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Research Entrance Test — 2013

No. of Questions : 50

Time : 2 Hours _ Full Marks : 200

Note : (i) This Question Booklet contains 40 Multiple Choice Questions followed by
10 Short Answer Questions. E

(ii) Attempt as many MCQs as you can. Each MCQ carries 3 (Three) marks.
1 (One) mark will be deducted for each incorrect answer. Zero mark will be
awarded for each unattempted question. If more than one alternative
answers of MCQs seem to be approximate to the correct answer, choose the

closest one.

(iii) Answer only 5 Short Answer Questions. Each question carries 16 (Sixteen)
marks and should be answered in 150-200 words. Blank 5 (Five) pages
attached with this booklet sha!l only be used for the purpose. Answer each
question on separate page, after writing Question No.
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'Mathematics - Code No. : 895

1. Most of the land precipitation and evaporation on earth t'ake% place over the :
(1) land masses -
(2) oceans and seas
(3) poles of the planet

(4) subtropical Iptitudes

2. The downst;g_am por_;ion of a river :
(1) generally becomes more sluggish
(2) usually has turbulent flows
(3) generally is of higher velocity, which is marked by reduckd turbulence

(4) has lower discharges than do upstream portions

3. Which of the following is not a fatty acid ?
(1) Stearic acid (2) Palmitic acid

(3) Oleic acid | (4) Phenyl acetic acid

4. Which of the following compounds is not an antibiotic ?
(1) Penicillin (2) Chloramine-T

3) Streptom_ycinl (4) C]hloramphenicqfl

9. The acceleration with which a particle moves in a straight lizile, according to the
law v2 = 4a(xsin x + cos x), v being the velocity of the particle at a distance x from
a fixed point, is : ¥

(1) 0 (2) 24X CO8 X

(3) 4axcosx (4) 2axsinx
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6. If _ A & 1 , then the matrix Ais:

1 3|71 3] 0
g, wi - [, 82T
(M 3/4 —1} @) | 5/4 #.1/-2},-
[-17/4 3/4 5/4  11/47
G) | -7/4 ~--1/4} “) 3 ~9-A4;|:

7. If the error in the measurement of radius of sphere is 0.3%, then the percentage
error in the measurement of its volume is : ‘ '

(1) 0.15% (2) 0.6% L
(3) 0.9% 4) 0.03%

8. The resistance of series combination of two resistances is S. When they are joined
in parallel, the total resistance is P. If S = nP, then the minimum _possible value of

nis:
(1) 3 (2) 4
(3y 2.1 (4) 0.89

9. Mitochondria are associated with the function of :
(1) cellular digestion | (2) circulation

(3) protein synthesis (4) cellular respira'tib'ri"

10. In which parts of eyes, rods and cones are present T
(1) Retina (2) Iris

(3) Cornea (4) Lens
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11, The radius of convergence of the power series,

+a‘bz+a(a+l)b(b+1)zz ______ ,
lc 12c(c+1)

where a,b,c being complex numbers is :

() 1 (2) 2 3) 3 4) 4

12. The function f(z)=sin {2(2 + l)} has been expahded in the following series,

BT P
f(Z): a,+ Zaﬂ‘| Zn +_";;"]J
where 4,., n21, are given by :

(1) a, :E}}; Jgnsin@cos 0) cos n6 do
1 con .

(2) a, :—J sin{4 cos ) cos 10 do
21 0

(3) 4, == [*"sin(cos 8)cos n0do

a, =5l sin{cos 6)cosn
B 1, = P sintasing) cosribid
4) a, _E;IO sin{4 sin Q) cos n

13.  Which of the following subsets of real numbers R does not have the Cardinal
number C ? '
(1) fxeR:0<x <1}
(2) {xeR:0<x<?2}

(3) {xeR:x20}

(4) {x: x N = Set of natural numbers }
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14. For a measure space (X, s, p), which of the following statements is not true ?

(1) If {A, }-_, is a sequence of pairwise disjoint measurable subsets of X, then

P-[UAnJ: ZI-L(An)
n=1 n=1

(2) u(¢)=0 where ¢ is a null set
(3) If A,BEs, Ac B, then pu(A) < u(B)

@) 1f {B, }‘::1 is a sequence of subsets of X, then

\

u{@&:k iu(Bn)

n=1 =1

[r & = 8]
15, If Ya, and b, are each convergent series of real numbers then their
n=0 1=0

0
Cauchy's product series ) c,, where
n=0

n
¢y = > ap by, 120, is:
k=0
(1) convergent but not absolutely convergent
(2) absolutely convergent

(3) not convergent

(4) divergentif Y a, is absolutely convergent
n=0

18. Which of the following statements is not true ?

(1) If X is a non-empty set and P(X) is a power set-of X then (X,P(X)) is a
topological space. '
(2) If X is a non-empty setand T = {6, X} then {X, T} is a topological space.

(3) If X is an infinite set and T = Y € X :Y isan empty setor Y'is finite}, then
(X, T) is a topological space.

4) If X=1{a,b,cfand T = o, X, {a, b}, {a,c}},. then (X, T) is a topological space.
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17.  The number of elements of order 5 in the group Z,; ® Z; are :

(1) 5 2) 16 (3) 20 @

18. How many elements belong to the field Z[i]/ <2 +i >, where Z[i] is the ring
of Gaussian integers and <2+ > is the ideal of 2[i] generated by 2+i ?

m2 @ 5 @ 7  (4) infinite

19.  What is the smallest positive integer n such that there are four non-isomorphic
abelian groups of order n ?

(1) 24 . (2) 36 (3) 48 | (4) 64

20. Which of the following statement is correct ? In the rmg of Gaussian integers
2[i] : |
(1) 3 and'2ate irreducible elements, but 5 is not irreducibl%
(2) 3 and 5 are irreducible elements, but 2 is not irreduciblqge
(3) 3isan irreducible element but 2 and 5 are not irreducih?ble

(4) Sis an irréducible element but 3 and 2 are not irreduci}f!ple

21. The degrée of the splitting field of the polynomial x®+1 over the field of
rationals Q is:

(1) 3 (2) 8 (3) 6 (4) 4

22. If A is a nilpotent matrix, then A is similar to :
(1) a diagonal matrix
(2) ascalar matrix
(3) a triangular matrix

(4) a triangular matrix whose entries on the main diagoneﬂ! are all zero

23. If the motion of a fluid is irrotational, then the velocity vector g satisfies the
condition :

(1) divg=0 (2) divg=0 (3) curl §=0 b curl g0
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25.

28.

27.

28.

29.

The degree of freedom of a rigid body in motion with its tvo points fixed is :
M1 (2) 2 3) 3 4) 4 .

If at any point of a straight line, a system of forces acting at different points of a
rigid body can be reduced to a single force and a single couple in which the axis
of the couple coincides with the direction of the force, then the line is called :.

(1) Pitch (2) Central axis (3) Wrench (4) Screw

Among all the curves joining two given poihts A(xg, 1#Y'and B(x;, y1), the one
which generates the surface of minimum area when rotatéd about the x-axis is:

(1) cycloid (2) parabola (3) hyperbola (4) catenary

If a rigid body is rotating about one of its own fixed point under no forces, then
throughout the motion :

(1) its kinetic energy remains constant but the angular momentum varies .
(2) both its kinetic energy and angular momentum vary
(3) its kinetic energy varies but the angular momentum remains constant

(4) both its kinetic energy and angular momentum remain constant

In the Hamiltonian formulation of a dynamical system, the equations of motion
are in terms of : -

(1) one set of second order differential equations
(2) one set of first order differential equations
(3) two sets of second order differential equations

(4) two sets of first order differential equations

The integral equation given by
| u(x) = Fx)+ [ k(x, Eu(EME
is known as :
(1) Volterra integral equation of the first kind
(2) Fredholm integral equation of the first kind
(3) Volterra integral equation of the second kind
(4) Fredholm integral equation of the second kind
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30. The differential equation
(1 s )y" ~2xy’ +n(n+1)y =0,
where n isa ckmstant, is known as :

(1) Legendre equation (2) Bessel equation

(3) Hypergeometric equation (4) Laguerre equation

31.  The maximum number of basic solutions of the sysfem,
2x) = 5x9 +x7 +3x, =4
3x; ~10x5 +2x3 + 6%, =12
is:

(1) 5 ) 6 (3) 7 4) 8

32. For the matrix

'Y 3 3
A=|2 1 5
3 5 1

the value of row norm “ A “ "

1) 3 ) 5 3) 7 ) 9

33. In finite difference method, the five point formula is used for dolution of ;
(1) Wave equation (2) Heat equation

(3) Laplace equation ' (4) None of these

34. Ifa function f:R’-» R is defined as

fx) = 2012 ~af -3,
then which of the following is true for the function f:
(1) Its Hessian is positive definite hence is convex
(2) Its Hessian is positive semi-definite hence is concave
(3) Its Hessian is negative definite hence is convex
(4) Tts Hessian is negative semi-definite hence is concave
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35. Suppose thata curve o : [0, 4] >R % is given by

at) = (t -3, Vi, tF)
If ¢:[0,2] > [0, 4] is given by

&1} = u?,
then the reparametrization B of the curve o by the map ¢ is :
(1) plw) =2 +3, 1, -3u°) @ B =w2-3,u u*)
(3) Blu)= (u2 -3, u?, u3] (4) B(u)= (u, u?, 1:3)

36. Let d(s) =(rcosws, rsinws, hws) be a unit speed circular helix with

| 1

W = e

then :

1) k(s)y=w?r, t(s)=h*r @) kis)=r?w, 1t(s)=h’w
3) k(s)=w?r, t(s)=w?h 4) kis)=h?r, t(s)=h*w

37. Which of the following statement is true for the cylinder ?
| sz{(x,y, z)eR31x2+y2 =1}
and the sphere

52:{(x,1,z)eR3|x2+y2+22=1} ?

(1) C? and S? cannot be covered by a single surface patch |
(2) C 2 and % can be covered by a single surface patch

(3) C? cannot be covered by a single surface patch but S can be covered by a
single surface patch

(4) C? can be covered by a single surface patch but $? cannot be covered by a
single surface patch

38. The set of all straight lines in the Euclidean plane isa C* manifold of dimension :

(1) one (2) two (3) three - (4) four |
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39. Consider the function

a:R— ]R2
given by
a(t) = ~at, 2 - 4)
then :
(1) a is an embedding with self intersection for t = -2 and f =2, but « is not an
immersion
(2) aisanimmersion but it is not an embedding
(3) ais a submersion but not an immersion
(4) «isan embedding butnota submersion

Let f:M| > M, and g:M; - M, be C*¥ map'g on C* manifolds. Then the
Jacobian maps of f and ¢ :

(1) are linear and satisfy the chain rule

(2) are linear but fail to satisfy the chain rule

(3) are non-linear and satisfy the chain rule

(4) are non-linear but fail to satisfy the chain rule

Attempt any five questions. Write answer in 150-200 words. iEach question carries
16 marks. Answer each question on separate page, after writing Ouestion Number.

1.

Show that a subset of a topological space is closed if and only if it contains its
boundary.

Prove that B, B' are Banch spaces over k(= R or C) and T is a lincar
transformation of B into B’ then T is continuous <= its graph is closed.

Show that any field F of characteristic zero is a perfect ﬁeld

If N is a submodule of an R-module M such that N and M/N both arc¢
noetherian then show that M is noetherian.

Verify whether or not the transformation
Pe= -%—(pz + qz), ()= tan‘](—q—)
P

is a contact transformation ?
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6. For an incompressible homogeneous fluid, the velocity distribution at the point
{x, ¥, z) is given by
u=—y/r*)
W (czx / y2 ),
w=0. ; , |
Where 7 denotes the distance from the z-axis. Show that it is a possible motion
and determine the surface which is orthogonal to stream-lines. |

7. Reduce the initial value problem

°
-%%=lMﬂ+g&)

.ny) =1, y'(Uj =0

into Volterra integral equation of the second kind.

8. Prove that the solutions of the Dirichlet problem depend continuously on the
boundary data.

9. Consider the sphere

(x])2 +(x2)2 +(x3)2 =1]

52(1) = {(x1, x2, x3) eR?

consider the collection
A ={(on. Un) (s, Us),
where
Uy =S$*(1)-1{0, 0, 1}
Ug =5%(1)-{0, 0, -1)}
and _
on Uy — R and ¢g:Ug - R’

are the stereographic projections. Then prove that A is an atlas for $%(1).

10. Let M be a Riemannian manifold with its Riemannian connection V. Then
prove that the Hessian Hf of a C * function f on M is given by

(Hf)(X,Y)s(VX(gmdf), Y), X, YeTM
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