Entrance Examination : M.Sc. Mathematics, 2013

Hall Ticket Number L L] lh_IT_—)
Time : 2 hours Part A : 25 marks
Max. Marks. | @O Part B : 75 marks
Instructions

1. Write your ~—e——~——n— Hall Ticket Number on the OMR, Answer
Sheet given to you. Also write the Hall Ticket Number in the space
provided above.

2. In part A a right answer gets | mark and a wrong answer gets — 0.33
mark.

3. In Part B, some questions have MORE THAN ONE correct
option. All the correct options have to be marked in the OMR,
answer sheet, otherwise ZERO marks will be credited. '

4. Answers are to be marked on the OMR answer sheet following the in-
structions provided there upon.

9. Hand over the OMR answer sheet at the end of the examination.

6. No additional sheets will be provided. Rough work can be done in the
question paper itself/space provided at the end of the booklet.

7. There are a total of 50 questions in Part A and Part B together.

8. The appropriate answer should be coloured in either a blue or black ball
point or sketch pen. DO NOT USE A PENCIL.
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Part A

. We say that a sequence (a,) does NOT converge to [ if

A. Ve >0, Vng € N, Vn > ny we have lan ~ | > ¢.
B. Ve > 0. Vng ¢ N. "In > 1y such that |an — lll > €.
C. 3 >0, Vng € N, Zn > ny such that la, — 1] > €.
D. 32 >0, Yng € N, Vn > ny we have |a, — l| >e.

. Consider a sequence (a,) of positive numbers satisfying the condition
Anlnys < 0%y, Vn € N then (a,) is a

A. convergent sequence if a; £ 2u,.
B. monotonically increasing sequence if a3 7 2as.
C. convergent sequence if a; = 2a,.
D. monotonically increasing sequence if a, = 2a,.

)
. The sum of the series Z [(n+ 1)s — né] is
n=1
A. less than —1.
B. equal to ~1.
C. greater than -1 hut less than 2.
D. none of the above.

. Let S = {z € R/x? < 5} N Q. Which of the following statements is true
about S§7
A. S is bounded above and sup S € Q.
B. S is bounded above and sup S € R — Q.
C. S is a closed interval.
D. S is an open interval.
el g1
. The value of i:lr(l) ;(1‘7:;*;—(;(1—1—/1*) 18
A. 0.
B. 1.
C. -1
D. none of the above.

- Consider the function f : R — R given by f(z) = {
The set of all points at which f is continuous is
A. {2,3}. B. {3}. C.R-{2,3}. D. R - {3}.

“$+3) IUEQ,
> —6z+9 ¢Q.



7. Consider the function f: R — R given by f(zr) =

sinx, r >0,
I-cosz, z<0.
Which of the following statements is true ahout f?

A. f is differentiable.

B. f is continuous but NOT differentiable.

C. f is discontinuous.

D. none of the above statements is true.

- Let f:[0,1] - R. g: 0. 1] - R given by f(xr) = { L zeQ@no,1],

0 z¢Qn(o,1],
Ao )0 xeQnlon
a,ndg(l)—{l r¢Qno,1

A. both f and g are Riemann integrable.
B. f is Riemann integrable but 9 is NOT Riemann integrable.
C. g is Riemann integrable but f is NOT Riemann integrable.

]
i " then

D. both f and g are NOT Riemann integrable.

10.

11.

12.

o 2k
D
k=0
A0 B. log2 C.2 D.
A solution of zdy — ydz + (22 + y*)dx + (22 + y¥)dy =0 is
A. arctan(y/z) + = + y=C. B. i{ + %+ y? = C.
C.arctan(y/z) + 2> +y* =C. D, % +taty=C.

The general solution of (D* + I)2y = 0 is

A. Cysing + Cycost + Cye® - Cie™".

B. Cizsinz + Chz cosx + Cse® -+ Cye™7,

C. (Ci + Coz)sinz + (Cs + Cyx) cosz + Cse® + Cge™ =,

D. (Cy + Coz)sing + (Cy + Cyz) cosz + (Cy + Cesz)e® + (C; + Csgz)e2,
Consider three different planes AnT+a12y+ai3z = dy, anT+agny+az =
dy and a1z + azy + azyz = ds. Let A = (ai;), 1 <4, < 3. Which of the
following conditions necessarily implies that there exists a unique point
of intersection of all three planes?

A. det(A) =0 B. det(A) # 0
C. Trace(A) = 0 D. Trace(A) # 0

3-+




13.

14.

15.

16.

17.

18.

19.

R-%

The number of planes containing both the lines % = g = g and
T-2 y-4 z2-6 .

-
A 0. B. 1
C. more than 1 but finitcly many. D. infinite.
10 0
Let A= |0 1 " 22 | . then det(A) is
0 1/7 = |

A. zero.

B. a nonzero rational number.

C. an irrational number less than 1.

D. an irrational number greater than 1.

Consider the vector space R? over R and 4, B C R® such that 0¢ AUB.
Let the number of elements in A and B are 4 and 2 respectively, then

A. both A and B are linearly dependent sets.

B. A is linearly dependent set but B is linearly independent set.
C. both A and B are linearly independent sets.

D. none of the above is a true statement.

The number of group homomorphisms from Zyo to Zy3 is

A. 0. B. 1.
C. more than 1 but finitely mauy. D. infinite.

The center of Z; is
A. {0}. B. Z;. C. Z. D. Zs;.

Let G be a group and H be a subgroup of G. Which of the following
Statements is true? o

A.If H is a normal subgroup of G then gH =Hg, Vg€ G.

B. If H is a normal subgroup of G then 9H # Hyg, for some g € G.
C.If gH = Hyg, for some g € G then H is a normal subgroup of G.
D.If gH # Hyg, for some g € G then H is a normal subgroup of .

The number of elements of order 8 in a cyclic group of order 16 is
A 1. B. 2. C. 3. D. 4.



20.

21.

22.

23.

24.

25.

If x # e, y # e are elements in a group G such that the order of z is 2
and z7'yx = y? then the order of y is

A L B. 2 C. 3. D. 4.

In the ring (Z, +,.) the set {12u + 30v|u,v € Z} is same as nZ for n =
A. 6. B.4 C. 3. D. 2.

Let S be the sphere with center at the origin and radius 1. Let f 1s a
vector field given by f(r,y.z) = (z — 2zy2)i + 922yz% + (yz* — 3222%)k.

If 72 is the outward normal then. the value of j/j / f.ndS =

4
A. 0. B. 37 C. D. §7r3.
If ¢ is a real valued smooth f'L\I{(ttiorl and f is a vector valued smooth
function on R3, then div(e Curlf) =

A. Vd)._ Curlf

B. V(f.V¢) _ B

C. V¢. Curlf + V(f.V¢)
D. none of the above.

What is the probability of that girls outnumber boys in a family with 5
children. Assume that births are independent trials and probability of a
boy is equal to 1/2.

1 15 17
A. 0. B. 3 C. TR D. TR
Consider two boxes numbered Box1 and Box2. Let Boxl contains 5 red
balls and 4 black balls Box2 contains 10 red balls and 17 black balls.
Consider a random experiment of choosing a box, picking a ball from it.

What is the probability that the color of the ball is red?

25 50 15 15
A. 5 B. =1 C. 3% D. 7

B-F
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Part-B

Correct answer/s marked in OMR sheet to a question in this Section get 3 marks and
zero otherwise.

26. Consider the statement ‘There is a train in which every compartment has
at least one passenger without the ticket.” Negation of this statement is

A. There is a train in which every compartment has at least one
passenger with the ticket.

B. There is a train in which every passenger of every compartment has
the ticket.

C. Every train has a compartment in which every passenger has the
ticket.
D. In every train every passenger in every compartment has the ticket.

27. Consider a sequence (a,) of real numbers. Which of the following condi-
tions imply that (a,) is convergent?

1
A ant: —anl < = Vn € N.

1
B. ICL,,_+1 - O,n‘ < 3_71’ Vn € N.
C.a, >0, Vn €N and a, is monotonically increasing.

D.a, > 0, Vn € N and a, is monotonically decreasing.

28. Which of the following series are convergent?

Rl il 4= nlogn e

29. Which of the following statements are true?

A If A C Q such that Q — A is finite then A is dense in R.

B. There exists A C Q such that Q — A is infinite and A4 is dense in R.

C. There exists a pair of disjoint subsets of Q such that both of them
are dense in R. _

D. None of the above is a true statement.

30. Consider f : R — R given by f(z) = sin®(|z|), then f'(0)

A. is equal to —1. B. is equal to 0.
C. is equal to 1. - D. does not exist.



31.

o
¥

33.

34.

35.

B

Consider the following two statements.

Sy If £ :{0.1] — [0. 1] is continuous then 3z, € [0, 1) such that
f(zo) = zo.

Sp: There exists a continuous function f : [0, 1] — [0, 1] - {%} such that
fis on to.

A. Both S; and S, are true.

B. S| is true but S, is FALSE.
C. S, is true but S; is FALSE.
D. Both S; and S, are FALSE.

Cousider the following two statements.

T2 o
sin T _
St dx exists.
0 X

12
Sa: / —dzx exists.
o logx
A. Both S, and S, are true.
B. S; is true but S, is FALSE.
C. S, is true but S is FALSE.
D. Both S, and S, are FALSE.

Solution of (2 + y?)zdz + (22 + y?)ydy + 2ry(zdy — ydz) = 0 is

2 2
x B 9, 3 x _
A. log(\/z2+y2)—x2+y2 =C. B. log(z*+y )wx2+y2 =C.
C.log(/z% + y?)—tan™! % =C. D. log(z2+y?)—tan~! L = ¢
T

The general solution of (D? — )y = 12 + e ig

1 .
A. Ci&® + Cpe® - [Z(Q:r + 1)~ 4+ 22 + 2} .

1 .

B. Cisinz + Cycosx — b—(?"r + e ® + 22 + 2}.

1 .
C. C’lex + CQG—I — [56” -+ .T2 + 2:' .

1 .
D. Cisinz + Cycosx - bcT 4- 2% 4 2}. .
r—1 y-1 z -
The value of £ such that the lines z . y T3 2 and
rrl_y-t_ = are coplanar is
= —— = - T}
2 1 "3 :

A 1. B. 1. C. -2. D. 2.

-



36.

37.

38.

39.

40.

-t

Consider a plane which is at a distance p from the origin O = (0, 0, 0). Let
A, B, C be the points of intersection of that plane with the co-ordinate
axis. The locus of the center of the sphere passing through O, A, B and
Cis

2 2 2 1 1 1 1 4
e L. 1.1 2 p 4.4 4 1
_~'E2+_y2+;2-_]¥ ."—xz'*'yz ;—p—z

Consider the circle C which is the intersection of the sphere z2 + y? +
2’ = —y -z =0and the plane & +y + z = 1. The radius of the sphere_
with center at the origin, containing the circle C is

A 1. B. 2. C. 3. D. 4.

Which of the following statements are true?

A. All groups of order 4 are ahelian.

B. All groups of order 6 are abelian.

C. 732 — 1 is divisible by 7.

D. A subgroup of a cyclic group must be cyclic.

Consider the quotient group G = Q under addition. Which of the
following statements about G are true?

A. G is a finite group.

B. In G every clement has a finite order.

C. G has no nontrivial proper subgroups.
D. G is NOT a cyclic group.

Let§={(8 ?)!ae@—{o},be(@},u={(é l{)lbe@},
’p:{(g ?)]aEQ»{O}}.

Which of the following statements are true?

A. G, U, D are all groups under multiplication.
B. D is a normal subgroup of G.

C. U is a normal subgroup of G.

D. For every matrix A € U, ADA"L C D.



41.

42.

43.

44.

45.

46.

B+

Let X = {1,2,3,4,5}, 2(X) be the power set of X. Consider the ring
R=(P(X),A,N), for subsets A&B of X, AAB = (AUB) - (ANB).
Which of the following statements are true about R?

A. R is a commutative ring with unity.

B. R is a field. ‘

C. Every element in R has ‘additive’ order 2.

D. Every element in R has ‘multiplicative’ order 2.

Consider the ring R = (Zgy. +,.). Which of the following statements are
true about R?

A. There are no maximal ideals in R.

B. There are three maximal ideals in R.

C. There are ten nonzero proper ideals in R.
D. All nonzero ideals in R are maximal.

Consider the group Z under addition +. Define the binary operation *
onZ by axb=0, Va.b € Z. Which of the following statements are true
about R?

A. (Z,+,.) is a commutative ring with unity.

B. (Z,+,.) is a ring.

C. Every additive subgroup of Z is an ideal.

D. The only ideals in Z are of the form nZ = {nz|z € Z}.

Let A be a nonsingular 3 x 3 matrix with real entries. For every nonzero
eigenvalue A of A,

A. X is an eigenvalue of both P=1AP, PAP~! where det(P) # 0.
B. 1+ A is an eigenvalue of 7 + A.

C.if det(A) < 1 then [A| < 1.

D. if p is an eigenvalue of A~! then uA = 1.

Let A be a 2 x 2 real matrix. Let the sum of the entries in each row of
A be equal to 2. Which of the following statements is true?

A. 0 is always an eigenvalue of A.

B. 0 and 2 are always eigenvalues of A.
C. 2 is always an eigenvalue of A.

D. None of the above.

Let A, B bea 4x4 matrices. Denote rank of a matrix A, B by p(A), p(B)
and adjoint of A by adj(A). Which of the following statements are true?

A p(A+B)<p(A)+p(B). B p(A-B) < p(A) - p(B).
C. p(AB) < p(A)p(B). D. If p(A) = 2 then adj(A) = O4xa.




B

47. Consider the vector space V' = R*R) and B = {v,vm} Cc V, 0 ¢ B.

438.

49.

50.

Which of the following statements are true?

A.If B is a linearly dependent set, then (ay, e9) # (0, 0) such that
MU + vy = (),

B.If Bisalinearly dependent set then (. ap) such that a1 #0, ag #0
and v + aguy = ().

C. If B is linearly independent then 3 no nonzero 2-tuple (a1, ar3) such
that My + Qoo ?é 0.

D. If B is linearly independent then 3 no nonzero 2-tupple (o1, @) such
that cyv; + Qo = (),

Let 7 = i + 3] + 2k, 7 = /22 + 32+ 22 and F : R3 - {0} — R3 be
given by f(z,y,z) = E“TT" The value of n for which div(f) =0 is

Al B. 2. C.3. D. 4.
Let R be a region in the xy—plane. The boundary of R is a smooth simple
closed curve C which is parametrized by C = (z(2),y(t)), t € [0, 1]. The
area of R is NOT equal to
1
A / x(t)y'(t)dt.
0
1
B. —»/ y(t)x'(t)dk.
0
1 /! .
C. 5 / (a:(t)y(t)+y(t)m’(t))dt.
3 01 1 1
p. 3 / () ()t — L / y(t)a/ ().
4 Jo 4 Jo
A storage depot contains 10 machines 4 of which are defective. If a com-

pany selects 5 of these machines randomly, then what is the probability
that at least 4 of the machines are NON DEFECTIVE?

11 5 1
Tt B. -231— C. 555 D. none of the above.

10



