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Interview with Dr. Gaurav Bhatnagar

Dr. Gaurav Bhatnagar is a Visiting Associate Professor at Ashoka University. He obtained his Ph.D.
in Mathematics from The Ohio State University in 1995 under the direction of Stephen C. Milne. After
his Ph.D, he spent one year each at Ohio State and the Indian Statistical Institute, Delhi. Subsequently,
he joined the industry, where he made a significant contribution to the teaching and learning processes of
Indian schools. Since September 2015 he has held visiting positions in Indian Statistical Institute, Delhi,
University of Vienna and the School of Physical Sciences (SPS), JNU.

How and why were you first attracted to- ematics. There were some special showings of
wards mathematics? Carl Sagan’s “Cosmos” in the American Center in

Delhi, which was close to our school. We would

In high school I got into the company of some watch and then discuss what we saw. There was

friends who liked to discuss science and math- an atmosphere of discussing scientific and math-



Interview

ematical ideas. In Class 11, I took a mathemat-
ics Olympiad exam conducted by the Delhi School
Teachers association. There was a question there
which I had not seen before and I managed to do
it. It gave me a big kick, a feeling of exhilaration
that one gets on getting a creative idea. I thought

I will feel so good all my life if I do mathematics.

Is there any book which has influenced
you a lot in your education, teaching and
research? Please tell us about a few such
books.

Whenever 1 took a course in a new subject, I
looked for a book which was easy to read and
which would give an overview of the subject. It
would give me the idea of what was to follow. Usu-
ally such books emphasize the history of the topic.
A few examples: Galois Theory by lan Stewart,
Complex Analysis by Stewart and Tall. Nowadays
I find many such books.

The biggest influence in my teaching methodol-
ogy was a course on number theory I took at Ohio
State. This was the Ross program, conducted for
very bright high school students, but graduate stu-
dents were allowed to take it. The main idea of the
course was a huge number of problems which were
designed to help discover the ideas and then learn
how to prove the statements. It helped me realize
that it’s not so important how well I teach, what
matters is how well students learn. And the truth
of Halmos’ statement: “mathematics is learnt by
doing mathematics”. So I try to design my courses

to encourage students to do a lot of ‘doing’.

While writing research papers, I am influenced
by popular fiction more than any mathematics
books. I want my papers to tell an interesting

story. I also want them to be easy to understand,

so that more people will be able to read them if

they come across them.

Can you tell us about a few books written
for laypersons in mathematics that you par-
ticularly like and would recommend others

to read.

There was one book which really helped ease my
study of mathematics, especially where it came to
understanding proofs. It was a book of logic puz-
zles called What is the name of this book? by Ray-
mond Smullyan. Another one I really liked was
One, Two, Three, Infinity by George Gamow. I
also recommend The Man who knew infinity’ which
is a biography of Ramanujan and Hardy. Finally,
A Certain Ambiguity written by Gaurav Suri and
Hartosh Singh Bal has very explicit discussions of
the emotions one feels while studying mathemat-
ics, as well as some interesting philosophical discus-

sions regarding the foundations of mathematics.

In today’s world one of the prominent
sources of knowledge is the Internet. Do you
use the Internet regularly for your work? If
yes, then please tell us about a few resources
that you frequently use. Or, websites which
are dedicated to science/mathematics that

you particularly enjoy reading?

I use the Internet all the time. Whenever I don’t
know something I google it. I find Wikipedia quite
useful. Sometimes just googling a topic will lead
to a bunch of interesting books/notes/expository
papers which people have written to explain some-
thing. At least one is sure to explain in a way
I can understand. Whenever help is required for
programming, it is usually very easy to find. An-
other very useful resource I use quite often is Math-

SciNet™. It is especially useful to get to know what

LA subscription based service from the American Mathematical Society which features reviews of mathematical papers and

books. Available at http://mathscinet.ams.org.
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others have done in a particular area. Finally, for
expository notes, Quanta Magazine? has become

quite popular.

I use the graphing calculator at https://www.
desmos.com a lot, especially for teaching. I have
downloaded a version of the symbolic algebra pack-
age Sage from https://www.sagemath.com. It can

also be used online.

I should mention https://oeis.org. This is a
website of ‘interesting’ integer sequences. When-
ever I run across any new sequence in my work, I
check if it has been studied earlier from this site.
Often one finds references there which lead to more

ideas and connections.

Please tell us briefly about your thoughts
on mathematics, students of mathematics,
mathematics teaching and education, and

research.

I believe mathematics is an ‘arts subject’ and
should be taught this way. Yes, it is useful, but
the beauty of mathematics is easy to appreciate,
and is a better reason to study it, than the fact
that it will turn out to be important sometime in
the future. My focus while lecturing is to commu-
nicate the beauty of mathematics as I see it. But
as far as my students go, it doesn’t matter how
well I lecture. They will learn if they do a lot of
problems. So I design my courses accordingly, and

give lots of homework.

Regarding research. I really enjoy expository
writing. Once I write something, I feel I have un-
derstood it. I enjoy collaboration. Some of my

research came about since I wanted to learn some

2 http://quantamagazine.org

3 Mint, Accessed Jun 13, 2019, https://www.livemint.com/news/india/the-untold-story-of-girish-karnad-1560438038742.

html
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technique from a friend. One of the themes I come
back to repeatedly is a discovery approach to Ra-
manujan’s identities; this leads to some new results

too.

Students of mathematics tend to do very well
in other fields too. Learning mathematics is about
learning a way of thinking. I can do no better
than to quote Girish Karnad (translated by Sug-

ata Srinivasaraju®). Here is what Karnad says.

As a student of mathematics, initially,
I was not very loyal to the subject. It
was to score high marks that I took it up.
But when I got immersed in it as months
passed, I began to understand its rhythm,
its pitch, its progression, and crescendo.
Its beauty danced in front of my eyes. A
character in Aldous Huxley’s novel weeps
at the beauty of the Binomial Theorem.
There is nothing surprising about this re-
action when numbers unravel their mys-
tical attributes wave by wave, branch by
branch. I realized the impact that mathe-
matics had on me when I started writing
Tuglaq in Ozford. I solved the structural
issues like I would while working on the-
orems. I first figured out what internal
network and relationship different aspects
and characters of the play had, what its
balance at various points were, and what
happens to that balance if the play pro-
gresses in a certain direction, just like
The techni-

cal training, I needed to write plays came

it happens in a theorem.

from mathematics.
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Problem Section 2

Edited by Manjil P. Saikia
School of Mathematics, Cardiff University, CF24 4AG, UK

E-mail: manjil@saikia.in

We have started this section from the last issue, which will have problems without solutions.
We ask the solutions from the readers which we will publish in the subsequent issues. All
solutions should preferably be typed in LaTeX and emailed to the editor. If you would like
to propose problems for this section then please send your problems (with solutions) to the
above mentioned email address, preferably typed in LaTeX. Each problem or solution should
be typed on separate sheets. Solutions to problems in this issue must be received by 20 June,
2021. If a problem is not original, the proposer should inform the editor of the history of
the problem. A problem should not be submitted elsewhere while it is under consideration
for publication in Ganit Bikash. Solvers are asked to include references for any non-trivial
results they use in their solutions.

Problem 4. Proposed by Anupam Saikia (Indian Institute of Technology Guwahati).
Let F}, be the Fibonacci sequence defined as
=1 k=1 FHR=F1+F_2 n>2

Show that any prime p divides Fyp,2_1).
Problem 5. Proposed by Mangesh Rege (Shillong).

Do there exist infinitely many natural numbers n, such that n? 4+ 1 divides n!?

Problem 6. Proposed by B. Sury (Indian Statistical Institute, Bangalore).

If p(x) and ¢(x) are polynomials, with deg p(z) < degq(z) — 2 and if the roots ay, g, -+, a, of
q(z) are distinct, then prove that
Z p(a) —0.
= ()

q/(ai

Editor’s Note: Problem 3 of Volume 67, proposed by B. Sury also appeared as a problem in the
Indian National Mathematical Olympiad (INMO) 2019. The INMO problem was also proposed by
B. Sury.



A Taste of Analytic Number Theory, Part II!

Ayan Nath

HS Student, Kaliabor College

Abstract. These series of articles (three in total) are aimed at olympiad contestants, focuses
on solving olympiad Number Theory problems using analytic techniques and making contestants
familiar with common techniques and results in this topic. We started with the Prime Number
Theorem, giving an elementary proof of the weak version and establishing a few well known
estimates for the two Chebyshev functions. We also showed Mertens’ first theorem on the fly.
In this part we discuss Mertens’ second theorem, asymptotic density and equidistribution theorem.

In the concluding part we will present some problems.

2. Density
2.1. Asymptotic Density

Density of a subset S of N refers to the “proportion” of positive integers which are in S. For example,
what is the density of even numbers? Or in other words, what proportion of positive integers are

1
even numbers? Intuitively, the answer is 7 This notion is captured formally as:

Definition 2.1. Let S be a set of positive integers. The asymptotic density of S is defined as

d(S) = lim ISN{1,2,...,n}|

n—00 n

if the limit exists.

This may feel like a mouthful, but what the definition says is that we find the proportion for a
finite n and then take the limit n — co. One can also think of this as the probability that a positive
integer chosen at random belongs to S. What is the density of the set of prime numbers? Zero.

The following example showcases the power of density :

! Editor’s Note: Part I (in Volume 67) contained section 1.
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Example 2.2 (China TST 3 2015/3). Prove that there exist infinitely many integers n such that
n? + 1 is square-free.

Demonstration. The main idea is to estimate the number of positive integers n < N such that
n? + 1 is square-free using truncated Inclusion Exclusion Principle for some fixed N.

1. Define Ay = {n?+1|n < N, n?+1 is square-free}. Which primes divide numbers of the form
n? +17?

2. Fix some odd prime p = 1 (mod 4). At most how many multiples of p? are in Ax? To find this,
first show that the congruence n? +1 =0 (mod p?) has at most 2 solutions modulo p?.

3. What happens when p = 27 How many multiples of 4 are there in An?

4. Show that number of non-squarefree numbers in Ay is at most

> sl (o) E o)

p<N, 4|p—1 p<N p<N

Notice that we are totally dropping p =1 (mod 4) for now.

5. Show that the proportion (density) of square-free numbers in Ay is at least

6. Conclude by proving that

Remark 2.3. By tightly bounding, you can show that the density of n such that n? +1 is square-
free is at least 0.8924. This means that a positive integer of the form n? + 1 picked at random has
at least 89.24% chances of being square-free!

Remark 2.4. Note that here we are not proving the existence of the limit for density, it will be
painful to prove the existence every time we want to talk about density. Often we only care about
bounds on the density rather than computing its exact value. To take care of this issue we define

1,2,...
dupper(S) = lim Sup‘Sm{ ) &y ,n}‘

n—oo n

called the Upper Density of the set S and

n—00 n

called the Lower Density of the set S. So density of a set S exists if and only if dypper(S) =
Diower (S). If you want to be fully rigorous you can replace every word “density” with whatever

seems suitable from the above two in the rest of this article.
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Digression 2.5. Define
=1
C(S) = Ev
n=1
called the Riemann Zeta Function. It is well known that ((2) = %2 (buzzword: “Basel
problem”), the reason I am introducing this is because a few contest problems require you to
bound the sum of reciprocals of squares of primes, or in general sum of reciprocals of squares of

some set of positive integers. You can also prove that
1\ !
<<s>=H<1—ps> :
P

this is known as the Euler Product Formula.

2.2. Kronecker’s Theorem and Equidistribution Theorem
This section is a bit dense (no pun intended) so take your time.

You may already know what dense means, if not, here is the definition (note that denseness is
defined far more generally, here we only consider R) :

Definition 2.6. Let A be a subset of S C R, we say that A is dense in S if for every x € S and
€ > 0, there exists an element a € A such that a € (v — ¢,z +¢).

For our purposes S will mostly be an interval. Suppose S = [0,1] and let A C S be dense in S.
One can think of this as - there are elements of A arbitrarily close to both 0 and 1 and for any
a,b € A, there is some ¢ € (a,b) which belongs to A. For example, the set of rational numbers in
[0, 1] is dense in [0, 1]. The way I like to think about this (in case of intervals of R of course) is that
between any two elements of A there exists another element of A.

Theorem 2.7 (Kronecker’s Theorem). Let k be an irrational number. The set of fractional parts
of the terms of the sequence {nk}5°; is dense in [0, 1].

Proof. This is not difficult. Left as an exercise. See the end of this part for a proof. O
Actually, far more is true about the sequence {nk (mod 1)}>°, (here we write (mod 1) to

denote fractional parts, quite self-explanatory) where k is irrational, it is not only dense in [0, 1]
but “uniformly” dense in [0, 1]. “Uniformly” dense is exactly what you think it means - distributed
evenly. So we can say that equidistribution is nicer than simply being dense. This is defined
formally as :

Definition 2.8. Let {a,}n>1 be a sequence of real numbers in the interval [0, 1]. We say that the
sequence is equidistributed if

lim Hi|1<i<n, a; € [a,b]}|

n—o0 n

holds for all real numbers 0 < a < b < 1.

=b—-a
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Question 2.9. Digest the above definition. Prove that Equidistributed = Dense.

Theorem 2.10 (Equidistribution Theorem). Let k be an irrational number. The sequence of
fractional parts of the terms of the sequence {nk}>°, is equidistributed in [0, 1].

Demonstration. 1. By Kronecker’s theorem there exists N € N such that {Nk} < ¢ for some
very small £ > 0.
2. Consider the sequence T :
{NE},{2Nk},{3Nk},....

3. Imagine a number line and consider the interval [0,1]. Plot the sequence T' term by term on
the number line. Observe that there will be continuous runs of terms which belong to I = [a, b]
separated by runs of terms which don’t belong to I.

4. About how long are the runs of terms of both types?
5. Fix some large M. What proportion of the first M terms are in I7
6. Do the same thing with
{ik}, {(i + N)k},{(i + 2N)k}, ...,
forall1<i< N —1.

7. Sum up and conclude.

See the end of this part for a complete proof.

Example 2.11. Find the (asymptotic) density of positive integers n such that 7" begins with the
digits 42 in base-10.

Demonstration. 1. Prove that this is equivalent to having

43 42
log 10 > {nlog;, 7} > logyg 10

2. Using Equidistribution theorem, {nlog;,7} is equidistributed in [0, 1]. Using the definition of
equidistribution, conclude that the required density is
43 42 43

logio 75 ~ 10810 75 = 10810 13-
3. Mertens’ Second Theorem

Few readers may already know that the sum of reciprocals of primes is divergent. It is true that

Theorem 3.1 (Weak form of Mertens’ Second Theorem).

Z 1 loglogn + O(1).

p<n

Question 3.2. For those who know integration, why do we expect the LHS to be asymtotic to
loglogn?

See the last part for the proof of one direction.
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4. PNT for Arithmetic Progressions

This section unfortunately will lack proofs because they are not in the scope of Olympiad
Mathematics, but these results are very nice, so I decided to include them. We state a marvellous
result without proof:

Theorem 4.1 (PNT for Arithmetic Progressions). Let a,, = a + nd be an arithmetic progression

for relatively prime positive integers a and d. Then the number of primes in {aj,as,...,a,} is
asymptotic to
1 n
o(d) logn’

One can kind of intuitively see why this should be true - there are ¢(d) invertible residues modulo
d, namely, those coprime to d. Almost all the other theorems and estimates change the way you
would expect, they are scaled down by ¢(d).

Theorem 4.2. If ¢ and d are relatively prime positive integers then

logp 1
~ —— - logx.
2 p )

p<z
p=a (mod d)

1
logp~ ——-2x
2 )

p* <z for some keN
p=a (mod d)

(iii)
1
E logpw—gp()-x

p<z
p=a (mod d)
(iv)
1 1
Z fw—d‘loglogaz.
= o eld)
p=a (mod d)

Question 4.3. Why do we expect the scaling by ﬁ?

For further references on this, see [4] or [5].

5. Examples

I feel that this topic requires more examples than usual so plenty of examples follow from here.

Example 5.1. Prove that the sequence {|p,v]|}5° has infinitely many prime divisors where v is
some positive real number greater than 1.

Demonstration. The main idea here is to look at sum of reciprocals.

Ganit Bikash | Volume 68 | January - March, 2021 27



Article

1. Show that if {a, }2, is a sequence which has finitely many prime divisors say ¢; fori =1,2,...,k,
then Y — is convergent. Use the crude bound:
G,
k
1 1 1
S pr)
=1 % 4 g
2. Conclude.

Example 5.2 (Mathlinks). Find all polynomials p(z) € Z[z]| such that for all positive integers n,
we have that p(n) is a palindrome number?.

Demonstration. 1. Suppose p is non-constant. Let d = degp > 1.

2. It is pretty intuitive that there exist arbitrarily long runs of consecutive natural numbers whose

p—values start with the same fixed digit.
3. Verify it using p(z) ~ az? where a is the coefficient of z?.

4. Finish with modulo 10.

Example 5.3 (Canada MO 2020/4). Let S = {1,4,8,9,16,...} be the set of all perfect powers
ie. S={n*|n,keZk>2} Wearrange the elements of S into an increasing sequence {a;}°; .

Show that there are infinite many positive integers n such that 9999 | ap41 — ap.

Demonstration. 1. Find pairs of consecutive perfect squares whose difference is divisible by 9999.

Parametrize to get many such pairs.

2. You want to show that there are infinitely many such pairs of consecutive perfect squares between
which there is no perfect power.

3. Verify that these “pairs” of perfect squares are far denser than perfect odd powers to conclude.

Example 5.4 (Putnam 2007). Find all polynomials f with real coefficients such that if n is a
positive integer which is written in base 10 only with ones, then f(n) has the same property.

Demonstration. 1. Let f(15=) = 1050=

2. Suppose f is non-constant. Let the degree of f be d > 1 and f(z) = az® + o(z?%).

3. So it follows that
10" —1 a-10m
f ~ R
9 9

4. Show that the sequence z,, — nd is convergent. Let the limit be L then see that a = 941 . 10%.

L for all n where x,, is a sequence of positive integers.

5. Observe that z,, — nd must be eventually constant.

6. Finish the problem.

2 A number ¢ written in base 10 is called a Palindrome number, if ¢ reads the same from left to right, as it reads

from right to left. For example: 121, —123321 are Palindrome numbers, but 113 is not a Palindrome number.
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Example 5.5 (USAMO 2014/6). Prove that there is a constant ¢ > 0 with the following property:
If a,b,n are positive integers such that ged(a +i,0+ j) > 1 for all i,5 € {0,1,...,n}, then

min{a,b} > " -n2.

Demonstration. 1. Make an (n+1) x (n+1) table with the i, j-th entry being the smallest prime
divisor of ged(a +i,b+ j).
2. Try filling up the table with primes. Observe that the primes get large really quick.
3. Take some prime p. Get an upper bound on the number of times p can appear in the table.
4. Fix some large C. Show that the maximum number of entries that are occupied by primes at
n+17?
2 [ p l '

p<C

most C' is something like

5. Do some bounding and conclude that there exist a constant ¢ > 0 such that at least 50% of the

primes in the table are larger than cn?.

6. Thus there is some row/column with at least half of its primes larger than cn?.

7. Conclude.

Example 5.6 (Iran 3rd round 2011). Suppose that « is a real number and a1 < as < --- is
a strictly increasing sequence of natural numbers such that for each natural number n we have
an, < n® We call the prime number ¢ golden if there exists a natural number m such that g|a,,.
Suppose that ¢; < g2 < g3 < --- are all the golden prime numbers of the sequence {a,}.

(a) Prove that if & = 1.5, then ¢, < 1390™. Can you find a better bound for ¢,?
(b) Prove that if a = 2.4, then ¢, < 1390?". Can you find a better bound for g,?

Demonstration. This problem is quite tricky. We only demonstrate part (a), part (b) is similar.

1. Assume the contrary that there exist ¢, > 1390™, and take n to be minimal. Suppose r is the

minimal index such that ¢, | a,.

2. Get a lower bound on

\3
|
—

e
Il
—_
IS
wlie| T

just by using a, < n'?®.

3. Using the fact that all prime factors of the elements of the set {a1,as,...,a,—1} belong to the
set {q1,92,...,qn—1}, get an upper bound on S.

4. Combine and conclude.

5. Strengthen the bound.

1 1 1 1 . -1 —
6. Try considering Z:le o or Z:le 05 what happens? You may also try taking Z:le a;® for
k

some unspecified s.
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Example 5.7 (IMO 2008/3 improved). Let € > 0. Prove that there exist infinitely many n such
that there is a prime divisor of n? 4+ 1 which is larger than (1 — &)nlogn.

Demonstration. This is a pretty hard problem if you are not familiar with some common methods

and ideas in this subject.

1. The key idea is to analyse the product f(N) = [J"_;(n2 + 1) (note that this is the exact same

n=1
“global” idea discussed in the beginning of Section 1.2 in the last issue).

2. If p< Nisal (mod 4) prime then show that
N N N N
vp(f(N §2[W+2{W+2[W+-~+2[w
) <z| |2 | Dl vz il

where k = [log, N|. Handle p > N and p = 2 separately.
3. Get an upper bound on f(N) which looks something like

log p N
log f(N) <2log N Z 14+ 2N Z p71+ Z logp+§log2
p<N p<N p<t
p=1 (mod 4) p=1 (mod 4) p=1 (mod 4)

where ¢ is the largest prime divisor of f(N).

4. Bound f(N) from below and conclude.

Remark 5.8. Let ¢ > 0 be a sufficiently small constant. You can try showing that the set of all
positive integers n such that n? + 1 has a prime divisor larger than cnlogn has positive density.

Remark 5.9. In fact, there exist infinitely many n such that n?+ 1 has a prime divisor larger than

n%5. The proof is non-elementary.

Example 5.10 (STEMS 2020 B3/C5, Arka Karmakar). Let S(a) := {a’ 4+ a’ | i, € N}. Find all
tuples (a,b, f) with a,b € N and f € R[z| such that f(S(a)) C S(b). (Here f(S(a)) denotes the
image of S(a) under f.)

Demonstration. This one is pretty hard and the solution is a bit involved as well.

1. Guess the solutions. Note that the leading coefficient of f must be positive and f € Q[z] (prove
it). For now assume that f is non-constant.

2. Consider f(a"+a) = b" +b¥* and f(a™ +a?) = b"2 +bY2 where 21 > y; and z3 > yo. We expect
x1 = x9 for all large n. Why?

3. Prove the above. Hint: For n — oo the ratio of f(a"™ + a) and f(a" + a?) converges to 1, this is
basically the main intuition rigorised. Make separate cases for b > 2 and b = 2 if needed.

4. Generalise/extend the above.

5. Fix k, pick huge n and let f(a" + a’) = b'» + bAD) for all 4 = 1,2,3,. .., k. Here we can let it
to be t,, since it is independent of ¢ for small 3.
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6. It is not a bad guess that A(n,i) is an arithmetic progression for small i, you should actually
expect this to be true if you have already guessed the solutions.

7. To prove this, analyse v, for some prime p. Writing f(z) = 2%(zg(z) + ¢) might be helpful (you
secretly know what d and ¢ should be).

8. You would probably need this as a lemma: If p | b then p | a for all primes p (prove it).

9. Finish the problem.

6. Proofs of selected Theorems
6.1. Theorem 2.7 (Kronecker’s Theorem)

Pick any n € N. By the pigeonhole principle, there are two multiples of & whose fractional part
lie within 1/n of each other (to see this, divide [0, 1] into n equal intervals). Taking the difference,
there is a multiple of k& with fractional part less than 1/n. It follows that every z € [0, 1] is within
1/m of some {nk}, for any m. It is easy to see that we are done.

6.2. Theorem 2.10 (Equidistribution Theorem)

(Proof by mathco012009) Define I = [a, b] and let S denote the set of non-negative integers n for
which {nk} € I. We want to show that lim, . - a, where s, =|SN{1,2,--- ,n}|
n

By Kronecker’s theorem, for any ¢ > 0 there is a positive integer N for which {Nk} < e. Now
take an arbitrary integer 0 <4 < N and consider the infinite sequence T; given by

{ik}, {(i + N)k}, {(i + 2N)k}, {(i + 3N)k}, . ...

Assume ¢ is sufficiently small. Observe that there must be runs of terms in I separated with runs
of terms not in I. It is easy to see that the runs of terms in I has length V)_TQJ or {b_T“] where
L = {Nk}. Similarly, the runs of terms not in I has length either L#J or {#—‘ This
means that in the limit, between

A =t /( b +‘1—(z—a)‘>

wr = b—a] /<_b£a_ . 1—(2—@)_)

and

of the terms of T; are in I. (More precisely, let ¢,, denote the number of terms of 7T} that are in

t t
within the first n terms of 7;. Then lim inf,_ o, — > u_ and lim SUD;, o0 < Ug.)
n n

. .. Sn .
Of course, as we sum over ¢, we see that we must have liminf,, .., o > u_ and limsup,,_, <

s|®

U4.

Finally, since € was arbitrary, we can choose ¢ small enough such that w_ and w4 both approach

.. Sn . Sn .
b — a. Hence liminf,_,,, — = limsup,,_,., — = b — a, as desired.
n n
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6.3. Theorem 3.1 (Mertens’ Second Theorem,)

We only show the following:
1
Z — >loglogn + O(1).

p<n

The proof is motivated from the Euler product formula for the ¢ function.

Demonstration. 1. Look at Digression 2.5.
2. You would want to somehow “truncate” the Euler product formula so that you get information
about sum of reciprocals of primes till n.
3. Show that )
1\~ 1
logH(l—) :Z*—I-O(l),
p<n p p<n b
using the Taylor series of log(1 — z).
4. Get a lower bound on [[,.,, (1 — %)*1.
5. Conclude.

Readers interested in the complete proof may have a look at Abel Summation Formula® and start
with Mertens’ First Theorem.

[1] https://artofproblemsolving.com

[2] https://math.stackexchange.com

[3] An Introduction to The Theory of Numbers, Ivan Niven, Herbert S. Zuckerman, Hugh L. Montgomery, Wiley
India Pvt. Ltd.

[4] Problems from the Book, Titu Andreescu, Gabriel Dospinescu, XYZ Press

[5] Straight from the Book, Titu Andreescu, Gabriel Dospinescu, XYZ Press

3 https://en.wikipedia.org/wiki/Abel’,27s_summation_formula
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5 Problems 1 Solution : The Only Even
Prime Number

Pankaj Agarwal

Senior Lecturer, FIIT-JEE, Delhi, India

E-mail: pamathsfac@gmail.com

Under the title ‘5 problems 1 solution’, I intend to discuss 5 problems, which can be solved
using the same concept. I intend to keep the concept so simple that I expect we all know this
concept. The interesting part is how such a simple concept can be used to solve various type

of maths Olympiad problems.

Problem 1. Let p,q,r be distinct prime numbers. Prove that p 4+ g + r + pgr is a composite number.
(Berkeley Math circle, 2009)

Solution: Let N = p+ ¢+ r + pgr. We know that 2 is the only even prime number so, two cases arise:
Case I: p, q,r are all odd.

Then pgr is also odd. So, N is the sum of 4 odd numbers and hence even or a multiple of 2. Also,

N > 2. So, N is composite.

Case II: One of p,q,r is 2 and the rest are odd. (Note that all the primes p, g, r are distinct. So, only

one of them can be even.)
Let p = 2, and ¢,r are odd. So, N =24 q + r + 2qr.

Now, g + r is even. So, is 2 and 2¢r. So, N is even and N > 2. So, N is a composite number.

Problem 2. Find all primes p, ¢ such that 2p3¢? = 2(p + ¢)2.

(Junior Balkan Maths Olympaid, Shortlist — 2011)



Olympiad

Solution: We have
¢ =2p*(p+q)*. (1)

We know that 2 is the only even prime number. From equation (E]), we know that ¢ is even. But ¢ is also

prime as given in the question. So ¢ = 2. So, equation (E]) becomes 4 = 2p32(p + 2)2, which implies
(p3)(p* +2p +2) = 0.

Hence p = 3, [since p is prime, so p > 0. Hence p? + 2p + 2 # 0.] So, (p,q) = (3,2).

Problem 3. Find all pairs of prime numbers (p, ¢) for which Tpg® +p = q> +43p3 + 1.
(Dutch, 2015)

Solution: From the given equation we get

¢*(7p — q) = p(43p® — 1) + 1. (2)

Now, if p and g are both odd, then LHS is even while RHS is odd, which is not possible. So, we know
that we will use the concept that 2 is the only even prime number. Also, whether p is odd or even, the
expression p(43p?1) is always even and hence p(43p*1) + 1 is always odd. So, ¢?(7pq) is odd. Hence, q

cannot be even; so, p must be even. But p is also prime, so p = 2. Using p = 2 in equation (E) we have,
14¢® — ¢ = 343,

which implies that ¢3 = 7(2¢*> — 49). So, ¢ is a multiple of 7. But ¢ is prime. So ¢ = 7, which satisfies
equations (E) Hence p=2,¢=17.

Problem 4. Find all triples (p, q,7) of primes such that pg = r + 1 and 2(p? + ¢%) = r% + 1.
(Regional Mathematical Olympiad, India — 2013)

Solution: We have 72 = 2(p? + ¢?) — 1. So, 7 is odd. Hence, pg(= r + 1) is even. But both p and ¢ are
primes, so p =2 or g = 2.

Suppose p = 2, then we have r = 2¢ — 1 and 7% = 2¢> + 7.

Using above two relations we get ¢ = 3. So, r = 2¢q1 = 5.

Hence (p,q,7) = (2,3,5) or (3,2,5).

Problem 5. Let p and ¢ be prime numbers. Show that p? + ¢? + 2020 is composite.

(Kosavo, 2020)
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Solution: Here three cases arise:
Case I: p, ¢ are both odd. Then p? + ¢ 4+ 2020 is a multiple of 2 and hence composite.
Case II: p, ¢ are both even. Then also p? + ¢ + 2020 is a multiple of 2 and hence composite.
Case III: one of p,q is odd and other is even. So, let N = p? + ¢ + 2020.
Suppose p = 2 and ¢ is odd. Then N = ¢? + 2024. So, we need to prove that N is always composite.
Now, if ¢ = 3, than N =9 4 2024 = 2033 = 19 x 107.

Let ¢ # 3. We can write N = (¢q1)(¢ + 1) + 2025. Since, ¢ is not a multiple of 3, so either g1 or ¢+ 1 is
a multiple of 3. Also, 2025 = 3 x 675. So, N is a multiple of 3 and hence composite.

Bestdes these 5 problems, there are many problems that can be solved using the concept
that 2 is the only even prime number, of course in some of them some other concepts may
also be required. The question given below are in this category that can be solved using “2 is

the only even prime number” besides some other concept too.

1. Given z,y, z are primes such that Y + 1 = z. Find z,v, z.
(Assam Mathematics Olympiad, 2015)

(Hints: a™ + b™ is a multiple of a + b whenever n is an odd positive integer.)

2. Find the triplets of primes (a, b, ¢) such that ab8 and bc8 are primes.
(Hintotusbashi University, Japan — 2014)

(Hints: a, b are both odd so, ab8 = 2.)

3. Find all prime numbers p, ¢, r satisfying the equation p* + 2p + ¢* + ¢ = 2 + 4¢> + 1.
(Turkey Junior National Olympiad, 2013)
4. Find all prime numbers p, ¢ and r such that p > ¢ > r and the numbers pq, pr and gr are also prime.
(Solvenia, 2010)

(Hints: Show that p and ¢ are both odd and r is even and hence pg = 2,r = 2.)

5. There are three prime numbers. If the sum of their squares is 5070, then what is the product of these

numbers?
(International Mathematics competition, 2007)

(Hints: One of the primes is obviously 2. Prove that amongst the remaining two primes one is 5.)
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[Figures in the right margin indicate full marks for the question]

Like any other math problem, these problems can also be solved in several ways. We provide some hints

here. Interested students can communicate their own solutions with us too.

(1) If the area of the square ABCD is 4544 sq.cm., find the area of the shaded region. The dots on the

sides represent mid-points. 2

A B

D C

Solution. Shaded area :6i4 x 4544 = 71. O
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(2) Draw a star with five corner vertices, not necessarily regular. Let S be the sum of the five corner angles
(shaded). What is the value of S/4 7 3

£

S
Solution. Just use angle sum property of triangles to show that S = 180°. Hence, 1= 45°. O

(3) Given that the equation x?

of a. 3

—ax 4+ 12 = 0 has positive integer roots, find the sum of all possible values

Solution. Let a and 8 be the roots. Then, af = 12 and a4+ = a. Since « and [ are positive integers,
so we have the following possibilities only :
af=1x12=2x6=3x14

All possible values of a are 13, 8 and 7. Hence, required sum is 28. O
(4) Find the face value of the digit = such that the number 136119102856851244 is divisible by 17. 3
Solution. Observe that the number can be grouped to a few multiples of 17.

1361191028568512:44
=136 x 10" + 119 x 10'2 + 102 x 10% + 85 x 107 + 68 x 10° + 51 x 10 + 100z + 44
=100z + 44 (mod 17)
=15z + 10 (mod 17)
= — 2z + 10 (mod 17)

If the number is divisible by 17, then —2x 4+ 10 = 0 (mod 17) and since ged(2,17)=1, so x = 5 (mod
17). But z is a digit. So, x = 5. O

(5) How many paths can you draw from the point (0,0) to the point (4,4) in the Cartesian plane if you

are allowed to move only north or east and each step is restricted to be of length one unit only? 3

Solution. One such path is shown below :

Ganit Bikash | Volume 68 | January - March 2021 37



Olympiad

C e
R

£

Under the given restrictions, in order to go from (0,0) to (4,4) we need exactly 4 north steps and exactly

4 east steps in any possible order. So, the number of paths is equal to the number of permutations of

NNNNEEEE which is
8! 8XT7TXx6x5

Nxdl~ dx3x2 0 =

(6) Let P(zx) be a polynomial with positive integer coefficients such that the product of all the coefficients
(including the constant term) is 41. The remainder when P(x) is divided by x — 1 is 78. What is the
degree of P(x) ? 4

Solution. Let degree of P(xz) be n. Since all the coefficients are positive integers and their product
is 41 which is prime, so all coefficients must be 1 except one of the coefficients which must be 41.
The remainder when P(z) is divided by z — 1 is P(1). Now, P(1) is the sum of n ones and 41. So,
P(1) =n+41. Given, P(1) = 78. So, n + 41 = 78 and this gives n = 37. O

(7) You have Rs 172 and you want to spend this exact amount in buying pens and pencils worth Rs 11

and Rs 7 each respectively. How many ways can you make the purchase ? 4

Solution. Let x pens and y pencils be bought. Then, we need to find the non-negative integer solutions
of 1lx + 7y = 172.
11z + 7y =172

=1l + 7y =1654+7

=1llze4+7y=11 x15+7

=11(z — 15) = 7(1 — y)
So, 11 divides 7(1 — y). But ged(11,7)=1. So, 11 divides 1 — y and so divides y — 1. Since y is
non-negative, so y — 1 = 0,11,22,33,.... Out of these it is seen that the only possible solutions are

y=1,2 =15y =12, = 8 and y = 23,z = 1. So there are 3 possible ways of purchase. O

(8) Suppose that the least values obtained by the quadratics 22 + 3z + 19 and 2% — 7z + 3 (as x varies over

the set of real numbers) are a and b. What is a-b ? 4
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(10)

Solution.
) 3\ ? 9
*+3x+19=(x+-) +19— -
2 4
+32+67
= x —_ —_—
2 4
67
> 0
— 4
7\? 49
2
—Trx+3= - = 3— —
z T+ (x 2) + 1
(e T) T
B 2 4
37
- 4
Thus,az%andbz—%anda—b:%. O
AD is the bisector of angle BAC in a triangle ABC where D is a point on BC . Given that AB=7cm,
AC=5cm and area(ABC)=156 sq.cm, what is the area of triangle ABD 7 5
BD AB 7
lution. Since AD bisects / BA —=—=-.
Solution. Since isects C, so DC - AC — &

Triangles ABD and ADC have the same height. So, ratio of their areas is same as the ratio of their

bases.

S7o, areas of triangles ABD and ADC are in the ratio 7:5 and hence area of triangle ABD is
— X% 156 = 91. O
13 X 56 =9

A magic room contains 343 magic wands of 7 different colours. You are given a boon to ask for any
number of wands as you wish. What is the minimum number of wands that you should wish for so

that you get at least 14 wands of the same colour ? )

Proof. In the worst case scenario, it may happen that there are 13 wands of each of the 7 colours. So,
even if we wish for 7 x 13 = 91 wands, we cannot guarantee that we will get at least 14 wands of the
same colour. Anything less than 91 also doesn’t guarantee this. Thus, we must wish for at least 92

wands. O

The Fibonacci numbers are defined by the recurrence formula
F(n)=F(n—1)+ F(n—2) with F(1) =1 and F(2) = 1.
What is the smallest odd prime factor of F(2020)7 5
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(12)

(14)

Solution. Begin by observing the first few Fibonacci numbers. F(1)=1, F(2)=1, F(3)=1+1=2,
F(4)=2+1=3, F(5)=3+2=5, F(6)=5+3=8, F(7)=8+5=13, F(8)=13+8=21. The smallest odd prime
factor of F(4) and F(8) is 3. Let us work modulo 3 to see if we get any clue. Observe that the recurrence
formula gives

F(1)=1 (mod 3), F(2)= 1 (mod 3), F(3)= 2 (mod 3), F(4)= 0 (mod 3)

F(5)= 2 (mod 3), F(6)= 2 (mod 3), F(7)= 1 (mod 3), F(8)= 0 (mod 3)

Try to prove that if n is a multiple of 4, F(n) is divisible by 3. Hence, the smallest odd prime factor
of F(2020) is 3. O

Let x be the number of ways of distributing 4 distinguishable balls into 2 distinguishable boxes and y
be the number of ways to distribute 4 distinguishable balls in 9 distinguishable boxes such that each

box gets at most one ball. What is the value of y/3z ? )

Solution. Since the boxes and balls are distinguishable, so 1st ball can be placed in 2 ways, 2nd in 2
ways, 3rd in 2 ways and 4th in 2 ways. By multiplication rule of counting, z =2 x 2 x 2 x2=2% In
the second case, each box can contain at most one ball. So, 1st ball can be placed in 9 ways, 2nd in 8
ways, 3rd in 7 ways and 4th in 6 ways. So, y =9 x 8 x 7 x 6 = 2% x 3 x 63. Hence, y/3z = 63. Ul

In the given figure, AB is a diameter of the circle. PA is the tangent at A. If the radius is 4 cm and
length of tangent is 6 cm, what is the value of 5.PC ? 5

P

o

Solution. Radius is perpendicular to the tangent at the point of contact. So, in triangle PAB,
/PAB = 90°. By Pythagoras Theorem, PB? = PA? + AB?> = 6% + 8> = 100. So, PB = 10.
Now, PC x PB = PA?%. So, 10 x PC =36 = 5- PC = 18. O

You are given the task of drawing triangles of perimeter 17 units but with the restriction that the sides

must be integers. What is the maximum number of triangles that you can draw? )
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(16)

Solution. Let a,b, c be the sides. Then, a + b+ ¢ = 17. Now, sum of two sides of a triangle is greater
than the third side. So,
17
c<a+b=>2c<at+bt+c=>c< CR So, ¢ < 8.
Similarly, a < 8 and b < 8. We can assume a < b < ¢ < 8. Since the sides are integers, so we have the

following 8 possibilities :

alb|c
1188
21718
31618
3|77
41518
416 |7
51517
51616
O
Let  and y be digits. Six digit numbers of the form zyyxxy are constructed. How many of these are
divisible by 7 7 7
Solution.

zyyxzry = 1001102 4+ 11001y
= 3z + 4y (mod 7)
= 3z — 3y (mod 7)
Since the number is divisible by 7, so 3(x — y) = 0 (mod 7). But, ged(3,7)=1. Hence, z =y (mod 7).
One possibility is = y. In this case, there are 9 numbers, 111111, 222222, 333333, ..., 999999. Since

x and y are digits, so the other possibilities are:

r=9,y=21ie. 922992
r=28,y=11ie. 811881
x="T,y=0i.e. 700770
=2,y =91ie. 299229
xr =1,y =281ie. 188118

So, there are 14 such numbers. O

Find the number of integers between 1 and 200, both inclusive, that are not divisible by 3,5 and 8. 7

Solution. Let S be the set of integers between 1 and 200. Let A, B, C be subsets of S containing
numbers divisible by 3, 5, 8 respectively. Let |z] denote the greatest integer less than or equal to z.
Then,
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200 200 200
1= | 52| =611 = | 20| —a0.jc1 = | 52| =25
200 200 200
200

By principle of inclusion-exclusion,

|A°NBNCl=|S|—(JA|+ |B|+|C|)+ (|JANnB|+ |BNC|+|CNA|) —|[ANBNC|
=200 — (66 +40 +25) + (13+5+8) — 1

=94
O
Find the value of 7x + 9y if
i) ()
k=1 e
where (Z) represents "CY, i.e. the number of combinations of n things taken k at a time. 7

Solution. Let S be the sum in LHS. Since (}) = (,,",), we observe that

SZO'<g>z+1'<T>2+2'<Z>22+3'(Z>2+”'+2(n_1)'<nﬁ122+n'<222
:>S:n-< >2+ (n—1) (lel) +(n—2)-<2n7_12> ++l<?> +0-<g) 2 2
:>S:n-< >2+ (n—1) (?) 2+(n—22)-<g> +(n—3)2.<§) 2+...+1-<n21> +0-<Z>
jgszn{ () () @) () () +<g)}

2
= 25 :n< n) Standard result
( l
=25=n
n!n!
2n —1
L gop2n—1)
(n—1)n!
2n —1
:>S—n< " )
n—1
Thus, x =2 and y = 1. Hence, 7z 4 9y = 23. O

How many positive integers have the property that sum of the positive square roots of the integer and

its successor is less than 19 7 7

Solution. Let n be a positive integer such that /n + v/n + 1 < 19.
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(20)

Observe that if /n > 10, then /n ++v/n+1 > 20. In fact, if /n > 9.5, then also /n +vn+1 > 19.
Thus, we must have y/n < 9.5, so that n < 90.25. This gives, n < 90. It can be shown that n = 90
doesn’t satisfy the given condition but n < 89 satisfies it. O

Let = be an integer such that 522 — 98z is 57 less than a power of prime. Find the largest such prime.8
Proof. As per question,
522 — 98z = p" — 57
=522 — 98z + 57 = p"
=527 — 952 — 3x + 57 = p"
=(5x — 3)(z — 19) = p"
Since bx — 3 and x — 19 are integers and p is a prime, there are the following cases :
(a) bx —3 =1,z — 19 = p" (Not possible. Why?)
(b) 52 —3 = —1,2 — 19 = —p™ (Not possible. Why?)
(¢) bx —3 =p",z — 19 = 1 which gives p =97 and n = 1.
(d) 52 —3 = —p",z — 19 = —1 (Not possible. Why?)
)

(e) p divides both 5z — 3 and x — 19. In this case, by property of divisibility,
p|(5z — 3) — 5(x — 19) so that p|92. But 92 = 2 x 2 x 23. So, p = 2 or 23.

Hence, largest possible prime is 97. O

Three friends play a game where each of them chooses a positive integer and they multiply the three
integers thus obtained. The choice is said to be successful if the product is 5252. How many successful

choices are possible ? 8

Solution. Let z,y,z be the numbers chosen by the friends. The problem is to find the number of
ordered triplets of positive integers (z,y, z) such that xyz = 5252 = 22 x 13 x 101. Since x,y, z are
factors of 5252, so we can write

z=2% x 13" x 101 Thanks to Supratik Chattopadhyay

y = 2% x 13" x 101 for correcting the typo. 13 was typed as 5.

z=2% x 13% x 101¢

where
a1+ as +az =2 (1)
by +by+b3=1 (2)
ci+co+cyg=1 (3)

Number of non-negative integer solutions of (1) is 6, of (2) is 3 and of (3) is 3. Thus, number of ordered
triplets (z,y,2) is 6 x 3 x 3=54. O]
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S IR, Fo9 TRWET (So5b)
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June, 1992) | &IHCHIT TN FAET B FI4F ©F
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a3 PRI offenz TAR-EE TR @<
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goifqafes T <t | W2 Frarst! dw g e =7
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RS 7 | T A3 LT ifeross 24 @F (2o (=s
3q$ @bfers (Standard) Reeae ©ge a_s ew e HfY
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Report of Dibrugarh Branch:

Due to the on-going Covid-19 pandemic, there
were no offline activities held in the Dibrugarh dis-
trict for the period from March 2020 to Dec 2020.
However, members were made aware to participate
in online activities organized by other branches of
Assam Academy of Mathematics (including ‘Gonit
Sora (https://gonitsora.com)’). Online Ganit Bikash
magazine was distributed among residents of BCPL
Township at Barbaruah for the benefit of students
through Whatsapp.

Report of North Lakhimpur Branch:

The North Lakhimpur Branch of Assam Academy
of Mathematics celebrated the ‘National Mathemat-
ics Day’ in association with Department of Mathe-
matics, North Lakhimpur College, Lakhimpur. The
day was celebrated among close to 80 students to
mark the birth day of the legendary Indian math-
ematician Srinivasa Ramanujan. The inaugural ses-
sion of the event began with lightning of the lamp
and offering floral tributes to Srinivasa Ramanujan.
The General Secretary AAM, N. Lakhimpur branch
Mr. Dibyajyoti Gogoi delivered the welcome ad-
dress. He highlighted the significance of the Na-
tional Mathematics Day and provided a brief de-
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Planning for January till March 2021: 1) Offline
meeting with office bearers of Dibrugarh branch will
be organized in the month of January 2021 after
Magh Bihu. 2) Membership drive will be started
after the office bearer meeting. 3) Awareness pro-
gramme on Mathematics will be organized in BCPL

Township.

Dr. Pranjal Kumar Phukan

General Secretary, Dibrugarh Branch

scription of the programme. Dr. Prabin Phukan,
Associate Professor, Dept. of Mathematics, North
Lakhimpur College delivered his lecture on ’Erode
to Cambridge’. Then Mr. Sahidul Ahmed, Assistant
Professor, Dept. of Mathematics of the college high-
lighted the various fields worked by Ramanujan in
Mathematics and advised the students on the impor-
tance of learning mathematics in the present time.
At the end of the programme, vote of thanks was

delivered by one of the students of the department.

Mr. Dibyajyoti Gogoi

General Secretary, North Lakhimpur branch
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Report of Bongaigaon Branch:

National mathematics Day 2020 was celebrated
by AAM Bongaigaon Branch in association with De-
partment of Mathematics, Birjhora Mahavidyalaya,
Bongaigaon on 22nd December 2020. The meeting
was anchored by Ms. Chumi Ray, MO coordinator of
Bongaigaon Center and faculty of the college. The
meeting was inaugurated by Dr. K K Sarma, prin-
cipal of the college and in his welcome address he
briefly presented a glimpse on the life of Srinivasa
Ramanujan and the establishment of the celebra-
tion of National Mathematics Day. Dr. Amal Kumar
Deka, life member AAM & HoD, statistics depart-
ment of the college in his speech presented the
theme of this year’s celebration ‘Mathematics Ev-
erywhere’. He also spoke about a few mathematics
themed movies. Dr. Nabanita Konwar, assistant
professor, Mathematics Department of the college,
spoke about the works of the great mathematician.
She also familiarized the audience in depth of the
two prizes that is awarded in the name of Srini-

vasa Ramanujan - The SASTRA Ramanujan Prize and

the ICTP Ramanujan Prize for young Mathematicians
from developing countries. Few students of the col-
lege shared their views on the use of Mathematics
in daily life and the life and works of Ramanujan.
Mr. Manabendra Das, executive member AAM and
retired HoD of the Mathematics Department gave an
interesting talk which centered around two themes
of the contribution of Ramanujan to mathematics
and the conjunction of Jupiter and Saturn of 21st
December 2020. Mr. Birabrata Das Choudhury, ex-
ecutive member of AAM spoke about the origin and
activities of AAM. He stressed that the activities
should be carried out among school students to in-
culcate a passion of mathematics amongst them. An
interactive game on the theme ‘Mathematics Every-
where’ was played among the audience. At last,
the student presenters were awarded with a book
written on Ramanujan published by the AAM.

Arup Jyoti Mazumdar

General Secretary, Bongaigaon Branch
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AAM EXECUTIVE BODY (2020-2021)

President: Dr Ram Ch. Deka
Vice President: Dr. Rita Choudhury

General Secretary: Dr. Jnanjyoti Sarma

Joint Secretary: Dr. Ashish Paul & Dr Ujjwal Medhi

Treasurer: Dr. Biren Das

Executive Members: Dr. Tarakeswar Choudhury, Dr. Dwiraj Talukdar, Dr. Kuntala Patra, Dr.
Prabin Das, Mr. Birabrata Das Choudhury, Dr. Biren Das, Mr. Bibekananda Choudhury, Dr. Chandra
Rekha Mahanta, Dr. Bipan Hazarika, Dr. Debashish Bhattacharjee, Dr. Kukilkalpa Rajkhowa, Dr. Kamal
Devnath, Dr. Bimalendu Kalita, Dr. Ananadram Burahgohain, Mr. Ranjit Kalita, Dr. Arun Chaliha, Mr.
Manabendra Das, Mr. Padmeswar Senapati, Mr. Surajit Dutta, Mr. Deepjyoti Gogoi, Dr. Sibu Basak,
Dr. Siddhartha Gogoi, Mr. Kiran Ch. Ray, Mr. Sunil Deka, Mr. Lohit Ch. Medhi, Mr. Pankaj Jyoti

Mahanta, Dr. Manjil P. Saikia, Dr. Debashish Sharma

Co-opted Members: Dr. Sanjoy Dutta, Dr. Priya Deva Goswami, Mr. Trailokya Mohan Goswami,

Dr. Himasree Kalita

The Executive Committee meeting of AAM held on 20.09.2020 resolved to constitute the
following Sub Committee for the two year term 2020-21

Core Committee: Dr. Ram Ch. Deka, Pres-
ident, Dr. Tarakeswar Choudhury, Dr. Dwiraj
Talukdar, Dr. Kailash Ch. Goswami, Dr. Dilip
Sarma, Dr. Prabin Das, Dr. Helen K. Saikia, Dr.
Rita Choudhury, Dr. Kuntala Patra, Dr. Jnan-
jyoti Sarma, Dr. Biren Das, Mr. Birabrata Das
Choudhury, Dr. Ashish Paul, Dr. Ujjwal Medhi

Talent Search Committee:

Chairman: Dr. Prabin Das

Convener: Dr. Debashish Sharma & Dr.

Ashish Paul

Members: Dr. Ram Ch. Deka, Dr. Jnanjyoti
Sarma, Dr. Ashish Paul, Dr. Ujjwal Medhi, Dr.
Debashish Bhattacharjee, Dr. Bipan Hazarika, Dr.
Kukil Kalpa Rajkhowa, Dr. Kamal Devnath, Dr.
Bimalendu Kalita, Mr. Birbrata Das Choudhury

Publication Subcommittee:

Convener: Mr. Birabrata Das Choudhury

Members: Dr. Ram Ch. Deka, Dr. Dilip
Sarma, Dr. Prabin Das, Dr. Jnanjyoti Sarma, Dr.
Ashish Paul, Dr. Ujjwal Medhi, Dr. Sibu Basak,
Dr. Anandaram Burahgohain, Mr. Ranjit Kalita,
Mr. Padmeswar Senapati

Academic Subcommittee:

Convener: Dr. Kuntala Patra

Members: Dr. Ram Ch. Deka, Dr. Prabin
Das, Dr. Jnanjyoti Sarma, Mr. Birabrata Das
Choudhury, Dr. Kamal Devnath, Dr. Bimalendu
Kalita

Editorial Board: Ganit Bikash

Editor: Mr. Pankaj Jyoti Mahanta
Deputy Editor: Dr. Manjil P. Saikia

Members: Mr. Birabrata Das Choudhury, Dr.
Jnanjyoti Sarma, Mr. Pranjal Das

Editorial Board for Journal (JAAM):

Chief Editor: Prof. Rita Choudhury, Deptt.
of Mathematics Gauhati University

Associate Editor: Dr. Bipan Hazarika,
Deptt. of Mathematics Gauhati University

Members: Prof. Gopal Ch.
Deptt. of Mathematics, Dibrugarh University;
Prof. Bhaba Kr. Sarma, Deptt. of Mathe-
matics, IIT Guwahati; Prof. Bhola Iswar, Retd.
Prof. Deptt. of Mathematics, Bihar University;
Prof. Peeyush Chandra, Retd. Prof. Deptt. of
Mathematics, II'T, Kanpur; Prof. Dulal Chandra
Sanyal, Retd. Prof. of Deptt. of Mathemat-
ics, Kalyani University; Prof. Debajyoti Biswas,
Retd. Prof. Deptt. of Mathematics, Assam Uni-
versity; Prof. Uma Basu, Retd. Prof., Deptt. of
Mathematics, University of Calcutta; Prof. Prabir

Hazarika,

Kumar Kundu, Deptt. of Mathematics, Jadavpur
University; Dr. Nayandeep Deka Baruah, Deptt.
of Mathematical Sciences, Tezpur University; Dr.
Debasish Bhattacharjee, Deptt. of Mathematics,
Gauhati University; Dr. Nilakshi Goswami, Deptt.
of Mathematics, Gauhati University.
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