Stellar Evolution of a Main Sequence Star
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Figure 30-19 A protostar,
formed from a disk of gas
and dust (A), will become
a star when fusion begins.
The Triffid Nebula (B) is
illuminated by new stars,
as shown by the Hubble
Space Telescope.
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STELLAR EVOLUTION AND LIFE CYCLES

A star changes as it ages because its internal composition
changes as nuclear fusion reactions in the star’s core
convert one element into another. As a star’s core compo-
sition changes, its density increases, its temperature rises,
and its luminosity increases. Eventually, the nuclear fuel
runs out. Then the star’s internal structure and mechanism
for producing pressure must change to counteract gravity.

Star Formation All stars form in much the same manner as the
Sun did. The formation of a star begins with a cloud of interstellar gas
and dust, called a nebula (pl. nebulae), which collapses on itself as a
result of its own gravity. As the cloud contracts, its rotation forces it
into a disk shape with a hot condensed object at the center, called a
protostar, as illustrated in Figure 30-19A. The condensed object will
become a new star. A protostar is brightest at infrared wavelengths.

Fusion Begins Eventually, the temperature inside a protostar
becomes hot enough for nuclear fusion reactions to begin. The first
reaction to ignite is always the conversion of hydrogen to helium.
Once this reaction begins, the star becomes stable because it then has
sufficient internal heat to produce the pressure needed to balance
gravity. The object is then truly a star and takes its place on the main
sequence according to its mass. A new star often illuminates the gas
and dust surrounding it, as shown in Figure 30-19B.

THE SUN's LIFE CYCLE

What happens during a star’s life cycle depends on its mass. For
example, as a star like the Sun converts hydrogen into helium in its
core, it gradually becomes more luminous because the core density
and temperature rise slowly and increase the reaction rate. It takes



A Nebula Once Again A star of the Sun’s mass never becomes
hot enough for carbon to react, so the star’s energy production ends
at this point. The outer layers expand once again and are driven off
entirely by pulsations that develop in the outer layers. This shell of gas
is called a planetary nebula. It has nothing to do with planets, despite
its name. In the center of a planetary nebula, shown in Figure 30-21,
the core of the star becomes exposed as a small, hot object about the
size of Earth. The star is then a white dwarf made of carbon.

Pressure in White Dwarfs A white dwarf is stable despite the
lack of nuclear reactions because it is supported by the resistance of
electrons being squeezed close together, and does not require a
source of heat to be maintained. This pressure counteracts gravity
and can support the core as long as the mass of the remaining core is
less than about 1.4 times the mass of the Sun.

A star that has less mass than that of the Sun has a similar life cycle,
except that helium may never form carbon in the core, and the star
ends as a white dwarf made of helium. The main sequence lifetime of
such a star is much longer, however, because low-mass stars are dim
and do not use up their nuclear fuel very rapidly.

Figure 30-21 NGC 6751 is
a planetary nebula. This
image was taken by the
Hubble Space Telescope.
The white dwarf is the
white object at the center
of the nebula.




