











Appearance of the spectrum: Generally have absorption lines,
like the Sun. Pattern of lines differs greatly, star to star.

Cool star, similar to the Sun:

Hot star, similar to Altair:
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Bottom line: most stars have about the same composition as
the Sun

e 90% hydrogen
e 10% helium
e traces of all other elements

Pattern of absorption lines depends on composition, density,
temperature.

The most dramatic differences between stars are caused by
temperature differences.
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Motion
e Motion across the sky: proper motion

e Motion toward & away from us: radial velocity

Employs the Doppler Shift

moving away

longer
wavelength

_——

approaching
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Intrinsic properties of stars

Knowing these requires first knowing the distance to the star.
Later, we'll describe how stars’ distances are
measured /estimated.

Luminosity
e Same concept as for the Sun

e Important for understanding how the star converts energy
from a stored form into light
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Example star: the Sun’s nearest neighbor, Alpha Centauri

e Nearly the Sun’s twin in terms of temperature and
luminosity

e But its distance (4 light years, 270,000 AU) makes it only
a bright point of light in the sky.

The nearest and brightest naked-eye star visible from Toledo
is Sirius, at a distance of about 8 light years. Although farther
away than Alpha Centauri, its 50 times greater luminosity
makes it appear brighter.
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http://antwrp.gsfc.nasa.gov/apod/ap990410.html

Radius

e At a given temperature, objects give off thermal radiation
at a given rate from a specific area of their surfaces.
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e So if stars A and B have the same temperature but A has
a higher luminosity, A must be bigger.

e We can estimate a star’s diameter (or its radius) if we
already have estimated the star’'s luminosity and its
temperature.
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Mass — the total quantity of material a star contains

e Estimate by studying the star’s gravitational attraction on
something else, such as a binary companion

e About half of all apparently single stars turn out, on closer
study, to be binary or multiple.

e For example, Alpha Centauri is actually triple. One of its
2 companions, called Proxima, is actually slightly closer to
the Sun than Alpha itself.

e Sirius is actually double.
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http://antwrp.gsfc.nasa.gov/apod/ap030323.html

The Hertzsprung-Russell Diagram (H-R
Diagram)

Place stars in pigeonholes according to their luminosity and
their temperature — the pigeonholes are later subdivided.
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Main features of the H-R Diagram

e About 90% of the stars fall on a band running diagonally
from lower right to upper left, the main sequence

e The lower down on the main sequence, the more
numerous the stars

e The masses of main-sequence stars

— Lowest at the bottom, highest at the top, increase
continually from bottom to top

— The differences among main-sequence stars are caused
just by their having different masses.
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e Red giants

— Similar in spectral type, color, and temperature to
main-sequence stars that are directly below them in
the diagram

— But about 1000 times more luminous

— This implies the giants are about 30 times larger than
the main-sequence stars — hence the term, “giant”

e White dwarfs

— Examples are found having almost any temperature
that stars can have — hence, “white”

— But very low luminosity
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— Implies very small size — about 100 times smaller
than main-sequence stars; roughly, 10,000 kilometers
radius: about the size of the Earth!

— When “weighed” in binary star systems like Sirius,

white dwarfs typically turn out to have masses about
half the Sun'’s.

— Thus, we have the mass of a star packed into the
volume of a terrestrial planet — very high density,
about 100,000 grams per cubic centimeter. White
dwarf matter is in a form unknown anywhere in the
solar system!
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About density

About the planets, we said that their density is a clue to their
composition.

Solids and liquids are fairly incompressible, so their
composition is about all that can affect their density.

But stars are gaseous, and gases are highly compressible.

This explains the huge density difference between the core
and the exterior of the Sun (and other stars).
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We also find big differences in average density between
different kinds of star.

e Red giants: average density very low. A mass of 1 Sun is
spread out over a very large volume.

e White dwarfs: average density extremely high
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Distances to stars

Estimating stars’ distances from the Sun by triangulation:

e
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What we see during the course of 6 months:
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Heliocentric parallax is the angle of shift in position of a
nearby star against the background of distant stars (during
three months), caused by the Earth's motion around the Sun.

e Using elementary geometry, we calculate the star's
distance from its parallax.

e The farther away a star is, the smaller its parallax.

e Measuring a star’s parallax requires measuring very small
angles. Even the nearest star, alpha Centauri, has a
parallax of only 3/4 arc second.

e Parallaxes have been measured for about 10,000 stars, all
closer than about 300 light years.
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Standard bulbs or standard candles

Can we hope to estimate the distance of stars with parallaxes
too small to measure?

Use the principle, “farther means fainter.” |f we have two
identical stars, the more distant one will appear fainter.
|dentical stars:

% O O

Observer Higher Lower
apparent {for this observer]  apparent
brightness brightness
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If we measure how much fainter it is, then we can calculate
how much farther away.

Suppose the parallax of the closer one has been measured.
Then we can calculate its distance and then its luminosity.

If the farther one is really identical, it has the same
luminosity. Then we can calculate its distance, too.

When we can reliably identify stars as identical to each other,
the type of star is a standard candle (“standard bulb” in the
text).

A lot of effort in astronomy goes into finding good standard
candles.
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Examples of standard candles:

e Main-sequence stars (preferably the hot, luminous ones).
When they are found in open star clusters, they calibrate
the distance to the whole cluster.

e Cepheid variable stars (prototype in constellation Cepheus)

Pulsating stars: get rhythmically larger & smaller, causing
star's luminosity to increase & decrease

Period ranges from days to weeks; longer if average
luminosity is greater. Relationship between period &
luminosity enables use as standard candle.
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http://antwrp.gsfc.nasa.gov/apod/ap000830.html

How stars work
Main-sequence stars work in the same way as the Sun.
e Balance between gravity and gas pressure

e Convert energy by fusion of hydrogen to helium

Cross-sectional view

of a main-sequence star: Core --

fusion

Envelope --
no fusion
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The more massive the star:
e T he stronger its gravitational pull

e Therefore, it needs a hotter interior to generate the
pressure to resist gravity.

e A hotter interior results in thermonuclear fusion
proceeding more efficiently. Conversion of (stored) energy
from mass into heat & light proceeds faster, so the star
has a higher luminosity.

We're talking about the theory of the structure of a star here,
because we are using physical laws to draw conclusions about
regions that we can't observe directly.
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Limits on stellar masses
e The largest mass that a star can have is around 100 Suns.

e [ he smallest mass that a star can have

— If the central regions of a star are not hot enough,
nuclear fusion will not occur

— The star’s gravitational pull is too small to generate
enough heat for fusion if the star's mass is less than

about .08 Sun.

— |Indeed, the least massive stars known have masses of
about 1/10 Sun.
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So what exactly is a star?

e Definition of a star: gas sphere with enough mass to
support fusion of hydrogen to helium. According to
theory, at least 0.08 Sun (same as 80 Jupiter masses).

e Definition of a brown dwarf: gas sphere with enough mass
to support fusion of deuterium to helium-3, but not
enough to support fusion of hydrogen to deuterium.
According to theory, between about 13 and about 80
Jupiters.

e Definition of a planet: too little mass to support any
fusion at all, less than about 13 Jupiters.
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Brown dwarfs begin life with gravitational contraction, just as
stars do.

But they just get smaller and dimmer until the contraction is
halted by degeneracy pressure.

So they are brightest and easiest to discover when young.
Have been discovered mainly in star forming regions.
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Life spans of main-sequence stars

e In general, the more massive a main-sequence star, the
shorter its life span.

e Reason: although massive stars have a larger fuel supply
than less massive stars, they consume their fuel
disproportionately quickly.
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The most massive stars (30 Suns and up) live only a few
million years, an extremely short time by stellar standards.

e They have not had time to move away from their
birthplaces.

e If stars were being born a few million years ago, they
probably still are.

e Stars are now being born in their vicinity; these stars are
signposts for regions of star formation.
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http://seds.lpl.arizona.edu/messier/more/m016_b_image.html

Inside a main-sequence star, changes are very slight and
gradual.

End of the main-sequence phase of a star’s life: exhaustion of
hydrogen in the star’'s core

e Fusion slows down.

e Now the star’s energy loss must be made up by
gravitational contraction.

e T he core contracts gradually because its own gravitational
pull is almost (not quite) counterbalanced by gas pressure.

e [ he contraction heats the core.
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Cross-sectional view

of star after core fusion @
has stopped:
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e Nuclear fusion starts in a region outside the core—the
“shell”—that was not hot enough before.

e With 2 energy sources, the star now generates more than
enough energy to counterbalance gravity. Therefore, its
outer layers expand.

e Because they expand, they cool. The star gradually
becomes a red giant.
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