prepared three spacecraft 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 instrumentation, 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 contact. Mariner I would have flown by Venus at range of 29,000 kilometers on 8 December 1962 but due to an incorrect trajectory during launch, at T+294.5 seconds, range safety sent a signal to destroy the Atlas Centaur booster and its payload. The failure was traced to a guidance antenna on the Atlas as well as faulty software in its onboard guidance program, which was missing a single superscript bar. The press described it as “the most expensive hyphen in history.”
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			Nation: USSR (14)


			Objective(s): Venus impact


			Spacecraft: 2MV-1 (no. 3)


			Spacecraft Mass: 1,097 kg (350 kg impact capsule)


			Mission Design and Management: OKB-1


			Launch Vehicle: Molniya + Blok L (8K78 no. T103-12)


			Launch Date and Time: 25 August 1962 / 02:56:06 UT


			Launch Site: NIIP-5 / Site 1/5


			Scientific Instruments:


			Spacecraft Bus:


			1.	magnetometer


			2.	scintillation counter


			3.	gas discharge Geiger counters


			4.	Cherenkov detector


			5.	ion traps


			6.	cosmic wave detector


			7.	micrometeoroid detector


			Impact Probe:


			1.	temperature, pressure, and density sensors


			2.	chemical gas analyzer


			3.	gamma-ray detector


			4.	Mercury level wave motion detector


			Results: This 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 Venera) 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 buses were basically similar in design carrying all the essential systems to support the mission as well as a main engine, the S5.17 on the two Venus probes, and the S5.19 on the Mars probes. Both had a thrust of 200 kgf but the former was capable of one firing while the latter was designed for two. The payloads were designed in two variants depending on whether the mission was a flyby mission or an impact mission. In the former, there was an instrument module, and in the latter, it carried a 90-centimeter diameter spherical pressurized lander covered by thermal coating; the Venus landers were cooled with an ammonia-based system, while the Mars landers used a system of air conditioners. Both landers were sterilized with a special substance on recommendation from the Academy of Sciences’ Institute of Microbiology. The buses were powered by solar panels with an area of 2.5 m2 capable of providing 2.6 A. The Venus impact probes were to use a three-stage parachute system to descend through the atmosphere. For Venus, the Soviets prepared three spacecraft for the August–September 1962 launch period, one flyby spacecraft and two landers. This first spacecraft—a flyby plus lander combination—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 asymmetrical firing of the solid propellant stabilizing motors. The spacecraft remained in Earth orbit for three days before reentering Earth’s atmosphere.
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			Nation: USA (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 (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: Cape Canaveral / 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


			7.	ionization chamber


			

			
[image: Photo of 2 mission planners standing in front of a billboard about Mariner 2 and holding a long long long print-out of data from Mariner II in January 1963, about five months after its launch. Note the reference to current tracking by the NASA station in South Africa.]


			NASA image showing mission planners receiving data from Mariner II in January 1963, about five months after its launch. Note the reference to current tracking by the NASA station in South Africa. Credit: NASA
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