
The Lunar Reconnaissance Orbiter witnesses an “Earthrise” 
in this painting of a satellite orbit low over the Moon’s 
surface. In 2009 NASA launched LRO to investigate the 
Moon’s atmosphere, environment, and terrain.
Courtesy of Chris Meaney, NASA’s Conceptual Image Lab
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”

“

Carl Sagan

Exploration is in our nature. We began 
as wanderers, and we are wanderers still. 
We have lingered long enough on the 
shores of the cosmic ocean. We are 
ready at last to set sail for the stars.
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Before humans could go and explore the Moon, 
or anywhere else in space, scientists tested 
space travel’s effects on other living organisms. 

The United States tested using monkeys and chimpanzees; 
the Soviets used dogs. Some of these early space explorers 
successfully returned to Earth, while others did not.  

The Russian stray dog, Laika, is perhaps the best known 
of these early explorers. She died in space because the 
spacecraft the Russians sent her in, Sputnik 2, was not 
equipped to sustain life for an extended period. The 
purpose of her fl ight in 1957 was to see if humans could 
withstand takeoff and the various pressures of spacefl ight.  

At the time the Soviets said that she lived for a few days. 
But in 2002 the Russians released reports that indicated 
she lived for fi ve to seven hours, and died in part because 
of the stress of takeoff. In any event, her spacecraft was 
not designed for safe reentry.

Laika has lived on in the hearts of many, though, with 
a statue dedicated to her honor in Moscow, as well as 
numerous stamps issued with her likeness from around 
the world.

In 1960 the Soviet Union sent two more dogs into space, 
Belka and Strelka. They became the fi rst living things 
to survive orbital fl ight. A day after takeoff, they returned 
safely to Earth. Strelka later gave birth to six puppies. 
As a peace offering, Soviet Premier Nikita Khrushchev 
gave one of the puppies to Caroline Kennedy, the daughter 
of President Kennedy. 

• spacecraft that have studied 
the Sun

• unmanned exploration 
of the Moon

• unmanned exploration 
of Venus

• unmanned exploration 
of Mars

Based on the experiences 
of Russia’s cosmonaut 
dogs, do you think it 
is right to use animals 
as test subjects in space 
rather than send humans 
in untested spacecraft?
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•  micrometeorites
•  ecliptic plane
•  gamma-ray burst
•  spectrometer
•  aerobraking
•  perchlorate

Spacecraft That Have Studied the Sun
Over the past few decades, scientists have launched more than 
a dozen unmanned spacecraft to study the Sun. This section 
focuses extensively on those explorations. 

The First Explorations

NASA’s Pioneer 7, along with 
its three siblings Pioneers 6, 8, 
and 9, blasted into space in the 
mid-1960s to explore the solar 
wind, interplanetary relations, and 
cosmic rays—among other things. 
The four spacecraft formed a ring 
of solar weather stations allowing 
scientists on Earth to monitor solar 
storms. Commercial airlines and 
communication companies, among 
countless other interested parties, 
were able to use the data for 
guidance and planning purposes. 
The information helped them 
predict solar storms, which can 
interfere with communications 
and expose airline passengers 
to increased radiation.

One of the highlights of Pioneer 7’s 
tenure came in 1986, when it fl ew 
within 7.6 million miles (12.2 
million km) of Halley’s Comet. 
During this time it monitored the 
relationship between the comet’s 
tail and the solar wind. 
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Helios was the Greek 
sun god.

If You Can’t Stand the Heat …

An old saying advises: If you can’t stand the heat, get out of the kitchen. 
Helios 1 and Helios 2 however had to stand the heat when they studied 
the Sun. They endured temperatures up to 698 degrees F (370 degrees C).

Helios 1 got as close as 29 million miles (47 million km) from the Sun. 
Helios 2 fl ew 27 million miles (43.5 million km) from the fi ery orb. 
Since Helios 2 passed closer to the Sun than the fi rst probe, it had to 
endure 10 percent more heat. 

Each spacecraft survived the heat by spinning once every second. 
Furthermore, scientists equipped each with mirrors to bounce the powerful 
solar rays away from the probes (this took care of 90 percent of the heat). 

IfIfIf Y You

A ldld

Star POINTSSSSSSSSSSSSSSSSSSSSStttaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSStttttttttttttttttttttttttttttttttttttttttttaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSSSSSSSSSSSSSSSPPPPPPPPPPPPPPPPPPPPPPPPPPPOOOOOOOOOOOOOOOOOOOOOOOOOOOOIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIPPPPPPPPPPPPPPPPPPPPPPPPPPPPOOOOOOOOOOOOOOOOOOOOOOOO
Ulysses had a life expectancy of fi ve 
years. It lasted more than 17. During 
its mission, Ulysses encountered 
three comet tails and gave scientists 
enough information to write more 
than 1,000 scientifi c articles.

In the 1970s the United States and Germany worked together to send Helios 1 
and Helios 2 into space. This joint venture allowed astronomers on Earth to study 
the relationship between the Sun and the planets. Helios 1, which continued to 
send information back to Earth until 1982, told scientists that the Sun has 15 times 
more micrometeorites —meteorites that have a diameter of less than a meter—passing 
near it than the Earth does. 

Helios 2 was only in orbit four months in 1976, but 
during that time traveled closer to the Sun than had any 
previous manmade object. It also provided important 
information on solar plasma, the solar wind, cosmic rays, 
and cosmic dust. 

Ulysses

Ulysses was one of the most successful space probes ever launched. The United 
States and the European Space Agency (ESA) worked together on the mission. This 
study had a signifi cant effect on the way scientists view the Sun and its relationship 
with the planets. 

The space shuttle Discovery transported 
Ulysses into outer space. Once outside the 
Earth’s atmosphere, Ulysses and Discovery 
parted ways. The space probe traveled 
on its own toward Jupiter and studied the 
largest planet for more than two weeks. 
Once it was fi nished studying Jupiter, 
Ulysses used Jupiter’s gravitational pull 
like a slingshot to launch toward the Sun. 
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Why go to Jupiter fi rst if the aim 
was to study the Sun? By using 
the momentum gained from 
Jupiter’s gravity, Ulysses was able 
to pick up enough speed to leave 
the ecliptic plane—the plane of 
a planet’s orbit around the Sun—
and fl y over the Sun’s north and 
south poles. Without the gravity 
assist, the probe would have 
needed far more thrust to carry 
it out of the plane—thrust the 
launch vehicle carried aboard 
the shuttle could not provide. 

Ulysses was important because 
it allowed scientists to study the 
Sun’s north and south poles for 
the fi rst time. It examined the 
poles several times in six-year 
increments. Because the satellites 
were there for extended periods 
of time, and on numerous 
occasions, scientists were able 
to observe the Sun’s poles during 
both calm and stormy periods. 

Ulysses also made the fi rst direct 
measurements of interstellar dust 
particles and neutral-charged 
helium atoms in the Solar System. 
It discovered that the magnetic 
fi eld that leaves the Sun 
is balanced across latitudes. 
The observations redefi ned 
the way scientists think about 
space weather. 

When the two space agencies launched Ulysses in 1990, the probe achieved 
the fastest velocity ever achieved by a manmade object. Ten years later, the 
ESA announced that Ulysses had discovered the most distant gamma-ray burst 
yet recorded, about 11 billion light years from Earth. A gamma-ray burst  is 
a short-lived burst of gamma-ray photons, the most energetic form of light. 
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Solar wind travels at a speed 
of nearly 1 million miles 
(1.6 million km) per hour.

Hinode

Hinode is a multinational space operation the United States works on with Japan 
(the project’s leader), Britain, and the ESA. Hinode means “sunrise” in Japanese. 
The probe launched in 2006 and has excited scientists with its photos and 
information-gathering skills ever since. 

Hinode’s primary goal is a basic one—to give 
scientists a better understanding of the Sun’s 
physics. The probe orbits the Earth in a pattern 
that keeps it permanently facing the Sun. 
One of the many things Hinode studies is the 
solar wind. 

In late 2009 the space probe sent information back to Earth telling astronomers 
about a new type of magnetic fi eld. Hinode has a high-powered telescope that 
came across sunspots completely different from those previously discovered. 

Astronomers refer to these new 
sunspots as THMFs—transient 
horizontal magnetic fi elds.

Current Missions to the Sun

In addition to Hinode, several 
other missions are exploring 
the Sun at this writing. Many 
are international projects. 

In 1995 NASA and ESA launched 
the Solar and Heliospheric 
Observatory, or SOHO. The 
mission’s goal is to determine 
where the solar wind comes from 
specifi cally, and what the Sun’s 
interior structure is really like. 

SOHO has alerted astronomers to 
hundreds of previously unknown 
comets. In early 2010 SOHO 
helped scientists capture images 
of a comet as it disintegrated in 
the Sun’s heat, while at the same 
time showing images of Venus 
and Mercury in the background. 
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Working in conjunction with SOHO is NASA’s Transition Region and Coronal 
Explorer (TRACE). The American space agency launched this space probe in 1998 
with the goal of determining the predictability of solar activity.  

TRACE monitors various aspects of the Sun’s plasma. The probe should also help 
scientists better understand why solar fl ares take place and how solar heating 
occurs. A big question for astronomers is why the Sun’s temperature gets warmer 
moving away from its center. Think about a pond in winter. The last part to freeze 
over is the middle because it’s the warmest. Why is this not true for the Sun? 

NASA sent the Advanced Composition Explorer (ACE), into space in 1997. 
This spacecraft has enough power to keep running until 2024. Right now it 
works much like the Doppler Radar your local TV station displays on the evening 
news. It provides real-time space-weather information and advanced warnings 
of geomagnetic storms. 

ACE has nine instruments. Together they have power that is anywhere from 10 
to 1,000 times greater than anything previously launched. With ACE, astronomers 
should be able to better predict space storms to allow for safer manned space travel 
in the future. 

Unmanned Exploration of the Moon
The space race to the Moon between the United States and the former Soviet 
Union resulted in dozens of missions beginning in 1959. While exploration of the 
Moon died down after the manned landings took place in the 1960s and 1970s, 
recent unmanned missions are paving the way for more manned trips in the future, 
perhaps for extended periods. 

The First Explorations

The Russians fi rst examined the Moon in January 1959 with the Luna 1, which 
soared about 3,700 miles (5,995 km) from its surface. Two months later the United 
States launched its probe Pioneer 4 on a fl y-by mission. Ten years later on 20 July 
1969, US astronaut Neil Armstrong was fi rst to set foot on the Moon.

Landing men on the Moon was a monumental feat and a victory for the United 
States during the decades-long Cold War. But scientists had earlier learned crucial 
facts about the Moon from the many more numerous unmanned spacecraft that 
had studied the body.

Both the United States and the Soviet Union had numerous failed missions before 
they were successful. What these missions taught both countries was just as 
important as what they eventually would learn when they did land on the Moon—
on manned or unmanned missions. With each failure, scientists learned more 
about the dynamics of outer space. 
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The fi rst American spacecraft 
to return pictures of the Moon 
was the Ranger 7 in 1964. 
It was one of nine Ranger 
missions costing the United 
States nearly $170 million 
in research, and one of only 
three that successfully landed 
on the Moon. The Russians 
sent more than 15 unmanned 
probes to study the Moon, 
including one in 1968 that 
carried turtles, worms, and 
fl ies to examine the effects 
of Moon travel on living 
organisms. 

Once both countries hit their 
strides in the mid-1960s, 
space missions returned 
thousands of pictures and 
numerous material samples 
to Earth. In 1969 the Apollo 12 
crew brought back the 
camera portion of Surveyor 3, 
which the United States had 
launched in 1967. That 
camera is on display at the 
Smithsonian Institution’s 
National Air and Space 
Museum in Washington, 
D.C. With it, Surveyor 3 took 
more than 6,000 photos of 
the area of the Moon around 
its landing site. Surveyor 3 
also conducted experiments 
to ensure that the Moon’s 
soil would support an 
Apollo lunar module.

The last time an American was on the Moon was in 1972. Several unmanned probes 
have launched since then, however. In 1998 America boosted the Lunar Prospector 
into space to look for water on the Moon and found none. Perhaps most notably 
though, new partners in Moon exploration have emerged. Japan sent a probe in 
1990 and again in 2007, the ESA in 2003, China in 2007, and India in 2008. 
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The Lunar Reconnaissance Orbiter (LRO)

Before either a return to the Moon or a mission to Mars can become a reality, 
scientists need to learn much more about the topography, resources, and varying 
temperatures on the Moon.

NASA launched the Lunar Reconnaissance Orbiter (LRO) in 2009 with the 
purpose of studying everything it could about the Moon. It is orbiting the Moon 
approximately 31 miles (50 km) above the surface to gather data on its atmosphere, 
environment, and terrain (Figure 1.1). NASA planned for the LRO to spend more 
than a year conducting these observations. 

While the ultimate goal is extended human visits to the Moon, scientists still want 
to learn more about the rock structure and water on the Moon. They also want 
to better understand the Moon’s shape—ever so slightly like an egg—and what 
this means about the Moon’s formation millions of years ago. 

During the six manned American visits to the Moon, scientists collected rocks and 
other particles. But with the LRO they should learn more about the Moon’s regions 
that are always in shadow—such as the fl oors of craters at the pole. The LRO will 
look for potential ice deposits, as well as rough terrain, rock abundance, and other 
landing hazards. It will also study how radiation in the lunar environment will 
affect humans.

In late 2009 NASA announced that with the help of LRO scientists were able 
to record the coldest temperature ever measured in the Solar System. The orbiter 
registered �416 degrees F (�249 degrees C) at the base of one of the lunar craters. 
This is important because these cold temperatures trap numerous particles, gases, 
and compounds, thus opening new areas for discovery.
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The Lunar Crater Observation and Sensing Satellite (LCROSS)

In late 2009, scientists made an exciting discovery—they fi nally confi rmed that 
there is water on the Moon.

NASA launched the Lunar Crater Observation and Sensing Satellite, (LCROSS), 
as a companion probe to the LRO in 2009.  LCROSS revealed the presence of water 
after impacting in a crater near the Moon’s south pole. The water researchers found 
in the debris plume was not just a tiny amount, but about 24 gallons. Scientists 
believe this water has been present on the Moon for billions of years.

NASA deliberately sent LCROSS into the Cabeus crater with the hope of locating 
water. The impact and subsequent pictures and materials collected with LCROSS 
gave scientists more information than they had hoped for. Using a  spectrometer, 
a special instrument equipped with devices for measuring the wavelengths of the radiation 
it observes, scientists detected numerous compounds in this region, including water 
and carbon dioxide. Now that scientists know that water does exist on the Moon, 
they have endless questions to answer. Where did the water come from? How did 
it get there? How long has it been there? Several theories speculate that it came 
from the solar wind or from comets. 
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The Role of the National Space Science Data Center (NSSDC)

Just as the National Archives preserves important documents such as the Constitution 
and Declaration of Independence, scientists needed a place to house all the artifacts 
and pictures taken during space missions. In 1966 NASA created the National Space 
Science Data Center (NSSDC) at the Goddard Space Flight Center in Greenbelt, 
Maryland. The NSSDC is responsible for the long-term archiving and preservation 
of all space science information.

“Space science” includes astronomy, astrophysics, as well as solar and space 
plasma physics, and planetary and lunar science. The center works with scientists, 
educators, and in some cases the general public to help preserve and learn more 
from the vast amounts of research NASA has conducted. The center gives scientists 
examining different aspects of space access to a number of data and information 
services, including a large digital archive. 

Unmanned Exploration of Venus
The Moon may be Earth’s closest neighbor, but Venus has sometimes been called 
Earth’s sister planet because the two are in many ways very similar. As you have 
learned in previous chapters, however, the atmospheres of the two are very 
different. Venus’s gases have made taking pictures of the planet’s surface a challenge. 
But scientists have gotten a somewhat better glimpse at Earth’s neighbor through 
numerous unmanned missions.

The very fi rst successful interplanetary spacecraft was sent to explore Venus. 
Mariner 2, launched in 1962, fl ew within 21,000 miles (34,000 km) of the planet. 
It measured the planet’s hot temperature for the fi rst time and was the fi rst craft 
to measure the solar wind.

The Missions and Findings of the Soviet Venera Spacecraft

The Soviets also sent spacecraft to Venus in the 1960s. Much like the American 
Ranger program to study the Moon, the Soviet Venera program had many failures 
before it was successful. As a result of these failures, though, scientists were able 
to learn more about the planet named after the Roman goddess of love and beauty. 

The Soviets lost the fi rst Venera after it left Earth’s orbit in 1961. Over the next 
22 years, the Russians sent 15 more Venera spacecraft to study Venus. Venera 4 in 
1967 found that the temperature on Venus was about 932 degrees F (500 degrees C), 
and that Venus’s atmospheric pressure is roughly 75 percent greater than on Earth. 
This probe was also important because it told scientists the composition of Venus’s 
atmosphere was about 90 percent to 95 percent carbon dioxide with no nitrogen. 
Scientists considered this mission a partial failure, however, because the air pressure 
destroyed the probe before it was able to land. 
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In 1970 the fi rst successful transmission of data from another planet back to Earth 
took place when Venera 7 landed on Venus. Two years later, Venera 8 gave scientists 
enough information to determine that sunlight on Venus is similar to sunlight 
on Earth during the dawn hours. 

Venera 9 and Venera 10 were the fi rst of several twin missions the Soviets sent to 
study Venus. They launched Venera 9 in 1975, and it transmitted information for 
more than a year. This was the fi rst spaceship to orbit Venus. It landed on the planet 
on 22 October 1975 and sent back the fi rst close-up photo of the planet’s surface. 
Three days later Venera 10 landed on the planet. It sent panoramic pictures back 
to Earth, measured the atmospheric pressure, and determined the makeup of 
rocks on the surface. It was able to send information back for more than an hour—
which at that point was a record. 

Venera 11 and Venera 12 also worked well together. These probes, launched in 1978, 
helped determine that the beautiful planet could also be volatile because for the 
fi rst time scientists detected thunder and lightning. 

In 1981 the Soviets launched their next set of twin satellites—Venera 13 and 
Venera 14—which sent back to Earth the fi rst color pictures of Venus. These images 
showed a surface fi lled with orange and brown rocks. The mission also detected 
a wind speed of less than 1 mile (1–2 km) per hour. Venera 13 helped scientists 
test and analyze the fi rst soil samples from Venus. The Russians used Venera 14 
in coordination with other space probes examining Halley’s Comet. 

In 1983 the Soviets launched their fi nal two missions to Venus, Venera 15 and 
Venera 16. These missions helped scientists for the fi rst time map the top half 
of the planet’s northern hemisphere. When the mission was complete a year later, 
researchers had more than 400 miles (600 km) worth of tape to analyze. 
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Star POINTSSSSSSSSSSSSSSSSSSSSStttaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSStttttttttttttttttttttttttttttttttttttttttttaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSSSSSSSSSSSSSSSPPPPPPPPPPPPPPPPPPPPPPPPPPPOOOOOOOOOOOOOOOOOOOOOOOOOOOOIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIPPPPPPPPPPPPPPPPPPPPPPPPPPPPOOOOOOOOOOOOOOOOOOOOOOOO
After the success of the Venus Pioneer 
mission, international scientists decided 
that, from that time forward, they would 
name any discoveries on the planet 
after historical or mythical women.

The Missions and Findings 
of Pioneer Venus

While the Ranger and Venera missions 
were fi lled with trial and error, the 
American Pioneer probes that studied 
Venus were like the “little engine that 
could.” US scientists expected the orbiter 
mission alone to last eight months. 
It kept going for 14 years.

NASA launched Pioneer Venus in 1978. 
The orbiter’s main objective was to make 
a radar map of Venus’s surface. It was 
also to study the solar wind’s effects 
on the atmosphere (Figure 1.2). 

When all was said and done, the orbiter 
collected enough material to construct 
a topographical map of a large portion 
of the planet. At the end of its mission 
in 1992, astronomers had determined 
that Venus had a much fl atter surface 
than previously believed. But they also 
learned the planet had a mountain larger 
than Mt. Everest and a gorge deeper 
than the Grand Canyon. 

The Pioneer probe was also able to determine that the planet has a negligible 
magnetic fi eld and that its clouds are made up mostly of sulfuric acid. Over time 
the amount of sulfuric acid decreased, however, leading scientists to guess that 
the probe may have arrived shortly after a volcanic explosion. Scientists were also 
able to detect a near-continuous pattern of lightning strikes. 

NASA turned off the probe in 1981 but it remained in Venus’s orbit. Ten years later 
the agency turned it back on. It delivered images and data to Earth until 1992, 
when scientists believe it disintegrated due to age and burned as it fell closer 
to Venus’s surface. 

Other Venus Pioneer probes had varying 
success. Venus Pioneer 2 crashed when 
it landed on the planet in 1978, but was able 
to relay important information back to Earth 
during its descent. Notably, it appears that 
below a thick haze, from about 18 miles 
(30 km) high, the atmosphere is relatively clear. 
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The Missions and Findings of the ESA Venus Express

Like the US Venus Pioneer probe, the ESA’s Venus Express has outlived its predicted 
functional period. The European agency launched it in 2005 expecting it would 
last roughly two years. In late 2009 ESA extended the mission through 2012. 

The Venus Express is so named because it took only three years from the mission 
planning stages to blast off. This is a relatively quick time in the world of space 
exploration.

The probe’s main goal was to map Venus’s southern hemisphere. In this regard 
it has been very successful. Scientists have released images that show highlands 
they believe are the remnants of continents once surrounded by oceans. 

The Venus Radar Mapping Mission of Magellan

In 1989 NASA sent Magellan on its way with the goal of mapping Venus’s surface 
to a degree that hadn’t been done before. The probe mapped 98 percent of the planet.

Magellan enjoyed instant success. In the mission’s fi rst year, it sent more data back 
to NASA than all previous NASA planetary missions combined. 

Magellan’s early orbit around Venus 
varied in distance from the surface, 
anywhere from 182 miles (294 km) 
to 5,296 miles (8,543 km). The 
probe orbited from north to south 
and south to north. During this 
time it determined, among other 
things, that volcanic fl ows cover 
85 percent of the planet’s surface. 

Magellan was the fi rst mission to 
practice  aerobraking, the use of the 
planet’s atmosphere to slow an orbit 
and thereby lower a satellite closer 
to a planet. To give you an idea of 
how this works, think of a duck 
landing on a pond. It doesn’t just 
plop into the water. It drags its 
feet and skims the surface to help 
slow down. That is very similar 
to aerobraking. Scientists like this 
because it costs considerably less 
than the more traditional methods 
of slowing orbiting modules.
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Unmanned Exploration of Mars
As you have seen with the unmanned 
explorations of the Sun, Moon, and 
Venus, studying the various parts of 
the Solar System involves a lot of trial 
and error. Such was the case with Mars 
as well. 

The First Explorations

Unmanned missions to Mars are the only 
type of exploration that scientists have 
undertaken of the red planet so far. While 
there is talk of sending humans to Mars, 
it is something that is still years in the 
future. When that time comes, however, 
scientists will use much of what they 
have acquired over the years during 
various unmanned space missions to 
help them prepare. 

As with the race to the Moon, the United States and the former Soviet Union battled 
it out in the 1960s and 1970s to see who would get to Mars fi rst. Oftentimes 
their missions would occur within days of each other, and sometimes both failed 
miserably. Mars 1, a Russian spacecraft, was the fi rst to fl y by the planet in 1962. 

Mariner 4, an American space probe, was one of NASA’s early success stories. It fl ew 
by Mars on 14–15 July 1965 and sent back 21 black and white pictures. The probe 
determined that Mars had a very cold, battered, and barren surface with daytime 
temperatures of about �212 degrees F (�135 degrees C). It also discovered a very 
weak radiation belt around the planet. NASA turned off Mariner 4 in late 1965 
but reactivated it two years later to support the Mariner 5 mission to Venus. 

The United States had three other Mariner spacecraft of note. In 1969 the space 
agency launched the twin probes Mariner 6 and Mariner 7. They sent nearly 200 
pictures back to Earth. But their images gave a very different impression from 
those that Mariner 4 sent back and left scientists with more unanswered questions. 
The Mariner 9 mission in 1971 was the fi rst time a spacecraft orbited another 
planet. While a dust storm interfered with its mission of mapping 70 percent 
of Mars’ surface, it eventually sent nearly 7,000 images back to Earth. It identifi ed 
about 20 volcanoes, including Olympus Mons, the biggest volcano in the Solar 
System. Mariner 9 completely revolutionized scientists’ view of the red planet 
and paved the way for the Viking program. The now-inactive satellite will remain 
in Mars orbit for several more decades. 
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The Viking Missions

The Soviet Union was so determined to beat the United States in Martian 
research that it sent up several missions in the early 1970s, even though scientists 
determined they had at best a 50 percent chance of success. These missions failed. 

Shortly after these failed Soviet missions, NASA sent up the twin probes Viking 1 
and Viking 2 within a couple of weeks of each other. Both had a lander and an 
orbiter. The project’s combined cost was $1 billion. 

When the Vikings took off, they both traveled to Mars and orbited until scientists 
could fi nd a soft landing site. Once they found a spot, the lander separated from 
the orbiter, deployed parachutes, and landed. 

Viking 1 and Viking 2 conducted a series of tests, including water-vapor studies. 
They determined the soil of Mars was rich in iron, but they detected no life forms. 
The point of the missions was to study the planet’s biology (if any), chemical 
composition, and physical properties. 

Viking 1 took several 360-degree pictures, which gave scientists the best images 
of Mars until that time. Viking 2 took some 16,000 pictures and orbited the planet 
706 times. The missions themselves only lasted a few years, but were considered 
a big success. 

The Findings of the Mars Scout Lander, the Phoenix

The Phoenix is the fi rst in a new series of orbiter robots to combine the resources 
and research abilities of government, universities, and the space industry. The 
primary goal of the mission, which began in 2007, was to further search for water 
on Mars. 

During a fi ve-month period in 2008, the Phoenix took ground samples of Martian 
dirt. NASA scientists equipped it with an arm that could dig nearly two feet into the 
ground for specimens, which it returned to the craft for analysis. The exploration 
took place primarily on the icy plains of Mars’ North Pole region.

What scientists discovered astounded them. First, the presence of  perchlorate, 
a chemical that attracts water, indicated the potential exists to sustain life forms. 
Some living things on Earth use perchlorate for food. In the long term, scientists 
believe perchlorate could be used to help humans on Mars develop rocket fuel 
or even generate oxygen. Scientists also found calcium carbonate deposits, 
which is an indication liquid water is or has been present. 

Scientists observed snow falling from the clouds on Mars, which surprised them. 
Up until this time, astronomers were not aware of any precipitation falling onto 
the planet. 

Phoenix took more than 25,000 pictures and sent them back to Earth, giving 
scientists clearer images of the red planet. 
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The mission offi cially ended in November 2008, when colder climate conditions 
affected Phoenix’s ability to function. The original mission was only scheduled to last 
three months, or 92 Earth days—so like many other probes it outlived expectations 
and provided valuable research for scientists for years to come. 

The Mission of the Mars Reconnaissance Orbiter

The Mars Reconnaissance Orbiter had four goals when it reached the planet in 
2006. First, NASA scientists planned to see if it were possible that life ever existed 
on Mars, and if so, whether some form of life might still exist there. Their second 
aim was to learn more about the climate on Mars and what it could tell them 
about the past. Third, they intended to fi nd out more about the rocks and minerals 
on Mars and how they are different from those here on Earth. Finally, the scientists 
designed the MRO to help them plan for future explorations of the red planet. 
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The MRO fl ies in Mars’ atmosphere, orbiting anywhere from 160 miles (255 km) 
to 200 miles (320 km) above the surface. Since it began its mission, it has returned 
more data to Earth than all previous Mars missions combined. Some of the most 
interesting photos demonstrate the presence of gullies and dunes on the surface 
that no one had observed before.

NASA’s engineers equipped the MRO with many different instruments. It has a 
powerful camera that can identify objects on the surface as small as a dinner plate. 
These detailed pictures illustrate areas where water once fl owed, or any possible 
“hot spots” where geothermal pools like those found at Yellowstone National Park 
may exist. 

Other equipment on the MRO can identify minerals on the planet’s surface and 
see how dust and water move in Mars’ atmosphere. Besides taking detailed pictures 
of smaller objects on Mars, the MRO also has a second camera to take larger, 
medium-resolution photos that provide a broader picture of conditions on Mars. 
As of this writing, MRO’s mission is supposed to last through 2010.
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The Findings of the Mars Exploration Rovers Spirit and Opportunity

The Mars rover Spirit fi rst landed on Mars in January 2004. A second rover, 
Opportunity, landed halfway across the planet three weeks later. As with MRO, 
these two probes were still operating as of early 2010.  

Scientists designed the rovers with special tools needed to study Mars. The rovers 
have cameras that serve as eyes, and robot arms and wheels to move around 
the Martian surface. The rovers operate on batteries charged by solar panels, 
and are equipped with scientifi c instruments to study rocks and determine which 
minerals and chemicals are present. They also have a grinding tool to help dig 
into the surface. 

Opportunity made the mission’s fi rst major discovery when it found mineralogical 
evidence that Mars had liquid water in the past. Since its landing, Opportunity 
has conducted a two-year investigation of a half-mile-wide crater called Victoria. 
The rover has traveled more than 11 miles and sent more than 132,000 images 
from its cameras back to Earth.
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Spirit has had a tougher time on the red planet. Its right front wheel stopped 
working in 2006, and the right rear wheel stalled in late 2009. The rover also 
became stuck in a sand trap nicknamed “Troy” in mid-2009 from which scientists 
were unable to free it. Since landing, Spirit traveled roughly fi ve miles. In early 
2010 NASA declared it a stationary science platform and gave up trying to free it. 

The US space agency planned for the rover missions to last just three months. 
Instead, they continued for more than six years. During its time on the red planet, 
Spirit has found evidence of a very warm and violent environment during Mars’ 
ancient past. Opportunity, however, saw evidence of very different conditions, 
showing a wet and acidic past. 

Additionally, the two rovers have given scientists panoramic views of different parts 
of the red planet. They have also adjusted these pictures to provide “natural color” 
to show Mars as it would appear if you were standing on it. 

Scientists haven’t limited their explorations of the Solar System to the Sun, Moon, 
Venus, and Mars. Their gaze also extends to speeding asteroids as well as the outer 
planets—Jupiter, Saturn, Uranus, and Neptune. Even though these planets aren’t 
friendly to human habitation, they can still shed light on the universe’s composition 
with possible applications on Earth. You will read more about these missions in 
the next lesson.
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Lesson 1 Review 
Using complete sentences, answer the following questions on a sheet of paper.

 1. What did scientists monitor with the aid of the four Pioneer spacecraft?

 2. How did Ulysses use Jupiter’s gravitational pull to its advantage? 

 3. What does THMF stand for?

 4. What is the SOHO mission’s goal?

 5. Which country fi rst sent a spacecraft to the Moon?

 6. What was the coldest temperature recorded in the Solar System 
and where was it recorded? 

 7. Why did NASA send LCROSS into the Cabeus crater, and what did 
they discover?

 8. What is the National Space Science Data Center responsible for?

 9. What happened to Venera 4 when it attempted to land on Venus?

 10. What was the Pioneer Venus probe’s main objective?

 11. What do scientists believe Venus’s highlands are remnants of?

 12. What is aerobraking?

 13. Where is the biggest volcano in the Solar System?

 14. What makes scientists believe Mars could potentially sustain life forms?

 15. How small an object can the camera on the Mars Reconnaissance 
Orbiter detect?

 16. What power sources allow Spirit and Opportunity to operate on Mars?

✔ CHECK POINTSCCCCCCCCCCCCCCCHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIIIIIIIINNNNNNNNNNNNNTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSCCCCCCCCCCCCCCCHHHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIIIIIIIIIIIINNNNNNNNNNNNNNNTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSCCCCCCCCCCCCCCCHHHHHHHHHHHHHEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIINNNNNNNNNNNNNTTTTTTTTTTTSSSSSSSCCCCCCCCCCCCCCHHHHHHHHHHHEEEEEEEEEEEEECCCCCCCCCCCCCKKKKKKKKKK PPPPPPPPPPPPPPOOOOOOOOOOOIIIIINNNNNNNNNNNNTTTTTTTTTTTSSSSSSSSSSCCCCCCCCCCCCCHHHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIINNNNNNNNNNNNNTTTTTTTTTTTTSSSSSSSSSSSS

 17. Since the rocks and minerals the rovers Spirit and Opportunity dig up 
will never be sent back to Earth, how do you think scientists analyze 
the materials from such a great distance? What must the scientifi c 
instruments on the rovers be able to do? 
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