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SECTION – A (10 × 2 = 20) 

Answer ALL questions  

1.  Define group. 

2.  What is order of a group. 

3.  What is meant by invariants of G. 

4.  State - subgroups G(s) of any integer s. 

5.  Define content of the polynomial. 

6.  What is meant by primitive polynomial. 

7.  What is inner product space. 

8.  Define index of nilpotent transformation. 

9.  State Hermitian transformation. 

10.  What is normal transformation. 

SECTION – B (5 × 5 = 25) 

Answer ALL questions  

11.  a)  If npGO =)( , where p is the prime number , then prove that { }eGZ ≠)(  

(OR) 

 b) State and Prove Cauchy Theorem. 

12.  a) Prove that every finite abelian group is the direct product of cyclic groups. 

(OR) 

 b) If ',GG  are isomorphic abelian group, then prove that for every integer s, )(sG  
and )(' sG  are isomorphic. 

13.  a) State and prove Gauss lemma. 

(OR) 

 b) If )(xf and )(xg are primitive polynomials, then prove that )().( xgxf is also a primitive 

polynomial. 

14.  a) If Vvu ∈, , then prove that ( ) vuvu ≤,  

(OR) 
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 b) Show that two nilpotent linear transformation are similar if and only if they have the 

same invariants. 

15.  a) If )(VAT ∈ is such that ( ) 0, =vvT for all Vv∈ , then show that 0=T . 

(OR) 

 b) If N is normal and NAAN = , then prove that ANAN ** =  

SECTION – C (3 × 10 = 30) 

Answer any THREE questions  

16 State and prove Sylow’s theorem for abelian groups. 

17. Let G be a group and suppose that G is the internal direct product of nNNN ,...., 21 . Let 

nNNNT ×××= ....21 ,then prove that G and T are isomorphic. 

18. State and prove division algorithm. 

19 Prove that there exists a subspace W of V,invariant under T , such that WVV ⊕= 1 . 

20. If N is a normal linear transformation on V, prove that there exists an orthonormal  basis, 

consisting of characteristic vectors of N , in which the matrix of N is diagonal. 
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Register Number: C-3502 
Name of the Candidate: 

M.Sc. DEGREE EXAMINATION, DECEMBER-2021 

(FOR AFFILIATED COLLEGES) 

(MATHEMATICS) 

(FIRST SEMESTER) 

21PMATC12 - REAL ANALYSIS –I 

Time : 3 Hours        Maximum :  75 Marks 

SECTION – A (10 × 2 = 20) 

Answer ALL questions 

1. Define bounded variation.

2. State additive property of total variation.

3. Write any two properties of Riemann Stieltjes integral.

4. Define step function.

5. State sufficient condition for existence of the Riemann integral.

6. State Bonnet's theorem.

7. What is the difference between absolute and conditional convergent?

8. Find the Cesaro sum for 1zz  ,za n
n  , . 

9. Give an example for a sequence of continuous function with a discontinuous limit function.

10. State Weierstrass M - test.

SECTION – B (5 × 5 = 25) 

Answer ALL questions 

11. a) 1. If f is monotonic on [a, b] then prove that the set of discontinuous f is countable.

(OR) 

b) Let f be of bounded variation on [a, b]. Let V be defined on [a, b] as follows :

      0 aVb,xa ifxa,VxV f  then show that V is an increasing function on [a,

b] and V-f is an increasing function on [a, b] .

12.  a) If  Rf   on [a, b] then prove that  fR on [a, b] and

               aafbbfxdfxxdxf
b

a

b

a

  

(OR) 

b) State and prove Euler's summation formula.

13.  a) If f is a continuous on [a, b] and if  is a bounded variation on [a, b] then show that 

 Rf  on [a, b].

(OR) 
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b) State and prove first mean value theorem for Riemann Stieltjes integral.

14.  a) Let na be a series of complex terms whose partial sums form a bounded sequence. Let

 nb  be a decreasing sequence which converges to 0 then prove that nnba  converges.

(OR) 

b) Assume that 0na ,  then prove that  the product  na 1  converges if and only if the

series na converges.

15.  a) Assume that ffn  uniformly on S. If each nf is continuous at a point c of S then

prove that the Limit function f is also continuous at c. 

(OR) 

b) 
Assume that ffn

n



lim on [a, b]. If Rg on [a, b], define        ,

x

a

dttgtfxh

     
x

a
nn dttgtfxh  then show that hhn    uniformly on [a, b].

SECTION – C (3 × 10 = 30) 

Answer any THREE questions  

16 Let f be of bounded variation on [a, b]. if b], [a,x let    xa,VxV f and put   0aV then

prove that every point of continuity of f is also a point of continuity of V.  Also prove the 

converse. 

17. Assume  Rf  on [a, b] and assume that   has a continuous derivative   on [a, b]

then show that the Riemann integral     xdxxf
b

a
  exists and we have 

        xdxxfxdxf
b

a

b

a
  

18. Let  be of bounded variation on [a, b] and assume that  Rf  on  [a, b] then prove that

 Rf  on every subinterval [c, d]  of [a, b].

19 
Assumed that 



0n
na converges absolutely and has sum A and suppose 



0n
nb convergence

with sum B. Then show that the cauchy product of these two series converges and has sum 

AB. 

20. State and prove Dirichlet's test for uniform convergence.
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SECTION – A (10 × 2 = 20) 

Answer ALL questions 

1. State the Dijkstra’s Algorithm.

2. Prove that every non trivial tree has at least two vertices of degree one.

3. If G is a block with 3v ≥ , then prove that any two edged of G lie on a common cycle.

4. Define :Hamiltonian Graph.

5. Let M be a matching and K be a covering such that | | | |M K= . Then Prove that M is a

maximum matching and K is a minimum covering.

6. State Vizing’s Theorem.

7. Prove that a set S V⊆  is an independent of G if and only if  V \ S  is a covering  of G.

8. Prove that every critical graph is a block.

9. Give an example for a planet graph and its dual.

10. If G is a plain graph, then prove that ( ) 2
f F

d f ε
∈

=∑  

SECTION – B (5 × 5 = 25) 

Answer ALL questions 

11. a) Prove that ( ) 2
v V

d v ε
∈

=∑  

(OR) 

b) Prove that an edge e of G is a cut edge of G if and only if e is contained in no cycle of

G.

12. a) Prove that the graph is Hm,n is m-connected. 

(OR) 

b) Prove that a non empty connected graph is Eulerian if and only if it has no vertices of

odd degree.

13. a) Prove that every 3- regular graph without cut edges has a perfect matching. 

(OR) 

b) If G is bipartite, then prove that 'χ = ∆
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14.  a) If 0δ > , then prove that ' ' vα β+ =  

(OR) 

 b) Prove that in a critical graph, no vertex cut is a clique. 

15.  a) Prove that K5 is non planner. 

(OR) 

 b) If two bridges overlap, then prove that either they are skew or else they are equivalent 

3- bridges.    

SECTION – C (3 × 10 = 30) 

Answer any THREE questions  

16 Prove that 2( ) n
nK nτ −= . 

17. Prove that 'κ κ δ≤ ≤  

18. State and prove Berge theorem. 

19 State and prove Dirac theorem on k-critical graph. 

20. State and prove Kuratowski’s theorem. 
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SECTION – A (10 × 2 = 20) 

Answer ALL questions  

1.  Consider the equation 06111  yyy  and compute the solution   satisfying 

.0)0(,1)0( 1    

2.  Write Harmonic Oscillator equation and solve it. 

3.  Check whether the function  defined on   linearly independent or dependent? Why? 

4.  .)(,)(,1)( 3

221 xxxxx    

5.  What is  initial value problem? 

6.  Define analytic function. 

7.  What is nth Legendre Polynomial? 

8.  What is regular singular point with example? 

9.  Define Bessel function of zero order. 

10.  Solve 21 yy   

SECTION – B (5 × 5 = 25) 

Answer ALL questions  

11.  a) 1. Let 21,  be two solutions of L(y)=0 on an interval I, and let 0x be any point in I. Then 

21,  are linearly dependent on I if .0)(),( 021 xW   

(OR) 

 b) Find the solution for 
xeyyy  2111
. 

12.  a) Consider the equation .04 1111  yy compute three linearly independent solutions and 

Wronskian of the solutions. Find the solution   satisfying 

.0)0(,1)0(,0)0( 1111    

(OR) 

 b) Using annihilator method, find a particular solution of 
xexyy 3211 9  . 

13.  a) There exists n linearly independent solutions of 0)( yL on I. 

(OR) 



 

 

2 

 b) Find two linearly independent power series solution of 011  yy  

14.  a) Solve 01112  yxyyx  for 0x  

(OR) 

 b) Show that -1 and 1 are regular singular points for the Legendre equation 

0)1(2)1( 1112  yxyyx   

15.  a) 
Solve 3

2
1 3yy   

(OR) 

 b) A function   is a solution of the initial value problem 00

1 )(),,( yxyyxfy  , on an 

interval I iff it is a solution of the integral equation 
x

x

dtytfyy

0

),(0  on I. 

SECTION – C (3 × 10 = 30) 

Answer any THREE questions  

16 Let   be any solution of 0)( 2

1

1

11  yayayyL on an interval I containing a point 0x . 

Then for all x in I 00 )()()( 00

xxkxxk
exxex


  , where 

,)()()(
2

1
2

12





  xxx  211 aak   

17. Compute the solution   of 1111111  yyyy , which satisfies 

0)0(,1)0(,0)0( 111    

18. State and prove Existence theorem for Analytic Coefficients. 

19 (a) use the formula for )(xJ  to show that  )()()( 1

1 xJxxJx  



  

(b) Prove that )()()( 1

1 xJxxJx 

  



  

20. Let M,N be two real-valued functions which have continuous first partial derivatives on some 

rectangle .,: 00 byyaxxR    Then the equation 0),(),( 1  yyxNyxM  is exact in R 

if 
x

N

y

M









 in R. 
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