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What is Astrophysics?

Does the beauty of the night sky fill you with wonder? Does nature and her complexity 

fascinate you?  And does it boggle your mind that what causes the apple, or mangoes for 

that matter, to fall, is also what holds our cosmic home - the solar system - together? Then 

astrophysics may be for you! 

Astrophysicists apply the laws of physics that we know to phenomena that we observe in 

the cosmos and thereby develop an understanding of how the universe works. Sometimes 

what we see in the universe may change our laws too, and thus make very important 

contributions to physics. Who are astronomers then? Historically, the study of the cosmos 

primarily involved the measurement of star positions, which had important applications in 

navigation, for example. Strictly speaking, astronomy refers to such measurements, 

whereas astrophysics applies the principles of physics to understand the universe. Today, 

however, we make measurements not just of star positions but of a host of other things 

that we can see in the sky, and all of what is referred to as astronomy or as astrophysics 

involves observing phenomena in our cosmos and understanding them using physics.  The 

terms astrophysics/astrophysicist and astronomy/astronomer are used interchangably.

The Practice of Astrophysics

Astrophysics consists broadly of four different approaches. Instrumentation research into 

cutting-edge technology, including photonics, optics, electronics and detector technology 

at different wavelengths (radio, infrared, ultraviolet, X-rays, gamma rays and even 

gravitational waves) develops super-sensitive instruments and telescopes that observe the 

sky. Observational research uses these instruments and telescopes to gather data from the 

cosmos, analyse them and interpret them in light of our current physics understanding.  

Theoretical research builds models to explain what is observed and make predictions 

about what might be observed to further test the models and theories.  And finally physics-

based computer simulations use the enormous computing power now available to conduct 
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quasi-experiments to predict the outcomes of these theories and compare them with what 

is observed in the sky. Many astrophysicists today use more than one of these approaches.

Required Skills

What are the skills needed to become an astrophysicist? Physics skills are really the ‘core’. 

Mathematics is the language with which physicists understand nature, and is   essential. 

Some areas of astrophysics draw upon chemistry, geology and even biology. Engineering 

skills are key to the enterprise - to harnessing cutting-edge technology for the development 

of instrumentation.  Computing skills are also essential, although not a pre-requisite, since 

they are straightforward to acquire as long as you do not dislike working with computers. 

Verbal and written communication skills are a big asset, and will significantly enhance the 

quality of the scientific case you make, dissemination of your results, apart from of course 

your teaching and outreach. It is worth noting that interactions with non-specialists always 

lead to thought-provoking questions and deepening of one’s understanding.  But 

fundamentally, astrophysics, and indeed any branch of academic research, is about 

curiosity, passion and scientific rigour. 

Find out if its for you

Read about cutting-edge astrophysics on websites such as those of the Hubble Space 

Telescope, Chandra X-ray Observatory, the Sloan Digital Sky Survey and the Wilkinson 

Microwave Anisotropy Probe. Participate in Citizen Science Projects online such as the 

Galaxy Zoo project (that seeks to understand galaxies in the universe) or the Planet 

Hunters project (that seeks to find planets around stars other than our Sun) in which even 

people without formal training in astrophysics can take part. Get involved with your local 

amateur astronomers and sky-watching clubs to experience the thrill of the night sky and 

the excitement of hanging out with impassioned night-sky lovers. Listen to the myriad 

online lectures - e.g., those by Jocelyn Bell and Jane Rigby; a delightful recent one is by the 

winner of the 2011 Nobel Prize in physics, Saul Perlmutter. Visit the planetarium in the city  

nearest to you. Planetaria  house several interesting exhibits and conduct “sky-theatre” 

shows that mimic the night sky and open an exploratory window into it. Planetaria also 

offer lectures on astrophysics-related topics that are accessible to high-school and up, and 

also special programmes, workshops and summer projects for students. At the Bachelor’s 

and Masters levels, there are several summer schools and summer project opportunities 

offered by research institutions around the country, such as the Indian Institute of 

Astrophysics, Inter-University Centre for Astronomy and Astrophysics, Raman Research 

Institute, Tata Institute of Fundamental Research and the Indian Institute of Science. 



Involvement with such activities are an excellent way to find out if astrophysics and 

physics are for you. 

Career path

The simplest way to do astrophysics/astronomy research is to become part of a scientific 

institution or university. A solid  grounding in physics in a Bachelors programme which 

has good quality physics teaching and laboratory courses is the first step towards this goal. 

The degree could be a B.Sc. or B.E./B.Tech depending on your aptitude.  Typically, this is 

followed by a Masters or directly a Ph.D.  There are several research institutions and 

university physics departments in the country that offer Ph.D. programmes in 

astrophysics. Some of them, such as the Indian Institute of Astrophysics, offer  “Integrated 

MSc-PhD” or Integrated MTech-PhD” programmes as well. Selection into these 

programmes typically involve a written exam in basic BSc-level physics and mathematics 

followed by an oral examination/interview. You should explore the different programmes 

and what their entrance mechanisms are about a year in advance.  Starting a Ph.D. is 

always a big step because it involves a roughly five-year commitment and enormous hard 

work to harness one’s skills, creativity and passion towards an in-depth investigation of a 

narrow scientific question. 

After the Ph.D., typically you would do research for about 3-4 years as a “post-doctoral 

fellow” in order to increase your standing in the profession. This should preferably be done 

in a group and country different from where you got your Ph.D., in order to gain wider 

experience  of varied institutions and work cultures. After this, you would be ready to seek 

permanent positions that are teaching + research positions in a university or research 

institution. 

Is Astronomy “useful”?

Not anymore than music, sculpture or dance is. These are pursuits that are clearly very 

natural to the human psyche,  besides which, they also enrich our lives and are hallmarks 

of our civilisation. Astrophysicists are ultimately lovers of nature who try to understand 

her workings within the framework of physics. 

Historically astronomy did play a crucial role in navigation and time-keeping. Helium, the 

element that fills balloons and airships, and has several industrial applications today  was 

first discovered by observing the Sun. Einstein’s discovery of the effect of gravity on the 

frequency of light has relevance to positioning systems such as the GPS. Astrophysicists do 

work with cutting-edge-technology to observe the happenings in the universe, and may 

occasionally contribute to the developments/inventions in technology as a result.   But 



such contributions  do not occur very often, and they are not the primary driver of the 

pursuit. 

Astronomy, however, has a deeply cultural role. It is one of the oldest sciences, practiced 

even by pre-historic cultures all over the world.  It was Galileo Galilei’s discoveries that the 

moon had hills and valleys, that the sun had sunspots, and that the white patches that 

constituted the Milky Way were really zillions of stars, which brought us closer to the 

notion of the “ordinariness” of our earth and our solar system. By sharing their 

understanding with the public, astrophysicists not only bring the joy of scientific enquiry 

to larger audiences, but they also influence human perceptions about our place in the 

universe. Astrophysics has had a huge impact on human civilisation in this way.  

Today astrophysicists study not just the Milky Way but the billions of other galaxies in the  

depths of the universe. The more distant these galaxies are from us, the longer their light 

takes to reach us. Since we are not in a special spot in the universe, to learn our own 

cosmic history all we need to do is look further and further away, because by peering into 

the distance, we are also looking back in time. We know that we and the living things 

around us are made of elements that were cooked in the nuclear furnaces inside stars - 

providing more than just a cultural link with the cosmos.

Recent technological leaps, especially in light-detection and computing have made  

astrophysics even more of a public enterprise. Not only are modest-sized telescopes now 

useful in doing cutting-edge science when fitted with these modern-day cameras, but 

untrained people can participate in the generation of new knowledge, by involving 

themselves in citizen science projects via the internet. Thus amateur astronomy and citizen 

science have come to play a significant role in knowledge generation in astrophysics. 

The ‘Final Frontier’

This is a very exciting time to be an astrophysicist. The planet hunters have found over 700 

planets around stars other than our Sun. Astrophysicists have measured the age of the 

universe, and how tiny its curvature must be. They have found that the universe is not just 

expanding, but that this expansion is speeding up with time! And that ordinary matter 

makes up only about 4% of the universe, but with just thos 4%, it is still realistic to venture 

into understanding the rest of the 96%!

Gone are the days when it was necessary to have a telescope in our backyard or be part of 

an institute with a big telescopes to do cutting-edge research. The telescopes of today, 

whether gigantic or medium-sized, whether in space or on earth, are built for the use by 

the larger world-wide community, with the data often nicely archived and publicly 



accessible over the internet, for multiple uses, to address a multiplicity of scientific 

questions. 

List of websites

NASA Imagine the Universe:   imagine.gsfc.nasa.gov
The Hubble Space Telescope:   hubblesite.org
The Chandra X-ray Observatory: chandra.harvard.edu
Planets outside our Solar System: exoplanets.org
The Sloan Digital Sky Survey: www.sdss.jhu.edu
The Galaxy Zoo project: www.galaxyzoo.org
The Planet Hunters project: planethunters.org
Cornell University ‘Ask an Astronomer’:  curious.astro.cornell.edu
On-line Post-graduate Astronomy Courses: astronomy.swin.edu.au/sao
Stellarium (Planetarium software): www.stellarium.org
Google Sky: www.google.com/sky
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