C 22767 (Pages : 7)

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

Answer all guestions.
Euach question varries 2 marks.

1. Consider the following statements :
{1} Jan is well or Jan iz still recovering.
(11} IfJan i= still recovering, then Jan is not well,
{IIT}) If Jan is well, then Jan is not still recovering.
Then which among the following are equivalent.
(a} landIL (b} I and IIT.
{c) I and III {d} None,
2, Which Ht-atmn:nt 15 incorrect if X and Y are the two non-empty relations on a set 8 :
ia} IfX and Y are transitive, then the interseetion of X and Y is also transitive.
(b} IFXandY are reflexive, then the intersection of X and Y iz also reflexive.
(e} IfX and Y are symmetric, then the union of X and Y is nol symmetric.
{d) IfX and Y are transitive, then the union of X and Y is not transitive,

3. The Initial value Problem ;
y =35%3, (2) = 0 has

(a} Unique solution. (b) Twosolutions.
(e} Nosolution. (d) Infinitely many solutions.

o
3212 -4 7

4, The inverse Laplace transform of

bt s
(a) E:nﬁ{.éih?cmh{?!}. (b) 3s.n:‘nl{t'_i | Ts:nhl{ds]-
() %sin{ﬂt] + %si.uh {at). (d) %aln[ﬂt‘j + %Hinh{'ﬂ'}.
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 1+cos(z)
5. The type of singulanty of fiz)= {E_“}E at z=r I8!

(a) Poleolorder 2. (b) Pole of order 1.
{¢} Removable singularity. {d) Essential singularity.

. In R with the co-finite topology, consider the following sequences :

(i 1,23.])
(i) (1,1,218.1..)
(i) 11,2,1.2,1.2..).
Then
ia) All are convergent. (b} All are not convergent
(e} Onmly (i) convergent. (d) Only (iii) is not convergent.

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

(8) WuW =W- b)) wow' =w"
() WuW =4. d) w-w'.

. The nature of the PDE Iﬂuﬁ —Exyuzj—ﬂyzuﬂ+u~, = [ for all values of x, y is

{a) Parabaolie. {b) Hyperbalic.
{c} Elliptic, {d} None of the above.
. Which ameng the following pairs of functions is linearly dependent on the given intervals ?
(a) sindx, cosdx (~=, =). (b) cos2x,sin®x (0,2).
(e} =tax| [-L1) (d} None of the above

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

Jz =X <xe) |

This equality i3 known as :

{a) Parseval'sidentity. (b} Apollonius identity.
{¢) Holder's inequality. {d) None of these.
12. How many double transpositions are there in permutation group S, as elements.
{a) 3. (br 4.
(e} 12 {d) 8.

13. Given the two points [a,f( a) |.[ 6.7 (b) ], the linear Lagrange interpolating polynomial that passes
through these two points is given hy :

@ E=2 f(a)+ 5 F (b) b))+ =r ().
() {nhﬂﬁ}—ﬂa}{b a). (d) Hf{ﬂlﬂ‘ﬁﬂbl-

14, If f(x) continuous in [a, b] and f{a) f (b} < 0, then the equation f(x) = 0.
{a) Can have no solution in |e, ).
(b} Can have two solutions in [a, &)
{¢) Can have five solutions in {zb].

id) Can have six solutions in |e, b].

15. Taylor polynomial of order two at x = 0 for the function f1 x is:

e L
(a) 1*"2*-‘: g* by le+=x ol
Tt 1, 1
(c) 2+E:—§rﬂ. () lsgz-oa.
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Suppose that :
]

f{I}= Zﬂmf-&l{rkﬂﬁiﬂ
sl e rwy W

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

{d} Both are continuous but not differentiable on R.

Radius of convergence of the power series »% + 27 + 2% + 27 42 4 08

fe) L. (b} &
{e} 0O, (d) Infinity.

In dual simplex method, —————— variables are not required.

(a} Slack. (b} Surplus.
{¢} Original. id) Artificial.

The intersection of finite number of closed half spaces in R™ is called :
(a} Convex null, {b) Polyhedral convex set,
{¢} Convex cone. id) Simplex.

The eigen functions of symmetric kernel, corresponding to different eigen values are :
(a) Real (bl Imaginary.

(¢} Orthogonal. {d) Equal.

Hahn decompesition is unique expect for :

{a) Positive sets, (b} Negative sets.
{c) Nullsets. (d) Measurable sets.

In a Hausdorrf space, every sequence has :
(a) Many limits. (b} Nolimit.
(¢} At most one limit. id) Exactly one limit.
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23, The convolution of f(¢)=e¢™ and g(t)=sin(t) is:

@) (F~&)(e)= 3¢ vsin(e)-cos(r) |
by (F=g)(t)= %l:e: +sin(t)+ ms[r}] :
(@) (F*8)(t) =] ~sin(t)-cos() .

(d) {f*ajtt}=ﬂ="—ﬁn{f}-mﬁ{f]}

24, The integral equation :
1 ! 3
g[3}=§+3- I{s—f}g (t)dt
o

is

ia) Homogeneous linear Fredholm integral equation of the second kind.

ib) 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 kP Betti number of Klein bottle is :

{a) k

{b) 1 fork=0,1and 0 for all other values of k:

(e) 1 for all values of k.

(dy 0fork =0 1and 1 forall other values of k.
{25 % 2 = 50 marks)
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Parlt B

Answer any ten questions.
Each question carries 5 marks,

Determine the range and null space of the linear transformation

T-RY —» g with T(x,3,2)=(x-y+2,y-2,x2x -6y +bz).
If % a,, > b, are absolutely convergent and define :

Ly Z .0,

ref

Then show that ¥ ¢, is absolutely convergent and ¢, =2'a,, 3 b, .

Let £ be a continuous mapping defined from a topological space E to a topological space F. 1f {p_|
converges to g in E, then show that {f(p_ )] converges to f(p)in F.

Prove that lem{a,b}»ged|a,b} =| ab |,

where @ lemie,b} denotes the lowest common multiple of @ and & and gedla, b} denotes the greatest
common divizor of @ and b,

Prove that if £is a function that is continuous on the interval [a, &), 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 wiz) = E[E *E}'

Let {x ) be a sequence in a normed space X. Show that x L B implies

lim in f e 2 | 2] 2|

Let R be a ring. Let M, N be simple {or irreducible) sub modules of R, and let p: M N he a

homomorphism of R-modules, Prove that either ¢ =0, or ¢ is an isomorphism.

If {K,] be a sequence of nonempty compact sets in R* satisfying K, 2K; 2K5..., then show

that r]:_lliu * 0,



36,
27.

38,

39,

40.

T C 22767

Prove that it is impossible Lo trisect an angle with a ruler and compass,

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

Sulve the congruence equation 230x =1081(mod12167).

Apply the Gram-Schmidt orthonormalization process to the following basis for R,

B={1L10},{1,2,0},(0,1,2) and get the orthonormal basis.

Show that the continuous image of a Lindelsf space is Lindeldf.
{10 x 6 = 50 marks)



