C 22767 (Pages : 7)

Ph.D. ENTRANCE EXAMINATION, APRIL 2022
MATHEMATICS
Time : Two Hours Maximum : 100 Marks
Part A

Answer all questions.
Each question carries 2 marks.

1. Consider the following stataments :
(1) Jan is well or Jan is still recovering.
(1) IfJdan is still recovering, then Jan is not well,
(IIT) IfJan is well, then Jan is not still recavering.
Then which among the following are equivalent.
(a) landlIL (b) 1andIL
(c) I and ITI. {d) - None.
2. Which st.ateme.nt is incorrect if X and Y are the two non-empty rolationson aset 8 :
(a) IfXandY are transitive, then the intersection of X and Y is also transitive.
(b) IfXandY are reflexive, then the intersection of X and Y is also reflexive.
(¢) IfXand Y are symmetric, then the union of X and Y is not aymmetric.
(d) 1f X and Y are transitive. then the union of X and Y is not transitive.

3. The Initial value Problem :
y «3y%'3, y(2) =0 has

(a) Unique solution. (b) Two solutions.

(¢) . No solution. (d) Infinitely many solutions.

. , 8 3 .
4. The inverse Laplace transform of 32+12 o2 -48 &'

(a) 1cos(2.t)+§coah(7t). (b) 5—sin(t)or§sinh(4t).
3 7 3 7
© %sm(&h;smh(&). @) %sm(zmgsinh(m.
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1+ cos(z)
The type of singularity of f(’)=mz— at £=ris:

(a) Pole of order 2. (b) Pole of order 1.

t¢) Removable singularity. (d) Essential singularity.
In R with the co-finite topology, consider the following sequences :
M {123..).

i) (1,1, 2,1,3,1..).
Giv) 11,2,1,2,1,2_).

Then
(a) All are convergent. (b) All are not convergent
(¢) Only (1) convergent. (d) Only (ii)) is not convergent.

LetWand W' be subspaces of a vector space V such that w W' is alao a subspace of V. Then
which of the following is not likely to be true ?

(a) WuwW =w- b wuw' =W
) WuW =¢. d) w=-w'".

The nature of the PDE zzua —Zx;yu,, —3y2u” +uy =0 for all values of x, y is :

(a) Parabolic. (b) Hyperbolic.
(c) Elliptic, (d} None of the above.
Which among the following pairs of functions is linearly dependent on the given intervals ?
(a) sin4x, cos4x (—mo, =). (b) cos2x,sin? x (0,).
() 22| [-L1]. (d) None of the above

Among the following numerical methods, which one is having the highest rate of convergence :
(8) Secant. (b) Muller.
(¢) Regula-Falsi. (d) Newton-Raphson.
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Let H be a Hilbert space and let {¢;} be an orthonormal sct in H, then :

13F =) <xe) [
This equality is known as :
{a) Parseval'sidentity. (b} Apolloniug identity.
(¢) Holder's inequality. (d) None of these.
How many double transpesitions are there in permutation group S, as elements.
(a) 3. (b) 4.
(c) 12. (d) 8.

Given the two points [a.f (a)].[b.f (b)]. the lincar Lagrange interpolating polynomial that passes
through theee two points is given by :

x-b x-a x x
(a) ﬁf(a)‘*awa(bl (b) m[(a)*‘b_af(b)-
© @G o) @ @IS,

If f(x)continuous in {a, b} and f(a} f (b) < 0, then the equation £ (z) = 0.
(a) Can have no solution in [a, b}.
(b) Can have two solutions in [a, b).
(¢} Can have five solutions in [a.b].
(d) Can have six solutions in |a, b].

Taylor polynomial of order two at x = 0 for the function [ ¢ is:

1. 12 L1, 1.2
(a) lfzx 8:. (b lozx 4:.
1 _l 2 1. 1.2
(c) 2+4z 8:. (d) 1+8z 2x.
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Suppose that :

Fle)- 3 B gix)= 5 5
n-1 B a=-1 N

then
{a) Both series converge uniformly and absolutely en R,
(b) Both series converge uniformly but not absolutely on R.
(¢) Both are differentiable on R and f is the derivative of g.

(d) Both are continuocus but not differentiable on R.

Radius of convergence of the power series 22+ x¥ +xb +x7 42" 4+ ... is:
(a) 1. (b) 2.
(c} O. (d) Infinity.

In dual simplex method, ————— variables are not required.
(a) Slack. (b) Surplus.
(¢) Original. (d) Artificial.

The intersection of finite number of closed half spaces in R" is called :
(a) Convex null. (b) Polyhedral convex set.
{¢c) Convex cone. (d) Simplex.

The cigen functions of symmetric kernel, corresponding to different eigen values are :

(a) Real. (b) Imaginary.
(c) Orthogonal. (d) Equal.
Hahn decomposition is unique expect for :
(a) Pasitive sets. (b} Negativesets.
(¢) Nullsets. (d) Measurable sets.

In a Hausdorrf epace, every sequence has :
(a) Many limits, (b) No limit.
(c) At mostone limit, (d) Exactly one limit.



23. The convolution of f(¢)=e™' and g(t)=sin(t) is:

(a) (Feg)t)= %[e"‘ +sin(t) —cos(t)].
) (Fe8)t)= %[E‘ +sin(t) + cos(t)].
@ (f+8)(5)=3[¢ ~sin(t)-cos(e)].

@ (£*8)(t)=[e* -sin(e)- cos(t)].

24. The integral equation ;
1} 2
g(s)=-§+s—'[(s—t)g (e)a
0

is

(a) Homogeneous linear Fredholm integral equation of the second kind.

(b) Homogeneous non linear Volterra integral equation of the second kind.

(¢} Homogeneous linear Volterra integral equation of the second kind.

(d) Non Homogeneous non linear Fredholm integral equation of the second kind,
25. The A Betti number of Klein bottle is :

(a) &

(b) 1 fork=0,1 and O for all other values of k.

(¢) 1 for all values of k.

(d) Ofork=0, 1and 1 for all other values of k.
(26 » 2 = 50 marks)
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Part B

Answer any ten questions.
Each question carries 5 marks.

Determine the range and null space of the lincar transtormation

T:R? » R* with T(x,3,2)=(x-y+2,5-2,x,2x-6y+ 52).

If Ya,. ) b, are absolutely convergent and define :

n
Cu: Z ﬂrb", r
r=0

Then shew that Y c, is absolutely convergent and ) e, =) a,.) b, -

Let /'be a continuous mapping defined from a topological apace E to a topological space F. If (p, |
converges to p in E, then show that |/ (p,)) converges to f(p}in F.

Prove that lem{a,b} xged[a,b} =| ab |.

wkhere : lcm{a,b) denotes the lowest common multiple of a and 4 and gedle, b} denotes the greatest
common divisor of a and b.

Prove that if £is a function that is continuous on the interval [a, b], then / is Riemann-Stieltjes
integrable on [a, b).

Prove that the implication is left distribution with respect to the disjunction.

1 1
Find the image of the line passing through origin under the Joukowsky Transform @/(2) = E(Z + ;)4

Let (x,) be a scquence in a normed space X. Show that xn-—“"‘;—"‘?—-.; implics

Kmin fo .o f 0 [ 2] <]
Let R be a ring. Let M, N be simple (or irreducible) sub modules of R, and let ¢: M+ N be a
homomorphism of R-modules. Prove that cither ¢ =0, or ¢ is an isomorphism.

If IK,| be a sequence of nonempty compact sets in R* satisfying K, oK; 2K; ..., then show

that n:_ lKu +0.
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Prove that it is impossible to trisect an angle with a ruler and compass.

Prove that there cannot be a continuous onto function f:R 5> R/Q.

Salve the congrucnce equation 230x = 1081(mod12167) .

Apply the Gram-Schmidt orthonormalization process to the following basis for R3.

B ={11,0},(1,2,0),(0,1,2) and get the orthanormal basis.

Show that the continusus image of a Lindeltf space is Lindelaf.
(10 x b = 50 marks)



