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Tucked away in a basement building at NASA’s 
Goddard Space Flight Center in Greenbelt, 
Maryland is a unique facility. Workers here 

precisely measure, cut, and carefully sew custom-made 
thermal blankets for the Hubble Space Telescope and 
other space missions. The telescope already sports several 
that astronauts installed on previous servicing missions.

According to Shirley Adams, group leader for blanket 
fabrication, her employees come from very diverse 
backgrounds. “Some have designing backgrounds 
in upholstery work, costume designing, and one even 
has a background in ice skating costume-making,” 
Adams said.

Such talents have proven very benefi cial since sewing, 
stitching, and custom-fi tting the different thermal blankets 
for the telescope is accomplished in-house at Goddard. 
Coupled with experts in materials and mechanical 
engineering, the expertise at Goddard makes the center 
the logical home for the development and production 
of the blankets. Goddard also performs the analysis of 
blankets the astronauts have brought back on previous 
servicing missions.

What does this story tell you 
about the many different 
people who contribute 
to the space program? 
What skills do you have 
that agencies like NASA 
might be able to use?

• how the Hubble Space 
Telescope aids the 
exploration of space

• scientifi c discoveries 
among the outer planets

• scientifi c investigations 
of comets and asteroids
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•  spectrograph
•  Cepheid variable stars
•  heliosheath
•  hot spot
•  magnetosphere
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Hubble orbits 353 miles 
(569 km) above the Earth. 
On 11 August 2008 it circled 
Earth for the 100,000th time.

How the Hubble Space Telescope (HST) 
Aids the Exploration of Space
Scientists in the 1920s fi rst tossed around the idea of a spacecraft 
that could study the universe in detail. But it wasn’t until 1990 
that NASA launched the Hubble Space Telescope (HST). It sends 
back to Earth the clearest images ever captured of outer space. 
The much-anticipated telescope has forever changed the way 
scientists view the universe. 

The History of the Hubble Space Telescope 

Hubble’s great advantage over most other telescopes is that it circles Earth from 
hundreds of miles up in space beyond interference from the planet’s atmosphere. 
Its images therefore offer clear views of the universe in all directions. HST has 
also returned such amazing photos because of its extraordinarily precise and 
advanced cameras. 

Hubble’s ride hasn’t been easy, though. Its journey has experienced numerous 
bumps along the way.

The Hubble Space Telescope was born when NASA decided to fund the mission 
in the 1970s. The agency planned to launch it in 1983, but several delays, including 
the Challenger tragedy, pushed the launch back to 1990. The space shuttle Discovery
delivered it into orbit around Earth on 25 April.

NASA built HST to be a serviceable spacecraft, meaning 
astronauts could repair it in space. It looks like a giant 
school bus made from the same material as stovetop instant 
popcorn containers. It is made up of many drawer-like 
compartments so new parts can easily replace those that 
are older and out-of-date. 

Almost immediately after HST’s launch, scientists 
discovered a problem with the mirror on board meant to aid in taking pictures. 
Technicians had ground the mirror incorrectly based on earlier miscalculations 
with one of their tools. The mistake with the mirror was miniscule—estimated 
to be about 1/50 th the width of a human hair. But tiny though it was, it was major 
in terms of how well the telescope worked. The good news was that this was not 
a fatal error. But it would be three years before a service mission could take place. 
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The James Webb Space 
Telescope is named after NASA’s 
second administrator. He served 
from 1961 through 1968, 
overseeing all the Mercury 
and Gemini launches.

The Hubble Space Telescope was able to take pictures in the meantime, but 
they were nothing like those taken after the repair. The 11-day repair mission by 
Endeavour in 1993 (which you read about in Chapter 7, Lesson 1) did not fi x the 
mirror itself. Instead, it modifi ed the defect. Now the Hubble Space Telescope is 
wearing “glasses” to help it see better. The results have been spectacular. 

The Hubble Space Telescope’s fi ndings are the basis for more than 6,000 journal 
articles. It has taken thousands of images and pictures that give scientists insight 
into the universe’s history. It is important to note that the images you see in this 
book or elsewhere from Hubble were originally in black and white. NASA scientists 
added colors so the details would be visible to the naked eye, or to highlight 
a specifi c element. 

Hubble has seen four additional service missions 
since the 1993 repair. The most recent repair was 
in 2009. Current plans call for NASA to pull HST 
from service in 2014, when the agency will replace 
it with the James Webb Space Telescope. 

Astronaut John Grunsfeld: Hubble Repairman

John Grunsfeld knew as a young child he wanted to be an astronaut. The 
Chicago-native told The New York Times he fi nds peace in space he can’t fi nd 
down on planet Earth. All told, he has spent more than 800 hours in space. 

Grunsfeld’s biggest job during his 18-year career with NASA was fi xing the 
Hubble Space Telescope—three different times. He has likened this to brain 
surgery, only in space.

In 1999, during his fi rst repair mission, Grunsfeld spent more than eight hours 
in space working on the gyroscopes, which help point the telescope in the right 
direction. Three years later he worked on the connecters. 

When NASA suspended work on Hubble after the Columbia tragedy, Grunsfeld 
nearly quit because of the decision. He remained, though, because he didn’t 
want the other projects he was working on to fall by the wayside. The agency 
changed its mind on the Hubble telescope and he completed a fi nal third repair 
in 2009, installing new batteries, sensors, and even a camera. 

In early 2010 Grunsfeld became deputy director of the Space Telescope Science 
Institute in Baltimore. There he will continue to oversee Hubble, as well as work 
on the James Webb Space Telescope, which is set to replace Hubble in 2014.
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The HST’s Signifi cant Findings

If you sit at a computer and 
search for “Hubble discoveries,” 
you will fi nd millions of Web 
sites, journal articles, and 
most notably pictures. In fact, 
HST has returned more than 
700,000 images to scientists and 
has changed the way scientists 
understand star birth, star death, 
and the evolution of galaxies. 

With the aid of Hubble’s six main 
tools, scientists have captured the 
earliest images of the universe, 
just 600 million years after the 
Big Bang. The Hubble Space 
Telescope sends back to Earth 
images showing galaxies that are 
hundreds of millions of years old, 
considered to be in their infant 
stages. These newer galaxies don’t 
have the colors or spirals of older 
galaxies. So, the Hubble images are 
in a sense giving scientists a look 
at baby pictures unlike any they 
have ever seen before. 

With the aid of the HST and its images of faraway galaxies, scientists have 
determined that the universe is roughly 13.7 billion years old. Because of the 
telescope’s work scientists now say that there are billions of galaxies, a radical shift 
from the early twentieth century, when many believed the Milky Way Galaxy was 
the only one. 

The HST has taught scientists about the Milky Way, too. They know more than 
they ever imagined about the rings around Uranus, the storms on Jupiter, and 
the objects fl oating in the Kuiper Belt-region of the Solar System’s farthest reaches. 
Hubble has also taken images of far-away planets and black holes.

Edwin Hubble rocked the scientifi c community in the 1920s with his theories 
on galaxies besides the Milky Way. Eighty years later the telescope named for him 
is telling scientists about these other galaxies. 

89619_CH09_LS02_p394-411.indd   397 6/4/10   5:02 PM



398 CHAPTER 9 The Unmanned Missions of Space Probes

Hubble: The Six Instruments That Make It Tick

Before you can understand the Hubble Space Telescope’s fi ndings, it’s important to 
understand how it does its job. The telescope has six different instruments on it. Each plays 
a role in helping scientists learn more about the universe. 

At different times, the Wide Field Camera sees three different kinds of light: near-ultraviolet, 
visible, and near-infrared. Scientists also use it to study dark energy and dark matter, 
individual star formation, and to discover remote galaxies.

The Cosmic Origins Spectrograph is a tool that sees only ultraviolet light. A spectrograph is 
an instrument that separates light from the cosmos into its component colors. This provides 
a wavelength “fi ngerprint” of the object being observed, which tells scientists about its 
temperature, chemical composition, density, and motion. 

Hubble houses another spectrograph 
as well. The Space Telescope 
Imaging Spectrograph also sees 
ultraviolet light, but detects visible 
and near-infrared light, too. It can 
fi nd black holes. While the Cosmic 
Origins Spectrograph works best with 
small sources of light, such as stars 
or quasars, this one can map out 
larger objects like galaxies. 

The Advanced Camera for Surveys
sees visible light. It studies some of 
the universe’s earliest activity. This 
camera helps map the distribution of 
dark matter, detects the most distant 
objects in the universe, searches 
for massive planets, and studies 
the evolution of galaxy clusters. 

The Near Infrared Camera and 
Multi-Object Spectrometer is 
Hubble’s heat sensor. Its sensitivity to 
infrared light—perceived by humans 
as heat—lets scientists see objects 
hidden by interstellar dust, such 
as stellar birth sites, and gaze into 
deepest space. 

Lastly, the Fine Guidance Sensors
are instruments that lock onto “guide 
stars” and keep Hubble pointed in 
the right direction. They precisely 
measure the distance between stars, 
and their relative motions.

HHuHubbbl
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Examples of HST Findings

The Hubble Space Telescope has made countless contributions to the study of 
science, the Solar System, and numerous areas of astronomy. Here are examples 
of just a few of them.

The telescope’s observations in 2002 of a pair of very distant exploding stars, 
called Type Ia supernovae, provided new clues about the accelerating universe and 
its mysterious “dark energy.” Astronomers used the telescope’s Advanced Camera 
for Surveys to help pinpoint the supernovae, which are approximately 5 billion and 
8 billion light-years from Earth. The farther one exploded so long ago the universe 
may still have been slowing down under its own gravity.

In 1999 NASA announced that the telescope had measured precise distances 
to far-fl ung galaxies, an essential ingredient needed to determine the age, size, 
and fate of the universe.

NASA used the HST to observe 19 galaxies out to 108 million light-years. Scientists 
discovered almost 800 Cepheid variable stars, a special class of pulsating star used 
for accurate distance measurements. 

In 1995 the telescope provided mankind’s deepest, most detailed visible view 
of the universe. Representing a narrow “keyhole” view stretching to the universe’s 
visible horizon, the Hubble Deep Field image covered a speck of the sky only about 
the width of a dime 75 feet away. Though the fi eld is a very small sample of the 
heavens, scientists consider it representative of the typical distribution of galaxies 
in space because the universe, statistically, looks largely the same in all directions. 
Gazing into this small fi eld, Hubble uncovered a bewildering assortment of at least 
1,500 galaxies in various stages of evolution.

Astronomers using the HST fi rst detected the atmosphere of a planet orbiting a star 
outside the Solar System. Their historic observations demonstrate it is possible to 
measure the chemical makeup of a planet’s atmosphere, and search for the chemical 
markers of life beyond Earth. The planet they found orbits a yellow, Sun-like star 
called HD 209458, located 150 light-years away in the constellation Pegasus.

Scientifi c Discoveries Among the Outer Planets
While Hubble’s telescopic eyes capture images from all over the galaxy and beyond, 
many unmanned missions have launched with a more specifi c purpose: to study the 
outer planets. The Voyager twins, along with the Galileo and Cassini missions, taught 
(and in some cases continue to teach) scientists about the Solar System in ways 
earlier astronomers could only dream of.
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The Findings of the Voyager 1 Mission to Jupiter and Saturn

The Voyager 1 space probe has traveled farther than any manmade object ever in the 
Solar System. It launched in 1977 to explore Jupiter and Saturn. Since then, it has 
outlived its life expectancy and continues to astound scientists.

Voyager 1 reached Jupiter in 1979. Right away it gave scientists new information 
about the largest planet. They found Jupiter has a very thin ring around it, less than 
19 miles (30 km) wide. It’s not as majestic as Saturn’s rings, but its existence was 
unknown to astronomers before.

The probe traveled within 168,000 miles (280,000 
km) of Jupiter. Its most revealing details came 
from its exploration of the planet’s many moons, 
including the discovery of two previously 
unknown moons, Thebe and Metis.

The most interesting fi nds came from the moon Io. 
The images revealed a yellow, orange, and brown 
surface area with eight active volcanoes. This 
makes Io the most volcanically active body 
in the Solar System. 

Voyage
about 
19 mil
unkno
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Although Voyager 1 left Earth 16 days 
after Voyager 2, its faster fl ight path 
allowed it to pass the slower craft and 
arrive at Jupiter more than four months 
ahead of Voyager 2. Voyager 2’s 
slower and more curved trajectory 
made it possible to go on to Uranus 
and Neptune using gravity assists.
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Voyager 1 runs on less than 
300 watts of energy, less than 
the several light bulbs that light 
up your home.

In 1980, after fi nishing its mission to Jupiter, Voyager 1 did a similar survey of 
Saturn. Again astronomers were amazed by the fi ndings. The probe came within 
75,000 miles (124,000 km) of the ringed planet. Like its exploration of Jupiter’s 
moons, Voyager 1 found new moons around Saturn. 

Voyager 1 also learned more about the rings circling Saturn than scientists had 
known before. These rings had many unusual qualities to them, including some 
“spokes” that may be particles levitated above the ring plane by electric charges. 
Other rings defi ed logic, being elliptical, discontinuous, or multi-stranded. The 
probe found several small satellites guiding ring material between them, offering 
clues to age-old questions about the formation and lifetime of planetary rings.

Voyager 1 tried to get more information on Saturn’s moon, 
Titan. A Dutch astronomer fi rst discovered the moon in 
the seventeenth century. Scientists are trying to learn more 
about it because it is the only moon they know of in the 
Solar System with thick clouds and a planet-like atmosphere. 
The clouds were too thick for Voyager 1 to penetrate to get 
pictures of the surface, however. 
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After leaving Saturn, Voyager 1 began 
traveling past the other outer planets. In 
2004 it reached the heliosheath, the fi nal 
frontier in the Solar System where the solar 
wind slows and meets the approaching wind 
in interstellar space. This is a region where 
the Sun is barely a dot. Because of its remote 
location, it takes a message sent from Earth 
14 hours to get to Voyager 1. Voyager 1 is 
now traveling at a rate of 1 million miles 
(1.6 million km) a day. 

The Findings of the Voyager 2 Mission 
to Jupiter, Saturn, Uranus, and Neptune 

An historic alignment took shape among the four outer planets in the 1970s 
and 1980s. This alignment happens once every 175 years. It allowed Voyager 2 
to take a journey that scientists do not expect to be repeated in your lifetime. 
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It’s unlikely, but if anyone or anything ever 
recovers Voyager 1 or Voyager 2, there will be 
a greeting waiting for them. The so-called Golden 
Record, included with both probes, includes 
greetings in more than 50 languages, sounds 
of life on Earth, a message from then-President 
Jimmy Carter, and music from various cultures. 
It is a space time capsule that scientists estimate 
could be found in 40,000 years if another culture 
exists and they are spacefaring creatures. 
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Voyager 2 launched shortly before Voyager 1. In 1979 it traveled to Jupiter and 
came within 448,000 miles (722,000 km) of the large planet. Like its twin, the 
probe found rings around the planet. It also observed in great detail a volcano 
erupting 125 miles (200 km) from the surface of the moon Io.  The moon Europa 
also provided great detail to the probe, including a possible liquid ocean.

After traveling to Jupiter, Voyager 2 went onward to Saturn. Here it detected 
temperatures ranging from �312 degrees F (�191degrees C) to 18 degrees F 
(�7 degrees C), and wind speeds up to 1,100 miles (1,750 km) per hour. 
It fl ew within 62,000 miles (100,000 km) of the planet and like its twin spent 
considerable time studying the rings and moons. 

Six years later Voyager 2 traveled to Uranus. It discovered that this seventh planet 
from the Sun also has a small set of rings, nothing like Saturn’s but bigger than 
Jupiter’s. It also explored Uranus’s many moons, notably Miranda. This moon, 
which is a fraction the size of the Earth’s Moon, has a strange surface area that 
includes large canyons—some 12 miles (19 km) deep.  

Voyager 2’s fi nal planetary “stop” was Neptune in 1989. It came within 3,000 miles 
(4,800 km) of the farthest planet. The most interesting fact for scientists from this 
visit was new information about the moon Triton. Voyager 2 found several geysers 
of gaseous substances on this moon. 

As with Voyager 1, Voyager 2 did not stop relaying information once it passed the 
last planet on its path. It continues to educate scientists about the Solar System’s 
makeup more than 30 years after it was launched. In late 2007 NASA announced 
a critical fi nding from Voyager 2. The bubble of solar wind surrounding the Solar 
System is not a round ball, but an oval like an egg. It learned this because the 
point where Voyager 2 crossed into the heliosheath is closer to the Sun than where 
Voyager 1 passed into this “fi nal frontier.” The two probes are billions of miles 
from one another at this stage of their travels (Figure 2.1). 

The Findings of the Galileo Orbiter and Probe 

In 1989, NASA launched Galileo on a 14-year mission to further study Jupiter. 
Like many other space probes, Galileo taught scientists much, much more. Rather 
than launch the spacecraft directly to Jupiter from Earth—as originally planned—
NASA instead used the gravity of Venus and Earth to make the long journey. 
The agency opted for this longer fl ight path, referred to as a “gravity assist,” because 
it had to settle for a smaller launch vehicle because of the Challenger disaster.

The mission began in 1989. Galileo fi rst traveled to Venus. Here it tested the 
equipment it would use on Jupiter in the years to come. As a result, scientists have 
a better understanding of the cloud cover over Venus, the closest planet to Earth. 
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Galileo used Venus’s gravity to travel back around Earth—twice—and then strike 
outward to the asteroid belt. In these maneuvers, scientists used Venus’s and Earth’s 
gravity to shape the probe’s trajectory. The trajectory then allowed the planets 
to transfer orbital momentum to the probe to accelerate it—like cracking a whip. 
During its close encounter with Earth, Galileo took pictures of the Earth and the 
Moon together, a view rarely seen. During its time in the asteroid belt, the probe 
encountered some technical diffi culties but scientists were able to repair most 
of the damage remotely. 

As the probe approached Jupiter with the help of the gravity assist from Earth 
it took spectacular pictures of the Shoemaker-Levy 9 comet as its fragments 
crashed into the planet. These photos gave scientists a close-up view of the impact, 
something they otherwise never would have seen. 

Up until this point Galileo’s orbiter and probe had traveled as one. Once they 
reached Jupiter, however, they separated and went on very different missions. 
In 1995 the probe began a solo fi ve-month journey that would take it deep into 
Jupiter’s atmosphere. 
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The Galileo probe entered the atmosphere on 7 December 1995 traveling 
106,000 miles (170,000 km) per hour. The probe launched a parachute 
and a heat shield to protect it as it traveled through the gaseous atmosphere. 
Galileo survived for 56 minutes before the planet’s atmosphere vaporized 
and destroyed it. 

Even so, in the short time the probe functioned, scientists learned a lot about 
Jupiter. The probe measured wind speeds up to 450 miles (724 km) per hour. 
It observed fewer lightning strikes than scientists had expected and found the 
atmosphere to be drier than anticipated. Later scientists determined the probe 
had landed on a  hot spot, a cloud-free area where warmer thermal heat from 
elsewhere on the planet emerges. 

The Galileo orbiter was equally successful 
with its mission. It spent the next two years 
orbiting the four big moons that circle 
Jupiter, and went up to 1,000 times closer 
to the large planet and its moons than the 
Voyager missions had. In all, during this 
initial two-year period, Galileo completed 
11 orbits around Jupiter, during which it also 
studied the moons Io, Europa, Ganymede, 
and Callisto. 

But Galileo still had life and power after these orbits, so NASA extended the 
mission. During the next four years the orbiter got so close to Europa it could 
detect images as small as a school bus. It also learned that Europa has an ocean 
below the surface. It saw fi ery volcanic eruptions on Io, too. 

Scientists were very excited when Galileo was able to coordinate with the 
Cassini space probe in 2000 for experiments relating to Jupiter’s magnetosphere. 
A magnetosphere is the region in which a celestial body’s magnetic fi eld interacts 
with charged particles from the Sun. NASA also refers to magnetospheres as 
comparable to a giant bubble around a planet. Neither space probe could 
have conducted these experiments on its own. 

By 2003 Galileo was running low on fuel. NASA’s big concern was that the 
probe might crash into Europa, which the agency intends to explore further 
someday because astronomers suspect life could exist there. Scientists feared 
that if the spacecraft were to strike Europa, it could contaminate the moon 
with microorganisms from Earth and harm any native organisms. So NASA 
deliberately crashed Galileo into Jupiter’s atmosphere. During its 14-year 
journey it traveled 2.6 billion miles (4.6 billion km) and far exceeded 
NASA’s expectations. 
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Scientists had to take a hurry-up-and-
wait approach to Galileo. It took a 
week’s worth of data from the orbiter 
up to two months to transmit back to 
Earth. So while the orbiter downloaded 
information it remained in orbit around 
Jupiter without collecting new data.
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The Cassini Mission’s Purpose

Cassini is a joint venture between NASA and the European Space Agency (ESA). 
It launched in 1997 and is on a mission extension through September 2010. 

Cassini, like Galileo, needed a planetary push to make it 
to Saturn. So it fi rst went by Venus and later circled back 
past Earth, and then onward to Jupiter until reaching 
Saturn in 2004. 

Cassini carried with it the Huygens probe. The two separated 
in late 2004. On its descent to Saturn’s moon Titan—
the second largest moon in the Solar System—in January 
2005, Huygens encountered winds of up to 267 miles 

(430 km) per hour. On 14 January 2005, for more than three hours, it transmitted 
information from the atmosphere and later from Titan’s surface. The images sent 
back from the surface are the fi rst from a moon surface other than Earth’s Moon. 

The probe showed that Titan’s surface is rocky and muddy. Scientists also observed 
lakes composed of methane and ethane. This is the same composition as the rain on 
Titan. The moon also has sand dunes made up of a mixture of ice grains and a dark 
organic compound that falls from the moon’s upper atmosphere. Many similarities 
exist between Titan and Earth. Scientists believe greater study of the moon might 
help them learn more about what Earth was like before life evolved.

The Cassini probe has spent considerable time around Saturn’s many other moons 
as well. The biggest surprise came from Enceladus, where geysers thought to be 
frozen exploded into the air. These geysers create one of the rings around Saturn. 

NASA and ESA extended Cassini’s mission in 2004. Scientists continue to explore 
Saturn’s moons and rings. NASA uses the Internet regularly to update scientists 
and the general public about Cassini’s ongoing advances. 

Scientifi c Investigations of Comets and Asteroids
Besides these missions to planets, scientists have also made great efforts to study 
other objects in the Solar System—including dwarf planets, comets, and asteroids. 
These smaller objects also have important lessons to teach.

The New Horizons Mission to Pluto and the Kuiper Belt

The NASA probe New Horizons launched from Earth in 2006 and will reach Pluto 
in 2015. Since there are more icy, dwarf-like planets similar to Pluto, it is important 
to get a better understanding of Pluto’s atmosphere and environment. No such 
mission has ever been undertaken before. 

Th

Ca
It l

Star POINTSSSSSSSSSSSSSSSSSSSStttaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrrrrrrrSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSStttttttttttttttttttttttttttttttttttttttttttaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPOOOOOOOOOOOOOOOOOOOOOOOOOOOOIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIPPPPPPPPPPPPPPPPPPPPPPPPPPPPOOOOOOOOOOOOOOOOOOOOOOOO
Cassini is truly an international 
mission, with experts from 
17 countries, as well 33 states 
in the USA, analyzing and 
monitoring the mission.
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Pluto holds many mysteries for astronomers. Learning more about the dwarf planet 
and its three moons may help explain some unanswered questions about the Solar 
System. New Horizons will spend 150 days exploring Pluto during its fl yby, and 
will travel within 6,000 miles (9,650 km) of Pluto’s mass. 

One question scientists aim to answer is why Pluto’s atmosphere is escaping into 
space like the tail of a comet. They hope the answers will explain more about the 
Earth’s atmosphere. 

New Horizons visited Jupiter in 2007 and confi rmed that the moon Europa does 
have an ocean beneath its surface of ice. Now as the probe travels outward toward 
Pluto it will “sleep” for most of the next fi ve years. Scientists will turn the probe 
on for less than two months out of the year, every year from now through 2015, 
to do regular maintenance and upload information. 

Once the probe fi nishes exploring Pluto, scientists will send New Horizons to the 
Kuiper Belt. This ring of comets, which begins after Neptune and extends beyond 
Pluto, is believed to be the source of short-period comets, those having a life span 
of about 200 years. Scientists would like New Horizons to examine a few of the 
objects in the Kuiper Belt closely.
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Missions to Explore Comets

Astronomers from many countries have put together 15 missions to explore comets 
over the years. The most common target of their exploration was Halley’s Comet, 
which came close to Earth in the 1980s.

The Soviet missions Vega 1 and Vega 2, launched in 1984, are two of the most 
ambitious ever undertaken. Not only did scientists plan to use the probes to explore 
Venus—they also arranged for the nearly identical probes to have close encounters 
with Halley’s comet in 1986. Several European nations, including Bulgaria and what 
were then East and West Germany, took part in the mission. 

The landers from both probes made it to the surface of Venus. The Vegas then used 
Venus’s gravity to propel them toward the comet. According to one NASA estimate, 
Vega I traveled to within 6,214 miles (10,000 km) of Halley’s Comet, while Vega II 
got even closer—1,864 miles (3,000 km). Together the two probes took more 
than 1,200 pictures of the comet at angles scientists on the ground never could 
have seen. The two probes gave scientists data about the comet’s nucleus, dust 
production, its chemical composition, and its rotational rate. 

The Japanese probe Sakigake, launched in 1985, was the fi rst deep space probe from 
a country other than the United States or the Soviet Union. Its primary mission was 
to serve as a test for a second probe called Suisei, which also studied Halley’s Comet. 
While its tenure covering Halley’s comet was brief, Sakigake continued to send 
signals back to Earth until 1999. Suisei snapped a series of ultraviolet images of 
the huge 12.4 million-mile (20 million km) coma of dust and gas that surrounded 
Halley’s nucleus.

Meanwhile, the ESA’s contribution to the international fl eet that greeted Halley’s 
Comet was Giotto. European engineers designed it to fl y as close as possible to 
the comet’s nucleus. They did not expect it to survive the encounter. During the 
mission, Giotto fl ew within 372 miles (600 km) of the comet’s core. It took hits 
100 times a second from comet particles and debris. By the end of the mission 
to study the comet, more than 57 pounds (27 kilograms) of dust coated the probe. 

Because of its success with Halley’s comet, the ESA extended the probe’s mission 
to monitor Comet Grigg-Skjellerup in 1992. This mission gave scientists a wealth 
of information on the dynamics of comets. 

Currently three missions are under way to study comets, including ESA’s Rosetta, 
which launched in 2004. It should encounter Comet 67P/Churyumov-Gerasimenko 
in 2014. The spacecraft will release a small probe onto the icy nucleus, and then 
spend the next two years orbiting the comet as it heads toward the Sun. On the way 
to the comet, Rosetta will receive gravity assists from Earth and Mars, and will fl y 
past many asteroids.
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Finally, NASA’s Deep Impact probe fl ew to Comet Tempel 1 in 2005 and launched 
a probe to crash into the comet. Deep Impact then studied the material the impact 
ejected from the comet. It found evidence that the comet was covered in a small 
amount of water ice.

Missions to Explore Asteroids

By learning more about asteroids, scientists can gain a better understanding of the 
Solar System’s chemistry. They believe this will help them develop more precise 
theories on Earth’s formation and history. 

NASA designed its Deep Space 1 probe to test new technologies for future deep space 
and interplanetary missions. It launched in 1998 and was the fi rst in a new series of 
technology demonstration missions under NASA’s New Millennium program.

The main objectives were to test equipment such as ion propulsion, autonomous 
optical navigation, a solar power concentration array, a miniature camera, and 
an imaging spectrometer during a fl yby of the asteroid 9969 Braille. 

A month after its launch, 
scientists started the ion 
propulsion system (fueled 
by xenon gas) while the 
spacecraft was 2.9 million miles 
(4.8 million km) from Earth. 
The engine ran continuously 
for two weeks. The xenon 
ions provided a push to the 
spacecraft as much as ten 
times greater than possible 
with chemical propellants. 

The probe passed within 
16 miles (26 km) of 9969 
Braille in 1999. This was the 
closest asteroid fl yby up to 
that time. Photographs taken 
and other data collected during 
the encounter were transmitted 
back to Earth in the following 
few days. Some of the fi ndings 
included the size of the asteroid, 
which was anywhere from 
1.3 miles (2.2 km) long to less 
than a mile (about 1 km).
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The mission was so successful that scientists extended it. In 2001 after scientists 
corrected some technical diffi culties, Deep Space 1 encountered the coma of Comet 
Borrelly at 10 miles (16.5 km) per second, capturing pictures of the nucleus along 
with other data. 

Unmanned missions, such as these fl ybys of asteroids, comets, Jupiter, and Saturn, 
spark the human imagination in many important ways. They gather chemical, 
organic, and other data on the Solar System that reveals much about Earth. 

Space missions also, quite simply, excite people and stimulate new ideas. 
As Apollo 11 fl ight director Glynn Lunney told The Washington Times in 2010, 
“The space program has a lot to do with American pride, technology, and 
inspiration. … What creates true wealth for a nation in the long run? People can 
lose track of that. It doesn’t come from the lawyers or the journalists—but [from] 
engineers. They have consistently contributed to the American portfolio of ideas, 
which must be replenished or it will shrivel up. We’ll run out of innovations.”
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Lesson 2 Review 
Using complete sentences, answer the following questions on a sheet of paper.

 1. What was wrong with the Hubble Space Telescope’s original design 
that required an immediate correction?

 2. With the aid of HST, how old do scientists now say the universe is?

 3. Name one important fi nding from the Hubble Space Telescope and 
what it has done for the fi eld of science.

 4. What makes Io the most volcanically active body in the Solar System?

 5. What did scientists discover in 2007 about the bubble of solar wind 
surrounding the Solar System?

 6. What did the Galileo probe learn about Jupiter during its brief mission 
through its atmosphere?

 7. Describe the landscape of the moon Titan.

 8. What’s the source of short-period comets? What is their average life span?

 9. What was the fi rst deep space probe to come from a country other than 
the United States or the Soviet Union? Who sent the mission into space?

 10. What were the main objectives of the Deep Space 1 mission?

✔ CHECK POINTSCCCCCCCCCCCCCCCHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIIIIIIIINNNNNNNNNNNNNTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSCCCCCCCCCCCCCCCHHHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIIIIIIIIIIIINNNNNNNNNNNNNNNTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSCCCCCCCCCCCCCCCHHHHHHHHHHHHHEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIINNNNNNNNNNNNNTTTTTTTTTTTSSSSSSSCCCCCCCCCCCCCCHHHHHHHHHHHEEEEEEEEEEEEECCCCCCCCCCCCCKKKKKKKKKK PPPPPPPPPPPPPPOOOOOOOOOOOIIIIINNNNNNNNNNNNTTTTTTTTTTTSSSSSSSSSSCCCCCCCCCCCCCHHHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIINNNNNNNNNNNNNTTTTTTTTTTTTSSSSSSSSSSSS

 11. List the advantages of unmanned missions over manned missions, 
and vice versa.
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