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� SLR-MA – 508

M.Sc. – I (Semester – I) Examination, 2016
MATHEMATICS (New) (CBCS)

Algebra – I (Paper – II)

Day and Date : Thursday, 31-3-2016 Total Marks : 70

Time : 10.30 a.m. to 1.00 p.m.

Instructions : 1) Figures to the right indicates full marks.

2) Q. No. 1 and 2 are compulsory.

3) Attempt any three questions from Q. No. 3 to 7.

1. A) Fill in the blanks (one mark each) :

1) In a ring of integers associate of 5 are __________

2) If o(G) = 77 then G is __________

3) A group G is Nilpotent if __________

4) < x2 – 3 > is a __________ ideal in Q[x].

B) State true or false (one mark each) :

1) If F is a field, the units in F[x] are precisely the non zero elements of F.

2) Every UFD is PID.

3) The normalizer in G of a subgroup H of G is always a normal subgroup

of G.

4) No group order 21 is simple.

C) Define the following (two marks each) :

i) Solvable group

ii) Unique factorization domain

iii) Conjugate class.
P.T.O.

Seat
No.
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2. a) Resolve x2 + 1 into factors over the field Z5. (3+4+3+4)

b) Prove that every nilpotent group is solvable.

c) Find units in following rings.

1) Z5 2) Z × Z

d) Let F be a field. If an a∈F is a zero of f(x)∈ F[x]. Then prove that (x – a) is a
factor of f(x) in F[x].

3. a) Check whether Group of order 45 is simple or not. (7+7)

b) Prove that every ring R is an R-module over itself.

4. a) If �  is collection of all units in a ring < R, +, .> with unity then prove that ( � ,.)
is a group. (7+7)

b) Prove that every finite group G has at least one composition series.

5. a) Derive the class equation of group G. (7+7)

b) Let G be a group and G′  be the derived subgroup of G then prove that,

1) G′  is normal in G

2) G/G′  is abelian

3) If N is any normal subgroup of G then G/N is abelian iff G′ ⊆N.

6. a) A group G is solvable iff there exits some positive integer k such that
G(k) = {e}. (6+8)

b) Prove that Every PID is UFD.

7. a) The polynomial x4 + 4 can be factored into linear factors in Z5[x]. Find this
factorization. (7+7)

b) State and prove third sylow theorem.

____________
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M.Sc.  – I (Semester – I) Examination, 2016
MATHEMATICS (New) (CBCS)

Classical Mechanics (Paper – V)

Day and Date : Thursday, 7-4-2016 Total Marks : 70

Time : 10.30 a.m. to 1.00 p.m.

Instructions :  1) Q. 1 & Q. 2 are compulsory.

2) Attempt any three questions from Q. 3 to Q. 7.
3) Figures to the right indicate full marks.

1. Fill in the blanks (one mark each). 14

1) Number of generalized co-ordinates to describe simple pendulum
is/are ________________.

2) Rigid body motion is an example of _________ constraints.

3) The problem in calculus of variations getting minimum time is
called _____________.

4) In the definition of Lagrangian which is independent of generalized
velocity ___________.

5) An expression which represent constraints with inequality is called
as ___________.

6) If q is cyclic co-ordinate in Lagrangian L then q
L

∂
∂

 = _____________.

7) Out of 10 generalized co-ordinates in L, 4 are cyclic then number of Routh’s
equations are ______________.

8) If we solve Lagrange’s equation of motion for L then number of arbitrary
constants in L is/are ________________.

Seat
No.
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9) If a point mass is moving freely in the plane then its degrees of freedom are
______________.

10) If )t,q,...,q,q(rr n21ii =  then t
r

q.
q
r i

j

k

1j j

i

∂
∂+

∂
∂∑

=
�  is _______________.

11) Lqp j

n

1j
j −∑

=
�  is called _______________.

12) If L = m )yx( 22
�� +  – k (x2 + y2) then Px = _____________.

13) Generalized force Qj = ________________.

14) If H = 
2
1

 ml2 2)P( θ  + mgl cosθ  then θ�  = ____________.

2. a) State Hamilton’s principle. (3+3+4+4)

b) Find expression of generalized momentum.

c) Define Eulerian angles.

d) Find Euler’s equation for dx)y,y(F
b

a
∫ ′ .

3. a) Derive Hamilton’s canonical equations of motion from a variational principle. 10

b) Derive the Newton’s laws of motion from Lagranges equation. 4

4. a) Find the extremal of the functional ( )dtxyyx
2
1

I
2

1

t

t

�� −= ∫ , subject to the

constraint ldt)yx(J
2

1

t

t

2
122 =+= ∫ �� . 7

b) Derive Euler’s equation for the extremum of the functional ∫ ′
2

1

x

x

dx)y,y,x(F . 7



5. a) Derive Euler’s equations for the motion of a rigid body with one point fixed. 9

b) Write a short note on Caley-Klein parameters. 5

6. a) Find Lagrange’s equations of motion of a double pendulum. 8

b) Find the equation of motion of one-dimensional harmonic oscillator in

Hamiltonian formulation. 6

7. a) Derive Lagrange’s equations of motion for the system of n particles using

D’Alembert’s principle. 9

b) Find the extremal of the functional : 5

dx
)y(

y1
I

2

1

x

x
2

2

∫ ′
+= .

—————————
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Seat
No.

M.Sc. (Part – I) (Semester – I) (Old CGPA) Examination, 2016

MATHEMATICS (Paper – I)

Object Oriented Programming using C++

Day and Date : Tuesday, 29-3-2016 Max. Marks : 70
Time : 10.30 a.m. to 1.00 p.m.

Instructions : i) Q. 1 and Q. 2 are compulsory.

ii) Attempt any three questions from Q. 3 to Q. 7.

iii) Figures to right indicate full marks.

1. A) Choose the correct alternative: 10

1) Strings are

a) Bunch of character b) Number of words

c) Numbers d) None of these

2) Which data type is used to represent real numbers ?

a) Integer b) Number

c) Float d) None of these

3) Which of the following is a library function ?

a) xyz () b) Pqr(a,b) c) Studinfo() d) clrscr()

4) Which loop is called as Entry Control Loop ?

a) While b) Do while

c) For d) None of these

5) Message passing is done with the help of

a) Object b) Class c) Structure d) Union
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6) Do while loop is called as

a) Entry control loop b) Exit control loop

c) Unconditional d) None of these

7) Constructors should be declared in

a) Public section b) Private section

c) Protected section d) None of these

8) Ability to take more than one form is called as

a) Polymorphism b) Virtual functions

c) Inheritance d) Abstract class

9) The symbol of Unary operator is

a) ‘?:’ b) ‘++’

c) ‘+’ d) None of these

10) The operator which needs two operands is called as

a) Binary operator b) Ternary operator

c) Unary operator d) Boolean operator

B) State whether following statements are True or False : 4

1) Private data members are directly accessed through object.

2) The function which calls itself called as recursion.

3) The value which is changing during execution of program is called as
constant.

4) Operator overloading is the example of compile time polymorphism.

2. A) Write a short note on following : 8

i) Abstract Class

ii) Static Data Member.

B) Answer the following : 6

i) How does Ternary Operator Work ?

ii) Comment on ‘Dynamic Binding’.
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3. Answer the following :

A) What is data type ? Explain the different data types used in C++. 7

B) Create a Class Employee having name, Department, Salary as data members
and empinfo as member function. Write a code for empinfo which accepts
input for data members. 7

4. Answer the following :

A) Describe the concepts of polymorphism with example. 7

B) Differentiate between Public and Private Visibility modes. 7

5. Answer the following :

A) Explain in detail the concept of data encapsulation. 7

B) How does virtual function work ? Explain. 7

6. Answer the following :

A) Discuss the concept of virtual base class. 7

B) Write a C++ Program to demonstrate parameterized constructors. 7

7. Answer the following :

A) Write a note on ‘Friend Function’. 7

B) Write a C++ Program to demonstrate concept of call by reference. 7

–––––––––––––––––
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M.Sc. – I (Semester – I) (Old) (CGPA) Examination, 2016
MATHEMATICS

Algebra – I (Paper – II)

Day and Date : Thursday, 31-3-2016 Max. Marks : 70

Time : 10.30 a.m. to 1.00 p.m.

             N.B. : 1) Q. No. 1 and 2 are compulsory.

2) Attempt any three questions from Q. No. 3 to 7.

3) Figures to right indicate full marks.

1. A) Fill in the blanks (one mark each) :

1) The group of order 77 is ___________

2) The group of order 15 has exactly __________ sylow 5-subgroups.

3) F is field iff F[x] is _____________

4) Let f(x) = a0 + a1x + ... + anxn be a polynomial in F[x] an element t in F is

a zero of f(x) if ___________

5) If O(G) = n then class equation of G is O(G) = _____________

B) State whether following statements are true or false (one mark each) :

1) Derived subgroup of Finite Group is normal.

2) Any non-constant polynomial )x(F)x(f ∈  of degree n has exactly n zeros

in F.

3) Subgroup of solvable group need not to be solvable.

4) If H and K  are any two subgroup of a finite group G then O(HK) = O(H) •  O(K).

5) In finite group G any sylow P- subgroup of group G is unique iff it is normal

subgroup of group G.

Seat
No.

P.T.O.
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C) Choose the correct alternatives (one mark each) :

1) Consider the two statements :

I) 1 and –1 are units in Z.

II) Every Non-zero element in a field F is a unit in F. Then always

a) Only (I) is true b) Only (II) is true

c) Both (I) and (II) are true d) Both (I) and (II) are false

2) Let Z be the ring of integers then, Z is

a) Ring with unity b) Field

c) Integral domain d) Commutative ring with unity

3) Let A and B be submodules of an R-module M then consider the two

statements,

I) BA ∩  is submodule of M

II) A + B is submodule of M then,

a) Only (I) is true b) Only (II) is true

c) Both (I) and (II) are true d) Both (I) and (II) are false

4) The polynomial P(x) = 1 + x + x2 + x3 + x4 over Z is,

a) Reducible over Q b) Irreducible over Q

c) Reducible over Z d) Irreducible over IR

2. a) If GN Δ , then show that the derived subgroup of N is also a normal subgroup

of G. 4

b) Show that f(x) = x3 + 3x + 2 is irreducible over Q. 4

c) State Zassenhaus lemma. 3

d) Define the term Euclidean domain with suitable example. 3

3. a) State and prove First Sylow Theorem. 8

b) Check whether the group of order 36 is simple or not. 6
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4. a) State and prove the division algorithm for the two polynomial’s of unequal
degree. Defined on field F. 8

b) Let H be a subgroup of G and GN Δ  then show that NH
H

N
HN

∩
≅ . 6

5. a) Define an ideal of ring, prove that an ideal }0{)x(p ≠><  of F[x] is maximal if

and only if p(x) is irreducible over F. 7

b) Let f(x) = x6 + 3x5 + 4x2 – 3x + 2

g(x) = x2 + 2x – 3 in Z[x]

find q(x) and r(x)

such that

f(x) = q(x) • g(x) + r(x) and deg r(x) < 2. 7

6. a) Show that any two subnormal series of a group have isomorphic refinements. 7

b) Let R be commutative ring with unity show that the relation in R defined by

“a is an associate of b” is an equivalence relation. 7

7. a) Show that Every Euclidean Domain is a P.I.D. 7

b) Prove that any homomorphic image of R module M is isomorphic with its

suitable quotient module. 7

————————
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Seat
No.

M.Sc. – I (Semester – I) (Old) (CGPA) Examination, 2016
MATHEMATICS

Paper – IV : Differential Equations

Day and Date : Tuesday, 5-4-2016 Max. Marks : 70
Time : 10.30 a.m. to 1.00 p.m.

Instructions :1) Question No. 1 and 2 are compulsory.
2) Attempt any three questions from Q. No. 3 to question No. 7.
3) Figures to the right indicate full marks.

1. A) Choose correct alternative (one mark each) : 4

i) If r1 is a root of multiplicity m of characteristic polynomial p(r) of nth order LDE
with constant coefficients then p(r1) = 0 p1(r1) = 0 ......p(m – 1) (r1) = __________

a) 1 b) 0

c) n d) n!

ii) 0y)nx(yxyx 222 =−+′+′′  is

a) Legendre equation

b) Euler equation

c) Bessel equation

d) Laplace equation

iii) The solution of the equation 0y)1n(nyx2y)x1( 2 =−+′−′′−  have convergent
power series expansion on __________

a) |x| < 0

b) |x| > 0

c) |x| < 1

d) |x| > 1

iv) The regular singular points of 0)1x2x(yxy)2x()1x(x 322 =−+−′+′′+−  are

a) 0, 1 b) 0, 2

c) 0, –2, d) 1, –2
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B) Fill in the blanks (one mark each) : 5

i) The function g is analytic at x0, if g can be expanded in power series about
xo which has _____________ radius of convergence.

ii) The LipSchitz condition for f(x, y) on set S is _____________

iii) The indicial polynomial of Euler’s equation of order two is given by ________

iv) The solutions of 0y4y2y =+′−′′  are )x(1φ  ________ and )x(2φ  =  ________

v) A polynomial solution Pn of degree n of 0y)1n(nyx2y)x(1 2 =++′−′′−
satisfying _____________ is called Legendre polynomial.

C) State true or false (one mark each) : 5

i) x = 1 is regular singular point of Eulers differential equation.

ii) L is a differential operator which operates on functions which have
n derivatives on I and transforms such a function φ  into a function L(φ ).

iii) The functions cosx and sinx are linearly dependent.

iv) The value of [ ] )X(JX)x(JX
dx
d

1n
n

n
n

−= .

v) Generating function of Legendre’s polynomial is (1 – 2Xh + h2)–½.

2. a) Give the geometrical interpretation of |xx|k
0

|xx|k
0

00 e)x()x(e)x( −−− φ<φ<φ . 3

b) Find the Wronskian of 0yryr3yr3y 3
111 =−′+′′−′′′ . 3

c) Show that the successive approximations kφ , defined by integral equation
exist as continuous functions on

α<− |xx:|I 0  = minimum {a, b/M} and (X, )x(Rφ ) is in R for x in I. 4

d) Prove that the Legendre polynomial is given by n2
n

n

n
)1x(

dx

d

!n.2

1
)x(Pn −= . 4

3. a) State and prove existence theorem for second order equation. 7

b) Show that all the successive approximations for the problem 2yy =′ , y(0) = 1

exist for all real x. Also find the solution of 2yy =′ , y(0) = 1. 7



�������	�� -3- SLR-MA – 515

4. a) Prove that two solutions 21, φφ  of L(y) = 0 are linearly independent on an

interval I if and only if 0)x(),(W 21 ≠φφ  for all x in I. 7

b) Find all solutions of xy4yxyx2 =π−′+′′  for |x| > 0. 7

5. a) Prove that ),...,(Wdt)t(aexp)x)(.....(W n21

x

x
1n1

0

φφφ
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−=φφ ∫  (x0) if n1,...φφ  be

n solutions of L(y) = 0 on an interval I and let x0 be any point in I. 7

b) Find solution of xeyy4 =−′′ . 7

6. a) If 1φ  is a solution of 0y)x(ay)x(ay 21 =+′+′′  and 0)x(1 ≠φ  on I then prove

that a second solution is given by [ ]∫ ∫ ⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−

φ
φ=φ

x

x

S

x
12

1
12

0 0

dsdt)t(aexp
)s(

1
)x()x( . 7

b) Solve xyyi2y =+′+′′ . 7

7. a) Derive Bessel function of zero order of the first kind. 7

b) Find that solution φ  satisfying 0)0(y,0)0(y,0yy)1i4(y =′==+′++′′ . 7

_____________
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Seat
No.

M.Sc. – I (Semester – I) (Old) (CGPA) Examination, 2016
MATHEMATICS

Classical Mechanics (Paper – V)

Day and Date : Thursday, 7-4-2016 Max. Marks : 70
Time : 10.30 a.m. to 1.00 p.m.

N.B. : 1) Q. 1 and Q. 2 are compulsory.
2) Attempt any 3 questions from Q. 3 to Q. 7.
3) Figures to the right indicate full marks.

1. Fill in the blanks (one mark each) : 14

1) A curve encloses maximum area is a _________

2) The relation between Δ  and δ  is _________

3) If the internal and external forces acting on the system of a particle are
conservative, then _________ of the system is conserved.

4) Constraints which are not explicitly dependent on time is called _________

5) Euler-Lagrange’s equations are useful to find _________

6) For a conservative system, when the constraints are Rheonomic, Hamiltonian
represents _________ but does not represent _________

7) A rigid body is defined as _________

8) If N particles are moving in a space with holonomic constraints expressed in
k equations then the no. of independent co-ordinates are _________

9) Routh’s procedure are used to solve the problems involving _________

10) If the kinetic energy of a system of a particle is ∑ ∑=
j k

kjjk qqaT ��  then

2T = _________

11) The Hamilton’s canonical equations of motion are given by _________

12) If the total force F is zero then _________ is conserved.

13) The finite rotations of a rigid body about the fixed point of a body are _________

14) The force is said to be conservative if _________
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2. a) Show that a co-ordinate which is cyclic in the Lagrangian is also cyclic in the
Hamiltonian.

b) Write short note on infinitesimal rotations.

c) Explain generalized force.

d) Show that gravitational force is conservative. (4+3+3+4)

3. a) Obtain Lagrange’s equation of motion for simple pendulum.

b) State and prove principle of least action. (7+7)

4. a) Obtain the Euler’s equation of motion of a rigid body when one point of the
rigid body remains fixed.

b) State and prove basic lemma in calculus of variation. (7+7)

5. a) Obtain a matrix which specifies the orientation of a rigid body in terms of
Cayley-Klein parameters.

b) On which curve the functional

( )[ ] [ ] dx.xcosy4yyxyI
0

212∫
π

+−=

with y(0) = 0, ( )πy  = 0 be extremized ? (7+7)

6. a) Use Hamilton’s procedure to find the equation of motion of a particle moving
under the inverse square law of attractive force.

b) If for a cyclic generalized co-ordinate dqj represents the total rotation of the

system of a particle along some axis n̂  then, show that, total angular

momentum of a system is conserved along n̂. (7+7)

7. a) Obtain the Lagrangian for double pendulum.

b) Obtain the equation of motion of a particle moving under the influence of a
central force. (7+7)

_____________________
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P.T.O.

SLR-MA – 519

Seat
No.

M.Sc. (Part – I) (Semester – II) (New) (CBCS) Examination, 2016
MATHEMATICS (Paper – VIII)

General Topology

Day and Date : Monday, 4-4-2016 Total Marks : 70
Time :10.30 a.m. to 1.00 p.m.

Instructions : 1) Attempt any five questions.
2) Q. No. 1 and Q. No. 2 are compulsory.
3) Attempt any three from Q. No. 3 to Q. No. 7.
4) Figure to the right indicates full marks.

1. A) Fill in the blanks. 7

i) A subset of topological space is said to be closen if _________

ii) For any set A in topological space τ,X A  = _________

iii) A topological space τ,X  is called separable iff _________

iv) A finite topological space τ,X , is a T1 space if and only if _________

v) A metric space is separable if and only if _________

vi) Every continuous mapping of a compact space into Hausdorff space
is _________

vii) Closed subspace of Lindelof space is _________

B) State whether the statements are true/false : 7

i) Any subset of indiscrete topological space τ,X  is compact.

ii) Any compact subset of R is closed in 4,τ� .

iii) Every locally compact space is compact.

iv) T1 space preserved under the continuous function.

v) Fort’s space is second axiom space.

vi) Any indiscrete topological space τ,X  is T2-space.

vii) Fort’s space is 
2
1

T3  space.
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2. a) Prove that being T0 space is topological property. 4

b) Prove that every second axiom space is first axiom space. 4

c) Let A⊆ X define τ  = { }BA|XB}{ ⊆⊆∪φ  then show that τ  is topology on X. 3

d) In any topological space τ,X   prove that e(E) = e[X – e(E)] for any E⊆ X. 3

3. a) Let C* be a closure operator defined on X. Let F = {F ⊆ X|C*(F) = F} and

τ  = {X – F/F ∈ F} then prove that τ  is topology on X. and C* (A) = A  =

closure of A in τ,X   for any A⊆ X. 7

b) Let τ,X  and **,X τ  be topological spaces and f : X→  X*, then prove that

f is continuous on X if and only if the inverse image of closed set in X* is

closed in X. 7

4. a) Prove that being Lindelof space is topological property. 7

b) Let f be a mapping of topological space τ,X  onto a set Y. 7

Define τ* = { }τ∈⊆ − )G(fYG 1  then show that :

1) τ* is topology on Y.

2)  f : τ,X  →  *,Y τ  is continuous function.

3) τ* is the largest topology for which f : X→ Y is continuous.

4) F ⊆  Y is closed in *,Y τ  if and only if f–1(F) is closed in τ,X .

5. a) Let E be the subset of the subspace **,X τ  of topological space τ,X

then show that E is τ* connected if and only if E is τ  connected. 7

b) Prove that a topological space τ,X  is a T1 space if and only if

{ } }x{Gx,G|G =∈τ∈∩ . 7

6. a) Prove that any topological space is subspace of separable space. 7

b) Prove that any compact subset of a T2 space is closed set. 7

7. a) Show that open subspace of separable is separate. 7

b) Show that continuous image of connected space is connected. 7

_____________________
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Seat
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M.Sc. – I (Semester – II) (Old) (CGPA) Examination, 2016
MATHEMATICS (Paper – VI)

Algebra – II

Day and Date : Wednesday, 30-3-2016 Max. Marks : 70
Time : 10.30 a.m. to 1.00 p.m.

Instructions : 1) Q. No. 1 and 2 are compulsory.

2) Attempt any three questions from Q. No. 3 to Q. No. 7.

3) Figures to right indicates full marks.

1. A) Fill in the blanks (one mark each) : 8

1) An algebraic number ‘a’ is said to be ____________ if it satisfies an equation

of the form 0....aa m
2m

2
1m

1
m =α++α+α+α −−  where α 1, α 2 .... α m are

integers.

2) There is one-one correspondence between the subfields of splitting field
(containing the given field) of f(x) and the subgroups of its __________

3) The complex number w is a ___________ nth root of unity if wn = 1

but wn ≠  1 for 0 < m < n.

4) E is splitting field of f(x) over F if E is ___________ extension of F in which
f(x) has all its roots.

5) If a ∈ k is algebraic of degree n over F then [F(a) : F] = _________

6) If Q is the set of rational numbers then the set Q ( )5,3  is _________

7) If k be an extension of the field F and a, b ∈ k be algebraic over F of
degree m and n respectively then a – b is algebraic over F of degree
_________

8) A field F is said to be algebraically closed if it has _________
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B) State true or false : 6

1) The set of algebraic numbers forms a field.

2) The general poly of degree n ≥  5 is not solvable by radicals.

3) Every algebraic extension of a field is a finite extension.

4) For all α ,β ∈ F there is always an automorphism of E mapping α on toβ .

5) Q(i) is a splitting field over Q.

6) C is simple extension of R.

2. a) Prove that the mapping ψ  : F[x]→ F(a) defined by ψ (h(x)) = h(a)∀h(x) ∈ F[x] is
a homomorphism. 3

b) Define :

i) Field extension

ii) Algebraic extension

iii) Normal extension. 3

c) Determine the degree of splitting field of the polynomial x4 – 2 over the field of
rational numbers. 4

d) If K is normal extension of field of characteristic O then prove that
[K : F] = O (G (K, F)). 4

3. a) Prove that A field of characteristic ‘O’  is perfect. 6

b) Let ψ be an isomorphism of a field F onto field F′ defined by ψ (α )= α′  for
every α ∈ F. For an arbitrary polynomial, f(x) = α 0 + α 1x + .... + α n xn∈ F[x]
Let us define,

]t[Ft.....t.)t(f n
n10 ′∈α′++α′+α′=′

If f(x) is irreducible in F(x) then prove that there exists an isomorphism θ  of

)x(f
]x[F

 onto 
)t(f
]t[F

′
′

 such that F)()( ∈α∀α′=αψ=αθ . 8
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4. a) If p(x) is an irreducible polynomial in F(x) of degree n ≥  1 then prove that
there is an extension E of F such that [E : F] = n in which p(x) has a root. 7

b) If R be the field of real numbers and Q be the field of rational numbers then

show that 3 52 +  is algebraic over Q of degree 6. 7

5. a) P.T. the poly f(x) ∈ F[x] has a multiple root iff f(x) and f′ (x) have a non-trivial
common factor. 7

b) If a real number α  is constructible  then prove that α  lies in some finite
extension K of the field of rational numbers of degree which is some
power of 2. 7

6. a) Find the Galois group of x2 – 2 over the field of rational numbers. 7

b) Prove that : A field K is a normal extension of a field F of characteristic O iff K
is a splitting field of some polynomial over F. 7

7. a) Prove that for every prime number p and every positive integer m there exists
a field having pm elements. 7

b) IF E is an extension field of F and α ∈ E be algebraic of odd degree over F
then show that α 2 is algebraic of odd degree over F. 7

_______________
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M.Sc. – I (Semester – II) Examination, 2016
MATHEMATICS (Old) (CGPA)
Real Analysis – II (Paper – VII)

Day and Date : Friday, 1-4-2016 Max. Marks : 70

Time : 10.30 a.m. to 1.00 p.m.

Instructions :  i ) Q. No. 1 and 2 are compulsory.
ii) Attempt any three questions from Q. No.3 to Q. No.7.
iii)  Figures to the right indicate full marks.

1. a) Fill in the blanks : 7

i) The negative part f – of a function f is given by f – (x) = _________

ii) If E1 and E2 are measurable sets then )E(E*m)E(E*m 2121 ∩+∪  = _________

iii) If f and g are bounded measurable functions defined on the set E of finite

measure and if a are b any constants then ∫ +
E

bg)(af  = _____________

iv) If A and B are any two sets then BA ∩χ  = _____________

v) If ϕ  is a simple function defined on any measurable set E then ∫ ϕ
E

= ________

vi) If f is absolutely continuous on [a, b] and if )x(f ′  = 0 a.e. then f is __________

vii) If bca ≤≤  then (f)Tb
a  = ___________

b) State whether following is True or False : 7

i) If f and g are bounded measurable functions defined on a set E of finite measure.

If gf ≤  a.e. then ∫ ∫≤
E E

fg .

ii) A non-negative measurable function f is integrable over the measurable set E

if ∫ ∞=
E

f

P.T.O.
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iii) The upper left-hand derivative of the function f at x is given by

h
h)f(xf(x)

0h
limf(x)D

−−
→

= +
−

iv) If φ  is a continuous function on (a, b) and if D+ ϕ  is non-decreasing, the ϕ  is
convex.

v) If f + and f – are the positive and negative parts of the function f respectively
then f = f + + f –.

vi) Integral of simple function is greater than or equal to zero.

vii) If ∞<(f)Tb
a ,  then f is of bounded variation over [a, b].

2. a) State Egoroff’s theorem. .3

b) If m* (E) = 0 then prove that E is measurable. 3

c) If f and g are two measurable real-valued functions defined on the same
domain then prove that f + g is also measurable. 4

d) If f (x) = – g(x) then prove that D+f(x) = – D – g (– x). 4

3. a) If [ )0,1E ⊆  is measurable set, then prove that for each [ )0,1y∈  then E + y is
measurable and m (E + y) = m (E). 7

b) If (fn) is a sequence of measurable functions defined on a set E of finite

measure, and suppose that there is a real number M such that M(x)fn ≤  for

all n and for all x. If (x)flimf(x) nn ∞→
=  for each Ex ∈ , then prove that ∫ ∫=

∞→E E
nn
flimf .

7

4. a) If E1 and E2 are measurable sets then prove 21 EE ∪  is also measurable set.

7

b) If a function f is integrable on [a, b], then prove that the function F defined by

∫=
x

a
f(t)dtF(x)  is a continuous function of bounded variation on [a, b]. 7



5. a) Prove that a function f is of bounded variation on [a, b] if and only if the
function f is the difference of two monotone real-valued functions on [a, b]. 7

b) If f is a measurable function and f = g a.e. then prove that the function g is
measurable. 7

6. a) If {An} is a countable collection of sets of real numbers, then  prove that

∑≤
∞

=

∞

= ⎟⎟⎠

⎞
⎜⎜⎝

⎛
1n nn1n

)(A*mAU*m . 7

b) Prove that a function F is an indefinite integral if and only if it is absolutely
continuous. 7

7. a) If ϕ  is continuous function on (a,b) and if D+ ϕ  is nondecreasing, then prove
that ϕ  is convex. 7

b) If nf  is a sequence of nonnegative measurable functions and )x(f)x(fn →

almost everywhere on a set E, then prove that ∫∫ ≤
∞→ E

n
E n

flimf . 7

–––––––––––––––––
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Seat
No.

M.Sc. – I (Semester – II) Examination, 2016
MATHEMATICS (Old) (CGPA)

Complex Analysis (Paper – IX)

Day and Date : Wednesday, 6-4-2016 Max. Marks : 70
Time : 10.30 a.m. to 1.00 p.m.

Instructions : 1) Q. No. 1 and Q. No. 2 are compulsory.
2) Solve any three questions from Q. No. 3 to Q. No. 7.
3) Figures to the right indicate full marks.

1. A) Choose the correct answer (one mark each) : 6

1) The radius of convergence for the series ∑
∞

=0n

n

!n
z

 is = ______________

a) 0 b) 1

c) Finite d) ∞

2) The value of the integral dz
z

e

r
2

iz

∫ , where r : |z| = 1 is ______________

a) π− 2 b) π2

c) i2π d) 0

3) Suppose f has a pole of order m at z = a and put g(z) = (z – a)m.f(z) then
Res(f;a) = ____________

a) [ ])z(f)az(
dz

d
az m

1m

1mlim
⋅−→ −

−

b) [ ])z(f)az(
dz

d
az

)!1m(
1 m

1m

1mlim
⋅−→

− −

−

c) [ ])z(f)az(
dz

d
az m

m

mlim
⋅−→

d) Zero



4) Let f be analytic in the disk B(a;R) and suppose that r is a closed rectifiable
curve in B(a;R) then

a) ∫ >
r

0f b) ∫ <
r

0f

c) ∫ =
r

0f d) ∫ =
r

1f

5) Which of the following is an analytic function ?

a) sin z b) cos z c) ez d) all of three

6) Let f : G →� be analytic and B (a;r) ⊂ G(r>0). If v(t) = a+reit, 0≤ t≤ 2 π
then for |z – a|<r, f(z) = __________

a) dw
)zw(

)w(f
i2

1

r
∫ −π

b) dz
)zw(

)w(f
!2

1

r
n∫ −π

c) dw
)zw(

)w(f
i2

!n

r
∫ −π

d) dz
)zw(

)w(f
i2

!n

r
n∫ −π

B) Fill in the blanks (one mark each) : 5

1) The z1, z2, z3, z4 be four distinct points in ∞C  then (z1, z2, z3, z4) is a
real number if and only if all four points lie’s on ____________

2) If f is an analytic on region G, Ga ∈ , f(a) = 0 then z = a is a zero of f of
multiplicity four if __________

3) If f is an analytic at point z = a then the point z = a is called as __________
point.

4) The complex valued function 
z

zsin
 has a __________ singularity at z = 0.

5) A polynomial p(z) = zn + an – 1zn–1+.... + a1z + a0 has exactly __________

roots in � .

SLR-MA – 525 -2- �������	��
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C) Define the terms : 3

1) Entire function

2) Pole

3) Cross Ratio.

2. a) If f is a bounded entire function then prove that f is a constant. 4

b) Show that 6cos45
2cos2

0

π=
θ+

θ
∫
π

. 3

c) Find the Mobius transformation that maps 0, 1, – 1 onto i, 2, 4 respectively. 3

d) State and prove argument principle. 4

3. a) Let f be an analytic function in the region G except for the isolated singularities
a1, a2, ...., am. If r is a closed rectifiable curve in G which does not pass
through any of the points ak and r ≈ 0 in G then prove that

∫ ∑
=

=
π r

m

1k
kk )a;f(sRe)a;r(nf

i2
1

. 7

b) Find the Laurent’z expansion of )2z()1z(z
1

)z(f
−−

=  in the ann(0; 0,1). 7

4. a) If r : [0, 1]→� is a closed rectifiable curve and }r{a ∉  then prove that

∫ −π r az
dz

i2
1

 is an integer. 6

b) Let G is an open set in �. If f : G→  � be a differentiable then show that f is
analytic on G. 8

5. a) Let f to be analytic in B(a;R) with f(a) = 0. Show that a is a zero of multiplicity
m iff f(a) = 0 = f′ (a) = ...= f(m–1)(a) amd f(m)(a) ≠ 0. 7

b) State and prove open mapping theorem. 7



6. a) Let G be an open subset of the plane and f :G → �� is an analytic function.
If r1, r2, ... rm are closed rectifiable curves in G such that

n(r1; w) + n(r2; w) +...+ n(rm; w) = 0 for all w∈� – G then for { }�
m

1j
jrGa

=
−∈

and 1k ≥ , ∫∑∑ +
== −π

=
jr

1k

m

1j

m

1j
j

)k(

)aw(

dw)w(f
i2

1
!k)a;r(n)a(f . 8

b) Let G be a region in � and f is an analytic function on G. Suppose, there is a

constant M such that M|)z(f|suplim
az

≤
→

, for all Ga ∞∂∈ . Then prove that

M|)z(f| ≤ , Gz ∈∀ . 6

7. a) State and prove the Riemann mapping theorem. 8

b) Evaluate dz
1z2e

2e

1|z|
z

z

∫
= −−

−
 by using Rouche’s theorem. 6

_____________________
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M.Sc. I (Semester – II) (Old) (CGPA) Examination, 2016
MATHEMATICS

Relativistic Mechanics (Paper No. – X)

Day and Date : Saturday, 9-4-2016 Max. Marks : 70

Time : 10.30 a.m. to 1.00 p.m.

  N.B. :  1) Q. No. 1 and 2 compulsory.

2) Attempt any three questions from Q. No. 3 to Q. No. 7.

3) Figures to the right indicate full marks.

1. A) Fill in the blanks (one mark each) : 10

1) A region where in a small magnet or a loop of wire carrying current will
experience a force is called _____________

2) The components of a contravariant vector are actually the components of
a contravariant tensor of _______________

3) Mass of body _____________ with increase of velocity.

4) Like classical Hamiltonian relativistic Hamiltonian also denotes the
___________ of the system.

5) The frames with respect to which an unaccelerated body appears
unaccelerated are _____________

6) Einstein has developed a special theory of relativity in _____________

7) The transformation equation for mass is given by m = _______________

8) If v<<<c then v'u ⊕ = __________________

9) The relativistic transverse Doppler effect is given by     = _____________

10) The addition of any velocity of light to velocity of light merely reproduces
the _____________

Seat
No.

∝
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B) State True or False (one mark each) : 4

1) The acceleration observed by the observer in different inertial frames is
same (under G.T.).

2) The conservation of classical momentum in the collision of two particles
is invariant under Lorentz transformations.

3) The four momentum is like a time like vector.

4) A moving clock appears to run at its fastest rate.

2. a) What is a twin paradox in special relativity ? 3

b) Show that the circle x2 + y2 = a2 in a frame S appears to be an ellipse in S′
which is moving with velocity V relative to S along X-axis. 4

c) A body has dimension 8i + 3j + 5k in S′ -frame. How these dimensions will be
represented in S-frame if S′  is moving with velocity 0.8 C along XX ′−  axis ?    4

d) Explain Doppler effect with examples. 3

3. a) Prove that the three dimensional volume element dxdydz is not invariant but
four dimensional volume element dxdydzdt is invariant under Lorentz
transformations. 7

b) With usual notations show that,

2
x

2

2222

2

22

)vuc(

)vc()uc(

c

uc

−
−−=

′−
7

4. a) A scientist observes that a certain atom ‘A’ moving relative to him with velocity
10102 ×  cm/s emits a particle B which moves with velocity 10108.2 ×  cm/s

with respect to atom. Calculate the velocity of the emitted particle relative to
scientist. 6

b) Derive the law of relativistic force. 8

5. a) Obtain the relativistic aberration formula from the velocity transformation
equations. 7

b) Show that Lorentz transformations forms a group. 7

6. a) Show that the Newton’s laws of motion are invariant under Galilean
transformations. 7

b) Derive the transformation equations for charge density of current density. 7

7. a) Obtain Lorentz’s velocity transformation equations. 7

b) A covariant tensor Si has components (1, 3, 7) in a rectangular cartesian
co-ordinates. Find its components in spherical polar co-ordinates. 7

————————
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SLR-MA – 528

Seat
No.

M.Sc. – II (Semester – III) (New) (CGPA) Examination, 2016
MATHEMATICS

Advanced Discrete Mathematics (Paper – XII)

Day and Date : Thursday, 31-3-2016 Total Marks : 70
Time :2.30 p.m. to 5.00 p.m.

Instructions : 1) Figures to the right indicate full marks.
2) Q. No. 1 and 2 are compulsory.
3) Attempt any three questions from Q. No. 3 to 7.

1. A) Fill in the blanks. (one mark each) 7

i) A graph without any loops and parallel edges is called as _________

ii) Any totally ordered set is _________

iii) The minimum number of edges in a connected graph with n vertices
is _________

iv) The vertex of degree zero is called _________

v) An expression for geometric series 
ax1

1
+

 is _________

vi) Km,n is regular graph if _________

vii) The Graph Kl,n is called _________

B) State true or false : (one mark each) 7

i) Every complete graph is regular.

ii) Every connected graph is tree.

iii) Every order preserving function is lattice homomorphism.

iv) Every distributive lattice is a modular lattice.

v) Every walk is a path.

vi) A complete graph with n vertices have n(n – 1) edges.

vii) A connected graph with n vertices and (n – 1) edges is a tree.
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2. a) Define isomorphism of graph with two examples. (4+3+4+3)

b) Show that every totally ordered set is lattice.

c) Show that every Boolean ring is a commutative ring.

d) Write the short note on fusion of two vertices in a graph.

3. a) State and prove bridge theorem. (7+7)

b) Let (B, +, *, 0, 1) is a Boolean ring. Then show that (B, ∧ , ∨ , 0, 1) is a
Boolean ring.

4. a) Give the short note on matrix representation of graph with two examples. (7+7)

b) Show that a graph G is connected if and only if it has a spanning tree.

5. a) Determine the number of integers between 1 to 2000 both inclusive which are
divisible by 10, 11, 12. (7+7)

b) Find the general solution of ar – 5ar – 1 + 6ar–2 = 8r + 5.

6. a) Calculate the generating function of 
2x6x51

1
+−

. (7+7)

b) Let L and L′  be any two lattices. A bijective function f : L →  L′  is lattice
isomorphism if and only if both f and f–1 preserves order.

7. a) Show that an edge e of a graph G is a bridge if and only if e is not a part
of any cycle in G. (7+7)

b) Show that the lattice of submodules of a module is a modular lattice.

_____________________
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M.Sc. (Part – II) (Semester – III) Examination, 2016
MATHEMATICS (Paper – XIII)

Elective – I : Linear Algebra (New) (CGPA)

Day and Date : Saturday, 2-4-2016 Total Marks : 70

Time : 2.30 p.m. to 5.00 p.m.

Instructions : 1) Q.No. 1 and Q.No. 2 are compulsory.
2) Attempt any three questions from Q.No. 3 to Q.No. 7.
3) Figures to the right indicate full marks.

1. A) Fill in the blanks (one mark each). 5
i) Let V and W be inner product spaces over the same field, and let T be a

linear transformation from V into W then T preserves distances if for all
βα,  in V;

=β−α )(T)(T __________

ii) If W be a subspace of a vector space V (F), then A (W) = _____________,
where A(W) is an annihilator of W.

iii) Let W1, W2, ..., Wk be subspaces of the vector space V (F), we say that

W1, W2, ..., Wk are independent if ;W;,0... ik21 ∈α=α++α+α  for
i = 1, 2, ..., k then _____________

iv) A complex n × n matrix A is called unitary if _____________
v) The linear operator T is called triangulable if there is an ordered basis in

which T is represented by a ______________ matrix.

B) State whether the following are true or false (one mark each). 5
i) Let V be a vector space over F and T is a linear operator on V. If zero is an

eigen value of T then T is non singular.
ii) A linear operator T on a finite dimensional vector space V (F) is a

diagonalizable if V is the direct sum of the eigen spaces of T.

iii) Let λ  be an eigenvalue of a linear operator T on V (F). Then the algebric
multiplicity of λ  does not exceed its geometric multiplicity.

iv) If dim V (F) =  n then dim V* (F)  = n2, where V* is the dual of V.

v) The minimal polynomial of a matrix is unique.

Seat
No.

P.T.O.
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C) Choose the correct alternative (one mark each). 4

i) The characteristic polynomial of a matrix 
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
=

400

030

005

A  is

a) (x – 5) (x – 3) b) (x – 4) (x – 3) (x – 5)

c) (x + 4) (x + 3) (x + 5) d) (x – 12)

ii) Let T be a linear operator on a finite dimensional complex inner product
space V (F). Then

I) T is normal if the adjoint T* of T is a polynomial in T.

II) The adjoint T* of T is a polynomial in T if T is normal.

a) Only I is true b) Only II is true

c) Both I and II are true d) Both I and II are false

iii) If A is an n × n nilpotent matrix of index k then minimal polynomial of A is

a) x b) xk – 1 c) xk + 1 d) xk

iv) Let A be an n × n matrix with characteristic polynomial f (x) = (x – c1)d

(x – c2) ... (x – ck) then trace (A) is

a) c1 + c2 + ... + ck b) zero

c) c1 d) none of these

2. a) Let dim V (F)  = n and let 1B = { }n21 ...,,, ααα  be a basis for V. Then show that
there is a uniquely determined a basis 1B* = {f1, f2, ..., fn} for V* such that fi

ijj)( δ=α  where 
⎩
⎨
⎧

≠
=

=δ
jiif0

jiif1
ij . 4

b) Let dim V (F) is finite and T be a linear operator on V. Then show that T is
diagonalizable if and only if the minimal polynomial for T has the form
p = (x – c1) (x – c2) ... (x – ck) where c1, c2, ..., ck are distinct elements of F. 4

c) If the characteristic polynomial of a 5 × 5 matrix A is (x – 3)3 (x – 2)2 then find
all possible Jordan canonical forms of A. 3

d) Let U be a linear operator on an inner product space V. Then show that U is
unitary if and only if the adjoint U* of U exists and U*U = UU* = I. 3
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3. a) Let dim V(F) is finite and W be a subspace of V. Then show that dim W + dim
A (W) = dim V. 7

b) Let dim V (F) = n and IB = },...,,{ n21 ααα be a  basis for V. If {x1, x2, ..., xn} is
any set of n scalars then show that there exists a unique linear functional f on V.

Such that f )( iα  = xi, for all i, i = 1, 2, ..., n. 7

4. a) State and prove Cayley-Hamilton theorem. 7

b) State and prove primary decomposition theorem. 7

5. a) Let V be a finite dimensional vector space. Let W1, W2, ..., Wk be subspaces
of V and let W = W1 + W2 + ... + Wk. Then show that the following are
equivalent.
i) W1, W2, ..., Wk are independent.
ii) For each j, 2 ≤  j ≤  k, we have Wj ∩  (W1 + ... + Wj – 1) = {0}.
iii) If IBi is an ordered basis for Wi, 1 ≤  i ≤  k, then the sequence IB = (IB1,

IB2, ..., IBk) is an ordered basis for W. 7

b) Find a 3 × 3 matrix for which characteristic polynomial is x2. Then find the
minimal polynomial of corresponding matrix. 7

6. a) Find the minimal and the rational form of the following real matrix

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

−

−

c11

1c0

10c

. 7

b) Determine all possible Jordan Canonical forms for a linear operator T : V →  V
whose characteristic polynomial is Δ  (t) = (t – 2)3 (t – 5)2. 7

7. a) Prove T is normal if and only if T = T1 + iT2, where T1 and T2 are self adjoint
operators which commutes. 7

b) Let V be a complex vector space and f a form on V such that f ),( αα  is real
for every α . Then show that f is Hermitian. 7

—–––––––––————
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Seat
No.

M.Sc. – II (Semester – III) Examination, 2016
MATHEMATICS (Paper – XV) (Elective – III)

Numerical Analysis (New) (CGPA)

Day and Date : Thursday, 7-4-2016 Max. Marks : 70
Time : 2.30 p.m. to 5.00 p.m.

Instructions : 1) Question No. 1 and 2 are compulsory.
2) Attempt any three questions from Q. No. 3 to Q. No. 7.
3) Figures to the right indicate full marks.

1. A) Choose the correct alternative (one mark each) : 6

1) Simpson’s 3/8 rule for integration gives exact result when f(x) is polynomial
of degree

a) 3 b) at least 3 c) at most 3 d) none of these

2) Which of the following is correct ?

a) ∇  – ’∇  = ∇Δ b) ∇Δ−=Δ−∇

c) ∇Δ−=Δ+∇ d) ∇Δ=Δ+∇

3) Power method is used to find

a) eigen value and corresponding eigen vector

b) largest eigen value and corresponding eigen vector

c) eigen value only

d) none of these

4) The best approximate value of the number 3
1  is

a) 0.30 b) 0.33 c) 0.34 d) None

5) First approximation to the root of the equation x3 – 2x – 5 = 0 using
method of false position is

a) 2.05882 b) 2.5882 c) 2.15882 d) 2.882

6) If f(0) = 1, f(1) = 3 and f(3) = 55 then the Lagrange fundamental polynomial is

a) ( )3
1  (x2 – 4x + 3) b) x2 – 4x – 3

c) ( )2
1  (3x – x2) d) ( )6

1  (x2 – x)
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B) Fill in the blanks (one mark each) : 6

1) The error in Simpson’s 3
1  rule over [x0, x2] is __________

2) In Newton Raphson method the iterative formula to find 
N
1

 is given by

________

3) The process of computing the value of the function inside the given range
is called __________

4) The forward difference operator is __________

5) The method of false position is also known as _________

6) If A is diagonal matrix with diagonal elements aij then A–1 is also a diagonal
matrix with diagonal elements __________

C) State true or false (one mark each) : 2

1) E = ( ) 11 −∇−

2) If A is upper triangular matrix then A–1 is lower triangular matrix.

2. a) Prove that 22

4
1

1 δ+=μ . 3

b) Show that

....
!z

x
uxuu...u

!z
x

uxue
2

2100
2

2

00
x +++=⎟⎟⎠

⎞
⎜⎜⎝

⎛
+Δ+Δ+ 3

c) The function y = sinx is tabulated below :

0.170711.00xsiny

240x

=

ππ

Using Lagranges interpolation formula, find value of sin ( )6
π . 4

d) Prove that 2
1

EE δ=∇=Δ . 4
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3. a) Describe the error in Lagranges interpolation formula. 7

b) Use Newton-Raphson method to find a root of the equation x3 – 2x – 5 = 0. 7

4. a) Solve by using Euler’s method y′  = –y, y(0) = 1. 7

b) Derive Newton’s general interpolation formula with divided differences. 7

5. a) Prove that Newton-Raphson method converges quadratically. 7

b) Solve ∫ +

1

0

dx
x1

1
 by trapezoidal rule with h = 0.25, correct to three decimal

places. 7

6. a) Find Newtons backward difference interpolation formula. 7

b) Find the largest eigen value in modulus and the corresponding eigen vector of

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

−

−

−

2420

61210

3415

 using the power method. 7

7. a) Determine the largest eigen value and the corresponding eigen vector of the
matrix. 7

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

300

021

161

b) In the table below the values of y are consecutive terms of a series of which
the number 21.6 is the 6th term. Find the tenth term of the series. 7

9.722.513.346.215.124.67.2

9876543

�

�

Using Newtons forward difference interpolation formula.

_____________________
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M.Sc. II (Semester – III) (Old) (CGPA) Examination, 2016
MATHEMATICS

Paper No. – XII : Advanced Discrete Mathematics

Day and Date : Thursday, 31-3-2016 Max. Marks : 70

Time : 2.30 p.m. to 5.00 p.m.

Instructions:  1) Q. No. 1 and Q. No. 2 are compulsory.

2) Solve any three questions from Q. No. 3 to Q. No. 7.

3) Figures to the right indicate marks.

1. A) Fill in the blanks : 5

i) A ring in which every element is _________ is known as Boolean ring.

ii) If edges are directed in a graph then the graph is called ___________

iii) The degree of graph G is always _________

iv) A __________ graph with n vertices and (n – 1) edges is a Tree.

v) In simple graph ____________ graph contains maximum number of edges.

B) Select correct alternative : 5

i) If a lower bound of A succeedes every other bound of A then it is called
__________
a) Infimum of A b) Maximal of A
c) Greatest lower bound of A d) Both (a) & (c)

ii) A complete graph with ‘n’ vertices have _________ edges.
a) n(n – 2) b) n(n – 1)

c)
2

)1n(n −
d)

2
)2n(n −

iii) A connected graph with ‘n’ vertices and (n – 1) edges is ___________
a) Tree b) Complete graph
c) Bipartite graph d) Simple graph

Seat
No.
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iv) An expression for geometric series n)x1(1 −  is ____________

a) ∑
∞

=

−

0r
rr

)rn( xC b) ∑
∞

=

+−

0r

r
r

)r1n( xC

c) ∑
∞

=

+

0r

r
r

)rn( xC d) ∑
∞

=

−+

0r

r
r

)r1n( xC

v) A complemented distributive lattice with 0 & 1 is called _________
a) Boolean Ring b) Boolean Algebra
c) Modular lattice d) None of above

C) State True or False : 4

i) Every semi modular lattice is modular lattice.

ii) Every complete graph is regular graph.

iii) A pedent vertex is called leaf of tree.

iv) If A & B are infinite set then

BABABA ∩−+=∪

2. a) Prove that totally ordered set is lattice. 4

b) Write note on Matrix representation of a graph. 4

c) How many spanning Trees for K4 ? Draw all that trees. 3

d) Find coefficient of x27 in (x4 + x5 + x6 + ...)5. 3

3. a) Show that a partially ordered set with lowest element ‘0’ is complete if every
non empty set has l.u.b. 7

b) Prove that the lattice of all normal subgroup of a group is modular lattice. 7

4. a) Let a graph G be a non empty graph with at least two vertices then prove that
G is bipartite graph iff it has no odd cycle. 8

b) If G be a connected graph then G is Tree then prove that every edges of G is
bridge. 6



5. a) Let L and L′  be any two lattices then show that a bijective function f : L →  L′
is lattice isomorphism iff both f & f′  preserve order. 7

b) Find the number of integer between 1 to 1000 both inclusive which are divisible
by 3, 7, 9. 7

6. a) Solve the recurrence relation

an = 2an – 1 + 3an – 2 with a0 = 1, a1 = 11. 7

b) Find the general solution of

ar – 5ar – 1 + 6ar – 2 = 8r + 5. 7

7. a) If <B, +, . > with ‘0’ and ‘1’ is Boolean ring then prove that <B, ∧ , ∨ , 0, 1> is
Boolean algebra. 9

b) Prove that every boolean ring is commutative ring. 5

————————
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Seat
No.

M.Sc. (Semester – III) (Old) (CGPA) Examination, 2016
MATHEMATICS

Elective – I : Linear Algebra (Paper – XIII)

Day and Date : Saturday, 2-4-2016 Max. Marks : 70
Time : 2.30 p.m. to 5.00 p.m.

Instructions : i) Figures in right indicate full marks.
ii) Q. No. 1  and Q. No. 2 are compulsory.

iii) Solve any three questions from Q. No. 3 to Q. No. 7.

1. a) Fill in the blanks :

i) If V is vector space, a ____________ in V is a maximal proper subspace

of V.

ii) A form f on V is called non negative if _________

iii) A linear operator T on V is called normal if _______

iv) If λ  is an eigenvalue of A, then IA λ−  = _________ (1+1+1+1)

b) State whether true or false :

i) Every characteristic polynomial of A divides its minimal polynomial.

ii) Similar matrices have the same characteristic polynomial.

iii) If minimal polynomial for T is product of linear polynomial then T is

diagonalizable.

iv) For a finite dimensional vector space V, dimV = dimV**. (1+1+1+1)

c) Define the following :

i) Annihilator of a set

ii) Inner product space

iii) Linear functional. (2+2+2)
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2. a) If A is a complex 5 × 5 matrix with characteristic polynomial f = (x – 2)3 (x + 7)2

and minimal polynomial (x – 2)2 (x + 7), what is the Jordan form for A ?

b) Let V be a finite dimensional vector space over the field F. Show that each

basis for V* is the dual of some basis for V.

c) Find a 3 × 3 matrix for which minimal polynomial is x2.

d) Show that an orthogonal set of non zero vectors is linearly

independent. (4+4+3+3)

3. a) Let E1, ..... Ek be k linear operators on V which satisfying conditions :

i) Each Ei is a projection

ii) EiEj = 0 if ji ≠

iii) I = E1 + ........ Ek.

Let Wi be the range of Ei. Then show that K1 W......WV ⊕⊕= .

b) Let V be a finite dimensional inner product space. If T and U are linear operators

on V and c is a scalar, show that

i) (T + U)* = T* + U*

ii) (cT)* = *Tc

iii) (TU)* = U*T*

iv) (T*)* = T (7+7)

4. a) Let T be a linear operator on R3 which is represented in the standard ordered

basis by the matrix 
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
−
−

022

122

113

. Prove that T is not diagnolizable.

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

operator on V. Show that T is triangulable iff the minimal polynomial for T is a

product of linear polynomials over F. (7+7)



�������	
� -3- SLR-MA – 534

5. a) Let V be a finite dimensional vector space over the field F. For each vector α
in V define *Vf),(f)f(L ∈α=α . Show that the mapping α→α L  is an
isomorphism of V onto V**.

b) Let V be a finite dimensional vector space over the field F, and

let  = { }n21 ....,,, ααα  be a basis for V. Then show that there is a unique

dual basis * = {f1, f2, ...., fn} for V* such that ijji )(f δ=α . Also prove that for

each linear functional f on V we have ii
n

1i f)(ff α∑= =  and for each vector α

in V we have ii
n

1i )(f αα∑=α = . (7+7)

6. a) Let T be a linear operator on an n dimensional vector space V. The
characteristic and minimal polynomials for T have the same roots, except for
multiplicities.

b) Let T be a linear operator on the finite dimensional vector space V. Let c1, c2,
...., ck be the distinct characteristic values of T and let Wi be the space of
characteristic vectors associated with the characteristic value ci. If W = W1
+ W2 + ... Wk then show that dimW = dimW1 + dimW2 + ...... + dimWk.

In fact, show that if i is an ordered basis for Wi, the  = ( 1, 2, ...., k) is
an ordered basis for W. (7+7)

7. a) Apply the Gram Schmidt process to the vectors 1β = (1, 0, 1), 2β  = (1, 0, –1),

3β  = (0, 3, 4), to obtain an orthonormal basis for R3 with the standard inner
product.

b) Let V and W be vector spaces over the field F, and let T be a linear
transformation from V into W, then

i) The null space of Tt is equal to the annihilator of the range of T.

ii) If V and W are finite dimensional then prove that rank(Tt) = rank(T). (7+7)

_____________________
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M.Sc. – II (Semester – III) Examination, 2016
MATHEMATICS (Old) (CGPA)

Elective – III Numerical Analysis
Paper – XV

Day and Date : Thursday, 7-4-2016 Max. Marks : 70
Time : 2.30 p.m. to 5.00 p.m.

Instructions : 1) Q.1 and Q.2 are compulsory.
2) Attempt any three questions from Q.No. 3 to Q. No. 7.
3) Figures to the right indicate full marks.
4) Use of calculator is allowed.

1. A) Fill in the blanks (one mark each).

i) The averaging operator μ is defined as ________

ii) The error in Simpson’s 1/3rd rule is given by __________

iii) In Gaussian elimination we reduce the coefficient matrix to _________

iv) Newton-Raphson method fails when __________

B) Choose correct alternative (one mark each)

i) The real root of the equation x3 – cosx = 0 lies between.

a) 0 and 1 b) 1 and 2 c) – 1 and 0 d) none

ii) Newtons forward interpolation formula used for interpolation.

a) Near the beginning of set of tabular values

b) End of set of tabular values

c) For both

d) None

iii) Using Householder’s method the matrix is reduced to

a) upper triangular b) lower triangular

c) symmetric tridiagonal form d) none

Seat
No.
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iv) If f(x) = x3 then the value of the first divided difference of the argument 1
and 2 is

a) 5 b) 6 c) 7 d) 8

v) The relation between E and Δ  is given by

a) Δ  = E – 1 b) Δ  = E + 1 c) Δ  = E d) none

C) Define the following (one mark each).

i) Round off error

ii) Relative error

iii) Percentage error

iv) Rate of convergence

v) Inherent error.

2. i) State Trapezoidal, Simpsons 1/3rd and 3/8th formula. 3

ii) Derive error in series approximation. 4

iii) Using the method of separation of symbols show that

Δ nux–n = ux – nux–1+
2

)1n(n −
 ux–2 + ...(–1)nux–n 4

iv) Explain partial pivoting. 3

3. i) Use the method of false position to find a real root of the equation x – e–x = 0. 7

ii) Find a cubic polynomial which agrees on following set of tabular values. 7

X 0 1  3 4

y = f(x) �  12 0 12 24

by using Lagrange’s method.

4. i) Decompose the matrix 7

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
−

−
=

473

517

125

A

in to the form LU.
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ii) Perform four iterations of the Newton-Raphson method to obtain a real root
of the equation x4 – 11x + 8 = 0 7

5. i) Derive rate of convergence of secant method. 8

ii) Find y (4) using Newton’s backward difference interpolation formula from
following data 6

X 0 1 2 15

y=f(x) 2 3 12 3587

6. i) Find the largest eigen value and corresponding eigen vector of the matrix 7

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
=

410

1201

014

A

ii) Use Gauss elimination method to solve 7

10x + 2y + z = 9

2x + 20y – 2z = – 44

– 2x + 3y + 10z = 22

7. i) Evaluate ∫
π 2/
0

xsin dx using Simpson’s a/3rd rule with h = 
12
π

. 7

ii) Show that the differential equation 2

2

dx

yd
 = –xy, y (0) = 1, y′ (0) = 0 has the

series solution 7

y = 1 – 96
3

x
!9

741
x

!6
41

!3
x ××−×+ + ......

__________________
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Seat
No.

 M.Sc. – II (Semester – IV) (New) (CGPA) Examination, 2016
MATHEMATICS

Measure and Integration (Paper XVI)

Day and Date : Wednesday, 30-3-2016 Total Marks : 70
Time : 2.30 p.m. to 5.00 p.m.

Instructions : 1) Q. 1 and Q. 2 are compulsory.

2) Attempt any three questions from Q. 3 to Q. 7.

3) Figures to the right indicate full marks.

1. A) Fill in the blanks (one mark each) : 5

1) For a signed measure γ  defined on a measurable space ,x . Then for

E∈  , total variation | γ | (E) = –––––––––––––

2) Each measure space can be completed by the addition of subsets of sets
of –––––––––––––

3) A set that is both positive and negative w.r.t. signed measure γ  is called a
––––––––––––– set.

4) If {fn} is a sequence of nonnegative measurable functions which converges

to f almost everywhere and if f
n
 ≤ f for all n then∫ f  = ____________

5) Let μ  be a measure on an algebra � , the outer measure induced by μ  is
defined as μ * (E) = ______________

B) State true or false (one mark each) : 5

1) If γ
1 and γ

2 are mutually singular w.r.t. μ  then γ
1+ γ

2 is not mutually
singular w.r.t. μ .

2) Collection of locally measurable sets is a σ -algebra.

3) If E and F be disjoint sets, then μ
* 
(E∪F) ≤ μ

* 
(E) + μ

* 
(F).
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4) Union of two positive sets is positive.

5) Every subset of a positive set is itself positive.

C) Choose the correct answer (one mark each) : 4

1) Consider the two statements.

I) If γ  is a measure⇒ γ  is a signed measure.

II) If γ  is a signed measure⇒ γ  is a measure.

a) Only I is true b) Only II is true

c) Both I and II are true d) Both I and II are false

2) A measure μ  on a measurable space is a saturated if

a) Every sebset of X is a measurable

b) Every locally measurable subset of X is a measurable

c) Every measurable subset of X is a locally measurable

d) None of these

3) The set E is said to be measurable w.r.t. μ * if for every set A.

a) μ * (E) = μ * (A∩E) + μ * (A∩ E′ )

b) μ* (E) = μ* (E∩A) + μ * (E∩ A′ )
c) μ* (A) = μ* (A∩E) + μ * (A∩ E′ )

d) μ * (A) = μ * (A∩E) + μ * (A∩ A′ )

4) In Fubini’s theorem, measures μ  and γ  are

a) Finite b) Complete

c) σ -finite d) Semi finite

2. a) Show that every σ- finite measure is a saturated.

b) Show that if E is any measurable set, then – γ –(E)≤ γ (E)≤ γ + (E) and
| γ (E)|≤ | γ  | (E).

c) Prove that if μ*(E) < ∞ , then E is a measurable if and only if μ * (E) = μ*(E).

d) Let x be a point of X and E is a set in σδ .Then prove that Ex is a measurable

subset of Y. (3+4+4+3)
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3. a) Define a complete measure space. Let < X, ,μ  > be a measure space.
Show that there exists a complete measure space < X, � μo> such that

i) � ⊆ �o

ii) E∈
o ⇔ E = A∪ B, where B ∈  and A⊆ C, C∈  with μ (C) = 0.

iii) If E∈ ⇒ μ  (E) = μ
o
(E).

b) State and prove Monotone convergence theorem. (8+6)

4. a) Let g be integrable over E, and suppose that 
1nn

}f{
=

∞
 is a sequence of

measurable functions such that, on E, |fn (x)|≤ g(x) and almost everywhere

on E, fn(x)→ f(x). Then show that ∫∫
∞→

=
n

nE

flimf .

b) State and prove Hahn decomposition theorem. (8+6)

5. a) State Radon-Nikodym theorem. Show that the condition of σ – finiteness is
essential in the theorem.

b) State and prove Jordan decomposition theorem. (6+8)

6. a) Let 
1ii

}A{
=
∞  is a disjoint sequence of sets in �then show that

μ
*
 ∑

∞

=
∩μ=

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛ ∞

=
∪∩

1i
)iAE(

*i
A

1i
E

b) If A ∈  then show that μ(A) = μ
* (A∩E) + μ* (A∩ E′ ) for any E⊆ X;

where μ
* 
 is an inner measure and μ* is an outer measure. (8+6)

7. a) State and prove Tonelli’s theorem.

b) Define an inner measure of a set. Show that for any set A, μ * (A)≤ μ *(A).
Equality holds if A∈ � , where � is an algebra of sets. (8+6)

––––––––––––––––––––
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M.Sc. II (Semester – IV) (New) (CGPA) Examination, 2016
MATHEMATICS (Paper – XVII)
Partial Differential Equations

Day and Date : Friday, 1-4-2016 Max. Marks : 70
Time : 2.30 p.m. to 5.00 p.m.

Instructions : 1) Question no. 1 and 2 are compulsory.
2) Attempt any three questions from Q.No. 3 to question no. 7.
3) Figures to the right indicate full marks.

1. A) Choose the correct alternative (one mark each).

i) If there is a functional relation between two functions u(x, y) and v(x, y)
not involving x and y explicitly then

a) 0
x
u =
∂
∂

 and 0
y
v ≠
∂
∂

b) 0
)y,x(
)v,u( =

∂
∂

c) 0
y
u

and0
x
v ≠

∂
∂=

∂
∂

d) 0
)y,x(
)v,u( ≠

∂
∂

ii) A p.d.e. (n – 1)2 uxx – y2n uyy = 1n2yn −⋅  uy where n is an integer is of
hyperbolic type if

a) n = 1 b) n < 1 c) n > 1 d) n = 0

iii) The two solutions of Neumann problem differ by

a) function of x b) function of y

c) function of x and y d) constant

iv) The solution of 2

2

2

2

y

z

x

z

∂
∂−

∂
∂

 = 0 is

a) z = f1(y + x) + f2(y – x) b) z = f1(y + x) + f2(y – x)

c) z = f1(y + x) + xf2 (y + x) d) z = f(x2 – y2)

Seat
No.
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B) Fill in the blank (one mark each).

i) Solution of ptanx + qtany = tanz is _________

ii) The differential equation of the set of all right circular cones whose axis

coincide with z-axis is ________

iii) The equations f(x, y, z, p, q) = 0 and g(x, y, z, p, q) = 0 are compatible

then they have _________ parameter family of common solution.

iv) The Pfaffian differential equation for continuous function is ________

v) For any constant a, parametric equation x = asinucosv, y = asinusinv,

z = acosu represents _________

C) State true or false (one mark each).

i) When the number of arbitrary constants is less than the number of

independent variables then the elimination of arbitrary constants gives

more than one pole of order one.

ii) There does not exists an integrating factor for a Pfaffian differential equation

in two variables.

iii) The solution of Dirichlet problem if it exists need not be unique.

iv) Order of ptany + qtanx = sec2z is two.

v) A function f(x, y) is said to be homogeneous of degree n if it satisfies

)y,x(f)y,x(f nλ=λλ .

2. a) Show that the surface f(x, y, z) = x2 + y2 + z2 = c, c > 0 can form an

equipotential family of surfaces. 3

b) Solve x2p + y2q = nxy. 4

c) Find the integral surface of yp + xq = z – 1 which passes through the curve

z = x2 + y2 + z, y = 2x. 3

d) Determine the regions where the equation uxx – 2x2 uxz + uyy + uzz = 0 is of

hyperbolic elliptic or parabolic type. 4
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3. a) Prove that necessary and sufficient condition for integrability of

dy)xyz(dx)z,y,x(dz ψ+φ=  is [f, g] = 0. 7

b) Find the integral surface of the equation pq = z passing through c : x0 = 0,

y0 = s, z0 = s2. 7

4. a) Prove that necessary and sufficient condition that the Pfaffian differential

equation x d r P (x,y,z)dx Q (x,y,z)dy R(x,y,z)dz 0⋅ = + + =  be integrable is

that 0xcurlx =⋅ . 7

b) Show that the equation z = px + qy is compatible with any equation

f(x, y, z, p, q) = 0 which is homogeneous in x, y, z. 7

5. a) Find the integral surface of zzx + zy = 0 containing the initial data curve

C : x0 = s, y0 = 0,  z0 = f(s) where

⎪
⎩

⎪
⎨

⎧

≥
≤≤−

≤
=

1s0

1s0s1

0s1

)s(f . 7

b) State and prove Harnack’s theorem. 7

6. a) Find the D’Alembert’s solution which describes the vibrations of an infinite
string. 7

b) Solve p = (z + qy)2 by Jacobi’s method. 7

7. a) Show that the solution of

utt – c2 uxx = f(x, t), 0 < x < l, t > 0

u(x, 0) = f(x), 0 ≤  x ≤  l

ut(x, 0) = g(x), 0 ≤  x ≤  l

u(0, t) = u(l, t) = 0, t ≥  0

if it exists is unique. 7

b) Find the general integral of (x2 + y2) p + 2xyq = (x + y)z. 7

_______________
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No.

M.Sc. – II (Semester – IV) Examination, 2016
MATHEMATICS (Paper – XIX)

(Elective – II) Operations Research (New) (CGPA)

Day and Date : Wednesday, 6-4-2016 Total Marks : 70
Time : 2.30 p.m. to 5.00 p.m.

Instructions : 1) Attempt five questions.
2) Q. No. 1 and 2 are compulsory.
3) Attempt any three from Q. 3 to 7.
4) Figures to the right indicate full marks.

1. A) Select correct alternatives of the following questions.

i) Which of the following is not associated with an LPP ?

a) Additivity b) Uncertainty

c) Proportionality d) Divisibility

ii) What is the optimum BFS of following LPP ?

Max Z = x1 + x2

Subject to, x1 + 2x2 ≤  4, 3x1 + 2x2 ≤ 10, x1 ≥ 0, x2 ≥  0

a) x1 = 0, x2 = 2

b) x1 = 2, x2 = 1

c) x1=
3

10
, x2 = 0

d) x1= 2, x2 = 2

iii) A two person game is said to be zero sum game, if

a) Gain of one player is exactly matched by a loss to the other so that
their sum is equal to zero

b) Both players must have exact number of strategies

c) Diagonal entries of pay-off matrix are zero

d) Gain of one player does not match to the loss of other player



iv) Given a system of m simultaneous linear equations with n unknowns

(m < n). The number of basic variables will be

a) n b) m

c) n – m d) None of the above

v) If QXX′  is positive semi definite then, it is

a) Strictly convex b) Strictly concave

c) Convex d) Concave

B) Fill in the blanks.

i) Basic feasible solution to the linear programming problem corresponds to
_____________ point.

ii) If the players select the same strategy each time, then it is referred as
______________

iii) Quadratic programming problem is the particular case of ____________
programming problem.

iv) In dual simplex method, we starts with ______________ solution and go
to the optimum basic feasible solution.

v) Branch and bound method use to solve ___________ programming problem.

C) State whether following statements are true or false.

i) Quadratic programming problem have quadratic objective function as well
as quadratic constraint.

ii) Primal problem have unbounded solution, then dual also possess unbounded
solution.

iii) Every pay-off matrix has saddle point.

iv) A necessary and sufficient condition for a BFS to be an optimum is
zj – cj ≥ 0. (5+5+4)

2. a) Explain graphical method to solve LPP with two variables.

b) Define the terms :

i) Convex set ii) Convex combinations

iii) Basic feasible solution iv) Unbounded solution.

c) Show that set of all feasible solutions is convex set.

d) Show that dual of dual is primal. (4+4+3+3)

SLR-MA – 540 -2- �������	
�
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3. a) Describe two phase simplex method.

b) Solve the following LPP using simplex method.

Maximize Z = 3x1 + 2x2 + 5x3 Subject to the constraint

x1 + 2x2 + x2 ≤  430, 3x1+ 2x2 < = 460, x1 + 4x3 < = 420, x1, x2, x3 ≥  0. (7+7)

4. a) Explain Branch and Bound method to solve integer linear programming.

b) Use Gomory’s cutting plane method and solve the following IPP

Max Z = x1 + 2x2 Subject to the constraints :

2x2 ≤  7, x1 + x2 ≤ 7, 2x1 ≤ 11, x1, x2 are non-negative integers. (7+7)

5. a) What is mean by duality in linear programming problem ? Also state and
prove weak law of duality.

b) State and prove complementary slackness theorem. (7+7)

6. a) Solve the following QPP by Wolfe’s method.

Max z = 2x1 + x2 – 2
1x  Subject to the constraint

2x1 + 3x2 ≤  6, 2x1 + x2 ≤ 4, x1, x2 ≥ 0.

b) Obtain the Kuhn Tucker condition of optimality for a quadratic programming
problem. (7+7)

7. a) For two person zero sum game show that maximin value of the game is less
than or equal to the minimax value of the game.

b) Solve the game with the following payoff matrix.

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

−−
−

−−

265

142

313

������� (7+7)

_____________________

Player B
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M.Sc. (Part – II) (Semester – IV) Examination, 2016
MATHEMATICS (Paper – XX)

Elective – III : Probability Theory (New) (CGPA)

Day and Date : Saturday, 9-4-2016 Max. Marks : 70

Time : 2.30 p.m. to 5.00 p.m.

Instructions : 1) Attempt five questions.

2) Q.No. (1) and Q.No. (2) are compulsory.

3) Attempt any three from Q.No. (3) to Q.No. (7).

4) Figures to the right indicate full marks.

1. A) Select the correct alternative

1) α  : Union of fields is a field

β  : Intersection of fields is a field

a) only α  is true b) only β  is true

c) both α  and β  are true d) both α  and β  are false

2) Convergence in probability implies ____

a) Almost sure convergence b) Convergence in distribution

c) Convergence in rth mean d) None of these

3) Let P (.) is a probability measure defined on (Ω , IF). Then p (Ω ) = 1 is

called _____ property of measure.

a) finite additivity b) σ -additivity

c) normed d) non-negativity

4) Characteristic function )t(φ  of random variable X is _____

a) discrete b) continuous

c) may be (a) or (b) d) cannot be determined

Seat
No.
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5) Let {An} be a sequence of sets. Then _____

a) lim An always exist

b) lim An and lim  An always exist

c) lim  An 
⊆   lim  An

d) none of these

B) Fill in the blanks  :

1) Characteristic function of Binomial random variable is ______

2) Lebesgue measure of any singleton set is ______.

3)  Every field must contain _______ and ______.

4) If φ  is characteristic function of X then φ  is characteristic function of

_____

5) Minimal σ - field induced by  the indicator function IA is _____.

C) State whether following statements are true or false :

1) Convergence in rth mean is stronger than convergence in probability.

2) E (X + Y) = E (X) + E (Y), provided only if X and Y are independent.

3) If )t(φ is characteristic function then | )t(φ |2 is also a characteristic function.

4) Counting measure is a finite measure.

2. a) Explain the terms :

i) Pairwise independence ii) Mutual independence.

b) Write short note on the following :

i) Lebesgue-Stieljes measure.

ii) Strong law of large numbers. (6+8)

 3. a) Define field and  σ - field of subsets of a set Ω  . Show that σ - field is a field.
Is the converse true ? Justify.
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b) Consider the function defined by

1 1

2, 2

3, 3

C , if A

X( ) C if A

C if A

⎧ ω ∈
⎪
⎪

ω = ω ∈⎨
⎪
⎪ ω ∈⎩

.

Where C1, C2 and C3 are distinct. Obtain minimal  σ - field induced by X. (7+7)

4. a) Define measurable function. Prove that an indicator function defined on

(Ω , IF ) is IF - measurable if A ∈IF.

b) Define random variable. Prove that function of random variable is also a
random variable. (7+7)

5. a) Prove that X is integrable if and only if |X| is integrable.

b) If X and Y are any two random variables then prove that

)Y(E)X(E)YX(E ±=± . (7+7)

6. a) State the following :
i) Lindeberg – Levy CLT.

ii) Liapounov CLT.
iii) Lindeberg-Feller CLT.

b) State inversion formula. Obtain the distribution corresponding to the
characteristic function.

2t
2(t) e , t

−
φ = − ∞ < < ∞ . (7+7)

7. a) Define :

i) Convergence in probability.
ii) Convergence almost surely.
iii) Convergence in rth mean.

b) State and prove necessary and sufficient condition for convergence in
probability. (7+7)

__________________
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Seat
No.

M.Sc. – II (Semester – IV) (Old CGPA) Examination, 2016
MATHEMATICS (Paper – XVI)

Measure and Integration

Day and Date : Wednesday, 30-3-2016 Max. Marks : 70
Time : 2.30 p.m. to 5.00 p.m.

         N. B. : 1) Q. No. 1) and Q. No. 2) are compulsory.
2) Attempt any three questions from Q. No. 3 to 7.
3) Figures to right indicate full marks.

1. A) State True or False (one mark each) :

1) Every signed measure is measure.
2) We cannot remove the condition of integrability from the statement of

Tonelli’s theorem.
3) Every finite measure space is σ-finite measure space.

4) Every subset of negative set is negative.

5) Empty set is null set with respect to any signed measure γ .

6) For any set X ( )φ≠, ,  = { }X,φ  is the smallest σ -algebra.

7) Lebesgue measure on   is a finite measure.

B) Fill in the blanks (one mark each) :
1) Set E is negative set with respect to a singed measure γ  if ___________
2) By a total variation of a signed measure γ  we means ___________

3) Let μ  and γ  be measures on measurable space ,X then u – α γ  is

singed measure for ___________ real number.
4) In Tonelli’s theorem the measure μ  and γ  are ___________
5) If μ * is inner measure and μ * is outer measure then relation between

μ * and μ * is ___________

6) If γ  and μ  are measure on  both are σ -finite and γ  << μ  and
μ  << γ  then there Radon Nikodiym derivative is ___________

7) γ + and γ – are positive and negative variation of γ  respectively then
γ  = __________
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2. a) If γ 1 << μ  and γ 2 << μ  then prove that C1 γ 1 + C2 γ 2 << μ where γ 1, γ 2
and μ  are measures on  XII   . 4

b) State Fubinis theorem. 3

c) Show that countable union of +ve set is +ve. 4

d) Define complete measure space and give suitable example. 3

3. a) Suppose that each α  in a dense set D of real numbers there is assigned a set

Bα ∈  such that βα ⊂ BB  for α  < β . Then there is unique measurable

extended real valued function f on X such that F ≤ α  on αB  and F ≥ α

on X – αB . 8

b) Show that μ (E1 Δ E2) = 0 implies μ (E1) = μ (E1) provided E1 and E2 ∈ . 6

4. a) State and prove Jordan Decomposition theorem. 8

b) Show by an example that Hann-Decomposition need not be unique. 6

5. a) Let E and F be disjoint sets then prove that ∗μ (E) + ∗μ (F) ≤  ∗μ (E ∪ F) ≤  ∗μ (E)

+ ∗μ (F) ≤ ∗μ (E ∪ F) ≤ ∗μ (E) + ∗μ (F). 7

b) Let (X, I , μ ) be a measure space if Ei ∈ , μ (E1) < ∞ and Ei ⊇  Ei + 1

then, prove that, ( )i
n

1i
i EitlimE μ=⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
μ

∞→

∞

=
� . 7

6. a) Let μ,,X  be a measure space. Let E be a measurable set such that

0 < γ (E) < ∞ . Show that there exist a positive set A contained in E with
γ (A) > 0. 8

b) If γ 1 << μ  and γ 2 << μ  and μ  is σ -finite measure then prove that

( )
⎥⎦
⎤

⎢⎣
⎡

μ
γ+⎥⎦

⎤
⎢⎣
⎡

μ
γ=⎥⎦

⎤
⎢⎣
⎡

μ
γ+γ

d
d

d
d

d
d 2121  almost everywhere with respect to μ . 6

7. a) Show that collection of all Locally-measurable sets is a σ -algebra. 7

b) Let X = [0, 1] and  = IP(X) and μ  is counting measure then,

1) Prove that μ,,X  is measure space.

2) Prove or disprove μ,,X  is σ -finite measure space. 7

_____________________



������

�������	
� ���	
��
����


�����
��������������
�������������� �!�"#$%


��&�
���'�����(���
�)����� ��*+�� �',���

������*�-�..�������*��/0��� ��

�����������	�
���
������������� �����������
���

�
�	�
�������������� ��������

��������	
���� �� ����	
��
���
�����


���
�
�����
���
�� �		���	
��������������	
���
����
��
���
�
	�
��
���
��
�� �
�����
	�
	��
�	����
��
��	�
�����������

�� !" #$���	��$	�%���	%���&�	����
'	�
 %


" �$	�	()��
���*���+�,(�-�.�
�����/����

�" #$���
���	()��
�� 0" 1�2���2	��	()��
��

%" 3	���)&&
��	()��
�� �" #&�
��)�4��	()��
��



" 5&
�
���
�2����0�6����7�-�8��+��"�8��+�0"�2
'	���$	�����	�

�" �(�-�7 0" �9(�-�7 %" ��+�(�-�7 �" ���	��6��$	�	




" 5()��
���������+�(�����-��	%�7�
���6����	�

�" � 0" � %" � �" ���	��6��$	�	


'" !��	%�������	������	��
��%&���
6
	��
���

�" ����0�&
% 0" $��	�0�&
%

%" 	&&
��
% �" �&&��6��0�'	

'" �$	�	()��
����68������7�����("�-�������28������7�����("�-�����	�%�����
0&	
�$	�

�" �
�����

�����
�

�

�
������7�-�����+�(���
��
��	2��0&	

0" �
�����

�����
�

�

� ������7�-�����+�(���
������
��	2��0&	

%" �
�����

�����
�

�

� ������7�-�����+�(���
��
��	2��0&	

�" :��	��6�8�"��80"�����8%"

� � � �

� � �



���	
��
���� ��� �������	
�

'
" !�����	��8��;��"�)���;��
��)���-���

���;��)��

/$	�	���
�����
��	2	��
���6�$��	�0�&
%����	�
6

�" ��-�� 0" ��<�� %" ��=�� �" ��-��

3" �
&&�
���$	�0&�����
 %


" �$	�%���	�����
�2�����	��6���7�-���+�������+�0�
��>>>>>>>>>>>



" �$	�%���&	�	�
��	2��&��6��$	�����	��7�-����+�(��+�&�2�(�
��>>>>>>>>>>>>>




" ��������%����������������	��
%�	()��
��

��-����
�)�%��'�������-���
�)��
�'������7�-��%��)��	��	�	����>>>>>>>>>>>>>


'" �$	��6�66
����
66	�	��
�&�	()��
���*8������7"����+�,�8������7"����+�.�8������7"

�7�-���
��
��	2��0&	�
66�>>>>>>>>>>>>>>

'" !��	%�������	������	��
��%�&&	������0�&
%�
6�>>>>>>>>>>>>

'
" �$	�1��&�%	�	()��
���
���$�		��
�	��
���
��>>>>>>>>>>>>>

#" ?���	���0�����.�*���
 "


" @6� �
�� � �
��.�A�.��$	��)�-�68��+���"�
������&)�
����6��$	��	%�������	������	�

)���;�)���-���



" 5&
�
���
�2� ��0
������ 6)�%�
��� 6� 6���� 7� -� 68��� +� ��"�/	� 2	�� 6
���� ���	�

����&
�	�������	�

�� �" 5&
�
���	��$	���0
������6)�%�
�����6������8��+������;�B7"�-�������6
����$	

%���	�����
�2�����	� �

0" �
����$	�2	�	��&�
��	2��&��6�����;���(�-��87�;���"� �

%" *��'	��$����$	���&)�
����6�:	)��������0&	��
��	
�$	��)�
()	����
���
66	���6���

��	�����$	��0����%����������&�� �

�" @6� ��� � � �� �� �/$	�	�� ������� ��� ����� � �
�������0
�������
66	�	��
�&

6)�%�
����6����������7��$	�����'	��$��� � � ��� � � �� ���� � �

�� �" .	�)%	��$	�	()��
���8��;��"��)���;��
���)���-���

���;���)��/$	�	���
�����
��	2	��

�����%����
%�&�6���� 1

0" �
�����%���&	�	�
��	2��&��6��$	�	()��
�������+�(���-�7�0��B�%�0
4���	�$��� 1



�������	
� ��� ���	
��
����

�� �" ?�&'	��$	�	()��
��� �
�

�

�

�
�

�

�

�

�
�

�
�

�

�
�

������� ���� ��)0C	%������$	�0�)������%���
�
����)��8����"�-�)��8����"�-��

)�8����"�-����)�8���0"�-�68�"� 1

0" �
���%���&	�	�
��	2��&��6��87�+����+��("�-�����0��#$���
�4���	�$��� 1

 � �" 5��&�
�����&��
%�	���	��
���6����$	����2	�#��	����8��������7�"� 1

0" ?$�/��$����$	�	()��
����6�-�����;��(�;����2�-��
���+�(�;��7���	�%�����
0&	����

6
�����	������	�	��6��
&���6�%��������&)�
���� 1

�� �" *��'	��$������	%	�����������)66
%
	���%���
�
����$����$	��6�66
����
66	�	��
�&

	()��
��� �� ��������	� ��������
� �����������
 ����� �0	�
��	2��0&	�
�

�$��� ��� � � �� �� � 1

0" �
�������
%)&�����&)�
����6

68������7�����("�-�7�;����;�(��;����;�(�� 1

�� �" �
����$	�
��	2��&��)�6�%	��6��$	�����	��8��;��"����+�8��;��"��(�-�8���+���"7

�$��)2$��$	�%)�'	��7�-�������-��� 1

0" ?)����	��$���)8����"�
��$�����
%�
����0�)��	������
��������
��%���
�)�)����

��� �� ���$	��)�����
���
����
�
�)������$	�0�)������3��6��� 1

>>>>>>>>>>>>>>>>>>>>>



�������		� SLR-MA – 544

M.Sc. (Semester – IV) (Old) (CGPA) Examination, 2016
MATHEMATICS

Integral Equations  (Paper – XVIII) (Elective – I)

Day and Date : Monday, 4-4-2016 Max. Marks : 70
Time : 2.30 p.m. to 5.00 p.m.

Instructions : i) Figures in  right indicate full marks.
ii) Q. No. 1 and Q. No. 2 are compulsory.
iii) Solve any three questions from Q. No. 3 to Q. No. 7

1. a) Fill in the blanks :

1) A kernel k(x, t) is said to be Hilbert - Schmidt kernel if it is Hermintian

and  __________

2) A function f(x) is said to be _________ if || f(x)|| = 1.

3) The eigen values of a symmetric kernel form a finite or infinite sequence

nλ  with no finite ________

4) The multiplicity of any nonzero eigen value is finite for every symmetric

kernel for which 
2b

a

b

a
|)t,x(k|∫ ∫  dsdt is _________  (1+1+1+1)

b) State whether true or false :

1) Every symmetric kernel with a norm, not equal to zero has atleast one

eigen value.

2) All iterated kernels of symmetric kernel are real.

3) An integral equation is an equation in which known function  appears under

one or more integral signs.

4) The set of eigen values of the nth iterated kernel coincide with the set of nth

root of the eigen values of the given kernel. (1+1+1+1)

P.T.O.

Seat
No.
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c) Define the following :

1) Linear integral equation.

2) Convolution type kernel.

3) Square integrable function. (2+2+2)

2. a) Show that the function u(x) = ex ⎟
⎠
⎞

⎜
⎝
⎛ −

3
2

x2  is a solution of the integral equation

u(x) + 2 ∫
1

0
ex – tu(t) dt = 2xex.

b) Using Laplace transform solve the integral equation

sinx = ∫
x

0
J0(x – t)u(t)dt

c) Find eigen values and eigen functions of the homogeneous integral equation

u(x) = dt)t(utcosxsin
1

0
ππλ∫ .

d) Find first three iterated kernels of the kernel

k(x, t) = (1 + x) (1 – t), a = – 1, b = 0. (4+4+3+3)

3. a) Reduce the boundary value problem

 x)x(y)x(y =λ+′′ ,      y(0) = 0, y′(l) = 0 into an integral equation

b) Solve the integral equation 
⎪
⎩

⎪
⎨

⎧

≥
<≤
<≤

=∫
∞

.2p,0

;2p1,2

;1p0,1

ptdtsin)t(F
0

. (8+6)

4. a) Solve the homogeneous Fredholm integral equation of the second kind

u(x) =  ∫
π

λ
0

(cos2 x cos 2t + cos 3x cos3 t) u (t) dt

b) Prove that eigen functions of a symmetric kernel corresponding to
different eigen values are orthogonal. (8+6)
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5. a) Using Hilbert Schmidt theorem, solve the integral equation

 u(x) = (x + 1)2 + ∫
−

1

1
(xt + x2 t2)u(t) dt

b) Show that mth iterated kernel km(x, t) satisfies the relation

km (x, t)  = ∫
b

a
kp(x, y) km–p (y, t) dy where p is any positive integer less than m. 8+6)

6. a) Find resolvent kernel and hence solve the integral equation

u(x) = f(x) + ∫λ
1

0
e(x – t) u(t) dt.

b) Solve the Abel’s integral equation x(x + 1) = dt
tx

)t(u
3

x

0 −∫ . (7+7)

7. a) By method of successive approximation solve the integral equation

 u(x) = 1 +  ∫
x

0
u(t)dt, u0(x) = 0

b) Form an integral equation corresponding to differential equation

0y3
dx
dy

x2
dx

yd
2

2

=−−  with initial conditions y(0) = 1, y′ (0) = 0. (7+7)

_______________
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M.Sc. (Part – II) (Semester – IV) Examination, 2016
 MATHEMATICS (Paper – XIX) (Old) (CGPA)

Elective – II : Operations Research

Day and Date : Wednesday, 6-4-2016 Total Marks : 70
Time : 2.30 p.m. to 5.00 p.m.

Instructions : 1) Attempt five questions.
2) Q. No. 1 and Q No. 2 are compulsory.
3) Attempt any 3 questions from Q. No. 3 to Q. No. 7.
4) Figures to the right indicate full marks.

1. a) Select correct alternative : 5

1) The optimal solution for LPP

Maximize Z = 2x1 + 5x2,

Subject to constraint 2x1 + 3x2 < 15, x2 < 5, x1 < 2,  x1, x2 > 0 is given by

a) x1 = 2, x2 = 0 b) x1 = 0, x2 = 5

c) x1 = 2, x2 = 5 d) none of these

2) The quadratic form XTQX is said to be negative semi-definite if

a) XTQX > 0 b) XTQX < 0

c) XTQX = 0 d) XTQX < 0

3) For a given LPP, if Z is a objective function then

a) Max Z = – Min Z b) Max Z = Min (– Z)

c) Max (– Z) = Max Z d) None of these

4) Which of the following method of solving QPP is based on modified simplex
method ?

a) Wolfe’s method b) Branch and bound method

c) Frant-Wolfe method d) Flectcher’s method

P.T.O.

Seat
No.
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5) An optimal solution to an LPP

a) always corresponds to an extreme point of feasible region

b) always lies on the boundary of feasible region

c) always exists

d) none of these

b) Fill in the blanks : 5

1) A game is said to be fair if ______________

2) Slack variables are used to convert the inequalities of the type
______________ into equations.

3) The competitors of the game are known as ______________

4) If an artificial variable is found in the optimum basis of an LPP, it implies
______________

5) If the given LPP is in its standard form, the primal dual pair is said to be
______________

c) State whether the following statements are true or false. 4

1) The solution to a game by graphic method may or may not be same as
obtained by analytic method.

2) One of the methods of handling degenerate LPPs is known as Charnes
perturbation method.

3) Dual simplex methods is an alternative method to Big M method.

4) Dual simplex method always leads to degenerate basic feasible solution.

2. a) Answer the following : 6

i) Prove that the dual of dual is primal.

ii) Define Linear Programming Problem and state its assumptions.

b) Write short notes one : 8

i) Mixed strategy game.

ii) Artificial variables.
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3. a) Let nS RI⊂ be a closed convex set. Then prove that for any point y not in S,
there is a hyper plane containing y such that S is contained in one of the open
half spaces determined by the hyper plane. 6

b) Show that a basic feasible solution of the LPP is a vertex of the convex set of
feasible solutions. 8

4. a) Describe Gomory’s method of solving an all Integer Linear Programming
Problem (ILPP). 6

b) Use simplex method to solve : 8
Maximize Z = 4x1 + x2 + 3x3 + 5x4
subject to the constraints,

    4x1 – 6x2 – 5x3 – 4x4 > – 20

    3x1 – 2x2 + 4x3 + x4 < 10

    8x1 – 3x2 + 3x3 + 2x4 < 20

      and x1, x2, x3, x4 > 0

5. a) State and prove basic duality theorem. 6

b) Using artificial constraint, solve the following LPP by dual simplex method. 8
Maximize Z = 2x3
subject to the constraints,

– x1 + 2x2 – 2x3 > 8

– x1 + x2 + x3 < 4

2x1 – x2 + 4x3 < 10

and x1, x2, x3 > 0

6. a) Define a Quadratic Programing Problem and obtain Kuhn-Tucker conditions
for the same. 6

b) Solve the Quadratic Programming Problem (QPP) by Beale’s method. 8

Maximize f (x) = 
4
1

 (2x3 – x1) – 
2
1

 ( )2
3

2
2

2
1 xxx ++

subject to constraints

x1 – x2 + x3 = 1and x1, x2, x3 > 0

7. a) Explain the graphical method of solving 2 × n and m × 2 games. 8

b) Explain the maxmin and minimax principle used in game theory. 6

_______________
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