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Diagonal matrices
as polynomials in
diagonal matrices
Prof. P.L. Sharma and
Prof. R. Sharma
Department of Mathematics
and Statistics

W

Himachal Pradesh University,
Shimla-171005

e consider diagonal matrices with distinct
diagonal entries only and for further simplicity
the discussion is presented here only for the complex
matrices. The arguments for the general case are same.
Such simple basic facts about matrices are useful in
understanding the more general concepts involved in
the Spectral Theorem of matrices and Spectral Theory of
linear operators.
We begin with the observation that if is a diagonal
matrix then any polynomial in over complex is also a
diagonal matrix. Conversely, we have the following fact:
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A diagonal matrix can be expressed as the polynomial
in another diagonal matrix of the same order with distinct
diagonal entries.
Let aii ∈ , i =
1, 2,3 and let
 a11
A =  0
 0

0
a22
0

0
0  .
a33 

Then, the matrix A can be written as

1 0 0
0 0 0
0 0 0




A = a11 0 0 0 + a22 0 1 0 + a33 0 0 0
0 0 0
0 0 0
0 0 1
= a11 P1 + a22P2 + a33P3

where

1 0 0
=
P1 =
0 0 0 , P2
0 0 0

0 0 0
0 =

 1 0 and P3
0 0 0

0 0 0
0 0 0 .


0 0 1

Note that P1 + P2 + P3= I , Pi 2= Pi , Pi *= Pi where Pi * denotes
the conjugate transpose of Pi and=
Pi Pj 0 for i ≠ j .
A simple calculation shows that for a11 ≠ a22 ≠ a33 , we
have
( A − a22I )( A − a33I ) P=
( A − a11I )( A − a33I ) P and
=
1,
( a11 − a22 )( a11 − a33 )
( a22 − a11 )( a22 − a33 ) 2

M@TH
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( A − a11I )( A − a22I ) = P .
( a33 − a11 )( a33 − a22 ) 3

Let

b11
B =  0
 0

0
b22
0

(1)

0
0  .
b33 

Then, B can also be written as
B = b11 P1 + b22P2 + b33P3 .

(2)

On substituting the values of P1 , P2 , P3 from (1) in (2),
we find that
B=

α
r

where

A2 +

β

γ

A+ .
r
r

(3)

α = ( a33 − a22 ) b11 + ( a11 − a33 ) b22 + ( a22 − a11 ) b33 ,

β = ( a222 − a332 ) b11 + ( a332 − a112 ) b22 + ( a112 − a222 ) b33 ,

γ = ( a33 − a22 ) a22a33b11 + ( a11 − a33 ) a11a33b22 + ( a22 − a11 ) a11a22b33
and

r=
( a22 − a11 )( a33 − a22 )( a33 − a11 ) .

From (3), we see that B is a polynomial in A of degree
at most two.

Let A be a diagonal matrix with distinct diagonal
entries. If the matrix B is such that AB = BA, then B is
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also a diagonal matrix. This means that the diagonal
matrices with distinct diagonal entries commute only
with diagonal matrices of the same order.
Let A diag
=
( a11 , a22 , a33 ) and B
if and only if
a11b11
a b
 22 21
a33b31

a11b12 a11b13  a11b11
a22b22 a22b23  = a11b21
a33b32 a33b33  a11b31

(b )

ij 3×3

. Then AB = BA

a22b12 a33b13 
a22b22 a33b23  .
a22b32 a33b33 

0 for i ≠ j .
This holds true if and only if ( aii − a jj ) bij =
So, if aii ≠ a jj for all i and j, then we must have bij = 0 for
all i ≠ j . Thus, B is also a diagonal matrix.
A matrix B is said to be similar to a matrix A if there
exists a nonsingular matrix S such that
B = S −1 AS .

Here, the matrices A, B and S are square matrices
of same order. If a matrix A is similar to a diagonal
matrix, then A is said to be diagonalizable. A well-known
theorem in matrix theory says that if a matrix of order
n has n distinct eigenvalues, then A is diagonalizable.
Two diagonalizable matrices A and B are said to be
simultaneously diagonalizable if there is a single
invertible matrix S such that S–1 AS and S–1 BS are both
diagonal. A related theorem says that if A and B are
diagonalizable then A and B commute if and only if they
are simultaneously diagonalizable.
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Let A be a square matrix of order n and let A has
n distinct eigenvalues. Then A is diagonalizable and
therefore for some invertible matrix S the matrix S–1 AS is
a diagonal matrix. Let B be a square matrix of order n and
let AB = BA. Note that
AB =
BA ⇔ S −1 ASS −1 BS =
S −1 BSS −1 AS .

But S–1 AS is a diagonal matrix and hence S–1 BS
must also be a diagonal matrix. Thus, A and B are
simultaneously diagonalizable.
For a 3×3 matrix A, we have
λ1
S AS =  0
 0
−1

0

λ2
0

0
0 
λ3 

where λ1 , λ2 , λ3 are the eigenvalues of A So,

λ1
A = S  0
 0

0

λ2
0

0
0  S −1
λ3 

1 0 0
0 0 0
0 0 0




= λ1 S 0 0 0 S −1 + λ2S 0 1 0 S −1 + λ3S 0 0 0 S −1
0 0 0
0 0 0
0 0 1
= λ1Q1 + λ2Q2 + λ3Q3
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where
Q1

1 0 0
0 0 0
0 0 0





 −1
−1
−1
S=
0 0 0 S , Q2 S=
0 1 0 S , Q3 S 0 0 0 S .
0 0 0
0 0 0
0 0 1

Note that Q1 + Q2 + Q3= I , Qi 2= Qi and Qi Q j= O for i ≠ j.

A simple calculation shows that for λ1 ≠ λ2 ≠ λ3 , we

have

( A − λ2I )( A − λ3I ) Q=
( A − λ1I )( A − λ3I ) Q and
=
1,
( λ1 − λ2 )( λ1 − λ3 )
( λ2 − λ1 )( λ2 − λ3 ) 2
( A − λ1I )( A − λ2I ) = Q .
( λ3 − λ1 )( λ3 − λ2 ) 3

(4)

If A and B commute, then
 µ1
S BS =  0
 0
−1

0

µ2
0

0
0 
µ3 

where µ1 , µ2 and µ3 are the eigenvalues of B.

Proceeding as above we find that B can be written as
B = µ1Q1 + µ2Q2 + µ3Q3 .

(5)

On substituting the values of Q1 , Q2 , Q3 from (4) in (5)

we find that B is a polynomial in A of degree at most 2.

We can easily write down the above arguments and
calculations for n × n matrices. The above discussion

M@TH

M@GZINE: Department of Mathematics & Statistics- Magazine

13

is helpful in visualizing the solution of the following
problem in Book by Horn and Johnson (2012).

Problem 1.3.P4 If a matrix A of order n has n distinct
eigenvalues and commutes with matrix B, show that B is
diagonalizable and there is a polynomial f (x) of degree at
most n–1 such that B = f (A).
References.
[1]. Roger A. Horn and Charles R. Johnson, Matrix Analysis,
second edition, Cambridge University Press, (2013).

Correlation between
Spirituality and
Mathematics

Prof. Veena Sharma

P

resently, life of a human is full of complexitywhich can
be related with acomplex number in mathematics in
terms of its real and imaginary parts. First, ι= −1, in the
human existence, is associated with ego of the self and
association ofwith any real number; makes it imaginary
part. Similarly, one’s present and past life can be related
to existence of a real number and future in our real life
can be related to the imaginary existence which is the
imaginary part and makes our life complex. Living in the
present only make our life real.
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The way square root of negative number gives complex
number, our life becomes complex on thinking negative
aspect of it. Therefore, this gives a message not to brood
over the negative aspect of the life. One is able to overcome
the complexity of one’s life being in happy moods all the
time irrespective of any kind of hard situations. This can
be necessitated by curtailing the desire to pursue real
happiness, which is well emphasized in all regions and
also the spiritual science. Happiness can be interpreted
mathematically as
Happiness =

Number of desires fulfilled
.
Total number of desires

Therefore, if all the desires are fulfilled, happiness is
100%. On the other hand, if very few desires are fulfilled,
rest are not then one loses the happiness of fulfilled
desires as compared to that of not fulfilled, spoiling
thereby the special moments of one’s life. The one with
no desires is happy all times. Thus, the saints and children
are the only to be always blissfully happy.

Happiness is deeply associated with two variables
namely, thought and action of human being, whichcould
be consequence of relation with that of double integration.
Spirituality says every thought and action performed with
self-consciousness leaves a trail of subtle impressions
and actions forming thereby more impression, termed
as Samskaras. Scientifically every action has a reaction
in the physical plane. Samskaras of our life can be closely
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defined as the integrand f(mind, body) where inner
variable, mind is associated with thought and the outer
variable, body is associated with action. On integrating
this integrand with respect to inner and outer variables
repeatedly; we get a double integration(over inner limits
as capacity of mind and the outer limits as capacity of
body).

The realgoal of the human existence is to achieve
the original condition that was prevailing before the
creation came into being, which can be feasible only if
one removes all the samskaras. In the double integration,
first we integrate with respect to inner variable of
integration treating the outer variable of integration
as constant. Similarly, in the case of integrating the life,
one has to first integrate with respect to mind.Once the
inner integration is completed, the outer integration is
very simple. Similarly, once the inner is purified by the
process of regulation of mind then it will be very easy
to implement inner values to reflect outward inaction.
We will use change of order of integration technique, if
it is difficult to integrate with respect to inner variable.
Similarly, if our samskaras are so hard then it is not
possible to apply our mind to do spiritual practice i.e.,
meditation and we have to suffer physically.Then our
inner variable of integration, mind has no role to play
and the outer variable of integration body undergoes the
process of purification through Bhog. So, change of order
of integration take place naturally.
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The Genius Sri Nivasa Ramanujan said that the
understanding of numbers was a process of spiritual
revelation and connection and he took the landscape of
the infinite in terms of reality of both mathematics and
spirit, and he would talk for hours on the relationship
he saw between God, zero and infinity e.g., explains the
primordial God and several divinities:
For n = 1 , 2n−1 − 1 =
0; there is nothing (the Shunya),
which denotes the God.

n = 2 defines the Trinity (Brahma, Vishnu, Mahesh),
n = 3 gives 7 (the Saptha Rishi).

Spirituality says that God is smaller than the smallest
and bigger than the biggest, which is well justified by the
quote:

“At the Big Bang itself, the universe is thought to have
had zero size and so to have been infinite not” by Stephen
Hawking (1988).

Infinite universe which we see now has come from
zero size. Spirituality says that God is everywhere in his
creation. Weather the universe is of zero size or infinite
size, so we can accept God is zero, as well as infinity.
Thus, it is concluded that how beautifully mathematical
concepts and spirituality are correlated and can be used
to reach the values in life and subsequently give asolution
to lead a happy and prosperous life.

Multiple eigenvalues
of 3×3 matrices
R. Sharma and
R. Kumari

Department of Mathematics
and Statistics

T

Himachal Pradesh University,
Shimla-171005

he eigenvalues of a square matrix A are the roots
of its characteristic polynomial, det det ( A − λ I ) =
0.
More appealing is the information about the eigenvalues
in terms of the entries of the matrix. Interestingly, if the
diagonal entries of a 3×3 Hermitian Matrix are all equal
but the absolute values of the off-diagonal entries are
not equal, then the matrix A has distinct eigenvalues
(Corollary 1, below). Such observations in terms of the
trace (trA) and determinant (detA) of a matrix are also
equally instructive (Theorem 1).
Theorem 1. A necessary and sufficient condition for
a 3×3 Matrix A to have multiple eigenvalues is that
det B = ±

1

3
2 2

( trB )
54

(1)
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trA
I.
3
Proof. λ1 , λ2 , λ3 Let , be the eigenvalues of B. Then, the
where B= A −

eigenvalues of A are λ + trA , λ + trA , λ + trA It follows
1
2
3
3
3
3
that the eigenvalues of A and B repeat simultaneously.
trA 

Also, note that trB = λ1 + λ2 + λ3 = tr  A −
I
3 

= 0,trB 2 = λ12 + λ22 + λ32

and det B = λ1λ2λ3 . So, it is

enough to prove that if we have three complex numbers
0, then atleast two of
z1, z2 and z3 such that z1 + z2 + z3 =
the zi’s are same if and only if
3
1
2
2
2 2
(2)
z1 z2 z3 =
±
z1 + z2 + z3 .
54

(

)

A little computation shows that (2) holds if and only if

( z1 − z2 ) ( z1 + 2z2 ) (2z1 + z2 )
2

2

2

=
0.

(3)

The condition (3) holds if and only z1 = z2 or z1 = –2z2

or z1 = − 1 z2 . In each case at least two of the zi’s must be
2
0.
same, as z1 + z2 + z3 =

From this theorem we immediately obtain the
following observation about the off diagonal entries of a
Hermitian matrix when all its diagonal entries are same
and eigenvalues are repeated.
Corollary 1. Let a11 ∈  , aij ∈  for i ≠ j and let
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a11 a12 a13 


A = a12 a11 a23  .
a

 13 a23 a11 

A necessary and sufficient condition for the matrix A
a=
a23
to have the multiple eigenvalues is that a=
12
13
and a12a23 a13 is real.
Proof. We have

 0 a12 a13 


trA
B=
A−
I=
a12 0 a23  .

3
a

 13 a23 0 

2

2

2

So det B = 2Re a12a23 a13 and trB 2= 2( a12 + a13 + a23 ).

It follows from the above theorem that A has repeated
eigenvalues if and only if

(

± Re a12a23 a13

)

1
3

 a12 + a13 + a23

=

3

2

2

2

1
2


 .



The assertions of the corollary now follow from the
facts that the equality holds in the inequality

(

± Rea12a23 a13

)

1
3

≤ ( a12 a13 a23

)

1
3

if and only if a12a23 a13 is real, and the equality holds
in the inequality
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(a

12

a13 a23

)

1
3

21

1

 a12 2 + a13 2 + a23 2  2

≤


3



a=
a23 .
If and only if a=
12
13

The following example is illustrative.
Example. Let a , b∈ ,


( −1 + i ) b 
a
ib


2


ib ib
a

1+ i) 
(

−ib a ib .
X=
a
b  and Y =
 −ib

2


 −ib −ib a 
 (1 + i )

1−i)
(
−

b
b
a
2
2



The entries of the Hermitian matrix X satisfies the
conditions of the above corollary and have repeated
eigenvalues a – b, a – b and a + 2b. Note that for this
matrix a12a23 a13 = b3 . For the Hermitian matrix Y, we have
a=
a=
a=
b but a12a23 a13 = ib3 is not real. The
12
13
23
matrix Y has distinct eigenvalues a and a ± 3b.

Simple Unsolved Problems of
Mathematics

Dr. Shalini Gupta
Collatz Conjencture

T

his is the most dangerous and infamous problem
in mathematics. If you admit in public that you are
working on this problem then something is wrong with
you. The young mathematicians were told not to waste
their time on this problem. This is simple conjencture
which not even the great mathematicians could solve.
The great mathematician Paul Erodos once commented
that Mathematics is not ripe enough for such problems.
A problem posed by Lothar Collatz in 1937 also
called the 3x + 1 mapping, 3n + 1 problem, Hasse’s
algorithm, Kakutani’s problem, Syracuse Problem,
Thwart’s Conjuncture.
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The infamous Collatz conjencture says that for any
positive integer ‘n’, the function
 n
if n is even

f ( n) =  2
3n + 1 if n is odd

Always return to a 4→2→1 loop.

For example, if we take n = 7, then

The Collatz conjencture states that the orbit of every
number under f eventually reaches 1. And while no one
has proved the conjencture, it has been verified for every
number less than 268. The members of the sequence
produced by Collatz are known as hailstone numbers.

The number of steps required for the algorithm to
reach 1 for a0 = 1,2, ... are 0,17,2,5,8,16,3,19,6,14,9,9,17,
17,4,12,20,20,7….of these, the numbers of tripling steps
are 0,0,2,0,1,2,5,0,6… and the numbers of hailing steps
are 0,1,5 ,2,4,6,11,3,13, …
The Collatz problem can be implemented as in
8-register machine, quasi-cellular automaton or 6-color
one-dimensional quasi-cellular automaton with local
rules but which wraps first and last digits around
Jeffrey Lagarias stated in 2010 that the Collatz
conjuncture “is an extraordinary difficult problem,
completely out of reach of present-day Mathematics.”
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The smallest such that ai < a0 is called the stopping
time of n. Similarly, the smallest k such that ak = 1 is
called the total stopping time. If one of the indexes i or
k doesn’t exist, we say that the stopping time or the total
stopping time, respectively, is infinite.
The Collatz conjecture asserts that the total stopping
time of every n is finite or for every n≥2, the stopping time
is finite. Although the conjecture has not been proven,
most mathematician who have looked into the problem
think the conjecture is true because experimental
evidence and heuristic arguments support it.
Benford’s Law:

Benford’s Law, also known as the law of first digits or the
phenomenon of significant digits, is the finding that the
first digits (or numerals to be exact) of the most varied
sources do not display a uniform distribution, but rather
are arranged in such a way that the digit “1” is the most
frequent, followed by “2”, “3”, and so in a successively
decreasing manner down to “9”.
The Law is named after physicist Frank Benford, who
stated it in 1938 in a paper titled “The Law of Anomalous
Numbers although it had been previously stated by
Simon Newcomb. Benford’s law is based on base-10
logarithms that show the probability that the leading
digit of a number will be n can be calculated as
log10 (1 + 1 / n )
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A set of numbers is said to satisfy Benford’s law if the
leading digit n ( n∈ 1,…9) occurs with probability
P=
( n) log10( n + 1) − log10=
( n) log10

The leading digits in such a set thus have the following
distribution;
n

P(n)

1

30.1%

3

12.5%

2
4
5
6
7
8
9

17.6%
9.7%
7.9%
6.7%
5.8%
5.1%
4.6%

Fraudulent numerical data can often be identified
by simply looking at the frequency of the first digits,
although often in practice more than one digit is used
for a more precise check. In particular, benford’s law has
been applied to entries on tax forms, election results,
economic numbers accounting figures.

Applications of Differential
Equations in Present World
Dr. Pushap Lata
(Associate Professor) &
Khushboo Rani
(PhD Scholar)
HPU Shimla

I

n our world things change, and describing how they
change often ends up as a Differential Equation. They
are the equation that describe how nature works. They
have a remarkable ability to predict the world around us,
and to find out what is predictable.

We live in the age of astonishing advancement.
Engineers can create robots, physicist can describe
the motion of waves, or chaotic systems, while we
communicate wirelessly in a vast worldwide network.
But underline these modern wonders, are deep and
mysteriously powerful, they are called Differential
Equations.
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They are used to describe exponential growth and
decay, population growth of species or in economics,
they are used to find optimum investments strategies.
Differential equations are important in solving
radioactive decay problems, continuous compound
interest problems, flow problems, cooling and heating
problems, and also in investigating problems involving
fluid mechanics, circuit design, heat transfer, population
or conservation biology, seismic waves.

An important application is the population model,
whether it’s the population growth of species or the
number of predator v/s prey or the growth of microorganisms, we have population which is constantly
changing with respect to time and this can be very well
depicted using differential equations.
SEIR Model,

That is being currently used to analyse the covid pandemic

S- susceptible, those people who are at the risk of getting
the infection
dS
I 
= −β S  
dt
N
β – transmission rate of the virus

28

Volume-1

n

Issue-I & II (August, 2020 - July, 2021)

n

October-2021

N – Total population

Now from these susceptible people, we have some
people who will be exposed to the virus and the is
denoted by E
dE
I 
=
−β S   − σ E
dt
N

E- exposed
σ- infection rate

now, some of these exposed people will actually get
infected with the virus, that’s denoted by I
dI
= σE −γ I
dt

I – infected
γ- recovery rate

now, we have R that is those infected people
who either died or got completely recovered
dR
=γ
dt

R – recovered
So differential equation is very valuable for
this model and other population models.

World of Music

Let’s see how differential equations are useful in the
world of music.
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You certainly have heard the sound of piano and flute,
so why does piano and flute sound different even after
playing the same set of notes? These question and many
more such questions can be analyzed by differential
equation.

We use differential equations here because we are
dealing with sound waves, whose shapes are constantly
changing with respect to time, and hence we can use
differential equation to model their behavior.
Maxwell’s equations

Set of 4 partial differential equations – govern the
behaviour of electric and magnetic fields

This Photo by Unknown Author is licensed under CC BY-SA

They are the building blocks of all type of electrical,
optical, magnetic technologies and innovations, such as
smart phones, mobile phones and computer technology,
making MRI scanners in hospitals, electric motor etc.
Differential equations are also used in physics with
Newton’s Second Law of Motion and the Law of Cooling
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that pertains to the temperature of objects and its
surroundings.
Newton’s law of cooling

This law states that loss of heat from a body is directly
proportional to the temperature of the body and that of
its surroundings.
This law is used widely in the packaging industry
where food is subject to high temperature and that it has
to be cooled for packaging purposes.

Even in robots, partial and ordinary differential
equations help to provide shapes and interior and
exterior designs of machine.

In Mother Nature, differential equations are essential
tool for describing the nature of the physical universe.

Prof. Prasanta Chandra
Mahalanobis:
Father of Indian Statistics
“A Research Journal serves that narrow
borderland which separates the known from the
unknown.” -P. C. Mahalanobis

S

tatistics is a branch of mathematics that deals with
collection, analysis, interpretation, presentation,
and organization of data. It also helps in finding out
the uncertainty and variation using probability. Before
the Second World War, statistics was evolving as an
applied branch of mathematics. In India, it begins with
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Arthaśāstra of Chanakya in the 3rd century BC. In
modern India, Mahalanobis, who is known as Father
of Indian Statistics, took the lead and developed it to
greater heights.
LIFE AND EDUCATION:

Prasanta Chandra Mahalanobis was born to Probodh
Chandra Mahalanobis and Nirodbashini Devi on June
29, 1893. He was the eldest of six children. Mahalanobis
pursued his early education in Calcutta at the Brahmo
Boys’ School, which was founded by his grandfather Guru
Charan Mahalanobis in 1904. Mahalanobis joined the
Presidency College to study physics After graduating,in
1912, he went to England for further study in physics
and mathematics at the University of Cambridge. Here
he got chance to meet Srinivasa Ramanujan, a great
mathematician. In 1915, he got to know about statistics.
After returning to India, he started teaching physics at
Presidency College and became a professor of physics
there in 1922.

ESTABLISHED THE “INDIAN STATISTICAL INSTITUTE”:
On December 17, 1931, he established the Indian
Statistical Institute in Calcutta. Initially, Mahalanobis
was very much influenced by the journal Biometrika. In
1933, he founded the first journal of statistics Sānkhya:
The Indian Journal of Statistics along the lines of Karl
Pearson’s Biometrika. ISI was achieving greater heights
and it had strted collaborating with USSR for publication.
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Mahalanobis organised the first Indian Statistical
Conference in 1938 at Calcutta and invited R.A. Fisher
to preside over it. As the Indian Science Congress did
not agree to start a section on statistics, the ISI started
holding statistical conferences independently every year
at the Science Congress sessions. Ultimately, the Science
Congress decided to have a section for mathematics and
statistics in 1942; and a separate section on statistics
was started from 1945 onwards. In the 1938 conference,
Fisher strongly supported the development of sampling
methods in India, and declared the ISI as the most
suitable place for that.
ACHIEVEMENTS AND CONTRIBUTION:
Mahalanobis established the National Sample Survey in
1950 and also set up the Central Statistical Organization
for coordinating the statistical activities in India. He was
also a member of the Planning Commission of India
from 1955 to 1967. The Planning Commission’s Second
Five-Year Plan relied on Mahalanobis’s Mathematical
description of the Indian economy, which later became
known as the Mahalanobis Model.

One of his most remarkable achievements was
Mahalanobis distance, which is a measure of
comparison between two data sets. The study is widely
used in the field of cluster analysis and classification. He
also introduced many techniques for conducting largescale sample surveys and calculated crop yields by using
the method of random sampling. He devised a statistical
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method called fractile graphical analysis, which could
be used to compare the socioeconomic conditions of
different groups of people. He also applied statistics to
economic planning for flood control.
IMPORTANT PORTFOLIOS:

Mahalanobis held several National and International
portfolios. He served as the Chairman of the United
Nations Sub-Commission on Sampling from 1947
to 1951 and was appointed the Honorary Statistical
Adviser to the government of India in 1949.
For his astounding work, he was awarded the Padma
Vibhushan, one of India’s highest honors, by the Indian
government in 1968.

He died on June 28, 1972, a day before his 79th
birthday.
Every year June 29 is observed as National
Statistics Day in our country to create public awareness
about the importance of statistics in socio-economic
planning and policy formulation.
Dr. Mansi Harish
Assistant Professor (Mathematics)
ICDEOL, Himachal Pradesh
University, Shimla-171005

Contribution of Ancient
Indians in Mathematics

Dr. Neetu Dhiman
Assistant Professor (Mathematics),
University Institute of Technology,

M

H. P. University, Shimla

athematics is the science which deals with the logic
of quantity, shape and arrangement. Undeniably,
math is all around us, in fact in everything we do. It
wouldn’t be wrong to say, math is the building block
for everything in our daily life period. Money, sports,
architecture (ancient and modern), television, mobile
devices and even art, all of it has some mathematical
concepts involved in it. In India, mathematics has
its origins in Vedic literature which is nearly four
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thousand years old. There are many concepts which
were discovered by Indian mathematician from ancient
India and are employed worldwide even today. Indian
geniuses have made revolutionary changes in the world
of mathematics; let’s find who they are and what exactly
did they contribute to the world!

THE NUMBER SYSTEM
In Vedas, numbers were written as combinations of
powers of ten. For example, 365 might be expressed
as three hundred (3×10²), six tens (6×10¹) and five
units (5×1), though each power of ten was represented
with a name rather than a set of symbols. We also have
written evidence of the Brahmi numerals from the third
century BC. Indian mathematicians also developed the
integer version and the Hindu–Arabic numeral system
that most of the world uses today. Bhāskara II, who
was a leading mathematician and astronomer of the 12th
century, wrote the first work with full and systematic use
of the decimal number system. In the fifth century the
place-value notation was developed by Aryabhata of
Kusumapura and in the sixth century the symbol for zero
was introduced by Brahmagupta .
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THE CONCEPT OF ZERO
Brahmagupta, a Hindu astronomer and mathematician
gave the first modern equivalent of numeral zero in 628.
He used a symbol to describe the numeral with a dot
beneath a number. He also mentioned standard rules
to get zero by addition and subtraction of numbers and
the results of operations that include the digit. A circle
inscribed on a temple wall in Gwalior, India in the ninth
century, is the oldest recorded example of zero according
to the University of Oxford. An ancient Indian list called
the Bhakehali Manuscrip which was discovered in 1881
also discuss about this numeral “zero”. The scroll was
assumed to have been a contemporary of the temple in
Gwalior, but modern carbon dating reveals its origin in
the third or fourth century. So many scientists accede
that India discovered zero.
SOLUTIONS OF QUADRATIC EQUATIONS

Brahmagupta introduced rules for solving quadratic
equations and for computing square roots. In Līlāvatī
(“The Beautiful”) and Bījagaṇita (“Seed Counting”)
mathematical works of Bhāskara II, which was written
in verse like nearly all Indian mathematical classics,
particularly, Bhāskara II not only used the decimal
system but also compiled problems from Brahmagupta
and others. He filled many of the gaps in Brahmagupta’s
work, especially in obtaining a general solution to the
Pell equation (x2 = 1 + py2). He used letters to represent
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unknown quantities, much as in modern algebra and
solved indeterminate equations of degree 1 and 2. He
reduced quadratic equations to a single type and solved
them. Bhāskara II investigated regular polygons up to
those having 384 sides, thus obtaining an approximate
value of π = 3.141666.
RULES FOR NEGATIVE NUMBERS

Brahmagupta also established rules for working with
negative numbers. He mentioned positive numbers as
fortunes and negative numbers as debts. He discussed
about the rules that have been explained by translators
as: “A fortune subtracted from zero is a debt,” and “a
debt subtracted from zero is a fortune”.
This latter statement is the same as the rule we learn
in school, that if you subtract a negative number, it is
the same as adding a positive number. Brahmagupta
also knew that “The product of a debt and a fortune is
a debt” – a positive number multiplied by a negative is
a negative.
BASIS FOR CALCULUS

European mathematicians diffidence to adopt negative
numbers and zero held European mathematics back for
many years. In the late 17th century, Gottfried Wilhelm
Leibniz was one of the first Europeans to use zero
and the negative numbers in a systematic way in his
development of calculus which is used to measure rates
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of changes and is important in almost every branch
of science, notably reinforce many key discoveries in
modern physics.
But Indian mathematician Bhāskara had already
discovered many of Leibniz’s ideas over 500 years
earlier. He made vital contributions to algebra,
arithmetic, geometry and trigonometry and also
laid down many results, for example on the solutions
of certain “Diophantine” equations, that would not be
rediscovered in Europe for centuries.
The Kerala School of astronomy and mathematics,
founded by Madhava of Sangamagrama in the 1300s,
was responsible for many firsts in mathematics,
including the use of mathematical induction and
some early calculus-related results. Although no
systematic rules for calculus were developed by the
Kerala School, its proponents first conceived of many
of the results that would later be repeated in Europe
including Taylor series expansions, infinitesimals
and differentiation.

Brahamgupta’s most famous result was a formula
for the area of a cyclic quadrilateral (a four-sided
polygon whose vertices all reside on some circle) and
the length of its diagonals in terms of the length of its
sides. He also gave a valuable interpolation formula for
computing sines.

Varahamihira (505–587) produced the Pancha
Siddhanta (The Five Astronomical Canons). He made

40

Volume-1

n

Issue-I & II (August, 2020 - July, 2021)

n

October-2021

important contributions to trigonometry, including
sine and cosine tables to 4 decimal places of accuracy
and the following formulas relating sine and cosine
functions:

Thus, mathematics is an important and inseparable
part of human life. It has been existed and developed
since the ancient era and the present article discusses
some of the outstanding innovations introduced by
Indian mathematics from ancient times to modern
as India’s contribution in the field of mathematics
is immense and it should always be studied from a
thoughtful perspective.
Source: Internet

Cryptography: The art of
keeping the data safe

Sh. Ajit Kumar

K

Assistant Professor (Mathematics)
Himachal Pradesh University
Department of Evening Studies
Shimla-5

eeping information secure is paramount in today’s
connected world. Towards this end governments
and businesses worldwide view cryptography as a key
protective tool to secure critical data and networks.
Simply put cryptography is the science of protecting
information by transforming it into a secure format
using an algorithm. The objective is to ensure that the
message being transmitted is inaccessible or unreadable
for unauthorized recipients.
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History and evolution of cryptography
Development of computers and progress in the
computing world has contributed to the advancements in
cryptography. Modern-day cryptographers have English
mathematician, philosopher, inventor and mechanical
engineer, Charles Babbage to thank for his pioneering
work in the field of cryptography. Babbage is credited with
inventing the first mechanical computer, the Difference
Engine, which led to more complex electronic designs.
Curiously, German army during World War II used the
electromechanical Enigma machine to encrypt messages.
In another part of the world Alan Mathison Turing, an
English mathematician, computer scientist, logician, and
cryptanalyst, developed a similar machine to break the
code. Turing played a pivotal role in formalisation of
the concepts of the algorithm with the Turing machine.
Ever since advancing cryptography techniques have
revolutionized how the world communicates securely.
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Connected world and the need for cryptography
A vast amount of crucial personal, government and
corporate data passes through various communication
channels and is vulnerable to theft and change. Securing
digital data with cryptography tops organizations’
agenda. Using the science of cryptography, governments,
organisations, and businesses transform critical and
secret data into formats that cannot be recognized by
unauthorized users.
How does cryptography work?

Using cryptography, a set of readable information-data
(plaintext) is changed using an algorithm, or series of
mathematical operations to an unidentifiable form. To
those who are not authorized to see and access this piece
of information, the message being transferred looks like
gibberish or what’s technically known as ciphertext.
Major use cases of cryptography

Cryptography has a wide use case and is deployed across
industries such as banking, computing, engineering,
and e-commerce. Governments and defence forces too
use cryptography extensively to carry out research
activities/projects and secretive operations. Network
security is another big area where cryptography is used
extensively.
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Cryptography offers several advantages. Some of
these are:
Confidentiality and integrity: Information being
transmitted cannot be deciphered by an unintended
recipient. Information-data being transferred cannot
be altered.
Authentication: Both sender and receiver are in
a position to confirm the nature of information being
shared between the two.
Non-repudiation: Sender communicating using
cryptography cannot deny her role and intentions in
the transmission of the information later on.
Types of cryptography

Organisations are largely using three
cryptographic techniques. These are:
1. Symmetric-key cryptography

types

of

2. Hash functions

3. Public-key cryptography

Symmetric-key cryptography: A single key
characterizes this cryptography technique where both
the sender and receiver of the message share a single
key. The sender uses the key to encrypt the plaintext and
sends the ciphertext to the receiver. The receiver on the
other end applies the same key to decrypt the message
for recovering the plain text.
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Public-key cryptography: Two related keys (public
and private key) are used in public-key cryptography
technique. The public key is freely distributed, however,
the paired private key, remains a secret. The public key
is used for encryption and the private key is used for
decryption.
Hash Functions: It is an algorithm sans a key. Using
hash functions a fixed-length hash value is computed
according to the plain text making it impossible for the
contents of the plain text to be recovered. The algorithm is
used to encrypt passwords. Present-day cryptographers
have a rich legacy to build on and create a stronger
cryptography universe helping mankind connect and
communicate securely.
(Source by internet)

Article on Catalan’s
Conjecture

T

Ashima
Ph.D. Research Scholar
Department of Mathematics and Statistics
H. P. University, Shimla

his marvellous conjecture was proposed by the
Belgian Mathematician, Eugène Charles Catalan,
back in 1844 that 8(23) and 9(32) are the only consecutive
perfect powers (excluding 0 and 1). In other words,
32 − 23 =
1

is the only non-trivial solution to Catalan’s
Diophantine Problem
am − bn =
1.
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Interestingly, more than 500 years before Catalan
formulated his conjecture, Levi ben Gerson (1288-1344)
had already noted that the only powers of 2 and 3 that
apparently differed by 1 were 23 and 32.
It started with the concept of perfect powers. Perfect
power refers to positive integer multiplied by itself a
certain number of times. For example, 16 is a perfect
square because it can be expressed as 24 (2 x 2 x 2 x 2).

These Perfect powers don’t usually appear
consecutively on the number line. This means that if 16
is a perfect power, then it is very unlikely that 15 or 17
would also be a perfect power. Now being the curious cat
that Catalan is, he asked the question- How unlikely is
it? The more he thought about it, the more he realised
that this is extremely unlikely. In fact, he said that it is
so unlikely that 8(23) and 9(32) are the only consecutive
perfect powers to exist on the number line. This is a pretty
powerful statement. If you are feeling a bit mathematical,
then Catalan’s conjecture says that the only solution to
the following equation:
am − bn =
1

for a,b >1 and m,n >0

is the following set of values:

=
a 3,=
m 2,=
b 2,=
n 3.

Just for fun, you can try to see out if you can find any
other numbers that can be a solution here. Spoiler alert,
you can't.
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We use numbers everyday in a variety of contexts.
It's beautiful how there are so many mysteries
hidden inside these numbers. Catalan’s Conjecture
is a mathematical problem which is really easy to
understand, but extremely difficult to prove. In fact, it
took around 158 years to come up with a mathematical
proof. It was Preda Mihǎilescu, the amazing Romanian
Mathematician, who came up with a proof in 2002. In
solving these problems, Mathematicians come up with
profound ideas and formulations that impact many
fields within Mathematics.

Since Preda Mihǎilescu proved the conjecture, it was
made from Catalan’s conjecture to Mihǎilescu Theorem.
He used deep theoretical results from cyclotomic fields to
prove it. What exactly are cyclotomic fields? A cyclotomic
field is a number field with some special properties.
A number field is a set of numbers that follow a set of
predefined rules. Number fields are used extensively
across many branches of Mathematics, Physics and
Engineering. So, he proved the 158 years old conjecture.

Contribution of
Srinivasa Ramanujan
to Mathematics
Deepak
(Ph.D. Research Scholar) &

Ashok Kumar
(Ph.D. Research Scholar)
Department of Mathematics
& Statistics
H. P. University Shimla

BRIEF BIOGRAPHY
Srinivasa Ramanujan was one of
India’s greatest mathematician. He was
born in Erode, Madras Presidency (now
in Tamil Nadu), on 22nd December 1887.

His Birthday is celebrated every year as
National Mathematics Day in India.
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His father name was Kuppuswamy Srinivasa Iyengar
and he worked in Kumbakonam as a clerk in a cloth
merchant’s shop. His mother name was Komalatammal,
was a housewife and sang at a local temple.

When he was nearly five years old, he enrolled into
primary school in Kumakonam. During his school life he
was very good in mathematics subject. He used to solve
college level mathematics at the age of 11 years in his
school time. Ramanujan, on the strength of his school
work, he was given a scholarship to the Government
College in Kumbakonam which he entered in 1904.
However, the following years of his scholarship was not
renewed because Ramanujan devoted more and more his
time to mathematics and neglected his other subjects. As
a result of which he passed in mathematics subject but
failed badly in all other subjects.
In 1906, Ramanujan went to Madras where he entered
Pachaiyappa’s College. His aim was to pass the First Arts
examination which would allow him to be admitted to the
University of Madras. During his study in Pachaiyappa’s
College he felt ill after few months later and when he gave
Arts examination in Pachaiyappa’s College, he passed in
mathematics but failed in all other subjects and therefore
failed in the examination. As a result of which he could
not entered the University of Madras. In the following
years he worked on mathematics developing his own
ideas without any help.

M@TH

M@GZINE: Department of Mathematics & Statistics- Magazine

51

He was married to Janaki Ammal in 1909. Due to
his bad financial condition he went to Madras where he
met with Indian mathematician Ramachandra Rao. He
(Ramachandra Rao) provided him with first a modest
subsidy of rupees 25 at that time and later he provided
him a clerk job at the Madras Port Trust. During this
period Ramanujan published his first paper on Bernoulli’s
numbers in 1911.

After that he went to England in 1914 where he met
with Hardy and Ramanujan made a successful five- year
collaboration with Hardy and they both worked together
there. Ramanujan’s years in England were mathematically
fruitful. Cambridge granted him a Bachelor of Science
degree “by research” in 1916. Ramanujan’s dissertation
was on Highly Composite Numbers and consisted of
seven of his papers published in England. He was elected
a Fellow of the Royal Society in 1918. He was the first
Indian which was elected as a Fellow of the Royal Society.
In 1917 he faced some health problems, he felt ill and
hospitalized where he was diagnosed Tuberculosis (TB).
He returned to India in 1919 and died on 26 April 1920
at the age of 32.
Contributions to Mathematics
•

Ramanujan made substantial contribution to
analytical theory of numbers and worked on
elliptic functions, continued functions, and infinite
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series. In 1900 he began to work on his own on
mathematics, summing geometric and arithmetic
series.

Ramanujan compiled around 3,900 results
consisting of equations and identities. One of his
most treasured findings was his infinite series for
pi. This series forms the basis of many algorithms
we use today. He gave several fascinating
formulas to calculate the digits of pi in many
unconventional ways.
He discovered a long list of new ideas to solve
many challenging mathematical problems, which
gave a significant impetus to the development of
game theory. His contribution to game theory is
purely based on intuition and natural talent and
remains unrivalled to this day.
Ramanujan independently discovered results of
Gauss, Kummer and others on hyper- geometric
series.
He published a brilliant research paper on
Bernoulli numbers (in 1911).

He worked on divergent series, he sent 120
theorems on divergent series to Hardy in 1913.
1729 is known as the Ramanujan number. It is
the smallest number which can be expressed as
the sum of two cubes in two different ways:
i.e. 1729 = 13 + 123 = 93 + 103
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Ramanujan studied the highly composite number
also which are recognized as the opposite of prime
numbers. He studied their structure, distribution
and special forms.
He also produced quite a number of results in
definite integrals in the form of general formulae.
… … … and many more.

Besides his published work, Ramanujan left
behind several notebooks filled with theorems that
mathematicians have continued to study. He is also known
as “The man who knew infinity”. The man who knew
infinity was called so because his love for mathematics
had no boundaries.

Amazing facts about
MATHS

Sweta Sharma
M.Phil.

Department of Mathematics and statistics
Himachal Pradesh University

1. Zero (0) is the only number which cannot be
represented by Roman numerals.
2. Have you heard about a Palindrome Number? It is a
number that reads the same backwards and forward,
e.g., 12421.
3. Do you know the magic of no. nine (9)? Multiply any
number with nine (9) and then sum all individual
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digits of the result (product) to make it a single digit,
the sum of all these individual digits would always
be nine (9).

4. 'FOUR' is the only number in the English language
that is spelt with the same number of letters as the
number itself.

5. What comes after a million, billion and trillion? A
quadrillion, quintillion, sextillion, septillion, octillion,
nonillion, decillion and undecillion.
6. An icosagon is a shape with 20 sides.
7. Six Weeks = 10! Seconds.

8. The Fibonacci sequence invented by Leonardo
Fibonacci has practical applications in nature.
Breeding of rabbits follows the Fibonacci sequence.
The sequence is given as 0,1,1,2,3,5.... where each
term is the sum of preceding terms. The spiralling
pattern of the sunflower and Pinecones follows the
Fibonacci sequence. The branches of tree are also
arranged in Fibonacci sequence. Even the galaxies
follow the Fibonacci pattern.
9. A 100-sided polygon is called a hectogon OR
centagon.
10. First Electronic Calculator was created in the 1960s.

11. The number 5040 has unique properties that is,
this number is the sum of 42 primes that is 42
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consecutive primes and that is 23 + 29 + 31 + 37 +
41 + 43 + 47 + 53 + 59 + 61 + 67 + 71 + 73 + 79 + 83
+ 89 + 97 + 101 + 103 + 107 + 109 + 113 + 127 + 131
+ 137 + 139 + 149 + 151 + 157 +163 + 167 + 173 +
179 + 181 + 191 + 193 + 197 + 199 + 211 + 223 +
227 + 229.

12. Billion is for the first time in a number system where
'B' occurs.
13. The symbol for division (i.e., ÷) is called an obelus.

14. A ‘jiffy’ is an actual unit of time. It means 1/100th of
a second.

15. A number is called a Perfect number if its factors
add up to give the number itself. 28 is perfect. The
smallest perfect number is 6.

The World's Most
Astonishing Number Phi (Φ)

Rozy Sharma
M.Phil.
Divine number or design myth?
How much do you know about the golden ratio?
Since the time of the ancient Greeks, artists, designers,
thinkers, scientists and engineers have been fascinated
by the golden ratio also denoted as PHI Φ . The golden
ratio also called the golden mean, the golden section or
the divine proportion is one of the most famous irrational
numbers
=
ϕ

1+ 5
= 1.6180339887……
2
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like another famous irrational number π (pi) the
golden ratio goes on forever. This mathematical concept
is said to appear in nature and in various iconic pieces
of art such as the Parthenon in Greek although it is not
really known if these were intentionally designed that
way.
So what is the golden ratio?

The golden ratio was first described in Euclid’s elements
around 2300 years ago. It is found by dividing a line into
two parts is equal to the whole length divided by the
long part. The number that result is also related to the
“Fibonacci Sequence”. The ratio of each number to the
previous number in the Fibonacci sequence is equal to
phi. The golden ratio has also been useful to researchers
in fields like high energy physics, quantum mechanics
and cryptography. PHI has some important features:
Φ = Φ + i.e. 2.618

1
= Φ − 1 i.e. 0.618
Φ

As Kepler said "Geometry has two great treasures:
one is the theorem of Pythagoras, the other the division
of a line into extreme and mean ratio. The first we may
compare to a mass of gold, the second we may call a
precious jewel."

Genius
Mathematicians

S

Awnish Kumar
M.Phil
Department of Mathematics and Statistics

rinivasa Ramanujan (1887 - 1920) was one of India's
greatest mathematical geniuses. He made substantial
contributions to the analytical theory of numbers and
worked on elliptic functions, continued fractions, and
infinite series.

Aryabhata was the first Indian mathematician and
astronomer. He had immense knowledge in the field of
mathematics. Moreover, he made discoveries during his
era. For instance, some of them were the discovery of
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algebraic identities, trigonometric functions, the value of
pi, Place value system, etc.

Pythagoras (l.c. 571- c. 497 BCE) was a Greek
philosopher whose teachings emphasized the immortality
and transmigration of the soul (reincarnation), virtuous,
humane behavior toward all living things, and the concept
of “number” as truth in that mathematics not only cleared
the mind but allowed for an objective comprehension
of reality.He is best known in the modern day for the
Pythagorean Theorem, a mathematical formula which
states that the square of the hypotenuse of a right triangle
is equal to the sum of the squares on the other two sides.

Mihir Baran Banerjee is an Indian mathematician
who specialised in hydrodynamics and hydromagnetic
stability He was awarded in 1988 the Shanti Swarup
Bhatnagar Prize for Science and Technology, the highest
science award in India, in the mathematical sciences
category.
Maryam Mirzakhani was one of the greatest
mathematicians of her generation. She made monumental
contributions to the study of the dynamics and geometry
of mathematical objects called Riemann surfaces. Just
as impressive as her theorems was her ability to push
a field in a new direction by always providing a fresh
point of view. Her raw talent was rare, even among the
most celebrated mathematicians, and she was known for
having a taste for difficult problems.

M@TH

M@GZINE: Department of Mathematics & Statistics- Magazine

61

In today’s era, every youth of India should know about
such a great person, so that they too can get inspiration
from their education and can follow their path. We are
proud that we are citizens of that great India where many
great people and arts have been born on the land.

The Incredible and
Mysterious World of
Fractals

F

Name: Mohit Kumar Tanwar
Class: M.Sc. Mathematics IV Semester

ractals ÷ Fractals are complex chaotic geometries
or structures which on careful examination reveals
beautiful exotic patterns. They are created by repeating
simple process over and over again. Fractals can also
be described as the unique irregular patterns formed
owing to the unpredictable movements in universe. Our
natural surroundings are full of many beautiful fractals
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like beautiful markings on creatures like leopards and
peacocks, branches of trees, lightning, plants, crystals,
geographic terrain, circulatory systems and respiratory
systems of living beings.

Patterns in chaos ÷ Fractals seems to be chaotic,
but if we observe closely enough, we can spot glimpses
of extraordinary symmetrical patterns within a fractal. If
we zoom in on small portion of fractals, we will observe
same pattern repeated over and over in different ways
in other words fractals shows self similarity on different
scales. The study of chaos and fractals is emerging
new field which is unifying Mathematics, Arts, Physics,
Biology and Computer Science.

Koch Snowflake ÷ Koch snowflake is one of the
earliest fractals which was studied. It can be constructed
simply by use of equilateral triangle. To construct Koch
snowflake first draw an equilateral triangle. Divide
each side of triangle in three sections. Now on the
middle section of every side again construct equilateral
triangle and remove the section on which new triangle is
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constructed. Repeat same steps again and again several
times.

Some of the remarkable features of these fractal
curves are

1. The perimeter of such curves is unbounded but
area is bounded.

2. Such curves are continuous but possess no
tangent at any point.

3. Fractal possess self similarty and have non integer
dimension.

Mandelbrot Set

Mandelbrot Set: Mandelbrot set is the set of complex
numbers plotted on the complex plane for the iterative
function
zn+1= zn2 + c;

where c = z0;
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the points z in complex are chosen in such a way
that values in each iterative process remain bounded on
substitution in above iterative formula in each iteration.
By plotting all the values obtained in above iterations in
complex plane we get Mandelbrot set.

Applications
•

Study of Fractal geometry find uses in various
fields.

•

Fractals can be used in graphic designing also.
The stunning beauty of fractal patterns helps
in designing beautiful computer graphics and
animations.

•

•
•

In computer science one of the most useful
application of fractals is for the image
compression. Image compression done by
method of fractals is much better than the usual
ways of compression.

By using fractals in telecommunication size and
weight of antennas can be reduced significantly.

In Fluid Mechanics turbulent flows are chaotic
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and modeling of such flows is very difficult. Fractal
representation of turbulent flows makes it easier
to study the pattern of flow. Fractal geometry is
best option to study and model the dynamical
systems.
Fractal geometry is also useful in modeling of
earth atmosphere, by which meteorologists can
have better understanding of changing weathers
and they can predict weather more accurately.
Fractals can also be used to predict the behavior
of stock markets.

As we will get better and better understanding of the
fractal geometry and its complexities the way we look
at universe today will totally change and study of fractals
will immensely enhance our understanding of universe
and we will have more refined understanding of universe
and its secrets as fractals describes the real world in a
way more refined way than the Science that we use today.

Higher mathematics
all around US.

M

Article by: Karan Vaidya
MSc mathematics (4th semester)
Himachal Pradesh University.

athematics has evolved significantly over the past
number of decades and so have its applications
associated with the real world. Various reforms
have been implemented from time to TIME, with a
focus to ENCHANCE DEPPER learning of the higher
mathematics and its suitable use in all backgrounds of
life. A major chunk of the population still believes that
applied mathematics holds and upper hand over pure
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mathematics in terms of its uses in various organizations,
governments, industries and in general life. That is
certainly not TRUE, HIGHER mathematics is a basis
discipline that can promote students’ comprehensive
SCIENTIFIC literacy. Higher mathematics mainly includes
differential calculus, integral CALCULUS, ANALYTIC
geometry ETC. All these are vividly used in some form of
other in chemical industries, formulating POLICIES, R&D
and in military science. Here will be glancing over the
application of higher mathematics in the military.
Mathematics In Military

It is often quoted a country’s military is as strong as its
technological and research branches are. In addition to
providing the framework and foundation for the designing
and invention of new technologies for weapons to be
used in the field of battle. Or be it providing support by
logistics and signals by transporting soldiers, equipment
and food various mathematics models are used to carry
out this Himalayan task efficiently in a time bound
manner. Moreover, it is used by artillery observers and
gunners to hit targets accurately. It is used by weapons
developers to make new weapons and by soldiers to
count the number of bullets they have left in their rifles.
It is also used extensively in planning logistical routes
and schedules. It is also used by the air force to calculate
the trajectory of aircrafts and missiles. It is used by the
engineers, sappers and pioneers to build bridges, locate
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anti-tank mines, fire anti-aircraft missiles with accuracy.
We all saw how efficient the Israeli Iron dome missile
system was successful in averting Hamas’s missiles, this
system was a fine representation of how mathematical
models and R&D gives prefect results.

Nevertheless, the use of mathematics is not only
confined to the war fronts but also in peace times many
countries of the world do military exercise which uses
Mathematical simulation to project a war like scenario
to boost the efficiency of soldiers during times of peace.
Mathematical models are used to develop and simulate
complex and detailed military tactics and strategies,
these simulations might involve statistics or probability,
and game theory.
Organizations like NSA, RAW, MI6, GCHQ, etc.
constantly develop and attempt to break secret codes.

Thus, higher mathematics is an integral and crucial
part of our military as much as it is in many other walks
of life.

