H-R diagram (AYCH AHR

DIE uh cran) Hertzsprung-Russell
diagram, a graph that shows the
relationship between a star's surface

temperature and absolute magnitude

Figure 3 The stages of a star's
life cycle—and a star's properties

each stage in its life cyde—can be
plotted on the Hertzsprung-Russell —10

diagram.

Main-Sequence Stars
Stars on the main se-
quence form a band
that runs across the H-R
diagram. The sun is a
main-sequence star. The
sun has been shining
for about 5 billion years.
Scientists think that the
sun is in the middle of its
life and will remain on
the main sequence for
another 5 billion years.

446 Chapter 15

A Tool for Studying Stars

In 1911, a Danish astronomer named Ejnar Hertzsprung
(IE nahr HERTS sproong) compared the brightness and tem-
perature of stars on a graph. Two years later, Henry Norris
Russell, an American astronomer, made some similar graphs.
Although these astronomers used different data, their results
were similar. The combination of their ideas is now called the
Hertzsprung-Russell diagram, or H-R diagram. The H-R diagram is
a graph that shows the relationship between the surface tem-
perature and absolute magnitude of a star. Over the years, the
H-R diagram has become a tool for studying the life cycles of
stars. It shows not only how stars are classified by brightness
and temperature but also how stars change over time.

Blue Stars

Very massive blue stars are not in the
main sequence very long. They quickly
use up the hydrogen in their cores, ex-
pand, and turn into giants or supergiants.

at

-5
Canopus
0
3
g
@
& +5
3
2 White Dwarfs
\White dwarfs—the leftover
+10 centers of old stars—are near -
the end of their lives. The * 40 Eri B
leftover centers of stars are Sirius B
small and very hot. According B
to astronomers, the sun will G e
+15 eventually become a white

dwart.

Stars, Galaxies, and the Universe

The H-R Diagram

The modern H-R diagram is shown in Figure 3. Temperature
appears along the bottom of the diagram, and absolute magni-
tude, or brightness, appears along the left side. Hot (blue) stars
are on the left, and cool (red) stars are on the right. Bright stars
are at the top, and dim stars are at the bottom. The diagonal
pattern, where most stars lie, represents the main sequence.
A star spends most of its lifetime in the main sequence. As
main-sequence stars age, they move up and to the right on
the H-R diagram to become giants or supergiants. Then, they
move to the left and down to become white dwarfs if their
mass is eight times the sun or less.

Ml A9 Explain how the H-R disgram can be used to
iglh of stars.

determine the F and I

Giants and Supergiants
When a star runs out of hydro-
gen in its core, the center of
the star shrinks inward and the
outer parts expand outward.
For a star that is the size of
our sun, the star's atmosphere
grows very large and becomes
cool. When this change hap-
pens, the star becomes a red
giant. If the star is very massive,

it becomes a red supergiant.
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The sun is an average star. It is a 1/100 2
main-sequence star and is located
in the middle of the diagram. The
sun is 1 solar diameter and has 1 Y
solar mass. Other stars can be meas- [l Red Dwarfs )
ured against the sun in terms of At the lower end of the main
size, mass, and brightness. Praxias saquence are red dwarfs,
Cortbint which are low-mass stars.
Low-mass stars remain on
the main sequence for a long
5,000°C time. The stars that have the
lowest mass are among the
F G K M oldest stars in the universe.
Spectral type
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