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SECTION-A  

(Essay Questions) 

      Answer ALL the questions. Each question carries 15 Marks.                 4 x 15 = 60 M 

 

1. (a) Let G be a group acting on a set X. Then the set of all orbits in X under G is a partition of 

X. For any x ∈ X there is a bijection Gx → 
𝐺

𝐺𝑥
 and hence |𝐺𝑥|=[𝐺: 𝐺𝑥].Therefore if X is a 

finite set, |𝑋|=∑ [𝐺: 𝐺𝑥]𝑥∈𝐶 , where C is a subset of X containing exactly one element from 

each orbit.                                                                      

 (b) Find the number of different necklaces with p beads, p prime where the beads can have 

any of n different colours. 

                                                     (OR) 

2. (a) Let G be a group . If G is solvable, then every subgroup of G and every homomorphic 

image of G are solvable. Conversely, if N is a normal subgroup of G such that N and 
𝐺

𝑁
 are 

solvable, then G is solvable. 

    (b) State and prove Jordan – Holder theorem. 

3. State and prove fundamental theorem of finitely generated abelian group. 

                                                           (OR) 

4. State and prove Sylow 2nd theorem . 

5. State and prove one – one correspondence theorem in rings and ideals.                                

                                                    (OR) 



6. Let R be a commutative principal ideal domain with identity. Then prove that any nonzero 

ideal P ≠ R is prime if and only if it is maximal. 

7. Prove that Every Euclidean Domain is a UFD. 

                                                    (OR) 

8. Prove that if R is a UFD then R[𝑥] is also UFD. 

SECTION-B  

(Short Answer Questions) 

9.   Answer any three questions. Each question carries 5 marks.           3 x 5=15 M 

 (a) Every group of order 𝑃2 (p is prime) is abelian. 

 (b) State and prove sylow third theorem. 

 (c) Define Nilpotent ideal and given example. 

 (d) Define Euclidean Domain, PID, UFD. 

 (e) State and prove Gauss Lemma.  

 

 

 

 

 

 

 

 

 

 

 

 



GOVERNMENT AUTONOMOUS COLLEGE, RAJAMAHENDRAVARAM 

M.Sc Mathematics Degree Examinations 

Semester: I 

Paper-102: Real Analysis 

Model Paper 

Time:3 Hours                                                                          _____             Max.Marks: 75                  

SECTION-A 

(Essay Questions) 

      Answer ALL the questions. Each question carries 15 Marks.                 4 x 15 = 60 M 

        

1. a)  Show that every neighbourhood is an open set. 

b)  Let {𝐸𝑛} be a finite or infinite collection of sets 𝐸𝛼. Then show that  

(⋃ 𝐸𝛼𝛼 )𝐶 = ⋂ (𝐸𝛼
𝐶)𝛼 . 

𝑶𝑹 

2.  a) Suppose Y⊂ X. Show that a subset E of Y is open relative to Y if and only if        

E=Y∩G for some open subset G of X. 

b) Show that closed subsets of compact sets are compact 

 

3.  a) Suppose {𝑆𝑛}  is monotonic.Then show that {𝑆𝑛}  converges if and only if it is    

bounded.   

b) Show that ∑
1

𝑛𝑝 converges if  p > 1 and diverges if p ≤ 1 

OR 

4. a) Show that e is irrational. 

     b) State and prove Root Test 

5.  Let f be a Continuous mapping of a compact metric space X into a metric space Y.  

 Then show that f is uniformly continuous on X. 

OR 



  6. a) Let f be a continuous real function on the interval [a,b] .If f(a)<f(b) and if c is   a 

number such that f(a)<c<f(b),then show that their exist a point x ∈ (a,b)  such that  f(x)=c. 

              b)  Let f be a monotonically increasing on (a,b). Then show that f(𝑥+) and f(𝑥_) exist    

at every point of x of (a,b) 

          7. State and prove Taylor’s theorem. 

OR 

          8. a) Let f be defined on [a, b]; if f has a local maximum at a point x∈ (a,b), and if 𝑓′(x) 

exists then show that 𝑓′(x)=0. 

               b) Suppose f is real differentiable function on [a,b] and suppose 𝑓′(a) <  λ < 𝑓′(b). Then 

show that there is a point x ∈ (𝑎, 𝑏) such that 𝑓′(x) = λ. 

SECTION-B  

(Short Answer Questions) 

       9.   Answer any three questions. Each question carries 5 marks.          3 x 5=15 M 

a. Let k be a positive integer. If { 𝐼𝑛} is a sequence of k-cells such that  𝐼𝑛 ⊃ 𝐼𝑛+1 , 

n=1,2,3,……, then show that ⋂ 𝐼𝑛
∞
𝑛=1  is non empty. 

b. If {𝑠𝑛} and {𝑡𝑛} are complex sequences, and lim
𝑛→∞

𝑠𝑛 = s , lim
𝑛→∞

𝑡𝑛=t , then show that 

lim
𝑛→∞

𝑠𝑛 𝑡𝑛 = st . 

c. Prove that in any metric space X, every convergent sequence is a Cauchy sequence. 

d. If f is a continuous mapping of a compact metric space X into ℝ𝑘 , then show that f(X) 

is closed and bounded. 

e. Let f be defined on [a, b]. If f is differentiable at a point x ∈ [a, b] , then showthat f is 

continuous at  x. 
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SECTION-A  

(Essay Questions) 

      Answer ALL the questions. Each question carries 15 Marks.                 4 x 15 = 60 M 

1.  If 𝑦1(x) and 𝑦2(x) are the linearly independent solutions of the homogeneous equation 𝑦′′+ 

P(x) 𝑦′ + Q(x) y = 0 on the interval [a,b],then prove that   

 𝑐1𝑦1(x) + 𝑐2𝑦2(x) is a solution of the differential equation. Also prove that the 

wronskianW =W(𝑦1,𝑦2) is either identically zero or never zero on [a,b]. 

𝑂𝑅 

2. a) If 𝑦1(x) = x is the solution for the differential equation 𝑥2𝑦′′+x𝑦′-y=0,then find the 

general solution of the differential equation 

b) Find the particular solution for the equation 𝑦′′+2𝑦′+y=𝑒−𝑥log x 

3.   State and prove Sturm comparision theorem. 

OR 

4. Let y(x) & z(x) are non trivial solutions of 𝑦′′(x) +Q(x)y=0 and 𝑍′′(x)+R(x)Z=0   where q(x) 

&  r(x) are the positive function such that Q(x) > r(x) then y(x) vanishes atleast once between 

any two successive zero’s of Z(x) 

  5. Find the Frobenius series solution and the general solution for the differential  equation 

4𝑥2𝑦′′ +8𝑥2𝑦′+(4𝑥2+1)y=0 

OR 

6. Consider the function y=(1 + 𝑥)𝑝 where p is the arbitrary constant. It is easy to indicated 

particular solution of the (1+x)𝑦′= py, y(0)=1 



 7. a) Construct successive approximations for the solution of initial value problem 

                     𝑦′ = x+y, y(0)=1. 

          b) If W(t) represents wronskian of  two non trivial solutions of 𝑥′=𝑎1(𝑡)𝑥 + 𝑏1(𝑡)𝑦, 

                𝑦′=𝑎2(𝑡)𝑥 + 𝑏2(𝑡)𝑦 on [a,b], then show that W(t) is either identically equal to zero or 

nowhere zero on [a,b]. 

OR 

8. State and prove Picard’s theorem and use the picard’s method to solve 𝑦′=5y, y(0)=1. 

SECTION-B  

(Short Answer Questions) 

9.   Answer any three questions. Each question carries 5 marks.          3 x 5=15 M 

a. Show that y= 𝑐1𝑥 + 𝑐2𝑥
2 is the general solution of  𝑥2𝑦′′- 2x𝑦′+2y=0 on any interval not 

containing zero and find the particular solution for y(1)=3,𝑦′(1)=5 

b. Find the particular solution of  𝑦′′+ y= cosecX 

c. If Q(x)<0 and u(x)  is a non trivial solution 𝑢′′+Q(x)u=0 .Then u(x) has atmost one zero. 

d. Find the second degree using power series equation 

e. (1+𝑥2) 𝑦′′+2x𝑦′-2y=0 

f. Show that f(x, y)= 𝑦
1

2 does not satisfy lipschitz condition on the rectangle. 
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SECTION-A 

(Essay Questions) 

      Answer ALL the questions. Each question carries 15 Marks.                 4 x 15 = 60 M 

         1. a) If 𝑋1   and 𝑋2 are countable, show that 𝑋1 x 𝑋2 is also countable. 

              b) Give an example of a partially ordered set which is not a lattice. 

OR 

         2. a) Show that a countable union of countable sets is countable  

              b) Prove that if X and Y are two nonempty sets and f a mapping of X into Y. 

                  If X is countable prove that Y is also countable. 

          3. a) Let Y be a subspace of  a metric space X and A be a subset of Y. Show that A  

                  is open inY iff it is the intersection of a open set of X with Y. 

             b) State and prove contor’s intersection theorem. 

OR 

          4. a) Let X and Y be a metric spaces . Show that f: X→Y is continuous iff 𝑓−1(𝑉) is   

                  open in X whenever V is open in Y . 

   b) Let (X,d) be a metric space. If {𝑥𝑛} and {𝑦𝑛} are sequences in X such that 

                𝑥𝑛 →  x and  𝑦𝑛 → y show that d(𝑥𝑛,𝑦𝑛)→d(x,y) 

         5. a) Show that every separable metric space is second countable. 

             b) Let X be a topological space and A a subset of X. Show that A = A ∪ D(A) 



OR 

         6. a) Show that the set 𝑅𝑛 of all n-tuples of real numbers is a real Banach space 

with respect to coordinate wise addition and scalar multiplication  and the norm defined  by  

ǁ𝑋ǁ2 = ∑ ∣ 𝑥𝑖 ∣.
2𝑛

𝑖=1    

          b) Define a nowhere dense set in a topological space X. Show that a closed set in X  

              is nowhere dense if and only if its complement is everywhere dense in X. 

     7. a) State and prove Lebesgue’s  covering  lemma.  

         b) Show that a metric space is compact if and only if it is complete and totally bounded. 

OR 

    8. a) Show that every compact metric space has the Bolzano -Wierstrass property . 

        b) Show that every continuous mapping of a compact metric space X into a metric space  

          Y is uniformly continuous on X. 

SECTION-B  

(Short Answer Questions) 

       9.   Answer any three questions. Each question carries 5 marks.          3 x 5=15 M 

a. Prove that the set of all rational numbers Q is countable. 

b. State and prove contor’ s intersection theorem. 

c. If 𝑇1 𝑎𝑛𝑑 𝑇2  are two topologies on a non-empty set X, show that 𝑇1 ∩ 𝑇2 is also a 

topology on X. 

d. Define a weaker topology and give an example of it. 

e. State Heine – Borel theorem. 
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SECTION-A  

(Essay Questions) 

      Answer ALL the questions. Each question carries 15 Marks.                 4 x 15 = 60 M 

   

1. a) I) Define the terms   i) Digraph             ii) Degree of a graph 

       II) Prove that the maximum number of edges in a graph with n-vertices is n(n-1)/2. 

    b) Prove that for any set of positive integers  𝑛1 , 𝑛2,……𝑛𝑘, 

                       ∑ 𝑛𝑖
2𝑘

𝑖=1 ≤  [ ∑ 𝑛𝑖
𝑘
𝑖=1  ]2 –(k-1) [ 2 ∑ 𝑛𝑖

𝑘
𝑖=1 -k ]. 

OR 

2. a) Prove that a graph is bipartite if and only if it contains no odd cycles. 

      b) Prove that there are  
1

2
 (n+1) pendent vertices in any binary tree with n vertices. 

3. a) Define an Eulerian graph and prove that a graph G is Eulerian if and only if every vertex of 

G is of even degree. 

     b) Let G be a connected graph with n vertices, where  n > 2.Let u and v be a pair of distinct 

non adjacent  vertices  of G such that d(u) + d(v) ≥ n. Then prove that G + uv is Hamiltonian if 

and only if G is Hamiltonian. 

OR 

4. a) Prove that a graph is Hamiltonian if and only if its closure is Hamiltonian. 

    b) Explain the Kruskal algorithm and Prisms algorithm.  



5. a) Let ( L,Ʌ,V) be an algebraic lattice .If we define X ≤ Y ⇔ X Ʌ Y = X  

       (or X ≤ Y ⟺ X V Y = Y), then prove that  (L, ≤) is a lattice ordered set. 

b) Prove that a lattice L is distributive if and only if it does not contain a sub lattice isomorphic to 

the pentagon lattice.  

OR 

6. a)  Prove that a lattice L is distributive if and only if for all x, y ,z ∊ L , 

         (x Ʌ y ) V (y Ʌ z) V (z Ʌ x) = (x V y) Ʌ (y V z) Ʌ (z V x). 

    b) Prove that if L is a distributive lattice, then each x∊ L has atmost one complement. 

7.  a) State and prove Demorgan’s laws in a Boolean algebra. 

     b) State and prove Representation theorem for finite Boolean algebras. 

OR 

8. a) Let B be a Boolean algebra and let I be a non-empty subset of B. then the following 

conditions are equivalent : 

           i) I is an ideal in B. 

           ii) for all i, j ∊ I and b ∊ B , I + j ∊ I and b ≤  i ⟹ b ∊ I. 

SECTION-B  

(Short Answer Questions) 

9.   Answer any three questions. Each question carries 5 marks.          3 x 5=15 M 

a. Define the following terms and give one example for each: 

i. a) Euler graph      b) Hamiltonian graph. 

b. Prove that there is one and only one path between every pair of vertices in a tree T 

c. Define the following terms and give one example for each: 

d. Planar graph      b)Spanning tree 

e. Prove that in a Boolean algebra B, (x Ʌ y)1 = x1 V y1. 

f. Prove that every chain is a distributive lattice. 
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SECTION-A 

(Essay Questions) 

      Answer ALL the questions. Each question carries 15 Marks.                 4 x 15 = 60 M                         

1. 𝐿𝑒𝑡 𝐹 ⊆ 𝐸 ⊆ 𝐾 𝑏𝑒 𝑎 𝑓𝑖𝑒𝑙𝑑. 𝐼𝑓 [𝑘: 𝐸]  <⋈, 𝑡ℎ𝑒𝑛 𝑠ℎ𝑜𝑤 𝑡ℎ𝑎𝑡  

a) [k:E] <⋈, 

b) [k:E] =[k:E] [E:F] ,  

OR 

2. Let F be a field. Then show that there exists an algebraically closed field k containing F 

as a subfield. 

3. Show that the multiplicative group of non-zero elements of a finite field is cyclic. Also 

show that a finite field F of 𝑝𝑛 elements has exactly one subfield with 𝑝𝑚 elements for 

each divisor of n. 

4. If E is a finite separable extension of a field F. Then show that E is a simple extension of 

F. 

5. Let E be a finite separable extension of a field F. Then show that the following are 

equivalent. 

a) E is normal extensions of F. 

b) F is the fixed field of (E/F). 

c) [E:F]=|𝐺(
𝐸

𝐹
)|. 

OR 

 

6. Show that the group G(Q(∝)/𝑄), where ∝5=1 and ∝≠ 1 is isomorphic to the cyclic 

group of order 4. 

7. Let F be a field and let U be a finite subgroup of the multiplicative group 𝐹∗=F-{0}. Then 

show that U is cyclic. In particular, the roots of 𝑥𝑛-1 ∈ F[n] form a cyclic group. 



OR 

8. Let F be contain a primitive n the root w of unity. Then show that the following are 

equivalent. 

a) E is finite cyclic extension of degree n over F. 

b) E is the splitting field of an irreducible polynomial 𝑥𝑛-b ∈ F[X]. 

 

SECTION-B  

(Short Answer Questions) 

9.  Answer any three questions. Each question carries 5 marks.          3 x 5=15 M 

 

a. Show that 𝑥4+8 ∈ Q[X] is irreducible over Q. 

b. Find the smallest extensions of Q having a root of 𝑥2-2∈Q[X]. 

c. Let P be a prime. Then show that f(x)= 𝑥𝑝-1 ∈ Q[X] has splitting field Q(∝), 

Where  ∝≠ 1 and ∝𝑝=1. 

d. Let F be field of characteristic ≠ 2. Let (𝑥2 − a ) ∈ F[x] be an irreducible 

polynomial over F. Then show that Galois group is of order 2. 

e. Show that if an irreducible polynomial p(x) ∈ F[x] over a field F has a root in 

a radical extension of F, then p(x) is solvable by radicals over F. 
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SECTION-A  

(Essay Questions) 

      Answer ALL the questions. Each question carries 15 Marks.                 4 x 15 = 60 M 

1. a) Prove that f ∈ R (𝛼) on [a,b] if  and only if for every 𝜀 > 0 there exists a partition P such 

that U (p,f,α ) =L (p, f ,α ) <  𝜀. 

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

OR 

2. a) If f ∈ R (𝛼) on [a,b] and g ∈ R (𝛼) on [a,b] then prove that 

   i) f.g ∈ R (𝛼) on [a,b] and 

   ii) |𝑓| ∈ R (𝛼) on [a,b] and also that 

               |∫ 𝑓𝑑𝛼
𝑏

𝑎
| ≤ ∫  |𝑓|

𝑏

𝑎
𝑑𝛼 

b) Prove that the function f:[0,1]→ R defined by  

         f(x) =  {
1 𝑖𝑓 𝑥 ∈ [𝑎, 𝑏], 𝑥 𝑖𝑠 𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙

−1 𝑖𝑓  𝑥 ∈ [𝑎, 𝑏], 𝑥 𝑖𝑠 𝑖𝑟𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙
   is not integrable. 

3.  a) State and prove weierstrass M-Test. 

 b) If {𝑓𝑛} is a sequence of continuous functions on E and 𝑓𝑛 → 𝑓 uniformly        on E, then 

prove that  𝑓 is continuous on E. 

OR 

4. a) Prove that if k is a compact metric space , if   𝑓𝑛 is continuous on k for     

    each n = 1,2,3…. and   {𝑓𝑛} equicontinuous on k. 

     b) Let B be the uniform closure of an algebra A of bounded functions. 

         Then prove that B is a uniformly closed algebra.  

5. a) State and prove Taylor’s theorem. 

     b) State and prove contraction principle. 



OR 

6. State and prove inverse function theorem. 

7. a)  State and prove linear version of implicit function theorem. 

b)  Let 𝑓 = (𝑓1,𝑓2) be a mapping of ℝ5 into ℝ2 given by 

    𝑓1(𝑥1, 𝑥2, 𝑦1, 𝑦2, 𝑦3) = 2𝑒𝑥1+𝑥2𝑦1-4𝑦2+3 and     

    𝑓2(𝑥1, 𝑥2, 𝑦1, 𝑦2, 𝑦3) = 𝑥2cos𝑥1-6𝑥1+2𝑦1-𝑦3. Let a=(0,1), b=(3,2,7) then f(a, b)=0. 

 Find the matrix of A = 𝑓′(a,b) with respect to the standard bases. 

𝐎𝐑 

8. a) State rank theorem. 

      b) Let 𝑓 = (𝑓1,𝑓2) be the mapping of ℝ2 into ℝ2 given by 

           𝑓1,(𝑥, 𝑦) =𝑒𝑥𝑐𝑜𝑠𝑦, 𝑓2,(𝑥, 𝑦) =𝑒𝑥𝑠𝑖𝑛𝑦. Then 

          i) What is the range of f . 

          ii) Show that the jacobian of f is not zero at any point of ℝ2. 

SECTION-B  

(Short Answer Questions) 

9.  Answer any three questions. Each question carries 5 marks.          3 x 5=15 M 

a. Suppose 𝛼 increases on [a,b], a≤ 𝑥0 ≤b , 𝛼 𝑖𝑠 continuous at 𝑥0, f(𝑥0) = 1     and 

f(x)=0 if  x≠ 𝑥1 then prove that f ∈ R (𝛼) on [a, b] and ∫ 𝑓 𝑑𝛼=0. 

b. Let r : [0, 2𝜋]→ ℂ be defined by 𝑟2(t) =𝑒2𝑖𝑡  . Then prove that r     is irreducible. 

c. Prove that the sequence of functions {𝑓𝑛} where 𝑓𝑛 ∶ (0,1) → ℝ by     𝑓𝑛 (𝑥)= 
1

𝑛𝑥+1
  , x 

∈ [0,1] ,n = 1,2…… converges to 0 monotonically but not uniformly. 

d. If A ∈ L (ℝ𝑛 , ℝ𝑚)  and if x ∈ ℝ𝑛 , then prove that 𝐴′(x) =A. 

e. Prove that every contraction map on a metric space is uniformly continuous. 
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SECTION-A  

(Essay Questions) 

      Answer ALL the questions. Each question carries 15 Marks.                 4 x 15 = 60 M 

1. a) State and prove Chain Rule. 

    b)  i) Define a branch of logarithm. 

         ii) Let G ⊆ C be open and connected. If f is a branch of logarithm on G, prove  

             that the totality of branches of log𝑍 are the functions f(Z) + 2πki , k∈ ℤ. 

( OR) 

2. a) Let G be a region in C. If f (= u+ iv) : G → C is analytic, then prove that u and 

        v satisfies C-R  equations in G. 

   b) State and prove the orientation principle. 

3. a) Prove that the zeros of an analytic function defined on a region can be isolated. 

    b) State and prove maximum modulus theorem. 

(OR) 

  4. a) Let r be a closed rectifiable curve in  C. Prove that following  

           i) n (r,a) is constant for a belonging to a component of  C – {r}. 

           ii) n (r,a) = 0 for a belonging to the unbounded component of C – {r}. 

       b) Evaluate ∫
log 𝑧

𝑧𝑛𝑟
 dz, where r(t) = 1+ (1 ̸2) 𝑒𝑖𝑡 (0 ≤ t ≤ 2π) (n > 0). 

          

    5. a) State and prove Cauchy’s Integral Formula. 

        b) Let f : D = B (0 ;1) → C be analytic such that ∣𝑓′(0)∣ ≤ 1 for all z ∈ D.  

               Prove that ∣𝑓′(0)∣ ≤ 1. 

(OR) 

   6. (a) State and prove Morera’s theorem. 



       (b) State and prove the open mapping theorem. 

 

   7. (a) State and prove Casorati-Weirstrass theorem. 

        (b) Prove that ∫ sin 𝑥
𝑥

∞

0
𝑑𝑥 = 

𝜋

2
 . 

(OR) 

   8. (a) Prove that an entire function has removable singularity at infinity if and 

  only if it is constant. 

       (b) State and prove the Residue theorem. 

SECTION-B  

(Short Answer Questions) 

 

9. Answer any three questions. Each question carries 5 marks.          3 x 5=15 M 

a) If 𝑧2 , 𝑧3 , 𝑧4 are distinct points in 𝐶∞ and 𝑤2,𝑤3,𝑤4 are distinct points in 𝐶∞. Prove that 

there is one and only one Mobius transformation T such that T𝑧𝑗 =  𝑤𝑗 (j = 2,3,4). 

b) Let ‘r’ be a closed rectifiable curve in region G and a ∉ G. For n ≥ 2, prove that ∫ (𝑧 −
.

𝑟

𝑎)−𝑛 𝑑𝑧 = 0. 

c) Let r be a rectifiable curve in a region G such that r~0 𝑖𝑛 𝐺. Prove that n(r; w)=0 for all 

w ∈ 𝐶 − 𝐺. 

d) If f: B1 (a; R)→ 𝐶 is analytic and bounded, prove that f has removable singularity at z=a. 

e) Using residues, prove that ∫
𝑑𝜃

𝑎+cos 𝜃

𝜋

0
=

𝜋

√𝑎2−1
 (a> 1). 
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   SECTION-A  

(Essay Questions) 

      Answer ALL the questions. Each question carries 15 Marks.                 4 x 15 = 60 M 

  1.  a) State and prove Cayley - Hamilton Theorem. 

      b) Show that the characteristic spaces are invariant.  

OR 

2. a) Let V be a finite-dimensional vector space over the field F. Let T be a linear operator on V 

such that the minimal polynomial for T is a product of linear factors  

        p = (x −  𝑐1) 
𝑟1…..(x −  𝑐𝑘) 𝑟𝑘,  𝑐𝑖 ∈ F. Let W be a proper (W ≠V) subspace of V   which 

is invariant under T. There exists a vector 𝛼 ∈ 𝑉 such that (i)  𝛼 is not in W; 

        (ii) (T- cI) 𝛼 is in W, for some characteristic value c of  the operator T. 

       b) Let V be a finite – dimensional vector space over the  field F and let T be a  linear 

operator on V. Then T is triangulable if and only if the minimal polynomial for T is a product of 

linear polynomials over F. 

3. State and prove Primary Decomposition Theorem. 

OR 

4. State and prove Cyclic Decomposition Theorem 



5.  a) Let M be a matrix in F[𝑥]𝑚 𝑋 𝑛 which has some non-zero entry in its first column, and let 

p be the greatest common divisor of the entries in colum 1 of M. Then M is row equivalent to 

a matrix N which has 

[
 
 
 
 
𝑝
0.
.
.
0]
 
 
 
 

  as its first Column. 

       b) Let M be an m x n matrix N which is in normal form. 

OR 

6.  a) Let T be a linear operator on the finite – dimensional vector space V. A necessary and 

sufficient condition that T be semi-simple is that the minimal polynomial p for T be of the 

form p = 𝑝1 …𝑝𝑘  ,where  𝑝1 …𝑝𝑘  are distinct  irreducible polynomials over the scalar field F. 

       b) Let F be a subfield of the field of complex numbers, let V be a finite –  dimensional 

vector space over F, and let T be a linear operator on V. There is a semi-simple operator S on V 

and a nilpotent operator N on V such that   (i)T = S+N;  (ii) SN = NS 

  7.  a) Let f  be a bilinear form on the finite – dimensional vector space V. Let  𝐿𝑓 𝑎𝑛𝑑 𝑅𝑓 be the 

linear transformations from V into V* defined by (𝐿𝑓𝛼)(𝛽) =f(𝛼, 𝛽) = (𝑅𝑓  𝛽)(𝛼) then 

rank(𝐿𝑓) = 𝑟𝑎𝑛𝑘 (𝑅𝑓). 

         b) Let V be a finite – dimensional vector space over a field of characteristic zero, and let f 

be  a symmetric bilinear form on V. Then there is an ordered basis for V in which f is 

represented by a diagonal matrix. 

OR 

8. Let V be a finite – dimensional vector space over a field of real numbers, and  let f be a 

symmetric bilinear form on V which has rank r. Then there is an ordered 

basis {𝛽1, 𝛽2, … , 𝛽𝑛} for V in which the matrix of f is diagonal nd such that 

 f(𝛽𝑗 ,𝛽𝑗) = ± 1, j=1,2 …r. 

 

 



SECTION-B  

(Short Answer Questions) 

 

  9. Answer any three questions. Each question carries 5 marks.          3 x 5=15 M 

        a) Define the following: 

            i) Characteristic value of a linear operator 

            ii) Diagonalizable linear operator 

        b) Define the following: 

            i) Independent subspace             ii) Direct sum of subspace  

       c) Give an example of a projection on ℝ2 and justify. 

       d) Let T be a linear operator on V and suppose that the minimal polynomial for   

            T is irreducible over the scalar field F. Then T is semi simple  

      e) Define the following: 

           (i) Bilinear form       (ii) Rank of Bilinear form         

          (iii) Symmetric Bilinear form. 
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SECTION-A  

(Essay Questions) 

Answer ALL the questions. Each question carries 15 Marks.                 4 x 15 = 60 M 

1. (a) State and prove Boole’s inequality. 

OR 

2.  The contents of urns I, II and III are as follows. 

   1 white, 2 black and 3 red balls are in urn I, 

   2 white, 1 black and 1 red balls are in urn II and 

   4 white, 5 black and 3 red balls are in urn III. 

    If one urn is chosen at random and two balls are drawn from it and happen to be 

    white and red, then what is the probability that they come from (i) urn I, (ii) urn II, (iii) 

urn III? 

3. (a) (i) A coin is tossed until a head appears. What is the expectation of the 

number of tosses required? 

        (ii) If X is a random variable, then V(ax+b) = a2V(x) where a and b are constants. 

OR 

     4.  The probability of a man hitting a target is 1/4. 

       (i) If he fires 7 times, what is the probability of his hitting the target at least twice. 

      (ii) How many times must he fire so that the probability of his hitting the 

            target at least once is greater than 2/3. 

5. a) The random variable X representing the number of cherries in a cherry puff 



has the following probability distribution:  

X 4 5 6 7 

P(X=x) 0.2 0.4 0.3 0.1 

 

(i) Find the mean  𝜇and the variance 𝜎2  of X.  

(ii) Find the mean 𝜇�̅� and the variance 𝜎2
�̅� of the mean �̅� for random samples of 36 

cherry puffs. 

(iii) Find the probability that the average number of cherries in 36 cherry puffs will 

be less than 5.5. 

OR 

 6.  The scores on a placement test given to college freshmen for the past five 

years are  approximately normally distributed with a mean 𝜇 = 74 and a variance 𝜎2 = 8 . 

Would you still consider 𝜎2 = 8  to be a valid value of the variance if a random sample of 20 

students who take this placement test this year obtained a value of 𝑠2 = 20. 

7.  (a) A random sample of 100 recorded deaths in the United States during the    past 

year showed an average life span of 71.8 years. Assuming a population standard deviation of  

 8.9 years, does this seem to indicate that the mean life span today is greater than 70 years? 

Using a 0.05 level of significance. 

OR 

7. A manufacturer of sports equipment has developed a new synthetic fishing line that he claims 

has a mean breaking strength of 8 kilograms with a standard deviation of 0.5 kilogram. Test 

the hypothesis that 𝜇 = 8 kilograms against the alternative that 𝜇 ≠ 8 kilograms if a random 

sample of 50 lines is tested and found to have a mean breaking strength of 7.8 kilograms. Use 

a 0.01 level of significance. 

SECTION-B 

(Short Answer Questions) 
      9.    Answer any three questions. Each question carries 5 marks.        3 x 5=15 M 

a. Define type I error and type II error by supportive examples. 

b. Define null hypothesis and alternative hypothesis by supportive examples 

c. Explain the goodness of fit test and give an example. 

d. What is the chance that a leap year selected at random will contain 53 Sundays? 

e. If X is normally distributed, the mean of X is 12 and the standard deviation is 4, then 

find the probability of (i)  𝑋 ≥ 20 , (ii) 𝑋 ≤ 20. 

---------*-------- 

 


