
SECTION – C                       [ 3 X 10 = 30 ] 

Answer Any THREE Questions. 

16. Show that the function sin cos 2cos sinu x hy x hy= + satisfies     

       Laplace’s equation and find the corresponding analytic function u iv+ .

 17. State and prove the Abel’s limit theorem.
 

18. Let ( )f z be analytic function within and on the boundary C of a simply     

      connected region D and let z0 be any point within C. Then prove that    

     ( )
( )

( )
0 2

0

1
' .

2

f z
F z dz

i C z z
=

−
   

 

19. State and prove the Taylor’s theorem. 

        

20.State and prove the Rouche’s theorem. 
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SECTION – A                   [10 X 1 = 10] 

Answer ALL the Questions. 

Choose the Correct Answer. 

1. A curve 
gF  given by ( ) ( ) ( ) ,  z t x t iy t t = +    is called a Jordan     

      arc if ( )z t  is _______________.  

[a] one-one      [b] onto  

[c]into      [d] many-one   

2. Two families of curves are said to form an ________ system if they       

     intersect at right angles at each of their points of intersections.    

[a] orthonormal   [b] orthogonal 

[c] intersect    [d] perpendicular 

3.   The radius of convergence of ( ) ( )1 2 /
n n

z i n − −  is __________.  

[a] 0     [b] -1   

[c] 1     [d]    

 4. The sum function ( )f z  of the power series 
n

na z  represents an analytic        

     function inside the ________ of convergence. 

[a] radius    [b] circumference 

[c] region     [d] circle 
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5. If ( )f z  is analytic at all points within and on the closed contour C then 

( )
C

f z dz =  __________. 

[a] 0     [b] 1 

[c] -1     [d]    

6. The parametric equation of the circle with center ‘a’ and radius r is  

     z a−  _________ r . 

[a] <     [b] =  

[c] >     [d] 
 
 

7.  A function which has poles as its only singularities in the finite part of the     

     plane is said to be a _________ function.  

[a] entire    [b] analytic  

[c] meromorphic      [d] removable 

8. The ____________ of a function is a point at which the function ceases to         

     be analytic.   

[a] residue    [b] pole   

[c] removable    [d] singularity 

9.  The pole of 
2

2 2

z

z a+
 is z = ___________.   

    [a] ia        [ b] -ia 

[c] ia      [d] a 

10. The value of 

3

1

2 2
z

ze
dz

i z
=

−  is _________. 

[a] 1     [b] e2  

[c] -1     [d]    
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SECTION – B                                [5 X 7 = 35] 

Answer ALL the Questions. 

11. a) Verify whether the real and imaginary parts of w = sinz satisfy Cauchy-    

           Riemann equations. 

[OR] 

      b) Show that the function 3 23u x xy= −  is harmonic and find the  

           corresponding analytic function. 

12. a) Find the region of convergence of the series ( )
( )

1 2 1

1

1
2 1 !

n n

n

z

n

− −

=

−
−

 .  

[OR] 

      b) State and prove the Cauchy’s criterion for uniform convergence. 

 

13. a) Evaluate by Cauchy’s integral formula 
( )Z

C

dz

z i+  where c is     

          3 1.z i+ =   

[OR] 

      b) State and prove the Cauchy’s inequality.
 

14. a) State and prove the uniqueness theorem. 

[OR] 

       b) Find the Laurent’s series of the function ( )
( )( )2

1

4 1
f z

z z
=

− +
 valid 

           in the region 1 2z   . 

15. a) State and prove the Cauchy’s residue theorem. 

[OR] 

      b) Find the residues of the function 
( ) ( )

2

2 2

2

1 4

z z

z z

−

+ +
 at all its poles in the 

          finite plane. 
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 15. a)  If T is normal, then prove that the Mi
’
s are pairwise orthogonal. 

[OR] 

      b)  If T is normal, then prove that each Mi reduces T. 

                                                     SECTION – C                       [ 3 X 10 = 30 ] 

                                         Answer Any THREE Questions.                       

16. State and Prove Hahn – Banach Theorem. 

17. State and prove the open mapping theorem. 

18. Let H be a Hilbert space and let f be an arbitrary functional in H
*
. Then 

      prove that there exists a unique vector y in H such that f(x) = <x, y>. 

19. Prove that the adjoint operation T → T
*
 on B(H) has the following  

      properties: 

a) (T1 + T2)
*
 = T1

*
 + T2

*
 

b) (αT)
*
 = 𝛼  T

*
 

c) (T1T2)
*
 = T2

*
 T1

*
 

d) T
**

 = T 

e)  𝑇∗  =  𝑇  

f)  𝑇∗𝑇  =  𝑇 2
 

20. Prove that two matrices in An are similar iff they are the matrices of a 

      single operator on H relative to different bases. 
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                                                  SECTION – A                            [10 X 1 = 10] 

Answer ALL the Questions. 

Choose the Correct Answer. 

1. The set of bounded linear operator on a normed linear space X with a 

suitable norm, a ____________. 

       [a] Metric     [b] Normed linear space  

[c] Banach Space    [d]  Linear Space 

2. Every complete subspace of a normed linear space is _____________. 

       [a] Compact               [b] Closed               

  [c] Bounded    [d]  Continuous 

3.  If B is a reflexive Banach space then its closed unit sphere S is ______. 

 [a] compact     [b] connected   

[c] complete    [d] weakly compact 

4. Let B and B
’ 

 be two banach spaces and if T is continuous linear 

transformation of B and B
’
, then T is _______________ mapping. 

  [a] Open    [b] Closed 

  [c] One-One    [d] Onto 
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5. If unitary operators on H form a __________. 

       [a] Subgroup         [b] Monoid        

  [c] Cyclic    [d] Group 

6. If S is a non-empty subset of a Hilbert space then S
┴ 

=_________. 

[a] S     [b] S
┴ ┴

   

[c] S
┴ ┴ ┴

    [d] - S
┴
 

7. The orthogonal complement of subspace of a Hilbert space is ________. 

        [a] Continuous    [b] Connected                   

  [c] Compact        [d] Complete 

8.  If N is a normal operator on H then 2
N = _________. 

 [a] 

2

N
    [b] - 

2

N
  

 [c] 2
N

    [d] - 2
N  

9. If X is an eigen vector of T, then any non-zero vector x in H such that    

Tx = λx is called an eigen vector corresponding to the eigen value ______. 

      [a] 1     [b] λ    

  [c] 0     [d] ∞       

10. An operator T on H  is normal  ⇔  its adjoint T
*
 is a _______ in T. 

       [a] Dimension    [b] Basis  

  [c] Span    [d]  Polynomial 
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                                                SECTION – B                               [5 X 7 = 35] 

Answer ALL the Questions. 

11. a) Let M be a linear subspace of a real normed linear space N, and let f be  

     a functional defined on M. If x0 is a vector not in M, and if 

     M0 = M+[x0] is the linear subspace spanned by M and x0 , then prove 

     that f can be extended to a functional f0 defined on M0 such that 

      𝑓0  =  𝑓 .   

[OR] 

      b) Prove that if  N is an normed linear space and x0 is a non-zero vector in   

          N, then there exists a functional f0 in N
*
 such that f0(x0) =  𝑥0  and  

           𝑓0  = 1. 

12. a) If P is a projection on a Banach space B, and if M and N are its range  

         and null space, prove that M and N are closed linear subspaces of B such  

         that B = M ⊕ 𝑁.  

               [OR] 

b) State and Prove The Closed Graph Theorem. 

13. a) Prove that a closed convex subset С of a Hilbert space H contains a  

          unique vector of smallest norm. 

[OR] 

      b) If M and N are closed linear subspaces of Hilbert space H such that 

          M ┴N, then prove that the linear subspace M + N is also closed. 

   

14. a) If A1 and A2 are self-adjoint operators on H, then prove that  their  

          product A1A2  is self-adjoint ⇔ A1A2 = A2A1 . 

[OR] 

b)  If N is a normal operator on H, then prove that  𝑁2  =  𝑁 2
. 
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