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Lives of Stars
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What Defermines How Long Stars %

Live?
1.This graph shows how the mass o astar i related t0 its:
fetime—how long the star fves before it uns out of fuel.
2.How long does astar with 0.8 times the mas of the sun ive?
How long does a star with 1.7 times the mass o the sun ive?
Think It Over

Conclusions Describe the general elationship between
astar's mass and s fetime.

an objectin space that appeared o give off regular pulses.

of radio waves. Some astronomers hypothesized that the
pulses might be a signal from an extraterrestrial civilzation. At
first, astronomers even named the source LGM, for the “Little
Green Men” in early science-fction_ stories. Eventualy,
astronomers concluded that the source of the radio waves was a
neutron star. A neutron star i a tiny sta left over when a giant
star explodes. Neutron stars ke the one Bell discovered are
called pulsars,short for pulsating radio sources

In 1967, Jocelyn Bell,a British astronomy student, detected

Studying the Lives of Stars

Stars do not last forever. Each star is born, goes through s life
cycle,and eventually dies. (Of course, starsare not rallyalve.
“The words born, live and die ar just helpful comparisons.)
How did astronomersfigure out that the neutron star Belldis-

covered had been a large sta earler in itslfe?
Imagine that you want to study how people age. You wish
you could watch a few people for 50 years, but your assign-
‘ment is due next week! You have to study a lot of people for a
short time, and classfy the people nto different age groups

You may come up with groups like babies, chilren, teenagers,
youns adults, middle-aged peopl, and elderly people.You dorrt
have time to ce a singl person go through all thes stages, but

b You know the stages exis

Astronomers have a similar problem with stars. They can't
watcha single star for billons of years, so they study many stars
and see how they diferfrom one another.




[image: image2.png]A star Is Born
Astaris made up of a large amount of
gas in a relatively small volume. A
ncbula, on the other hand, is a large
amount of gas and dust spread out in
an immense volume. All stars begin
theirlives as parts of nebulas.

Gravity can pull some of the gas
and dust in a nebula together. The
contracting cloud is then called a
protostar. Proto means “carliest” in
Greek, so a protostar i the earlist
stage of a star's lfe. A sar is born
when the contracting gas and dust
become so hot that nuclear fusion
starts. Recall from Chapter 2 that
nuclear fsion i the process by which
atoms of hydrogen are combined to form
helium, During fusion, enormous amounts.
of energy are released.

Lifetimes of Stars
Before they an tll how oldastari, astronomers must dtermine
itsmass. Howlonga tarlves depends on how much mass it has.

You might think that stars with more mass would last longer
han tars it ess mass, Howeser, the reverse i true.You canthink
of sarsas being ke cars. A small car hasasmall s tank,buttalso
hasa small engine that burns gas slowly: A large car, on the other
hand, hasa larger gastank buttalso has  large engine that burns
gas rapidly: o the smallcar might be able to travel father on one
smal tank of gasthan thelarger car can on one large tank of s
Sl stas use up the fuel more slowly than large stars, s they
have much longer ives.

Generally, starsthat have less mass than the sun use thir fucl
owlyand canive for up o 200billon years. Medium-massstars
likethe sun v for bout 10 illon years. Astronomers think the
sun i about 46 billion years old, 5o it s almost halfuay through
it lfeime.

Stars that have more mass than the sun have shorter lftimes.
Astarthatis 15 times as massive s thesun may live oly about en
millon years. That may seem like a long time,but it s only one
tenth of one percent of thelfetime of the sun.

Ifastaris twice as massive asthe sun, il it have
alonger or shorter life than the sun?

Figure 11 The Orion Nebula, 1o,
is2 giant coud of gas and dust.

“The Hubble Space Teescope took
1his photo of a protosta, bottom, in
the Oron Nebula A protostaris 3
Star i the earest t20e of s e

Howdo someof

e gos and dust ina ebulo bcome

aprotostr?
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Deaths of Stars
When a star begins to run out of fucl, the center of the star
shrinks and the outer partof the tar expands. The star becomes
ared giant or supergiant.

Allmain sequence starseventually become red iants o super-
siants. However, what happens next depends on the mass of the
staras Exploring the Live of Starsshows, When asar runs out of
fuel, it becomes a white dwarf, neutron star,ora black hole.

White Dwarfs Small-and medium-mass stars take 10 billion
r more years o use up their nuclear fuel. Then their outer layers
expand, and they become red giants. Eventualy,the outer parts
‘grow bigger still and drift out nto space. The blue-white hot core
of the star that i left behind is a white dyarf.

‘White diwarfs are only about the size of Earth, but they have
about as much massas the sun. Since a white dwarf has the same
mass s the sun but only one millionth the volume, it s one mil-
lion times a dense as the sun. A spoonful of material from a white
dwarf has as much mass as a large truck. White dwarfs have no
fuel, but they glow faintly from lefiover energy. When a white
dwarfstops glowing it s dead. Then iti clled  black dwarf.

Neutron Stars A dying giant or supergiant star can suddenly
explode. Within hours, the star blazes millions of times brighter.

‘The explosion i called a supernova, You can see  supernova in
Figure 12. Afier a supernova, some of the material from the star
expands nto space. This material may become part of a nebua.

‘The nebula can then contract to form a new, “recycled” sar

Astronomers think the sun began as a nebula that contained
material from a supernova explosion.

Afte the star explodes, some of the materia from the star s
let behind. This materalforms a neutron star. Neutron stars are
even smaller and denser than white duarf. A neutron star may
contain as much as three times the mass of the sun but be only
about 20 ilometers in diameter, the size of a large asteroid or a
town on Earth.



[image: image4.png]Black Holes The most massive stars—those having more than
40 times the mass of the sun—become black holes when the
i After this kind of star becomes a supernova, more than five
imes the mass of the sun may be lei. The gravity of tis mass is
o strong that the gas is pulled inward, packing the gas into a
smaller and smaller space. Eventually five times s much mas

he sun becomes packed within a sphere 30 kilometers in diam:

eter At that point, the gravity s o strong that nothing can escape
not even light. The remains of the star become a black hole.
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[image: image5.png]No light, radio waves, or any other
form of radiation can ever get out of a
black hole,soit i not possible o detect
ablack hole directy. But astronomers

can detect lack holes indirecly.

For example, gas near a black hole
is pulled so strongly that it rotates
fasterand aster around the black hol.
Fricion heats thegas up.Astronomers

can detect X-rays coming from the hot

gas and infer that a black hole s presen.
Similarly, if another sar is near a black
hole,astronomers can calculate the mass of
the black hole from the effct of its gravity on

Figure 13 This artsts
impresion shows a black

ol puling matter rom a the star. Sientist are using the Chandra X-ray
companion sar. The Observatory to ook for black hols by studying sources of X-rays.
mateil glows 35 t s

puled no the black ol Quasars Inthe 1960s,astronomers discovered objects that are
Aopying Conceps s unusual because they are very bright, but also very far away.

mpossi o detect ablock
ol ety how do
astrnomers find them?

Many of these objects are about 12 billion light-years away,
‘making them among the most distant objects in the universe.
These distant bright objects looked almost ike stars Since quasi
‘means “something like® in Latin, these objects were given the
name quasi-stelar objects, or quasars.

What could be so bright even though it is so far away?
Astronomers have concluded that quasars are actually distant
galaxies with giant black holes at their centers. Each black hole
has amass abillion times or more as great a that of the sun. As
enormous amounts of gas revole around such a black hole, the
gas heats up and shines brighly.

n 3 Review

Check Your
Whatciferent patems ca o st s
Pk he?Croa o o
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1. Whatis the earliest stage in the ffe
of astar?

2. Why do small-mas stars have longer fetimes.
than large-mass stars?

3. Whatis the diference between strs that
become white dvwarfs and stas that become.
neutron stars?
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