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My take

I What do we do in mathematics?

I We do logical thinking.

I Given a set of statements, what are the statements we can
deduce is what bothers us most of the time.

I We learn to make these deductions systematically.

I The statements we start with or which we take for granted are
axioms.

I We think of some deductions as important or beautiful. We
call them as theorems.
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Logical deductions

I We need to be careful in making deductions.

I A statement seen: ”Smoking causes cancer”.

I Some one does not believe in it and tries to refute it by:
”Well, a friend of mine got cancer though no one in his family
smoked! ”

I There is no contradiction here! Non-smoking also may cause
cancer!

I Starting with a small set of axioms, the whole edifice of
mathematics is built using logical deductions.
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Applications

I We use Mathematics to know the real life.

I We do this by modeling what we see.

I We model: The space around us through geometry.

I Dynamics through calculus.

I Randomness through probability.

I So on.

I We see structural, logical similarities in many different
contexts.
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Amazing diversity of Applications

I Physics: Have a look at this famous essay: ”The
Unreasonable Effectiveness of Mathematics in the Natural
Sciences”, by E. Wigner.

I Computer Science, Biology, Chemistry, Statistics,
Economics,... Everywhere there are mathematical models.

I All our technology is built using mathematics.

I We are living in a digital world. We convert all the
information into digits. A sequence of 0’s and 1’s, The
information could be audio, image, video, currency,...

I Keeping the information safe is done using cryptology. That
also uses mathematics in a non-trivial way.
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Clarity and rigour.

I Mathematicians try to be precise.

I The setting should be clear. The statements should be clear,
the deductions should be clear and so on.
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A story from the internet

I Black sheep:

I An engineer, a physicist, and a mathematician were on a train
heading north, and had just crossed the border into Scotland.

I The engineer looked out of the window and said ”Look!
Scottish sheep are black!”

I The physicist said, ”No, no. Some Scottish sheep are black.”

I The mathematician looked irritated and said: ”All we can say
is that there is one field, containing at least one sheep, of
which at least one side is black, as of now.”
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Different areas in Mathematics

I To begin with people talk of ‘pure mathematics’ and ‘applied
mathematics’.

I Like for instance you may considering modeling COVID
situation as applied mathematics.

I In pure mathematics we have areas like algebra, analysis,
geometry, number theory, complex analysis, combinatorics and
so on.

I It is very important to understand that these are broad
classifications. There are no strict borders. More importantly
very often methods and results become useful in another area.
For instance, complex analysis is routinely used to do number
theory.

I In other words all these topics are deeply inter-connected.
Simply said, mathematics is one subject.

I You should learn basics of all the areas for now. Specialization
comes only at an advanced level. You should not bother
about it for now. Just have an open mind about all the areas.
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Challenge problem

I Fix n ∈ N and take S = {1, 2, . . . , n}.

I Let F be a collection of subsets with following two properties:

I (i) F 6= ∅ ; F 6= {∅}.
I (ii) If A ∈ F and B ∈ F then A

⋃
B ∈ F .

I Suppose M = ]F . Here ] denotes number of elements in a set.

I Show that there exists j ∈ S such that

]{A ∈ F : j ∈ A} ≥ M

2
.

I In other words, there exists an element j which is contained in
at least half the sets in F .
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I Take S = {1, 2, . . . , 10}.

I F1 = {∅, {1, 2}, {2, 3}, {1, 2, 3}}
I F2 = {A ⊆ S : 1 ∈ A}.
I F3 = {A ⊆ S : 1 /∈ A}.
I F4 = {A ⊆ S : ]A = 2}.
I Then F1,F2,F3 satisfy conditions (i), (ii). F4 does not

satisfy condition (iii).
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Continuation

I S = {1, 2, . . . , 10}.

I F1 = {∅, {1, 2}, {2, 3}, {1, 2, 3}}.
I ]F1 = 4; and we can take j = 2. There are three sets in F1

containing j .

I F2 = {A ⊆ S : 1 ∈ A}.
I ]F2 = 29; and we can take j = 1 and ]{A ∈ F2 : j ∈ A} = 29.

I F3 = {A ⊆ S : 1 /∈ A}.
I ]F1 = 29; and we can take j = 2 (or any number in S

different from 1) and ]{A ∈ F3 : j ∈ A} = 28.

I END OF LECTURE 1.
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different from 1) and ]{A ∈ F3 : j ∈ A} = 28.

I END OF LECTURE 1.
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