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PO: After the completion of this course, the learners get a clear knowledge in the foundational concepts
of analysis which is the motivating tool in the study of pure Mathematics. The learner understands the
functional relationships between the variables which have more applications in expressing the laws of
Physics, Chemistry, and Mechanics etc.
PLO: To introduce the different concepts of Real and Complex number systems and to provide a strong
base in the analysis part of Mathematics such as ordered pairs ,Cartesian product of two sets ,open balls
and open sets, Completeness sequences etc.
UNIT I
The Real and Complex number systems the field axioms, the order axioms –integers –the unique
Factorization theorem for integers –Rational numbers –Irrational numbers –Upper bounds,
maximum Elements, least upper bound –the completeness axiom –some properties of the
supremum –properties of the integers deduced from the completeness axiom- The Archimedean
property of the real number system .
UNIT II
Basic notions of a set theory: Notations –ordered pairs –Cartesian product of two sets –
Relations and functions – further terminology concerning functions –one –one functions and
inverse –composite functions –sequences –similar sets-finite and infinite sets –countable and
uncountable sets –uncountability of the real number system.
UNIT III
Elements of point set topology: Euclidean space Rn –open balls and open sets in Rn. The
structure of open Sets in Rn –closed sets and adherent points –The Bolzano –Weierstrass
theorem–the Cantor intersection Theorem.
UNIT IV
Covering –Lindelof covering theorem –the Heine Borel covering theorem –Compactness in Rn –
Metric Spaces –point set topology in metric spaces –compact subsets of a metric space –
Boundary of a set.
UNIT V
Convergent sequences in a metric space –Cauchy sequences –Completeness sequences –
complete metric Spaces. Limit of a function –Continuous functions –continuity of composite
functions. Continuous complex valued and vector valued functions.
TEXT BOOK
1.Apostol.T.M.,1990. Mathematical Analysis, Second edition, Narosa Publishing Company,
Chennai.
REFERENCES
1. Balli. N.P., 1981. Real Analysis, Laxmi Publication Pvt Ltd, New Delhi.
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2. Gupta . S.L ., and N.R. Gupta ., 2003.Principles of Real Analysis, Second edition, Pearson
Education Pvt.Ltd,Singapore.
3. Royden .H.L ., 2002. Real Analysis, Third edition, Prentice hall of India,New Delhi.
4. Rudin. W.,1976 .Principles of mathematical Analysis, Mcgraw hill, Newyork .
5. Sterling. K. Berberian, 2004. A First Course in Real Analysis, Springer Pvt Ltd, New Delhi.
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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

DEPARTMENT OF MATHEMATICS

Subject Name: REAL ANALYSIS Subject Code: 15MMU501

S. No
Lecture
Duration
Hour

Topics To Be Covered Support Materials

UNIT-I
1 1 Field axioms and order axioms T1 : Chap 1, Pg.No : 1-4

2 1 Concepts about integers, unique
Factorization theorem

T1 : Chap 1, Pg.No : 4-6

3 1 Continuation of unique Factorization
theorem

T1 : Chap 1, Pg.No : 4-6

4 1 Rational numbers T1 : Chap 1, Pg.No : 6-7

5 1 Irrational numbers T1 : Chap 1, Pg.No : 6-7

6 1 Theorems for irrational numbers T1 : Chap 1, Pg.No : 6-7

7 1 Upper bounds, Completeness axiom T1 : Chap 1, Pg.No : 8-9, 36

8 1 Some properties of the Supremum T1 : Chap 1, Pg.No :36

9 1 Properties of the integers deduced from
the completeness axiom-

T1 : Chap 1, Pg.No : 10

10 1 The Archimedean property, T1 : Chap 1, Pg.No : 10-1

11 1 Absolute values T1 : Chap 1, Pg.No : 11-2

12 1 The triangle inequality T1 : Chap 1, Pg.No : 12-3

13 1 Cauchy-Schwarz inequality T1 : Chap 1, Pg.No : 13-4

14 1
Plus and minus infinity and the extended
real number system.

R1 : Chap 9, Pg.No:40

15 1 Recapitulation and Discussion of possible
questions

Total 15 Hrs
Text Book:
T1: Apostol.T.M.,1990. Mathematical Analysis, Second edition, Narosa Publishing Company,
Chennai. Reference Book:
R1: Balli. N.P., 1981. Real Analysis, Laxmi Publication Pvt Ltd, New Delhi.

UNIT-II
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1 1 Basic notions of a set theory R2 : Chap 9 Pg.No :245-246

2 1 Cartesian product of two sets R2 : Chap 9 Pg.No :247-254

3 1 Theorems for Cartesian product of two
sets

R2 : Chap 9 Pg.No :247-254

4 1 Relations and function R2 : Chap 9 Pg.No :254-267

5 1 Examples of Relation and function R2 : Chap 9 Pg.No :254-267

6 1 One –one functions and inverse and
composite functions

R2 : Chap 9 Pg.No :267-269

7 1 Examples of 1-1, inverse and composite
function

R2 : Chap 9 Pg.No :267-269

8 1 Sequence and similar sets R2 : Chap 9 Pg.No :269-277

9 1 Theorems for Sequence and similar sets R2 : Chap 9 Pg.No :269-277

10 1 Finite and infinite sets R4: Chap 2, Pg.No :24-26

11 1 Countable and uncountable sets R4: Chap 2, Pg.No :26-29

12 1 Theorems for Countable and uncountable
sets

R4: Chap 2, Pg.No :26-29

13 1 Set algebra R4: Chap 2, Pg.No :29-30

14 1 Recapitulation and discussion of possible
questions on unit II

Total 14 Hrs
Reference Book:
R2: Gupta . S.L ., and N.R. Gupta ., 2003.Principles of Real Analysis, Second edition, Pearson
Education Pvt.Ltd,Singapore.
R4: Rudin. W.,1976 .Principles of mathematical Analysis, Mcgraw hill, Newyork .

UNIT-III

1 1 Elements of point set topology R2 : Chap 10
Pg.No :280-281

2 1 Euclidean space Rn R2 : Chap 10
Pg.No :281-283

3 1 Basic Definitions with examples R2 : Chap 10
Pg.No :281-283

4 1 Open balls and open sets R2 : Chap 10
Pg.No :283-287

5 1 Theorems for open Sets R2 : Chap 10
Pg.No :283-287

6 1 The Structure of open Sets in Rn R2 : Chap 10
Pg.No :287-288

7 1 Closed sets and adherent points R2 : Chap 10
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Pg.No :288-290

8 Theorems for Closed sets R2 : Chap 10
Pg.No :288-290

9 1 Constructions from Sample data R2 : Chap 10
Pg.No :290-300

10 1 The Bolzano –Weierstrass theorem R4: Chap 2 Pg.No :40-
42

11 1 Continuation of the Bolzano –Weierstrass
theorem

R4: Chap 2 Pg.No :40-
42

12 1 Cantor intersection theorem R4: Chap 2 Pg.No : 45-
47

13 Continuation of Cantor intersection theorem R4: Chap 2 Pg.No : 45-
47

14 1 Recapitulation and discussion of possible
questions on unit III

Total 14 Hrs
Reference Book:
R2: Gupta . S.L ., and N.R. Gupta ., 2003.Principles of Real Analysis, Second edition, Pearson
Education Pvt.Ltd,Singapore.
R4: Rudin. W.,1976 .Principles of mathematical Analysis, Mcgraw hill, Newyork .

UNIT-IV

1 1 Covering R2 : Chap 11 Pg.No :302-
304

2 1 Lindelof covering theorem R2 : Chap 11
Pg.No :304-312

3 1 Continuation of Lindelof covering theorem R2 : Chap 11
Pg.No :304-312

4 1 Continuation of Lindelof covering theorem

5 1 Lemma for Heine Borel covering theorem R2 : Chap 11
Pg.No :304-312

6 1 Heine Borel covering theorem R2 : Chap 11
Pg.No :312-317

7 1 Continuous of Heine Borel covering theorem R2 : Chap 11
Pg.No :312-317

8 1 Compactness in Rn R2 : Chap 11
Pg.No :317-321

9 1 Theorems for Compactness in Rn R2 : Chap 11
Pg.No :317-321

10 1 Metric Spaces R2 : Chap 11
Pg.No :321-323

11 1 Point set topology in metric spaces R2 : Chap 11
Pg.No :323-325

12 1 Compact subsets of a metric space R4: Chap 2, Pg.No :30-36



Lesson Plan 2015 Batch

Prepared by: U.R.Ramakrishnan, Department of Mathematics, KAHE Page 4 of 5

13 1 Theorem for Compact subsets of a metric
space

R4: Chap 2, Pg.No :30-36

14 1 Boundary of a set R4: Chap 3, Pg.No :52-57

15 1 Recapitulation and discussion of possible
questions on unit IV

Total 15 Hrs
Reference Book:
R2: Gupta . S.L ., and N.R. Gupta ., 2003.Principles of Real Analysis, Second edition, Pearson
Education Pvt.Ltd,Singapore.
R4: Rudin. W.,1976 .Principles of mathematical Analysis, Mcgraw hill, Newyork .

UNIT-V

1 1 Convergent sequences in a metric space T1 : Chap 4, Pg.No :70-
72

2 1 Cauchy sequences T1 : Chap 4, Pg.No :72-
74

3 1 Theorem for Cauchy’s theorem T1 : Chap 4, Pg.No :72-
74

4 1 Completeness sequences T1 : Chap 4, Pg.No :74

5 1 complete metric Spaces T1 : Chap 4, Pg.No :74-
76

6 1 Limit of a function R3 : Chap 3, Pg.No :82-
84

7 1 Problems for limit of a function
8 1 Problems for limit of a function R5 : Chap 4, Pg.No :102

9 1 Continuous function T1 : Chap 4, Pg.No :70-
72

10 1 Theorems for Continuous function T1 : Chap 4, Pg.No :70-
72

11 1 Continuity of composite function R4: Chap 4, Pg.No:82-
84

12 1 Problems of Composition function

13 1
Continuous complex valued and vector valued
functions.

R4: Chap 1, Pg.No :12-
16

14 1 Examples for Real and Complex valued
functions

R4: Chap 1, Pg.No :12-
16

15 1 Discussion of previous ESE question papers
16 1 Discussion of previous ESE question papers
17 1 Discussion of previous ESE question papers

Total 17Hrs
Text Book:
T1: Balli. N.P., 1981. Real Analysis, Laxmi Publication Pvt Ltd, New Delhi.
Reference Book:
R3: Kenneth Hoffman., Ray Kunze., (2003). Linear Algebra, Second edition, Prentice Hall of
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India Pvt Ltd, New Delhi.
R4: Royden .H.L ., 2002. Real Analysis, Third edition, Prentice hall of India,New Delhi.
R5: Sterling. K. Berberian, 2004. A First Course in Real Analysis, Springer Pvt Ltd, New Delhi.

Total no. of Hours for the Course: 75 hours
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UNIT I 

The Real and Complex number systems the field axioms, the order axioms 

–integers –the unique Factorization theorem for integers –Rational numbers –Irrational 

numbers –Upper bounds, maximum Elements, least upper bound –the completeness 

axiom –some properties of the supremum –properties of the integers deduced from the 

completeness axiom- The Archimedean property of the real number system .  

Text Book: 

T1: Apostol.T.M.,1990. Mathematical Analysis, Second edition, Narosa Publishing 

Company, Chennai. Reference Book: 
R1: Balli. N.P., 1981. Real Analysis, Laxmi Publication Pvt Ltd, New Delhi. 
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Possible Questions 
PART-B (8 Mark) 

 

1. Prove that the set Z+ are  positive integers is unbounded above. 

2. Prove that every pair of integers a & b has a common divisor of the form 

d=ax+by where x  & y are integers 

3. State and prove Cauchy Schwarz inequality. 

4. Prove that  is irrational 

5. State and prove the Triangle Inequality. 

6. State and prove Archimedean property. 

7. Prove that every integer n > 1 can be represented as a product of prime factors 

in only one way apart from the order of the factors. 

8. State and prove Unique Factorization Theorem 

9. Prove that every integer n > 1 is either prime or product of primes. 

10. Prove that if a ≥ 0 then we have the inequality |x| ≤ a if and only if –a ≤ x ≤ a. 

 



Question Option-1 Option-2 Option-3 Option-4 Answer
x(y + z) = xy + xz is --------------- law commutative associative distributive closure distributive
If x < y, then for every z we have ----------- (x + z) < (y + z) (x + z) > (y + z) (x + z) = (y + z) x + z = 0 (x + z) < (y + z)
If x > 0 and y > 0, then ---------------- xy less than equal to 0 xy > 0 xy greater than equal to 0 xy < 0 xy > 0
If x > y and y > z, then ----------- x < y x = z x > z x < z x > z

If a less than equal to b + $ for every $ > 0, then ----------- a < b a > b a greater than equal to b a less than equal to b a less than equal to b
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
If d is a divisor of n, then --------------- n = c n < cd n > cd n = cd n = cd
If a|bc and (a, b) =1, then ------------------ a|c a|b b|a c|a a|c

If a|bc and (a, b) =1, then a|c is ---------------
Unique factorisation 
theorem additive property approximation property Euclid's lemma Euclid's lemma

Rational numbers is of the form ----------------- pq p + q p/q p - q p/q
The constant value 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
If d|a and d|b, then d is called ---------- LCM common divisor prime function common divisor
If (a, b) = 1, then a and b are called --------------- twin prime common factor LCM relatively prime relatively prime
If an upper bound 'b' of a set S is also a member of S then 'b' 
is called --------------- rational irrational maximum element minimum element maximum element
If an lower bound 'b' of a set S is also a member of S then 'b' 
is called --------------- rational irrational maximum element minimum element minimum element
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 
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 completeness axiom is ------------ b = sup S S = sup b b = inf S S = inf b b = sup S
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 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| |
Set of real numbers S is bounded above implies S has a ------
---- supremum infimum additive property comparison property supremum
In { (3n +2) / (2n + 1) such that n is in N}, the greatest 
lower bound is -------------- 5 divided by 3 8 divided by 5 11 divided by 47 3 divided by 2 3 divided by 2

In Cauchy-Schwarz inequality, the equality holds iff ----------akx = 0 akx + bkx = 0 akx + bk = 0 bk = 0 akx + bk = 0
The linear combination of  gcd (117,213) =3 can be written -
--------- 11*213 + (-20)*117 10*213 + (-20)*117  11*117 + (-20)*213  20*213 + (-25)*117 11*213 + (-20)*117

 The smallest 3 digit prime number is ------------------ 104 103 102 101 101
The total number of primes less than 50 is 
_______________ 14 15 16 18 15
Given integers a and b, there is a common divisor d then d = 
_________________ ax+by ax*by ax/by by/ax ax+by

If d is gcd of a and b then d is ___________________ 0 >0 <0 less than aor equal to 0 >0

Given integers a and b, number of gcd is _______________ 4 3 2 1 1
a and b are said to be realtively prime if gcd is 
____________ 4 3 2 1 1
Suppose A is a finite subset of natural numbers and let B 
={(a,b): a,b in A}. Then B contains_________________ only negative pair some negative pair  0  only  only positive pair  only positive integers

a and b are said to be not  realtively prime if gcd is 
__________  not equal to 4 not equal to 3 not equal to  2 not equal to 1 not equal to 1

Subject Name: Real Analysis-I                                                                                                     Subject Code:   15MMU501
UNIT-I

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

DEPARTMENT OF MATHEMATICS
PART-A   Multiple Choice Questions (Each Question Carries One Mark)



if d is gcd of 2 and 5th Fermat number  then d is 
________________ 1 2 3 4 1
If a|bc and (a,b)=1 then ________________ a|b a|c b|a b|c a|c

the number ___________ is a neither prime nor composite. 1 2 3 4 1
Let A be the set of even prime numbers. Then number of 
elements in A is ________________ 1 2 3 4 1
The gcd of 8 and 5 is________________ 1 2 3 4 1
The total number of primes upto 100 is ___________ 21 22 23 25 25

The consecutive integers will always be _______________ even numbers odd numbers relatively prime numbers 
not relatively prime 
numbers relatively prime numbers 

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
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
If a prime p does not divide a then (a,p) is 
________________ 1 2 3 4 1
If a prime  p divides abcdef  then p divides 
__________________ a or b or ….or f a and b and … and f a only b only a or b or ….or f
The prime power factorization of 7007 is _____________ (7^3)*11*3 (7^2)*11*3 7*11*3 7*(11^2)*3 (7^2)*11*3
Every integer n>1 can be expressed as a product of prime 
power factors in ____________ only one way in two different ways in three different ways

in more than three 
different ways only one way

If  n = P1* P2*.......*Ps = Q1*Q2*.....*Qt then 
_______________ s<t t<s t=s t+s=0 t=s
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Possible Questions 
PART-B (8 Mark) 

 

1. Show that the Cartesian product Z+ x Z+ where Z+ is a set of positive integers 

is a countable set. 

2. If F = {A1, A2, … } is a countable collection of sets and G = {B1, B2, … } 

when   B1 = A1 

            for n > 1, Bn = An - , then prove that G is a collection of 

disjoint sets, and we  

            have  = . 

3. Let F be the collection of sets, then for any set B, prove that 

               i) B – UA = ∩ (B –A) 
           AєFAєF 

              ii) B - ∩A = U (B –A) 
                                               AєFAєF 

4. Prove that the set of all real number is countable. 

5. Prove that  (a,b) = (c,d)   iff  a=c &  b=d. 

6. Two functions F and G are equal iff 

                  i) D(F)   = D(G)   [ F,G have the same domain.]  

                 ii) F(x)    = G(x)    x in D(F). 

7. Prove that the set of rational is countable. 

8. Prove that every subset of countable set is countable. 

9. Prove that the set of real numbers is uncountable. 

10. Show that the Cartesian product Z+ x Z+ where Z+ is a set of positive integers 

is a countable set. 

 



Question Option-1 Option-2 Option-3 Option-4 Answer
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  S-A is ___________                  is 19 20 21 22 20
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
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

Let f:A→B then which of the followin is  always true?
range of f is not equal to 
B

range of f is a subset of 
B

range of f is containing 
B range of f is proper subset of B range of f is a subset of B

If the number of elements in a set S is 5. Then the number 
of elements  of the power set P(S) is ____________ 5 6 16 32 32
If range of f is equal to codomain set, then f is 
_______________ into onto one-one many to one onto
The inverse relationof f is a function only if f is 
_________________ into onto one-one bijection bijection
The 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 10000000000 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
The set of elements in N X N is _______________ uncountable countable finite countably infinite countable
 The set of elements in Z X R is__________________ uncountable countable finite countably infinite uncountable
The set of elements in 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
The set of all even integers is _______________ uncountable countable finite infinite countable
The set A = {x/x in (0,1]} is ______________ uncountable countable finite countably infinite uncountable
The set K = {1,2,…..,100000} is _______________ 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, then 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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Possible Questions 
PART-B (8 Mark) 

 

1. Prove that intersection of a finite collection of open set is open. 

2. If A is open and B is closed prove that A – B is open and B – A is closed. 

3. Prove that union of any collection of open sets is an open set. 

4. Prove that a set S is closed if and only if S = . 

5. Let (X, d) be a metric space, x . Prove that then B(x, ) is 

open and C(x,  is closed. 

6. If A is open and B is closed prove that A – B is open and B – A is closed. 

7. Prove that if (S, d) be a metric space subspace of (M, d) and let X be a subset 

of S. Then X is open in S iff X=A S for some set a which is open in M. 

8. Prove that a set S in Rn is closed if and only if it contains all its adherent 

points. 

9. Prove that every point of a non empty open set s belongs to one and only one 

component interval of S. 

 



Question Option-1 Option-2 Option-3 Option-4 Answer
Let  X in  n dimensional space. Then we must have 
__________ norm  of x is 0 norm of x is 1 

norm of x is greater 
than 0

norm of x is greater 
than or equal to 0

norm of x is greater than or 
equal to 0

A set  S is closed if  ______________
complement of S is 
open

complement of S is 
closed

complement of S is 
nether open nor closed

complement of S is 
both open and closed complement of S is open

A set  S is open  if  _________________
complement of S is 
closed

complement of S is 
closed

complement of S is 
nether open nor closed

complement of S is 
both open and closed complement of S is closed

Let a is said to be adherent point of S if every  every n ball 
contains ___________________ center a only atleast center a

atleast one point 
otherthan center a

atmost one point 
otherthan a atleast center a

Suppose X is an accumulation point  then S is 
________________ finite set empty set infinite countable set infinte set
The set of all accumulation points of (0,1] is 
_______________ [0,1] (0,1) (0,1] [0,1] [0,1]

The set of limit points of {1,2,…,10} is ________________ empty set {0,1,2,…,10} [0,1] [0,1] empty set
Number of limit points of a finite is ________________ 0 1 2 3 0
Number of limit points of  set of all integers is 
________________ 0 1 2 3 0
Number of limit points of set of all rationals is 
_________________ 0 1 2 2 0
The number of limit points of a set {1/n: where n=1, 2, 3, ... 
} is ______________ 1 2 3 4 1
The limit point of the set {1/n: where n=1, 2, 3, ... } is 
_____________ 0 1 2 3 0

Every finite set is _____________ an open set a closed set neither open nor closed both open and closed set a   closed set
Number of isloated points of [a,b] where a and b in R is 
____________ 1 2 3 0 0
The collection of all intervals of the form 1/n<x<2/n, 
n=1,2,… is an open covering of ______________ (1,2) (0,1) R Z (1,2)

The set of all interior points of A=[a,b] is ________________ (a,b) (a,b] [a,b) [a,b] [a,b]
Which of the following is not a limit point of [0,1) ? 1 2 0 1/2 2
If A = closure of A, then  A is ____________ open closed both open and closed neither open nor closed closed
The set of all interior of a finite set  Ais _______________ empty set A R Z empty set
The set of all interior points of  set of all rational is 
_____________ empty set A R Z empty set
Let A = {1, 1/2, 1/3, ...} then the set of all interior points of 
A is __________________ empty set A R Z empty set
In a discrete metric space, for any set A , the set of interior 
poits of A=__________________ empty set A R Z A
With usual metric in R, let A=[0.1]. The set of all interior 
points of A is _________________ empty set A R Z A
If A is open then Interior of A= ___________________ empty set A R Z A
If A = interiot of A,then A is _____________ closed open both open and closed neither open nor closed open
For any closed set the closure of A is ________________ empty set A R Z A
In R with usual metric, (0,1] is ____________________ closed open both open and closed neither open nor closed neither open nor closed
In R with usual metric, (0,1) is ______________ closed open both open and closed neither open nor closed open
In R with usual metric, [0,1] is _______________ closed open both open and closed neither open nor closed closed
In R with usual metric, [a,b) is _________________ closed open both open and closed neither open nor closed neither open nor closed
The set of all integers is ________________ closed open both open and closed neither open nor closed closed
In R with usual metric every singleton set is 
_________________ not closed not open both open and closed neither open nor closed closed
Every subset of a discrete metric space is 
______________________ not closed not open both open and closed neither open nor closed both open and closed
In any metric (M,d) , the empry set is __________ not closed not open both open and closed neither open nor closed both open and closed
In any metric space (M,d),  M is _____________ not closed not open both open and closed neither open nor closed both open and closed
In any metric space the union of a finite number of closed sets 
is __________________ closed open both open and closed neither open nor closed closed
In any metric space the arbitrary intersection of closed sets is 
____________ closed open both open and closed neither open nor closed closed
In any metric space the arbitrary union of open sets is 
__________________ closed open both open and closed neither open nor closed open
In any metric, the intersection of finite number of open sets is 
_________________ closed open both open and closed neither open nor closed open
In a discrete metric space the union of arbitrary number of 
closed sets is __________________ not closed not open both open and closed neither open nor closed both open and closed
In a discrete metric space the interection of arbitrary open 
sets is _________________ not closed not open both open and closed neither open nor closed both open and closed
Number of limit points of a subset of discrete metric space 
_______________ 0 1 2 3 0
Closure of R is _______________ R Z Q N R

A is closed iff A contains _______________ all adherent points of A
some of adherent points 
of A

no adherent points of 
A

only finite number of 
adhrent points of A all  adhrent points of A

A is closed iff A contains _______________
all accumulation points 
of A

some of accumulation 
points of A

no accumulation 
points of A

only finite number of 
accumulation points of 
A all accumulation points of A

x is an accumulation point of A then every n ball of x 
contains ___________________

atleast one point other 
than x

atmost one point other 
than x

exactly one point 
other than x no point other  than x atleast one point other than x

Every n ball of x contains  more than one point other than x is 
called _________________ adherent point accumulation point isolated point  not an adherent point accumulation point

PART-A   Multiple Choice Questions (Each Question Carries One Mark)

Subject Name: Real Analysis-I                                                                                                     Subject Code:   15MMU501
UNIT-III

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

DEPARTMENT OF MATHEMATICS



If every point of A is an interior point then A is called 
_______________ closed open both open and closed neither open nor closed open
Let (M,d) be a discrete metric space with 5 elements. Then 
the number of open subsets of M is ____________ 32 5 10 5! 32
Let(M,d) be a discrete metric space with 5 elements. Then the 
number of closed sets is ____________ 32 5 10 120 32
Which of the following is not a bounded set? R [a,b] [a,b) (a,b] R
The set of all even prime numbers is _________________ unbounded bounded infinite uncountable bounded

The set of all even prime numbers is ___________________ closed open both open and closed neither open nor closed closed

The set of all odd prime numbers   is ___________________ bounded unbounded open finite unbounded
The set of all prime numbers    is _______________ bounded unbounded open finite unbounded
The set of all prime numbers is ___________ uncountable countable finite bounded countable
If A is open and B is closed then B-A ______________ open closed both open and closed neither open nor closed closed
If A is open and B is closed then  A-B is ______________ open closed both open and closed neither open nor closed open
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Possible Questions 
PART-B (8 Mark) 

 

1. Let S be a compact subset of a metric space M. then prove that  

      i) S is closed and bounded 

      ii) Every infinite subset of S has an accumulation point of S. 

2. Prove that every convergence sequence is a Cauchy sequence. 

3. Prove that in a metric space (S,d) a sequence {xn}converges to p if and only if 

every subsequence {xk(n)} converges to p. 

4. Let X be a closed subset of a compact metric space M. Then prove that X is  

compact. 

5. Prove that a sequence {xn} in the metric space (S, d) can converge to atmost 

      one point in S.. 

6. Let f and g be complex valued functions defined on a subset A of a metric 

space (S, d). Let p be an accumulation point of A, and assume that lim f(x) = a 

and lim g(x) = b. Then prove that lim f(x) g(x) = ab 

7. In a metric space (S, d) assume that xn p and let T = {x1, x2, …} (ie) the 

range of the sequence {xn} then prove that i) T is bounded and ii) p is an 

adherent point of T. 

8. State and prove the Heine – Borel theorem. 

9. Prove that closed intervals in  are compact. 

10. Assume p is an accumulation point of A and assume bT then prove that 

 = p if and only if  = b for every sequence {xn} of 

points in which converges to p. 

 



Question Option-1 Option-2 Option-3 Option-4 Answer
With usual metric, R is ______________ closed compact not compact bounded not compact
If every open covering of S contains  a finite subcover  the A is called is 
______________ closed compact open unbounded compact
With usual metric, (0,1) is __________________ closed compact not comapct unbounded not compact
With usual metric, [0,1) is ____________________ closed compact not compact unbounded not compact
With usual metric, (0,1] is __________________ closed compact not compact unbounded not compact
With usual metric [0, ∞) is _______________ closed compact not compact bounded not compact
With usual metric [a,b] is __________  compact not compact unbounded open comapct
Any compact set is _____________ closed open both open and closed neither open nor closed closed
Any compact set is _____________ bounded unbounded both open and closed neither open nor closed bounded
A closed sub set of a compact metric space is ___________ not comapct unbounded open compact compact
Every finite metric space is __________ not comapct unbounded open compact compact
If A and B are compact subsets of a metric space then the union of A nd B is 
________________ not comapct unbounded open compact compact
Any closed interval [a,b] is _____________ comapct unbounded not compact open comapct

A  set S in n dimensional space is compact iff ______________ S is open only S is closed only S is closed and bounded S is either open or closed
S is closed and 
bounded

Every infinite subset of S has an accumulation point in S is ______________ S is open only S is closed only S is closed and bounded S is either open or closed
S is closed and 
bounded

Every infinite subset of S has an accumulation point in S is _______________ compact unbounded not comapct open compact
The collection of all open intervals is an open covering of R. The open covering is 
______________ uncountable covering countable covering finite covering

countably infinite 
covering uncountable covering

The collection of all open intervals (n,n+1), n in Z is an open covering of R. The 
open covering is ___________ uncountable covering countable covering finite covering unbounded covering countable covering

Which of the following is not true? [a,b] is compact [1,100] is compact (1,100) is compact
[0,1] X [0,1]X [0,1] is 
compact (1,100) is compact

Let A be a subset of a compact set B. Then A is compact if A  is 
______________ bounded closed

neither closed nor 
bounded both closed and bounded

both closed and 
bounded

If S is compact and T is compact then which of  the following statement is true? S-T is compact T-S is compact
union of S and T is 
compact

intersection of S and T is 
compact

intersection of S and 
T is compact

The intersection of any collection of compact subsets is ______________ compact not compact unbounded open compact
The union of finite number of compact subset is ________________ compact not compact unbounded open compact

The union of any collection of compact subsets is _________________ compact not compact both bounded and closed closed not compact
Let A = {1/n: n in N}. A is not a compact since A is ___________ not bounded closed bounded not closed not closed
Let A = {0,1, 1/2, 1/4,1/8, ...}. A is not compact since  A is 
__________________ bounded closed bounded and closed

neither bounded nor 
closed bounded and closed

Let (M, d) be a metric space then d(x, y) > 0 if _____________ x<y y<x x=y x is not equal to y

Let (M,d) be a metric space. Then value of d(x,y) is________________________ 0 1 either 0 or 1 0 and 1 either 0 or 1
Every n ball in a metric space is _________________ open closed unbounded neither open nor closed open

In discrete metric space, every subset is __________________ open unbounded
neither closed nor 
bounded bounded and not closed open

Let (M, d) be a metric space then D(x, y) = d(x, y)/1+d(x, y) then D(x, y) is 
____________ greater than 0 less than 0 equal to 0

greater than  or equal to 
0

greater than  or equal 
to 0
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Possible Questions 
PART-B (8 Mark) 

 

1. Let S be a compact subset of a metric space M. then prove that  

      i) S is closed and bounded 

      ii) Every infinite subset of S has an accumulation point of S. 

2. Prove that every convergence sequence is a Cauchy sequence. 

3. Prove that in a metric space (S,d) a sequence {xn}converges to p if and only if 

every subsequence {xk(n)} converges to p. 

4. Let X be a closed subset of a compact metric space M. Then prove that X is  

compact. 

5. Prove that a sequence {xn} in the metric space (S, d) can converge to atmost 

      one point in S.. 

6. Let f and g be complex valued functions defined on a subset A of a metric 

space (S, d). Let p be an accumulation point of A, and assume that lim f(x) = a 

and lim g(x) = b. Then prove that lim f(x) g(x) = ab 

7. In a metric space (S, d) assume that xn p and let T = {x1, x2, …} (ie) the 

range of the sequence {xn} then prove that i) T is bounded and ii) p is an 

adherent point of T. 

8. State and prove the Heine – Borel theorem. 

9. Prove that closed intervals in  are compact. 

10. Assume p is an accumulation point of A and assume bT then prove that 

 = p if and only if  = b for every sequence {xn} of 

points in which converges to p. 
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Question Option-1 Option-2 Option-3 Option-4 Answer
A sequence of {Xn} with Xn >Xn+1 for all ni is 
______________ increasing sequence decreasing sequence bounded sequence constant  sequence decresing 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 1 sequence converges to 0

sequence converges to sup 
of its range

If {an } decreasing sequence is bounded below  then 
___________

seqeunce converges to inf of 
its range

sequence converges to sup 
of its range sequence converges to 2 sequence converges to 1

sequence converges to inf of 
its range

The limit of a function F(x) = (x^2)+2x  as x→3 is 
__________________ 13 12 14 15 15
The limit of a function F(x) = 5x as x→∞ is 
__________________ exists exists ans is 1 does not exists exists and is 0 does not exists
The limit of a function F(x) = 1/x as x→∞ is 
__________________ 0 -1 2 -2 0
The limit of a function F(x) = 1/x as x→1 is 
__________________ 0 2 -1 1 1
Fibonacci sequence is ______________________ an increasing sequence a decresing sequence constant  sequence bounded sequence an incresing sequence
A sequence in a metric space (S,d)  can converge 
__________________ at least one point more than two point atmost one point more than three point atmost one point
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

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
If {Xn} with Xn = 1/n then therange of the sequence 
_______________ finite {1} {} infinite infinite
If {Xn} with Xn = 1/n then therange of the sequence 
_______________ unbounded bounded {} {1,0} bounded
If {Xn} with Xn = 1/n then the sequence _______________ converges diverges oscilates converges to 1 converges

If {Xn} with Xn = n^2 then the sequence _______________ converges diverges oscilates converges to 2 diverges
If {Xn} with Xn = n^2 then the range of the sequence 
_______________ unbounded bounded {} {0.1} unbounded
If {Xn} with Xn = n^2 then the range of the sequence 
______________ finite {1} {} infinite infinite
If {Xn} with Xn = i^n then the sequence _______________ converges diverges oscilates converges to 0 diverges
If {Xn} with Xn = i^n then the range of the sequence 
______________ unbounded bounded {} {0,1} bounded
If {Xn} with Xn = i^n then the range of the sequence 
______________ finite infinite {} {0,1} finite
If {Xn} with Xn = 1 then the sequence _______________ converges diverges oscilates converges to 0 converges
If {Xn} with Xn = i^n then the range of the sequence 
_______________ {} {1} {1,0} {1,2,3} {1}
If {Xn} with Xn = i^n then the range of the sequence 
_______________ boundea unbounded {1,0} {0} bounded
If Xn→X and Yn→Y then  Xn+Yn is converge to 
______________ xy x+y x/y x-y x+y
If Xn→X and Yn→Y then  XnYn is converge to 
______________ xy x+y x/y x-y xy
If Xn→X then C Xn converges to _______________ c x c/x cx cx
If Xn→X then 1/Xn converges to 1/X if _______________ x=0 x=1 x=2 x is not equal to y
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

A metric space is called complete if _________________
every cauchy sequence 
converges

some cauchy sequence 
converges

no cauchy sequence 
converges

every cauchy seqeunce 
diverges

every cauchy sequence 
converges

Any discrete metric space is ________________ complete not complete bounded unbounded complete
A subset A of a complete metric space S  is complete if A is  
______________ open closed both open and closed not closed closed
The set of all rationals is _________________ open closed both open and closed not complete not complete
Every compact  metric space is ________________ open complete not complete not bounded complete
√ (n + 1) − √( n − 1) converges to 
_______________________ 0 1 2 3 0
Let X be a space with the discrete metric. Let x ∈ X. Show 
that B(x, 1 2 ) = B(x, 1 2 ) = __________________ {12} {1} {2} {x} {x}



Which of the following is complete susbset of [0,1]? (0,1.234) (0,0.234) [0.0.234] (0,0.345) [0,0.234]
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PART-A(20X1=20 Marks)
Answer all the Questions:
1. The number e is ----------------
a. Rational b. Irrational c. Prime d. Composite

2. The supremum for {3, 4} is -------------
a. 3 b. 4 c. (3, 4) d. [3, 4]

3. The inequality |x + y| ≥ --------------is holds.
a. |x| + |y| b. |x| - |y| c. |xy| d. | |x| - |y| |

4. The coordinates (x, y) of a point represent an --------------- of
numbers

a. Function b. Relation c. Ordered pair d. Set
5. One-one function is also called -------------
a. Injective b. Bijective c. Transformation d. Codomain

6. Similar sets are also called as -------------- set
a. Denumerable b. Countable c. Finite d. Equinumerous

7. The set of rational numbers is ---------------
a. Uncountable b. Finite c. Countable d. Complete

8. The set of points between a and b is called ----------------
a. Integer b. Interval c. Element d. Set

9. If (a, b) =1 then a and b are called --------------
a.Prime b. Common factor c. LCM d. Relatively prime

10. The completeness axiom is ----------------
a. b = sup S b. S = sup b c. b = inf S d. S = inf b

11. If S is a relation, the set of all elements that occur as first
members in S is called --------

a. Function b. Codomain c. Domain d. Range
12. If f(x) = f(y) implies x = y then f is a -------------- function
a. One-one b. Onto c. Into d. Inverse

13. If d is a divisor of n, then ----------------
a. n = c b. n < cd c. n > cd d. n = cd

14. If a|bc and (a, b) = 1 then -----------
a. a|c b. a|b c. c|a d. b|a

15. The greatest lower bound is called ----------
a. Unbounded above b. Unbounded below
c. Supremum d. Infimum

16. A set with no upper bound is called ----------
a. Unbounded above b. Unbounded below
c. Prime d. Open set

17. Every finite set of numbers is ----------
a. Bounded b. Unbounded c. Prime d. Bounded above

18. Sup C = Sup A + Sup B is called ------------ property
a. Approximation b. Additive
c. Archimedean d. Comparison

19. A x B denotes the ----------- of the sets A and B
a. Product b. Polar form c. Cartesian product d. Complement

20. Uncountable sets are also called --------------- set
a. Denumerable b. Non-denumerable
c. Similar d. Equal

PART-B (3X10=30 Marks)
Answer all the Questions:
21. (a) Prove that every integer n > 1 can be represented as a

product of prime factors in only one way apart from the order
of the factors.

(OR)
(b) Prove that the set of real numbers is uncountable.



22. (a) Prove that e is irrational.
(OR)

(b) State and prove Archimedean property.

23. (a) State and prove Cauchy-Schwarz inequality..
(OR)

(b) Prove that n is irrational.
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PART – A (20 x 1 = 20 Marks)
Answer all the questions
1. If d is a divisor of n, then ----------------
a) n = c b) n < cd c) n > cd d) n = cd
2. If a|bc and (a, b) = 1 then -----------
a) a|c b) a|b c) c|a d) b|a
3. The greatest lower bound is called ----------
a) unbounded above b) unbounded below
c) supremum d) infimum
4. If x < 0 then -----------
a) |x| = x b) ||x|| = |x| c) ||x|| = -x d) |x| = -x
5. If (x, y) Є F and (x, z) Є F, then ------------
a) x = z b) x = y c) xy = z d) y = z

6. If m < n then K(n) < K(m) implies that K is a ------------
a) sequence b) subsequence
c) order preserving d) equinumerous
7. The set of those elements which belongs to either A or b or
both is called -------.
a) complement b) union c) intersection d) disjoint
8. The set S of intervals with rational end points is ------------
set.
a) uncountable b) finite c) countable d) disjoint
9. ||x – y|| ≤ -----------
a) ||y – x|| b) ||x|| - ||y|| c) ||x|| + ||y|| d) ||xy||
10. In R3, the open ball B(a; r) is -------------
a) open interval b) closed interval
c) spherical solid d) circular disc
11. Every singleton set is ------------
a) bounded b) unbounded c) open d) closed
12. A collection F of sets is said to be a covering of a given set
S if --------------
a) S  UA b) A  US c) S = UA d) A = US
13. d(x, y) = ------------
a) d(xy) b) d(y, x) c) d(x + y) d) d(x – y)
14. The metric (Rn, d) is called ------------ metric
a) Euclidean b) complex c) discrete d) bounded
15. An increasing sequence which is bounded above will
converge to its ----------
a) supremum b) infimum c) fixed point d) adherent point



16. Every closed set is -------------
a) convergent b) divergent c) Euclidean d) complete
17. A real valued continuous function f is said to be two valued
on S if ---------
a) f(S)  {0, 1} b) f(S)  (0, 1)
c) f(S)  [0, 1] d) f(S) = {0, 1}
18. If f: [0, 1] → S such that f(0) = a and f(1) = b, then a set S
in Rn is called --------
a) arcwise connected b) jointly connected
c) simply connected d) eventually connected
19. A set in Rn is called a ---------- if it is the union of an open
connected set with some or all its boundary points.
a) component b) path c) region d) interval
20. The function f(x) = x2 where x belongs to R1 and A = (0, 1]
is ------------ on A.
a) continuous b) uniformly continuous
c) not continuous d) analytic

PART – B (5 x 8 = 40 marks)

Answer all the questions
21. a) State and prove Cauchy Schwarz inequality.

(OR)
b) Prove that � is irrational.

22. a) Prove that the set of real numbers is uncountable.
(OR)

b) Show that the Cartesian product Z+ x Z+ where Z+ is a
set of positive integers is a countable set.

23. a) Prove that union of any collection of open sets is an open
set.

(OR)

b) Prove that a set S is closed if and only if S = S.

24. a) Prove that closed intervals in � are compact.
(OR)

b) State and prove the Heine – Borel theorem.

25. a) Prove that every arcwise connected set S in Rn is
connected.

(OR)
b) Let f: SM be a function from a metric space S to
another metric space M. Let X be a connected subset of
S. If f is continuous on X, then prove that f(X) is a
connected subset of M.
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