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Scope: On successful completion of course the learners gain about the real number system, 

sequences and series. 

 

Objectives: To enable the students to learn and gain knowledge about suprema and infima 

points, Root test, Ratio test, alternating series, series of functions. 

 

UNIT I 

Finite and infinite sets, examples of countable and  uncountable sets. Real line, bounded sets, 

suprema and infima, completeness property of R, Archimedean property of R,  intervals.  

 

UNIT II  

Real Sequence, Bounded sequence, Cauchy  convergence criterion for sequences. Limit of a 

sequence. Limit Theorems. Cauchy’ stheorem on limits, order preservation and squeeze theorem, 

monotone sequences and their convergence (monotone convergence theorem without proof). 
 

UNIT III 

Infinite series. Cauchy convergence criterion for series, positive term series, geometric 

series,comparison test, convergence of p-series, Root test, Ratio test, alternating series, 

Leibnitz’s test(Tests of Convergence without proof). Definition and  examples of absolute and 

conditional convergence. 
 

UNIT IV 

Monotone Sequences, Monotone Convergence Theorem. Subsequences, Divergence Criteria, 

Monotone Subsequence Theorem (statement only), Bolzano Weierstrass Theorem for Sequences. 

Cauchy sequence, Cauchy’s Convergence Criterion. Concept  of cluster points and statement of 

Bolzano -Weierstrass theorem.  

 

UNIT V 

 Sequence of functions,  Series of functions, Pointwise and uniform convergence. Mn-test, M-

test,Statements of the results about uniform convergence and integrability and differentiability of 

functions, Power series and radius of convergence. 
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SUGGESTED READINGS 

 

TEXT BOOK 

1.  Bartle R.G. and Sherbert D. R., 2000. Introduction to Real Analysis, John Wiley and Sons 

(Asia)  Pvt. Ltd. 

REFERENCES 

1. Fischer E., (2012). Intermediate Real Analysis, Springer Verlag. 

2. Ross K.A., (2003).Elementary Analysis- The Theory of Calculus Series - Undergraduate Texts       

    in Mathematics, Springer Verlag.  

3. Apostol T. M., (2002). Calculus (Vol.I), John Wiley and Sons (Asia) P. Ltd. 
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KARPAGAM ACADEMY OF HIGHER EDUCATION 

 (Deemed to be University Established Under Section 3 of UGC Act 1956) 
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LESSON PLAN 

DEPARTMENT OF MATHEMATICS 

 
     STAFF NAME: Y.SANGEETHA 

     SUBJECT NAME: REAL ANALYSIS   SUB.CODE:17MMU203 

     SEMESTER: II                 CLASS:  I B.SC MATHEMATICS              

  
 
 

S.No Lecture 

Duration 

Period 

Topics to be covered Support 

Materials/Page Nos 

                                                            

                                                          Unit  -I 

 
1 1 Introduction to set 

 

 

   R1: Ch :1, Pg.No:1-5 

2 1 Set operations R1: Ch :1, Pg.No:5-10 

3 1 Finite  sets T1: Ch: 1, Pg.No:14-16 

4 1 Tutorial-I  

5 1 Infinite sets T1: Ch :1, Pg.No:16-17 

6 1 Examples of finite and infinite set T1: Ch :1, Pg.No: 17 

7 1 Countable sets T1:Ch :1,Pg.No:18-19 

8 1 Tutorial-II  

9 1 Uncountable sets T1:Ch: 1,Pg.No:19-20 

10 1 Examples of countable and uncountable 

sets. 

R1: Ch :1,Pg.No:18-19 

11 1 Real line R1: Ch: 2, Pg.No:33-34 

12 1 Tutorial-III  

13 1 Bounded sets R1: Ch :2, Pg.No:34 
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Unit-II 

1 1 Introduction to sequence R1: Ch :3,Pg.No: 52 

2 1 Real Sequence R1: Ch: 3,Pg.NO: 53 

3 1 Bounded sequence R1: Ch :3, Pg.No:54 

4 1 Tutorial-I  

5 1 Examples of real and bound Sequence R1: Ch :3, Pg.No:54 

6 

 

 

1 Cauchy convergence criteria for sequences R1: Ch: 3, Pg.No:54-56 

7 1 Limit theorems T1:Ch:3,Pg.No:60-63 

8 1 Tutorial-II  

9 1 Cauchy’s theorem on limits R1: Ch :3, Pg.NO:56-59 

10 1 Continuation of Cauchy’stheorem on 

limits 

R1: Ch: 3, Pg.No:60-62 

14 1 Theorems on supremum of a set R1: Ch: 2, Pg.No:34-35 

15 1 Theorems on infimum of a set R1: Ch: 2,Pg.No: 34-35 

16 1 Tutorial-IV  

17 1 Completeness property of R R1: Ch :2,Pg.No: 37 

18 1 Archimedean property of R R1: Ch :2, Pg.No:40 

19 1 Intervals R1: Ch :2, Pg.No:44-47 

20 1 Tutorial-V  

21 1  Continuation of intervals R1: Ch: 2, Pg.No:50 

22 1 Concept of cluster points   R1: Ch :2, Pg.No:50-51 

23 1 Tutorial-VI  

24 1 Recapitulation and Disscussion of 

possible  questions 

 

Total No of  Hours Planned  For  Unit 1=24   
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11 1 Order preservation R1: Ch: 3, Pg.No:62-64 

12 1 Tutorial-III  

13 1 Squeeze theorem R1: Ch: 3, Pg.No:64-67 

14 1 Continuation of Squeeze theorem R1: Ch: 3, Pg.No:68 

15 1 Monotone sequences R1: Ch :3, Pg.No:68-69 

16 1 Tutorial-IV  

17 

 

1 Convergence R1: Ch: 3, Pg.No:69 

18 1 Convergence of monotone sequences R1: Ch :3, Pg.No:69-70 

19 1 Continuation on convergence of 

monotone sequences 

R1: Ch: 3,Pg.No: 70-72 

20 1 Tutorial –V  

21 1 Monotone convergence theorem R1: Ch :3, Pg.No:72-73 

22 1 Continuation on monotone convergence 

theorem 

R1: Ch: 3, Pg.No:73-75 

23 1 Tutorial –VI   

24 1 Recapitulation and Disscussion of possible  

questions 

 

 Total No of  Hours Planned  For  Unit II =24   

                                                              Unit-III 

1 1 Introduction to Infinite series 

 

 

 

R1: Ch :3,Pg.No: 89 

 

 

2 1 Cauchy  convergence thoorem R1: Ch :3, Pg.No:90 

3 1 Cauchy  convergence criterion for series R1: Ch :3,Pg.No: 90 

4 1 Tutorial I  

5 1 Theorems on positive  term  series R1: Ch :3, Pg.No:91 

6 1 Theorems on geometric series R3: Ch: 10, Pg.No:388 

7 1 Comparison test R3: Ch :10,Pg.No: 394 

8 1 Tutorial II  



Lesson Plan  
2017-2020 batch 

 

  

 Prepared by: Y. Sangeetha ,Department of Mathematics, KAHE Page 4/7 
 

 

9 1 Convergence of p-series R1: Ch: 3,Pg.No: 93-94 

10 1 Root test R3:Ch :10,Pg.NO:399-400 

11 1  Continuation on Root test R3:Ch :10,Pg.No:399-400 

12  Tutorial III  

13 1 Ratio test R1: Ch :10,Pg.No:401-402 

14 1  Continuation of Ratio test R1: Ch :10,Pg.No:401-402 

15 1 Alternating series R1: Ch :3, Pg.No:95-96 

16 1 Tutorial IV  

17 1 Leibnitz’s  test R2: Ch :2, Pg.No:105-109 

18 1 Definition of absolute convergence R3: Ch :10, Pg.No:406 

19 1 Examples of absolute convergence R3: Ch :10,Pg.No: 406 

20 1 Tutorial V  

21 1 Definition of conditional convergence R3: Ch: 10, Pg.No:407 

22 1 Examples of conditional convergence R3: Ch :10, Pg.No:407 

23 1 Tutorial VI  

 
24 1                                          Recapitulation & discussion of  possible questions  

 Total No of  Hours Planned  For  Unit III=24   

Unit-IV 

1 1 Introduction to Sequences R3: Ch :4, Pg.No:257-260 

2 1 Theorems on bounded sequence T1: Ch: 3, Pg.No:66-67 

3 1 Examples of  bounded sequence T1: Ch: 3, Pg.No:67 

4 1 Tutorial I  
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1 1 Introduction to Series of functions R3: Ch :9, Pg.No:266 

5 1 Convergent sequence R3: Ch: 3,Pg.No: 81-86 

6 1 Examples of  Convergent sequence   R3: Ch: 3,Pg.No 84-86 

7 1 Limit of a sequence R3: Ch :4, Pg.No:294-297 

8 1 Tutorial II  

9 1 Limit Theorems T1: Ch: 4, Pg.No:125 

10 1 Monotone Sequences T1: Ch: 4, Pg.No:126 

11 1 Monotone convergence Theorem T1: Ch: 3, Pg.No:78 

12 1 Tutorial III  

13 1 Subsequences T1: Ch: 3,Pg.No:79 

14 1 Divergence Criteria T1: Ch: 3,Pg.No:79 

15 1 Monotone subsequence Theorem T1: Ch :3,Pg.No:79-80 

16 1 Tutorial IV  

17 1 Bolzano Weierstrass Theorem for 

Sequences 

T1: Ch: 3,Pg.No:80 

18 1 Bolzano Weierstrass Theorem for 

Sequences 

R3: Ch :3,Pg.No:80-81 

19 1 Cauchy  sequence T1: Ch :3, Pg.No:81 

20 1 Tutorial V  

21 1 Cauchy’s Convergence Criterion T1: Ch :3, Pg.No:81-82 

22 1 Cauchy’s Convergence Criterion R3: Ch :3,Pg.No: 82-83 

23 1 Tutorial VI  

24 1 Recapitulation and Disscussion of possible  

questions 

 

Total No of  Hours Planned  For  Unit 1V =24   

                Unit-V  
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2 1 Pointwise convergence R3: Ch :9, Pg.No:266 

3 1 Tutorial-I  

4 1 Uniform convergence  R3: Ch: 9,Pg.No: 266-267 

5 1 M-test R3: Ch :9, Pg.No:267 

6 1 Tutorial-II  

7 1 M-test R3: Ch :9, Pg.No:267 

8 1 Results  about  uniform convergence R3: Ch: 9,Pg.No: 267-268 

9 1 Tutorial-III  

10 1 Results  about  uniform convergence R3: Ch :9, Pg.No:267-268 

11 1 Subsequences R3: Ch: 9, Pg.No:268 

12 1 Continuation on subsequences R3: Ch :9, Pg.No:268-269 

13 1 Tutorial-IV  

14 1 Integrability of functions R3: Ch: 9, Pg.No:269-270 

15 1 Differentiability of functions R3: Ch: 9,Pg.No: 270 

16 1 Power series R3: Ch :9, Pg.No:270-271 

17 1 Tutorial-V  

18 1 Radius  of convergence R3: Ch: 9, Pg.No:271-272 

19 1 Radius  of convergence R3: Ch :9, Pg.No:272 

20 1 Tutorial-VI  

21 1 Recapitulation and Disscussion of possible  

questions 

 

22 1 Discussion of previous ESE Question 

papers 

 

23 1 Discussion of previous ESE Question 

papers 

 

24 1 Discussion of previous ESE Question 

papers 

 

Total No of  Hours Planned  For  Unit V=24  
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      Text book: 

1. Bartle, R.G. and Sherbert D. R., 2000. Introduction to Real Analysis,John Wiley and          

Sons (Asia) Pvt. Ltd.  

    References: 

 
 

1.   Fischer,  E., (1983). Intermediate Real Analysis,  Springer Verlag. 
 

2.   Ross, K.A., (2003). Elementary Analysis- The Theory of Calculus Series – Undergraduate        

Texts in Mathematics, Springer Verlag.  

3.   T  Apostol  T. M., (2002). Calculus (Vol. I), John Wiley and Sons (Asia) P. Ltd. 
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                                                                 UNIT-I 

SYLLABUS 

Finite and infinite sets, examples of countable and  uncountable sets. Real line, bounded sets, 

suprema and infima, completeness property of R, Archimedean property of R,  intervals.  

Sets:  

A set is any collection of objects, for example, set of numbers. The objects of a set are called 

the elements of the set. 

Finite Set 

If a set contains a finite number of elements then we say that the set is finite. Otherwise we 

say that the set is infinite. 

The cardinality of a finite set is the number of elements that it contains. We denote the 

cardinality of a set A by |A|. 

 

Examples 

•If A = {1, 4, 8, 10} then |A| = 4. 

•If X = {x : x ∈ N and x < 7}, then |X| = 6. 

 

Countable set 

A set A is countable, if it can be put in a one to one correspon-dence with the set Z+ of positive 

integers   

Uncountable sets 

A set is uncountable, if it is infinite and is not countable. 
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Theorem  

The following statements are equivalent 

    

 

      Cantor’s Theorem 

          If  A is any set then there is no surjection of  A onto the set P(A) of all subsets of A. 

 

Triangle Inequality:  If a,b belongs to R then |a+b| ≤ |a| +|b| 
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Real line: 

 

    is |a-b|. 

Suprema and infima 

Definition: Let S be a nonempty subset of R 

 

Definition: Let S be a nonempty subset of R 
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Intervals
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POSSIBLE QUESTIONS 

 

PART-B (5 x 2 =10 Marks) 

Answer all the questions 

1. Define an uncountable set.  

2. Give two examples for uncountable sets. 

3. Define countable set. 

4. Define bounded set. 

5. Define unbounded set. 

 PART-C (5 x 6 =30 Marks) 

Answer all the questions 

1. Prove that the set of all rational number is countable 

2. If  , ptove that  

3. State and prove Archimedean property. 

4. Let S be a subset of  and . Prove that  

5. State and prove  Uniqueness theorem on limits 

6. State and prove Cantor’s Theorem. 

7. Prove that (0,1) is uncountable. 

8. Suppose that A and B are non-empty subsets of R, suchthat a ≤ b for all aϵA and bϵB then 

    sup A≤ inf B . 

9. Suppose that S and T are sets and that T is contained in S. 

 a) If S is a finite set, then T is a finite set. 

 b) If T is an infinite set, then S is an infinite set.  

10. The following statements are equivalent: 

a) S is a countable set. 

b) There exists a surjection of N onto S. 

c) There exists an injection of S into  N 
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Question Choice 1 Choice 2 Choice 3 Choice 4 Answer

The set of all points between a and b is called ------------ integer interval elements set interval

The set {x: a < x < b} is -------------- (a, b) [a, b] (a, b] [a, b) (a, b)
A real number is called a positive integer if it belongs to --
--------- interval open interval closed interval inductive set inductive set
Rational numbers is of the form ----------------- pq p + q p/q p - q p/q
e is --------------- rational irrational prime composite irrational
An integer n is called ----------- if the only possible 
divisors of n are 1 and n rational irrational prime composite prime

A set with no upper bound is called ------------ bounded above bounded below prime function bounded above

A set with no lower bound is called ------------ bounded above bounded below prime function bounded below

The least upper bound is called ----------- bounded above bounded below supremum infimum supremum

The greatest lower bound is called ----------- bounded above bounded below supremum infimum infimum
The supremum of {3, 4} is ---------- 3 4 (3, 4) [3, 4] 4
Every finite set of numbers is ---------- bounded unbounded prime bounded above bounded 

Possible Questions                               

KARPAGAM ACADEMY OF HIGHER EDUCATION
(Deemed to be University Established Under Section 3 of UGC Act 1956)

Pollachi Main Road, Eachanari (Po),
Coimbatore –641 021                                                                                                                                                                                            

        Subject: Real Analysis                                                                                                                        Subject Code: 17MMU203
        Class   : I - B.Sc. Mathematics                                                                                                                             Semester      : II

 Unit I                                                                                                                                                      
   Part A (20x1=20 Marks)                                                                                                                                                                                                                                                                                                 

(Question Nos. 1 to 20 Online Examinations)
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A set S of real numbers which is bounded above and 
bounded below is called -------- bounded set inductive set super set subset bounded set
The set N of natural numbers is ---------- bounded not bounded irrational rational not bounded 
The infimum of {3, 4} is ------------ 3 4 (3, 4) [3, 4] 3

Sup C = Sup A + Sup B is called -------------- property approximation additive archimedean comparison additive 
For any real x, there is a positive integer n such that -------
---- n > x n < x n = x n = 0 n > x

If x > 0 and if y is an arbitrary real number, there is a 
positive number n such that nx > y is -------------- property approximation additive archimedean comparison archimedean

The set of positive integers is ------------- bounded above bounded below unbounded above unbounded below unbounded above
The absolute value of x is denoted by --------------- |x| ||x|| x < 0 x > 0 |x|
If x < 0 then --------------- |x| = x ||x|| = |x| ||x|| = -x |x| = -x |x| = -x
If S = [0, 1) then sup S = ---------------- 0 1 (0, 1) [0,1] 1

Triangle inequality is -------------------

|a| + |b| greater 
than equal to |a 
+ b| |a| > |a + b| |b| > |a + b|

|a + b| less than 
equal to |a | + |b|

|a + b| less than equal 
to |a | + |b|

|x + y| greater than equal to ----------------- |x| + |y| |x| |y| |x| - |y| | |x| - |y| | | |x| - |y| |
If (x, y) belongs to F and (x, z) belongs to F, then -----------
-- x = z x = y xy = z y = z y = z
A mapping S into itself is called ------------ function relation domain transformation transformation

If F(x) = F(y) implies x =y is a --------------- function one-one onto into inverse one-one
One-one function is also called ----------- injective bijective transformation codomain injective
S = {(a,b) : (b,a) is in S} is called --------------- inverse domain codomain converse converse
If A and B are two sets andif there exists a one-one 
correspondence between them,then it is called ------------
- set denumerable uncountable finite equinumerous equinumerous
A set which is equinumerous with the set of all positive 
integers is called ---------------- set finite infinite countably infinite countably finite countably infinite
A set which is either finite or countably infinite is called -
----------- set countable uncountable similar equal countable

Uncountable sets are also called ------------- set denumerable non-denumerable similar equal non-denumerable

Prepared by: Y.Sangeetha, Department of Mathematics,KAHE
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Countable sets are also called --------------- set denumerable non-denumerable similar equal denumerable
Every subset of a countable set is ------------ countable uncountable rational irrational countable
The set of all real numbers is ---------------- countable uncountable rational irrational uncountable
The cartesian product of the set of all positive integers 
is ---------- countable uncountable rational irrational countable
The set of those elements which belong either to A or 
to B or to both is called --------- complement intersection union disjoint union
The set of those elements which belong to both A and B 
is called ------------ complement intersection union disjoint intersection

Union of sets is -------------- commutative not commutative not associative disjoint commutative
The complement of A relative to B is denoted by ----------
---- B - A B A A - B B - A
If  A intersection B is the empty set, then A and B are 
called -------- commutative not commutative not associative disjoint disjoint

B - (union A) = ----------------- union (B -A)
B - (intersection 
A) intersection (B - A) {} intersection (B - A)

B - (intersection A) = ----------------------- union (B -A) B - (union A) intersection (B - A) {} union (B -A)
Union of countable sets is ----------------- uncountable infinite countable disjoint countable
The set of all rational numbers is --------------- uncountable infinite countable disjoint countable
The set S of intervals with rational end points is ---------- 
set uncountable infinite countable disjoint countable

The product of two prime numbers will always be even number odd number 
neither prime nor 
composite composite composite  

Let A be the set of all  prime numbers. Then 
number of elements in A is countable uncountable finite empty countable

Prepared by: Y.Sangeetha, Department of Mathematics,KAHE
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  UNIT-II 

SYLLABUS 

Real Sequence, Bounded sequence, Cauchy  convergence criterion for sequences. Limit of a 

sequence. Limit Theorems. Cauchy’ s theorem on limits, order preservation and squeeze 

theorem, monotone sequences and their convergence (monotone convergence theorem 

without proof). 

Sequences and their limits 

 

 

 

The limit of a sequence 
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Proof
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POSSIBLE QUESTIONS 

 PART-B (5 x 2 =10 Marks) 

Answer all the questions 

1. Define supremum. 

2. Define a convergent sequence. 

3. Define a bounded sequence. 

4.   Define a sequence 

5.   Define a convergent sequence 

 PART-C (5 x 6 =30 Marks) 

Answer all the questions 

   1. Prove that  

   2. Let   and  be sequence of real numbers that converges to  and    

respectively.Prove that the sequences  and   converge to and xy, respectively. 

  3.  State and prove Squeeze theorem.  

  4.  Prove that a convergent sequence of real numbers is bounded. 

  5. State and prove uniqueness theorem on  limit. 

  6.  State and prove Monotone convergence theorem. 

  7. If (xn) is a convergent sequence of real numbers and if xn  ≥ 0 for all nϵN,  then  x=lim(xn) ≥ 0  

  8. If  c>0, then lim(c1/n)  = 1 

  9. If  , then prove that    

10. Prove that a convergent sequence of real numbers is bounded. Also prove that the converse    

is  need not be true. 
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Question Choice 1 Choice 2 Choice 3 Choice 4 Answer
If A is the set of even prime numbers and B is the set of 
odd prime numbers. Then  A is a subset of B B is a subset of A

A and B are 
disjoint

A and B are not 
disjoint A and B are disjoint

which relation is not a function? {(2,5),(3,6).(4,7)} {(2,1),(3,2).(4,7)}
{(2,1),(2,3).(3,4),(4
,1))} {(2,1),(3,3),(4,1)} {(2,1),(2,3).(3,4),(4,1))}

Given the relation A={(5,2),(7,4),(9,10),(x,5)}. Which of 
the following value for x will make relation on A as a 
function? 7 9 4 5 4

Let A be the set of letters in the word  " trivial" and let 
B  be the set of letters in the word difficult. Then A-B= {a,r,v} {d,f,c,u} {I,l.t} {a,I,l,r,t,v} {a,r,v}

Let S be the set of of all 26 letters in the alphabet and 
let A be the set of letters in the word "trivial". Then the 
number of elements in                    is 19 20 21 22 21

Let A={1,2}. Then A X A = {(1,1),(2,2)} {(1,2),(2,1)}
{(1,1)(1,2),(2,1),(2,
2)} {(1,1),(2,2),(2,1)} {(1,1)(1,2),(2,1),(2,2)}

Let A={1,2} and B={a,b,c}. Then number of elements in 
A X B = 2 3 2*2*2 2*3 2*3
Suppose n(A)=a and n(B)=b. Then number of elements 
in A X B is a b ab a+b ab

Possible Questions                               
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Let A={1,2} and B={a,b,c}. Then which of the following 
element does not belongs to  A X B = (1,a) (3,c) (c,2) (1,c) (c,2)
Let F be a function and  (x,y) in F and (x,z) in F. Then we 
must have x=y y=z z=x x=x y=z
If the number of elements in a set S are %. Then the 
number of elements  of the power set P(S)= 5 6 16 32 32
If range of f is equal to codain set, then f is into onto one-one many to one onto
Converse of function is a function only if f is into onto one-one bijection bijection
Inverse function is always into onto one-one bijection bijection
If A and B contains n elements then number bijection 
between A and B is n! n n+1 n-1 n!
Let f be  a function from A to B. Then we call f as a 
sequence only if  A is a

set of positive 
integers

set of all real 
numbers set of all rationals set of irrationals set of positive integers

Two sets A and B are said to be similar iff there is a 
function f exists such that f is into one-one onto bijection bijection

If two sets A={1,2,…,m} and B={1,2,..,n} are smilar then m<n n<m n=m n>0 n=m

Which of the following is an example for countable?
set of real 
numbers

set of all 
irrationals set of all rationals (0,1) set of all rationals

Number of elements in the set of all real numbers is finite countably infinite 1000000 uncountable uncountable
The union of elements A and B is the set of elements 
belongs to either A or B neither A not B both A and B A and not in B either A or B
The set of elements belongs A and not in B is B A B-A A-B A-B
The set of elements belongs B and not in A is B A B-A A-B B-A
Countable union of countable set is uncountable countable finite countably infinite countable
N X N is uncountable countable finite countably infinite countable
 Z X R is uncountable countable finite countably infinite uncountable
R x R is uncountable countable finite countably infinite uncountable
The set of sequences consists of only 1 and 0 is uncountable countbale finite countably infinite uncountable
Every subset of a countable set is uncountable countable finite countably infinite countable
Every subset of a finite set is uncountable countable finite countably infinite finite

Fibonnaci numbers is  an example for uncountable set countable set finite set infinte set countable
Suppose A  and  B is countable then A X B is uncountable countable finite infinite countable
A X B is  similar to A B A XA A X B A X B
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The set of all even integers is uncountable countable finite infinite countable
(0,1] is uncountable countable finite countably infinite uncountable
{1,2,…..,100000} uncountable countable infinite countably infinite countable
Suppose f is a  one to one function. Then x not eqaul y 
implies

f(x)  is not equal 
to f(y) f(x)=f(y) f(x)<f(y) f(x)>f(y) f(x) is not equal to f(y)

Suppose f is  a one to one function. Then f(x)=f(y) 
implies x=-y y=x+10 x=y x is not eqaul y x=y
Let f be a bijection  between A and B and A is 
counatble then B is uncountable countable finite similar to R countable
Let f be a function defined on A and itself such that 
f(x)=x. Then f is onto one to one bijection

neither one to one 
nor onto bijection

Constant function is an example for onto one to one many to one bijection many to one

Stricly increasing function is an onto function one to one many to one bijection one  to one

Strictly decreasing function is an onto function one to one many to one bijection one to one
If g(x)  = 3x + x + 5, evaluate g (2) 8 9 13 17 13
A = {x: x ≠ x }represents {1} {} {0} {2} {}
If a set A has n elements, then the total number of 
subsets of A is n! 2n 2n n 2n
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UNIT-III 

SYLLABUS 

Infinite series. Cauchy convergence criterion for series, positive term series, geometric series, 

comparison test, convergence of p-series, Root test, Ratio test, alternating series, Leibnitz’s 

test(Tests of Convergence without proof). Definition and  examples of absolute and conditional 

convergence. 
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POSSIBLE QUESTIONS 

 

PART-B (5 x 2 =10 Marks) 

Answer all the questions 

1. Define a geometric series. 

2. State the nth term test. 

3. Define a harmonic sequence. 

4. Define alternating harmonic series. 

5. Define a harmonic sequence. 

PART-C (5 x 6 =30 Marks) 

Answer all the questions 

1. Test the convergence of series  . 

2.  Prove the  converges if . 

3. Show  that =  

4. State & prove the nth term test for series. 

5. Let (xn) be a sequence of non-negative real numbers.Then the series  ∑ xn  converges  iff  the  

sequence  S= (sk)  of partial sums is bounded. In  this  case ∑ (xn) = lim(sk) = sup {sk : kϵN} 

6.  State and prove Cauchy criterion for series. 

7.  State and prove the comparison test for the series 

8.  Discuss about the series (i)    (ii)  

9.  Prove that if  converges then  

10. Prove that the  converges. 
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Question Choice 1 Choice 2 Choice 3 Choice 4 Answer

If an increasing sequence is bounded above then

seqeunce 
converges to inf 
of its range

sequence 
converges to sup 
of its range

sequence 
converges to 1

sequence converges 
to 0

sequence converges to 
sup of its range

If an  decreasing sequence is bounded below  then
seqeunce 
converges to inf 

sequence 
converges to sup 

sequence 
converges to 2

sequence converges 
to 1

sequence converges to 
inf of its range

Fibonacci sequence is 
an increasing 
sequence

a decresing 
sequence

constant 
sequence bounded sequence an incresing sequence

If an increasing sequence is bounded above then

seqeunce 
converges to inf 
of its range

sequence 
converges to sup 
of its range

sequence 
converges to 3

sequence converges 
to 2

sequence converges to 
sup of its range

Suppose a sequence in a metric space (S,d) converges 
to both a  and b. Then we must have a<b a>b a-b=1 a=b a=b
In a metric space (S,d), a sequence converges to p. 
Then range of the sequence is bounded unbounded finite infinite bounded

The range of a constant sequence is infinite countably infinite uncountable singlton set singleton set

Suppose in  a metric space (S,d), a sequence converges 
to p. Then   the point p is 

an adherent 
point of S

an accumulation 
point of S

an isolated point 
of S

not an adherent 
point of S an adherent point of S

Possible Questions                               
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Suppose in  a metric space (S,d) , a sequence converges 
to p and the rnage of the sequence is infinite. Then p is 

an adherent 
point of S

an accumulation 
point of S

an isolated point 
of S

not an accumulation  
point of S

an accumulation point 
of S

Suppose in  a metric space, a sequence converges.  
Then 

every sequence 
in a metric 
space converges

every 
subsequence of 
convergent 
sequence 
converges

some 
subsequence of 
convergent 
sequence 
converges

some sequence in a 
metric space 
converges

every subsequence of 
convergent sequence 
converges

A sequence is said to be bounded if if its range is unbounded bounded countable uncountable bounded
The range of the sequence {1/n} is finite {1} {} infinite infinite
The range of the sequence {1/n} is unbounded bounded {} {1,0} bounded
The esequence {1/n} converges diverges oscilates converges to 1 converges

In Euclidean metric space every cauchy sequence is convergent divergent oscilates convergent to 0 converges

Every convergent sequence is a
constant 
seqeunce cauchy sequence

increasing 
sequence decreasing sequence cauchy sequence

The sequence {n^2} converges diverges oscilates converges to 2 diverges
The range of the sequence {n^2} is unbounded bounded {} {0.1} unbounded
The range of the sequence {n^2} is finite {1} {} infinite infinite
The sequence {i^n} converges diverges oscilates converges to 0 diverges
The range of the sequence {i^n} is unbounded bounded {} {0,1} bounded
The range of the sequence {i^n} is finite infinite {} {0,1} finite
The sequence {1} converges diverges oscilates converges to 0 converges
The range of the sequence {1} is {} {1} {1,0} {1,2,3} {1}
The range of the sequence {1} is bounded unbounded {1,0} {0} bounded
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      UNIT-IV 

SYLLABUS 

 

Monotone Sequences, Monotone Convergence Theorem. Subsequences, Divergence Criteria, 

Monotone Subsequence Theorem (statement only), Bolzano Weierstrass Theorem for 

sequences.Cauchy sequence, Cauchy’s Convergence Criterion. Concept  of cluster points and 

statement of Bolzano -Weierstrass theorem. 
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POSSIBLE QUESTIONS 

 

PART-B (5 x 2 =10 Marks) 

Answer all the questions 

1. Give an example of a bounded sequence that is not a Cauchy sequence. 

2. State monotone subsequence theorem. 

3. Give an example for Cauchy sequence. 

4. Define a subsequence. 

5. Give an example of a bounded sequence that is not a Cauchy sequence. 

 

PART-C (5 x 6 =30 Marks) 

Answer all the questions 

1. State and prove Bolzano- Weirstrass theorem. 

2. Prove that  a  Cauchy sequence of real numbers is bounded 

3. Test the convergence of the series ∑ (cos nπ )/(n2 +1) 

4. Prove that any subsequence of a convergent sequence is convergent. Also prove that the         

converse  need not  be  true. 

5. If a sequence X=(xn) of real numbers converges to a real number x,then  any  subsequence      

X’=( ) of X, also converges to x. 

6. Prove that any convergent sequence is a Cauchy sequence. 

7. State and prove Cauchy convergence criterion 

8. Prove that any subsequence of a convergent sequence is convergent. Also prove that the 

converse  need not be true.  

9.  State and prove monotone subsequence theorem. 

10. Prove that a bounded sequence converges to x if every subsequence converges to x. 
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Question Choice 1 Choice 2 Choice 3 Choice 4 Answer
Constant sequence converges oscillates diverges converges to 1 Converges

The sequence {1,1,1,1,1,…..} converges oscillates diverges converges to 1 converges to 1

The sequence {1,0,1,0,1,0,…} converges oscillates diverges converges to 1 Oscillates
The harmonic series converges if P=1 p>1 P<1 P=0 p>1
In limit comparison test both the series converges 
absolutely if 

r=1 r=0
r is not equal to 
zero

R=2 r is not equal to zero

For the absolute  convergence of the series, the ratio 
between n+1th term and nth term must be 

Less than r Greater than r
Less than or equal 
to r

Greater than equal 
to r 

Less than or equal to r

For the absolute  convergence of the series, the   nth 
root of nth  term must be 

Less than r Greater than r
Less than or equal 
to r

Greater than equal 
to r 

Less than or equal to r

The alternating harmonic series converges oscillates diverges converges to 1 Converges
If a series converges absolutely, the series converges oscillates diverges converges to 1 Converges
A series converges iff converges absolutely if the series 
consists of ----terms

positive negative Non zero Either a or b Positive

The series 1-1+1-1+1-1+… converges oscillates diverges converges to 1 Diverges
{1,2,…..,100000} uncountable countable infinite countably infinite countable
Suppose f is a  one to one function. Then x not eqaul y 
implies

f(x)  is not equal 
to f(y) f(x)=f(y) f(x)<f(y) f(x)>f(y) f(x) is not equal to f(y)

Possible Questions                               

KARPAGAM ACADEMY OF HIGHER EDUCATION
(Deemed to be University Established Under Section 3 of UGC Act 1956)

Pollachi Main Road, Eachanari (Po),
Coimbatore –641 021                                                                                                                                                                                            

        Subject: Real Analysis                                                                                                                        Subject Code: 17MMU203
        Class   : I - B.Sc. Mathematics                                                                                                                             Semester      : II

 Unit IV                                                                                                                                                      
                     Part A (20x1=20 Marks)                                                                                  (Question Nos. 1 to 20 Online Examinations)

Prepared by: Y.Sangeetha, Department of Mathematics,KAHE



Unit-IV / 2017-2020 Batch

Suppose f is  a one to one function. Then f(x)=f(y) 
implies x=-y y=x+10 x=y x is not eqaul y x=y
Let f be a bijection  between A and B and A is 
counatble then B is uncountable countable finite similar to R countable
Let f be a function defined on A and itself such that 
f(x)=x. Then f is onto one to one bijection

neither one to one 
nor onto bijection

Constant function is an example for onto one to one many to one bijection many to one

Stricly increasing function is an onto function one to one many to one bijection one  to one

Strictly decreasing function is an onto function one to one many to one bijection one to one
If g(x)  = 3x + x + 5, evaluate g (2) 8 9 13 17 13
A = {x: x ≠ x }represents {1} {} {0} {2} {}
If a set A has n elements, then the total number of 
subsets of A is n! 2n 2n n 2n

Prepared by: Y.Sangeetha, Department of Mathematics,KAHE



KARPAGAM ACADEMY OF HIGHER EDUCATION 
      CLASS: I B.SC MATHEMATICS                               COURSE NAME: REAL ANALYSIS 

COURSE CODE: 17MMU203                  UNIT: V                BATCH-2017-2020 
 

Prepared by Y.Sangeetha, Asst Prof, Department of Mathematics, KAHE Page 1/10 
 

      UNIT-V 

SYLLABUS 

Sequence of functions,  Series of functions, Pointwise and uniform convergence. M-test,  

Statements of the results about uniform convergence and integrability and differentiability of 

functions, Power series and radius of convergence. 
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POSSIBLE QUESTIONS 

 PART-B (5 x 2 =10 Marks) 

Answer all the questions 

1. Define absolutely convergent of a series. 

2. Define radius of convergence. 

3. Define power series. 

4. Define uniformly convergent of a series. 

5. Define convergent of a series. 

 PART-C (5 x 6 =30 Marks) 

Answer all the questions 

1. State and prove Weierstrass  test 

2. State and prove Cauchy Hadamard theorem. 

3. If  is the radius of convergence of the power series , prove that the series  absolutely 

convergent if   and divergent  if . 

4. State and prove differentiation theorem         

5. State and prove Cauchy criterion for series of functions. 

6. If  is the radius of convergence of the power series , prove that the series absolutely  

convergent if   and divergent  if . 

7. If   and   converges on some interval , to the same function  ,   

then prove that  for all . 

8. State and prove  test 

9. State and prove Cauchy criterion for series of functions. 
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Question Choice 1 Choice 2 Choice 3 Choice 4 Answer
If R is the radius of convergence of the series, the series 
converges absolutely if |x|

>R =R <R
Less than or equal to 
R

<R

If rho=infinity, the radius of convergence R is 0 1 2 3 0
If rho=0, the radius of convergence R is 0 1 2 infinity Infinity

If rho is finite, the radius of convergence R is 0 Rho Reciprocal of rho infinity Reciprocal of rho

If R is the radius of convergence of the series, the series  
diverges  if |x|

>R =R <R
Less than or equal to 
R

>R

If R is the radius of convergence then the interval of 
convergence is

(-R,R] [-R,R] (-R,R) [-R,R) (-R,R)

The sequence of functions (x/n) converges to a function 
x=

0 1 2 3 0

The sequence of functions x power n converges to a 
function x=0 if  x lies between 

1 and 2 -1 and 1 0 and 1 -1 and 0 -1 and 1

A series of positive terms converges then the series converges only
converges 
absolutely

both A and B neither A nor B both A and B

A convergent series contains only finite number of 
negative terms then it is 

converges only
converges 
absolutely

both A and B neither A nor B converges absolutely

Possible Questions                               
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A convergent series contains only -------- number of 
negative terms then it is converges absolutely

infinite
10

finite countable finite 

A convergent series contains only  finite number of -------
-- terms then it is converges absolutely

negative positive zero
1

negative
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          Date:    01.03.2018(   )                                        Time: 2 Hours 

Class:    I B.Sc Mathematics                               Maximum: 50 Marks 

 

PART – A (20 × 1 = 20 marks) 

            ANSWER ALL THE QUESTIONS 

1.Which of the following is a geometric series? 

a. ∑ 𝑟∞
𝑛=1  b. ∑ 𝑟

1

𝑛∞
𝑛=1  c. ∑ 𝑟∞

𝑛=1
𝑛
 d. ∑

𝑛

𝑟

∞
𝑛=1  

         2. For the series  ∑ (−1)𝑛∞
𝑛=0 , 𝑠𝑛 = 0 if n is _______ 

a. odd b. even  c. prime d. composite 

         3. The series ∑
1

𝑛(𝑛+1)

∞
𝑛=1   converges to _____ 

a. 0  b. -1  c. 1  d. 2 

         4. The series ∑
1

𝑛2
∞
𝑛=1  is __________ 

a. converges b. diverges c. oscilates d. converges to 1 

         5. Geometric series ∑ 𝑟∞
𝑛=1

𝑛
converges if _______ 

a. 𝑟 ≥ 1 b. 𝑟 < 1 c. 𝑟 = 1  d. 𝑟 ≤ 1 

     6. For the series  ∑ (−1)𝑛∞
𝑛=0 , 𝑠𝑛 = 1  if n is  _______ 

a. odd b. even  c. prime d. composite 

    7.   If the series ∑ 𝑥𝑛  converges, lim 𝑥𝑛 = _________ 

a. 0  b. -1  c. 1  d. 2/* 

     8. The series ∑
1

𝑛𝑝
∞
1 converges if  𝑝 _____ 

a. p<1 b. p=1  c. p>1  d. 𝑝 ≥ 1  

9. Geometric series ∑ 𝑟∞
𝑛=1

𝑛
diverges if   ______ 

a. 𝑟 ≥ 1 b. 𝑟 < 1 c. 𝑟 = 1  d. 𝑟 ≤ 1 

10. If lim |𝑥𝑛| = 0then  lim 𝑥𝑛 =________ 

a. -1  b. 0  c. 1  d. 2 

11. For the series ∑ 𝑟𝑛∞
0   , 𝑠𝑛 = __________ 

a. 
1

1−𝑟
   b. 

1−𝑟𝑛+1

1−𝑟
 c. 

1−𝑟𝑛

1+𝑟
  d. 

1−𝑟𝑛+1

1+𝑟
 

12. The series ∑
1

√(𝑛+1)

∞
1   is ___________ 

a. diverges b. oscillates c. converges d. converges to 0 

     13. lim (
𝑛

𝑛+2
) = __________ 

a. -1  b. 1  c. 2  d. 0 

14. Geometric series ∑
1

𝑛−√𝑛

∞
𝑛=1    _______ 

        a.  diverges b.  converges c. oscillates d. converges to 1 

     15.  If  1 +
1

√2
+

1

√3
+ ⋯ =______ 

a. diverges b.  converges  c. oscillates d. converges to 1 

    16. The series ∑
1

√(𝑛+𝑛2)

∞
1  is ________ 

a. diverges b. oscillates c. converges d. converges to  0 

     17. The series ∑
1

𝑛 log 𝑛

∞
2  is _________ 

a. converges b. diverges c. oscillates d. converges to 0 

18. lim (1 +
1

𝑛
)

𝑛

= _________ 

a. 𝑒  b. 𝜋  c. 1.6018 d. √2 

    19.  lim (
1

𝑛+2
) = __________ 

a. -1  b. 1             c. 2  d. 0 

    20. The series  1 +
1

2
+

1

3
+

1

4  
+

1  

5
… …_______ 

a .diverges b.  converges c. oscillates d. converges to 1 

 



PART-B ( 3 X 2 = 6 Marks) 

        ANSWER ALL THE QUESTIONS  

    21. Define a bounded sequence. 

        22. Define a  monotone sequence. 

        23. State the nth term test. 

  PART-C ( 3 X 8 = 24 Marks) 

       ANSWER ALL THE QUESTIONS 

    24.  a)State and prove Monotone convergence theorem. 

    (OR) 

    b)Prove that the  2 − 𝑠𝑒𝑟𝑖𝑒𝑠 converges. 

 

        25  a) Let 𝑋 = (𝑥𝑛)  and 𝑌 = (𝑦𝑛) be sequence of real numbers that 

converges to 𝑥 and 𝑦  respectively. Prove that the sequences 𝑋 + 𝑌 

and𝑋𝑌  converge to 𝑥 + 𝑦 and xy respectively. 

    (OR) 

             b) State and prove Squeeze theorem. 

 

        26.  a) Show  that  ∑
1

𝑛(𝑛+1)(𝑛+2)

∞
1  = 

 1

4
 

    (OR) 

     b) Test the convergence of series ∑
𝑛!(2𝑛)

𝑛𝑛
∞
1  
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PART – A (20  1 = 20 marks) 

ANSWER ALL THE QUESTIONS 

1) A real number , ) is a rational number if -------- 

a)  b)  c)   d)  

2) For every real  there is an integer  such that ---------- 

a)  b)  c)   d)  

3) Which of the following is the triangle inequality? 

a)             b)             

c)    d)  

4) Let  be a function defined by .  Then range of  

is  --------- 

        a)  b)  c)    d)  

     5.     Let  be a function defined by .  Then  is ------ 

             a) onto     b)one-one    c)both a and b    d)neither a nor b 

      6.     A  sequence  in  R   has ------- one limit 

             a)    atmost  b)atleast c) no      d) exactly 

      7.    Let   be   an  onto  function.  Then we have ------- 

 a)            b)    c)      d)  

      8.    Which of the following is a rational number? 

 a)      b)     c)         d)  

      9.    Every  nonempty  set  of  real numbers  that  has  an   

             upper  bound also  has  a  ---------          in   R. 

           a) infimum      b) supremum     c)countable       d)finite 

   10.   A  set  S is said  to be countably infinite if there is a  

             --------    between   N  and S 

  a)one-to-one        b)onto    c)bijection              d) injection 

      11.   The set N of  natural numbers    is  an   -------- set. 

                a) uncountable    b)finite   c)infinite               d)empty 

      12.   The union of two disjoint denumerable sets is -------- 

                a) denumerable     b)uncountable    c)finite     d)infinite 

       13.   A set S   is said to be infinite if it is ------- 

                 a) finite            b)not  finite      c)empty         d)countable 

       14.   Which of the following is a rational number? 

     a)    b)   c)    d)  

       15.   Let  be a function defined by .  Then range  

               of  is ----------- 

    a)    b)      c)   d)  

       16.  The nth (n≥2) term of the Fibonacci sequence is -------- 

a)      b )fn+1 = fn-1 +fn  

c)      d) n 

 



 

       17.  If  S={1/n:  n ϵ N},  then  inf  S = ------- 

                    a) 0  b)  1                   c)2                       d) 3   

       18. The empty set  φ is  said to have ---------  elements               

        a)  2           b)   8                        c)  0                 d)  5 

       19.   lim(1/n) =  ------ 

                    a) 2         b)  3                     c) 0                       d)  9 

  

       20.  If  0<b<1 ,   then  lim(bn)=  --------- 

          a)  0        b)  6                      c)3                         d)  2 

                       

PART-B ( 3 X 2 = 6 Marks) 

 

  ANSWER ALL THE QUESTIONS  

    21.  Define countable set. 

    22.  Give two examples for uncountable sets. 

    23.  Define a convergent sequence. 

 

PART-C ( 3 X 8 = 24 Marks) 

 

  ANSWER ALL THE QUESTIONS  

     24. a)   Prove that the set of all rational number is countable. 

(OR) 

  b)   If  , then prove that  

 

25.   a)   State and prove uniqueness theorem on  limit. 

(OR) 

 b)   State and prove Archimedean property. 

    26.   a)   State and prove Cantor ’s Theorem   

(OR)                          

            b)   Let  S  be a subset of   and  .  Prove that 
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           PART – A (20  1 = 20 marks) 

       ANSWER ALL THE QUESTIONS 

1. Constant  sequence is _________ 

a) converges  b)oscillates  c)diverges 

d)converges to 1  

2. The sequence {1,1,1,1,1,…..} _______ 

a)converges  b)oscillates  c)diverges 

d)converges to 1  

3. The sequence {1,0,1,0,1,0,…} ___________ 

a)converges  b)oscillates  c)diverges 

d)converges to 1  

4. The harmonic series  is converges if  ______  

a)p=1  b)p>1  c)p<1      d)p=0   

5. For the absolute  convergence of the series, the   nth root of 

nth  term must be _______   

a)less than r  b)greater than r c)less than or 

equal to r             d)greater than  or equal to r   

6. The alternating harmonic series is _______ 

a)converges  b)oscillates  c) diverges 

d)converges to 1  

7. If a series   converges  absolutely, then  the series _______ 

a)converges  b)oscillates  c)diverges 

d)converges to 1  

8. A series converges iff converges absolutely if the series 

consists of ______terms  

a)positive  b)negative   c)non zero d)either a or b          

9. The series  1-1+1-1+1-1+…  is _________  

a)converges  b)oscillates  c)diverges 

d)converges to 1  

10. {1,2,…..,100000} is _________  

a)uncountable  b)countable  c)infinite 

d)countably infinite  

11. Let f be a function defined on A and itself such that f(x)= x. 

Then f is ________  

a)onto  b)one to one c)bijection       d)neither one 

to one nor onto  

12. Constant function is an example for  __________  

a)onto   b)one to one   c)many to one d)bijection 

13. Strictly increasing function is an _________ 

a) onto function b)one to one  c)many to one 

d)bijection  

14. Strictly decreasing  function is  an __________ 

a)onto function b)one to one  c)many to one 

d)bijection  

      15. If rho=infinity, the radius of convergence R is ______

 a)0 b)1  c)2 d)3  



    16. If  rho=0, the radius of convergence R is _________  

           a) 0  b)1  c)2  d)infinity  

    17. If rho is finite, the radius of convergence R is _______     

a) 0  b)Rho  c)Reciprocal of rho         

d)infinity 

    18. If R is the radius of convergence of the series, the series            

diverges  if  |x| _____ 

          a)>R     b)=R c)<R      d)less than or equal to R 

    19. If R is the radius of convergence then the interval of     

convergence is  _______ 

            a) (-R,R] b)[-R,R] c)(-R,R)  d)[-R,R) 

    20."If the series converges at x = R, then f is continuous at   

_________"  

             a)x=R  b)x<R  c)x>R  d)x≠R 

 

PART-B ( 3 X 2 = 6 Marks) 

     ANSWER ALL THE QUESTIONS 

21. State monotone subsequence theorem. 

22. Define radius of convergence. 

23. Give an example of a bounded sequence that is not a 

Cauchy sequence. 

 

                   PART-C ( 3 X 8 = 24 Marks) 

 ANSWER ALL THE QUESTIONS  

24. a) State and prove Bolzano- Weirstrass theorem. 

(OR) 

b) Prove that a Cauchy sequence of real numbers is bounded 

25. a) Test the convergence of the series ∑ (cos nπ )/(n2 +1) 

           (OR) 

      b)Prove that a sequence (fn) of bounded function on A contained 

in R converges uniformly on A to f if and only if || fn
 – f||  0. 

    26. a)Prove that any subsequence of a convergent sequence is 

convergent. Also prove that the converse need not be true. 

          (OR) 

         b) State and prove  test 
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