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Mbpot % - Mpor.o = -2.5log(L*/L@) ........ 8
which makes by inversion:

Lx/Lo = 100-4(Mbol.@ -Mbol.x) -~ 9
Where:

Lo is the Sun's luminosity (bolometric luminosity)
L« is the star's luminosity (bolometric luminosity)
Mool @ 1S the bolometric magnitude of the Sun
Mool » 1S the bolometric magnitude of the star.

BURIRGSIis the total amount of energy emitted by a star, galaxy, or other

astronomical object per unit time. It is related to the brightness, which is the luminosity

of an object in a given spectral region. A star's luminosity can be determined from two

stellar characteristics: size and effective temperature.
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The Stefan—-Boltzmann equation applied to a black body gives the value for luminosity

for a black body

L=cAT?",

where A'is the surface area A=4nr?, Tis the temperature (in kelvins) and o is

the Stefan—Boltzmann constant, with a value of 5.67x10°8 W-m=2-K™,

For stars on the main sequence, luminosity is also related to mass approximately as

below:

L/Lo~(M/Mp)3°.

Color index:
The color of a star is measured as the log of the ratio of color magnitudes at different
wavelengths (or through different filters). The standard filters are ultraviolet (320
nm-390 nm), blue (390 nm-480 nm) and visual (510 nm-590 nm), denoted U, B, and
V respectively.
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The U-B color, for instance, is
B—U=—-25log (&) .......... 10

Fy

The star Vega is defined as an AO star, and is the standard for
B-V=0 B-U=0.
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The Classification of Stellar Spectra

By observing spectra, astronomers realized that large numbers of stars exhibit a small
number of distinct patterns in their spectral lines. Classification by spectral features
quickly proved to be a powerful tool for understanding stars.

The scheme is based on lines which are mainly sensitive to stellar surface temperatures
rather than actual compositional differences, gravity, or luminosity. Important lines are
the hydrogen Ballmer lines, lines of neutral and singly ionized helium, iron lines, the
H and K doublet of ionized calcium at 396.8 and 393.3 nm, the G band due to the CH
molecule, the 422.7 nm neutral calcium line, several metal lines around 431 nm, and
the lines of titanium oxide.
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e Standard Stellar Types:

While the differences in spectra might seem to indicate different chemical
compositions, in almost all instances, it actually reflects different surface temperatures.
Material on the surface of stars is "primitive": there is no significant chemical or
nuclear processing of the gaseous outer envelope of a star once it has formed. Fusion
at the core of the star results in fundamental compositional changes, but material does
not generally mix between the visible surface of the star and its core. Ordered from
highest temperature to lowest, the seven main stellar types are O, B, A, F, G, K, and
M. Astronomers use one of several mnemonics to remember the order of the
classification scheme. O, B, and A type stars are often referred to as early spectral
types, while cool stars (G, K, and M) are known as late type stars.

The Harvard system is a one-dimensional classification scheme and it specifies
only the surface temperature and some spectral features of the star.
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Effective
Class color
temperature
@) > 30,000 K Blue
B 10,000— blue
30,000 K white
A 7,500-10,000 K = White
. yellow
F 6,000-7,500 K White
G 5,200-6,000 K | Yellow
K 3,700-5,200 K  Orange

Main-
sequence
mass
(solar
masses)

>16 Mo

2.1-16 Mg
1.4-2.1 Mo

1.04-1.4 Mo

0.8-1.04 Mo,

0.45-0.8 Mo

Main-
sequence
radius

(solar radii)

>6.6 Ro

1.8-6.6 Ro

1.4-1.8Ro

1.15-14Re

0.96-1.15Ro

0.7-0.96 Ro

M 2,400-3,700 K m 0.08-0.45Mso <0.7Ro

e Subtypes

Astronomy

Main-
sequence

luminosity
(bolometric)

> 30,000 Lo

25-30,000 Lo

5-25 Lo

1.5-5L

0.6-15Lo

0.08-0.6 Lo

<0.08 Lo

Hydrogen

Very weak

Very weak

1% /physics

Main Characteristics Examples

Singly ionized helium lines either in
emission or absorption. Strong
ultraviolet continuum.

10 Lacertra

Neutral helium lines in absorption. Rigel Spica

Hydrogen lines at maximum strength .

for AO stars, decreasing thereafter SR

Metallic lines become noticeable. CEITILE
Procyon

Solar-type spectra. Absorption lines of

neutral metallic atoms and ions (e.g.  Sun Capella

once-ionized calcium) grow in strength.

Metallic lines dominate. Weak blue Arcturus

continuum. Aldebaran

Molecular bands of titanium oxide Betelgeuse

noticeable. Antares

Within each of these seven broad categories, Canon assigned subclasses numbered 0 to 9. A star midway through the range
between FO and GO would be an F5 type star. The Sun is a G2 type star.
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e Luminosity classes

A more precise classification would also include the luminosity of the star. The
standard scheme used for this is called the Yerkes classification also called the MMK
system. This two-dimensional (temperature and luminosity) classification
scheme is based on spectral lines sensitive to stellar temperature and surface gravity,
which is related to luminosity. This scheme measures the shape and nature of certain
spectral lines to measure surface gravities of stars. The gravitational acceleration on
the surface of a giant star is much lower than for a dwarf star (since g =G M/ R? and
the radius of a giant star is much larger than a dwarf). Given the lower gravity, gas
pressures and densities are much lower in giant stars than in dwarfs. These differences
manifest themselves in different spectral line shapes which can be measured.
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« Oorla" (hypergiants or extremely luminous supergiants). Example: Cygnus
OB2#1(B3-4la+).

« la (luminous supergiants). Example: Eta Canis Majoris (B5la)

. lab (intermediate luminous supergiants). Example: Gamma Cygni (F8lab)

« Ib (less luminous supergiants). Example: Zeta Persei (B1lb)

« 1l bright giants. Example: Beta Leporis (GOIl)

« 111 normal giants. Example: Arcturus (KOIII)

« 1V subgiants. Example: Gamma Cassiopeiae (B0.51Vpe)

« 'V main-sequence stars (dwarfs). Example: Achernar (B6Vep)

« sd (prefix) subdwarfs. Example: HD 149382 (sdB5)

« D (prefix) white dwarfs. Example: van Maanen 2 (DZ8)

Marginal cases are allowed; for example, a star may be either a supergiant or a bright
giant, or may be in between the subgiant and main-sequence classifications. In these
cases, two special symbols are used: a slash (/) means that a star is either one class or
the other, and a dash (-) means that the star is in between the two classes. For example,
a star classified as A3-4111/IV would be in between spectral types A3 and A4, while
being either a giant star or a subgiant. Sub-dwarf classes have also been used: VI for
sub-dwarfs, stars slightly less luminous than the main sequence; VII and sometimes
higher numerals for white dwarf or "hot sub-dwarf" classes. Thus, the Sun would be
more fully specified as a G2V type star.
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