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FULL MARKS :50 :: Time:2hours
Group-A
Answers any four questions out of eight questions: 4x2 = 8

1. a) Show that any finite subset of R is compact.

b) Show that if a Cauchy sequence in a metric space has a convergent
subsequence, then the whole sequence is convergent.

c) Is the following a connected subset of R? {(x,y) € R?: x%y? = 1}?
Justify your answer.

d) Evaluate the Lebesgue integral fos f(x) dx where

0, 0<x<1
fx)=41, 1<x<23<x<4
2, 2<x<34<x<5.
e) Show that subtraction of two complex measurable functions on a
measurable set X is measurable.

) Define o —algebra with an example.

g) Show that the function f defined by the f(x) = x3, x € [0,1] is a
function of bounded variation although f' is not bounded on [0, 1].

h) Let A ={0}and B = (0,1). Check whether A and B are separated in the
metric spaces (R, usual metric) and (IR, discrete metric) respectively.
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Group-B

Answers any four questions out of eight questions: 4x4 = 16

2. a) Show that if a subset K of R is limit point compact then K is sequentially

compact.

b) Establish a necessary and sufficient condition for a function f:[a,b] =
R to be a function of bounded variation on [a, b].

c) Let f(x) = x[x],x € [1,3]. Show that f is a function of bounded
variation on [1, 3]. Find the variation function of f on [1, 3] and express
f as a difference of two monotonic increasing function on [1, 3].

d) Suppose f is bounded on [a, b], f has finitely many points of
discontinuity on [a, b] and a is continuous at every point at which £ is
discontinuous. Then show that f € R(a) on [a, b].

e) Evaluate the Riemann-Stieltjes integrals:

) folx dx?, i) ["xd cosx.

f) If ina metric space (X, d) the distance between two sets Aand B is a
positive real then prove that the sets are separated.

g) Let f,,: X = R* be measurable for n = 1, 2.3, ....Then show that lim inf f;,

n—-oo

and inf f,, are measurable functions on X.

n—-oo

h) Let f be a measurable function on E. Then show that f* and f~ are
integrable over E iff |f| is integrable over E.
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Group-C
Answers any two questions out of four questions: 2x8 = 16

3. a) Show that if f is a measurable function on E and f = g almost
everywhere on E, then g is measurable on E.
a) State Lebesgue Monotone Converges theorem.
b) In the case of Fatou’s lemma if we drop the non negativeness of the
sequences then the lemma does not hold. Give an example for it and
explain. 3+2+3

4. a) Let f(x) = xip if 0 <x <1and f(0) = 0. Find necessary and sufficient
condition on p such that f € L'[0, 1]. Compute folf(x)/l(x) in that case.

b) Evaluate the following: f—31 2 cosxd(2x + [x]) . 6+2

5. a) Show that a metric space X is compact if and only if every real valued
continuous function in bounded on X.

b) Show that every path connected metric space is connected. Give an
example to show that the converse is not true. 4+4

6. a) Show that the outer measure of the Cantor set is zero.
b) Evaluate the R-S integral:

f:(x + 1) d(sin x + cosx).
5+3

[Internal Assessment -10]
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FULL MARKS:50 :: Time: 2 hours

Group-A
Answers any four questions out of eight questions: 4x2 = 8

1. a) Sketch S = {z: |§| < 1} and decide whether it is domain.

b) Find the value of x and y for which sin(x + iy) = cosh(4).

V4

c) Show that the functionf(z) = ) has a removable singularity at the

origin.

d) Evaluate: f, _, zZz dz.

e) Find the coefficient of % in the Laurent series expansion of f(z) for z >
zZ

2 wheref (z) = L

z2-3z+42 "'

f) Find the Mobious transformation that maps 0, 1, co to the respective points

0,1, co.
g) State the Rouches theorem.

h) Is the function u = 2xy + 3xy? — 2y3 is harmonic?
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Group-B
Answers any four questions out of eight questions: 4x4 = 16
2. a) Suppose that f(z) = u(x,y) + iv(x,y) and f'(z) exists at a point z, =

Xo + iyo. Then prove that the first order partial derivatives of u and v must
exists at (xy, yo) and they must satisfy the Cauchy Riemann equations:u, =
vy; Uy = —Vy at (Xq, ¥o). Also prove that f'(zy) =u, + ivy

at (xo, Yo)-

-1/z)

b) Evaluate the integral fcf(z)(:i—(i)z

. 1 . . . ..
contour |z — i| = > n counter clockwise sense and f(z) is analytic in

lz —i| < 1.

dz where C is the simple closed

c) Define Meromorphic function. If f(z) = u(x,y) + iv(x,y) and g(z) =
v(x,y) + ik(x,y) be non-zero analytic functions on |z| < 1. Then prove
that f(z) is a constant function.

d) Find the real part of the analytic function whose imaginary part is x? —
y2 + —=—. Also find the analytic function.

x2+y?’

d¢

a+cos¢’ a>1.

e) Using the method of residues: Evaluate fozn

f) Define zero’s of an analytic function. Find the zero’s of the function
f(z) = coshz.

g) State and prove the Cauchy’s Residue Theorem.

h) State and prove the Jordon’s Lemma.
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Group-C
Answers any two questions out of four questions: 2x8 = 16
3_
3. a) Classify the singularity z = 0 of the function f(z) = % in terms

of removable, pole and essential singularity. In case z = 0 is a pole, specify

the order of the pole.
cosh(z3-1)

b) Evaluate the residue of the function f(z) = ——-—atz = 0.
3_
c) Using part (b) f(z) = % where C: |z| = 1 taken in the positive
direction. 4+2+2

. . : : .1
4. a) Define Laurent’s series. Find the Laurent’s series expansion of sin-.
zZ

cosmx
b) Evaluate : [)” ——

dx,m > 0. 3+5

5. a) Use the Schwartz-Chritoffel transformation to arrive at the transformation
w=2z"(0<z<1), which maps the half plane y > 0 onto the wedge
lw| = 0,0 < argw < mm and transforms the point z = 1 to the point w =
1.

b) Let w=f(z) = is a bilinear transformation. Then find the inverse
cz+d

of the transformation. Is it again a bilinear? Also find the determinant of
both the transformations. 6+2

az+b

6. State Cauchy’s Integral Theorem. Using the method of residue calculus,

Evaluate: [° 2% dx,0 <p < 1. 2+6

xP

[Internal Assessment -10]
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FULL MARKS :50 :: Time:2hours

1. Answer any four questions 2x4=8

(a) Find all the singularities of the following differential equation and then classify:
z2(z? = 1)?0"-z(1 — 2)0'+2w = 0

(b) Lety;(x) and y,(x) be two linearly independent solution of
x2y — 2xy — 4y = 0,forall x in [0,10]
consider the Wronskian W(X)=y; (X) v, (X)— y; (X) ¥, (X)
If W(1) =1 then find the value of W(3)—W (2)?
(c) What are Bessel’s functions of order n? State for what values of n the solutions are
independent of Bessel’s equation of order n.

(d) Define fundamental set of solutions and fundamental matrix for system of differential
equations.
(e) When a boundary problem is a Sturm-Liouville problem.

(f) Prove that F(-n, b, b, -z)=(1+z)? where F(a, b, ¢, z) denotes the hypergeometric
function.

(g) Under suitable transformation to be considered by you , prove that Legendre differential
equation can be reduced to hypergeometric equation.

(h) Consider the boundary value problem
dzy +Aly=00<x<
dxz YT EEEX=T
Subject to y(0)=0,y(rr) = 0.Find the values of A for which the boundary value

problem is solvable.
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2 Answer any four questions 4x4=16
i 2
(a) Prove that j P%.(z2)dz = PR where P .(z) is the Legendre’s Polynomial of degree n.
A n+

(b) Deduce Rodriguies formula for Legendre’s Polynomial. 4

(© ) prove that for the hypergeometric function

_ F(}/) i p-L1m _\r-B-lpm _ -a
F(a,ﬂ,y,z)——r(ﬁ)r(y_ﬂ) .([t A-t)" P (1-zt) “dt.

(d) Using Green’s function method ,slove the following differential equation y"'(x) = 1
Subject to boundary conditions y(0) = y(1) = y'(0) = y '(1).

(e) Show that when n is a positive integer, J,(X) is the coefficient of z" in the expansion of

X(z —1)

exp( 22)_

(f) Prove that for the Bessel’s function 23, (x)=J,,()—J,:(x)

(@) show that 1 T 3P1(2) +5P>(2) + 7P3(@) + -+ (20 + DPy(2) = o [Pss + Pa(2)]

Where P,(z)denotes the Legendre's polynomial of degree n

(h) If the vector functions ¢, ¢, -+, ¢, defind as follows

11 b12 b1n
b, = ¢>251 B, = ¢252 oy = d)zsn

be n solution of the homogeneous linear differential equation 3—’; = A(t)x(t) in the interval

a <t < b, then these n solutions are linearly independent in a < t < b if f Wronskian

W[p1 by -+, Pn] £0Vton a<t<b.
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3 Answer any two questions 8x2=16

(@) (i) Show that all the eigen values of the regular Sturm-Liouville system

di[p(x) %] +[q(x)+ Ar(x)]y =0 are real with respect to weight function r(x)>0 5
X X

(if)Find the values of a and b for which the boundary value problem
2 - _ 1) =
XTY — 22Xy +4AY = O gpiect to the boundary conditions YD T @y (D =1
and Y2 +a¥ (2) =2 a5 3 unique solution. 3
(b) (i)Discuss Frobenious method of finding the series solution about the regular singular point

at the origin for an ODE of 2" order when the roots of the indicial equation are unequal and not
differ by an integer.. 6

(if) Define Green’s function of the differential operator L of the non-homogeneous differential
equation: Lf(x)=f(x). 2

(c) (i) Find the characteristics values and characteristic functions of the Sturm-Liouville Problem
(*y) +Axy = 0;y(1) = 0,y(e) = 0. 4

e4-t 0 ze4t
(ii) Determine whether the matrix B= <2e4t 3et 4e4t) is a fundamental matrix of the

e4-t et Ze4t

X1 1 -3 9

system 2—); = AX where X=<x2>, A=<0 -5 18) If not Justify and find another alternative
X3 0 -3 10

fundamental matrix. 4

(d) (i) Prove that if f(z) is continuous and has continuous derivatives in [—1,1]
Then f(z) has unique Legendre series expansion is given by

f(z) = Y5_,c,P,(2) where P, s are Legendre polynomials 6
2n+1

T2

(ii) Prove that % Uo(2)]=—J1(2). 2

f_llf(Z)Pn(z)dz,n =123 ....

Cn

[Internal Assessment : 10 ]
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2.

Advanced Programming in C and MATLAB
Paper MTM - 104
FULL MARKS : 50

Time : 2 hours

Answer any four questions 4%2=8
(i) Write a program in MATLAB to find the sum of integers and fractional parts of a series
of numbers.

(ii) What is right division ? Explain with example.
(iii) Write a script in MATLAB to find the roots of the polynomial 3x3 — 2x + 6.

(iv) What is the cell array ? how will you write the name,address and age of three students
in a cell array in MATLAB?
(v) Summarize the rules for assigning numerical values to enumeration constants.

What default values are assigned to enumeration constant
(vi) What is type casting and const qualifier in C language ? lllustrate with example.
(vii) Explain the functions fopen() ,fclose().
(viii)  Write a note on the preprocessor operators # and ##

Answer any four questions. 4x4=16

(i) Write a program in MATLAB to add two arrays or two matrices.

(ii) Describe the types of variables in MATLAB according to their scopes in two or more
functions.

(i) Given x = [2,7,4,8,0,10] what will be the values of y for the following relation:
(@)y=x>5

(b) y = x (find (x > 5))
(c) y = length( find(x > 5))
(d)y = all(find(x > 5))

(iv)  what are the functions ‘deconv’ and ‘polyder’ in MATLAB ? Explain with example.

(iv) How is a multidimensional array defind in terms of an array of pointers? What does each
pointer represent ? How elements can be accessed in this case?
(v) Write a programe to interchange the value of two variables using pointers .
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(vii) what is meant by low —level programming ? suppose that v is a signed 16-bit integer
guantity whose hexadecimal value is 0x369c. Evaluate each of the following shift expressions
(utilize the original value of v in each expression. )

(a) V<<4and(b)v>>4
(viii) What is ment by dynamic memory allocation ? Distinguish between malloc and calloc.

3. Answer any two question

(i) what do you mean by recursive function ? write a function in MATLAB to find the value of a
determinant of any order recursively . 2+6
(i)
(@) Write a script in MATLAB to find the product of the diagonal element of a square matrix.
(b) Write a script in MATLAB to create a matrix of desired size from an array input using
‘sscanf’ function. 4+4

(iii) What is a self —referential structure ? For What kinds of application are self —referential
structures useful? Write a program in C to construct a linked list containing three components,
where each component consists of two data items :a string and a pointer that references ,the

next component within the list. 1+1+6
(vi) What is difference between printf and fprintf ? Write a programe which will save a text
file to another file. 2+6

[ Internal Assessment -10 ]
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Paper MTM - 105
FULL MARKS : 50

Time : 2 hours

Answer any four questions 2% 4=8

(a) State the fundamental postulates of special theory of relativity

(b)

Prove that if the transformation does not depend explicity on time then the Hamiltonian

represents the total energy.

(c ) Prove that the Work done by the force in displacing the particle from the position P; to P, is

equal to the difference between the potential energies of the particle at those two positions.

(d)

(e)

(f)
(8)
(h)

(a)

(b)

(c)

Suppose a rigid body is rotating about a fixed point. Prove that the kinetic energy is conserved
throughout the motion.

Show that the rate of change of angular momentum is equal to the applied torque for a system
of particles.

Write a brief note on phase portrait.

Define poisson brackets .show that it does not satisfy commutative property.

Prove that x? + y? + z? — c¢?t? isinvariant under Lorentz Transformation.

Answer any four questions 4 x4=16
Construct the Routhian for the two —body problem , for which
L= g(f‘z + 1r202) —V(r)
A double pendulum consisting of two masses m; and m, oscillates in a vertical plane through
small angles . m, is suspended from a fixed point by light inextensible string of length [;
and m,is suspended from m; by a similar string of length [, .
State the number of degrees of freedom of the system and find the equations of motion by
using Lagrange’s formulation.

Prove that the Poisson bracket of two constants of motion is itself a constant even when the
constant s depend on time explicitly
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(d) Prove that the phase volume is invariant under canonical transformation..

dx d
(e ) Prove that the linear autonomous plane systems E = ax+ by, d_%[/ =cX +dy is stable if

2
p —4g9>0,g>0, p<o0.
(f) Prove that Poisson braket is invariant under canonical transformation.

(g) use Hamilton’s equation to find the equation of motion of a simple pendulum.

(h) State and prove the Jacobi Identity .

3. Answer any two questions 8x2=16

(a) (i) A body moves about a point O under no forces . The principal moments of inertia at O being
3A,5A and 6A. Initially ,the angular velocity has components w; = n,w, = 0, w3 = n about the
corresponding principal axes .Show that at any time t,

Wy = % tanh(\r/l—é)

And that the body ultimately rotates about the mean axis.

(i) If a transformation from q,p to Q,Pbe canonical then bilinear from Y;(6p;dq; — 8q;dpyy)

remains invariant

(b) (i) Let | = f;col F(y,y',x)dx, where y is an unknown function depends on x .Derive a differential

equation to find the curve y = y(x) which will minimize J.
(ii) Derive Lagrange’s equations of motion from the Hamilton’s principle.

(c ) Consider the equilibrium configuration of the molecule such that two of its atoms of each of mass M
are symmetrically placed on each side of the third atom of mass m. All three atoms are collinear.
Assume the motion along the modecules and there being no interaction between the atoms. Compute
the kinetic energy and potential energy of the system and discuss the motion of the atoms. 8

(d) Prove that E= MC?in relative mechanics.

[ Internal Assessment -10 ]
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Group-A
Answers any two questions out of four questions: 2%x2 =4

1. a) What is the maximum number of vertices in a graph with35 edges and all
vertices are of degree at least 3.

b) Prove that there is one and only one path between every pair of vertices
inatreeT.

c) Define Euler graph. Find the value of m and n for which K,,, ,, be the
Euler graph. 1+1

d) Explain spanning tree of a connected graph.
Group-B
Answers any two questions out of four questions: 2x4 =8

2. a) What is Chromatic Polynomial of a graph? Show that Chromatic

Polynomial of a tree with n vertices is P,(1) = 2(4 — 1)* 1L,
b)
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1) Find path matrix between (v3,v,),
i)  Find the circuit matrix.

c) Define binary tree. Find the number of pendent vertices in a binary tree
with n vertices.

d) Define separable graph. Show that vertex connectivity of a graph G can
never exceed the edge connectivity of G.

Group-C

3. Answers any one questions out of two questions: 1x8 = 8
a) 1) Prove that a tree with n vertices has n — 1 edges.

1) What is the maximum number of vertices in a graph with30 edges and
all vertices are of degree at least 3.

1ii) Prove that if G is self complementary then G has 4k or 4k + 1
vertices, where k is an integer. 4+2+2

b) Prove that with respect to a given spanning tree T, a branch b; that
determines a fundamental cut-set S is contained in every fundamental
circuit associated with the chords in S and in no others. Show that any
simple connected planner graphs satisfy the inequality e < 3n — 6 where
n and e are the number of vertices and edges of the graph respectively.

4+4

[Internal Assessment -5]



