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Reg. No. : ................................. 

Name : ..................................... 

II Semester M.Sc. Degree (C.B.S.S. – Reg./Supple./Imp.) 
Examination, April 2023 

(2019 Admission Onwards) 
MATHEMATICS 

MAT 2C 06: Advanced Abstract Algebra

Time : 3 Hours Max. Marks : 80

PART – A

Answer any 4 questions. Each question carries 4 marks.

1. Find Q Q2 3, : .

2. Find the primitive 5th root of unity in Z
11

.

3. Distinguish between primes and irreducibles of an integral domain.

4. Is Z[i] is an integral domain ?

5.  What is the order of G Q Q23  ?

6. Show that 1 5  is algebraic over Q.

PART – B

Answer 4 questions without omitting any Unit. Each question carries 16 marks.

Unit – I

7. a) Prove that every PID is a UFD. 7

b) Prove that Z 5 is an integral domain but not a UFD. 9

8. a) State and prove Kronecker’s theorem.  8
8

P.T.O.



9. a) State and prove Gauss’s Lemma. 6
b)  An ideal <p> in a PID is maximal if and only if p is irreducible. 5
c) Prove that every Euclidian domain is PID. 5

Unit – II

10. a) If  and  are constructible real numbers, then  + ,  – ,  and /  if   
0. 12

P, then E contains exactly Pn elements for 
some positive n. 4

11. a) Prove that trisecting an angle is impossible. 8
Pn) of Pn elements exists for every prime  

power Pn. 8

12. a) State and prove Conjugation isomorphism theorem. 10
F Z

p
p . 6

Unit – III

13. a) A Field E, where F  E 
automorphism of F

12

F  have the 
same multiplicity. 4

12
3 – 2 over Q. 4

15. a)  State the main theorem of Galois Theory. 6

b) State and prove Primitive Element theorem. 10

_______________________
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II Semester M.Sc. Degree (CBSS – Reg./Supple./Imp.)  
Examination, April 2023 

(2019 Admission Onwards) 
mathematics 

mat 2c 07 : Measure and Integration

Time : 3 Hours	 Max. Marks : 80

PART – A

Answer any 4 questions. Each question carries 4 marks. 

1. 	Show that every countable set has measure zero.

2. 	Define measurable function. Show that every continuous functions are 
measurable.

3. 	Let f(x) is function defined on [0, 2] defined by : f(x) = 1 for x rational, if x is 
irrational, f(x) = –1, then find ∫0

2   

  fdx.

4.	 If A and B are disjoint measurable sets, then show that ∫A∪B fdx = ∫A fdx + ∫B fdx.

5. 	Show that L∞(X, µ) is a vector space over the real numbers.

6. 	State and prove Minkowski’s inequality.

Part – B

Answer any 4 questions without omitting any Unit . Each question carries 16 marks.

Unit – I

7.	 a) 	Prove that Every interval is measurable.
	 b) 	Define Borel sets. Show that every Borel set is measurable.

8.	 a) 	Show that collection of measurable function forms a vector space over real 	
	 numbers.

	 b)	 Show that Borel set is a proper subset of Lebesgue Measurable sets.

9.	 a) 	State and prove Fatou’s Lemma.
	 b) 	Let f and g be non-negative measurable functions. Then show that  

∫ fdx + ∫ gdx = ∫(f + g)dx.

Reg. No. : ..................................
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Unit – II

10.	 a) 	State and prove Lebesgue’s Dominated Convergence theorem.

	 b)	 Let f be a bounded function defined on the finite interval [a, b], then prove 
that f is Riemann integrable over [a, b] if and only if it is continuous a.e.

11.	 a) 	Let µ∗ be an outer measure on H(R) and let S∗ denote the class of µ∗ 
measurable sets. Then prove that S∗ is a σ ring and µ∗ restricted to S∗ is a 
complete measure.

	 b) 	If µ is a σ-finite measure on a ring R, then show that it has a unique extension 
to the σ-ring S(R) .

12.	 a)	 Let f be bounded and measurable on a finite interval [a, b] and let ∈ > 0, then 
show that there exist a continuous function g such that g vanishes outside 
a finite interval and  ∫a

b  

  |f – g|dx < ∈.

	 b)	 Define σ-finite and complete measure on a ring R. Also show that Lebesgue 
measure m defined on M, the class of measurable sets of  is σ-finite and 
complete.

Unit – III

13.	 a)	 Define Lp Space for 1 ≤ p ≤ ∞. Also show that if µ(X) < ∞ and 0 < p < q ≤ ∞ 
then show that Lq(µ) ⊆ Lp(µ).

	 b) 	State and prove Holder’s Inequality. When does its equality occurs ?

14.	 a)	 Let fn be a sequence of measurable functions, fn : X → [0, ∞], such that fn(x) ↑ 
for each x and let f = lim fn  then prove that ∫ fdx = lim ∫ fndµ.

	 b)	 Let [[X, S, µ]] be a measure space and f a non-negative measurable function. 
Then prove that φ(E) = ∫E fdµ is a measure on the measurable space  
[[X, S]]. Also show that if ∫ fdµ < ∞ then ∀∈> 0, ∃δ > 0 such that if A ∈ S and 
µ(A) < δ, then φ(A) < ∈.

15.	 a) 	 If 1 ≤ p < ∞ and {fn} is a sequence in LP (µ) such that ||fn – fm||p → 0 as  
n, m → ∞ then show that there exists a function f and a sequence {ni} such 
that lim fni 

 = f a.e. and f ∈ Lp(µ).

	 b)	 Let fn be a sequence in L∞(µ) such that ||fn – fm|| → 0 as n, m → ∞. Then 
show that there exists a function f such that lim fn = f a.e, f ∈ L∞(µ) and  
lim ||fn – f||∞ = 0. 	

––––––––––––––––––
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II Semester M.Sc. Degree (C.B.S.S. – Reg./Supple./Imp.)  
Examination, April 2023 

(2019 Admission Onwards) 
MATHEMATICS 

MAT2C09 : Foundations of Complex Analysis

Time : 3 Hours Max. Marks : 80  

PART – A

Answer any 4 questions. Each question carries 4 marks.

1. Evaluate the integral dz
z2 1

, where (t) = 2eit, 0  t  2 .

z
z

( )
log( )1

2
.

z
2

.

PART – B

Answer any 4 Each question carries 16 marks.

Unit – I

 

 

P.T.O.
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8. a) Let . Prove that n( , a) is constant in each 
 – .

( )e e dz
z

z z

n
 

(t) = eit , 0  t 2 .

Unit – II

z z z
( )

( )( )
1

1 2
 in ann(0, 1, 2).

a z an
n( ) ( )

m  0 and an  – (m + 1).

11. a) Evaluate the integral 
d

a cos0

Unit – III

  is 

n log( )1
1

znn

znn 1

_________________________



*K24P0864* 	 K24P 0864
Reg. No. : .................................	
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Second Semester M.Sc. Degree (C.B.S.S. – Supple. (One Time Mercy 
Chance)/Imp.) Examination, April 2024 
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MATHEMATICS 

MAT 2C 09 : Foundations of Complex Analysis

Time : 3 Hours	 Max. Marks : 80   

PART – A

Attempt any four questions from this part. Each question carries 4 marks :

1.	 Given that γ and σ are closed rectifiable curves having the same initial points. 
Prove that n(γ + σ, a) = n (γ, a) + n(σ, a) for every a ∉{γ} ∪ {σ}.

2.	 Let f be analytic on B(0, 1) and suppose |f(z)|≤1 for |z| < 1. Show that |f′ (0)| ≤1.

3.	 Does the function f(z) = z2 sin 2
1
z

  
   has an essential singularity at z = 0 ? 

Justify your answer.

4.	 Using residue Theorem, prove that  20

1 dx
21 x

∞ π=
+∫ .

5.	 Define the set C(G, Ω) and show that it is non-empty.

6.	 State the Weierstrass Factorization theorem.

PART – B

Answer any four questions from this part without omitting any Unit. Each question 
carries 16 marks :

Unit – I

7.	 a)	 Prove the following : If G is simply connected and f : G → C is analytic in 	
	 G then f has a primitive in G.

	 b)	 State and prove the open mapping theorem.
P.T.O.



K24P 0864	 -2-	 *K24P0864*

8.	 State and prove the third version of Cauchy’s theorem.

9.	 Prove the following : let G be a connected open set and let f : G → C be an 

analytic function. Then the following conditions are equivalent.

	 a)	 f ≡ 0 ;

	 b)	 there is a point a in G such that fn (a) = 0 for each n ≥ 0;

	 c)	 {z ∈ G : f(z) = 0} has a limit point in G.

Unit – II

10.	 a)	 Show that for a > 1, Show that 
0 2

d
a cos a 1

π θ π=
+ θ −

∫ .

	 b)	 State and prove the Residue theorem.

11.	 State and prove the Laurent Series Development.

12.	 Prove the following :

	 a)	 If |a| < 1 then ϕa(z) = z a
1 az
−
−  is a one-one map of D = {z : |z| < 1} on to itself ; 

the inverse of  ϕa is ϕ – a. Furthermore, ϕa maps ∂D on to ∂D, ϕ′a (0) = 1 – |a|2 
and ϕ′a (a) = (1 – |a|2)–1.

	 b)	 Let ( ) ( )( )
1f z

z z 1 z 2
=

− −
; give the Laurent series of  f(z) in each of the 

		  following annuli :
	 i)	  ann(0 ; 0, 1),
	 ii)	 ann (0 ; 1, 2),
	 iii)	 ann (0 ; 2, ∞).

Unit – III

13.	 a)	 Prove the following : If G is open in C then there is a sequence {Kn} of 
compact subsets of G such that G = n 1 nK∞

=∪  . Moreover the sets Kn can be 
chosen to satisfy the following conditions :

	 i)	  kn ⊂ int Kn+1.
	 ii)	 K ⊂ G and K is compact implies K ⊂ Kn for some n.
	 iii)	 Every component of C∞ – Kn contains a component of C∞ – G.

	 b)	 State and prove Hurwitz’s theorem.
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14.	 a)	 With the usual notations, prove that |1 – Ep(z)|≤|z|p+1 for |z| ≤1 and p ≥ 0.

	 b)	 Discuss the convergence of the infinite product pn 1
1
n

∞

=∏  for p > 0.

15.	 a)	 Show that ( )n1 z+∏  converges absolutely iff ( )n1 | z |+∏  converges.

	 b)	 Prove the following : If Rezn > 0 then the product nz∏  converges 	
	 absolutely iff the series ( )nz 1∑ −  converges absolutely.

	 c)	 Prove the following : Let Rezn > 0 for all n ≥ 1. Then nn 1
z

∞

=∏  converges to 	
	 a non zero number iff the series nn 1

logz
∞

=∑  converges.

___________________
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Name : .....................................

Second Semester M.Sc. Degree (CBCSS – OBE – Regular) 
 Examination, April 2024 
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MSMAT02C08 : Advanced Real Analysis

Time : 3 Hours 	 Max. Marks : 80

part – A

	Answer five questions from this Part. Each question carries 4 marks.	 (5×4=20)

	 1.	 Define pointwise convergence of a sequence of functions. For	
  

m = 1, 2, ... n = 1, 2, 3, ... let sm, n =  
m

m n+
.  Find lim lim

n m→∞ →∞ sm, n. 	

	 2.	 Prove that every uniformly convergent sequence of bounded functions is 
uniformly bounded.

	 3.	 Let E(z) =
z
n

n

n !
.

=

∞

∑
0

 Prove that E(z + w) = E(z) + E(w), z, w ∈ .

	 4.	 If f is continuous with period 2π and if  ∈ > 0, prove that there is a trigonometric 
polynomial p such that |p(x) – f(x)|  < ∈ for all real x. 

	 5.	 Define norm of a linear transformation. If A, B ∈ L(n, m), then prove that 
||A + B|| < ||A|| + ||B||.

	 6.	 If f(0, 0) = 0 and f(x, y) = 
xy

x y2 2+
 if (x, y) ≠ (0, 0), find D1f(0, 0) and D2f(0, 0).

part – b

	Answer three questions from this Part. Each question carries 7 marks.	 (3×7=21)

	 7.	 State and prove Cauchy criterion for uniform convergence of a sequence of 
functions.

	 8.	 Prove that there exists a real valued function on the real line which is nowhere 
differentiable.

P.T.O.



	 9.	 If K is compact, fn ∈C  (K) for n = 1, 2, 3, .... and if {fn} is pointwise bounded 
and equicontinuous on K, then prove that {fn} contains a uniformly convergent 
subsequence.

	 10.	 Suppose a0, a1, ..., an, are complex numbers, n > 1, an ≠ 0, p(z) = a zk
k

n
.

0
∑  

Then prove that p(z) = 0 for complex number z.

	 11.	 Let X be a complex metric space and if φ is a contraction of X  into X. Prove 
that there exists one and only one x ∈ X such that φ(x) = x.

part – c

	Answer three questions from this Part. Each question carries 13 marks.	 (3×13=39)

	 12.	 a)	 Suppose fn→ f uniformly on a set E in a metric space. Let x be a limit point 

of E, and suppose that lim
t x→

 fn(t) = An, n = 1, 2, 3,... . Then prove that {An} 

converges and lim
t x→

f(t) = lim
n→∞ An.

	 	 b)	 Give an example of a series of continuous functions with a discontinuous 
sum.

	 13.	 Suppose {fn} is a sequence of functions differentiable on [a, b] and that 
{fn(x0)} converges for some point x0 on [a, b]. If {f′n} converges uniformly on 
[a, b] then prove that {fn} converges uniformly on  [a, b] to a function f and  
f′(x) = lim

n→∞  f′n (x), a < x < b.

	 14.	 a)	 Define the following terms :

	 i)	 algebra.

	 ii)	 uniformly closed algebra.

	 iii)	 uniform closure of an algebra.

	 b)	 Let    be the uniform closure of an algebra   of bounded functions, then 
prove that   is a uniformly closed algebra.

	 15.	 State and prove Parseval’s theorem.

	 16.	 State and prove inverse function theorem.	

______________
	

K24P 1106				   		  *K24P1106*



*K24P1107*	 K24P 1107 

Second Semester M.Sc. Degree (C.B.C.S.S. – OBE – Regular) 
Examination, April 2024 
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MATHEMATICS 

MSMAT02C09/MSMAF02C09 : Advanced Topology

Time : 3 Hours	 Max. Marks : 80

PART – A

Answer any 5 questions from the following 6 questions. Each question carries	
4 marks.

1.	 Show that the set of integers is not well-ordered in the usual order.

2.	 Does the set of rationals Q is compact ? Justify your answer.

3.	 Show that the real line R has a countable basis.

4.	 Let f, g : X → Y be continuous; assume that Y is Hausdorff. Show that	   
{x, f(x) = g(x)} is closed in X.

5.	 Give an example showing that a Hausdorff space with a countable basis need 
not be metrizable.

6.	 Show that the unit circle S1 is a one-point compactification of the unit	  
	 interval (0, 1). 	 (5×4=20)

PART – B

Answer any 3 questions from the following 5 questions. Each question carries
7 marks.

7.	 Prove the following : Every nonempty finite ordered set has the order type of a 
section {1, 2, ..., n} of Z+, so it is well-ordered.

8.	 Prove that every metrizable space is normal.

Reg. No. : ..................................

Name : .......................................
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9.	 a)	 Prove that the product of two Lindelof space need not be Lindelof. 

	 b)	 Prove that a subspace of a Lindelof space need not be Lindelof.

10.	 Show that every locally compact Hausdorff space is regular.

11.	 Prove the following : Let A ⊂ X; let f : A → Z be a continuous map of A in to the 
Hausdorff space Z. There is at most one extension of f to a continuous function 

	 g : A → Z.	 (3×7=21)

PART – C

Answer any 3 questions from the following 5 questions. Each question carries
13 marks.

12.	 Prove the following :

	 a)	 Every closed subspace of a compact space is compact.

	 b)	 Every compact subspace of a Hausdorff space is closed.

	 c)	 The image of a compact space under a continuous map is compact.

13.	 Prove the following :

	 a)	 A subspace of a Hausdorff space is Hausdorff.

	 b)	 A product of Hausdorff space is Hausdorff.

	 c)	 A product of regular space is regular.

14.	 State and prove The Urysohn lemma.

15.	 State and prove Tietze Extension Theorem.

16.	 State and prove Tychonoff Theorem.	 (3×13=39)

		
––––––––––––––––––


