JAM 2016 MATHEMATICS - MA
Notation

N The set of all natural numbers {1,2,3, ... }

Z. The set of all integers

Q The set of all rational numbers

R The set of all real numbers

Sy The group of permutations of n distinct symbols

/- {0,1, 2, ...,n — 1} with addition and multiplication modulo n

) empty set

AT Transpose of A

i v—1

7,k unit vectors having the directions of the positive x,y and z axes of a three dimensional rectangular
coordinate system

v

[ [dentity matrix of order n

In logarithm with base e
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SECTION - A
MULTIPLE CHOICE QUESTIONS (MCQ)

Q. 1 - Q.10 carry one mark each.

Q.1  The sequence {s,,} of real numbers given by

sint  sinag Sin =

A - Ll

B = e i
1-2 2% 3 n-(n+1)

18

(A) a divergent sequence
(B) an oscillatory sequence
(C) not a Cauchy sequence
(D) a Cauchy sequence

Q.2  Let P be the vector space (over R) of all polynomials of degree < 3 with real coefficients. Consider
the linear transtormation T: P — P defined by

T(ag + a;x + a,x* + a3z x3) = az + a,x + a;x* + ay x°.

Then the matrix representation M of T with respect to the ordered basis {1, x, x*, x>} satisfies

(A) M2+ 1,=0 (B) M —1,=0

Q.3 Letf:[—1,1] = R be a continuous function. Then the integral

A
f x f(sinx) dx
0

1s equivalent to

(A) H (B) _
[ T
Eff(sinx) dx Eff(cas x) dx
0 0

(C) (D)

:rrff(cus x) dx ﬂ'ff(sinx) dx

Q.4  Let o be an element of the permutation group Ss. Then the maximum possible order of o is

(A) S (B) 6 (C) 10 (D) 15

Q.5 Let f be a strictly monotonic continuous real valued function defined on [a, b] such that f(a) < a
and f(b) > b. Then which one of the following is TRUE?

(A) There exists exactly one ¢ € (a, b) such that f(c) =c

(B) There exist exactly two points ¢{, ¢, € (a,b) such that f(¢;) =c¢;, i = 1,2
(C) There exists no ¢ € (a, b) such that f(c) = c

(D) There exist infinitely many points ¢ € (a, b) such that f(c) = «
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Q.6

The value of lim Wry)=2
(I, }"J*(Z,—Z) Iﬁyqﬁl'

(A) 0 (B) - (©) - (D) -

Q7  Let 7 = (xi+yj+zk)andr =|F|. If f(+r) =Inrand g(r) = %, r # 0, satisfy
2Vf + h(r)Vg = 0, then h(r) is

(A) r (B) % (C) 2r (D) %

Q.8  The nonzero value of n for which the differential equation
(Bxy?* + n“x*y)dx + (nx> + 3x*y)dy =0, x # 0,

becomes exact 1S

(A) —3 (B) —2 (C) 2 (D) 3

Q.9  One of the points which lies on the solution curve of the differential equation
(y —x)dx + (x + y)dy = 0,

with the given condition y(0) = 1, is

Q.10 Let S be a closed subset of R, T a compact subset of Rsuchthat SNT # ¢. ThenSNTis

(A) closed but not compact

(B) not closed

(C) compact

(D) neither closed nor compact

Q. 11 - Q. 30 carry two marks each.

Q.11 LetS be the series

— 1
Z _ (2k—1)
£ (2k — 1) 2

and T be the series
(k+1)

i(Bk—ﬁ}) 3
3k + 2

k=2

of real numbers. Then which one of the following 1s TRUE?

(A) Both the series S and T are convergent
(B) S 1s convergent and T 1s divergent

(C) S 1s divergent and T 1s convergent

(D) Both the series S and T are divergent
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Q.12 Let{a,} be a sequence of positive real numbers satisfying

4 3 a2
= — 4 —, n=21 a =1
a,,1 a, 81

Then all the terms of the sequence lie in

) |5, 3| (B) [0, 1] (C) [1, 2] (D) [1, 3]
Q.13 1 4 16]
The largest eigenvalue of the matrix | 4 16 1| 1S
16 1 4.
(A) 16 (B) 21
(& = (D) 64

Q.14 The value of the integral

1
2n)!
2n) (1 —x%)" dx, neN
258 (n!)
=
1S
2 2N
(A) (2n+1)! (B) (2n+1)!
2 (n!) (n+1)!
(C) I 4+1 (D) 2n+1

Q.15 If the triple integral over the region bounded by the planes
2x +y+z =4, X = (), y = 0, z=20

1S given by

then the function A(x) — u(x,y) is
(A) x+Yy (B) x—y ©) x (D) y

Q.16  The surface area of the portion of the plane y + 2z = 2 within the cylinder x* + y? = 3 is
P P b g ¥ Y

g—fir (B)Sz—ﬁﬂ (C) ?zﬁﬂ (D) gzﬁn’

(A)
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Q.17 Let f: R* - R be defined by

2

Xy
fl,y)=4x+y
0 it x4+ y=10

if x+y+0

92f  9%f . .
Then the value of ( s i ax) at the point (0, 0) is
(A) O (B) 1 (C) 2 (D) 4

Q.18 The function f(x,y) = 3x%y + 4y> — 3x* — 12y* + 1 has a saddle point at
(A) (0, 0) (B) (0, 2) ©) (1, 1) (D) (=2, 1)

Q.19  Consider the vector field F =rf(yi—xj), where B ER, # =xi+yjandr = [#|. If the
absolute value of the line integral gﬁc F -dr along the closed curve C:x“+ y? = a* (oriented

counter clockwise) is 2m, then f is

(A) —2 (B) —1 (C) 1 (D) 2

Q.20 et S be the surface of the cone z = \/ x% + y? bounded by the planes z = 0 and z = 3. Further,

let C be the closed curve forming the boundary of the surface S. A vector tield F is such that

—

VX F = —xi— yj. The absolute value of the line integral 95E F - d#, where

# = xi + yf + zk and r = |#|, is

(A)O (B) 9 (C) 15n (D) 187w

Q.21 Let y(x) be the solution of the differential equation

d ; dy dy
E(xa)_x, y(l)_{}’ E;x:l -9
Then y(2) 1s
3 .1 3 1
(A);+Eln2 (B);—EIHZ
3 3
(C);+ln2 (D);—lnz

Q.22 The general solution of the differential equation with constant coetficients

d’y  dy
E‘l‘ba‘l-cy—ﬂ

approaches zero as x — oo, if

(A) b is negative and c is positive
(B) b is positive and ¢ is negative
(C) both b and c are positive
(D) both b and c are negative
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Q.23 LetS < R and dS denote the set of points x in R such that every neighbourhood of x contains

some points of S as well as some points of complement of S. Further, let S denote the closure
of S. Then which one of the following is FALSE?

(A)0Q = R

B)I(R\T)=0T, TcR
(C)o(TuV)=0TuoV, T, VcCcR TNV #¢
(DYIT =T n (R\T), TcR

Q.24 The sum of the series

(=1)"
n®+n-—2
n=2
1S
1 5 ] 5 2 - " :
(A) ElDZ_E (B) EIHZ— w (C) Ean— T (D) Ean—g
92 Let flx) = a — forall x € |—1, 1]. Then which one of the following is TRUE?
1+|x| 1+|x-1]
(A) Maximum value of f(x) is %
(B) Minimum value of f(x) is %
1

(C) Maximum of f(x) occurs at x = 5

(D) Minimum of f(x) occursat x = 1

COS & sina 1 .

Q.26 The matrix M = [ . , ] 1S a unitary matrix when « 1s
[Sina lcosa

(A)(2n+1)-,nez (B) Bn+ 1), n€L
(C)(4n+1)~.n€L D) 5n+1)<.n €L
Q.27 0 1 -2
[eeM=]-1 0 al|,a€R\{0}and b anon-zero vector such that Mx = b for some
L2 —a 0.
x € R3. Then the value of x' b is
(A) —a (B) a (€)0 (D) 1

Q.28 The number of group homomorphisms from the cyclic group Z, to the cyclic group Z- 1s
(A) 7 (B) 3 (C) 2 (D) 1

Q.29 In the permutation group S, (n = 5), if H is the smallest subgroup containing all the 3-cycles, then
which one of the following is TRUE?

(A) Order of H 1s 2

(B) Index of H 1n §,, 1s 2
(C) H 1s abelian

(D)H =5,

o LOLLEGE.



JAM 2016 MATHEMATICS - MA

Q.30 Let f: R — R be defined as

_(x(1+x%sin(Inx?)) if x# 0
f(x)_{{] if x=0

Then, at x = 0, the function f is

(A) continuous and differentiable when o« = 0

(B) continuous and differentiable when a > 0

(C) continuous and differentiable when —1 < a < 0
(D) continuous and differentiable when a < —1

SECTION - B
MULTIPLE SELECT QUESTIONS (MSQ)

Q. 31 - Q. 40 carry two marks each.

Q.31 Let{s,} be a sequence of positive real numbers satisfying

3
25n+1:s§+1, n>1.

If @ and B are the roots of the equation x* — 2x + z = 0 and a < s; < 8, then which of the
following statement(s) 1s(are) TRUE ?

(A) {s,,} 1s monotonically decreasing
(B) {s,;} is monotonically increasing
(OC) lim,, s, =a

(D) limy, 00 S, = B

Q.32 The value(s) of the integral
T
flxlcosnx dx , n=>1
=TT

1S (are)

(A) O when n 1s even
(B) O when n 1s odd

4 .
(C) — —~ when n 1s even

4 :
(D) — = when n 1s odd
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Q.33 Let f: R?* > R be defined by

X
l—yl if x # 0
flx,y) = *
0 elsewhere

Then at the point (0, 0), which of the following statement(s) is(are) TRUE ?

(A) f is not continuous

(B) f is continuous

(C) f is differentiable
(D) Both first order partial derivatives of f exist

Q.34 Consider the vector field F = xi + yj on an open connected set S © R4, Then which of the
following statement(s) 1s(are) TRUE ?

(A) Divergence of Fis zeroon S

(B) The line integral of F is independent of path in §

(C) F can be expressed as a gradient of a scalar function on §

(D) The line integral of F is zero around any piecewise smooth closed path in §

Q.35 Consider the differential equation

_ dy T
sin 2x E—Zy—!—Zcosx, y(—)—l— V2.

Then which of the following statement(s) 1s(are) TRUE?

(A) The solution 1s unbounded when x — 0

(B) The solution 1s unbounded when x — g

(C) The solution 1s bounded when x — 0
(D) The solution 1s bounded when x — g

Q.36  Which of the following statement(s) 1s(are) TRUE?

(A) There exists a connected set in R which is not compact

(B) Arbitrary union of closed intervals in R need not be compact

(C) Arbitrary union of closed intervals in R is always closed

(D) Every bounded infinite subset I of R has a limit pointin V itself

X X
Q.37 Let P(x) = (3) + (E) — 1 for all x € R. Then which of the following statement(s) is(are)

13 13
TRUE?

(A) The equation P(x) = 0 has exactly one solution in R
(B) P(x) is strictly increasing for all x € R

(C) The equation P(x) = 0 has exactly two solutions in R
(D) P(x) is strictly decreasing for all x € R
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Q.38 Let G be a finite group and 0(G) denotes its order. Then which of the following statement(s) is(are)

Q.39

Q.40

Q. 41 -

Q.41

Q.42

TRUE?

(A) G is abelian if 0(G) = pq where p and g are distinct primes
(B) G 1s abelian if every non identity element of G 1s of order 2

G

(C) G 1s abelian 1f the quotient group —— 1s cyclic, where Z(G) 1s the center of G

7(6)
(D) G is abelian if 0(G) = p>, where p is prime

-x-

Consider the set V = { y| € R® ‘ ax+py+z=y, a,pB,y € IR}. For which of the

| 7]

following choice(s) the set V becomes a two dimensional subspace of R over R ?

(A) a=0, =1, y=
B) a=0, =1, y=
C) a=1 =0 y=
D) a=1 =1 y=

Let § = {;1 | ;n ‘ n,me N]. Then which of the following statement(s) 1s(are) TRUE?
(A) S 1s closed

(B) S 1s not open
(C) S 1s connected
(D) 0 1s a limit point of S

SECTION - C

NUMERICAL ANSWER TYPE (NAT)

Q. 50 carry one mark each.

Let {s,,} be a sequence of real numbers given by

S, 2 P00 (1 1) Sin — n €N
i n 2’ |
Then the least upper bound of the sequence {s,,} 1s
Let {s; } be a sequence of real numbers, where
g = FOE k1, a > 0.
Then

limy: (55 85 o S )

T —C0

1S

1/n

MA
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Q.43 X1 /g
X X " .
Let x = [X2| € R> be a non-zero vector and A = g Then the dimension of the vector space
X3

{yeﬂ%g ‘ Ay=0}0ver]]%is

Q.44 Let f be a real valued function defined by

y
f(x,¥)=2In (xzyzef) ,  x>0,y>0.

Then the value of xz—i + ya—f at any point (x,y), where x > 0, y > 0, is

ay

Q45 LetF =vxi+ (x+ y3)j be a vector field for all (x,y) withx = 0and 7 = xi + yj. Then the

value of the line integral fc F - d# from (0,0) to (1,1) along the path
C:x=t% y=t3 0<t<1is

Q46 If f:(—1,0) > R defined by f(x) = — is expressed as
y P

14+x

c(x — 2)?
(1 )9 °

f(x)—g I;(x—2)+

where ¢ lies between 2 and x, then the value of c is

Q.47 Lety;(x), y, (x) and y;(x) be linearly independent solutions of the differential equation

d’y  d®y dy
66—+ 11— — 6v = 0.
dx3 dx? * dx Y

If the Wronskian W (y4, ¥, V=) is of the form ke®?* for some constant k, then the value of b
1S

Q.48 The radius of convergence of the power series

0O

(—4)" oa: s
Zn(n+1)(x+2) is

n=1
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Q.49 Let f:(0,00) — R be a continuous function such that

x2

X
ff(t)dt= —2+7+4xsin2x+ 2 Ccos 2x.
0

T

Then the value of = f (E) is

T

Q.50 Let G be a cyclic group of order 12. Then the number of non-isomorphic subgroups of G
1S

Q. 51 - Q. 60 carry two marks each.

8 S| ; (—12}"”'
The value of lim (Bn — —) s equal to

n—co n

Q.52 Let R be the region enclosed by x* + 4y* > 1 and x* + y* < 1. Then the value of

Jlxyl dxdy is

R
053 Let
" 1 1 -xl-
M=1|1 g 1|, afy=1, aB,y€R and x = |x2| € R3.
1 1 vy X3

Then Mx = 0 has infinitely many solutions if trace(M) is

Q.54 Let C be the boundary of the region enclosed by y = x4, y = x + 2, and x = 0. Then the value
of the line integral

f oy —y=)di—x dy,
C

where C 1s traversed in the counter clockwise direction, 1s
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Q.55 Let S be the closed surface forming the boundary of the region V bounded by x* + y* = 3,
z=0, z=6. A vector field F is defined over V with V - F = 2y + z + 1. Then the value of

il R
— || F-nds,
T

S

where 7 is the unit outward drawn normal to the surface S, is ,

Q.56 Let y(x) be the solution of the differential equation

d?y _dy dy
—5+t5—+6y=0, y(0)=1, = o,

Then y(x) attains its maximum value at x =

Q.57 The value of the double integral

T X :

sin y
ffﬂ:—y dy dx
0 0

1S

Q.58 Let H denote the group of all 2 X 2 invertible matrices over Z: under usual matrix multiplication.

Then the order of the matrix ﬁ 3] in His

Let A = [_1 . 3

Then the dimension of N(A) N R(B) over R is

1 2]
] , B=|—=1 0|, N(A) the null space of A and R(B) the range space of B.
3 1l

Q.60 The maximum value of f(x,y) = x* + 2y~ subject to the constraint
y—x*+1=0 is

END OF THE QUESTION PAPER
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