What do research mathematicians really do?
Science has progressed in giant leaps over the last few centuries. While we now know a lot about our universe, we are still searching for answers to many of nature’s mysteries. Research scientists certainly have a lot to work to do !  

But what about research mathematicians? Don’t we already know all about the numbers, functions, geometrical shapes and their properties? What more can possibly be there to discover in mathematics that is genuinely new? Have you ever wondered ? 

The most fundamental notions of mathematics are numbers, functions, geometry and symmetry. Mathematicians undertake a deeper study of these. They formulate meaningful new questions and try to answer them. Along the way, they often develop more useful concepts and uncover connections to other parts of mathematics. New theory suggests fresh questions. The cycle continues !

BOX Numbers and Functions
A number is a convenient mathematical tool to count or measure something in our everyday lives. The integers such as ...,2,-1,0,1,2,... are our most familiar number system. We can perform operations such as addition, subtraction, multiplication and division on them. Prime numbers are those natural numbers (except 1) which cannot be written as the product of two smaller natural numbers. For instance, 10 is not a prime, while 7 is. We also learn about other number systems such as the real numbers (including fractions, etc) and complex numbers in school. Complex numbers are those numbers which involve the imaginary number √-1. This number, represented as i, is found to be convenient when describing trigonometric functions such as sine and cosine of angles. You must also have learnt about the number π, which occurs in geometry when studying areas or perimeters of circles. 

What about functions? These talk about relations between different quantities. To get the area of a circle of a given radius r, you have to use the formula, area A=π r2. We can say that A is a function of the radius, r, and express it as A(r). For every value of the variable r there is a value for A, which we can find using this relation. More generally, a function can depend on many variables.

END OF BOX
BOX Geometry and Symmetry
You may have drawn beautiful repeating pictures using compass and pencil. The human eye can easily spot these repeating patterns. That is because there is a symmetry in the way they are drawn. Look at the beautiful symmetric pattern on the ceiling of the Lotfollah mosque, Isfahan, Iran.
For instance, one part of the drawing may be the mirror image of the other. This is called mirror symmetry. Understanding such symmetries can give deeper insight into a mathematical problem.

END OF BOX
Applications of abstract mathematical theories to other fields such as physics, biology, and computer science, often arise unexpectedly. Such interactions also can give rise to newer directions of research in pure mathematics.

BOXED STATEMENT The physicist Eugene Wigner famously remarked: “The miracle of the appropriateness of the language of mathematics for the formulation of the laws of physics is a wonderful gift which we neither understand nor deserve.”
What follows is a brief description of the broad fields of research pursued by mathematicians at 

The Institute of Mathematical Sciences, Chennai.
Number Theory
All of mathematics began with numbers and counting. Many interesting concepts arise naturally when one studies numbers in depth. The Riemann zeta function is perhaps the most famous of them all.  (See the picture of Bernhard Riemann alongside). It has a very simple description as a sum of infinitely many terms: 

ζ(s) = 1 + 1/2s + 1/3s + 1/4s +...
To be able to add these infinitely many terms and get a finite answer, we need the variable s to be larger than 1. But there is another way of defining the zeta function which works for all complex numbers s.
A beautiful formula discovered by the famous Swiss mathematician Leonhard Euler (1707-1783) tells us the value of the zeta function when s=2:
ζ(2) = 1 + 1/4 + 1/9 + 1/16 +1/25 +.... = π2/6 .
The appearance of the number π in this formula is truly unexpected, don’t you agree?
Zeta function and primes
From the time of the ancient Greeks, it has been known that there are infinitely many prime numbers. (See box for a description of prime numbers). A delightful proof of this fact appears in Euclid’s famous work ‘Elements’ from the year 300 BC. One of the oldest surviving fragments of Euclid’s Elements, found at Oxyrhynchus in Egypt, is shown in the picture. The diagram accompanies Book II, Proposition 5, of his book. But even today, we still do not know the distribution of these primes. For example, you can count how many primes there are between 1 and 100. But there is no exact formula for how many primes there are between any two arbitrary natural numbers.

The German mathematician Bernhard Riemann (1826-1866) first discovered the importance of the zeta function ζ(s) in understanding the distribution of prime numbers. He proposed a conjecture about ζ(s) that today goes by the name of the Riemann Hypothesis. The word “hypothesis” means that he has suggested something that is possibly true, but we do not yet have a way to prove that it is true. It has remained one of the most famous unsolved problems in mathematics. Attempts to prove the Riemann Hypothesis have spurred a vast body of mathematics that has advanced our understanding of number theory and many other fields. The original problem has not been solved, but has served as a fertile source of new ideas, questions and connections. This often happens in mathematics!

BOX
Srinivasa Ramanujan (1887-1920) was another master of number theory. He discovered many astonishing results about numbers and special functions. His work continues to inspire each new generation of mathematicians. For example, his results on the so-called Ramanujan tau function served as the starting point of much modern work on special functions called modular forms.

END OF BOX
Algebra (or number systems in the abstract)
Mathematicians often like to generalise and abstract out the key features from known examples. Familiar number systems such as the integers, real or complex numbers (See Box on Numbers) allow us to perform addition, multiplication and other operations. Starting with these and generalising, we obtain what can be called abstract number systems - think of them as parallel universes where one has new objects on which to perform these operations. Any question we can ask about the real or complex numbers, we can also ask in abstract number systems (for eg, how does one solve a quadratic equation there?). These abstract number systems are given names such as groups, rings, fields, monoids, algebras, etc. They form a unifying framework for questions in diverse parts of mathematics. Amazingly, they also find applications in physics (eg quantum mechanics), chemistry (eg molecular spectroscopy), computer science (eg models for parallel computing) etc.

Geometry
Lines, circles, a ruler, compass and protractor are often our first introduction to geometry in school. This is called plane geometry since the objects we draw are all in 2-dimensions or in the plane. The systematic study of plane geometry is one of the glorious achievements of the ancient Greek civilisation. Here we come across the terms axioms and proofs for the first time. These are two foundational aspects of modern mathematics. An axiom or postulate is a statement that is taken to be true. A set of axioms is then used to prove certain other statements. For instance, one of Euclid’s axioms says: It is possible to draw only one straight line from any point to any other point. Using such axioms, you can prove other statements as being true.

One also studies geometry in 3-dimensions, since the world around us is such. Then, why not study any number of dimensions? We can’t possibly imagine anything beyond 3 dimensions, but the general framework of geometry can be formulated in any dimension. You may think that this is just an idle pastime. But in fact, this point-of-view has numerous important applications. For example, Einstein’s special theory of relativity treats 3-dimensional space together with time as a composite 4-dimensional entity. Curved geometrical objects in higher dimensions are rich in mathematical properties and form models for physical phenomena as well (eg. gravity). These geometrical objects are studied by mathematicians using a variety of techniques - from abstract algebra to sophisticated calculus.

Hence, a study of mathematics is not only interesting on its own, but has also helped advance diverse fields such as physics, chemistry, and biology. Numerous research problems of great interest and depth can be found in all sub-fields of mathematics.

