
   

  

 (DM 01) 
M.Sc. DEGREE EXAMINATION,  

DECEMBER 2019. 

First Year 

Mathematics 

ALGEBRA 

Time : Three hours Maximum : 70 marks 

Answer any FIVE of the following questions. 

All questions carry equal marks. 

1.  (a) If φ  is a homomorphism of G  into G  with kernel K , then prove that 

GKG ≈/ . 

 (b)  State and prove Sylow’s theorem for abelian groups. 

2.  (a) Prove that every permutation is a product of 2–cycle.  

 (b)  Find the all normal subgroups of S4.  

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

  

 (b)  If G  and 'G  are isomorphic abelian groups, then prove that for every integer 

)(, sGs  and )(' sG are isomorphic. 

4.  (a) If U  is an ideal of R  and U∈1 , prove that RU = .  

 (b)  If U  is an ideal of ring ,R  then prove that UR /  is a ring and is a 

homomorphic image of R .  

5.  (a) If R  is a unique factorization domain, then show that ][xR is also unique 

factorization domain.  

 (b)  Prove that when F  is a field, ],[ 21 xxF  is not a principle ideal ring. 

6.  (a) If a is any real number, Prove that 0)!/( →ma
m as 0→m .  

 (b)  If 0>m  and n  are integers, prove that n

m

e  is transcendental.   

7.  (a) Prove that if βα ,  are constructible, then so are αββα ±  and βα / (when 

)0≠β   

 (b)  Show that any field of characteristic 0 is perfect. 

8. (a) Construct a polynomial of degree 7 with rational coefficients whose Galois 

group over Q  is 7S .  

 (b)  Show that the polynomial 36)(
5

+−= xxxp  over Q  are irreducible and have 

exactly two non-real roots.  

9.  (a) Show that the Lattice of invariant subgroup of any group is modular.  

 (b)  If a and b are any two elements of a modular lattice, then show that the 

intervals ],[ abaI ∪  and ],[ babI ∩  are isomorphic.  
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10. (a) Prove that the following two types of abstract systems are equivalent: 

  (i) Boolean algebra 

  (ii) Boolean ring with identity 

 (b)  If the elements naaa ,..., 21  are independent, then prove that  

  ∩∪∪∪∪ + ),.......( 121 srr aaaaa   

  rstsr aaaaaaa ∪∪=∪∪∪∪ + ...),.......( 1121   

––––––––––– 
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      (DM 02) 

M.Sc. DEGREE EXAMINATION,  

DECEMBER 2019. 

First Year 

Mathematics 

ANALYSIS  

Time : Three hours Maximum : 70 marks 

Answer any FIVE of the following questions. 

All questions carry equal marks. 

1. (a) Let { }nE  be a (finite or infinite) collection of sets αE . Then prove that 

( )IU
α

α
α

α
c

c

EE =







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 (b) If  X is a metric space and XE ⊂ , then prove that  

  (i) E is closed  

  (ii) EE =  if and only if E  is closed 

  (iii) FE ⊂  for every closed set XF ⊂  such that FE ⊂ . 

2. (a) Prove that A  sub set E  of the real line 1R  is connected if and only if it has 

the following property : If EyEx ∈∈ ,  and yzx << , then Ez ∈ . 

 (b) Construct a bounded set of real numbers with exactly three limit points.  

3. (a) If ∑ na  converges, and if { }
n
b  is monotonic and bounded, prove that 

nnba∑  

converges.  

 (b) Prove that 
nnn

n

sss

a 11

1

2
−≤

−

, hence deduce that ∑ 2

n

n

s

a
. 

4. (a) If f  is continuous mapping of a compact metric space X  into Y . And if E  is 

a connected subset of X , then prove that )(Ef  is connected.  

 (b) If f  be monotonic on ),( ba . Then prove that the set of points of ),( baf  at 

which f is discontinuous is at most countable.  

5. (a) State and prove fundamental theorem of calculus.  

 (b) State and prove Integration by parts theorem.  

6. (a) If f is continuous on [a, b] then prove that ∈f  ℛ  on [a, b]. 
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 (b) If f is monotonic on [a, b], and if α  is continuous on [a, b], then prove that 

∈f  ℛ. 

7. (a) Prove that, there exist a real continuous function on the real line which is 

nowhere differentiable.  

 (b) Suppose { }
n
f  is a sequence of functions defined on E , and suppose 

nn Mxf ≤)(  ,...)3,2,1,( =∈ nEx  then prove that ∑ nf converges uniformly 

of E if ∑ nM  converge .  

8. State and prove Stone-Weierstrass theorem.  

9. (a) Suppose φ  is count ably additive on a ring R. 

Suppose ∈nA ℛ ...)3,2,1( =n , ∈⊂ AAA ...,21 ℛ  and U
∞

=

=
1n

nAA , then prove that 

as )()(, AAn n φφ →∞→ .  

 (b) Let f and g are measurable real-valued functions defined on X, let F be real 

and continuous on 2R , and put ))(),(()( xgxfFxh = , )( Xx∈  then prove that 

h  is measurable.  

10. (a) State and prove Lebesgue’s dominated theorem.  

 (b) Suppose that 21 fff += , where ∈if ℒ )(µ  on ....)3,2,1( =iE , then prove that  

∈f ℒ )(µ  and ∫ ∫∫ =+=
E EE

dfdffd µµµ 21
. 

———————––– 
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 (DM 03) 
M.Sc. DEGREE EXAMINATION, 

DECEMBER 2019. 

First Year 

Mathematics 

COMPLEX ANALYSIS AND SPECIAL FUNCTIONS AND PARTIAL DIF. EQU. 

Time : Three hours Maximum : 70 marks 

Answer any FIVE of the following questions, selecting at least two questions from each 

section. 

All questions carry equal marks. 

SECTION A  

1. (a) Prove that  

  (i) )12/()( 11 +−=+ ∫ −+ nppdxpc nnn  

  (ii) )12/()( 11

1

+−= +−∫ nPPdxP nn

x

n  

 (b) State and prove orthogonal properties of Legendre’s polynomial. 

2. (a) Expand x in a series of the form ∑
∞

=1

),(
r

lr xJC λ  valid for the region ,10 ≤≤ x  

where rλ  are the roots of the equation 0)(1 =λJ . 

 (b) If iλ  are positive roots of ,0)(0 =λJ  show that ∑
∞

=

=
−

li ii J

xJx
,

)(

),(

8

1

1

3

0
2

λλ

λ
 where 

11 <<− x . 

3. (a) Solve  0)()1()( =+−+++++ dtzytdzdyzytdxzyt  

 (b) Solve 22222 )()( xydyzxyzxdxyzxyz +−+−  

  0)(
2 =− dzxyz  

4. (a) Solve zqyxppx =+++ )sin()cos( . 

 (b) Solve )2()'2'(
2222
yxyxzDDDD −+=−−  

  xyxy cossin − . 

5. (a) Solve yxqypxtysxyrx 2223
22 +=+++− by Monge’s method. 

 (b) Solve )cos(4)1'23( 22 yxezDDD yx +=−+− + . 
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SECTION B 

6. (a) Let )(zR  be a rational function of z , show that )()( zRzR = if all the 

coefficients in )(zR  are real. 

 (b) Calculate the square roots of ii 33, +  and cube roots of i . 

7. (a) If ∑ na  converges absolutely then prove that ∑ na converges. 

 (b) If G  is open and connected and CGf →:  is differentiable with 0)(' =zf  for 

all z  in G then show that f  is constant. 

8. (a) State and prove Goursat’s theorem. 

 (b) Evaluate ∫ +
γ

π 22z

dz
 where θθθγ ie=)(  for πθ 20 ≤≤ . 

9. (a) Show that ∫
∞ −

=
+

0
sin1 c

dx
x

x c

π
π

 if 10 << c . 

 (b) State and prove general version of Rouche’s theorem for curves other than 
circle in G . 

10. (a) State and prove Maximum Modulus theorem. 

 (b) Evaluate dx
x

x
∫
∞

−

0

2

1cos
. 

  

–––––––––   



   

  

   (DM 04) 
M.Sc.  DEGREE EXAMINATION, 

DECEMBER 2019. 

First Year 

Mathematics 

THEORY OF ORDINARY DIFFERENTIAL EQUATIONS 

Time : Three hours  Maximum : 70 marks 

Answer any FIVE  of the following questions. 

All questions carry equal marks. 

1. (a) State and prove Uniqueness theorem. 

 (b) If nφφ ,...1  be n solutions of ( ) 0=yL  on the interval, then show that they are 

linearly independent if and only if ( ) ( ) )0,...1 ≠xW nφφ  for all x  in I . 

2. (a) Verify the functions 1φ  satisfies the equation 

( ) ( ) 2

1
2 ,0244 xexyxyxy ==−+′−′′ φ  and find a second independent solution. 

 (b) Find two linearly independent power series solutions of 03 2 =−′+′′ xyyxxy . 

3. (a) Solve ( ) ( )dyyxedxyxye
xx

sincos22
222 −++ . 

 (b) Let M, N  be two real valued functions which has continuous first partial 

derivatives on some rectangle byyaxxR ≤−≤− 00 ,: . Then show that 

( ) ( ) 0,, =′+ yyxNyxM  is exact in R  if and only if 
x

N

y

M

∂

∂
=

∂

∂
. 

4. (a) Find the first four successive approximations  3210 ,,, φφφφ  for 

( ) 10,1 =+=′ yxyy . 

 (b) By computing appropriate Lipschitz constants, show that 

( ) xyyxyxf
222

sincos, += , on S : ∞<≤ yx ,1 . satisfy Lipschitz conditions 

on the sets S indicated. 

5. (a) Suppose ( ) ( );2,,;23,8 iiziiy −=−+=  ( )1,0,2 iw +=  are vector in 3C , then  

  (i) Compute zy +  

  (ii) Compute zy − . 

 (b) Let φ  be the vector-valued function defined for all real x by ( ) ( )42 ,, ixxxx =ϕ , 

then compute  

  (i) ( )1φ  
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  (ii) φ′  and ( )2φ′   

  (iii) ( )∫
−

1

1

dxxφ . 

6. (a) State and prove Non-local existence theorem. 

 (b) Show that all solutions with values in 2R  of the following system exists for 

all real  

  ( ) ( ) ( ) 12211 sin,sincos yxcyyxbyxayx =′+=′ + ( ) 2cos yxd  where dcba ,,,  are 

polynomials with real -coefficients. 

7. (a) Find the general solution of Riccatis equation 22
2 +−=′ yyy . 

 (b) Find the greens function of the boundary value problem 

( ) ( ) 00, =−=+′′ yxfyy , ( ) 01 =y . 

8. (a) Show that if 321 ,, zzz  are any four different solutions of the Riccati equation. 

  ( ) ( ) ( ) 02 =+++′ xcyxbyxay , then show that 
23

13

1

2

yy

yy

yy

yy

−

−
=

−

−
. 

 (b) Find the functions ( ) ( ) ( )xmxkxz ,  such that 

( ) [ ] ( ) ( )( )yxmyxk
dx

d
yyxyxxz +′=+′−′′ 222  and hence solve 

0,0222 >=+′−′′ xyyxyx . 

9. (a) State and prove strum seoaration theorem. 

 (b) Solve ( ) 022 22 =++′−′′ yxyxyx , 0>x . 

10. (a) State and prove Gronwalls inequality. 

 (b) Discuss the oscilation of Bessel equation  

  ( ) 0223 =−+′−′′ ynxyxyx . 

 

—————— 


