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A depiction of the Pioneer probes

Today the Space Race is widely viewed poignantly and fondly as a race to the Moon that culminated with Apollo 11 “winning” the Race for the United States. In fact, it encompassed a much broader range of competition between the Soviet Union and the United States that affected everything from military technology to successfully launching satellites that could land on Mars or orbit other planets in the Solar System. Moreover, the notion that America “won” the Space Race at the end of the 1960s overlooks just how competitive the Space Race actually was in launching people into orbit, as well as the major contributions the Space Race influenced in leading to today’s International Space Station and continued space exploration.

Space exploration was always an expensive business, and throughout NASA’s history, the agency has had to justify to Congress its need for every dollar it intended to spend. This problem has helped NASA to be more careful and more creative with the money they did receive, and scientists had to justify the equipment they wanted to include on each space probe. They had to justify the size and the power demand, too. If they wanted too much, the entire mission might be scrubbed, and all their work would have been for naught. This made planning and designs leaner and more efficient, as scientists and engineers were more careful with their recommendations.

At the same time, scientists have been repeatedly surprised by their discoveries. Some of those discoveries revealed the dangers of space, like the Van Allen radiation belt, dangerous to astronauts without the right kind of protection. NASA also discovered the massive radiation belt surrounding Jupiter thanks to the Pioneer probes in 1973 and 1974. Similarly, with the knowledge that Titan, the largest moon of Saturn, has a thick atmosphere, later missions were sent to investigate the moon up close. Thus, the Huygens lander pierced the Titan atmosphere in January of 2005 to investigate.

Although Apollo 11’s successful mission to the Moon is seen as the culmination of the Space Race, and the Apollo program remains NASA’s most famous, one of the space agency’s most successful endeavors came a few years later. In fact, the Pioneer program was the most diversified sequence of any of NASA’s programs, and though they’re now remembered for being among the first probes in history to reach the Outer Solar System, the elaborate planning changed goals several times over several years before resulting in historic successes. NASA had wanted to do a Grand Tour of the Solar System toward the end of the 1970s to take advantage of the scheduled alignment of planets, which meant the Pioneer missions were meant to be test runs prior to the main events (Voyager 1 and Voyager 2), and a great many things discovered by Pioneer 10 and Pioneer 11 were essential to the successful planning of the Voyager probes.


The Pioneer Program: The History and Legacy of NASA’s Unmanned Space Missions to the Outer Solar System
 examines the origins behind the missions, the space probes involved, and the historic results. Along with pictures of important people, places, and events, you will learn about the Pioneer program like never before.
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Studying the Solar System

From the earliest times, people have looked up at the night sky and wondered about those bright points of light. Before the age of cities, the moonless night sky had always been dark and full of stars so numerous they could never be counted. All of them were contained within the Milky Way galaxy, a permanent cloud with countless millions of stars.

William Gilbert (1544–1603), who discovered that Earth had two poles of a magnetic field, imagined that other worlds orbiting distant stars had their own magnetic fields and perhaps even life. In 1610, the legendary Italian scientist Galileo Galilei pointed his telescope toward Jupiter and discovered that it had four moons that went around it in the same manner as the planets that circled the Sun. Respective to distance from their parent planet, they are Io, Europa, Ganymede and Callisto.

It wasn’t until 45 years later that Dutch astronomer Christiaan Huygens discovered a massive moon orbiting the ringed planet Saturn. On March 25, 1655, Huygens discovered Titan, the only moon in the Solar System with a thick atmosphere. In fact, the atmosphere has a surface pressure 1.45 times that found at sea level on Earth, and Titan has a mean diameter of 5,150 kilometers (1.48 times that of the Moon), making Titan the second largest natural satellite in the Solar System after Jupiter’s Ganymede. Both Titan and Ganymede are larger than the planet Mercury.

Huygens, trusting his own memory, had holes of various sizes bored into a screen facing the sun and found the one that most closely matched the apparent brightness of Sirius, the Dog Star, the brightest in the night sky. From this, he calculated the immense distance to that star. If the Sun and Sirius had been intrinsically the same brightness when viewed from the same distance, the scientist would have been close in his calculations. However, Sirius is an A1V hot, blue-white dwarf, far brighter than the Sun, which is a G2V, yellow-white dwarf star. Sirius when measured with today’s accuracy is 22.3 times as bright as the Sun, so if they were to be placed side-by-side at the standard distance of 10 parsecs (32.6 light years), Sirius would be 3.37 magnitudes brighter.

On March 13, 1781, German-born English astronomer William Herschel discovered the planet Uranus. Originally, he thought it was a comet, but other astronomers calculated its orbit and found it to be nearly circular, like the other planets.

In 1801, Italian priest Giuseppe Piazzi discovered a new planet orbiting between Mars and Jupiter. It turned out to be extremely small with a diameter of only 946 kilometers (27% of the Moon’s diameter), and Piazzi suggested calling it “Cerere Ferdinandea,” but the international community of astronomers settled on Ceres. Today, Ceres is referred to as a “dwarf planet.”

The following year, German astronomer Heinrich Wilhelm Olbers discovered another minor planet between Mars and Jupiter which today is called Pallas. Its mean diameter is about 512 kilometers, but the body is far from perfectly spherical, with dimensions 476 kilometers, 516 kilometers and 550 kilometers. Because of its oblong shape, it is not considered to be a dwarf planet, but merely an asteroid.

Two years later, in 1804, German astronomer Karl Ludwig Harding discovered what is now the asteroid Juno, with a mean diameter of 247 kilometers.

In 1807, Olbers discovered his second planetoid in the asteroid belt, between Mars and Jupiter. Vesta has a mean diameter of 525 kilometers.

Of all the minor planets in between Mars and Jupiter, only Ceres is considered to be a dwarf planet because of its mass and near-spherical shape. Today, thousands of planetoids are known to exist, many between Mars and Jupiter, but others in very elliptical orbits about the Sun.

In 1821, French astronomer Alexis Bouvard noticed some discrepancies in the position of Uranus compared to those that had been calculated for it, and he subsequently put forward the hypothesis that there was a planet beyond Uranus that had been tugging gravitationally on the world Herschel had discovered. British astronomer John Couch Adams estimated the parameters of the mystery planet in 1843, and independent of Adams, French astronomer Urbain Le Verrier calculated his own parameters for the suspected planet. Le Verrier sent his estimate to a German astronomer named Johann Gottfried Galle and asked that he verify the estimate. Galle found the planet within 1° of arc from the predicted position. Le Verrier named the planet Neptune, which is now known to have a mean diameter of 49,244 kilometers (3.86 times the width of Earth). The teamwork between Le Verrier and Galle produced some of the most exciting scientific developments of the 19th century. It showed how theory (the mathematics of celestial mechanics) could lead to discovery (the planet itself).

[image: Urbain Le Verrier.jpg]


Le Verrier
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Galle

Even in the late 19th
 century, scientists and researchers were thinking about the star systems and planets, wondering if any of them contained life and how people might one day travel there to find out. Among the early dreamers were Konstantin Tsiolkovsky, Jules Verne and Robert Goddard. Tsiolkovsky (1857–1935) was a Russian scientist who imagined staged rocketry and space stations nearly a century before they were possible. Goddard (1882–1945) was an American pioneer in rocketry, testing his ideas to send rockets into the sky, closer and closer to space. For his part, Verne created a new genre of fiction known as science fiction, and his stories captivated the imaginations of millions across the world. His 1865 novel, From the Earth to the Moon
, was a story about journeying to Earth’s satellite at a time before airplanes had even been invited.

As that suggests, the lack of necessary technology didn’t deter people’s imaginations. Russian rocket scientist Konstantin Tsiolkovsky envisioned humans living in space and tried to brainstorm ideas that would make it possible, including steering thrusters, airlocks, and space stations.

During the 1920s and 1930s, American inventor Robert H. Goddard launched nearly three dozen rockets into the sky, and both his liquid-fuel rocket and multi-stage rocket inventions helped pave the way toward space flight. Though none of his rockets ever made it higher than two miles, his experiments proved the technology was workable.
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Goddard

In 1930, Clyde W. Tombaugh discovered the dwarf planet Pluto, which for more than 70 years was called a regular planet. In 2006, that changed when scientists updated their definition of the term planet and created the new term dwarf planet.

Meanwhile, science fiction writers during the mid-20th
 century dazzled young minds with stories of interstellar flight while flight itself was still in its infancy. Televisions showed programs like Rocky Jones Space Ranger
 and Flash Gordon
, and movies started to portray interstellar travel with greater realism, like the 1956 MGM production Forbidden Planet
. The film included animated sequences by a Disney artist loaned out just for the project.

Finally, in the late 1950s, America committed itself to rockets with the purpose of reaching space, and the technology that would lead to the country’s successes in space could be traced back to World War II, when Nazi Germany had utilized rockets to bomb England. After the last shots of World War II were fired and the process of rebuilding Germany and Europe began, the Western Allies and the Soviet Union each tried to obtain the services of the Third Reich's leading scientists, especially those involved in rocketry, missile technology, and aerospace research. Naturally, this was a delicate affair due to the fact many of the German scientists were not only active Nazis but had helped the Nazi war machine terrorize the world. At the same time, by the late war period, the Western Allies formed a clear picture of the Soviet state. Though forced to ally with the Soviets, the West came to understand Communist Russia represented yet another hungry totalitarian power, and thus a very real threat to an independent Europe.

Both the Western Allies and the Soviets knew of Adolf Hitler's V-2 rocket program, the forerunner of ballistic missiles and the space race. Each recognized the immense strategic value of these technologies and wished to secure their benefits for themselves. As the Soviets contemplated additional expansion following the “Great Patriotic War” and the U.S. military came to understand the putative allies of today would emerge as the enemies of tomorrow, the men possessing knowledge of the V-2 rockets and other Third Reich military technology programs became seen as crucial pieces in the incipient NATO versus Warsaw Pact standoff.              

The result was the American-led “Operation Paperclip” on the Western side, which resulted in German scientists putting their expertise at the disposal of the U.S. and other NATO members. Operation Paperclip aimed not only to obtain the benefits of German scientific advances for the United States but also to deny them to the potentially hostile Soviets, as General Leslie Groves enunciated: “Heisenberg was one of the world's leading physicists, and, at the time of the German break-up, he was worth more to us than ten divisions
 of Germans. Had he fallen into the Russian hands, he would have proven invaluable to them.”

The Western approach, however self-interested, typically met with voluntary compliance on the German scientists' parts. In contrast, the Soviet answer to Paperclip, Operation Osoaviakhim, used the implied threat of imprisonment, torture, and death, the characteristic tools of Stalinist Russia, to coerce assistance from German scientists and engineers following the war. These men yielded rich dividends to the Soviet state in terms of achieving at least temporary technical parity with the USSR's western rivals.

To say Operation Paperclip had a profound impact on the Cold War and American history would be an understatement. The most well-known example of the operation’s “success” is Wernher von Braun, who was once a member of a branch of the SS involved in the Holocaust, would become known as the “father of rocket science” and fascinate the world with visions of winged rockets and space stations as a “new” Manhattan Project, one that NASA would eventually adopt. And in addition to the weaponization of ballistic missiles that progressed throughout the Cold War, von Braun’s expertise was used for America’s most historic space missions. NASA also had to develop rockets capable of first launching a spacecraft into Earth’s orbit, and then launching it toward the Moon. The Soviets struggled throughout the 1960s to design rockets up to the task, but thanks to von Braun, NASA got it right with the Saturn V rocket, which to this day remains the most powerful launching rocket NASA ever used.
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Von Braun

After World War II, America created the National Advisory Committee for Aeronautics (NACA), but when the Russians launched Sputnik in October 1957, the federal government took the threat seriously enough to authorize the founding of the National Aeronautics and Space Administration (NASA) in 1958. A few years later, President Kennedy would vow to put a man on the Moon by the end of the decade.

The first step in any space voyage is to reach Earth’s orbit, which requires rockets powerful enough to launch a spacecraft and accelerate it until the spacecraft is traveling nearly 18,000 miles per hour, the speed necessary to enter Earth’s orbit. The speed, precision, and technology necessary just to safely reach orbit remains hard to achieve even today, let alone half a century ago, and NASA’s two biggest disasters, the losses of the Space Shuttle Challenger in 1986 and the Space Shuttle Columbia in 2003, happened due to problems that occurred during launches.

Once the spacecraft is in orbit, it will eventually crash back down to Earth if it does not leave orbit, and the speed necessary for an object to leave orbit is known as the escape velocity. To reach escape velocity and leave Earth’s orbit, the spacecraft needs to be traveling nearly 25,000 miles per hour.

While the engineers were busy designing the rockets capable of getting an object to escape velocity during the 1960s, mathematicians and scientists still had to calculate where the various planets would be in their own orbits, and when. For example, since Mars and Earth have different orbits around the Sun, Mars is in the same position relative to the Earth and Sun only once every 780 days. This is known as the synodic period, and it must be calculated precisely. Spacecrafts traveling in the Solar System will be orbiting the Sun throughout their voyages too, so it is not as simple as shooting a spacecraft in a straight line to where the other planets will be. Getting all of this right requires extremely complex mathematical calculations, and if the mission isn’t ready on time, there could be a delay of nearly the entire synodic period.

Though the Russians beat the Americans by getting a satellite into orbit, Americans accomplished the far more difficult tasks of landing men on the Moon, July 20, 1969, and landing a robotic spacecraft on Mars on July 20, 1976. By then, NASA had probes heading for the Outer Solar System as part of the Pioneer program.

The earliest missions were dedicated to building and testing reliable launch vehicles. A great many failures - some of them quite spectacular - left scientists and engineers feeling disheartened in the early days. Solving those early problems was difficult, but once they had been solved, then other missions could be launched into space to do other things, like explore the space right around Earth’s atmosphere, explore the Earth from space, travel to the Moon, discover the properties of interplanetary space and the properties of the solar wind, and much more.

In the late 1950s, when NASA was first created, scientists knew very little about the properties of space and whether humans could survive beyond the Earth’s atmosphere. Very little was known about other planets in the Solar System, and what had been learned had come from fuzzy views through ground-based telescopes and through the turbulent atmosphere of Earth.

A number of programs NASA implemented helped determine the feasibility of space travel and exploration, including the following:

•​
Mercury Program (1959–1963) - Manned solo missions into sub-orbit and orbit.

•​
Gemini Program (1964–1966) - Two-man missions into orbit.

•​
Apollo Program (1966–1972) - Three-man missions preparing for and targeting the Moon.

•​
Pioneer Program (1958–2003) - Multiple unmanned missions - Lunar probes, interplanetary space “weather” detection, outer Solar System, and Venus probes.

•​
Ranger Program (1961–1965) - Multiple unmanned photographic missions to the Moon.

•​
Mariner Program (1962–1977) - Multiple unmanned missions to investigate the inner Solar System - Mars, Venus and Mercury. The final set of missions were renamed Voyager 1 and 2, expanding the program to the outer Solar System.

•​
Surveyor Program (1966–1968) - Multiple unmanned missions to the Moon, to demonstrate the feasibility of landing softly on the surface of our nearest neighbor in space.

•​
Viking Program (1975–1982) - Two unmanned missions to Mars (each with an orbiter and lander).

•​
Voyager Program (1977–2030) - Two unmanned missions to the outer planets and into interstellar space.

Pioneer Lunar Probes

NASA and the American public were perhaps overly ambitious in the early 1960s, as made clear by Kennedy’s goal to send men to the Moon. At the time, NASA still had an imperfect launch vehicle, one that sometimes failed to launch or otherwise failed after launch, but the target of the early Pioneer probes was still the Moon nonetheless.

Ultimately, the initial Pioneer mission was also called “Thor-Able 1,” or merely “Pioneer.” The objective was to orbit the Moon with a magnetometer, a micrometeorite detector, and a television camera, representing one of the first ever attempts to put a space vehicle beyond Earth’s orbit.
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Picture of a Thor-Able rocket

Launched on August 17, 1958, the primary launch vehicle (Thor) suffered a failure only 77 seconds into the flight, and because the launch was unsuccessful, the planned “Pioneer 1” designation was retracted. Engineers suspected that the Thor booster failure was the result of a bearing on a turbopump which came loose, which would have stopped the pumping of liquid oxygen and create an abrupt loss of thrust. Suddenly, the entire spacecraft with the launch vehicle lost altitude and attitude control, pitching to the side. The sharp change in motion likely ruptured the liquid oxygen tank, which may have ignited with the fuel to create a chaotic explosion.

The spacecraft launch weight was just 83.8 pounds, and it was supposed to have taken 2.6 days to travel to the Moon. Upon arrival, an onboard solid propellant rocket motor would have fired, decelerating the spacecraft so that it would settle into an orbit about 18,000 miles above the lunar surface. If the mission had been successful, scientists would have had a better idea what future astronauts might expect in the lunar vicinity from the danger of micrometeorites. It also would have provided pictures of the Moon far closer than any up to that point, including first-ever pictures of the Lunar Farside, never before seen by man. Humanity would have to wait until October 7, 1959, when Soviet probe Luna 3 became the first spacecraft to take pictures of that previously unseen side of the Moon.

Pioneer 0 was the first and only Pioneer mission launched by the United States Air Force. All subsequent Pioneer missions were launched by the new National Aeronautics and Space Administration (NASA).

The Pioneer 1 mission was also called “Thor-Able 2,” and once again, the objective was to orbit the Moon. This was a backup mission to the failed Pioneer 0.

Launched on October 11, 1958, the Pioneer 1 mission had a smooth liftoff, but the guidance system malfunctioned, causing one mishap after another and leading to insufficient momentum to leave Earth’s orbit. In an attempt to save the spacecraft so that it could achieve at least some valuable objective, NASA fired the onboard rocket motor, but the attitude of the spacecraft was not accurately aimed to achieve the high Earth orbit that was its ad hoc new mission. Instead, the spacecraft reached a parabolic peak of 113,800 kilometers (70,712 miles) before plunging back toward Earth. The mission was successful in measuring the magnetic bands surrounding the planet, giving scientists a better understanding of what is now called the Van Allen radiation belt, but technically, Pioneer 1 “missed the Moon.” Indeed, it had insufficient energy to get that far, but quick thinking allowed the new NASA agency to claim a partial victory in its first Pioneer space mission.
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A picture of Pioneer 1 prior to launch
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A picture of the probe’s design

Pioneer 2 was also called “Thor-Able 3,” and the objective remained to orbit the Moon, marking the third attempt to do what Pioneer 0 and Pioneer 1 had failed to do. Launched on November 8, 1958, the liftoff of the first and second stages proved to be successful, as with Pioneer 1, but like Pioneer 1, the third stage had problems. This time, the spacecraft achieved only an altitude of 960 miles before slamming back into the atmosphere over Africa.

The Pioneer 3 mission had a different objective than the previous three attempts. This time, the spacecraft was merely going to fly by the Moon and not attempt to get into orbit around it. Without the need for its own rocket motor, the spacecraft was much smaller and lighter at 12.9 pounds, less than a sixth that of the lunar orbiters of the previous three missions. If everything had gone according to plan, Pioneer 3 would have become an artificial asteroid.

Launched on December 6, 1958, liftoff from the launchpad went according to plan, but the first stage rocket motor stopped 3.7 seconds too early. Due to this, the spacecraft did not achieve the needed speed to gain escape velocity. Several other systems failed to operate as planned, but ground control was ready to make the most of the opportunity despite the failures. Pioneer 3 was able to reach an altitude of 102,360 kilometers, approximately a third of the way to the Moon, and on its way back to Earth, Pioneer 3 mission control technicians were able to have the spacecraft measure more of the Van Allen radiation belt. They were also able to test a trigger mechanism to activate a camera to be used on future missions.
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A picture of the Pioneer 3 probe

Pioneer 4 was the only successful lunar probe of the Pioneer program, making it the first American probe to leave Earth’s gravity and to establish an orbit around the Sun. The objective was to test the space around the Moon for radiation. A photocell on the tiny spacecraft was to be triggered when Pioneer 4 passed to within 30,000 kilometers of the Moon, but the spacecraft’s closest approach was 58,983 kilometers (36,650 miles), too far to trigger the photoelectric sensor.

Launched on March 3, 1959, the rocket engines performed close to perfection, but a second-stage burn failed to cut off on time, giving the spacecraft a little more boost than it needed. Still, the mission was a success, providing scientists readings of radiation conditions around the Moon and beyond. Telemetry transmissions continued for 82.5 hours into the mission over a distance of 658,000 kilometers (409,000 miles).

The Pioneer 4 spacecraft achieved an orbit about the Sun with the following parameters:


	
Semi-major axis
 - 164,780,000 kilometers.


	
Perihelion
 - 147,000,000 kilometers.


	
Aphelion
 - 169,000,000 kilometers.


	
Eccentricity
 - 0.07109.


	
Inclination
 - 1.5 degrees.


	
Period
 - 398.0 days (slightly longer than Earth’s year).
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A picture of Pioneer 4’s launch
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A model of the Pioneer 4 probe

The Pioneer P-1 mission was also known as “Atlas-Able 4A,” and “Pioneer W.” Its mission was to fly by the Moon with a television camera and magnetic sensor, but on September 24, 1959, during a pre-launch test, the rocket motor exploded on the launchpad. Thankfully, the spacecraft itself had not yet been installed on the launch vehicle and was subsequently used in the Pioneer P-3 mission.

The Pioneer P-3 mission was also called “Atlas-Able 4,” “Atlas-Able 4B,” and “Pioneer X.” Had the mission been successful, the Pioneer P-3 probe would have gone into orbit around the Moon and would have used sensors to detect radiation, micrometeorites, magnetic fields, electromagnetic radiation of various frequencies and to determine a more accurate lunar mass. The spacecraft had its own rocket motors for course corrections, and thus it would have been America’s first test of remote spacecraft maneuverability.

Launched on November 26, 1959, everything went smoothly until T+45 seconds. At that point, pressure within the spacecraft shroud greatly exceeded the ambient air pressure at that altitude. This caused an explosive decompression, forcing part of the payload shroud - a piece of fiberglass fairing - to break off from the launch vehicle. Inside the protective shield, the spacecraft and support struts were not aerodynamic enough to withstand the chaotic buffeting. As a result, the third stage rocket and payload were ripped away from the active launch vehicle, effectively ending the mission.

The Pioneer P-30 mission was also called “Atlas-Able 5A,” and “Pioneer Y.” Its objective was to achieve lunar orbit with an array of scientific instruments, a backup mission to the failed Pioneer P-3. Launched on September 25, 1960, the problems started when the fuel controls failed to shut off on the first stage, causing the launch vehicle to continue burning until first stage fuel depletion. The second stage ignited properly, but thrust quickly dropped to zero. Engineers later estimated that the oxidizer flow had somehow failed, so the fuel had nothing with which to burn. Mission specialists projected that the spacecraft came down somewhere in the Indian Ocean.

The Pioneer P-31 mission was also called “Atlas-Able 5B,” and “Pioneer Z.” Its objective was to achieve lunar orbit, and to perform tests like those planned for the earlier, failed Pioneer P-3 and P30 missions. Launched on December 15, 1960, liftoff was uneventful, but about 66 seconds into the mission, the launch vehicle suffered a rapid loss in liquid oxygen tank pressure. The spacecraft came down in the Atlantic Ocean roughly 16 kilometers from Cape Canaveral.

Like all of the unmanned space probes, each one of these Pioneer lunar spacecrafts had a very specific mission that would have added concrete facts to space knowledge, and though the missions were almost all failures in a technical sense, some of them offered different kinds of successes. For one thing, each one was a test of the launch vehicle technology that would get future missions into space with greater reliability. In the same vein, each failure was met with investigations that revealed the tiny details that would lead to better approaches for launching future spacecraft.

Pioneer 5

Given the context of the Cold War and the heating up of the Space Race, one of NASA’s biggest challenges was to sell a mission that seemingly went towards empty nothingness. A planet, the Moon, and the Sun were easier destinations to sell, whereas deep space seemed too distant, literally and figuratively. Of course, NASA scientists realized they needed to know more about empty space to help them understand the space near the planets and the Moon.

Pioneer 5 was also known as “Pioneer P-2,” “Thor-Able 4,” and “Pioneer V,” and this time the mission was to explore the interplanetary space between Venus and Earth. This was obviously not as glamorous as flying by the Moon or one of the planets, so originally, Pioneer 5 was supposed to fly by Venus, but technical difficulties prevented the mission from starting during the Venus launch window in November 1959. When the technical difficulties had been handled in early 1960, Venus had moved away, and it was no longer possible for the spacecraft to catch up. A Venus mission would have to wait until the next launch window, when Venus and Earth were in the proper, relative positions.

Launched on March 11, 1960, Pioneer 5 became the most successful mission of the entire series of “Pioneer-Able” missions. The launch itself was surprisingly error free, especially compared to the other Thor-Able launches, and minor problems with the second stage were not enough to jeopardize the overall mission.

The spacecraft launch weight was 43 kilograms (95 pounds). From the spherical probe (0.66 meter in diameter), four “paddle-wheel” solar panels extended to capture sunlight for its power. The launch vehicle was a Thor DM-18 Able IV, taking off from Cape Canaveral LC-17A.

After launch, the spacecraft achieved an elliptical, heliocentric orbit between Earth and Venus with the following orbital parameters:


	
Aphelion
 - 148,570,000 kilometers (0.9931 astronomical units).


	
Perihelion
 - 105,630,000 kilometers (0.7061 AUs).


	
Eccentricity
 - 0.1689.


	
Inclination
 - 3.35 degrees.


	
Period
 - 311.6 days (more than 50 days less than a year).




For comparison, these are the semi-major axis distances of Earth and Venus orbits:


	
Earth
 - 149,598,023 (1.00000102 AUs).


	
Venus
 - 108,208,000 (0.723332 AUs).




As this indicates, Pioneer 5 traveled from slightly closer to the Sun than Earth to a point slightly closer to the sun than Venus.

Thanks to Pioneer 5, scientists learned that interplanetary space does indeed have a magnetic field.

Pioneer 5 carried on board 4 key scientific instruments:


	
Solar wind detector
 - to measure solar particles, including electrons with an energy greater than 13 MeV.


	
Magnetometer
 - to measure magnetic fields, including the boundary of Earth’s magnetic field and the strength of the magnetic field between planets. The detectable range was from 1 microgauss to 12 milligauss.


	
Cosmic ray detector
 - to measure the high-energy particles from distant supernovae (dying stars).


	
Micrometeorite detector
 - to measure the quantity and momentum of dust grains hitting the spacecraft. This was the only system which failed to return any usable information due to data system saturation.




The solar panels were too small to allow for constant data transmission, and larger panels would have weighed too much for the launch, so data transmissions were limited each day. In all, Pioneer 5 was able to send data back to Earth until April 30, 1960. After that, the signal was too weak because of the increasing distance between the spacecraft and Earth, and the background noise became a significant part of what was received, until eventually separating the noise from data became impossible. A subsequent test from the Jodrell Bank Observatory was able to receive a signal from Pioneer 5 on June 26, 1960, but the signal was too weak to receive usable data. At that time, Pioneer 5 was 36.2 million kilometers (22.5 million miles) from Earth, a record distance at the time.

Though Pioneer 5 was not the media darling that some later missions were, it was a monumental breakthrough for the American space effort. The space probe achieved nearly all of its objectives, and all that after a relatively flawless launch. The boost to morale was worth far more than its weight in gold. All of this took place roughly one year before the first cosmonaut went into space, and a little over a year before the first American astronaut, Alan B. Shepard, reached space in May 5, 1961.
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A picture of Pioneer 5 with test equipment
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A picture of Pioneer 5 atop the rocket

The Space Weather Network

When President John F. Kennedy gave his famous “We Choose to Go to the Moon” speech on September 12, 1962, everything changed. Suddenly, the entire country was called to support the cause of landing a man on the Moon by the end of the decade. The president told listeners about the challenges, and how daunting they would be:


“We set sail on this new sea because there is new knowledge to be gained, and new rights to be won, and they must be won and used for the progress of all people. For space science, like nuclear science and all technology, has no conscience of its own. Whether it will become a force for good or ill depends on man, and only if the United States occupies a position of pre-eminence can we help decide whether this new ocean will be a sea of peace or a new terrifying theater of war. I do not say that we should or will go unprotected against the hostile misuse of space any more than we go unprotected against the hostile use of land or sea, but I do say that space can be explored and mastered without feeding the fires of war, without repeating the mistakes that man has made in extending his writ around this globe of ours.



“There is no strife, no prejudice, no national conflict in outer space as yet. Its hazards are hostile to us all. Its conquest deserves the best of all mankind, and its opportunity for peaceful cooperation may never come again. But why, some say, the Moon? Why choose this as our goal? And they may well ask, why climb the highest mountain? Why, 35 years ago, fly the Atlantic? Why does Rice play Texas?



“We choose to go to the Moon! We choose to go to the Moon...We choose to go to the Moon in this decade and do the other things, not because they are easy, but because they are hard; because that goal will serve to organize and measure the best of our energies and skills, because that challenge is one that we are willing to accept, one we are unwilling to postpone, and one we intend to win, and the others, too.”


[image: Kennedy, in a blue suit and tie, speaks at a wooden podium bearing the seal of the President of the United States. Vice President Lyndon Johnson and other dignitaries stand behind him.]


A picture of Kennedy during the speech

Not everyone agreed with Kennedy. Some felt that such an ambitious task would be too costly and would offer too little in return. Others felt that the Russians had to be beat at any cost - not only was it a matter of national pride, but the Soviet Union remained a very real threat to world peace, and having Soviet spacecraft flying overhead several times each day was unnerving to nearly every American who thought about it.

Though President Kennedy did not live long enough to see his dream realized, enough people in government were committed to the task to see it through. Perhaps because Kennedy had been assassinated, many felt that to stop short on Kennedy’s goal would be to dishonor the memory of a president who had been cut down in the prime of his life.

President Kennedy did witness the successful completion of the Mercury Program, which consisted of manned spaceflight missions with a single astronaut in an sub-orbital or orbiting space capsule. However, he did not live to see the first Gemini Program manned flight, which came a year and a half after his death.

While the Gemini Program would test and perfect the capabilities of astronauts to perform extravehicular activities (EVAs) and spacecraft docking, essential skills for the upcoming Moon landing, other robotic missions did much of the reconnaissance work needed to plan for the manned Moon landings. Pioneer had already participated in those early efforts, but now other programs would be doing the heavy lifting in exploring the Moon.

Ranger would be taking closer looks at the Moon, intentionally crashing its photographic platform into the lunar surface in order to get close-up pictures on the way down. Later, Surveyor would test the ability to land softly on the lunar surface. What was learned during the Surveyor Program was especially important for subsequent unmanned missions to Mars and beyond.

Since NASA had created the Mariner Program to generate flyby surveys of the inner planets (Venus, Mercury, and Mars), Pioneer was set to take on a different task. Scientists wanted to know more about what the space between planets was like, especially after they already had some success with Pioneer 5 in 1960. With all of the attention on physical bodies, like planets, moons and the Sun itself, the relative emptiness of space had gone largely unexplored. The Pioneer Program would take up that new challenge.

From 1965-1969, a Pioneer probe was launched each year to expand on the knowledge of what has been called “space weather.” Only the 1969 launch of Pioneer E was a failure (because of that failure the mission was never given a number).

Most of the spacecraft were pushed out of the Earth’s gravity well and into a heliocentric orbit, with a perihelion (closest approach to the Sun) of between 0.75 AU to 1.0 AU, and an aphelion (farthest distance from the Sun) of between 0.99-1.2 AU.

Pioneer 6 had the following mission data:


	
Launch Date:
 December16, 1965


	
Launch Mass:
 146 kilograms


	
Launch Site:
 Cape Canaveral LC-17A


	
Launch Vehicle:
 Delta-E


	
Onboard Power:
 79 watts




Pioneer 6 was sent into a largely circular orbit with a radius of 0.8 AU, making it the only mission with a perihelion and aphelion that were virtually the same. A little more than 30 years after its launch, the spacecraft’s prime traveling-wave tube (TWT) stopped operating. In July 1996, Pioneer 6 was given the order to backup the TWT.

On October 6 the following year, one of the deep space tracking stations recorded Pioneer 6’s movements. Also, several scientific instruments were turned on to confirm that they were still working, including the University of Chicago’s cosmic ray detector and the MIT and ARC plasma analyzers. Even as late as December 8, 2000, Pioneer 6 was contacted for about two hours for a successful telemetry download.
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An artistic rendition of Pioneer 6

The following scientific instrument packages were on the Pioneer 6 spacecraft:


	
Celestial Mechanics


	
Cosmic-Ray Anisotropy


	
Cosmic-Ray Telescope


	
Electrostatic Analyzer


	
Relativity Investigation


	
Solar Wind Plasma Faraday Cup


	
Spectral Broadening


	
Superior Conjunction Faraday Rotation


	
Two-Frequency Beacon Receiver


	
Uniaxial Fluxgate Magnetometer




Pioneer 7 had the following mission data:


	
Launch Date:
 August 17, 1966


	
Launch Mass:
 138 kilograms


	
Launch Site:
 Cape Canaveral LC-17A


	
Launch Vehicle:
 Delta-E


	
Onboard Power:
 79 watts




The spacecraft’s mean orbital distance was 1.1 AU, and on March 20,1986, Pioneer 7 flew to within 12.3 million kilometers of the most noteworthy celestial celebrity of the year, Halley’s Comet. From that safe distance, the spacecraft studied the interaction between the solar wind and the comet’s hydrogen tail. On March 31, nine years later, one station of the Deep Space Network successfully tracked Pioneer 7 and discovered that the spacecraft and one science instrument was still operational.

The following scientific instrument packages were on the Pioneer 7 spacecraft:


	
Celestial Mechanics


	
Cosmic-Ray Anisotropy


	
Cosmic-Ray Telescope


	
Electrostatic Analyzer


	
Single-Axis Magnetometer


	
Solar Wind Plasma Faraday Cup


	
Superior Conjunction Faraday Rotation


	
Two-Frequency Beacon Receiver




Pioneer 8 had the following mission data:


	
Launch Date:
 December 13,1967


	
Launch Mass:
 146 kilograms


	
Launch Site:
 Cape Canaveral LC-17A


	
Launch Vehicle:
 Delta-E


	
Onboard Power:
 79 watts




The spacecraft was launched into a heliocentric orbit with a mean orbital distance of 1.1 AU. On August 22, 1996, Pioneer 8 was ordered to switch operation to its backup TWT (traveling-wave tube). Telemetry was reacquired, and one of the scientific instruments was coaxed into operation after nearly 30 years in space.

The following scientific instrument packages were on the Pioneer 8 spacecraft:


	
Celestial Mechanics


	
Cosmic Dust Detector


	
Cosmic Ray Gradient Detector


	
Cosmic-Ray Anisotropy


	
Electrostatic Analyzer


	
Plasma Wave Detector


	
Single-Axis Magnetometer


	
Two-Frequency Beacon Receiver




Pioneer 9 had the following mission data:


	
Launch Date:
 November 8, 1968


	
Launch Mass:
 147 kilograms


	
Launch Site:
 Cape Canaveral LC-17A


	
Launch Vehicle:
 Delta-E


	
Onboard Power:
 79 watts




The spacecraft was launched into a heliocentric orbit with a mean distance from the sun of 0.8 AU. The last successful contact with Pioneer 9 occurred in 1983. Another attempt was made in 1987, but the attempt failed.

The following scientific instrument packages were on the Pioneer 9 spacecraft:


	
Celestial Mechanics


	
Cosmic Dust Detector


	
Cosmic Ray Gradient Detector


	
Cosmic-Ray Anisotropy


	
Electric Field Detector


	
Solar Plasma Detector


	
Triaxial Magnetometer


	
Two-Frequency Beacon Receiver




Not only did the four spacecraft provide near-real-time data on solar storms, they also provided space data on solar storms that were also being tracked by ground-based observers and by instrument packages aboard sounding balloons. In early August 1972, Pioneer 9 was at the right place and time to capture data from its own “front row” seat near the most violent solar storm ever recorded. Thanks to all of that work, scientists have a better idea about the extremes that astronauts might experience from solar flares and coronal mass ejections.

Heading for the Outer Solar Syste
m

When scientists and engineers prepared spacecraft for a first-of-its-kind mission, they were relying on educated guesswork. They did not know the conditions the spacecraft would encounter on its long journey, including such things as the amount of radiation, the temperature extremes, the cosmic ray bombardments, and the strength of the magnetic fields a probe would have to endure. Scientists had to make certain assumptions, and the engineers had to work within the specifications based on those assumptions in order to protect the spacecraft’s sensitive instruments.

From the beginning, everything had to withstand the immense vibrations and heat of the launch. It all had to withstand the hot and cold of outer space, where the Sun might be shining full strength one moment, and the dark vacuum of infinite space froze things the next.

Spacecraft telemetry has always been a vital part of every space mission, whether it was a success or a failure. Critical information from onboard sensors could tell scientists and engineers why a mission failed, which would help them build a better spacecraft or launch vehicle for future missions. Pioneer 10 and Pioneer 11 were no different, but what scientists found when the spacecraft entered Jupiter’s sub-system surprised them more than they could have imagined.

At a time when space travel was still new, scientists and NASA administrators were planning their boldest adventure yet: to go beyond the inner Solar System of terrestrial worlds (Mercury, Venus, Earth, the Moon and Mars), past the asteroid belt, and into the Outer Solar System of gas giants and ice giant planets. Pioneer 10 and Pioneer 11 were the first two voyagers destined to achieve solar escape velocity, meaning these two spacecraft were going to be leaving the Solar System at some date far into the future.

In the early 1960s, a Jet Propulsion Laboratory aerospace engineer named Gary Flandro initiated an idea for a Grand Tour of the Outer Solar System. Since Earth and Jupiter are constantly in motion and at different speeds, there are only certain times when a launch can be done with a minimum fuel requirement. All other times would require vastly greater quantities of fuel to cross far larger distances in order to reach Jupiter, and Flandro noticed that an alignment of planets in the late 1970s would allow for multiple slingshot, gravitational assists so that all of the outer planets could be visited.

The two Voyager spacecraft took advantage of that alignment, but NASA wanted to prepare for that lucky happenstance by sending two earlier probes into that cold, dark realm of planetary giants. Thus, the Pioneer probes would be the first to travel through the asteroid belt and to determine what kinds of hazards might be there that could jeopardize future missions. Though the two Pioneer spacecraft would not be carrying out the full Grand Tour, their work would prove instrumental in preparing the Voyager spacecraft for the harsh realities awaiting them.

Scientific instruments aboard the spacecraft were to take pictures of Jupiter and its many moons, and also make numerous observations in various wavelengths of infrared, ultraviolet and polarized light. They were to detect charged particles, magnetic fields, cosmic rays, plasma and zodiacal light. Studies were to be done of the planet’s atmosphere and mass, plus the mass of its moons.

NASA’s Ames Research Center was given responsibility over the project. In order to expedite the rapid development of the spacecraft, Ames bypassed the normal procedures for Request for Proposals and chose TRW Inc. because of their successful track record up to that point. In one humorous exchange, a TRW engineer said of the Pioneer spacecraft, “This spacecraft is guaranteed for two years of interplanetary flight. If any component fails within that warranty period, just return the spacecraft to our shop and we will repair it free of charge.” Naturally, such a statement was entirely tongue-in-cheek because no one would be able to retrieve the spacecraft in order to return them for repair, which would have proven far more expensive than the entire project.

Though the original plans for the Grand Tour did not include using the slingshot effect to exit the Solar System, such an idea was incorporated into the Pioneer missions prior to launch. Thus, if everything went according to plan, project administrators could alter trajectory to accomplish such an extended mission.

Pioneer 10 and Pioneer 11 had similar scientific instrument packages for investigating the nature of space on its journey and in the vicinity of Jupiter (and for Pioneer 11, in the vicinity also of the planet Saturn). Only one of the instruments on Pioneer 11 was not also on Pioneer 10: the Triaxial Fluxgate Magnetometer.


	
Helium Vector Magnetometer (HVM)
 - Studied the detailed structure of the interplanetary magnetic field, plotted the strength of Jupiter’s magnetic field from various locations, and took measurements of the Jovian magnetic field in order to assess how the solar wind interacted with the Solar System’s largest planet.



- Primary investigator: Edward Smith / JPL.



- Data available at both PDS/PPI data catalog, NSSDC data archive.
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The HVM


	
Quadrispherical Plasma Analyzer
 - Aimed at an aperture in the spacecraft’s dish antenna in order to capture solar wind particles that originated at the sun.



- Primary investigator: Aaron Barnes / NASA Ames Research Center (archived website).



- Data available at both PDS/PPI data catalog, NSSDC data archive.
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The
 Quadrispherical Plasma Analyzer



	
Charged Particle Instrument (CPI)
 - Measured the strength of cosmic rays along its path through the Solar System.



- Primary investigator: John Simpson / University of Chicago.



- Data available at NSSDC data archive.


	
Cosmic Ray Telescope (CRT)
 - Gathered information on the various types of cosmic ray particles and the range of their energy.



- Primary investigator: Frank B. McDonald / NASA Goddard Space Flight Center.



- Data available at both PDS/PPI data catalog, NSSDC data archive.


	
Geiger Tube Telescope (GTT)
 - Measured electrons and protons all along the spacecraft’s path, including the spans of distance through the Jovian and Saturnian (Pioneer 11 only) radiation belts. This included angular distributions, energy spectra and intensities.



- Primary investigator: James A. Van Allen / University of Iowa.



- Data available from three sources: PDS/PPI data catalog, NSSDC data archive, NSSDC Jupiter data archive.


	
Trapped Radiation Detector (TRD)
 - This was three instruments in one and included a minimum ionizing detector consisting of a solid-state diode that measured protons ranging from 50 to 350 MeV and minimum ionizing particles (<3 MeV), an electron scatter detector for electrons of energy ranging from 100 to 400 keV, and an unfocused Cherenkov counter that detected the light emitted in a particular direction as particles passed through it recording electrons of energy ranging from 0.5 to 12 MeV.



- Primary investigator: R. Fillius / University of California San Diego.



- Data available at NSSDC hourly data archive, NSSDC Saturn data archive.


	
Meteoroid Detectors
 - Measured the penetrating impacts of tiny meteoroids. This device consisted of twelve panels mounted on the back of the main dish antenna (pressurized cell detectors).



- Primary investigator: William Kinard / NASA Langley Research Center.



- Data available from NSSDC data archive list.


	
Asteroid/Meteoroid Detector (AMD)
 - Tracked particles of various sizes from nearby dust motes to faraway large asteroids.



- Primary investigator: Robert Soberman / General Electric Company.



- Data available from NSSDC data archive list.


	
Ultraviolet Photometer
 - Determined the amount of hydrogen and helium in space and on the two planets - Jupiter and Saturn. This was accomplished because both gases have emission spectra in the UV band.



- Primary investigator: Darrell Judge / University of Southern California.



- Data is available from both PDS/PPI data catalog and NSSDC data archive.


	
Imaging Photopolarimeter (IPP)
 - This package took photographs of the planet, scanning a small telescope multiple times across the face of the target as the spacecraft spun. Each pass captured only 0.03 degrees of arc view. Two complete series were taken, one with a red filter and one with a blue filter. From the numerous strips in each series a complete picture was built up for a full-color visual image of the planet’s face.



- Primary investigator: Tom Gehrels / University of Arizona.



- Data available from NSSDC data archive list.
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The
 Imaging Photopolarimeter



	
Infrared Radiometer
 - Delivered data on both cloud temperature and excess heat emissions from the planets. Jupiter, for instance, is still emitting excess heat from its initial compression of formation 4.6 billion years ago.



- Primary investigator: Andrew Ingersoll / California Institute of Technology.
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The Infrared Radiometer


	
Triaxial Fluxgate Magnetometer (Pioneer 11 only)
 - Measured both Saturn’s and Jupiter’s magnetic fields.



- Primary investigator: Mario Acuna / NASA Goddard Space Flight Center.



- Data available from NSSDC data archive list.




Pioneer 10 had the following mission data:


	
Launch Date: March 2, 1972.


	
Launch Vehicle: Atlas SLV-3C Centaur-D Star-37E.


	
Launch Site: Cape Canaveral LC-36A.


	
Launch Mass: 258.8 kilograms (571 pounds).


	
Onboard Power: 155 watts (at launch).


	
Last Telemetry Received: April 27, 2002.


	
Last Signal: January 23, 2003.




The third stage of the launch vehicle (TE364-4), a solid fuel booster, had been developed for the Pioneer outer planets project specifically. Not only did it deliver the required 15,000 pounds of thrust, it also created a spin for the spacecraft which helped to create gyroscopic stabilization throughout its mission. At first, the spin rate was a brisk 30 revolutions per minute (rpm), but roughly 20 minutes into the launch, Pioneer 10 extended its 3 booms, slowing the rotation down to 4.8 rpm. This became the standard rotation rate throughout its mission.

When the launch vehicle had spent its fuel, after 17 minutes of flight, the spacecraft had reached a velocity of 51,682 kilometers per hour (32,114 miles per hour). This is far more than the 40,270 kilometers per hour escape velocity necessary, and not long afterward, ground mission control contacted the spacecraft’s high-gain antenna, giving it commands to turn on many of Pioneer 10’s instruments in order to test them while hurtling through the radiation belts surrounding Earth.
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A picture of the launch

Pioneer 10 officially reached interplanetary space about 90 minutes after launch, having exited the Earth’s gravity well (the point where the planet’s grip on the spacecraft was not as strong as was that of the Sun). By 11 hours after launch, Pioneer 10 had passed the orbit of the Moon, and at that point, the spacecraft was the fastest object humanity had ever created.

About 48 hours after launch, mission specialists started to turn on the remaining scientific instruments, starting with the CRT. By the 10th
 day, all of the scientific instruments had been activated.

During June 1972, Pioneer 10 crossed the orbit of Mars, increasing its distance from the Sun on a daily basis. By July 15, 1972, Pioneer 10 had officially entered the asteroid belt, the first human spacecraft to accomplish this feat. Also, at this point, the spacecraft started its Jupiter observation phase, though it still had more than a year before reaching the giant planet.

Between March and the end of September 1972, Pioneer 10 made three course corrections to ensure it would arrive at its destination. Throughout this period, onboard systems went through numerous checkouts, including the measurement of cosmic rays, solar wind and magnetic fields, plus photometers viewing the zodiacal light and the mission’s main target, Jupiter. There was one notable failure involving a sensor aimed at the first magnitude star, Canopus. That was meant to ensure perfect alignment of all systems so the scientific instruments would be pointed in the right directions. With the Canopus sensor failure, engineers had the spacecraft use two solar sensors instead.
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Pioneer 10’s picture of Jupiter

Not surprisingly, Pioneer 10 achieved a number of firsts. One of them involved the discovery of elemental helium, plus high-energy sodium and aluminum ions in the interplanetary medium. The spacecraft became the first emissary from Earth to enter the asteroid belt on July 15, 1972, traveling past the realm of a small dwarf planet (Ceres), thousands of planetoids, and countless meteoroids between the orbits of Jupiter and Mars. Planners for the Pioneer outer planets project fully expected Pioneer 10 to remain safe throughout its passage through the asteroid belt because unlike its portrayal in the movies, the asteroid belt is extremely sparse. Of all the known asteroids documented over the last two centuries, none would get any closer than 8 million kilometers (5 million miles) to the spacecraft.

In the first part of August 1972, when Pioneer 10 was at a distance of 2.2 AU from the Sun in the middle of the asteroid belt, it recorded a rare solar shock wave.

While in the asteroid belt, the scientific instruments found that, compared to the vicinity of Earth, the belt itself was largely deficient of dust grains smaller than one micrometer (μm). Density of tiny dust particles in the 10–100 μm range remained relatively constant from Earth to the most extreme extent of the asteroid belt. The only surprise came in the range of particle diameters from 100 μm to 1.0 millimeters (mm). The belt contained a three-fold increase in particles of this size, but thankfully, particles larger than a millimeter were not observed at all throughout the asteroid belt. Pioneer 10 emerged on the far side of the belt sometime around February 15, 1973.

After the spacecraft had cleared the belt, NASA attempted to create a significant change to the trajectory. The resulting flight path would allow Pioneer 10 to use Jupiter as a gravity boost, a slingshot effect that would send the craft out of the Solar System entirely. This radical change in its flight path proved that such a precise maneuver could be accomplished remotely and became a model for all future space missions that might require a similar maneuver.

Pioneer 11 had the following mission data:


	
Launch Date: April 6, 1973.


	
Launch Vehicle: Atlas SLV-3D Centaur-D1A Star-37E.


	
Launch Site: Cape Canaveral LC-36B.


	
Launch Mass: 259 kilograms (571 pounds).


	
Onboard Power: 155 watts (at launch).


	
Last Contact: September 30, 1995.




The Pioneer 11 launch vehicle would be doing all of the heavy lifting, sending the spacecraft directly toward Jupiter without any gravitational assist along the way. The spacecraft made its first course correction on April 11, 1973, eight months before Pioneer 10 was to reach Jupiter and 20 months before its own arrival in the vicinity of the king of planets.

By about April 19, 1974, Pioneer 11 had officially completed its passage through the asteroid belt. Weeks later, during May, after its sister ship Pioneer 10 had already completed its Jupiter mission, Pioneer 11 was given a new north-south trajectory which would allow it to meet up with Saturn in 1979. This maneuver consumed nearly 8 kilograms (17 pounds) of propellant. The added thrust took 42 minutes and 36 seconds, increasing the spacecraft’s velocity by 230 kilometers per hour.

On November 3, 1974, Pioneer 11 officially began its Jupiter phase of observations. Four days later, the spacecraft performed its final mid-course correction.
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A depiction of Pioneer 11 in space

The Pioneer Missions and Jupiter

Pioneer 10 began testing its imaging system on November 6, 1973. Up ahead, Jupiter lay waiting for its arrival, with about 25 million kilometers (16 million miles) yet to go. The Deep Space Network back on Earth successfully received the stream of imaging data.

Following this success, NASA mission specialists uploaded 16,000 commands to the spacecraft’s computer, commands that would control the spacecraft operations as it flew through the Jovian sub-system over the next two months.

On November 8, Pioneer 10 passed the orbit of one of Jupiter’s outermost moons, Sinope. By November 16, the spacecraft had reached the bow shock of the Jovian magnetosphere. Scientists could tell this by the sudden drop in solar wind velocity from 451 kilometers per second (280 miles per second) to 225 kilometers per second (140 miles per second). Over the next 24 hours, Pioneer 10 reached the magnetopause, discovering that Jupiter’s magnetic field is inverted compared to that of Earth (with its south pole pointing in generally the same direction as Earth’s north magnetic pole).

As the spacecraft got closer to Jupiter, its spinning camera was able to scan pieces of an image in both red and blue hues, using the imaging photopolarimeter. From the two colors, a third channel of color - green - was synthesized, allowing for a full-color, RGB (red-green-blue) image to be rendered. 12 of these constructed images were received via the Deep Space Network back on Earth. This occurred just one week out from the heart of its mission.

By November 29, 1973, Pioneer 10 had gone past the orbits of all of Jupiter’s outermost moons. So far, all systems had been operating flawlessly.

With only a little more than one day to go before Jupiter’s closest approach, the image quality coming back from Pioneer 10 easily exceeded the best images that had been made from Earth up to that point. The television media covered the event live, displaying the pictures in real time as they were received back on Earth. The Pioneer program later had the honor of receiving the prestigious Emmy award for its presentation to the world-at-large. Though the motion of the spacecraft created image distortions, these were easily corrected at a later time by an image correction algorithm. Throughout the entire Jovian sub-system encounter, Pioneer 10 transmitted more than 500 images of the gas planet and its moons.

On December 3, 1973, Pioneer 10 began its encounter with the Jovian sub-system. At 12:26, the spacecraft flew by the outermost Galilean moon, Callisto (4,821 kilometers in diameter, 16.69 day orbit about Jupiter). The closest approach was 1,392,300 kilometers, about 500,000 kilometers closer than the moon’s distance from its parent planet.

At 13:56, Pioneer 10 flew by the next Galilean moon, Ganymede (5,262 km, 7.15 day orbit). The closest approach was 446,250 kilometers, roughly 600,000 kilometers closer than the moon’s distance from Jupiter.
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Pioneer 10’s picture of Ganymede

At 19:26, the spacecraft experienced its closest approach to the third Galilean moon, Europa (3,122 km, 3.55 day orbit). Viewed from a distance of 321,000 kilometers, Pioneer 10 was roughly at half the distance separating the moon from Jupiter.

At 22:56, more than 10 hours after its Callisto encounter, Pioneer 10 came to within 357,000 kilometers of the innermost Galilean moon, Io (3,643 km, 1.77 day orbit). This was only about 60,000 kilometers closer to the moon than Io is to Jupiter.

Scientists were anxious to learn more about Jupiter’s magnetic field and the ion radiation concentrated along the magnetic equator of the giant planet. For this reason, Pioneer 10’s path took it along that field equator. Back on Earth, they were surprised to learn that the electron radiation peak flux was nearly 10,000 times the peak flux found in the vicinity of Earth. Engineers had not prepared for such strong radiation, but they also had no way of knowing before then.

The two Voyager spacecraft would take these readings into account to protect its sensitive equipment, but for the time being, the Pioneer spacecraft had to take the beating as best it could. Throughout its passage from one side of the Jovian sub-system to the other, Pioneer 10 suffered multiple instances of false commands being generated by the onboard computer system reacting to the radiation. Most of the errors were corrected by follow-up commands that were included to handle unforeseen contingencies. Even so, one picture of Io and a few choice close-ups of the planet were irretrievably lost because of the problems. In the end, Pioneer 10 was successful in getting fairly clear pictures of Europa and Ganymede.
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An artistic rendition of Pioneer 10 near Jupiter

At 2:26 a.m. on December 4, 1973, Pioneer 10 came to within 200,000 kilometers of Jupiter, becoming the first spacecraft from Earth ever to see the king of planets up close. At this nearest distance, the spacecraft had gained a great deal of velocity from its “fall” toward the giant planet, increasing its speed to 132,000 kilometers per hour. Imaging systems received detailed pictures of the Great Red Spot and the planetary terminator. 10 minutes later, Pioneer 10 crossed Jupiter’s equatorial plane.

At 2:41:45, Pioneer 10 was perfectly positioned for an occultation with Io as seen from Earth. This meant that the innermost Galilean moon was blocking Earth’s view of Pioneer 10, an opportunity that gave scientists on Earth a chance to test the moon for a tenuous atmosphere. At 2:43:16, Pioneer 10 exited its Io occultation, once again gaining line-of-sight contact with Earth, and by then, scientists were able to learn that Io’s ionosphere is roughly 700 kilometers (430 miles) altitude on the sunlit side. They also discovered that the electron density was close to 60,000 per cubic centimeter on the bright side while density went down to 9,000 on the night side.

One surprise for the scientists involved the nature of Io’s orbit around Jupiter. They discovered that the moon travels within a hydrogen cloud that extends outward by approximately 805,000 kilometers (500,000 miles) with a height and width of 402,000 kilometers (250,000 miles). Scientists also received evidence that suggests a similar cloud near the orbit of Europa.

At 3:42:25, the spacecraft entered its occultation with Jupiter, gaining a great deal of information about the gas giant’s outer atmosphere as radio signals passed through the top layers, above the dense clouds on their way back to Earth. At the same time, it entered Jupiter’s shadow, blocking the spacecraft’s view of the Sun. By 4:15:35, Pioneer 10 exited its occultation with Jupiter. At 4:47:21, it exited Jupiter’s shadow.

Occultation with Jupiter allowed scientists to measure the temperature structure of Jupiter’s outer atmosphere. They discovered a temperature inversion between the pressure levels of 100 and 10 millibars. At the 10 millibars level, temperatures were between a frigid –133 and –113°C (–207 to –171°F). And at the 100 millibars level, temperatures were even colder, between –183 and –163°C (–297.4 to –261.4°F). From the thermal data, scientists were able to create an infrared map of Jupiter. From the map, they were able to confirm that Jupiter emits more heat radiation than it gets from the Sun, residual heat from the initial compression of formation more than 4 billion years earlier.

As Pioneer 10 moved away from Jupiter, it took pictures from the dark side showing a crescent planet, a picturesque ending to the spacecraft’s mission to the king of planets.

On January 1, 1974, Pioneer 10 was officially done with its Jupiter mission, but in late November and early December of that year, Pioneer 11 passed through the Jovian sub-system.

On December 2, 1974, Pioneer 11 began its encounter with the Jovian sub-system. At 08:21, the spacecraft flew by the outermost Galilean moon, Callisto (4,821 km diameter, 16.69 day orbit about Jupiter). The closest approach was 786,500 kilometers, about half the distance of Pioneer 10’s closest approach.

At 22:09, Pioneer 11 flew by the next Galilean moon, Ganymede (5,262 km, 7.15 day orbit). The closest approach was 692,300 kilometers, almost twice the distance of Pioneer 10’s closest approach.

The Jupiter sub-system fly-through continued into December 3, 1974. At 3:11, the spacecraft made its Io flyby (3,643 km, 1.77 day orbit), the innermost Galilean moon. The closest approach was from a distance of 314,000 kilometers, five times the distance of Pioneer 10’s closest approach.
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Pioneer 11’s picture of Io

At 4:15, Pioneer 11 flew past Europa (3,122 km, 3.55 day orbit). The closest approach was 586,700 kilometers - almost twice the distance of Pioneer 10 from that moon at its closest approach.

At 5:00:21, the spacecraft entered Jupiter’s shadow, blocking the Sun from shining on it.

At 5:01:01, Pioneer 11 was occulted by Jupiter as seen from Earth, thus blocking all radio communication between the spacecraft and mission control.

At 5:21:19, Pioneer 11 had its closest approach to Jupiter, coming to within 42,828 kilometers (26,612 miles) of the Jovian cloud tops. From the flyby, Pioneer 11 was able to capture very detailed pictures of the Great Red Spot, plus revealing images of the polar regions. The probe was also able to help determine the exact mass of Callisto.

At 5:33:52, the spacecraft exited Jupiter’s shadow and was once again basking in the light of the Sun.

At 5:43:03, the probe left the Jupiter occultation and was once again able to transmit its telemetry to Earth.

At 22:29, Pioneer 11 flew to within 127,500 kilometers of Jupiter’s moon, Amalthea.

On January 1, 1975, Pioneer 11 was officially done with the Jupiter phase of its mission.

Having used the gravitational pull of Jupiter to accelerate its velocity, the gravity assist altered Pioneer 11’s trajectory precisely so that the probe was aimed directly at Saturn.

Three and a half months later, on April 16, 1975, project technicians turned off the micrometer detector.

Nearly two years later, Voyager 1 was launched from Earth with a more powerful rocket on September 5, 1977. On March 5, 1979, Voyager 1 completed its own Jupiter flyby. A little more than four months later, Voyager 2 completed its Jupiter flyby. Both of these Grand Tour spacecraft were then headed for Saturn, scheduled to reach the ringed planet in late 1980 and late 1981, respectively.
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Pioneer 11’s pictures of Jupiter

Pioneer 11 Encounters Saturn

Since both Voyager spacecraft had been successful at Jupiter and were now well on their way to Saturn, Pioneer project planners decided to do something extremely risky with their prized spacecraft. They would test the spaces around the ring structure to see how dangerous they might be to the Voyager spacecraft soon to follow. The closest approach to the Saturn cloud tops was 21,000 kilometers (13,000 miles). This is the distance of the middle of the “C” ring of Saturn’s decorative ring structure, but at closest approach, the probe was nowhere near the plane of the ring. The spacecraft went underneath the belly of Saturn, passing through the ring plane in descending mode, reaching closest approach and then crossing the ring plane again in ascending mode, farther out from the planet, but still relatively close to the outer edge of the ring. This was a game of interplanetary “chicken,” and potentially quite costly, but with two more expensive and more highly equipped probes coming right behind it, the decision to risk Pioneer 11 seemed worth it. Pioneer 11 would be going through a path similar to those planned for the upcoming Voyager visits, and if the Pioneer attempt proved too dangerous, the Voyager 2 spacecraft would take a safer path (and thus miss out on the opportunity to visit Uranus and Neptune).

All exploration is full of risks. For instance, scientists had no idea how risky it would be to send a spacecraft through the asteroid belt until they had sent Pioneer 10 there. Now, Pioneer 11 would become a “pioneer” in the true spirit of the word, blazing the trail for the two Voyager probes coming a year and two years later.

On July 31, 1979, Pioneer 11 began its Saturn observation phase, taking photographs and testing the space leading up to the Saturnian sub-system.

On August 29, 1979, Pioneer 11 officially entered the Saturnian sub-system.

At 6:06:10, the probe flew by Saturn’s moon, Iapetus (1,470 kilometers diameter, 3,560,820 kilometers orbital radius). Its closest approach was 1,032,535 kilometers.

At 11:53:33 the same day, Pioneer 11 flew by Phoebe (213 kilometers diameter, 12,869,700 orbital radius) if you can truly call it a “flyby.” The closest approach was 13,713,574 kilometers, which is about a third of the distance between Earth and Venus at closest approach. This was almost like running down the boulevard in Los Angeles, waving to someone in New York City. Using the term “flyby” in this case was a stretch.

Two days later, on August 31, 1979, the probe had another closest approach. At 12:32:33, Pioneer 11 flew as close as it was going to make it to Hyperion (270 kilometers diameter, 1,481,010 kilometers orbital radius). The distance was 666,153 kilometers.

The following day, September 1, 1979, Pioneer 11 entered the heart of the Saturnian sub-system.

At 14:26:56, the probe crossed the ring plane in descending mode.

At 14:50:55, Pioneer 11 flew by a new moon that had previously been undiscovered. It was given the name “Epimetheus” (116 kilometers diameter, 151,422 kilometers orbital radius). The closest approach was a razor thin 6,676 kilometers distance. This was a near collision and could have stopped Pioneer 11 cold. Ironically, Epimetheus was found in the same orbit as Janus, just at a different time.

At 15:06:32, the spacecraft flew by Atlas (30.2 kilometers diameter, 137,670 kilometers orbital radius). The closest approach was 45,960 kilometers.

At 15:59:30, the probe flew by Dione (1,122.8 kilometers radius, 377,396 kilometers orbital radius). The closest approach was 291,556 kilometers.

At 16:26:28, Pioneer 11 flew by Mimas (396.4 kilometers diameter, 185,404 kilometers orbital radius). The closest approach was 104,263 kilometers.

At 16:29:34, the spacecraft achieved its closest approach to Saturn, coming to within 20,591 kilometers of the cloud tops, far below the ring plane.

At 16:35, Pioneer 11 started its radio blackout, blocked by the body of Saturn. This artificial occultation put the planet between Earth and its envoy.

At 16:35:57, the probe entered Saturn’s shadow, placing the body of the planet between the spacecraft and the Sun.

At 16:51:11, Pioneer 11 flew by Janus (179 kilometers diameter, 151,472 kilometers orbital radius). The closest approach was 228,988 kilometers.

At 17:53:32, the spacecraft regained line-of-sight connection to Earth, leaving the artificial Saturn occultation.

At 17:54:47, the probe left Saturn’s shadow.

At 18:21:59, Pioneer 11 reached its ascending ring plane crossing. The time between the descending ring plane crossing (approach) and closest approach to the planet was 2hrs 2min. 38sec. The time between closest Saturn approach and ascending ring plane crossing (departure) was 1hr 52min. 25sec. Thus, the path was a fairly symmetrical arc past the planet and its rings, with the departure side slightly closer to the rings.

At 18:25:34, Pioneer 11 flew by Tethys (1,062 kilometers diameter, 294,619 kilometers orbital radius). The closest approach was 329,197 kilometers.

At 18:30:14, the spacecraft flew by Enceladus (504.2 kilometers diameter, 237,950 kilometers orbital radius). The closest approach was 222,027 kilometers.

At 20:04:13, the probe flew by Calypso (21.4 kilometers diameter, 294,619 kilometers orbital radius). The closest approach was 109,916 kilometers.

At 22:15:27, Pioneer 11 flew by Rhea (1,530 kilometers diameter, 527,108 kilometers orbital radius). The closest approach was 345,303 kilometers.

Nearly a full day later, on September 2, 1979, the spacecraft made its nearest pass by Saturn’s largest moon, Titan (5,149 kilometers diameter, 1,221,930 kilometers orbital radius). The closest approach was made at 18:00:33 from a distance of 362,962 kilometers. Titan, which is the size of a small planet, is definitely too cold to sustain life, though it was later found to have a surface air pressure significantly larger than that found on Earth.
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Pioneer 11’s picture of Titan

While passing through the Saturnian sub-system, besides its surprise encounter with Epimetheus, Pioneer 11 also discovered another small moon and one new ring.

On October 5, 1979, Pioneer 11 was officially done with its Saturn mission.
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Pioneer 11’s pictures of Saturn

Going Interstellar

In the end, Pioneer 10 and Pioneer 11 did not collide with any small moons or asteroids, and because of their gravitational boosts, they were able to achieve escape velocities from the Sun and the Solar System.

Though Pioneer 10 was not headed for Saturn, it did reach the distance of Saturn’s orbit in 1976, and then the orbital distance of Uranus in 1979.

On April 25, 1983, the probe passed the orbit of Pluto, which was, at the time, still defined as a planet. At that point, Pluto was closer to the Sun than Neptune because of Pluto's irregular orbit.

Finally, on June 13, 1983, Pioneer 10 became the first spacecraft to leave the proximity of the major Solar System planets, effectively leaving what people typically think of as the Solar System, by crossing the orbit of Neptune, the outermost of the system’s eight planets.

On March 31, 1997, NASA officially ended the Pioneer 10 mission. The spacecraft had reached a distance of 67 AU from the Sun, but even from that cold, lonely distance, the probe was still capable of transmitting usable data for some time after this date, all of which was recorded for as long as possible.

In the months after the official mission ended, the Deep Space Network continued to track the probe as a training exercise for new flight controllers. Acquiring deep space radio signals, especially weak ones, is not an exact science, but a little bit of an art. During those months of weakening signal strength, scientists used new techniques in applied chaos theory for extracting usable data from a signal that was increasingly becoming overwhelmed by background noise.

On February 17, 1998, Voyager 1 surpassed Pioneer 10 in its distance from the Sun at 69.419 AU, making it the most distant human artifact from home. Voyager 1 was able to overtake Pioneer 10 because the older spacecraft was traveling more than 1 AU per year slower than Voyager 1.

On March 2, 2002, scientists were able to receive 39 minutes of flawless telemetry from Pioneer 10 at a distance of 79.83 AU, but even this use of Pioneer 10 had to come to an end eventually. On April 27, 2002, scientists on Earth were able to receive 33 minutes of good telemetry, but that was their last successful reception. After that date, they were no longer able to receive usable telemetry from the probe.

After January 23, 2003, the ever-weakening signal became lost as Pioneer 10 reached a distance of 80.22 AU (12 billion kilometers) from Earth. After that date, the Deep Space Network was unable to detect any signals from Pioneer 10. One more attempt was made on March 4, 2006, but no response was detected amid the clutter of interstellar noise. NASA estimated that the RTG units no longer produced sufficient energy to power the transmitter. As a result, no more attempts were made to contact Pioneer 10.

Though there is no way to know if Pioneer 10 remains intact, NASA predicted that as of January 1, 2019, the probe is about 121.69 AU (~11.3 billion miles) from Earth and moving 12.04 kilometers per second (26,900 miles per hour) away from the Sun. This means that Pioneer 10 will gain an additional 2.54 AU from Earth and from the Sun every year from now on. At this distance, light from the sun takes 14.79 hours to reach the spacecraft, meaning its distance is 14.79 light-hours from the sun. From there, the sun would appear somewhat brighter than the full Moon on Earth, a magnitude –16.6, or 35 times brighter than the full Moon.

Based on known data of trajectories and velocities, Voyager 2 supposedly surpassed Pioneer 10 in its distance from the Sun during the month of April 2019.

Pioneer 10’s destination is somewhere in the Taurus constellation, generally in the direction of the red giant star Alpha Tauri (Aldebaran). Given the probe’s velocity, it would take roughly 2 million years to reach Aldebaran’s current location. Of course, all stars are not stationary, so roughly 90,000 years from now, the probe will come to within 0.75 light years of the K8V (deep, orangish red dwarf) star HIP 117795, currently at 87.3 light years distance from the Sun and Earth. This is the closest that any of the four interstellar spacecraft (both Pioneer and both Voyager probes) will come to another star within the next few million years.

Today, a fully-functional backup probe, labeled Pioneer H, is on display at the National Air and Space Museum in Washington, D.C., in the “Milestones of Flight” gallery.

On October 5, 1979, Pioneer 11 began its interstellar mission. February 25, 1990 was a red-letter day in the history of Pioneer 11. On that date, it became probe #4 to go past the boundaries of the outer planets.

During 1995, the probe no longer had sufficient power to run its detectors, so NASA decided to shut the systems down. In commenting on the achievements of Pioneer 11, the Ames Research Center, which ran the mission, sent out a press release stating in part, “After nearly 22 years of exploration out to the farthest reaches of the Solar System, one of the most durable and productive space missions in history will come to a close.”

On November 24, 1995, scientists were able to receive a few minutes of usable telemetry, but that was their last contact with the spacecraft. After 2002, the spacecraft’s signal had become too faint to detect amongst the interstellar noise.

By January 30, 2019, the probe had achieved a distance of 100 AU (15 billion kilometers) from the Sun, traveling at a blistering 11.241 kilometers per second (25,150 miles per hour) away from the Sun. That speed is equivalent to roughly 2.37 AU per year. Pioneer 11 is not headed for any specific star, but generally in the direction of the Scutum constellation. The probe’s closest encounter with another star in the next few million years will be orangish, K-type dwarf, TYC 992-192-1, about 928,000 years from now. Closest approach will be about 0.815 light years.

Both Voyager probes have overtaken Pioneer 11, and Voyager 1 is now the farthest human-built object from its planet of origin.

Pioneer Plaque

Both Pioneer spacecraft contain a simple plaque for the benefit of any aliens who might encounter either Pioneer 10 or Pioneer 11. This was at the suggestion of scientist and author Carl Sagan. Each of the 6-by-9-inch plaques (152 by 229 millimeters) consists of gold-anodized aluminum and carries a simple picture of a nude male and female human pair, plus numerous symbols which can guide anyone to the planet of the spacecraft’s origin. That way, if aliens one day discover either of the spacecraft, they will have some information about who built it.

Each plaque is connected to the support struts which hold up the antenna. The location within the spacecraft affords the plaques some protection from interstellar dust which could otherwise eventually erode the plaques and make them unreadable.
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Pioneer Venus Project
s

While Pioneer 11 was on its way from Jupiter to Saturn, NASA launched the next spacecraft in the Pioneer program: the Pioneer Venus Orbiter. Here is its mission data:


	
Also known as Pioneer Venus 1, or Pioneer 12.


	
Launch Date: May 20, 1978.


	
Launch Vehicle: Atlas SLV-3D Centaur-D1AR.


	
Launch Site: Cape Canaveral LC-36A.


	
Cytherocentric Orbital Insertion: December 4, 1978.


	
Pericytherion: 181.6 kilometers.


	
Apocytherion: 66,630 kilometers.


	
Orbital Eccentricity: 0.842.


	
Orbital Period: 24 hours.


	
Last Contact: October 8, 1992.




This probe had the following science packages:


	
Airglow ultraviolet spectrometer (OUVS) which measured scattered and emitted UV light.


	
Atmospheric drag experiment to study the upper atmosphere and its density.


	
Charged particle retarding potential analyzer (ORPA) which studied ionospheric particles.


	
Cloud photo-polarimeter (OCPP) for measuring vertical distribution of clouds, similar to Pioneer 10 and Pioneer 11 imaging photo-polarimeter (IPP) for their mission to Jupiter and Pioneer 11’s mission to Saturn.


	
Electric field detector (OEFD) for studying the solar wind and its interactions.


	
Electron temperature (OETP) for studying the thermal properties of the ionosphere.


	
Gamma ray burst (OGBD) detector for recording gamma ray burst events.


	
Infrared radiometer (OIR) for measuring IR emissions from the Venusian atmosphere.


	
Ion mass spectrometer (OIMS) for characterizing the ionospheric ion population.


	
Magnetometer (OMAG) for characterizing the magnetic field at Venus.


	
Neutral mass spectrometer (ONMS) for determining the composition of the upper atmosphere.


	
Radio occultation experiment for characterizing the atmosphere.


	
Radio science atmospheric and solar wind turbulence experiment.


	
Solar wind plasma analyzer (OPA) for measuring properties of solar wind at Venus.


	
Surface radar mapper (ORAD) for determining topography and surface characteristics. Observations could only be conducted when the probe was closer than 4,700 kilometers over the planet. A 20-watt S-band signal (1.757 gigahertz) was bounced off the surface, with the probe analyzing the echo. Resolution at periapsis was 23 by 7 kilometers.


	
Two radio science experiments for determining the gravity field of Venus.




As such, a great deal of the scientific instrumentation was used to study the prodigious Venusian atmosphere. Compared to Earth, surface pressure is about 92 times greater on Venus.

The surface mapping gave NASA a richly detailed view of what Venus looks like underneath the heavy cloud layer. At the top of the clouds, Venus has extremely strong winds because of the difference between daytime and nighttime temperatures. On the surface, however, Venus has virtually no surface wind, rarely getting above 10 kilometers per hour. This is partly because the atmosphere is so thick at the surface, but it has far more to do with the fact that the temperature at the surface is virtually the same everywhere: a blistering 462°C. As any student of physics, meteorology or climate science knows, it takes temperature difference to drive wind to blow. Million-year-old meteor craters on the surface of Venus remain in pristine condition because of the severe lack of wind and any erosion that might otherwise have accompanied it.

The next mission was the Pioneer Venus Multiprobe, which had the following mission data:


	
Also known as Pioneer Venus 2, or Pioneer 13.


	
Launch Date: August 8, 1978, a little over 2 months after the Venus orbiter.


	
Launch Vehicle: Atlas SLV-3D Centaur-D1AR.


	
Launch Site: Cape Canaveral LC-36A.


	
Venus Arrival: December 9, 1978, 5 days after the Pioneer Venus Orbiter (Pioneer 12).


	
Last Contact: December 9, 1978.




The spacecraft consisted of a bus and four probes, all of which were to be thrust into the planet’s atmosphere from a heliocentric orbit. The bus burned up in the atmosphere at an altitude of about 110 kilometers. The probes, however, had heat shielding and parachutes to ease them through the thick atmosphere. Scientific instruments on board allowed each probe to measure various aspects of the atmosphere on the way down.
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An artistic rendering of the mission
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A picture of the bus

The “Large Probe” landed on the day side of the planet, near the equator. Another day-side probe (called simply “Day Probe”) landed south of the equator and slightly east of the Large Probe. The “Night Probe” landed on the dark side of the planet, about as far south of the equator as the “Day Probe.” The “North Probe” landed about 30° from the North Pole of Venus, and also on the dark side of the planet.

All of the probes but one stopped sending telemetry virtually at the moment of impact with the ground, with the Day Probe sending data for a little over an hour after its impact with the surface. Temperatures at the surface ranged from 448°C and 459°C. Surface pressure at the four locations varied between 86.2 bar and 94.5 bar.

As each of the probes were plummeting through Venus’ clouds, they determined wind speeds of about 200 meters per second (720 kilometers per hour) at the middle layer of clouds, about 50 meters per second (180 kilometers per hour) at the cloud base, and only 1 meter per second at the surface (3.6 kilometers per hour).

Between the two missions, scientists learned a great deal about Earth’s hot twin.

The Legacy of the Pioneer Progra
m

The Pioneer series of probes comprised the single longest running program in NASA’s still young existence, ranging from 1958 to the last contact with a Pioneer spacecraft in 2003 (Pioneer 10). Thus, the program offered roughly 45 years of service to humanity.

The earliest Pioneer missions were declared failures, but they gave engineers valuable information so they could create more reliable launch vehicles for all future missions, including those of other programs. Despite the failures, they were each a valuable addition to the growing body of knowledge of space technology.

The early Moon missions gave way to other programs which proved even more successful in finding out more about Earth’s nearest neighbor in space. Pioneer branched out, pushing beyond the Earth-Moon sub-system and into interplanetary space, finding out more about the wild varieties of particles that fill what would otherwise be considered a perfect vacuum.

Finally, with Pioneer 10 and Pioneer 11, the program earned its own claim to fame by becoming the first spacecraft to explore outside the inner Solar System, offering close glimpses of Jupiter and Saturn. Those two spacecraft are, today, two of humanity’s handful of starships heading for interstellar space beyond the reaches of the Sun’s gravitational grip.

Beyond the groundbreaking work of NASA’s “Grand Tour” trial run, Pioneer turned its last two missions toward the nearest planetary neighbor, Venus - Earth’s twin in size and mass.

In a very real sense, the Pioneer program provided the foundation for a very successful beginning to humanity’s Space Age.

Glossary

This glossary is not an exhaustive list of words found in the book, but it does cover the key concepts.


aphelion
 n
. - The farthest point in an orbit from the sun.


astronomical unit
 n
. - A measure of distance roughly equal to the average distance between the Earth and the sun. Usually abbreviated “AU.” Typically, it is used to measure distances within a star system, like between the sun and its planets, or between planets. It is also the basis for a far longer unit of measure, the parsec, which is used to measure the distances between stars.


AU
 n
. - Astronomical unit.


Cytherocentric
 adj
. - With Venus at its center.


Deep Space Network
 n
. - A series of radio receiving antennas in various locations around the planet, including Southern California, Australia, Spain and other locations, allowing NASA to receive a virtually continuous stream of data from its various space missions.


heliocentric
 adj
. - Having the sun at its center. Orbiting the sun.


Jovian
 adj
. - Of or pertaining to Jupiter or the Jupiter sub-system (the planet and its immediate environment and moons).


Jupiter
 n
. - The largest planet of the Solar System. Sometimes called the “king of planets.” The fifth planet from the sun.


MeV
 n
. - Abbreviation for mega-electron volts - a measure of electrical potential energy.


perihelion
 n
. - The closest point in an orbit to the sun.


Saturn
 n
. - The second-largest planet in the Solar System. Known for its large, very visible ring structure of tiny moonlets. The sixth planet from the sun.


Sol
 n
. - The name of our sun. A yellow-white dwarf (main sequence) star of the spectral type G2V. Currently, it has eight main planets and numerous dwarf planets, plus hundreds of moons, planetoids and countless meteoroids. The Solar System (which see)
 is currently about 4.5 billion years old.


Solar System
 n
. - The star and planetary system of Sol (which see)
 and its planets, dwarf planets, asteroids and cometary material.


sub-system
 n
. - A system of astronomical bodies subordinate to the larger Solar System. Example: The Jovian sub-system which consists of Jupiter and its many moons.


terminator
 n
. - The line on a planet where daytime and nighttime meet. Sometimes this is called the “shadow line” or “sunset line.”
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