PATNA
'WOMEN'S COLLEGE
AUTONOMOUS

QUEST
A Peer Reviewed Research Journal

© Patna Women's College, Patna, India
https://www.patnawomenscollege.in/journal

Stellar Evolution: Life Cycle of Stars

e Amrita e« RaanaFatima ¢ Sweety Kumari
Received : December, 2022
Accepted : January, 2023
Corresponding Author : Amrita

Abstract: The origin of our universe is one of the biggest
mysteries to date. There are numerous theories that point
towards the 'Big Bang' to being the origin. But still, no
experiments proved the Big bang theory. But what we can
do to study the origin of the universe is by going backward in
time and questioning 'How did the universe begin to
evolve?’, 'What processes gave rise to the present universe?’,
etc. And one of such questionsis 'How are the stars formed? .
By knowing how stars are born, and their processes, we can
say what were the initial conditions of the universe and
draw conclusions on its origin. In our present paper, we
have studied the chronology of our universe according to

inflationary cosmology, then how the interstellar gas clouds
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aggregated to form protostars. The study of stellar birth,
requires nuclear physics to understand fusion, conditions
for stellar birth, properties of a star like pressure, mass
profile, temperature, luminosity, magnitude system, etc. We
have also done analysis of the HR diagram, Main sequence
stars, the life cycle of different mass categories of stars, and
finally, Supernova remnants like Neutron stars and Black
holes (Sagar}].C,2021).

Keywords: Stellar Nebula. Red Super Giant, Black hole Red
Giant, Interstellar medium, Planetary Nebula, White Dwarf,
Protostars, Massive star, Supernova, Neutron star, Main

sequence.

Introduction:

Today we realize that stars are an important
source of raw materials in the universe, recycling
and annoying the elemental constructing blocks of
the entirety. We observe new star nebula of gas and
dust, planets, and even humans. All life on the earth
contains the element carbon and all carbon was
originally formed in the core of the star. Stars have
populated the universe with elements through their
“life cycles” and the ongoing process of formation,
burning fuel, and dispersal of material when all the
fuel is used up. Different stars take different paths,
however, depending on how much matter they
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contain and their mass. A star depends on how much
hydrogen gas is brought together by gravity during
its formation. We measure the mass of stars by how
they compare to the “parent star” of our system, the
sun. Stars are considered high-mass when they are
five times more massive than the sun. When high-
mass stars have no more fuel to generate outward
energy, their iron cores start to collapse until the
pressure overcomes the inward push of gravity and
they explode in a spectacular supernova, dispersing
elements into space to recombine as future stars,
planets, steroids, or even eventually life like us. After
a supernova, massive stars can go one of two ways. If
the remnant of the explosions is about 1.4 to 3 times
the mass of our sun, it will collapse into a very small,
very dense core of neutrons called a neutron star. If
the remnant is more than three times as massive as
the sun, gravity overwhelms the neutrons and the
star collapses completely into a black hole- It is so-
called because the matter within is so compressed
and the pull of gravity is so intense that when light is
drawn in and itis not reflected, so that areais “black”
and arable.

Stars: Stars are huge celestial bodies that are
made up of hydrogen and helium mostly. These are
able to produce light and heat from the churning
nuclear forces within their cores. Besides our sun as
a star, the dots of light we can see in the sky. They are
all stars light-years away from the Earth. These are
the building blocks of the galaxies. Many of which are
billions in number in the universe. It is actually
impossible to know how many stars exist.

Butastronomers estimate that in our Milky Way
galaxy alone, there are approximately 300 billion.
The life cycle of any star spreads over billions of
years. As a general rule, the more massive the star,
the shorter its life span. The structure of any star
can often be thought of as a series of thin nested

shells, similar to the onion (Branley, Franklyn,1986).

Our universe is thought to have originated from
a process called the 'Big Bang' and time should have
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started only after the Big bang. So, at Bigbang, time, t
=0sand as time increased, many events happened as
the temperature decreased. In the below table, we
can see the summary of the different events.

How Many Types of Stars are There?

[t is difficult to organize stars by using only one
way to classify them, so scientists have come up with
systems to help make sense of the information.
There are many different types of stars, and they can
be classified by three major category systems:
Spectral classification, size, and life cycle. Each
category has its unique way of describing stars.
Spectral classification uses a system that organizes
stars by temperature, color, and luminosity. The
classes range from the O-class, the hottest, blue, and
brightest stars to the M-Class which are the coolest,
red, and less bright stars. Organized by size, the
largest stars are the supergiants, and the smallest
are the brown dwarfs. The life cycle of a star ranges
from the protostar stage to the brown dwarf stage
but can sometimes end as a neutron star instead of a
brown dwarf. Our Sun is a medium-sized main-
sequence star that is about halfway through its life
cycle. It will take billions of years to reach the final
stage ofiits life.

Distance to star:

Angular distance between stars is measured in
angles such that 1°=60",1'=60"

1 AU

1 pc
(S)

The unit for distance measurementis Light year,
defined as the distance travelled by light in a year.
Unit: Light year(ly)-9.461x10"°m Astronomical unit
(AU)1.496x10"m.
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Parsec : (pc) distance at which 1 Au subtends
angleof1".1 pc=3.086x10"m.

Distance to stars: very important parameters
(luminosity)many methods: parallax, moving
clusters,variable stars etc.

Parallax: Apparent motion of stars due to
Earth’s motion around sun.

distant stars

Every January,
we see this:

- nearby s;}a/
p

Every July,
we see this:

¢ 1AU ‘ '
k—» (not to scale)
July January
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Fig.1. Parallax method to measure distance
between stars

Small angle approximation (radian) tan p=p

Distance tostar D=1 Au/p

If p=1"=1/206265radians

D=3.086X1016m.=1pc.

D(PC)=1/PN

Parallax of Proxima Centauri ~768.5 mas. =
1-30pc=4.241ly

Space mission to measure distances:

Hipparcos- High Precision Parallax Collecting
Satellite (ESA1989-1993)

Measured positions & parallaxes of 118200
stars.

Star & Stellar-evolution- 1

A star is defined as a body (i) bound by self
gravity spherical spheroidal for stars with
significant rotation (example. Achernar, rotation
velocity ~ 230km/s) and (ii) Radiates energy from
internal sources nuclear fusion for at least a part of
it's life (Gravitational P.E contribute in the case of
Protostars)Planets, Asteroids, Comets - do not
satisfy one or more conditions. Planets such as
Jupiter & Saturn generate significantinternal energy.

Our Star-Sun

Next nearest star- Proxima Centauri (4.24 light
yes)

About 100-400 billion stars in our Galaxy milky
way.Composition of star ~ 71%. H, ~27 He, small
fraction of heavy elements (ly mass). We consider
the Sun as a useful reference point in
evolution.

Mass M= 1-99x10°’kg

RadiusR,=6.96x10°m

luminosity L,=3.83x 10w

stellar

Effective surface temperature
T,=5780K

Aget,=4.55x10"years

Coredensity p,=1.48x10°kgm”

The core temperatureis T,=15.6x10°K
Core pressure P,=2.29x10'°Pa
Atmospheric pressure—10°Pascal

Measuring angles in the sky (Celestial
sphere)

Angular size of moon ~0.5°
1'=60"arcmin=3600"arcsec.
Small angle approximation.
Sin 6=6=tan 0

I[ftwo stars are ata similar distance, D & angular
separationis known, thenlinear separating

S=D 0 (radians)
88 official constellation's

We have considered a co-ordinate system on
asphere: Earth as an example shown in Fig. 2

Latitude & Longitude

Similar to spherical coordinates,r fixed.One axis
(Rotation) defines latitude (z-axis) measurement
from the XY plane (equator)rather than the z axis

Definition of O'longitude (x-axis)-Greenwich
latitude =90°- 6—-ZY plane

Longitude=®-7Z axis

Greenwich as the standard.
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ZY plane - horizon x axis-Normal to this plane
(hive joining zenith & nadir)

7 Axis - North direction horizon.
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Fig. 2. Spherical coordinates:®,0,p

Altitude- Angle measured toward Zenith from
the horizon.

Azimuth-Angle measured horizon from North
toward East. These are shown in Fig. 3.
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Fig.3. Altitude-Azimuth equatorial coordinate
systems

Horizontal co-ordinates of a star are local to
every location on earth. The Fig.4 below shows
equatorial coordinate systems.
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Fig. 4. Equatorial coordinate systems

Horizontal coordinates change with time due to
Earth'srotation

Altitude -analogous to latitude on earth.

Horizontal co-ordinate of a star- local to every
location on Earth

Horizontal Coordinate change with time due to
Earth'srotation

celestial sphere

/ .
; Earth’s
; rotation axis

Fig. 5. An illustration of the Celestial Sphere
Equatorial system
XY plane—Celestial equator.
The Z-axis is—»normal for this plane

X-axis—vernal equinox (VB) on Celestial
equator

Declination—Analogous to latitude of earth

Right ascension— Analogous to Longitude. an
earth






