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o Cepheid variable stars, located in the instability strip, are used as
standard candles to measure astronomical distances.
4. Exoplanet Studies:
o Identifying Sun-like stars (G2 V) helps in the search for potentially
habitable exoplanets.

4.8 Luminosity of a Star

The luminosity of a star is one of its most fundamental properties,
representing the total amount of energy it radiates per unit time. It is a critical
parameter for understanding the physical nature of stars, their evolution, and their
classification within the Hertzsprung-Russell diagram.

Definition of Luminosity

The luminosity (L) of a star is the total power output, measured in watts
(W), of all electromagnetic radiation emitted by the star. It accounts for energy
radiated in all directions and across all wavelengths, from gamma rays to radio

waves.
Mathematically, luminosity is expressed as:
Where:

e L: Luminosity (W)

o R: Radius of the star (m)

« 0: Stefan-Boltzmann constant (5.67x10-8Wm=2K~4)
» T: Surface temperature of the star (K)

Factors Affecting Luminosity
Luminosity depends primarily on two factors:

1. Radius (R): Larger stars radiate more energy because of their larger surface
area.

2. Surface Temperature (T): Hotter stars emit significantly more energy due
to the T* dependence in the Stefan-Boltzmann law.

This means that a small, very hot star can have a luminosity comparable to or
greater than a large, cool star.
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Units of Luminosity

1. SI Units: Watts (W), the absolute measure of energy per second.
2. Solar Luminosity (Lp): The Sun’s luminosity is used as a reference. The
Sun’s luminosity is approximately:

Lo = 3.828 x 10 W

Relation to Apparent Brightness

Luminosity is an intrinsic property of a star, while apparent brightness (b)
is how bright a star appears from Earth. Apparent brightness depends on the star’s
luminosity and its distance from Earth.

The relationship between luminosity, apparent brightness, and distance (ddd)
is given by the inverse-square law:

L

| e —
47rd?

Where:

o b: Apparent brightness (Wm=2)
o d: Distance from Earth (m)

Measurement of Luminosity

1. Direct Measurement: Requires knowing the star's distance and apparent
brightness.
o Distance is often measured using parallax or standard candles like
Cepheid variables.
o Apparent brightness is measured using photometers.
2. Stefan-Boltzmann Law: If the radius and surface temperature are known,
luminosity can be directly calculated using the Stefan-Boltzmann formula.

Classification Based on Luminosity

Stars are categorized into luminosity classes based on their position on the
Hertzsprung-Russell diagram:

1. Class I (Supergiants): Extremely luminous stars.
2. Class III (Giants): Stars with high luminosity but lower than supergiants.
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3. Class V (Main Sequence): Stars like the Sun, whose luminosity comes from
hydrogen fusion in the core.
4. White Dwarfs: Low-luminosity, dense remnants of stars.

Luminosity and Stellar Evolution
The luminosity of a star changes significantly during its lifetime due to:

1. Nuclear Fusion:
o Main sequence stars derive their luminosity from the fusion of
hydrogen into helium in their cores.
o Massive stars have much higher luminosities due to their faster fusion
rates.
2. Post-Main Sequence Stages:
o Stars expand and become giants or supergiants, increasing their
luminosity despite cooler surface temperatures.
o Later stages, like white dwarfs or neutron stars, have significantly
reduced luminosities.
3. Mass-Luminosity Relationship:
o On the main sequence, luminosity (L) scales with the star's mass (M)
as:

o This means that a star with twice the Sun’s mass will have
approximately 23-°x11 times the Sun’s luminosity.

Bolometric Luminosity

Luminosity is often measured in specific wavelengths (e.g., visible light), but
stars emit energy across a wide spectrum. The bolometric luminosity represents
the total energy output over all wavelengths and is calculated using bolometric
corrections.

The Importance of Luminosity in Astrophysics

1. Determining Stellar Distance: Using the inverse-square law, luminosity
helps in calculating distances to stars.

2. Stellar Classification: Luminosity is a key factor in categorizing stars within
the Hertzsprung-Russell diagram.

3. Estimating Stellar Lifespan: High-luminosity stars burn through their
nuclear fuel faster and have shorter lifespans.
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4. Understanding Galactic Evolution: Luminosity data helps astronomers
study stellar populations and the overall energy budget of galaxies.

Examples of Star Luminosities

The Sun: Lo=1L5=3.828x10%W

Sirius (Main Sequence Star): L=25L¢
Betelgeuse (Red Supergiant): L~120,000 Lo
White Dwarfs: L~0.01Lp

H W=

Variable Stars and Composite Stars

The universe is home to a wide variety of stars and stellar phenomena, many
of which are dynamic and complex. Among these, variable stars and composite
stars stand out due to their unique behaviors and the insights they provide into
stellar evolution, astrophysical processes, and the nature of the cosmos.

4.9 Variable Stars

Variable stars are those whose luminosity (apparent brightness) changes over
time, as observed from Earth. These changes can occur due to internal physical
processes within the star (intrinsic variability) or external factors (extrinsic
variability).

1. Types of Variable Stars
1.1 Intrinsic Variable Stars

Intrinsic variables exhibit brightness changes caused by internal processes like
pulsation, evolution, or instability in the star’s structure.

o Pulsating Variable Stars: These stars undergo periodic expansions and
contractions, which cause their brightness to oscillate. This pulsation is driven
by an imbalance between gravity and radiation pressure in the star’'s outer
layers.

o Cepheid Variables:
= Named after the prototype Delta Cephei, Cepheids are massive,
pulsating stars with a well-defined relationship between their
pulsation period and luminosity.
= Period-Luminosity Relation: The longer the pulsation period,
the greater the star's luminosity. This makes Cepheids excellent
"standard candles" for measuring distances in the universe.
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M=-2.81logP—-1.43

Where, M is absolute magnitude and P is the pulsation period.
= Example: Polaris, the North Star, is a Cepheid variable.
o RR Lyrae Stars:
= Smaller and older than Cepheids, with pulsation periods typically
less than a day.
= Found in globular clusters and used to measure galactic
structure.
o Mira Variables:
= Evolved red giants with long pulsation periods (hundreds of
days).
= Example: Mira (Omicron Ceti), the prototype.
o Delta Scuti Stars:
= Short-period pulsators found in the main sequence or subgiant
phase.
o Eruptive Variable Stars: These stars exhibit sudden changes in brightness
due to flares, mass ejections, or other instability.
o Flare Stars:
= Low-mass stars (e.g., red dwarfs) that emit sudden flares of
radiation.
o Wolf-Rayet Stars:
= Massive stars shedding their outer layers at high velocities due
to intense stellar winds.

1.2 Extrinsic Variable Stars

Extrinsic variables change their brightness due to external factors, such as
eclipses in binary systems or surface phenomena like starspots.

o Eclipsing Binary Stars:
o Composed of two stars orbiting each other, causing periodic dips in
brightness when one passes in front of the other.
o Example: Algol (Beta Persei), known as the "Demon Star."
« Rotating Variable Stars:
o Uneven brightness distribution due to magnetic activity or starspots.
o Example: FK Comae Berenices stars.
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