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Pretend you are a planetary geologist and the image above appears in front of you. Where in the solar system is this?
Perhaps you should start with the simplest possibility. Is it Earth? What clues would you look for to decide?

You may have figured out that this is an impact crater on a lifeless red planet. This panorama of the Endurance Crater
on Mars was created from 258 individual images taken by the Mars Exploration Rover, Opportunity. The vertical
cliffs will allow planetary geologists to study the rocks exposed there for clues to the geology and geologic history
of the planet.
Panorama: Courtesy o f NASA/JPL/Cornell, Public Domain.
Dunes: Phil Armitage, may be used f or any purpose. Crater: Courtesy o f National Park Service, Public Domain.
Rocks: Miles Orchinik/CK−12, CC BY −NC 3.0.
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1.1 Telescopes

Lesson Objectives
• Explain how astronomers use the whole electromagnetic spectrum to study the universe beyond Earth.
• Identify different types of telescopes.
• Describe historical and modern observations made with telescopes.

Vocabulary
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

astronomer
catadioptric telescope
constellation
electromagnetic (EM) radiation
electromagnetic spectrum
frequency
gamma ray
infrared light
light-year
microwave
planet
radio telescope
radio wave
reflecting telescope
refracting telescope
space telescope
spectrometer
ultraviolet (UV)
visible light
wavelength
X-ray

Introduction
Many scientists interact directly with what they are studying. Biologists can collect cells, seeds, or sea urchins and
put them in a controlled laboratory environment. Physicists can subject metals to stress or smash atoms into each
other. Geologists can chip away at rocks to see what is inside. But astronomers, scientists who study the universe
beyond Earth, rarely have a chance for direct contact with their subject. Astronomers observe their subjects at a
distance, usually a very large distance!
2
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Electromagnetic Radiation
Earth is separated from the rest of the universe by very large expanses of space. Very rarely matter from outside
Earth’s environment reaches us, such as when a meteorite makes it through the atmosphere from elsewhere in the
solar system. But for the most part, astronomers have one main source for their data —light. Light can travel across
empty space, and as it does, so it carries both energy and information. Light is one type of electromagnetic (EM)
radiation, energy that is transmitted through space as a wave.
These videos discuss infrared, ultraviolet, and radio telescopes, as well as telescopes that detect visible light, and
reveal tremendous features of the stars and galaxies around the Universe (2d): http://www.youtube.com/watch?v=A
K-gtuAJ-B4 (2:19), http://www.youtube.com/watch?v=aQJQH7lS27s (5:30).

MEDIA
Click image to the left or use the URL below.
URL: https://www.ck12.org/flx/render/embeddedobject/8519

MEDIA
Click image to the left or use the URL below.
URL: https://www.ck12.org/flx/render/embeddedobject/8520

The Speed of Light

Light travels faster than anything else in the universe. In the almost completely empty vacuum of space, light travels
at a speed of approximately 300,000,000 meters per second (670,000,000 miles per hour). To give you an idea of
how fast that is, a beam of light could travel from New York to Los Angeles and back again nearly 40 times in
just one second. Even though light travels extremely fast, objects in space are so far away that it takes a significant
amount of time for light from those objects to reach us. For example, light from the Sun takes about 8 minutes to
reach Earth.

Light-Years

Since astronomical distances are so large, it helps to have a unit of measurement that is good for expressing those
large distances. A light-year is a unit of distance that is defined as the distance that light travels in one year. One
light-year is approximately equal to 9,500,000,000,000 (9.5 trillion) kilometers, or 5,900,000,000,000 (5.9 trillion)
miles (Figure 1.1). That’s a long way! But by astronomical standards, it’s actually a pretty short distance.
Proxima Centauri, the closest star to us after the Sun, is 4.22 light-years away. That means the light from Proxima
Centauri takes 4.22 years to reach us. The galaxy we live in, the Milky Way Galaxy, is about 100,000 light-years
across. How long does it take light to travel from one side of the galaxy to the other? 100,000 years! If an astronomer
looks through a telescope at a star that is 1,000 light years away, is she seeing the star as it is now?
3
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FIGURE 1.1
The smallest red-shifted galaxies are
among the most distant galaxies we have
detected so far at 13 billion light-years
away. That’s over a hundred-billion-trillion
(100,000,000,000,000,000,000,000) kilometers!

Looking Back in Time

When we look at astronomical objects such as stars and galaxies, we are not just seeing over great distances—we
are also seeing back in time. Because light takes time to travel, the image we see of a distant galaxy is an image of
how the galaxy used to look. For example, the Andromeda Galaxy, shown in (Figure 1.2), is about 2.5 million light
years from Earth. If you look at the Andromeda Galaxy through a telescope, what are you seeing? You are seeing
the galaxy as it was 2.5 million years ago. If the galaxy ceased to exist 1 million years ago, when would you know
that? If you want to see the galaxy as it is now, you will have to wait and look again 2.5 million years into the future.

Electromagnetic Waves

Light is one type of EM radiation; light is energy that travels in the form of an electromagnetic wave. (Figure 1.3)
shows a diagram of an electromagnetic wave. An EM wave has two components: an electric field and a magnetic
field. Each of these components oscillates between positive and negative values, which is what makes the “wavy”
shape in the diagram.
The distance between two adjacent oscillations is called wavelength. A related value is frequency, which measures
the number of wavelengths that pass a given point every second. Wavelength and frequency are reciprocal, which
means that as one increases, the other decreases.

The Electromagnetic Spectrum

Visible light —the light that human eyes can see —comes in a variety of colors. The color of visible light is
determined by its wavelength. Visible light ranges from wavelengths of 400 nm to 700 nm, corresponding to the
4
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FIGURE 1.2
This recent picture of the Andromeda
Galaxy actually shows the galaxy as it
was about 2.5 million years ago.

FIGURE 1.3
An electromagnetic wave consists of oscillating electric and magnetic fields.

colors violet through red. EM radiation with wavelengths shorter than 400 nm or longer than 700 nm exists all
around you —you just can’t see it. The full range of electromagnetic radiation, or the electromagnetic spectrum,
is shown in Figure 1.4.
Like our Sun, every star emits light at a wide range of wavelengths, all across the visible spectrum and even outside
the visible spectrum. Astronomers can learn a lot from studying the details of the spectrum of light from a star.
Some very hot stars emit light primarily at ultraviolet (UV) wavelengths, while some very cool stars emit mostly
in the infrared. There are extremely hot objects that emit X-rays and even gamma rays. Light from some of
the faintest, most distant objects is in the form of radio waves. In fact, a lot of the objects most interesting to
astronomers today can’t even be seen with the naked eye. Astronomers use telescopes to detect the faint light from
distant objects and to see objects at wavelengths all across the electromagnetic spectrum.
To learn more about star’s spectra, check out http://www.colorado.edu/physics/PhysicsInitiative/Physics2000/quantu
mzone/ .
5
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FIGURE 1.4
(a) Visible light is part of the electromagnetic spectrum, which ranges from gamma rays with very short
wavelengths, to radio waves with very long wavelengths. (b) These are images of the same scene. In the top, only
the wavelengths of visible light show. In the bottom, a layer of thick clouds appears in the infrared wavelengths.

Types of Telescopes
Optical Telescopes

People have been making and using lenses for magnification for thousands of years. However, the first true telescopes
were made in Europe in the late 16th century. These telescopes used a combination of two lenses to make distant
objects appear both nearer and larger. The term telescope was coined by the Italian scientist and mathematician
Galileo Galilei (1564–1642). Galileo built his first telescope in 1608 and subsequently made many improvements to
telescope design.
Telescopes that rely on the refraction, or bending, of light by lenses are called refracting telescopes, or simply
refractors. The earliest telescopes, including Galileo’s, were all refractors. Many of the small telescopes used
by amateur astronomers today are refractors. Refractors are particularly good for viewing details within our solar
system, such as the surface of Earth’s moon or the rings around Saturn (Figure 1.5).
Around 1670, another famous scientist and mathematician —Sir Isaac Newton (1643–1727) —built a different kind
6
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FIGURE 1.5
The largest refracting telescope in the
world is at the University of Chicago’s
Yerkes Observatory in Wisconsin and was
built in 1897. Its largest lens has a diameter of 102 cm.

of telescope. Newton used curved mirrors to focus light and so created the first reflecting telescopes, or reflectors
(Figure 1.6). The mirrors in a reflecting telescope are much lighter than the heavy glass lenses in a refractor. This is
significant, because:
• To support the thick glass lenses a refractor must be strong and heavy.
• Mirrors are easier to make precisely than it is to make glass lenses.
• Because they do not need to be as heavy to support the same size lens, reflectors can be made larger than
refractors.
Larger telescopes can collect more light and so they can study dimmer or more distant objects. The largest optical
telescopes in the world today are reflectors.
Catadioptric telescopes have a combination of mirrors and lenses to focus light. Catadioptric telescopes have large
mirrors to collect a lot of light, but short tubes for portability.

KQED: Amateur Astronomers

Amateur astronomers enjoy observing and studying stars and other celestial objects. Both professional and amateur
astronomers use telescopes. A telescope is an instrument that makes faraway objects look closer. Learn more at:
http://science.kqed.org/quest/video/amateur-astronomers/ .
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FIGURE 1.6
(a) Reflecting telescopes used by amateur astronomers today are similar to the one designed by Isaac Newton
in the 17th century. (b) The South African Large Telescope (SALT) is one of the largest reflecting telescopes
on Earth. SALT’s primary mirror consists of 91 smaller hexagonal mirrors, each with sides 1 m long. (c) Many
amateur astronomers today use catadioptric telescopes.

MEDIA
Click image to the left or use the URL below.
URL: https://www.ck12.org/flx/render/embeddedobject/114940

Radio Telescopes

Notice it says above that the largest optical telescopes in the world are reflectors. Optical telescopes collect visible
light. Even larger telescopes are built to collect light at longer wavelengths —radio waves. What do you think these
telescopes are called? Radio telescopes look a lot like satellite dishes because both are designed to do the same
thing —to collect and focus radio waves or microwaves (the shortest wavelength waves) from space.
The largest single telescope in the world is at the Arecibo Observatory in Puerto Rico (Figure 1.7). This telescope is
located in a naturally occurring sinkhole that formed when water flowing underground dissolved the limestone rock.
If this telescope were not supported by the ground, it would collapse under its own weight. Since the telescope is
set into the ground it cannot be aimed to different parts of the sky and so can only observe the part of the sky that
happens to be overhead at a given time.
A group of radio telescopes can be linked together with a computer so that they are all observing the same object
(Figure 1.8). The computer combines the data, making the group function like one single telescope.
For more on radio telescopes and radio astronomy in general, go to http://www.nrao.edu/whatisra/index.shtml .
8
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FIGURE 1.7
The radio telescope at the Arecibo Observatory has a diameter of 305 m.

FIGURE 1.8
The Very Large Array in New Mexico has
27 radio dishes, each 25 m in diameter.
When all the dishes are pointed at the
same object, they are like a single telescope with a diameter of 22.3 mi.

KQED: SETI: The New Search for ET

Scientists have upped their search for extraterrestrial intelligence with the Allen Telescope Array, a string of 350
radio telescopes, located 300 miles north of San Francisco. Find out why SETI scientists now say we might be
hearing from ET sooner than you think. Learn more at: http://science.kqed.org/quest/video/seti-the-new-search-foret/ .

MEDIA
Click image to the left or use the URL below.
URL: https://www.ck12.org/flx/render/embeddedobject/114941
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KQED: Interview with Astronomer Jill Tartar

SETI listens for signs of other civilization’s technology. Dr. Jill Tartar explains the program: What it’s looking for;
what the problems are; what the potential benefits are. Learn more at: http://www.youtube.com/watch?v=QwEm3
WHvNHI .

MEDIA
Click image to the left or use the URL below.
URL: https://www.ck12.org/flx/render/embeddedobject/116512

Space Telescopes

Telescopes on Earth all have one significant limitation: the electromagnetic radiation they gather must pass through
Earth’s atmosphere. The atmosphere blocks some radiation in the infrared part of the spectrum and almost all
radiation in the ultraviolet and higher frequency ranges. Furthermore, motion in the atmosphere distorts light.
That distortion is why stars twinkle in the night sky. To minimize these problems, many observatories are built
on high mountains, where there is less atmosphere above the telescope. Even better, space telescopes avoid such
problems completely because they orbit outside Earth’s atmosphere in space. Space telescopes can carry instruments
to observe objects emitting various types of electromagnetic radiation such as visible, infrared or ultraviolet light;
gamma rays; or x-rays. X-ray telescopes, such as the Chandra X-ray Observatory, use X-ray optics to observe remote
objects in the X-ray spectrum.
The Hubble Space Telescope (HST), shown in (Figure 1.9), is perhaps the best known space telescope. The Hubble
was put into orbit by the Space Shuttle Atlantis in 1990. Once it was in orbit, scientists discovered that there was a
flaw in the shape of the mirror. A servicing mission to the Hubble by the Space Shuttle Endeavor in 1994 corrected
the problem. Since that time, the Hubble has provided huge amounts of data that have helped to answer many of the
biggest questions in astronomy.
Find out more by visiting the Hubble Space Telescope website at http://hubblesite.org .
FIGURE 1.9
(a) The Hubble Space Telescope orbits
Earth at an altitude of 589 km (366 mi).
It collects data in visible, infrared, and
ultraviolet wavelengths. (b) This starburst
cluster is one of the many fantastic images taken by the HST over the past two
decades.

The National Aeronautics and Space Administration (NASA) has placed three other major space telescopes in orbit,
comprising what NASA calls the ’Great Observatories’. Each of these telescopes specializes in a different part of the
electromagnetic spectrum (Figure 1.10). NASA is planning for another telescope, the James Webb Space Telescope,
to serve as a replacement for the aging Hubble. The James Webb is scheduled to launch in 2018.
10
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To learn more about NASA’s great observatories, check out http://www.nasa.gov/audience/forstudents/postseconda
ry/features/F_NASA_Great_Observatories_PS.html .

FIGURE 1.10
NASA’s four space-based Great Observatories were designed to view the universe
in different ranges of the electromagnetic
spectrum. A. Hubble Space Telescope:
visible, infrared and ultraviolet light; B.
Compton Gamma Ray Observatory (inactive): gamma ray; C. Spitzer Space
Telescope: infrared; D. Chandra X-ray
Observatory: X-ray.

Observations with Telescopes
Ancient Astronomers

Humans have been studying the night sky for thousands of years. Observing the patterns and motions in the sky
helped ancient peoples keep track of time (Figure 1.11). By understanding annual rhythms, people could know
when to plant crops. They also timed many of their religious ceremonies to coincide with events in the heavens.
The ancient Greeks made careful observations of the locations of stars in the sky. They noticed that some of the
’stars’ moved against the background of other stars. They called these bright and odd bodies in the sky planets,
which in Greek means “wanderers.” Today we know that the planets are not stars, but members of our solar system
that orbit the Sun. Greeks also identified constellations, patterns of stars in the sky (Figure 1.12). They associated
the constellations with stories and myths from their culture.
Galileo’s Observations

Ancient astronomers knew a lot about the patterns of stars and the movement of objects in the sky, but they did not
know what these objects actually were. That understanding began in the year 1610, when Galileo turned a telescope
toward the heavens. With his telescope, Galileo made the following discoveries (among others):
11
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FIGURE 1.11
Many archaeologists think that Stonehenge was used to observe the movement of the moon and the sun.

FIGURE 1.12
Stars in the constellation Orion. Constellations help astronomers today
identify different regions of the night sky.

•
•
•
•
•
•

There are more stars in the night sky than the naked eye can see.
The band of stars called the Milky Way consists of many stars.
The Moon has craters (Figure 1.13).
Venus has phases like the Moon.
Jupiter has orbiting moons.
There are dark spots that move across the surface of the Sun.

Galileo’s observations challenged people to think in new ways about the universe and Earth’s place in it. About 100
years before Galileo, Nicolaus Copernicus had proposed a controversial new model of the universe in which Earth
and the other planets revolve around the Sun. In Galileo’s time, most people still believed that the Sun and planets
revolved around Earth. Galileo’s observations provided direct evidence to support Copernicus’ model.
12
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FIGURE 1.13
Galileo was the first person known to look
at the Moon through a telescope. Galileo
made the drawing on the left in 1610; on
the right is a modern photograph of the
Moon.

Observations with Modern Telescopes

Equipped with no more than a good pair of binoculars, you can see all of the things Galileo saw, and more. You can
even see sunspots, but be sure to use special filters on the lenses to protect your eyes. With a basic telescope like
those used by many amateur astronomers, you can see more than Galileo saw, such as polar caps on Mars, the rings
of Saturn, and bands in the atmosphere of Jupiter.
All of the objects mentioned above are within our solar system. With a telescope you can also see many times more
stars than without a telescope. However, because they are so far away, the stars will appear as points of light. This is
true even of the most powerful professional telescopes, with one rare exception (Figure 1.14).

FIGURE 1.14
This ultraviolet image of the red supergiant star Betelgeuse taken with the
Hubble Space Telescope in 1996 was the first direct image taken of the
disk of a star other than the Sun.

Very few professional astronomers today look directly through the eyepiece of a telescope. Instead, they attach to
the telescopes sophisticated instruments that capture and process the light. The astronomers then look at the images
or data shown on these instruments. Most often the instruments then pass the data on to a computer where the data
can be stored for later use. An astronomer may take weeks or months to analyze all the data collected from just a
single night.
Astronomers use spectrometers to study the light from a telescope. A spectrometer uses a prism or other device to
break light down into its component colors. The spectrum produced can be observed directly, captured on film, or
stored digitally on a computer (Figure 1.15).
13
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FIGURE 1.15
A simplified example of starlight after it
passes through a spectrometer. The dark
lines in a star’s spectrum are caused by
gases absorbing light in the star’s outer
atmosphere.

From a single spectrum of a star, an astronomer can tell:
• How hot the star is (by the relative brightness of different colors).
• What elements the star contains (by the pattern of dark lines).
• Whether and how fast the star is moving toward or away from Earth (by how far the dark lines are shifted from
their normal positions).
Using telescopes, astronomers can also learn how stars evolve, what kind of matter is found throughout the universe,
how that matter is distributed, and even how the universe might have formed.

Lesson Summary
•
•
•
•
•
•
•
•
•
•
•
•

Astronomers study light from distant objects.
Light travels at 300,000,000 meters per second —faster than anything else in the universe.
A light-year is equal to the distance light travels in one year, 9.5 trillion kilometers.
When we see distant objects, we see them as they were in the past, because their light has been traveling to us
for many years.
Visible light is part of the electromagnetic spectrum.
Telescopes make distant objects appear both nearer and larger.
Optical telescopes collect visible light. The three main types are reflecting telescopes, refracting telescopes,
and catadioptric telescopes.
Radio telescopes collect and focus radio waves from distant objects.
Space telescopes orbit Earth, collecting wavelengths of light that are normally blocked by the atmosphere.
Galileo was the first person known to use a telescope to study the sky. His discoveries helped change the way
humans think about the universe.
Modern telescopes collect data that can be stored on a computer.
Astronomers can learn a lot about a star by studying its spectrum.

Review Questions
1. Betelgeuse is around 640 light-years from Earth. Light travels 9.5 trillion kilometers in one year. How far
away is Betelgeuse in kilometers?
2. Identify four regions of the electromagnetic spectrum that astronomers use when observing objects in space.
3. List the three main types of optical telescopes, and describe their differences.
4. Explain the advantages of putting a telescope into orbit around Earth.
5. Describe two observations that Galileo was the first to make with his telescope.
6. List three things that an astronomer can learn about a star by studying its spectrum.
14
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Further Reading / Supplemental Links
•
•
•
•
•

Lots of news and information from NASA at http://www.nasa.gov/
The first stars in the Universe: http://science.nasa.gov/headlines/y2002/08feb_gravlens.htm
How many stars can you observe? http://www.stargazing.net/David/constel/howmanystars.html
Archeastronomy: http://www.astronomy.pomona.edu/archeo/
An activity found online with directions for how to determine if that bright point you see in the sky is a planet
or a star: http://cse.ssl.berkeley.edu/SegwayEd/lessons/findplanets/Find-hmpg2.html

Points to Consider
• Radio waves are used for communicating with spacecraft. A round-trip communication from Earth to Mars
takes anywhere from 6 to 42 minutes. What challenges does this present for sending unmanned spacecraft and
probes to Mars?
• The Hubble Space Telescope is a very important source of data for astronomers. The fascinating and beautiful
images from the Hubble also help to maintain public support for science. However, the Hubble is growing
old. Missions to service and maintain the telescope are extremely expensive and put the lives of astronauts at
risk. Do you think there should be another servicing mission to the Hubble?

15
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Lesson Objectives
• Explain how a rocket works.
• Describe different types of satellites.
• Outline major events in early space exploration, including the Space Race.

Vocabulary
•
•
•
•
•
•

low Earth orbit
orbit
rocket
satellite
space probe
thrust

Introduction
Humans have long dreamed of traveling into space. Greek mythology tells of Daedelus and Icarus, a father and son
who took flight using wings made of feathers and wax (Figure 1.16). Icarus, thrilled with the feel of flying, got too
close to the Sun, the wax melted, and he fell into the sea. In a time before airplanes and hot air balloons, we can
relate to the excitement Icarus would have felt. Much later, science fiction writers, such as Jules Verne (1828-1905)
and H.G. Wells (1866-1946), wrote about technologies that explore the dream of traveling beyond Earth into space.

FIGURE 1.16
Daedelus and Icarus.

16
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Rockets
Humans did not reach space until the second half of the 20th century. However, the main technology that makes
space exploration possible, the rocket, has been around for a long time. A rocket is propelled by particles flying out
of one end at high speed. We do not know who built the first rocket, or when, but there are records of the Chinese
using rockets in war against the Mongols as early as the 13th century. The Mongols then spread rocket technology in
their attacks on Eastern Europe. Early rockets were also used to launch fireworks and for other ceremonial purposes.

How Rockets Work
Rockets were used for centuries before anyone could explain exactly how they worked. The theory to explain rockets
did not arrive until 1687, when Isaac Newton (1643-1727) described the three basic laws of motion, now referred to
as Newton’s Laws of Motion:
1. An object in motion will remain in motion unless acted upon by a net force.
2. Force equals mass multiplied by acceleration.
3. To every action, there is an equal and opposite reaction.
Newton’s third law of motion is particularly useful in explaining how a rocket works. To better understand this law,
consider the skate boarder in (Figure 1.17).

FIGURE 1.17
When the skate boarder pushes the wall, his force - the action - is matched
by an equal force by the wall on the skate boarder in the opposite direction
- the reaction.

Once the skate boarder is moving, however, he has nothing to push against and he will soon stop because of friction.
Imagine now that he is is holding a fire extinguisher. When he pulls the trigger on the extinguisher, a fluid or powder
flies out of the extinguisher, and he moves backward. In this case, the action force is the pressure pushing the
material out of the extinguisher. The reaction force of the material against the extinguisher pushes the skate boarder
backward.
Since space is a vacuum, how does a rocket work if there is nothing for the rocket to push against? A rocket in space
moves like the skater holding the fire extinguisher. Fuel is ignited in a chamber, which causes an explosion of gases.
The explosion creates pressure that forces the gases out of the rocket. As these gases rush out the end, the rocket
moves in the opposite direction, as predicted by Newton’s Third Law of Motion (Figure 1.18). The reaction force
of the gases on the rocket pushes the rocket forward. The force pushing the rocket is called thrust.
17
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FIGURE 1.18
Explosions in a chamber create pressure that pushes gases out of a
rocket. This in turn produces thrust that pushes the rocket forward. The
rocket shown here is a Saturn V rocket, used for the Apollo 11 mission the first to carry humans to the Moon.

A Rocket Revolution

For centuries, rockets were powered by gunpowder or other solid fuels and could travel only fairly short distances.
At the end of the 19th century and the beginning of the 20th century, several breakthroughs in rocketry led to rockets
that were powerful enough to carry the rockets—and humans—beyond Earth. During this period, three people
independently came up with similar ideas for improving rocket design.
The first person to establish many of the main ideas of modern rocketry was a Russian schoolteacher, named
Konstantin Tsiolkovsky (1857-1935). Most of his work was done before the first airplane flight, which took place
in 1903. Tsiolkovsky realized that in order for rockets to have enough power to escape Earth’s gravity, they would
need liquid fuel instead of solid fuel. He also realized that it was important to find the right balance between the
amount of fuel a rocket uses and how heavy the rocket is. He came up with the idea of using multiple stages when
launching rockets, so that empty fuel containers would drop away to reduce mass. Tsiolkovsky had many great ideas
and designed many rockets, but he never built one.
The second great rocket pioneer was an American, Robert Goddard (1882-1945). Goddard independently came up
with using liquid fuel and using multiple stages for rockets. He also designed a system for cooling the gases escaping
from a rocket, which made the rocket much more efficient. Goddard built rockets to test his ideas, such as the first
rocket to use liquid fuel (Figure 1.19). Over a lifetime of research, Goddard came up with many innovations that
are still used in rockets today.
The third great pioneer of rocket science was a Romanian-born German, named Hermann Oberth (1894-1989). In
the early 1920’s, Oberth came up with many of the same ideas as Tsiolkovsky and Goddard. Oberth built a liquidfueled rocket, which he launched in 1929. Later, he joined a team of scientists that designed the rocket shown in
(Figure 1.20) for the German military. This rocket played a major role in World War II. The Germans used the
V-2 as a missile to bomb numerous targets in Belgium, England, and France. In 1942, the V-2 was launched to an
altitude of 176 km (109 miles), making it the first human-made object to travel into space (an altitude of 100 km (62
miles).
The leader of the V-2 team was a German scientist named Wernher von Braun. von Braun later fled Germany and
came to the United States, where he helped the United States develop missile weapons. He then joined NASA to
design rockets for space travel including the Saturn V rocket (Figure 1.21), which was eventually used to send the
first men to the Moon.
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FIGURE 1.19
Left: Robert Goddard launched the first
liquid-fueled rocket on March 16, 1926,
in Massachusetts; Right: This schematic
shows details of Goddard’s rocket.

FIGURE 1.20
Explosions in a chamber create pressure
that pushes gases out of the rocket. This
in turn produces thrust that pushes the
rocket forward.

FIGURE 1.21
Wernher von Braun in front of the F1 engines in front of the Saturn V
rocket’s first stage.

Satellites
One of the first uses of rockets in space was to launch satellites. A satellite is an object that orbits a larger object. An
orbit is a circular or elliptical path around an object. The Moon was Earth’s first satellite, but now many human-made
artificial satellites orbit the planet.
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Newton’s Law of Universal Gravitation

Isaac Newton also developed the theory that explains why satellites stay in orbit. Newton’s law of universal
gravitation describes how every object in the universe is attracted to every other object. The same gravity that
makes an apple fall to the ground and keeps a person from floating away into the sky, also holds the Moon in orbit
around Earth, and Earth in orbit around the Sun.
Newton used the following example to explain how gravity makes orbits possible. Consider a cannonball launched
from a high mountain (Figure 1.22).

FIGURE 1.22
If a cannonball is launched off a high
mountain at a slow speed, it will fall
back to Earth (A, B) If the cannonball
is launched at a fast enough speed, the
Earth below curves away at the same
rate that the cannonball falls, and the
cannonball goes into a circular orbit (C).
If the cannonball is launched even faster,
it goes into an elliptical orbit (D) or leaves
Earth’s gravity entirely (E).

Not that Newton’s idea would actually work in real life: A cannonball launched from Mt. Everest would burn up in
the atmosphere if launched at the speed required to put it into orbit. However, a rocket can launch straight up, then
steer into an orbit. A rocket can also carry a satellite above the atmosphere and then release the satellite into orbit.
To further understand how satellites work, visit http://science.howstuffworks.com/satellite.htm .
Types of Satellites

Since the first satellite was launched more than 50 years ago, thousands of artificial satellites have been put into orbit
around Earth. We have even put satellites into orbit around the Moon, the Sun, Venus, Mars, Jupiter, and Saturn.
There are four main types of satellites.
• Imaging satellites take pictures of Earth’s surface to be used by the military, when taken by spy satellites; or
for scientific purposes, such as meteorology, if taken by weather satellites. Astronomers use imaging satellites
to study the Moon and other planets.
• Communications satellites, such as the one in (Figure 1.23), are designed to receive and send signals for
telephone, television, or other types of communications.
• Navigational satellites are used for navigation systems, such as the Global Positioning System (GPS).
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• The International Space Station, the largest artificial satellite is designed for humans to live in space while
conducting scientific research.

FIGURE 1.23
This is a Milstar communications satellite
used by the U.S. military. The long, flat solar panels provide power for the satellite.
The antennas are for sending or receiving
signals.

Types of Orbits

The speed of a satellite depends on how high it is above the object it is orbiting (Figure 1.24). Satellites that are
relatively close to Earth are said to be in low Earth orbit (LEO). Satellites in LEO are often in polar orbit; they
orbit over the North and South Poles, perpendicular to Earth’s spin. Because Earth rotates underneath the orbiting
satellite, a satellite in polar orbit is over a different part of Earth’s surface each time it circles. Imaging satellites and
weather satellites are often put in low-Earth, polar orbits.
An animation of GPS satellites orbiting Earth is seen here: http://en.wikipedia.org/wiki/File:ConstellationGPS.gif
An animation of roughly half the orbit of the ISS from sunrise to sunset: http://en.wikipedia.org/wiki/File:Sunris
e_To_Sunset_Aboard_The_ISS.OGG
A satellite placed at just the right distance above Earth — 35,786 km (22,240 miles) — orbits at the same rate that
Earth spins. The satellite is always in the same position over Earth’s surface, called a geostationary orbit (GEO).
Many communications satellites are in geostationary orbits.

The Space Race
From the end of World War II in 1945 to the breakup of the Soviet Union (USSR) in 1991, the Soviet Union and
the United States were in a military, social, and political conflict, known as the Cold War. Although there were very
few actual military confrontations, each of the two countries was in an arms race — continually developing new and
more powerful weapons to try to best the other. While the arms race had many social and political consequences, it
helped to drive technology. For example, the development of missiles during the Cold War significantly sped up the
development of rocket technologies.
More information about the Space Race can be found at http://www.nasm.si.edu/exhibitions/gal114/gal114.htm .
21

1.2. Early Space Exploration

www.ck12.org

FIGURE 1.24
Different orbits of Earth: ISS orbit = red
dotted line; LEO = filled blue; Medium
Earth Orbit = filled yellow; GPS = green
dash-dot; geostationary = black dash.

Sputnik

On October 4, 1957, the USSR launched the first artificial satellite ever put into orbit. Sputnik 1 (Figure 1.25)
was 58 cm in diameter and weighed 84 kg (184 lb). Antennas trailing behind the satellite sent out radio signals,
which were detected by scientists and amateur radio operators around the world. Sputnik 1 orbited in an LEO on
an elliptical path every 96 minutes. After about 3 months, the satellite slowed down enough to descend into Earth’s
atmosphere where it burned up as a result of friction.
The launch of Sputnik 1 triggered the Space Race between the USSR and the United States. Many Americans were
shocked that the Soviets had the technology to put a satellite in orbit, and they worried that the Soviets might also
be winning the arms race. On November 3, 1957, the Soviets launched Sputnik 2, which carried the first animal to
go into orbit—a dog named Laika (Figure 1.26).
The Race Is On

In response to the Sputnik program, the United States launched its first satellite, Explorer I, on January 31, 1958, and
its second, Vanguard 1, on March 17, 1958. Later that year, the U.S. Congress and President Eisenhower established
NASA.
The Soviets stayed ahead of the United States for many notable “firsts,” but the United States soon followed with
some firsts of its own. The timeline in Table 1.1 shows many Space Race firsts.

TABLE 1.1: Space Race Timeline
Date
October 4, 1957
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Accomplished
First artificial satellite,
first signals from space

Country
USSR

Name of Mission
Sputnik 1
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TABLE 1.1: (continued)
Date
November 3, 1957
January 31, 1958
January 4, 1959
September 13, 1959

April 12, 1961

May 5, 1961

February 20, 1962

December 14, 1962
June 16, 1963

March 18, 1965

February 3, 1966

March 1, 1966
April 3, 1966

June 2, 1966

December 21, 1968

July 21, 1969

Accomplished
First animal in orbit (the
dog Laika)
USA’s first artificial satellite
First human-made object
to orbit the Sun
First impact into another
planet or moon (the
Moon)
First manned spaceflight
and first manned orbital
flight (Yuri Gagarin)
USA’s first spaceflight
with
humans
(Alan
Shepherd)
USA’s first orbital flight
with
humans
(John
Glenn)
First planetary flyby
(Venus)
First woman in space, first
woman in orbit (Valentina
Tereshkova)
First
extra-vehicular
activity
("spacewalk")
(Aleksei Leonov)
First soft landing on another planet or moon (the
Moon), first photos from
another world
First impact into another
planet (Venus)
First artificial satellite
around another world (the
Moon)
USA’s first soft landing
on the Moon, USA’s first
photos from the Moon
First humans to orbit another world (the Moon)
(James Lovell, Frank Borman, Bill Anders)
First humans on the Moon
(Neil Armstrong, Buzz
Aldrin)

Country
USSR

Name of Mission
Sputnik 2

USA

Explorer 1

USSR

Luna 1

USSR

Luna 2

USSR

Vostok 1

USA

Mercury-Redstone
(Freedom 7)

USA

Mercury-Atlas 6 (Friendship 7)

USA

Mariner 2

USSR

Vostok 6

USSR

Voskhod 2

USSR

Luna 9

USSR

Venera 3

USSR

Luna 10

USA

Surveyor 1

USA

Apollo 8

USA

Apollo 11

3
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FIGURE 1.25
The Soviet Union launched Sputnik 1,
the first artificial satellite, on October 4,
1957.

FIGURE 1.26
Laika was a stray trained for space flight.
No one yet knew how to bring a satellite
out of orbit and Laika was not expected to
survive the flight.
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The Space Race reached a peak in 1969 when the United States put the first human on the Moon. However, the
competition between the two countries’ space programs continued for many more years.
Reaching the Moon

On May 25, 1961, shortly after the first American went into space, President John F. Kennedy presented the following
challenge to the U.S. Congress (Figure 1.27):

FIGURE 1.27
"I believe that this nation should commit
itself to achieving the goal, before this
decade is out, of landing a man on the
Moon and returning him back safely to the
Earth. No single space project in this period will be more impressive to mankind,
or more important for the long-range exploration of space; and none will be so
difficult or expensive to accomplish."

Eight years later, NASA’s Apollo 11 mission achieved Kennedy’s ambitious goal. On July 20, 1969, astronauts Neil
Armstrong and Buzz Aldrin were the first humans to set foot on the moon (Figure 1.28).
Following the Apollo 11 mission, four other American missions successfully put astronauts on the Moon. The last
manned mission to the moon was Apollo 17, which landed on December 11, 1972. To date, no other country has put
a person on the Moon.
In July 1975, the USSR and the United States carried out a joint mission called the Apollo-Soyuz Test Project.
During the mission, an American Apollo spacecraft docked with a Soviet Soyuz spacecraft (Figure 1.29).
Exploring Other Planets

Both the United States and the USSR sent probes to other planets during the Space Race. A space probe is a an
unmanned spacecraft that is sent to collect data by flying near or landing on an object in space, such as a planet,
moon, asteroid, or comet. During the Venera missions, the USSR sent several probes to Venus, including some that
landed on the surface. The United States sent probes to Mercury, Venus, and Mars in the Mariner missions (Figure
1.30), and landed two probes on Mars in the Viking missions.
In the Pioneer and Voyager missions, the United States also sent probes to the outer solar system, including flybys
of Jupiter, Saturn, Uranus, and Neptune. The Pioneer and Voyager probes are still traveling, and are now beyond the
edges of our solar system. We have lost contact with the two Pioneer probes, but expect to have contact with the two
Voyager probes until at least 2020 (Figure 1.31).
As of late 2012, Voyager 1 was about 11 billion miles from Earth. The spacecraft was about to leave the Sun’s
influence and enter interstellar space.
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FIGURE 1.28
Neil Armstrong took this photo of Buzz
Aldrin on the Moon during the Apollo 11
mission. Armstrong and the Lunar Module can be seen in the reflection in Aldrin’s
helmet.

FIGURE 1.29
The docking of an Apollo spacecraft with
a Soyuz spacecraft in 1975. Many considered this to be the symbolic end of the
Space Race.

Lesson Summary
• Rockets have been used for warfare and ceremonies for many centuries.
• Newton’s third law explains how a rocket works. The action force of the engine on the gases is accompanied
by a reaction force of the gases on the rocket.
• Konstantin Tsiolkovsky, Robert Goddard, and Hermann Oberthall came up with similar ideas for improving
rocket design, such as using liquid fuel and multiple stages.
• A satellite orbits a larger object. Moons are natural satellites; humans make artificial satellites.
• Newton’s law of universal gravitation explains how satellites enter an orbit.
• Artificial satellites are used for imaging planets, for navigation, and for communication.
• The launch of Sputnik 1 started a Space Race between the United States and the USSR.
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FIGURE 1.30
Data from Mariner 10 was used to create
this image of Mercury.

FIGURE 1.31
A portrait of the solar system more than 4 billion miles from Earth was
taken by Voyager I. The pale blue dot halfway down the brown band on
the right side is Earth.

• The United States’ Apollo 11 mission put the first humans on the Moon.
• The United States and USSR sent several probes to other planets during the Space Race.

Review Questions
1.
2.
3.
4.

Use Newton’s third law to explain how a rocket moves.
List the three great pioneers of rocket science and their contributions.
What is the difference between a rocket and a satellite? How are they related?
What is the name of Earth’s natural satellite?
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Explain why a satellite in polar orbit can take pictures of all parts of the Earth over time.
Describe three different types of orbits.
What event launched the Space Race?
What goal did John F. Kennedy set for the United States in the Space Race?
What are the advantages of a multi-stage rocket instead of a single-stage rocket?

Further Reading / Supplemental Links
• In Wikipedia, www.wikipedia.org: Hermann_Oberth; Wernher_von_Braun; V-2_rocket; Satellites; Natural_satellite; Newton_cannonball; Sputnik_1; Sputnik_program; Space_Race; Cold_War; John_F._Kennedy;
Apollo_program; List_of_planetary_probes.
• A history of lunar exploration: http://nssdc.gsfc.nasa.gov/planetary/lunar/apollo_25th.html

Points to Consider
• The Space Race and the United State’s desire to get to the Moon brought about many advances in science and
technology. Can you think of any challenges we face today that are, could be, or should be a focus of science
and technology?
• If you were in charge of NASA, what new goals would you set for space exploration?
• Do you think that a space program is a good use of government funding?
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1.3 Recent Space Exploration

Lesson Objectives
• Outline the history of space stations and space shuttles.
• Describe recent developments in space exploration.

Vocabulary
• orbiter
• space shuttle
• space station

Introduction
Even since the end of the Space Race, space exploration has continued. Humans have a presence in space at the
International Space Station, and the Russian space station, Mir.

Space Shuttles and Space Stations
While the United States continued missions to the Moon in the early 1970s, the Soviets had another goal: to build a
space station. A space station is a large spacecraft on which humans can live for extended periods.

Early Space Stations

The Soviet Union put the first space station, Salyut 1, into orbit on April 19, 1971, with no crew. On June 7, 1971,
three cosmonauts boarded the station and stayed for 22 days. Unfortunately, the cosmonauts died during their return
to Earth and Salyut 1 left orbit and burned up in the Earth’s atmosphere later that year.
Between 1971 and 1982, the Soviets put a total of seven Salyut space stations into orbit (Figure 1.32). Several of the
stations were used to study the problems of living in space and for a variety of experiments in astronomy, biology,
and Earth science.
The United States only launched one space station during this time. In May 1973, Skylab was launched (Figure
1.33). Three crews visited Skylab, all within its first year in orbit. Skylab was used to study the effects on humans
of staying in space for long periods, and was used for studying the Sun.
More about Skylab can be found at http://starchild.gsfc.nasa.gov/docs/StarChild/space_level2/skylab.html .
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FIGURE 1.32
Salyut 6 and Salyut 7 each had two docking ports, so a crew could dock a spacecraft to one end, and a replacement crew
could dock to the other end. This Soviet
Salyut 7 space station was in orbit from
1982 to 1991.

FIGURE 1.33
This image of Skylab was taken as the
last crew left the station in January of
1974.

Modular Space Stations

The first space station designed for long-term use was the Mir space station (Figure 1.34). Mir was a modular space
station. The USSR launched Mir’s core in 1986 and the station was put together in several phases over the next
decade. Mir holds the current record for the longest continuous occupation (although not by the same astronauts),
nearly 10 years. Mir was taken out of orbit in 2001 and fell into the Pacific Ocean, as planned.
Early space exploration was driven by competition between the United States and the USSR. However, since the
end of the Cold War, space technology and space exploration have benefited from a spirit of cooperation. In 1993,
the United States and Russia announced American involvement in Mir and plans for what became the International
Space Station (ISS). Space shuttles would transport supplies and people to and from Mir, and American astronauts
30
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FIGURE 1.34
The Soviet/Russian space station Mir was
designed to have several different parts
attached to a core.

would live on Mir for many months. This cooperation allowed the United States to learn from Russia’s experience
with long-duration space flights. (Figure 1.35) shows Mir with an American space shuttle attached.
The International Space Station

The International Space Station, shown in (Figure 1.36), is a joint project between the space agencies of the United
States (NASA), Russia (RKA), Japan (JAXA), Canada (CSA) and several European countries (ESA). The Brazilian
Space Agency also contributes.
The first piece of the ISS was launched in 1997 and it has been constructed piece by piece over time since then. It is
a large station with many different sections. The station has had people on board since the first crew arrived in 2000.
American space shuttles transport most of the supplies and equipment to the station, while Russian Soyuz spacecraft
carry people. The primary purpose of the station is scientific research, especially in biology, medicine, and physics.
Space Shuttles

Although the spacecraft used for the Apollo missions were very successful, they were also very expensive, could not
carry much cargo, and could be used only once. NASA wanted a new kind of space vehicle, one that was reusable
and able to carry large pieces of equipment, such as satellites, space telescopes, or sections of a space station. The
resulting spacecraft was a space shuttle, shown in (Figure 1.37), and there have been five —Columbia, Challenger,
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FIGURE 1.35
Russian cosmonauts took this photograph from their Soyuz spacecraft as they
flew around Mir and the ISS.

FIGURE 1.36
A photograph of the International Space
Station was taken from the space shuttle
Atlantis in June 2007. Construction of the
station was completed in 2011.

Discovery, Atlantis, and Endeavor. The Soviet Union built a similar shuttle called Buran, but it never flew a mission
with humans aboard.
A space shuttle has three main parts. The part you are probably most familiar with is the orbiter, with wings like an
airplane. When a space shuttle launches, the orbiter is attached to a huge fuel tank that contains liquid fuel. On the
sides of the fuel tank are two large booster rockets.
(Figure 1.38) shows the stages of a normal space shuttle mission. The launch takes place at Cape Canaveral in
Florida. The booster rockets provide extra power to get the orbiter out of Earth’s atmosphere. When they are done,
they parachute down into the ocean so they can be recovered and used again. When the fuel tank is empty, it also
falls away, but it burns up in the atmosphere. Once in space, the orbiter can be used to release equipment, such as
a satellite, or supplies to the International Space Station, or to repair existing equipment such as the Hubble Space
Telescope, or to do experiments directly on board the orbiter.
When the mission is complete, the orbiter re-enters Earth’s atmosphere. As it passes through the atmosphere, the
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FIGURE 1.37
Atlantis on the launch pad in 2006. Since 1981, the space shuttle has
been the United States’ primary vehicle for carrying people and large
equipment into space.

FIGURE 1.38
In a typical space shuttle mission, the
orbiter takes off like a rocket and lands like
an airplane.

outside of the orbiter heats up to over 1,500o C. The rockets do not fire during re-entry, so the shuttle is more like a
glider than an airplane. Pilots have to steer the shuttle to the runway very precisely. Space shuttles usually land at
Kennedy Space Center in Cape Canaveral, Florida, or at Edwards Air Force Base in California. However, if weather
is bad at both these landing sites, a shuttle can land at one of many backup sites around the world and then hauled
back to Florida on the back of a jet airplane.
To further understand how space shuttles work, check out http://science.howstuffworks.com/space-shuttle.htm .

Space Shuttle Disasters

The space shuttle program has been very successful. Space shuttles have made possible many scientific discoveries
and other great achievements in space. However, the program has also had some tragic disasters.
After more than 20 successful missions from 1981 to the end of 1985, disaster struck on January 28, 1986. Just 73
seconds after launch, the space shuttle Challenger started to break apart, and most of it disintegrated in mid-air, as
shown in (Figure 1.39). All seven crew members on board, including the first teacher in space, Christa McAuliffe,
died. The problem was found to be an O-ring, a small part in one of the rocket boosters.
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FIGURE 1.39
Plume of smoke from the Challenger disaster.

Safety was reviewed and improved. Shuttle missions started again in 1988, and more than 87 missions were
completed without a major accident. Then during takeoff of the space shuttle Columbia on January 16, 2003, a
small piece of insulating foam broke off the fuel tank, smashed into the front edge of one wing of the orbiter and
damaged a tile. These tiles are heat-shield tiles that protect the shuttle from extremely high temperatures. When
Columbia returned to Earth on February 3, 2003, it could not withstand the high temperature, and broke apart.
Pieces of the shuttle were found throughout the southern United States. As in the Challenger disaster, all seven crew
members died.
Again, shuttle missions were stopped for two years while NASA worked on safety. The Space Shuttle program was
terminated in 2011 and the shuttles have all been retired. You can see them in various locations around the country:
•
•
•
•
•

Atlantis: Kennedy Space Center Visitor Complex; Cape Canaveral, Florida
Discovery: Smithsonian Institution National Air and Space Museum; Chantilly, Virginia
Endeavour: California Science Center, Los Angeles
Enterprise (test orbiter): Intrepid Sea-Air Space Museum; New York City
Explorer (orbiter mockup): Johnson Space Center; Houston, Texas.

Future missions to the ISS will be aboard the Russian Soyuz and eventually from a new American craft.

Recent Space Missions
Many missions since the Challenger disaster have been designed without a crew. These missions are less expensive,
less dangerous, and more flexible than manned mission and they provide a great deal of valuable information.
Earth Science Satellites

NASA and space agencies from other countries have launched dozens of satellites that collect data on the current
state of Earth’s systems. NASA’s Landsat satellites take detailed images of Earth’s continents and coastal areas, such
34
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as those in (Figure 1.40). Other satellites study the oceans, the atmosphere, the polar ice sheets, and other Earth
systems. This data helps us to monitor climate change and understand how Earth’s systems affect one another. Many
of the images used in this text are from satellites.

FIGURE 1.40
The two images here are from NASA’s
Landsat 7 satellite and show New Orleans
and Lake Pontchartrain on April 26, 2000,
(left) and on August 30, 2005, (right),
shortly after Hurricane Katrina. Dark blue
areas in the city are underwater.

More about the Landsat program can be found at http://landsat.gsfc.nasa.gov/ .

Space Telescopes

Some of the greatest astronomical discoveries —and greatest pictures, such as the one in (Figure 1.41), have come
from the Hubble Space Telescope. The Hubble was put into orbit by the space shuttle Discovery in 1990. Several
shuttle missions returned to the Hubble to make repairs.

FIGURE 1.41
This image, taken by the Hubble Space
Telescope, shows the Cat’s Eye Nebula.
Hubble has produced thousands of beautiful pictures that are also very valuable for
scientific research.
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NASA has also put several other telescopes in space as described in the "Telescopes" lesson. The James Webb
Telescope, scheduled to be launched into orbit in 2018, will replace the Hubble and have an even greater ability to
view distant objects. Other countries, including Russia, Japan, and several European countries, have also put space
telescopes in orbit.

Solar System Exploration

The United States and other nations have had many missions around the solar system in recent years (Figure 1.42).
Rovers, essentially spacecraft on wheels have been sent to roam over Mars to collect data. The Mars Pathfinder,
which landed in 1997, and Spirit and Opportunity, which landed in 2004, all lasted far longer than they were designed
to. Curiosity, which landed on August 6, 2012, is currently exploring Martian climate and geology, specifically if
there were once conditions in which life could exist. Several spacecraft are currently in orbit around Mars studying
its surface and thin atmosphere.

FIGURE 1.42
(a) The Mars Pathfinder carried a rover, the Sojourner, to the surface. Here Sojourner takes a measurement
of a rock scientists named Yogi. (b) Sunset on Mars, taken by Spirit in May 2005. (c) This artist’s painting of
Opportunity shows the six wheels, as well as a set of instruments being extended forward by a robotic arm.

The Cassini mission has been studying Saturn, including its rings and moons, since 2004 and will be directed to
crash into Saturn in 2017 (Figure 1.43). The Huygens probe, built by the European Space Agency, is studying
Saturn’s moon Titan. Titan has some of the conditions that are needed to support life.

FIGURE 1.43
An eclipse of Saturn taken by Cassini.

Some missions are studying the smaller objects in our solar system. The Deep Impact probe was sent to collide
with a comet. The probe and telescopes on Earth and in space all collected data The impact was recorded by Deep
Impact’s flyby spacecraft: http://upload.wikimedia.org/wikipedia/commons/9/90/121520main_HRI-Movie.gif .
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The Stardust mission collected tiny dust particles from another comet. Missions are currently underway to study
some of the larger asteroids and Pluto. Studies of smaller objects in the solar system may help us to understand how
the solar system formed.
A manned trip to Mars to take place in the 2030s is being discussed, as are other possible missions.

Lesson Summary
• The Space Race propelled space exploration for several decades.
• The United States’ first space station was Skylab. Skylab was in orbit from 1973 to 1979.
• The Soviet (later Russian) space station Mir was the first modular space station. Both Russian and American
crews lived on Mir.
• The ISS is a huge project that involves many countries. It was assembled over several years.
• Space shuttles are reusable vehicles for American astronauts to get into space. A space shuttle takes off like a
rocket and lands like a glider plane.
• The space shuttle program has had two major disasters—the Challenger disaster in 1986 and the Columbia
disaster in 2003. In each case, the spacecraft was destroyed and a crew of 7 people died.
• Recent space missions have mostly used small spacecraft, such as satellites and space probes, without crews.

Review Questions
1.
2.
3.
4.
5.
6.
7.
8.

Which space station was built and launched by the United States alone?
How many years was the Mir space station in orbit?
Which space station was the first to involve several countries working together?
Describe two ways in which space shuttles were an improvement over the spacecraft used for the Apollo
missions?
Name the five fully functional space shuttles that the United States built. Which of these were destroyed?
Describe the space shuttle Columbia disaster, including its cause.
Describe two recent or ongoing space missions.
Is the Space Shuttle more like a rocket or a plane? Explain your answer.

Further Reading / Supplemental Links
•
•
•
•

Fantastic images of Earth: http://earthobservatory.nasa.gov/
NASA’s mission to study Earth: http://science.hq.nasa.gov/missions/earth.html
Find out what it’s like to live in Space: http://spaceflight.nasa.gov/living/index.html
http://en.wikipedia.org/wiki/Orion_%28spacecraft%29

Points to Consider
• To date, a total of 22 people have died on space missions. In the two space shuttle disasters alone, 14 people
died. However, space exploration and research have led to many great discoveries and new technologies. Do
you think sending people into space is worth the risk? Why or why not?
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• In the past several years, private companies have been developing vehicles and launch systems that can take
people into space. What applications can you think of for such vehicles? What advantages and disadvantages
are there to private companies building and launching spacecraft?
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