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Preface 

 

 

 

 

 I am glad to present this book, especially designed to serve the needs of the students. The book 

has been written keeping in mind the general weakness in understanding the fundamental 

concepts of the topics. The book is self-explanatory and adopts the “Teach Yourself” style. It is 

based on question-answer pattern. The language of book is quite easy and understandable based 

on scientific approach.  

Any further improvement in the contents of the book by making corrections, omission 

and inclusion is keen to be achieved based on suggestions from the readers for which the author 

shall be obliged. 

 I acknowledge special thanks to Mr. Rajeev Biyani, Chairman& Dr. Sanjay Biyani, 

Director (Acad.) Biyani Group of Colleges, who are the backbones and main concept provider 

and also have been constant source of motivation throughout this endeavor. They played an 

active role in coordinating the various stages of this endeavor and spearheaded the publishing 

work. 

 I look forward to receiving valuable suggestions from professors of various educational 

institutions, other faculty members and students for improvement of the quality of the book. The 

reader may feel free to send in their comments and suggestions to the under mentioned address.  
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             [UG0803-MAT-64T-203] - [Real Analysis-II & Numerical Analysis | 

 

Unit-I : Properties of derivable functions, Darboux's and Rolle's theorem. Notation of limit, 

continuity and   differentiability for functions  of two variables. Directional   derivative, total 

derivative, expression of total derivative in terms of partial derivatives.         (15 Lectures) 

 

Unit-II :  Riemann integration Lower and Upper Riemann integrals, Riemann integrability, 

Mean value theorems of integral calculus, Fundamental theorem of integral calculus. Functions 

of bounded variations.                (15 Lectures) 

Unit-III  : Differences, Relation between differences and derivatives, Differences of a 

polynomial, Newton's formulae for forward and backward interpolation, Divided differences. 

Newton's divided difference, Lagrange's interpolation formula,  Numerical Differentiation, 

Derivatives from interpolation formulae.           (15 Lectures) 

Unit-IV  : Numerical integration, Derivations of general quadrature formulas, Trapezoidal rule. 

Simpson's one-third, Simpson's three-eighth and Gauss's quadrature formulae. Numerical 

solution of Algebraic and Transcendental equations: Bisection method, secant method, Regula-

Falsi method, Iteration method, Newton- Raphson Method. Numerical solutions of ordinary 

differential equations of first order with initial conditions using Euler and modified Euler's 

method.                       (15 Lectures) 

Suggested Books and References - 

1. Royden H, Fitzpatrick PM. Real analysis. China Machine Press; 2010. 

2. Rudin W. Principles of mathematical analysis. New York: McGraw-hill: 1964. 

3. Bartle RG, Sherbert DR. Introduction to real analysis. New York: Wiley; 2000. 

4. Mapa SK. Introduction to Real Analysis. Sarat Book Distributors; 2014. 

5. Malik SC, Arora S. Mathematical analysis. New Age International; 1992. 

6. Burden RI., Faires JD. Numerical analysis, brooks; 1997. 

7. Iyengar SR, Jain RK. Numerical Methods. New Age International; 2009, 

8. Sastry SS. Introductory methods of numerical analysis. PHI Learning Pvt. Ltd.; 2012. 



 

 

    UNIT-I 

Q:1: 

 

Q:2

 



 

 

 

Q:3  State and Proof Darboux Theorem . 

 



 

 

Q:4 State and Proof Roll’s Theorem . 

Solution:  Statement : Let f be continuous on [a, b] and differentiable on (a, b). Suppose f(a) = 

f(b). Then there exists c ∈ (a, b) such that f’ (c) = 0. 

Proof: If f is a constant function on [a, b] then, it follows from the definition of the derivative 

that f 0 (c) = 0 for all c ∈ [a, b]. Suppose there exists x ∈ (a, b) such that f(x) > f(a). (A similar 

argument can be given if f(x) < f(a)). Then by Theorem 5.3 there exists c ∈ (a, b) such that c is a 

point of maximum. Hence by Theorem 7.1, we have f’ (c) = 0. 

Theorem 7.1 (A necessary condition). Let f : [a, b] → R. Suppose x0 ∈ (a, b) is a point of local 

maximum or local minimum. If f is differentiable at x0 then f’(x0) = 0. Proof: Suppose x0 ∈ (a, b) 

is a point of local maximum. Find (xn) and (yn) such that xn, yn ∈ (a, b), xn < xn < yn for all n ∈ N 

and limn→∞ xn = lim n→∞ yn = x0. Since x0 is a point of local maximum, f(xn) − f(x0) ≤ 0 and 

f(yn) − f(x0) ≤ 0 for all n. Hence f0(x0) = lim n→∞ f(xn) − f(x0), xn − x0 ≥ 0. Similarly, f0(x0) = 

lim n→∞ f(yn) − f(x0), yn − x0 ≤ 0. Therefore f0(x0) = 0. 

Q:5  Consider the equation x
13

 + 7x
3
−5 = 0. To determine the number of solutions of this 

equations. 

Solution: let f(x) = x
13

 +7x
3
 − 5. Then f(0) < 0 and f(1) > 0. By the IVT there is at least one 

positive root of f(x). Since that f(x) < 0 for x < 0, f(x) does not have a negative root. If there are 



 

two distinct positive roots of f(x), then by Rolle’s theorem there is some x0 > 0 such that f 0 (x0) 

= 0 which is not true. Therefore f(x) = 0 has exactly one real solution.  

Q:6. Consider the equation f(x) = 0 where f(x) = x
8 
+ e

−x
 + 5x

2 
− 2 cos x.  

Solution : Since f0(x) > 0 for all x ∈ R, by Rolle’s theorem, f0(x) has at most one real root. Again 

by Rolle’s theorem, f(x) can have at most two real roots. Note that f(0) < 0, f(2) > 0 and f(−2) > 

0. Hence, by the IVT f(x) = 0 has at least two real solutions. Hence f(x) = 0 has exactly two 

distinct real solutions. 3 (Uniqueness of the n-th root). Let α ∈ [0, ∞) and n ∈ N. It was shown, 

using the IVT, in Lecture 6 that the equation x n = α has a solution in [0, ∞). We use Rolle’s 

theorem to show that the equation x n = α has exactly one solution in [0, ∞). Let f(x) = x n − α for 

x ∈ [0, ∞). Then f0(x) > 0 for all (0, ∞). Therefore by Rolle’s theorem, f(x) = 0 cannot have more 

than one real solution in [0, ∞)

 



 

 

 

 



 

 



 

  

 

  



 

 



 

 



 

 

 



 

 



 

 



 

 



 

 

 



 

 

 



 

 

  



 

 

 



 

 

 

 

  

 

 

 

 

 

 

 

 

 



 

  UNIT-II 

 

 



 

 

  

 



 

 

 

 

Theorem : Fundamental Theorem of Calculus (First Form) :Suppose there is a finite set E in 

[a, b] and functions f, f :[a, b] → R such that:  

(a) F is continuous on [a, b], 

 



 

 
 

 

 

 

 



 

 
Q:1 

 

Q:2 (b) If G(x) := Arctan x for x ∈ [a, b], then G0(x) = 1/(x
2
 + 1) for a 

 

Q:3 

 

 



 

 

 



 

 



 

 

  

 

 

 

 

 

 

 

 

 



 

 Unit-III   

 

 

 



 

 

 



 

  



 

  

 



 

  



 

 

 



 

 

 



 

 

 

 



 

 

 



 

 

 

 



 

 

 



 

 



 

 

 

 

 

 

 

 

 



 

    UNIT-IV 

 

 



 

 



 

 

 



 

 



 

 

 



 

 



 

 



 

 

 



 

 

 

 



 

 

 



 

 

 

 



 

 

 

 



 

 


