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Astronauts' F. Story
Musgrave and Jeffrey
Hoffman repair the Hubble
Space Telescope” in 1993. T ; ——




v

It was April 1990, The first space telescope fad
been sent into orbit!. Scientists waited eagerly

Jor pictures better and clearer than any that
could be seen from Earih.

1. orbit £hill 9. crew 3
2. flaw
3. reflect 1 Z, 10. contact lens
4. focus ! A 11, install '
5. tuzzy i i 12, equipment
6. space shuttle fiL & 13. astronomer . X
7. _Endeavor it if 14, explore '
P 8. blast '




Chapter 1
B —

Stars:

A Universe of Suns
B2 . AR

The night sky seems like a huge black ceiling above Earth. The
stars look like tiny diamonds fastened! to the ceiling. They seem
peacefil, timeless?, unchanging.

L S I

Orion® (a group of stars) seen
from near Flagstaff, Arizona®

®



Close-up'® view of the sun

n reality, stars

are huge. They're not

fastened to a ceiling, but
scattered' through vast’
distances” in space. They're
not timeless, but always
changing. And some of those
changes can be violent".

Each star is a giant’, blazing® ball of gases.
Our sun is a star, and an average’ one at that. It's

made mostly of hydrogen® and helium’ gases heated to

temperatures up to millions'” of degrees Celsius' at the sun’s middle. Huge plumes'
of gas sometimes leap'* from the surface. The sun is so big, a million Earths could
fit inside it. And more than a hundred Earths could stretch" side by side across it.

Why do other stars look so much smaller than our sun? Because they are hundreds
of thousands of times farther away from us than the sun is.

How does distance affect’” how large an obfect looles to ws?

1. scatter 1 R H 9. helium " =
2. vast adi rEE R 10, million u l-s] #%. E#
3. distance P E 1. Celsius el

4. violent i =340 12, plume "

5. giant atud Exn 13. leap (3

&. blazing st e 14. stretch [l

7. average sl —igm 15. afect 3

8. hydrogen " A 16. close-up it WERLN



Yardstick' for the Universe
Distances in space are so great that
scientists use a special unit to measure®
them. This unit of measurement is based

on how fast light travels.

Light is the fastest moving thing we know.
Light from the sun takes only about 8.3
minutes to cross the 150 million kilometers
(about 93 million miles) between the sun
and Earth! You might say that the sun is 8.3
light-minutes” from Earth.

All other stars are so far away that their
light takes years to reach us. So we
measure their distance with a unit called
the light-year®. A light-year is the distance
light travels in a year—about 9.5 trillion’
kilometers (about 6 trillion miles). Even
though the term contains® the word “year,”
it’s important to note that a light-year is
a unit of distance, not of time. You can
think of it as a yardstick to measure the
universe.

The closest star to our sun is 4.2 light-
years away. That’s 266,000 times farther
than the sun is from Earth. All other stars

are even farther away.

How do we learn about things that are so
far from us? We can’t travel to the stars.
We can’t even send space probes’ across
such distances. Scientists have to rely on"
studying the light and other energy that

travels through space and reaches us on
Earth.

1. yardstick " L8 B
2. measure . it R
3, lightminte  « Hht
4. light-year " A
5. trillon " FE AR Y
6. contain » a2%
7. space probe AR
8. rely on W, i
9. o scale EidaAs]

It takes 8.3 minutes for light
from the sun to reach Earth.
Suzes of the sun and Earth are not 1o scale’,



Scorplus ,(sl:orpon-}, Canis Minor™® {dng} Leo"" (lion)

Seeing Patterns

For most of human history, the eye was
the only tool available for collecting and
studying starlight. The stars were hard to
understand.

All around the world, people made up
“connect-the-dot™ pictures to explain

patterns of stars they saw in the sky.

2

3. Latin il
4. balong !

5. Uras Major

6. Sapittarius
7. archar

8. Scorpius

8. scorpion

10. Canis Minor I
1. Leo W

These imaginary pictures are known as
constellations'. They represent” people,
animals, and things

Constellations are interesting and fun, but
they don’t tell us much about the many
differences among stars—or about the

exciting life stories of stars.

Werd PowalV 4

The word constellation comes from the
Latin® words con, meaning “together,” and
stella, meaning “star.” So a constellation
is a group of stars that seem to belong*
together.




Scoping' the Sky

In the 1600s scientists started using
telescopes to look at the sky. Since then,
telescopes have grown more and more
powerful, allowing us to see things that are
farther and farther away. Other tools let us
study the light that telescopes collect. So
what have we learned by studying the light

from the stars?

Star Variety

Stars vary greatly in how much light

they give off’. Our sun looks bright to us

because it’s so close. But some stars give
off thousands of times more light than the
sun, while others give off much less.

Stars also give off different colors of light.

Our sun gives off mostly yellow light.
Some stars give off mostly red light. And
other stars give off mostly white or blue

light.

Different stars have different surface
temperatures. The surface temperature of
our sun is about 5,500°C (9,932°F). Some
stars are only about half as hot as the sun.
Others are more than four times as hot.
Stars vary widely in mass®, or how much
matter they contain. It would take about
333,000 Earths to equal the mass of the
sun. Some stars have only one-tenth that
mass, while others have the mass of ten or

Observatories® contain high-
powered telescopes. This is
the W. M. Keck Observatory,
in Mauna Kea, Hawaii’.




Thinking Like a Scientist: Interpreting' Data’

ientists interpret data, they
identify” patterns and make sense of
information. Graphs® can help scientists
study information.

relate® to each other for most stars. The

graph also shows color and size, although

sizes are not to scale. Scientists have

found that most stars fall in a diagonal’
runs across the g

1. interpret ¥ WIE. iRER
2, datum i o data) $iiE
3. identify » £E, 88
4. graph B
5. property i
[ I GES
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Brighter -
Young blue giant
A 9 9
& white star
# Sun
Red dwarf'®

Dimmer

Hotter Cooler

Which blue star or a red star?

For most stars v does temperature relate to brightness? |

For most stars, how does size relate to temperature?

- {11)



As you saw on page 11, the properties of
most stars relate to each other in an orderly
way. For example, the hotter a star is, the

brighter it usually is.

But some stars don’t fit the pattern. For
example, red giants' are cool and bright,
and white dwarfs’ are hot and dim. What's
up with these oddballs*?

Life of a Star
Red giants and other oddballs are in the
final stagcs4 of their lives. Of course, stars
are never really alive, but we describe
them as being born, living, and dying. As
stars age, their properties change. Most
of these changes happen over millions or
billions® of years—much too slowly for
us to see. So astronomers study stars of
many different ages to figure out® their lil

stories.

A star is born in a huge cloud of gas and
dust called a nebula’. The gas is mostly
. red glant

. white dwarf
. oddball

1 ad=* ]
2 L BiEE
] AL (EEIEERAER)
4, stage ¥ ! ;
5. hillion

6. figure out

7. nebula

8. dense

9, gravity

10. contract
1. core
LERE - B —
13, process
14, release

hydrogen. In some places the gas and dust
are dense®. This allows gravity” to pull
material even closer together, forming a
ball.

As the ball contracts', it heats up. When
temperatures at the core'’ become hot
enough, hydrogen atoms'” come together
to form helium. This process' gives off
huge amounts of energy. The ball of gas
and dust has become a star, releasing' its

heat and light into space.

1. Birth
Star forms in cloud of
gas and dust



The Life of an Average Star

3. Death

Outer layers of red
giant drift away

behind the star’s burned-out core. This is

a small, dense, and slowly cooling object
Star shines for

~all thi P
billions of years called a white dwarf

That’s how it all ends for a star of average

mass, like our sun. But a more massive star

Death of a Star

doesn’t go so peacefully. Instead, it dies in
The average star shines for billions of 8 e pl

] a huge explosion® called a supernova’.
years. But finally the hydrogen in the core " 5 e

runs low, and the core contracts. The outer
layers' of the star expand. As they expand,
they grow cooler and redder. The star has

become a red giant.

1. layer . 3
2. eventually ;. Bt

Eventually®, the outer layers of the red .40 ; i
& ) 4. explosion Wi

giant drift’ off into space. They leave 5. supemova R
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