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About the Course
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Introduction

• Solving mathematical problems require more practical effort
• Listen to Lectures, Read Books and Try to Solve Problems
• If you do not solve problems, you delude yourself that you understand

everything, you will be awakened only when first problem you attempt in
Quiz-1 or Test-1

• Enough problems are given at the end of each class. Work out those
problems before the next class
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Introduction

• Work with this course material, think about it, write your own comments,
solve problems and make yourself comfortable. If you follow this,
problems will be familiar to you like finding your home in a street where
you live as you wandered around your home many times, otherwise,
solving the problem will be like trying to locate your home from the map
locations.
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Introduction

• Instructor helps you to understand each topic thoroughly, rather than
remember how to go through the mechanics of a proof or calculation

• If you memorize the proof and calculation, it will be retained in your brain
until examination and will be erased afterwards
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Introduction

• Attend lectures, reread the lecture notes, correct mistakes of them
• Read reference books and text books, correlate with lecture notes
• Solve problems from lecture notes, books, past exam papers
• Discuss the subject with your friends and colleagues
• Convincingly explain the topic to your friends so that you will really

understand it yourself.
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Marks (Tentative)

Component Marks Topics
Test-1 20 Till Jan 31, 2025 Covered
Test-2 20 Till Feb 22, 2025 Covered
End Semester Theory 60 All : 3 Hours Exam
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Numerical Analysis:
What? Why? How?
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Numerical Analysis

• A study of algorithms that use numerical approximation for the problems
of mathematical analysis.

• Area of mathematics and computer science that creates, analyzes, and
implements algorithms for solving numerically the problems of
mathematics.

• Problems originate from real world applications, engineering, natural
sciences, medicine and so on.
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Numerical Analysis: School Memories
• Numerical Approach to Natural Logarithms
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Numerical Analysis: School Memories

• Numerical Approach to Natural Logarithms:
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Numerical Analysis: School Memories

• Numerical Approach to Natural Logarithms: Greatest Discovery of 16th
Century
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Numerical Analysis: School Memories

• Normal Distribution Table
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Numerical Weather Prediction

• Weather Prediction
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Numerical Analysis: Car Crash

• Car Crash using Finite Element Analysis
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Numerical Analysis: Rocket/Missile

• Trajectories of Rocket and Missiles
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Numerical Analysis: Applications

• Stock Market
• Aerospace Industry
• All Engineering Disciplines
• Most of the Medical Industries
• Actuarial Analysis

• ...
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Numerical Analysis: Areas

• Numerical Solution of System of Linear Equations
• Numerical Solution of System of Nonlinear Equations
• Numerical Optimization
• Numerical Integration
• Numerical Differentiation
• Numerical Interpolation
• Best approximations
• Wavelets
• ...
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Numerical Analysis:
History
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Historical Background

• Root finding Method: 1650 BC, Egyptian Rhind Papyrus
• Caculating Length, Areas and Volume of Geometric Figures: 400-350 BC

Eudoxus, 285 BC Archimedes
• Greek Mathematicians: Trigonometric functions, Chord of a circle to the

arc it subtends, Chord function, Hipparchus (140 BC), Ptolemy (140)

“A logarithmic table is a small table by which we can obtain a knowledge of
all geometrical dimensions and motions in space, by a very easy calculation.”

–John Napier
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Historical Background

• Solving the Cubic equation sin 3α = 3 sinα− 4 sin3 α, Al-Kashi (1400)
• Properties of Exponents: Stifel (1487-1567)
• Logarithms Table: John Napier (1550-1617), Burgi (1552-1634)
• Calculus Development : Newton (1642-1727), Leibniz (1646-1716)
• Mechanization: Charles Babbage (1791-1871)
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Historical Background

• Polynomial Interpolation: Newton (1642-1727)
• Lagrange Interpolation: Lagrange (1736-1813)
• Other mathematicians: Gauss, Euler, Cholesky, Jacobi, Adams-Bashforth

and so on
For detailed history of each topic, please refer the book: H.H. Goldstine, A
History of Numerical Analysis from the 16th through the 19th Century,
Springer, 1977.
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Numerical Analysis in India

• Sidharacharya (750 AD) solving a quadratic equation
• Approximate value of π, Aryabhat (5th Century)
• Value of π. Madhava of Sagamagrama (14th Century), Later sinx and

cosx series.
• Finding Square root of a number, Brahmagupta (628 CE)

22



Prerequisites
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Numerical Analysis: Prerequisites

• Real Analysis
• Riemann Integral
• Linear Algebra
• Differential Equations
• Functional Analysis [For Advanced Topics]
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Numerical Analysis: Keywords

• Error: Roundoff, truncation, bounds
• Stability, sensitive to data
• Ill-posed problem
• Conditioning
• Iteration, algorithm
• Convergence
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Limit

Definition 1 (Limit)
A function f defined on a set X of a real numbers has the limit L at x0, written
as

lim
x→x0

f(x) = L

if, for any given real number ϵ > 0, there exists a real number δ > 0 such that

|f(x)− L| < ϵ, whenever x ∈ X and 0 < |x− x0| < δ
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Continuous

Definition 2 (Continuous)
Let f be a function defined on a set X of real numbers and x0 ∈ X. Then f is
continuous at x0 if

lim
x→x0

f(x) = f(x0)

The function is continuous on the set X if it is continuous at each number in
X.
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Set of all Continuous functions

Remarks:
1. The set of all functions that are continuous on a set X is denoted by

C(X).
2. The set of all functions that are continuous at every real number is

denoted by C(R).
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Convergent Sequence

Definition 3
Let {xn}∞n=1 be an infinite sequence of real numbers. This sequence has the
limit x or converges to x if, for any ϵ > 0, there exists a positive integer N(ϵ)
such that |xn − x| < ϵ whenever n > N(ϵ).

lim
n→∞

xn = x

means that the sequence converges to x.
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Convergent Sequence

Example 4

lim
n→∞

n+ 1

n
= 1

lim
n→∞

(
n+ 1

n

)n

= e
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Theorem

Theorem 5
If f is a function defined on a set X of real numbers and x0 ∈ X , then the
following statements are equivalent
1. f is continuous at x0
2. If {xn}∞n=1 is any sequence in X converging to x0, then

lim
n→∞

f(xn) = f(x0)
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Differentiable

Definition 6 (Derivative)
Let f be a function defined in an open interval containing x0. The function f is
differentiable at x0 if

f ′(x0) = lim
x→x0

f(x)− f(x0)

x− x0

exists. The number f ′(x0) is called the derivative of f at x0. A function that has
a derivative at each number in a set X is differentiable on X.

Source: Thomas Calculus Book 32



Theorem and Remarks

Theorem 7
If the function f is differentiable at x0, then f is continuous at x0.

Remark:
1. The set of all functions that have n continuous derivatives on a set X is

denoted by Cn(X).
2. The set of all functions that have continuous derivatives of all order at

every real number is denoted by C∞(R).
3. C1(R) ⊂ C(R). Example, |x| ∈ C(R), |x| /∈ C1(R).
4. C∞(R) · · · ⊂ C2(R) ⊂ C1(R) ⊂ C(R). Example: ex ∈ C∞(R).
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Thanks
Doubts and Suggestions

panch.m@iittp.ac.in
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