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Agenda
• Birth, life and death of stars


• Nuclear fusion and energy generation


• Star classification (Hertzsprung-Russell Diagram)


• Aside: Introducing white dwarfs and the Chandrasekhar limit


• Supernovae and Pulsars



Why doesn’t the Sun collapse  
under gravity?



The most basic concept:

HYDROSTATIC 
EQUILIBRIUM 

Pressure balances gravity!

Source: https://pages.uoregon.edu/jimbrau/BrauImNew/Chap16/FG16_06.jpg


https://pages.uoregon.edu/jimbrau/BrauImNew/Chap16/FG16_06.jpg


Some interesting questions

Let’s calculate some timescales! 
The characteristic timescale of a process is 

 

tchar =
ϕ
·ϕ

Changed quantity

Rate of change



Dynamical timescale

If you substitute values of R⊙ and M⊙ → tdyn ∼ 15 min



Thermal timescale

If you substitute values of 
R⊙, L⊙ and M⊙

→ tth ∼ 30 × 106 years

Kelvin -Helmholtz hypothesis  
 Sun is supported purely by 

thermal energy of contraction 


TIMESCALE IS TOO SHORT. 
HYPOTHESIS PROVED FALSE!

→



Nuclear timescale

Verification of our Sun being supported by nuclear reactions!



The life cycle of a star



Source: https://misswise.weebly.com/life-cycle-of-a-star.html



Star birth and brown dwarfs
Brown dwarf: a FAILED star.

Check : Is Jupiter a BROWN DWARF?

Stars form in large clouds of gas and dust 
called molecular clouds.

Molecular clouds full of stellar clusters are 
called stellar nurseries.



Main sequence and nuclear burning
Stars living and dying…



Giants
Stars living and dying…



Planetary nebulae and supernovae
Stars living and dying…

Type I and Type II  
supernovae

Heavy stars vs 
Lighter stars

Note: Planetary is 
a MISNOMER  

 Nothing to do 
with planets!
→





Compact stars
Final stages of stellar evolution: white dwarfs, neutron stars and black holes.  

Stars living and dying…



Looking at stars



Light is a form of energy that lets us see the world around us.


Light can be thought of as waves of radiation, and different wavelengths have different 
energies. Light travels through space in these waves, like ripples travel in water.


This energy can also be linked to temperature. Hotter objects have more energy and 
cooler objects have less energy.


Our eyes are sensitive to visible light 
... but there are also other kind of light with different wavelengths!!


What is light? 



Different kinds of "light" 

Shorter wavelengths have MORE ENERGY! 



Space is full of different kinds of light.  
Different telescopes help us to see different types of light!





Our Sun 
viewed in 
different 
wavelengths!





Astronomers consider stars to be approximate black bodies that are 
capable of absorbing light at every wavelength without any reflection.

We can use Wein’s displacement law to calculate 
the surface temperature of stars.



Blue stars 
are hotter 
than red 
stars!



The Physics of 
 Stellar Evolution



Hertzsprung-Russell diagram

https://www.azoquantum.com/Article.aspx?ArticleID=436

Source: Wikipedia

https://www.azoquantum.com/Article.aspx?ArticleID=436


Equations of Stellar Structure

https://quantumredpill.wordpress.com/2013/03/29/stellar-modelling/

https://quantumredpill.wordpress.com/2013/03/29/stellar-modelling/














Nuclear Fusion in the Sun



Nuclear Fusion in the Sun



Nuclear Fusion in the Sun
If we rely on temperature alone, there is a 
close to zero chance for the fusion 
reaction to happen?



Nuclear Fusion in the Sun
If we rely on temperature alone, there is a 
close to zero chance for the fusion 
reaction to happen?



Ans: 
QUANTUM  
TUNNELLING!



Let’s go to the future..

…of our SUN..!



Artist's depiction of the  
life cycle of a Sun-like star

Source: Wikipedia



Evolution 
of our 
Sun on 
the HR 
diagram

Source: Wikipedia




Evolution of sun-
like star in size

Source: Wikipedia



https://youtu.be/dI7fGSGvX08

https://www.youtube.com/watch?v=dI7fGSGvX08
https://youtu.be/dI7fGSGvX08


Let’s look at 
some HR 
diagram 
trends!



Q1. Which one in 
the group is a 
white dwarf? 



Q1. Which one in 
the group is a 
white dwarf?  
Ans: D



Q2. Which one in 
the group is the 
coolest star?



Q2. Which one in 
the group is the 
coolest star?
Ans: B



Q3. Which one in 
the group is the 
most reddish main 
sequence star?



Q3. Which one in 
the group is the 
most reddish main 
sequence star?
Ans: E



Q4. Which one in 
the group is the 
brightest star?



Q4. Which one in 
the group is the 
brightest star?
Ans: A



Q5. Which one in 
the group has the 
highest radius?



Q5. Which one in 
the group has the 
highest radius? 
Ans: B



White dwarfs and the 
Chandrasekhar limit



• Formed towards the end of those stars’ 
life with .


• Supported against gravitational collapse 
by the degeneracy pressure of their 
constituent electrons.


• Non-magnetized, non-rotating white 
dwarfs all obey the Chandrasekhar limit.

M ≲ 10M⊙

White Dwarfs

Hubble image of Sirius A and Sirius B




How are white dwarfs held together?


The answer lies in quantum statistical mechanics.

If packing atoms so close that their wave nature is important 
 Maxwell-Boltzmann distribution no longer correct


Similar to classical mechanics  quantum mechanics 
Classical statistical mechanics  Quantum statistical mechanics 


→

→
→



https://xykademiqz.com/2016/05/19/party-particles/


https://xykademiqz.com/2016/05/19/party-particles/


Fermions are particles of half-integral 
spin. They obey the Pauli Exclusion 
Principle. 


At T = 0 K, the fermi gas becomes 
completely degenerate. 


Even at zero temperature, the gas has 
non-zero pressure, called degeneracy 
pressure, or fermi pressure.

In white dwarfs, it is this degeneracy pressure of the constituent electrons 
that stabilises the star against gravitational collapse.



Stabilization against gravity due to degeneracy 
pressure of electrons 
 continues till particles fermi velocity reaches 
speed of light 
 Chandrasekhar limit! 

MCh ∼
Mpl

m2
n

Chandrasekhar, MNRAS (1935)


“…the presence of the Planck scale in the Chandra limit is 
telling us that both quantum effects and gravitational 
effects are needed to understand white dwarf stars: the 

matter is quantum; the gravity is classical.” 
- David Tong, Notes on Statistical Physics



Source: Wikimedia commons


You can use the Lane-Emden 
equation as a way to derive the 
Chandrasekhar equation under 
certain assumptions.


Warning: requires some 
knowledge of ideal fermi gases



Supernovae and Pulsars



https://futurism.com/breaking-down-typeii-supernova


https://futurism.com/breaking-down-typeii-supernova




• Formed by the thermonuclear explosion of a 
white dwarf which has accreted (gained 
mass) beyond the Chandrasekhar limit  
( ~ ).


• Produces a consistent peak luminosity.


• Allows these events to be used as standard 
candles to measure the distance to their 
host galaxies.


1.4M⊙

Source: Wikimedia

Type Ia supernova



Type II supernovae

Lifecycle of a massive ( ) star.  M > 8M⊙

https://www.youtube.com/watch?v=JduQrZAEHX8


https://svs.gsfc.nasa.gov/13873/

https://svs.gsfc.nasa.gov/13873/


Compact stars
Final stages of stellar evolution: white dwarfs, neutron stars and black holes.  

Stars living and dying…



Pulsars are neutron stars that spin very 
quickly, with the fastest of them spinning 
100s of times in a second. They are very 
stable, cosmic clocks.


• Discovered by then graduate student 
Jocelyn Bell Burnell in 1967 


• She detected a periodic radio 
signal. Initially dubbed "LGM" for "Little 
Green Men” using a large radio 
telescope


• Further analysis revealed it was a rapidly 
rotating pulsar, a new category of star! 

Jocelyn Bell

Pulsars



Pulsar Timing Arrays continuously 
monitor a population of galactic 
pulsars using radio telescopes.


Energetic events (like the mergers of 
2 supermassive black holes) 
happening in the Universe result in 
deviations from pulse arrival times - 
and these are signs of exciting 
astrophysics!

Pulsar Timing Arrays



Light waves are not the only kinds of waves 
in space! 


Gravitational waves stretch and squeeze 
space-time, an effect first predicted by 
Einstein 100 years ago.

LIGO PTA

Gravitational waves were first 
detected in 2015 by LIGO, 
and we have observed many 
such events since!


Gravitational waves





The Indian Pulsar Timing Array Experiment 
(InPTA) is a pulsar timing experiment searching 
for low frequency nanoHz Gravitational Waves 
in operation since 2016. 

https://inpta.iitr.ac.in/

The Indian Pulsar  
Timing Array

https://inpta.iitr.ac.in/


The Indian Pulsar Timing Array Experiment 
(InPTA) is a pulsar timing experiment searching 
for low frequency nanoHz Gravitational Waves 
in operation since 2016. 

https://inpta.iitr.ac.in/

The Indian Pulsar  
Timing Array

https://inpta.iitr.ac.in/


InPTA is a member of International Pulsar Timing Array 
collaboration (IPTA) 



In June 2023, InPTA combined its 
data with the EPTA dataset and 
detected strong HD correlation, 
which provides strong evidence of 
stochastic GW Background.



Thank you!


