
Mission specialist Kathryn Thornton replaces the 
Hubble Space Telescope’s solar arrays during Endeavour 
mission STS-61 in 1993. NASA launched the mission 
for the sole purpose of repairing the telescope.
Courtesy of NASA
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“
Plato, The Republic
”

Astronomy compels the soul to look 
upwards and leads us from this world 
to another.
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In 1804 President Thomas Jefferson sent Capt. 
Meriwether Lewis and Capt. William Clark on a voyage 
of discovery. Their mission was to explore the territory 

the United States had bought from France in the Louisiana 
Purchase. With them was a group of volunteers from the 
US Army and some civilians, including Sacagawea, one 
civilian’s Native American wife. 

Jefferson was not only a politician, he was a scientist. He 
wanted to explore the new American territory and prevent the 
British and Spanish from claiming part or all of the land. But 
he also wanted to make contact with the Indian tribes living 
in the region and study the geography, animals, and plants.

Among the 32 soldiers and civilians who made up the party, 
there were interpreters, hunters, cooks, river men, saltmakers, 
carpenters, blacksmiths, tailors, and trackers. Jefferson 
arranged for Lewis to receive additional schooling in botany, 
natural history, medicine, celestial navigation, mapmaking, 
and geology from some of the best minds in the American 
scientifi c community.

The “Corps of Discovery” left St. Louis in the spring of 1804. 
It traveled up the Missouri River to the Dakotas, Montana, 
Idaho, and down the Columbia River, the border between 
Washington State and Oregon. The men reached the Pacifi c 
Ocean in November 1805. They wintered there and began 
their return trip in March 1806, fi nally reaching St. Louis on 
23 September the same year. Only one expedition member 
had died.

Over the course of two years, four months, and 10 days, 
the Corps of Discovery traveled approximately 7,689 miles 
(12,374 km). It was out of communication with the US 
government and beyond help during most of the trip. 
It brought back invaluable geographic and scientifi c data, 
including 178 new plants and 122 previously unknown 
species and subspecies of animals. When the party fi nally 
returned, its journey had already captured the American 
people’s admiration and imagination.

What similarities do you 
see between the Lewis 
and Clark Expedition 
and space exploration? 
What differences? 

• the historical benefi ts 
of exploration 

• the US strategic plan 
to explore space

• the current costs 
of exploring space

• the practical benefi ts 
of space exploration
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•  robotic
•  budget 

The Historical Benefi ts of Exploration 
As societies today think about whether and how to explore 
outer space, they can look for reasons and inspiration in the 
great period of European exploration. Journeys to distant lands 
were as enticing, exotic, and 
challenging to people back then 
as space travel is to mankind 
in the twenty-fi rst century. 

The modern period of European 
exploration began in the fi fteenth 
century with the voyages of 
Christopher Columbus and 
others. It went on to include 
explorers from Spain, Portugal, 
France, England, and the 
Netherlands. Their voyages 
led to, among other things, the 
settlement of the “new worlds” 
of North and South America 
and the founding of the 
United States. 

How Exploration 
Strengthens Nations 

Successful civilizations 
are often the most likely to 
undertake the dangers and 
costs of exploring strange 
lands. This has been a rule of 
history. In part this is because 
as their populations grow and 
prosper, they need more room. 

h
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Historically, such civilizations sought access to distant riches—or reliable sources 
of spices, such as cloves, that could lead to riches. Indeed, spices were an important 
goal when Ferdinand Magellan sailed around the globe from 1519–1522. The 
more that exploring nations learned about other places, the more they wanted 
to visit them.

And exploring nations wanted to share their values and culture with other peoples. 
The French had a term for this. They described their colonial activities as their 
mission civilisatrice—their “civilizing mission” to the rest of the world. The British 
similarly spoke of seeking to spread “the British way of life.” Other peoples have 
formed similar goals. Of course, the people at the receiving end of these activities 
often had a different view of them. Today such colonization is not without 
controversy. But the ability to carry it out can be seen as a sign of a successful 
civilization.

Of course exploration exposes people to dangers, whether it’s the explorers or the 
people they “discover.” But it has led to increased knowledge and the development 
of new technologies that have strengthened the exploring nations. These benefi ts 
offset the risks (Figure 1.1). 
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How Knowledge Gained Through Exploration Has Enhanced Society 

The European voyages of discovery led to colonies and ultimately dozens 
of whole new nation-states. You may think of “globalization” as a new thing 
of your own time. But the voyages of the explorers led to the establishment of 
regular trade routes that tied much of the world together in a web of commerce. 
Raw materials and fi nished goods crossed the oceans regularly in Yankee 
clippers and other vessels.

Exploration also had its effects at an individual level. The establishment of colonies 
opened new worlds of possibility to countless men and women in Europe. They 
could cross the ocean in search of a better life. But even those who stayed behind 
benefi ted from a larger understanding of their world. 

Historical Examples of Technological Advancements Through Exploration 

The voyages of oceangoing explorers led to improvements in sailing techniques, 
shipbuilding, and navigation. The rediscovery of Ptolemy’s mapwork, the invention 
of the printing press, and the explorers’ reports led to more-accurate maps of the 
world. The Portuguese invented the quadrant to aid in navigation, improved the 
compass, and built better ships—not only to fi nd new places, but to get back with 
the information. To develop and implement such new inventions and technologies, 
Prince Henry the Navigator brought together the basic elements of a modern 
research institute. Progress in navigation, in particular, was tied closely to progress 
in astronomy. Sailors navigated by the stars, and their observations, in turn, helped 
inform the work of astronomers. 

China as an Exploring Nation 

Some scholars point to China as a negative example of exploration. In seven voyages 
from 1405 to 1433, a Chinese mariner named Zheng He sailed to Southeast Asia, the 
Indian Ocean, Arabia, and the east coast of Africa. But he accomplished much less than 
the European explorers. He established no colonies, opened no trade routes, and formed 
no alliances. His voyages did nothing to help educated classes back in China get a better 
grasp of their world. 

That’s because a new Ming emperor decided to call a halt to the whole business. It 
cost too much and delivered too little in return, the imperial court decided. Bureaucrats 
destroyed the records of Zheng’s voyages. And China withdrew from the world for the 
next four centuries. During that time, the country made few, if any, technological advances. 
Other civilizations surpassed it in both technology and knowledge. China opened up again 
only when European traders arrived and started banging on its doors.

“Fully equipped with the technology, the intelligence, and the national resources to 
become discoverers,” writes historian Daniel J. Boorstin, “the Chinese doomed themselves 
to be discovered.”

ChChina 
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One of the biggest hurdles sailors had to overcome was the problem of longitude—
east-west location on the globe. Efforts to solve this problem eventually led to 
the marine clock and the portable watch. The need for even more accurate clocks 
later led to improvements in metallurgy and machining, such as the invention 
of the lathe.

Exploration also resulted in all manner of New World food and plant products 
arriving in European ports. These new foods took their place so fi rmly in Europe 
that people forget that they aren’t native fare there. But “French fries” are made of 
potatoes, a New World product. “Dutch chocolate” is based on a product Spanish 
explorers found in Mexico. The sauce you enjoy on your “Italian” pasta includes 
tomatoes from South America. 

These new foods, and others like corn and peanuts, led to new industries and 
new diets. But other plant products, such as rubber and tobacco, had a similarly 
revolutionary effect in the Old World. All these New World contributions made 
it possible for the Old World to support larger populations.

The US Strategic Plan to Explore Space 
Just because adventurers have by now visited almost every corner of Earth, and 
scientists using satellite photos can map the planet down to its slightest detail, 
doesn’t mean the age of exploration is over. On the contrary, people look to the 
heavens as a still largely unexplored frontier. 

On 14 January 2004 President George W. Bush announced a new vision for 
American efforts in space. Less than a year after the tragic loss of the shuttle 
Columbia and its crew, the president committed the nation to a long-term program 
to explore the Solar System, fi rst with robots and then with astronauts. Its fi rst 
phase would consist of a return to the Moon. Ultimately, it would lead to the 
exploration of Mars and other destinations.

The US Vision for Space Exploration 

Key to this vision would be a new spaceship to carry astronauts to other 
worlds. NASA, along with private industry, is developing the new spacecraft, 

a so-called crew exploration vehicle named 
Orion. It is to have its fi rst manned mission 
no later than 2014. NASA will also use Orion 
to transport astronauts and scientists to the 
International Space Station once the agency 
retires the space shuttle. 

The US V

KKey to th
wwoorlds. N
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The Orion spacecraft is the fi rst 
of its kind the US has built since 
the Apollo command module. 
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According to President Bush’s original plan, the United States would return to the 
Moon as early as 2015 and no later than 2020. From the Moon, astronauts would 
embark on even more ambitious missions. A series of  robotic—machine- or robot-
based—missions to the Moon, like those of the Spirit Rover on Mars, would explore 
the lunar surface and prepare for future human exploration. Humans would carry 
out extended lunar missions. Their goal would be to have humans living and 
working on the Moon for longer and longer periods. This will help them prepare 
for missions to other worlds. 

These long-stay missions would also help astronauts develop new technologies, 
those who support the plan say. In addition, astronauts would have the opportunity 
to explore the Moon’s natural resources. 

Moreover, the Moon would make a better place than Earth from which to launch a 
mission to Mars, advocates say. Lunar gravity would be much easier for a spacecraft 
to escape than Earth’s. So it would take much less energy (and fuel) to launch a 
mission to Mars from the Moon rather than from Earth. This is far into the future, 
of course. Until there are bases or settlements on the Moon with manufacturing 
ability, it would still be cheaper to launch from Earth.

89619_CH05_LS01_p178-197.indd   187 6/4/10   4:14 PM



188 CHAPTER 5 Exploring, Living, and Working in Space

Experience and knowledge gained on the Moon would provide the foundation for 
missions to more distant destinations. NASA also expects to make more use of 
robotic exploration as a means of learning new facts about the Solar System in 
preparation for these long journeys. Probes, landers, and other unmanned vehicles 
can provide enormous amounts of data to help in planning future human missions.

How the International Space Station Will Advance Space Exploration 

The United States is set to complete its construction work on the International 
Space Station by 2010. The research effort on the space station will focus 
on understanding and overcoming the effects of space fl ight on human health. 
What scientists learn in this research will help make future space missions 
safer for astronauts. 

The Long-Term Goal of Exploring Mars

After the Moon, the current plan calls for a manned mission to Mars. The red planet 
has fascinated humanity at least since nineteenth-century astronomers thought they 
saw “canals” on its surface. At this writing, President Barack Obama has proposed 
major changes to his predecessor’s plan. But it’s not clear what Congress will decide. 
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But most of the necessary technology is already available to get humans to Mars, 
according to experts such as Norman Augustine. He’s a retired aerospace executive. 
President Obama put him in charge of a commission to study NASA and make 
recommendations about future American space missions. As his commission concluded 
its work, Augustine said that the timing of a mission to Mars will be determined 
mostly by NASA’s  budget—a sum of money set aside to spend for a specifi c purpose.

The Current Costs of Exploring Space 
Americans have long wondered whether the exploration of space was worth the 
money. Since the Apollo program’s glory days, they have been asking: Are there other 
things we should spend our money on? And how much are we spending, anyway? 
It’s probably fair to say that most people have no idea of the amounts involved.

NASA’s Budget as a Percentage of the US Budget 

NASA’s entire budget accounts for around six-tenths of one percent of the federal 
budget. That’s six dollars out of every thousand, or sixty cents out of every hundred 
dollars. NASA is a relatively high-profi le agency, though, and people tend to imagine it 
costs more than it does. They imagine that NASA spending might somehow be on par 
with that of the Defense Department, or the Social Security Administration or other large 
federal agencies. The amount of NASA’s  budget has gone up and down over the past 
few decades. But since 1975 it has not exceeded 1 percent of the total federal budget.

NASA’s  defenders argue that if the agency’s budget 
were simply to disappear, the resulting savings would 
be too small to matter. Shutting down NASA would 
do almost nothing, they say, to trim the national debt. 
These defenders charge as well that it might also 
damage the country’s overall national defense.

In 2009 the Augustine commission, appointed by 
President Obama, issued recommendations for the US 
space program. It advised that Congress increase NASA’s 
budget by $3 billion annually to about $18 billion.

Spending on Space Exploration 
Versus Other Spending 

Americans spend more on pet food than they do to 
explore outer space. They spend more on cosmetics—
lipsticks and mascara and the like—than they do on 
space. And the Gillette razor people reportedly spent 
more to develop and market one of their new shavers 
than it cost to fl y the space shuttle for a year. The 
comparisons can go on and on.
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The United States is a large economy, and so the amounts Americans spend on 
even trivial items like pet food or cosmetics or razors add up to numbers that 
sound impressive. But you have to fi gure that Americans don’t spend that much, 
in proportional terms, on these items. And if you understand that NASA’s  budget 
is an even smaller sum, it helps you get a sense of where space exploration fi ts 
in the national economy.

Pet food, cosmetics, and razors are examples of consumer goods. They are things 
that ordinary people buy for their ordinary needs. When they consume them 
(or, in the case of the pet food, when the pets eat it), there’s nothing left. Space 
exploration, however, is arguably more like an investment. Money spent on 
space tends to have lasting impacts. 

The Practical Benefi ts of Space Exploration 
A further look into the benefi ts of space exploration may surprise you. Some 
of the inventions and discoveries pinpointed here touch your everyday life. 
The way of science is not often a straight line from Point A to Point B, however. 
A discoverer doesn’t know what he’s going to discover. An inventor doesn’t 
know what she will invent. And so the practical benefi ts of space exploration 
are often byproducts or chance discoveries. 

But the efforts of America’s 
space scientists, as astrophysicist 
Neil deGrasse Tyson has written, 
“have the capacity to improve 
and enhance all that we have 
come to value as a modern 
society.” 

Here are some examples: 
Handheld infrared cameras 
of the type used on the space 
shuttle have helped fi refi ghters 
on the ground identify hot spots 
in brush fi res. The satellite 
communications that have 
grown out of the space program 
are now a routine part of 
daily life. They allow news 
organizations to broadcast live 
from anywhere. They are the 
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foundation of the cell phone networks that 
keep families, friends, and businesses in touch. 
They support automatic teller networks 
(ATM machines) that give people access to their 
money around the clock, and not just during 
“bankers’ hours.” 

How Space Exploration Encourages the Study of Science, 
Technology, Engineering, and Mathematics (STEM) 

“If you build it, they will come.” That paraphrased line from a movie has become 
proverbial. It’s used to suggest that if you create something or start a process, 
you will draw others along.

Space exploration is like that. NASA and its programs, developed in response 
to President Kennedy’s call for the United States to put a man on the Moon, 
have “built” an establishment of space scientists. Over the years NASA has 
continued to draw new talent. Space exploration requires a broad range 
of scientifi c disciplines. These include astrophysics, biology, physiology, 
chemistry, engineering, and planetary geology. 

ch.. 
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Observers estimate that more 
than 1,300 NASA and other 
US space technologies have 
contributed to US industry. 
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This broad range—what the astrophysicist Tyson calls “the cross-pollination 
of disciplines”—is part of what makes space exploration such a fertile fi eld 
for innovation and discovery.

The fi rst astronauts had their roots in conventional aviation. But now that 
humans have been exploring space for some decades, NASA is full of people 
who dreamed of going to space when they were 
children. They knew they wanted to be space 
scientists when they grew up. Without the 
space program, thousands of highly educated 
specialists would not have jobs, and the United 
States would have far less scientifi c expertise.

The Mercury, Gemini, and Apollo programs 
encouraged young people to study the subjects 
they would need to pursue careers as space 
scientists—science, technology, engineering, 
and mathematics. Astronauts were heroes, and 
so they made science and math “cool.” Many 
young people have followed in their footsteps. 

How Science and Technology Fuel Economic Growth 

Besides encouraging more students in the sciences and producing byproducts such 
as ATMs, science and technology have always fueled economic growth. That was 
true in the days when railroads and the telegraph—that object of Henry David 
Thoreau’s scorn—were the leading edge of technology. And it’s certainly true today. 

Technologies such as the personal computer or the cell phone can make people 
more productive. They allow people to share information quickly and easily across 
vast distances and to be less tied to their desks. This productivity growth leads 
to economic growth.

Other new technologies make whole new kinds of human activity possible. 
Aviation technology let humans fl y, and led to the aircraft industry as well as 
airlines. Both have important roles in the national economy and have employed 
enormous numbers of people. 

Photography is another example of a new kind of activity made possible by new 
technologies. Think how taking pictures has changed from the days of glass plates 
in the nineteenth century to the digital images you snap on your cell phone today.

But some people worry that there aren’t enough Americans pursuing studies and 
careers in today’s leading-edge technologies. Specifi cally, they worry that not 
enough Americans are studying math and science. 

The critics fret that Americans are willing to benefi t from new technologies but 
aren’t playing enough of a role in making them happen. They worry that without 
ongoing investment—of money and human resources in science and technology—
Americans won’t be able to maintain their standard of living.
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Do you know the most popular museum 
in the world over the past decade? It’s not 
the Metropolitan Museum of Art in New 
York, the Uffi zi in Florence, or the Louvre 
in Paris. It’s the National Air and Space 
Museum in Washington, DC. It contains 
everything from the Wright Brothers’ 
original 1903 airplane to the Apollo 11 
command module. It draws an average 
of nearly 9 million visitors a year.
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How Space Exploration Has Led to Medical Breakthroughs 

Space science not only lifts Americans economically, it’s a boon as well to American 
health. Advocates of space exploration can point to several important medical 
breakthroughs that have been byproducts of NASA and other programs:

• The image processing used in so-called MRI technology in hospitals 
around the world came from technology fi rst developed to enhance 
pictures of the Moon for the Apollo program

• NASA developed a chemical process that led to the invention 
of kidney dialysis machines

• Insulin pumps were developed from technology used on the Mars 
Viking spacecraft

• NASA’s  satellite electrical systems led to programmable heart pacemakers 
in the 1970s

• Fetal heart monitors were developed from technology originally used 
to measure airfl ow over aircraft wings

• Special lighting technology developed for plant growth experiments 
on space shuttle missions led to the development of surgical probes 
used to treat brain tumors in children. 
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How the Hubble Space Telescope Helped in the Fight Against Breast Cancer 

The greatest explorer of outer space today isn’t even human. It’s the Hubble Space 
Telescope. For years now, the Hubble, orbiting Earth outside the atmosphere, has been 
humanity’s picture window on the cosmos. 

The Hubble didn’t get off to a very good start, however. A blunder in the design of 
its optics meant that when it was launched in 1990, it gave blurred images from space. 
You might say the telescope needed “glasses.”

Once they realized the problem, NASA scientists set to work to correct it. In December 
1993 astronauts made a very expensive service call to the Hubble. After their repair, 
Hubble’s images were as good as its designers intended.

But during the early 1990s, as the service mission was being readied, other scientists 
were trying to fi nd a way to make use of the defective images. Astrophysicists at 
Baltimore’s Space Telescope Science Institute wrote advanced image-processing 
software to help identify stars in Hubble’s fuzzy images.

And meanwhile, medical researchers at the Lombardi Cancer Research Center 
at the Georgetown University Medical Center in Washington, DC, recognized that 
the astrophysicists’ problem was like what doctors face when they look for tumors 
in mammograms. Doctors, too, were looking for important points in a fuzzy image. 

Soon doctors started using the techniques developed for the Hubble’s defective 
imagery to detect breast cancer in its early stages. Medical experts believe the new 
approach has saved the lives of countless women. 

HHoHow t
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There’s no telling what other benefi ts may arise from future space programs, since 
such discoveries often happen by chance. But these are exciting times in science 
and math—times Galileo and Newton could only dream of. Still, it will take a lot 
of hard work and risks, and a lot of study by future space scientists, to achieve 
tomorrow’s great scientifi c and practical breakthroughs. 

There’s one other reason to explore space—humanity’s survival could one day 
depend on it. Humans’ knowledge of what’s out there could someday be crucial 
in defending the planet from an asteroid strike or other event of the kind that may 
have wiped out the dinosaurs. Humans may never be masters of their fate, but 
space exploration could give them a better chance at survival.

A nation may decide to explore space. But getting there is another matter. It takes 
a huge support team to assemble, launch, and support even an unmanned mission, 
let alone a human in space. The next lesson will discuss what’s involved in putting 
such a mission together.
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Lesson 1 Review 
Using complete sentences, answer the following questions on a sheet of paper.

 1. What role did cloves play in the European voyages of discovery?

 2. How did European explorers lead to an early form of globalization?

 3. How did sailors and early astronomers help each other out?

 4. Why would the Moon make a better place than Earth from which to launch 
a mission to Mars?

 5. What will be the focus of the American research effort on the International 
Space Station?

 6. Is it possible to send astronauts to Mars? What do people say is the 
main constraint?

 7. NASA’s budget accounts for what share of overall US federal spending? 
What has the peak been since 1975?

 8. Identify two types of consumer goods on which the American people 
spend more annually than they do on NASA’s budget.

 9. How does space exploration encourage the study of science and technology?

 10. How do technologies such as the personal computer or the cell phone 
lead to economic growth?

 11. How is MRI technology a byproduct of the space program?

✔ CHECK POINTSCCCCCCCCCCCCCCCHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIIIIIIIINNNNNNNNNNNNNTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSCCCCCCCCCCCCCCCHHHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIIIIIIIIIIIINNNNNNNNNNNNNNNTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSCCCCCCCCCCCCCCCHHHHHHHHHHHHHEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIINNNNNNNNNNNNNTTTTTTTTTTTSSSSSSSCCCCCCCCCCCCCCHHHHHHHHHHHEEEEEEEEEEEEECCCCCCCCCCCCCKKKKKKKKKK PPPPPPPPPPPPPPOOOOOOOOOOOIIIIINNNNNNNNNNNNTTTTTTTTTTTSSSSSSSSSSCCCCCCCCCCCCCHHHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIINNNNNNNNNNNNNTTTTTTTTTTTTSSSSSSSSSSSS

 12. Explain what you think would happen if the United States stopped 
exploring space while other nations continued to do so.

APPLYING YOUR LEARNINGAAAAAAAAAAAAAAPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPLLLLLLLLLLLLYYYYYYYYYYYYYYYIIIIIIIIIIIIIINNNNNNNNNNNGGGGGGGGGGGGGGG YYYYYYYYYYYYYYYOOOOOOOOOOOOOOOUUUUUUUUUUUUUURRRRRRRRRRRRRRR LLLLLLLLLLLLLLEEEEEEEEEEEEEEEAAAAAAAAAAAAAARRRRRRRRRRRRRRRNNNNNNNNNNNIIIIIIIIIIIIIINNNNNNNNNNNNGGGGGGGGGGGGGGGAAAAAAAAAAAAAAAPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPLLLLLLLLLLLLLLLYYYYYYYYYYYYYYYIIIIIIIIIIIIIIINNNNNNNNNNNNNNNGGGGGGGGGGGGGGG YYYYYYYYYYYYYYYOOOOOOOOOOOOOOOUUUUUUUUUUUUUUURRRRRRRRRRRRRRR LLLLLLLLLLLLLLLEEEEEEEEEEEEEEEAAAAAAAAAAAAAAARRRRRRRRRRRRRRRNNNNNNNNNNNNNNNIIIIIIIIIIIIIIINNNNNNNNNNNNNNNGGGGGGGGGGGGGGGAAAAAAAAAAAAAAAPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPLLLLLLLYYYYYYYYYYYYYYYIIIIIIINNNNNNNNNNNNNGGGGGGGGGGGGGGG YYYYYYYYYYYYYYYOOOOOOOOOOOOOOOUUUUUUUUUUURRRRRRRRRRRRRRR LLLLLLLLLEEEEEEEEEEEEEAAAAAAAAAAAAAAARRRRRRRRRRRRRRRNNNNNNNNNNNNNIIIIIINNNNNNNNNNNNGGGGGGGGGGGGGGGAAAAAAAAAAAAAAAPPPPPPPPPPPPPPPPPPPPPPPPPPPPLLLLLLLYYYYYYYYYYYYYYYIIIIIIINNNNNNNNNNNGGGGGGGGGGGGGG YYYYYYYYYYYYYYYOOOOOOOOOOUUUUUUUUUUURRRRRRRRRRRR LLLLLLLLLEEEEEEEEEEEAAAAAAAAAAAAAAARRRRRRRRRRRNNNNNNNNNNNIIIIIINNNNNNNNNNNNGGGGGGGGGGGGGGAAAAAAAAAAAAAAPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPLLLLLLLYYYYYYYYYYYYYYYIIIIIIIINNNNNNNNNNNNNGGGGGGGGGGGGG YYYYYYYYYYYYYYYOOOOOOOOOOOOOOOUUUUUUUUUUUUUURRRRRRRRRRRRRRR LLLLLLLLLEEEEEEEEEEEEEEEAAAAAAAAAAAAAARRRRRRRRRRRRRRRNNNNNNNNNNNNNIIIIIIINNNNNNNNNNNNNGGGGGGGGGGGGG

89619_CH05_LS01_p178-197.indd   197 6/4/10   4:15 PM




