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DE NPHD304 
EXPLORING THE UNIVERSE - ASTRONOMY AND 

ASTROPHYSICS 
3 0 0 3 

 

Prerequisites: 

 Mathematical Physics, Quantum Mechanics, Thermodynamics, Electrodynamics, Statistical Physics 

Course Objectives: 

 The objective of this course is to give students a comprehensive theoretical and observational exposure 
in astronomy and astrophysics that deals with the fundamental physics of stellar structure and their 
evolution in the universe, ranging from the formation of the major constituents and physical 
processes/laws governing the universe, creation of the densest matter and their evolution, and 
observing the universe at different wavelengths with a primary focus on imaging the universe at radio 
frequencies which will give them exposure in Radio Astronomy. 

Learning Outcomes: 

After completing this course, the students: 

 Will have a strong basis on stellar structures and evolution that they will be able to apply to understand 
exotic astrophysical phenomena. 

 Will develop concepts on fundamental physical processes/laws governing the universe from nuclear 
to cosmological range. 

 Will be acquainted with various important aspects of astrophysical processes – the realization of what 
is only possible by studying celestial objects in the universe. 

 Will understand the densest matter of the universe – objects that are governing the evolution of the 
universe.   

 Will have the knowledge to verify different fundamental physical laws, which is otherwise not feasible 
to test/realize in a human-made laboratory.   

 Will be familiar with different types of astronomy along with imaging the universe at radio 
wavelengths (Radio Astronomy), which will enable them to understand the unseen universe. Radio 
Astronomy is a highly demanded field of research at the current time. 

 Will develop a skill to be a successful researcher in the field of astronomy and astrophysics. 
 

Unit 
No. 

Topics to be Covered 
Lecture
Hours 

Learning Outcome 

1 

Universe at different electromagnetic frequencies 
and from the point of view of gravitational waves. 
Astrophysical scales: length, time and mass. 
Stellar timescales: Dynamic, thermal and nuclear 
timescales. Life of stars, physics of stellar interior. 
Observable properties of stars, stellar brightness, 
spectral analysis, color magnitude diagram. 
Evolution of stars. 

9 

This unit gives students a comprehensive 
introduction to celestial constituents and 
the different fundamental time scales 
over which stellar evolution occurs in the 
universe. 

2 
Hydrostatic equilibrium. Virial theorem. Stellar 
structure: Radiative transport in stellar interiors, 
Opacity. 

5 
This unit helps students to understand 
how settler bodies form and maintain a 
state of equilibrium during their lifetimes. 

3 

Nuclear Energy generation in stars. Cross section 
of reactions. Average reaction rate. Hydrogen 
burning. Fusion of Helium. Formation of heavier 
elements. Nuclear statistical equilibrium. Zero-
age main sequence. Non-degenerate stars. 
Degenerate stars: White dwarfs. 

5 

Allows a deeper understanding of the 
physics of nuclear fusion that is 
responsible for the energy generation 
within stellar bodies and protects them 
against gravitational collapse. 
Consequently, grasp the concept of how 
elements heavier than hydrogen and 
helium (primordial universe) are formed. 



 
 

4 

Late stages of stellar evolution: Supernova. Core-
collapse and thermonuclear explosions (Type Ia). 
Different types of explosions. Supernova 
remnants. Supernova interaction with 
circumstellar medium: generation of shocks.  
Physics of shocks. Formation of neutron star, 
black hole binaries. Physics of accretion and jet 
launching. 

6 

To know what happens before and during 
staller objects die – explosion of stars, 
creation of the densest matter of the 
universe, supersonic outflows. It helps 
one to understand the kinematic and 
dynamic evolution of the astrophysical 
objects of the universe. 

5 

Electromagnetic radiation from astrophysical 
shocks, accretion disks and jets. Theory of 
radiation fields. Radiation from moving charges. 
Radiation processes: Thermal and non-thermal 
emissions: Bremsstrahlung, Synchrotron, inverse-
Compton emission. 

9 

To understand the fundamental physics of 
different radiation processes responsible 
for emission from astrophysical 
phenomena on a wide range of scales. 

 
 

6 

Astronomy at different wavelengths. Radio 
astronomy: Observing the universe at radio 
wavelengths. Different radio telescopes around 
the world, observation strategies.  Single dish 
observations. Radio interferometers and aperture 
synthesis. Interferometric data analysis and radio 
imaging. 

8 

This unit covers astronomy at different 
wavelengths with a primary focus on how 
to observe the universe (stars, supernovae, 
jets, galaxies, black holes, neutron stars, 
white dwarfs, etc.) at radio frequencies 
using different telescopes around the 
world. Imaging the astrophysical objects 
at radio wavelengths reveals the unknown 
universe/phenomenon to us and allows us 
to explore the fundamental physical 
laws/processes at play. 

 Total 42  

 

Textbooks: 
1. Stellar Structure and Evolution: R. Kippenhahn, A. Weigert, A. Weiss; 2nd Edition, Springer, 2012. 
2. Introduction to Stellar Atmospheres and Interiors: E. Novotny; 1st Edition, Oxford University Press, 

1973. 
3. Radiative Processes in Astrophysics: G. B. Rybicki, A. P. Lightman; 1st Edition, Wiley-VCH, 1979. 
4. High Energy Astrophysics: M. S. Longair; 1st Edition, Cambridge University Press, 1981.  
5. Radio Astronomy: J. D. Kraus; 2nd Edition, Cygnus-Quasar Books, 1986. 
6. Essential Radio Astronomy: J. J. Condon, S. M. Ransom; 1st Edition, Princeton University Press, 2016. 

 
Reference Books: 

1. An Introduction to the Study of Stellar Structure: S. Chandrasekhar; 1st Edition, Dover Publications, 
1957. 

2. Principles of Stellar Evolution and Nucleosynthesis: J. P. Cox, R. T. Giuli; 1st Edition, Gordon and 
Breach, 1968. 

3. The Internal Constitution of the Stars: A. S. Eddington; 1st Edition, Cambridge University Press, 1930. 
4. Structure and Evolution of the Stars: M. Schwarzschild; 1st Edition, Princeton University Press, 1958. 
5. Black Holes, White Dwarfs, and Neutron Stars: S. L. Shapiro, S. A. Teukolsky; 1st Edition, Wiley-

Interscience, 1983. 
6. Handbook of Supernovae: A. W. Alsabti, P. Murdin (Eds.); 1st Edition, Springer, 2017. 
7. Tools of Radio Astronomy: T. L. Wilson, K. Rohlfs, S. Hüttemeister; 6th Edition, Springer, 2013. 

 
 
 
 
 
 
 


