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JAM 2020 MATHEMATICS - MA

Paper Specific Instructions

1.

The examination is of 3 hours duration. There are a total of 60 questions carrying 100 marks. The entire
paper is divided into three sections, A, B and C. All sections are compulsory. Questions in each section are
of different types.

Section — A contains a total of 30 Multiple Choice Questions (MCQ). Each MCQ type question has four
choices out of which only one choice is the correct answer. Questions Q.1 — Q.30 belong to this section
and carry a total of 50 marks. Q.1 — Q.10 carry 1 mark each and Questions Q.11 — Q.30 carry 2 marks
each.

Section — B contains a total of 10 Multiple Select Questions (MSQ). Each MSQ type question is similar
to MCQ but with a difference that there may be one or more than one choice(s) that are correct out of
the four given choices. The candidate gets full credit if he/she selects all the correct answers only and no
wrong answers. Questions Q.31 — Q.40 belong to this section and carry 2 marks each with a total of 20
marks.

Section — C contains a total of 20 Numerical Answer Type (NAT) questions. For these NAT type ques-
tions, the answer is a real number which needs to be entered using the virtual keyboard on the monitor. No
choices will be shown for this type of questions. Questions Q.41 — Q.60 belong to this section and carry a
total of 30 marks. Q.41 — Q.50 carry 1 mark each and Questions Q.51 — Q.60 carry 2 marks each.

In all sections, questions not attempted will result in zero mark. In Section — A (MCQ), wrong answer will
result in NEGATIVE marks. For all 1 mark questions, 1/3 marks will be deducted for each wrong answer.
For all 2 marks questions, 2/3 marks will be deducted for each wrong answer. In Section — B (MSQ),
there is NO NEGATIVE and NO PARTIAL marking provisions. There is NO NEGATIVE marking in
Section — C (NAT) as well.

Only Virtual Scientific Calculator is allowed. Charts, graph sheets, tables, cellular phone or other electronic
gadgets are NOT allowed in the examination hall.

The Scribble Pad will be provided for rough work.
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10.

11.

12.

NOTATION

. N={1,2,3,---}
. R - the set of all real numbers

. R\ {0} - the set of all non-zero real numbers

C - the set of all complex numbers

. f o g - composition of the functions f and g

f"and f” - first and second derivatives of the function f, respectively

. f) - nth derivative of f

_co 0 o
=19 +j8y+k32

- the line integral over an oriented closed curve C'

Qe 4

~

, 7, k - unit vectors along the Cartisean right handed rectangular co-ordinate system

SIS

7 - unit outward normal vector

I - identity matrix of appropriate order

13. det(M) - determinant of the matrix M
14. M~! - inverse of the matrix M
15. M7 - transpose of the matrix M
16. ud - identity map
17. {a) - cyclic subgroup generated by an element a of a group
18. S, - permutation group on n symbols
19. St={z€C:|z| =1}
20. o(g) - order of the element g in a group
MA 2/17
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SECTION - A
MULTIPLE CHOICE QUESTIONS (MCQ)

Q. 1-0Q. 10 carry one mark each.

—1)"
Q.1 Letsn:l+( )
n

,n € N. Then the sequence {s,, } is

(A) monotonically increasing and is convergent to 1

(B) monotonically decreasing and is convergent to 1

(C) neither monotonically increasing nor monotonically decreasing but is convergent to 1

(D) divergent

Q.2 Let f(z) = 22® — 92% + 7. Which of the following is true?
(A) f is one-one in the interval [—1, 1]
(B) f is one-one in the interval |2, 4]
(C) f is NOT one-one in the interval [—4, 0]
(D) f is NOT one-one in the interval [0, 4]

Q. 3 Which of the following is FALSE?

(A) lim — =0 (B) lim =0
200 ¥ =0+ xell®

(©) lim sinx (D) lim COS T
z—0+ 1+ 22 z—0+ 1+ 22

Q.4 Let g : R — R be a twice differentiable function. If f(x,y) = g(y) + x¢'(y), then

of *f of of *f of
(A) oz + 8x8y 8_y (B) dy + 8x8y " oz
f 82f of f 82f of
(C) 8x8y 8_?J ® ) ay 3x8y " or
MA 3/17
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Q. 5 If the equation of the tangent plane to the surface z = 16 — 2% — 3?2 at the point P(1,3,6) is
q gent p |y
ax + by + cz + d = 0, then the value of |d| is

(A) 16 (B) 26 (C) 36 (D) 46

_)
Q. 6 If the directional derivative of the function 2 = y?e** at (2, —1) along the unit vector b =
g

i + B7 is zero, then |a + f3| equals

1
B) —=

NG ©) V2 (D) 2v/2

1
(A) EW5;

Q.7 If u = 23 and v = y? transform the differential equation 3z°dz — y(y* — 2*)dy = 0 to

WM enai
du  2(u—wv) enats
(A4 (B) 2 () -2 D) -4

Q. 8 Let T : R? — R? be the linear transformation given by 7'(z,y) = (—x,y). Then
(A)T?* =T forall k > 1
(B) T%+! = —Tforall k > 1
(C) the range of T is a proper subspace of the range of T’

(D) the range of T is equal to the range of T’

Q. 9 The radius of convergence of the power series

2\
()
is
1 1 1
(A) ¢* B) 7 (© - D)
MA 4717
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Q. 10 Consider the following group under matrix multiplication:

L'p g
H = 01 r|:pgrelR
0 01
Then the center of the group is isomorphic to
(A) (R \ {0}, %) B) (R, +)
©) (R?, +) (D) (R, +) x (R\ {0}, x)

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

Q. 11 Let {a,} be a sequence of positive real numbers. Suppose that [ = lim @+l Which of the

n—oo
following is true?
(A)If ] = 1, then lim a, = 1 (B)If | = 1, then lim a, = 0
n—oo n—o0
(C)Ifl < 1, then lim a, =1 (D) Ifl < 1, then lim a, =0
n—oo n—oo
1+s2 : o
Q. 12 Define s; = a > 0 and 5,11 = o’ n > 1. Which of the following is true?
a
5 1 : . . : : 1
(A)If s; < —, then {s,,} is monotonically increasing and lim s, = —
(07 n—00 \/a
1 1
(B) If s2 < —, then {s,,} is monotonically decreasing and lim s, = —
(0% n—o0 (0%
1 1
(C) If s> > —, then {s,,} is monotonically increasing and lim s, = —
o n—00 \/a
1 1
(D) If s2 > —, then {s,,} is monotonically decreasing and lim s, = —
o n—oo o
MA 5/17
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Q. 13 Suppose that S is the sum of a convergent series Y a,,. Define ¢, = a,, + @, 41 + @y 2. Then

Q. 14

Q.15

n=1
the series > ¢,
n=1
(A) diverges (B) converges to 35 — a; — as

(C) converges to 35 — a; — 2as

(z+a)? x<0

Leta € R.If f(z) =
(r+a)?, x>0,

then
2

d
A) —L
(A) =3
2
(B) Tz exists at = 0 for exactly one value of
x

does not exist at z = 0 for any value of a

2
© Tz exists at z = 0 for exactly two values of a
x

2
(D) Tz exists at = 0 for infinitely many values of a
X

(

a?sin ¢+ y?sin |, xy # 0

2?sin L, r#0,y=0
Let flz,y) =19 , |

y*sin y#0,z=0

0, r=1y=0.

\

Which of the following is true at (0, 0)?

(A) f is not continuous

of . . . .
(B) —f is continuous but —f 1S not continuous
ox Jy

(C) f is not differentiable
of . 9df

(D) f is differentiable but both = and —— are not continuous

ox dy

(D) converges to 3S — 2a; — as

MA
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Q. 16 Let S be the surface of the portion of the sphere with centre at the origin and radius 4, above

Q.17

Q.18

Q.19

Q.20

— N N ~
the xy-plane. Let F' = yi — xj + ya3k. If 71 is the unit outward normal to S, then

/ / (V x F) -7 dS
S
equals

(A) =327 (B) —167 (C) 167 (D) 327

Let f(x,y,2) = 3 +4® + 23 — 3wyz. A point at which the gradient of the function f is equal
to zero is

(A) (_1717_1) (B) (_17_17_1) (C) <_171a1) (D) (17_171)

The area bounded by the curves 2 + y*> = 2z and 2% + y? = 4, and the straight lines y = x
andy =01is

m 1 T 1 w1 m 1
(A)3(§+4_1> (B)3<Z+§> (C)2(Z+§) (D)2(§+4_1)

Let M be areal 6 x 6 matrix. Let 2 and —1 be two eigenvalues of M. If M > = al + bM,
where a,b € R, then

(A)a=10,b=11 B)a=—11,b=10
(C)a=—10,b=11 (D)a=10,b= —11

Let M be ann X n (n > 2) non-zero real matrix with M? = 0 and let & € R\ {0}. Then
(A) « is the only eigenvalue of (M + o) and (M — o)

(B) «v is the only eigenvalue of (M + o) and (ol — M)

(C) —ais the only eigenvalue of (M + o) and (M — al)

(D) —« is the only eigenvalue of (M + af) and («l — M)

MA
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Q.21

Q.22

Q.23

Q.24

Q.25

Consider the differential equation L[y] = (y — y*)dz + xdy = 0. The function f(z,y) is said
to be an integrating factor of the equation if f(x,y)L[y] = 0 becomes exact.

If f(z,y) = :L‘%yz’ then

(A) f is an integrating factor and y = 1 — kxy, k € R is NOT its general solution
(B) f is an integrating factor and y = —1 + kzy, k € R is its general solution

(C) f is an integrating factor and y = —1 + kzy, k € R is NOT its general solution

(D) f is NOT an integrating factor and y = 1 + kzy, k € R is its general solution

d? d
A solution of the differential equation 2x2d—‘z + Bxd—y —y = 0,2 > 0 that passes through the
x x
point (1, 1) is
1 1 1 1
(A)y - B)y = (OX NG D)y pocyD

Let M be a 4 x 3 real matrix and let {e;, e, €3} be the standard basis of R®. Which of the
following is true?

(A) If rank(M) = 1, then {Mey, Mey} is a linearly independent set
(B) If rank(M ) = 2, then {Meq, Mes} is a linearly independent set
(C) If rank(M ) = 2, then {Mey, Mes} is a linearly independent set
(D) If rank (M) = 3, then {Mey, Mes} is a linearly independent set

The value of the triple integral [ [(2*y+ 1) dzdydz, where V is the region given by 22+ y? <
v

1.0<2<2is

A)m (B) 27 (C) 37 (D) 4r

Let S be the part of the cone 2? = 22 + y? between the planes z = 0 and z = 1. Then the value
of the surface integral [[(z* + y?) dSis
s

- C) — Z
V2 © (D)2

(A) (B) 73

MA
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Q.26 Leta =i+ j+kand ¥ = zi + yj + zk, 2, y, 2 € R. Which of the following is FALSE?
AV(d-7)=a B)V-(ax7)=0
OVx(axr)=a D)V -((a-7)7r)=4(a-7)

Q.27 Let D = {(z,y) € R? : x| + |y| < 1} and f : D — R be a non-constant continuous function.
Which of the following is TRUE?

(A) The range of f is unbounded
(B) The range of f is a union of open intervals
(C) The range of f is a closed interval

(D) The range of f is a union of at least two disjoint closed intervals

1 1
Q.28 Let f : [0,1] — R be a continuous function such that f (5) =-3 and

|f(z) = f(y) — (x —y)| <sin(Jz —y|*)

1
forall z,y € [0,1]. Then [ f(x) dx is
0

1 1 1 1
(A 3 (B) © D) ;

Q.29 Let S' = {z € C: |z| = 1} be the circle group under multiplication and ¢ = \/—1. Then the
set {0 € R : (¢?™) is infinite} is

(A) empty (B) non-empty and finite

(C) countably infinite (D) uncountable

MA 9/17
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Q.30 Let F = {w € C: w*? = 1}. Consider the groups

G:{Cg j):weF,zec}
H:{(; j):zec}

under matrix multiplication. Then the number of cosets of H in G is

and

(A) 1010 (B) 2019 (C) 2020 (D) infinite

MA
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SECTION - B
MULTIPLE SELECT QUESTIONS (MSQ)

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

Q.31 Leta,b,c € R such that a < b < ¢. Which of the following is/are true for any continuous
function f : R — R satisfying f(a) = b, f(b) = cand f(c) = a?

(A) There exists « € (a, ) such that f(«a) = «

(B) There exists 5 € (a,b) such that f(5) = 3

(C) There exists v € (a,b) such that (f o f)(v) =~
(a,c)

(D) There exists d € (a,c) such that (fo fo f)(J) =9

Q.32 If s, = D" nd £y = u,n =0,1,2, ..., then

2" + 3 dn — 1
(A) > s, is absolutely convergent (B) >_ t, is absolutely convergent
n=0 n=0
(C) >_ s, is conditionally convergent (D) > t, is conditionally convergent
n=0 n=0

Q.33 Leta,b € Rand a < b. Which of the following statement(s) is/are true?
(A) There exists a continuous function f : [a,b] — (a, b) such that f is one-one
(B) There exists a continuous function f : [a,b] — (a, b) such that f is onto

(C) There exists a continuous function f : (a,b) — [a, b] such that f is one-one

b
(D) There exists a continuous function f : (a,b) — [a, b] such that f is onto

MA 11/17
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Q. 34 Let V be a non-zero vector space over a field F'. Let S C V be a non-empty set. Consider the

Q.35

Q. 36

following properties of .S:

(I) For any vector space W over F', any map f : S — W extends to a linear map from V' to
Ww.

(IT) For any vector space W over F' and any two linear maps f, g : V' — W satisfying f(s) =
g(s) forall s € S, we have f(v) = g(v) forallv € V.

(ITT) S is linearly independent.

(IV) The span of S is V.

Which of the following statement(s) is /are true?

(A) (I) implies (IV) (B) (I) implies (III)
(C) (II) implies (III) (D) (IT) implies (IV)

d? d
Let L[y] = xQd—z + pxd—y + qy, where p, q are real constants. Let y;(x) and y2(x) be two
XL i

solutions of L[y|] = 0,z > 0, that satisfy y;(zo) = 1, ¥} (x0) = 0,y2(x0) = 0 and y)(xo) = 1
for some xo > 0. Then,

(A) y1 () is not a constant multiple of ys ()

(B) y1(x) is a constant multiple of yo(z)

(C) 1,Inz are solutions of L[y] = 0whenp=1,¢=0
(D) z,1In x are solutions of L[y] =0 whenp+q # 0

Consider the following system of linear equations
r+y+52=3 x+2y+mz=5 and x+2y+4z==k.

The system is consistent if

(A)m # 4 B)k #5 (C)m =4 D)k =5

MA
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Q.37Leta:nm(i+%+~--+<"n_1))andb:hm( Loy )

n—oo \n2 nsoo\n+1 n+2 n-—+n
Which of the following is/are true?
(A)a>b (B)a < b (C) ab = In /2 (D)%:ln\/ﬁ

Q. 38 Let S be that part of the surface of the paraboloid z = 16 — 2 — 3? which is above the plane
z = 0 and D be its projection on the xy-plane. Then the area of .S equals

(A) [ /1 +4(22 +y?) dedy B) [[ /1+ 22 + 12) dudy
D D
27 4 27 4

©) [ [V1+4r2drdd D) [ [V1+4r? rdrdd
00 00

Q. 39 Let f be a real valued function of a real variable, such that | £ (0)| < K for all n € N, where
K > 0. Which of the following is/are true?

1
n

(n)

(A)‘f 0) —0asn — oo
n!
) (N |5

(B)'fnl(o) — 00 as N — 00

(C) ™ (x) exists for all z € R and for all n € N

o f(n)((
(D) The series 0) is absolutely convergent

=1 (n—1)!

Q. 40 Let G be a group with identity e. Let H be an abelian non-trivial proper subgroup of G with
the property that H N gHg™' = {e} forall g ¢ H.

If K = {g € G:gh=hgforall h € H},then
(A) K is a proper subgroup of H

(B) H is a proper subgroup of K

OCK=H

(D) there exists no abelian subgroup L. C G such that K is a proper subgroup of L

MA 13/17
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SECTION - C
NUMERICAL ANSWER TYPE (NAT)

Q. 41 - Q. 50 carry one mark each.

Q.41 Letxz, = n= and y,, = €=, n € N. Then the value of lim y, is

n—00

— ~ ~ ~
Q.42 Let F = xi + yj + zk and S be the sphere given by (v — 2)? + (y — 2)2 + (2 — 2)2 = 4. If

is the unit outward normal to S, then
1 —
- // F-ndS
T
s
is
Q.43 Let f : R — R be such that f, f’, f” are continuous functions with f > 0, f' > 0 and f” > 0.

Then
i {0+ @)

T——00 2

is
1 1
Q.44 Let S = ek n € N and f: S — R be defined by f(z) = p Then

max{é:‘m—%’<5:‘f(x)—f(%)‘<l}

is . (rounded off to two decimal places)

d
Q. 45 Let f(z,y) = e*siny,z = t3+ 1 and y = t* + . Then d—]; att =01is . (rounded off
to two decimal places)

MA 14/17

(' https://pkalika.in/category/downl oad/bsc-msc-study-material/ )



(15)

JAM 2020 MATHEMATICS - MA

Q. 46 Consider the differential equation

Z—Z—i—l()y:f(x), x>0,

where f(x) is a continuous function such that lim f(z) = 1. Then the value of

T—r0o0

lim y(x)

T—00

18

12
Q.47 If [ [ e**dudy = k(e* — 1), then k equals :

0 2y

Q. 48 Let f(x,y) = 0 be a solution of the homogeneous differential equation
(2x + by)dx — (z + 3y)dy = 0.
If f(z + a,y — 3) = 0 is a solution of the differential equation
(2z + 5y — 1)dx + (2 — z — 3y)dy = 0,

then the value of « is

Q. 49 Consider the real vector space Py = {>_ ;2" : a; € R and 0 < n < 2020}. Let W be the
i=0
subspace given by

W = {Zax € Py : a; = 0 for all odd z}

=0

Then, the dimension of W is

Q.50 Let ¢ : S3 — S* be a non-trivial non-injective group homomorphism. Then, the number of
elements in the kernel of ¢ is

MA 15717

(' https://pkalika.in/category/downl oad/bsc-msc-study-material/ )



(16)

JAM 2020 MATHEMATICS - MA

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

Q.51

Q.52

Q.53

Q.54

Q.55

Q. 56

. 1 1 1 .
The sum of the series 22 —1) + 331 + PPy 4o is

3
Consider the expansion of the function f(x) = i 1T 20) in powers of z, that is valid in
- x

1
lz| < 3 Then the coefficient of z* is

The minimum value of the function f(z,y) = 2? + zy + y* — 3x — 6y + 11 is

Let f(z) = v/x + ax, © > 0 and
g(x) = ag +ay(x — 1) + ag(z — 1)?

be the sum of the first three terms of the Taylor series of f(x) around x = 1. If ¢(3) = 3, then
o is

Let C' be the boundary of the square with vertices (0, 0), (1,0), (1,1) and (0, 1) oriented in the
counter clockwise sense. Then, the value of the line integral

]{nyzd:r; + (2% — yH)dy
C

1s . (rounded off to two decimal places)

Let f : R — R be a differentiable function with f’(z) = f(x) for all x. Suppose that f(«x)
and f((Sz) are two non-zero solutions of the differential equation

d’y  dy

4— —p—+3y =0
dz? Pz Ty

satisfying

flax) f(Pr) = f(22) and f(ax)f(=fx) = f(z).

Then, the value of p is

MA
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Q. 57 If 22 + 2y? = ¢, where ¢ € R, is the general solution of the exact differential equation
M (z,y) dx + 2xy dy = 0,

then M (1,1) is

92 7 1
2 1

Q.58 Letm = |0 7 . Then, thevalueofdet((SJ—M)3) is
00 11 6
00 -5 0

Q.59 LetT : R” — R7 be a linear transformation with Nullity(7) = 2. Then, the minimum possible
value for Rank(7?) is

Q. 60 Suppose that GG is a group of order 57 which is NOT cyclic. If G contains a unique subgroup
H of order 19, then for any g ¢ H, o(g) is

END OF THE QUESTION PAPER
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Mathematics (MA)
Q. No. Session QT Section |Key Marks

1 2{MCQ A C 1
2 2{MCQ A D 1
3 2{MCQ A D 1
4 2{MCQ A C 1
5 2|MCQ A Marks To All 1
6 2{MCQ A C 1
7 2{MCQ A D 1
8 2{MCQ A D 1
9 2{MCQ A D 1
10 2{MCQ A B 1
11 2{MCQ A D 2
12 2{MCQ A A 2
13 2{MCQ A D 2
14 2{MCQ A A 2
15 2{MCQ A D 2
16 2{MCQ A A 2
17 2{MCQ A B 2
18 2{MCQ A B 2
19 2{MCQ A A 2
20 2{MCQ A B 2
21 2{MCQ A C 2
22 2|MCQ A A 2
23 2|MCQ A D 2
24 2|MCQ A B 2
25 2|MCQ A B 2
26 2|MCQ A C 2
27 2|MCQ A C 2
28 2|MCQ A A 2
29 2|MCQ A D 2
30 2{MCQ A C 2
31 2|MsSQ B A;CD 2
32 2|MSQ B A;D 2
33 2|MsQ B A;C;D 2
34 2|MSQ B B;D 2
35 2|MsQ B A;C 2
36 2|MsQ B A;D 2
37 2|MSQ B B;C 2
38 2|MsQ B A;D 2
39 2|MsQ B A;D 2
40 2|MsSQ B CD 2
41 2|NAT C ltol 1
42 2|NAT C 32to0 32 1
43 2|NAT C 0 to INF 1
44 2|NAT C 0.08 to 0.09 1
45 2|NAT C 2.70t0 2.72 1
46 2|NAT C 0.1to 0.1 1
47 2|NAT C 0.25t0 0.25 1
48 2|NAT C 7to7 1
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49 2|NAT C 1011 to 1011 1
50 2|NAT C 3to3 1
51 2|NAT C 0.25t0 0.25 2
52 2|NAT C 33to 33 2
53 2|NAT C 2to2 2
54 2|NAT C 0.5t0 0.5 2
55 2|NAT C 0.65t0 0.67 2
56 2|NAT C 8to8 2
57 2|NAT C 3to3 2
58 2|NAT C -216 to -216 2
59 2|NAT C 3to3 2
60 2|NAT C 3to3 2
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Paper Specific Instructions

The examination is of 3 hours duration. There are a total of 60 questions carrying 100 marks. The entire
paper is divided into three sections, A, B and C. All sections are compulsory. Questions in each section are
of different types.

Section — A contains a total of 30 Multiple Choice Questions (MCQ). Each MCQ type question has four
choices out of which only one choice is the correct answer. Questions Q.1 — Q.30 belong to this section
and carry a total of 50 marks. Q.1 — Q.10 carry 1 mark each and Questions Q.11 — Q.30 carry 2 marks
each.

. Section — B contains a total of 10 Multiple Select Questions (MSQ). Each MSQ type question is similar

to MCQ but with a difference that there may be one or more than one choice(s) that are correct out of the
four given choices. The candidate gets full credit if he/she selects all the correct answers only and no
wrong answers. Questions Q.31 — Q.40 belong to this section and carry 2 marks each with a total of 20
marks.

Section — C contains a total of 20 Numerical Answer Type (NAT) questions. For these NAT type
questions, the answer is a real number which needs to be entered using the virtual keyboard on the monitor.
No choices will be shown for these type of questions. Questions Q.41 — Q.60 belong to this section and
carry a total of 30 marks. Q.41 — Q.50 carry 1 mark each and Questions Q.51 — Q.60 carry 2 marks each.

In all sections, questions not attempted will result in zero mark. In Section — A (MCQ), wrong answer will
result in NEGATIVE marks. For all 1 mark questions, 1/3 marks will be deducted for each wrong answer.
For all 2 marks questions, 2/3 marks will be deducted for each wrong answer. In Section — B (MSQ), there
is NO NEGATIVE and NO PARTIAL marking provisions. There is NO NEGATIVE marking in
Section — C (NAT) as well.

Only Virtual Scientific Calculator is allowed. Charts, graph sheets, tables, cellular phone or other
electronic gadgets are NOT allowed in the examination hall.

. The Scribble Pad will be provided for rough work.

MA
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Notation

N set of all natural numbers 1,2, 3, ---

R set of all real numbers

M 5n (R) real vector space of all matrices of size m X n with entries in R

1) empty set

X\Y set of all elements from the set X which are not in the set Y

Ly, group of all congruence classes of integers modulo n

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

Sn group of all permutations of the set {1, 2, 3,---,n}

In logarithm to the base e

log logarithm to the base 10

v I~ + o+ k2

det(M) determinant of a square matrix M

MA 2/13
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SECTION-A
MULTIPLE CHOICE QUESTIONS (MCQ)
Q. 1- Q.10 carry one mark each.

Q.1 Leta; = by =0, and for eachn > 2, let a,, and b,, be real numbers given by

-1
= 2, oty ™ = 2, TagGy

Then which one of the following is TRUE about the sequences {a, } and {b,,}?

(A) Both {a,} and {b,} are divergent

(B) {a,} isconvergentand {b,} is divergent
(C) {a,} isdivergentand {b,} isconvergent
(D) Both {a,}and {b,} are convergent

Q2 Let T € My, (R). Let V be the subspace of M, (R) defined by
V={X € Mpy,(R) : TX = 0}.

Then the dimension of V is

(A) pn — rank(T) (B) mn — p rank(T)
(C) p(m —rank(T)) (D) p(n — rank(T))

Q.3  Letg:R — R be a twice differentiable function. Define f: R3 - R by

fx,y,2) = g(x* + y* = 22%).

2 2 2
Then ZT]; + 27’; + 37]; is equal to
(A) 4(x? 4+ y% —422) g"(x? + y% — 22?)
(B) 4(x* +y? +4z%) g"(x* + y? — 22%)
(C) 4(x?+y?—22z%) g"(x? +y% —22?)
(D) 4(x? +y? +4z%) g" (x? + y? — 2z%) + 89’ (x? + y? — 2z?)

Q4  Let{a,}-o and {b,}x-, be sequences of positive real numbers such that na, < b,, < na, for
all n > 2. If the radius of convergence of the power series Y, a,x™ is 4, then the power series

Y=o bpx™

(A) converges for all x with |x| < 2
(B) converges for all x with |x| > 2
(C) does not converge for any x with |x| > 2
(D) does not converge for any x with |x| < 2

Q5 Let S be the set of all limit points of the set {% + 1—7 N E N}. Let Q. be the set of all positive
rational numbers. Then
(A) Q€S (B) ScQ.
C) SN(R\Q)#0 (D) SNQ, #0
MA 313
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Q.6 If x"y* is an integrating factor of the differential equation
y(1+xy)dx+x(1—xy)dy =0,

then the ordered pair (h, k) is equal to
(A) (=2,-2) (B) (=2,-1) € (=1,-2) D) (=1,-1)

Q7 If y(x) = 1e?* +eP*, B # 2,is asolution of the differential equation

d’y dy
a2 Tax =0
satisfying Z_Z(O) = 5, then y(0) is equal to
A1 (B) 4 ©€) 5 (D) 9

Q8  The equation of the tangent plane to the surface x?z + /8 — x2 — y* = 6 at the point (2,0,1)

IS
(A) 2x+z=5 (B) 3x +4z =10
(C) 3x—2z=10 (D) 7x —4z =10

Q.9 The value of the integral

1 1-y
f f ysin (m(1 — x)?) dx dy
y=0Yx=0

is
(A) 1 (B) 2m (C) g (D) %

21

Q.10  The area of the surface generated by rotating the curve x = y3, 0 <y < 1, about the y-axis, is

(A) =102 (B) T(10%2-1) (0) 35 (102 -1) (D) F10%?

Q. 11 — Q. 30 carry two marks each.

Q.11 Let H and K be subgroups of Z,44. If the order of H is 24 and the order of K is 36, then the
order of the subgroup H N K is

(A) 3 (B) 4 (C) 6 (D) 12

Q.12 Let P be a4 x 4 matrix with entries from the set of rational numbers. 1f V2 + i, withi = v—1, is
a root of the characteristic polynomial of P and I is the 4 x 4 identity matrix, then

(A) P*=4P24+9] (B) P*=4P2—-9] (C) P*=2P2—-9] (D) P*=2P%+09]

MA 4/13
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Q.13 The set {;—x -l <x < 1}, as a subset of R, is
(A) connected and compact
(B) connected but not compact
(C) not connected but compact
(D) neither connected nor compact
Q.14

The set «& +% :m,n € N} U {0}, as a subset of R, is

(A) compact and open (B) compact but not open
(C) not compact but open (D) neither compact nor open

Q.15 For —1 < x < 1, the sum of the power series 1 + Yo, (— 1" I n2x™1 is
1-x 1+x2
A
A G ®) e
1-x 1+x2
C
© (1+x)? (©) (1+x)3
Q.16 Let f(x) =(nx)?,x > 0.Then
(A) lim % does not exist
X—00
(B) lim f'(x) =2
X—00
(©) lim(f(x+1) - f(x)) =0
(D) lim (f(x+1) — f(x)) does not exist
X—00
Q.17 Letf : R — R be a differentiable function such that f'(x) > f(x) forall x € R, and f(0) = 1.
Then f(1) lies in the interval
(A) (0, e 1) B) (e 1,Ve) (C) (e, e) (D) (e, )
Q.18 For which one of the following values of k, the equation
2x3+3x2—-12x—k=0
has three distinct real roots?
(A) 16 (B) 20 (C) 26 (D) 31
Q.19  Which one of the following series is divergent?
w 1 . o1 w 1
(A) Xz 7 sin® ~ (B) 2in=1 logn
o 1 .1 o 1 1
(C) Xn=1 3sin— (D) Xn=1 tan—
MA 5/13
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Q.20

Let S be the family of orthogonal trajectories of the family of curves
2x>+y? =k, for k€ R and k > 0.

If ¢ €S andC passes through the point (1, 2), then C also passes through

(A) (4,—V2) (B) (2,—49) (©) (2,2v2) (D) (4,2V2)
Q.21 Let x, x+e*and 1+ x+ e* be solutions of a linear second order ordinary differential equation
with constant coefficients. If y(x) is the solution of the same equation satisfying y(0) = 3 and
y'(0) = 4, then y(1) is equal to
(A) e+1 (B) 2e+3 (C) 3e+2 (D) 3e+1
Q.22 The function
flx,y) =x3+2xy+y3
has a saddle point at
(A) (0,0) _z2_z2 _3_3 (D) (-1,-1)
(B) ( 3’ 3) ©) ( 2’ 2)
Q.23  The area of the part of the surface of the paraboloid x? + y2 + z = 8 lying inside the cylinder
x2+y2=4is
(A) 2(173/2 -1 ®r(17*2-1) (© 2(173/2 -1 (D) 2(173/2 - 1)
Q.24  Let C be the circle (x — 1) + y? = 1, oriented counter clockwise. Then the value of the line
integral
4
jg —=xy3dx +x*dy
c 3
is
(A) 61 (B) 8m (©) 12n (D) 14w
Q25 et F(x,y,z) = 2y © +x2j+ xyk and let C be the curve of intersection of the plane
x +y+z=1 and the cylinder x? + y2 = 1. Then the value of
55 F-dr
c
is
(A (B) 3n (C) 2m (D) 37
2
MA 6/13
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Q.26

Q.27

Q.28

Q.29

Q.30

The tangent line to the curve of intersection of the surface x? + y? — z = 0 and the plane
x + z = 3 atthe point (1,1,2) passes through

(A) (-1,-2,4) (B) (—-1,4,4) © (3,4,4) (D) (—1,4,0)

The set of eigenvalues of which one of the following matrices is NOT equal to the set of

eigenvalues of (1 g)’)

@ (; 3) @G 1) © (1) ©  3)

Let {a,,} be a sequence of positive real numbers. The series Y., a,, converges if the series

(A) Y>_, a? converges
(B) Z;‘{;l‘;—z converges

C) ¥x,; a;”l converges

n

(D) Yo " converges
an+1

For B € R, define

x2|x|Py 20
fay) ={xt+y2 77
0, X =

Then, at (0, 0), the function f is

(A) continuous for g =0
(B) continuous for g > 0
(C) not differentiable for any g
(D) continuous for g < 0

Let {a, } be a sequence of positive real numbers such that
a; =1, a?,; — 2a,a,.1 —a, = 0forall n > 1.

Then the sum of the series Yn—; Z—Z lies in the interval

(A) (1,2] (B) (2,3] (€) 3,4] (D) (4,5]

MA
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Q.31-

Q.31

Q.32

Q.33

Q.34

Q.35

Q.36

SECTION -B
MULTIPLE SELECT QUESTIONS (MSQ)
Q. 40 carry two marks each.

Let G be a noncyclic group of order 4. Consider the statements | and I1:

. There is NO injective (one-one) homomorphism from G to Zg
. There is NO surjective (onto) homomorphism from Zg to G

Then

(A) lis true (B) l'is false
(C) s true (D) Ilis false

Let G be a nonabelian group, y € G, and let the maps f, g, h from G to itself be defined by

fx)=yxy™, gx)=x"tand h=gog.

Then

(A) g and h are homomorphisms and f is not a homomorphism
(B) h is a homomorphism and g is not a homomorphism

(C) f is a homomorphism and g is not a homomorphism

(D) f, g and h are homomorphisms

Let S and T be linear transformations from a finite dimensional vector space V to itself such that
S(T(w)) =0forallv e V. Then

(A) rank(T) = nullity(S) (B) rank(S) = nullity(T)
(C) rank(T) < nullity(S) (D) rank(S) < nullity(T)

Let F and G be differentiable vector fields and let g be a differentiable scalar function. Then
(A)V-(FxG)=G-VxF—F-VxG B)V-(FXG)=G-VXF+F-VxG
(C)V-(gﬁ)=gV-ﬁ—Vg'ﬁ (D)V-(gﬁ)=gV-ﬁ'+Vg-ﬁ'

Consider the intervals S = (0,2] and T = [1,3). Let S° and T* be the sets of interior points of S
and T, respectively. Then the set of interior points of S\ T is equal to

(A) S\ T° (B) S\T (C) S°\T° (D) S°\T

Let {a, } be the sequence given by

. /nm nim
a, = max {sm (?) ,COS (?)}, n=1.
Then which of the following statements is/are TRUE about the subsequences {a¢;,,_1} and
{aen+a}?

(A) Both the subsequences are convergent
(B) Only one of the subsequences is convergent

(C) {agn_1} converges to —%

(D) {agn+4} cOnverges to %

MA
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Q.37 Let

f(x) =cos(Jm — x|) + (x —m)sin|x| and g(x) = x? forx € R
If h(x) = f(g(x)), then

(A) h is not differentiable at x = 0
(B) h'(Vm) =0

(C) h""(x) = 0 has a solution in (—m, )
(D) there exists x, € (—m, m) such that h(x,) = x,

Q38 et f: (Og) — R be given by

f(x) = (sinx)™ —msinx + .
Then which of the following statements is/are TRUE?

(A) f is an increasing function
(B) f is a decreasing function

() f(x) > 0forallx € (0, )
(D) f(x) < 0 for some x € (0, g)

Q.39 Let

f(x’y)z{ﬁ ¥ tys o ey # 0,0
0,

(x,y) = (0,0).
Then at (0,0),
(A) f is continuous
(B) Y — 0 and L does not exist
ox ay
af : of _
© pw does not exist and 3y = 0

(D) L =0 and Z—§=o

Q.40 Let {a,} be the sequence of real numbers such that

a; =1land a,.; =a, +a? forall n>1.
Then

(A)ay =a;(1+a)(1+az)(1+az) (B) lim — =0
(€) lim ~=1

n—-oo an
n—-oo Qan

(D) lim a, =0

n—-oo
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SECTION-C
NUMERICAL ANSWER TYPE (NAT)

Q. 41 - Q. 50 carry one mark each.

Q.41 Letx bethe 100-cycle (1 2 3 --- 100) and let y be the transposition (49 50) in the
permutation group S;qo. Then the order of xy is

Q.42 Let W, and W, be subspaces of the real vector space R1°° defined by
Wy = { (x1,X3, ..., X100) : X; = O if i is divisible by 4},
WZ = { (xl; X2, ""x100) C X = 0 if iisdivisible by 5}

Then the dimension of W; N W, is

Q.43 Consider the following system of three linear equations in four unknowns x,, x,, x5 and x,
X1 + x2+ x3+ Xg :4',
X1+ 2%, + 3x3 +4x4 =5,
X1 + 3x, + 5x3 + kxy = 5.

If the system has no solutions, then k =

Q44 et F(x,y) = —yi+xj andlet C be the ellipse

2

| =

2
y
=1
679

o)}

oriented counter clockwise. Then the value of 936 F-d?# (round off to 2 decimal places)
is

Q45 The coefficient of (x — g) in the Taylor series expansion of the function

4(1 — sinx)

T
_ 2x—m 2
fe=y 2
] x_z
is

about x = %

MA 10/13
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Q.46 Letf:[0,1] — R be given by
1\3 1\3
<1+x§> + (1—x§>

fe = 8(1+x)
Then
max {f (x):x € [0,1]} — min {f (x): x € [0,1]}
is
Q47 If
4x-5
gx) = f f(t) dt, where f(x) =414+ 3x* forx e R
x(x=2)
then g'(1) =
Q.48 Let

x3+y8
fx,y) = {xz —_yz' x2—y2#0
0, x2—y2=0.

Then the directional derivative of f at (0,0) in the direction of gi + %j is

Q.49 The value of the integral

1 1
f f |x +y| dx dy
-17-1

(round off to 2 decimal places) is

Q.50 The volume of the solid bounded by the surfaces x = 1 — y? and x = y? — 1, and the planes
z=0and z = 2 (round off to 2 decimal places) is

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

Q.51  The volume of the solid of revolution of the loop of the curve y? = x*(x + 2) about the x-axis
(round off to 2 decimal places) is

MA 11/13
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Q.52

Q.53

Q.54

Q.55

Q.56

Q.57

Q.58

Q.59

The greatest lower bound of the set

1
{(e"+2™n:n€eN},

(round off to 2 decimal places) is

LetG ={n € N: n <55, gcd(n,55) = 1} be the group under multiplication modulo 55.
Let x € G be such that x2 = 26 and x > 30. Then x is equal to

The number of critical points of the function

fOoy) = (@ + 3yHe "+

The number of elements in the set {x € S3: x* = e}, where e is the identity element of the
permutation group Ss, is

2 0 0
If (y) v,z € R, is an eigenvector corresponding to a real eigenvalue of the matrix (1 0
VA 0 1

then z —y isequal to

Let M and N be any two 4 X 4 matrices with integer entries satisfying

MN = 2

cocor
cor o
oOrR RO
R OO R

Then the maximum value of det(M) + det(N) is

Let M be a 3 x 3 matrix with real entries such that M? = M + 21, where I denotes the 3 x 3
identity matrix. If «, 8 and y are eigenvalues of M such that ¢Sy = —4, then
a+ [ +y isequal to

Let y(x) = xv(x) be a solution of the differential equation

2 A%y

dy _
2 3x - t+3y=0.

If v(0) = 0and v(1) =1, then v(—2) is equal to

2
—4
3

)

MA
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Q.60 If y(x) is the solution of the initial value problem
d?y dy _ _ dy _
ﬁ+4a+4y—0, y(O)—Z, dx(O)_O’

then y(In 2) is (round off to 2 decimal places) equal to

END OF THE QUESTION PAPER
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Paper : MATHEMATICS

Code : MA

SECTION — A (MCQ)

SECTION - B (MSQ)

SECTION = C (NAT Type)

Q.No.| KEY | Q.No.| KEY | Q.No. KEYS Q. No. KEY RANGE Q. No. KEY RANGE
01 |D 16 |C 31 |AC 41 |99TO 99 56 |3TO3
02 |D 17 |D 32 |B,C 42 |60 TO60 57 177017
03 |B 18 |A 33 |C,D 43 |7TO7 58 |3TO3
04 |A 19 |B 34 |[AD 44 | 75.35TO 75.45 59 |[4TO4
05 |B 20 |C 35 |B,D 45 [1T01 60 |1.12TO1.25
06 |A 21 |D 36 |A 46 |0.25T00.25
07 |C 22 |A 37 |B,C,D 47 |8TO8
08 |B 23 |C 38 |B,C 48 |26T026
09 |A 24 | B 39 |AD 49 |260T02.70
10 |C 25 | C 40 |[AB 50 |5.30TO 5.50
1 |D 26 |B 51 |6.60 TO 6.80
12 |cC 27 |D 52 | 2.69TO 274
13 |B 28 |C 53 | 31to 31 or 46 to 46
14 |B 29 |B 54 |[5TO5
15 |A 30 |A 55 |4TO4
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Paper Specific I nstructions

The examination is of 3 hours duration. There are a total of 60 questions carrying 100 marks. The entire
paper is divided into three sections, A, B and C. All sections are compulsory. Questions in each section are
of different types.

Section — A contains atotal of 30 Multiple Choice Questions (MCQ). Each MCQ type question has four
choices out of which only one choice is the correct answer. Questions Q.1 — Q.30 belong to this section
and carry atotal of 50 marks. Q.1 — Q.10 carry 1 mark each and Questions Q.11 — Q.30 carry 2 marks
each.

Section — B contains a total of 10 Multiple Select Questions (M SQ). Each MSQ type question is similar
to MCQ but with a difference that there may be one or more than one choice(s) that are correct out of the
four given choices. The candidate gets full credit if he/she selects al the correct answers only and no
wrong answers. Questions Q.31 — Q.40 belong to this section and carry 2 marks each with a total of 20
marks.

Section — C contains a total of 20 Numerical Answer Type (NAT) questions. For these NAT type
guestions, the answer is areal number which needs to be entered using the virtual keyboard on the monitor.
No choices will be shown for these type of questions. Questions Q.41 — Q.60 belong to this section and
carry atotal of 30 marks. Q.41 — Q.50 carry 1 mark each and Questions Q.51 — Q.60 carry 2 marks each.

In all sections, questions not attempted will result in zero mark. In Section — A (MCQ), wrong answer will
result in NEGATIVE marks. For all 1 mark questions, 1/3 marks will be deducted for each wrong answer.
For all 2 marks questions, 2/3 marks will be deducted for each wrong answer. In Section — B (MSQ), there
is NO NEGATIVE and NO PARTIAL marking provisions. There is NO NEGATIVE marking in
Section — C (NAT) aswell.

Only Virtual Scientific Calculator is allowed. Charts, graph sheets, tables, cellular phone or other
electronic gadgets are NOT allowed in the examination hall.

The Scribble Pad will be provided for rough work.

Useful infor mation

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

Z set of all integers {0, +1, +2, ...}

Q set of all rational numbers

R set of al real numbers

C set of al complex numbers

R" n-dimensional Euclidean space {(x, x5, ... ,xp) | x; ER,1<j<n}

Sn group of al permutations of n distinct symbols

Zy, group of congruence classes of integers modulo n

i,j,k unit vectors having the directions of the positive x, y and z axes of athree
dimensional rectangular coordinate system
N N

\ la +7J 5 +k a7

M sn (R) real vector space of al matrices of order m X n with entriesin R

sup supremum

inf infimum

MA
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SECTION -A
MULTIPLE CHOICE QUESTIONS (MCQ)

Q.1-Q.10carry one mark each.
Q.1 Which one of the following is TRUE?

(A) Z, iscyclicif and only if n isprime

(B) Every proper subgroup of Z, iscyclic

(C) Every proper subgroup of S, iscyclic

(D) If every proper subgroup of agroup is cyclic, then the group is cyclic

Q2 Letq, =222, whereb; =1, by =1 ad by = by + bnyy, n €N. Then lim a,, is

n—oo

) = B - © = o)

Q.3 If {v,,v,,v3} isalinearly independent set of vectorsin avector space over R, then which one of

the following setsis also linearly independent?

(A) {vq + vy, —v3, 2V + vy 4+ 3v3, S5v; +4v,}
(B) {v1 —vq, v, —v3, v3 — 4}
©C) {vi+vy,—v3, Vy+v3—Vy, V34V —V,, V;+V,+V3}

(D) {v1 + vy, vy + 2v3, v3+ 3v,}

Q.4 Leta beapositivereal number. If f isa continuous and even function defined on the interval

a f(x) .
[—a, a], then f_a T ax isequal to

A [IfG) dx ®) 2f L2 ax
© 2['f(x)dx ©  2af; L2 ax

Q.5 Thetangent planeto the surface z = \/x2 + 3y2 at (1,1, 2) isgiven by

(A) x=3y+z=0 B) x+3y—2z =0
(C) 2x+4y—-3z =0 (D) 3x—=7y+2z =0

MA 2/12
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Q.6 InR3, the cosine of the acute angle between the surfaces x? + y%2 + z2 —9 = 0 and

z—x?—y?+3=0athepoint (2,1,2)is

8
A) s

10
521 (©) 321 (D) 321

Q.7 Letf:R3 - R beascdar field, 7: R® —» R3 be avector fieldand let d € R® be a constant vector.

If # represents the position vector xi + yj + zk, then which one of the following is FALSE?
(A) curl(f v) = grad(f) X v + f curl(v)
: _ (o
(B) div(grad() = (F+35+23) f

(C) curl(@x®)=2l\al#

(D) div () =0, for7 =0

73

Q.8 InR?, thefamily of trajectories orthogonal to the family of asteroids x2/3 + y?/3 = a?/3 is

given by
(A) x*3 + y4/3 = c4/3 (B) x4/3 — y4/3 = c4/3
(C) x5/3 — y5/3 = ¢5/3 (D) x2/3—y2/3 = ¢2/3

Q.9 Consider the vector space V over R of polynomial functions of degree less than or equal to 3
definedonR. LetT : V — V bedefined by (Tf)(x) = f(x) — xf'(x). Thentherank of T is

(A) 1 (B) 2 © 3 (D) 4

Q10 Lets, = 14 % + % + o +% for n € N. Then which one of the following is TRUE for the
sequence {s, }n=1

(A) {sp}n=1 convergesinQ
(B) {sp}n=1 isaCauchy sequence but does not convergein Q
(C) thesubsequence {syn};=, isconvergentin R, only when k iseven natural number

(D) {sp}n=1 isnot aCauchy sequence
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Q.11 -Q. 30 carry two marks each.

Qll 'z
9 . .
Leta, = t— if nisodd neN.
1+ zin , if niseven

Then which one of the following is TRUE?
(A) sup {a,|neN}=3andinf{a, |neN} =1
(B) liminf (a,) = limsup (a,) =2
(C) sup{a, |n€eN} =2andinf{a, |neN} =1
(D) liminf(a,) =1andlimsup (a,) =3

Q.12 Leta,b,c € R. Which of the following values of a, b, c do NOT result in the convergence of the

series
>
b c
£ n® (loge n)
(A) lal<1, beRc€eER B)a=1b>1 c€eR
€ a=1b=20,c<1 D) a=-1,b=0,c>0

QL3 Leta,=n +% , n € N. Then the sum of the series Y%, (—1)"+! 2242 g

n!

(A) el-1 (B) e?! (C) 1—e71 (D) 1+e?

Q14 | a, = \(/%): andlet ¢, = Y3-oan_rar , wheren € N U {0}. Then which one of the

following is TRUE?

(A) Both Y_ya, and Y., ¢, are convergent
(B) YXm=oa, isconvergent but Y.,_, c, isnot convergent
(C) Xy=qcy, isconvergent but Yo, a, isnot convergent

(D) Neither »>_oa, nor Y,_;c, isconvergent
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Q.15 Supposethat f, g : R — R are differentiable functions such that f is strictly increasingand g is
strictly decreasing. Definep(x) = f(g(x)) and q(x) = g(f(x)), Vx € R. Then, fort > 0, the

signof [ p'(x) (q'(x) — 3)dx is

(A) positive (B) negative (C) dependentont (D) dependenton f and g

Q.16 x3sin G) L x#0

0, x=0

Forx e R, let f(x) = { . Then which one of the following is FALSE?

(A) lim 22 = o

x—0 X
L f)
(B) im~5= =0
(© I®) has infinitely many maximaand minimaon theinterval (0,1)

x2

(D) % iscontinuous at x = 0 but not differentiableat x = 0

4

Q.17 a2 (x,y) # (0,0)

Let f(x,y) = { Py
fen =1, ) = (0,0

Then which one of the following is TRUE for f at the point (0,0)?

(A) For a =1, f iscontinuous but not differentiable

(B) For a = % f iscontinuous and differentiable
(C) Fora = i, f iscontinuous and differentiable

(D) For a = %, f isneither continuous nor differentiable

Q.18 Leta,b e R andlet f:R — R beathrice differentiable function. If z = e* f(v), where

u = ax + by and v = ax — by, then which one of the following is TRUE?

(A) b2zyy — a®zy, = 4a*b?e*f'(v) (B) b2zyy — a*zy, = —4e*f'(v)

(C) bzy+az, =abz (D) bz, + az, = —abz

Q.19 Consider the region D in the yz plane bounded by the line y = % and the curve y2 + z2 = 1, where

y = 0. If theregion D isrevolved about the z-axisin R3, then the volume of the resulting solid is

(A) % (B) % (©) ”T\/g (D) w3
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Q20 | F(x,y) = (3x — 8y)i + (4y — 6xy)] for (x,y) € R?, then $. F-d#,whereC isthe
boundary of the triangular region bounded by thelinesx = 0,y = 0 and x + y = 1 oriented in the

anti-clockwise direction, is

n 2 (B) 3 ©) 4 (D) 5

Q.21 Let U,V and W be finite dimensional real vector spaces, T:U - V, S:V - W and P:W — U be
linear transformations. If range (ST) = nullspace (P), nullspace (ST) = range (P) and
rank (T) = rank (S), then which one of the following is TRUE?

(A) nullity of T = nullity of S
(B) dimensionof U # dimension of W
(C) If dimensionof V = 3, dimension of U = 4, then P isnot identically zero

(D) If dimensionof V = 4, dimension of U = 3 and T isone-one, then P isidentically zero

Q.22 et y(x) bethe solution of the differential equations—i’ +y=f(x), for x>0, y(0) = 0, where

2, 0<x<1
fo={% "Trsq Thenyt)=

(A) 2(1—e™*) when0<x<1 and 2(e —1)e ™ *whenx > 1
B) 2(1—e™) when0<x<1 and 0 whenx >1
(C) 21 —e™) when0<x<1 and 2(1—e e *whenx =1

(D) 2(1—e™) when0<x<1 and 2el™*whenx > 1

Q23 Anintegrating factor of the differential equation (y +§ y3 +% xz) dx + %(x +xy?)dy=0is

(A) x? (B) 3log, x (C) «x3 (D) 2logex

Q.24 A particular integral of the differential equation y”’ + 3y’ + 2y = e is

(A) e e (B) e® e 2x (C) e e (D) e e*

Q.25 Let G beagroup satisfying the property that f: G — Z,,, isahomomorphism implies
f(g) =0, Vg € G. Thenapossiblegroup G is

(A) Z (B) Zsy ©) Zo (D) Zy1q

MA 6/12

(' https://pkalika.in/category/downl oad/bsc-msc-study-material/ )



(40)

JAM 2018 Mathematics - MA

Q.26 Let H bethe quotient group Q/ Z. Consider the following statements.
l. Every cyclic subgroup of H isfinite.
. Every finite cyclic group isisomorphic to a subgroup of H.

Which one of the following holds?

(A) 1isTRUE but Il isFALSE (B) 1lisTRUE but | isFALSE
(C) bothl and |l are TRUE (D) neither I nor Il is TRUE

Q.27 Let I denotethe 4 x 4 identity matrix. If the roots of the characteristic polynomial of a4 x 4 matrix

M are + %\E then M8 =

(A) I+ M? (B) 2I + M? (C) 2I +3M? (D) 31 + 2M?

Q.28 Consider thegroup Z2 = {(a,b)| a,b € Z} under component-wise addition. Then which of the

following is a subgroup of Z? ?

(A) {(a,b) € 72| ab = 0}

(B) {(a,b) € Z?| 3a + 2b = 15}

(© {(ab) € 72| 7 divides ab}

(D) {(ab) € 72| 2 divides a and 3 divides b}

Q.29 Let f:R — R beafunction and let J be abounded open interval in R. Define

W(f.)) =sup {f(x) [x€J} — inf{f(x)|x€]}.
Which one of the following is FALSE?

(A) W(f,J1) SW(f,]J,) if €],
(B) If fisabounded functioninjandj o J; o J, - 2 J, D -+ such that the length of the

interval J,, tendsto 0 asn — oo, then lim W(f,J,) =0
n—oo

(C) If fisdiscontinuousat apointa € J, thenW(f,J) # 0
(D) If fiscontinuousat apoint a € J, then for any given e > 0 thereexistsaninterval I c J

suchtha W(f,I) < e
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Q.30 Forx > _71 let f,(x) = =2, f,(x) = log.(1 + 2x) and f;(x) = 2x . Then which one of the

1+2x '
following isTRUE?

(A) f3(0) < fo(x) < fi(x) for0 <x < g

(B) fi(x) < f5(x) < fo(x) forx >0
©) fi(x)+ fo(x) < % for x > ?

(D) fo(x) < fi(x) < f3(x) forx >0

SECTION-B
MULTIPLE SELECT QUESTIONS (MSQ)
Q. 31-Q. 40 carry two marks each.

Q.31 . 1 . . .
Let f:R\ {0} —» R bedefinedby f(x) = x + el On which of the following interval(s) is
f one-one?
(A) (=o,—-1) (B) (0,1) © (0,2) (D) (0, =)

Q.32 The solution(s) of the differential equation % = (sin 2x) y'/3 satisfying y(0) = 0 is (are)

A yx)=0 B) y(x) =- % sin®x

C) y(x) =\/§ sin3x (D) y(x) =\/§ cos3x

Q.33 Suppose f, g, h are permutations of the set {a, 8,v, 8}, where
f interchanges @ and §8 but fixesy and &,
g interchanges § and y but fixesa and 6,
h interchangesy and § but fixes a and .

Which of the following permutations interchange(s) « and § but fix(es) g and y?

(A) fogohogof (B) gehofohog (C)gofohofoyg (D) hogo fogoh

Q.34 Let P and Q be two non-empty disjoint subsets of R. Which of the following is (are) FALSE?
(A) If P and Q are compact, then P U Q is also compact
(B) If P and Q are not connected, then P U Q is also not connected
(C) If PuQ and P areclosed, then Q isclosed
(D) If PUQ and P areopen, then Q isopen

MA
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Q.35 Let C* = C )\ {0} denote the group of non-zero complex numbers under multiplication. Suppose

Y, = {z€C| z" =1}, n € N. Which of the following is (are) subgroup(s) of C*?

(A) UnZi Yy (B) UpzqYon (©) Unzi00Ya (D) UpzaYn

Q.36 Suppose a, B,y € R. Consider the following system of linear equations.
x+y+z=a x+pBy+z=y, x+y+az=L.If thissystem has at |east one solution, then
which of the following statementsis (are) TRUE?
(A) Ifa=1theny =1 B) Ifg=1theny =«
©) Ifp+1thena=1 (D) Ify=1thena=1

Q37 Let mneN, m<n, PEMu,(R), Q€ Mpy,(R). Then which of thefollowing is (are)
NOT possible?
(A) rank (PQ) =n
(B) rank (QP) =m
(C) rank (PQ) =m

m+n

(D) rank (QP) = [mel the smallest integer larger than or equal to —

Q.38 If F(x,y,z) = 2x + 3yz)i + (3xz + 2y)j + 3xy + 22)k for (x,y,z) € R3, then which among
thefollowingis (are) TRUE?
(A) VXF=0
(B) §. F-dit = 0aongany simpleclosed curve C
(C) Thereexistsascalar function ¢: R® - R suchthat V - F= Pxx + Pyy + D2z

(D) V-F=0

Q.39 Which of the following subsets of R is (are) connected?

(A) {xeR|x%+x >4} (B) {x€e€R|x*+x<4}
©) {xeR|lx|<|x—4} (D) {x€eR|Ilx|>|x—4[}
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Q.40 Let S be asubset of R such that 2018 isan interior point of S. Which of the following is (are)
TRUE?

(A) S containsan interval

(B) Thereisasequencein S which does not convergeto 2018

(C) Thereisanelementy € S, y # 2018 such that y isaso aninterior point of S
(D) Thereisapointz € S, suchthat |z — 2018| = 0.002018

SECTION -C
NUMERICAL ANSWER TYPE (NAT)

Q.41 -Q. 50 carry one mark each.
Q.41 Theorder of theelement (1 2 3) (2 4 5) (4 56) inthegroup S¢ is

Q.42 Let p(x,y,z) = 3y? + 3yzfor (x,y,z) € R3. Then the absolute value of the directional derivative

of ¢ in the direction of thelinexz;1 = % == ,athepoint (1,-2,1) is

Q43 Let f(x) = Tg2o(~1)"x(x — D™ for 0 < x < 2. Thenthevalueof £ () is

Q.44 Let f:R? - R begiven by

x2y (x = y)
flx,y) = { ———— () #(0,0)

x% 4 y?
0, (x,y) = (0,0)
a (of 9 (of i i
Then —— (5) ~ 3y (&) at the point (0,0) is

y x_
Q45 Let f(x,y) = /x3y sin (g e(§_1)> + xy cos (g e(y 1)> for (x,y) ER? x>0, y>0.

Then £.(1L,D) + £,(1,1) =

Q46 Let £:[0,00) — [0, ) be continuous on [0, o) and differentiable on (0, o) . If
fG) = [FF® dt, thenf(6) =

MA 10/12
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_1\n _1\n—-1
Q47 | aq, = (1+(2n1) ) | (1+(3i) )

. Then the radius of convergence of the power series Yo, a,x™

aboutx =0 is

Q.48 Let A, be the group of even permutations of 6 distinct symbols. Then the number of elements of

order 6 inAgz is

Q.49 Let W, betherea vector space of al 5 x 2 matrices such that the sum of the entriesin each row is
zero. Let W, bethereal vector space of all 5 x 2 matrices such that the sum of the entriesin each

column is zero. Then the dimension of the space W; n W, is

Q.50 The coefficient of x* in the power series expansion of eSi"* about x = 0 is

(correct up to three decimal places).

Q.51 -Q. 60 carry two marks each.
Q51 Letay = (—D*Y, s,=a;,+a,++a,ando, = (s, +5, ++5s,)/n,wherek,n € N.

Then lim o, is (correct up to one decimal place).

n—oo

Q52 Let f:R —» Rbesuchthat f'" iscontinuousonRand f(0) =1, f'(0) =0 and f""(0) = —1.

X
Then lim (f (\/% >> is (correct up to three decimal places).

X—00

Q.53 Suppose x, y, z are positive real numbers such that x + 2y + 3z = 1. If M isthe maximum value of

xyz? , then the value of % is

MA 1112
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Q.54 If the volume of the solid in R3 bounded by the surfaces

Il
N
<

N}
+
N

N}

Il

N

x=-1, x =1, y=-1, y=1, z

isa —m, thena =

Q.55 __ (m/3 sint+cost La z.
If a = fn/6 —= dt, then the value of (251n2+1) is

Q.56 Thevalue of the integral

101 ,
f f y*e*" dy dx
0 YJx

is (correct up to three decimal places).

Q.57 Suppose Q € M3, 3(R) isamatrix of rank 2. Let T: M543 (R) —» M3.3(R) bethe linear
transformation defined by T(P) = QP. Thentherank of T is

Q.58 The area of the parametrized surface
S = {((2+ cosu)cosv, (2+ cosu)sinv, sinu) ER3 |0 <u < %, 0<v< %}

is (correct up to two decimal places).

Q-39 |f x(t) isthe solution to the differential equation% = x2t3 + xt, fort > 0, satisfyingx(0) = 1,

then the value of x(\/z) is (correct up to two decimal places).

Q.60 If y(x) = v(x) secx isthesolutionof y’" — (2tanx)y’' + 5y =0, —25 <x< g satisfying

y(0) =0 and y'(0) =6, thenv (#) is (correct up to two decimal places).

END OF THE QUESTION PAPER
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Q No. %‘;ZS:Z:) Section | Key/Range (KY)
1 McQ A B
2 McQ A D
3 McQ A D
4 McQ A A
5 McQ A B
6 McQ A C
7 McQ A C
8 McQ A B
9 McQ A C
10 McQ A B
11 McQ A A
12 McQ A C
13 McQ A D
14 McQ A B
15 McQ A A
16 McQ A D
17 McQ A C
18 McQ A A
19 McQ A C
20 McQ A B
21 McQ A C
22 McQ A A
23 McQ A C
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Q No. %‘;ZS:Z:) Section | Key/Range (KY)
24 McQ A B
25 McQ A A
26 McQ A C
27 McQ A C
28 McQ A D
29 McQ A B
30 McQ A C
31 MSQ B B
32 MSQ B AB,C
33 MSQ B AD
34 MSQ B B,C,D
35 MSQ B B,C,.D
36 MSQ B AB
37 MSQ B AD
38 MSQ B AB,C
39 MSQ B B,C,.D
40 MSQ B AB,C
41 NAT C 4t04
42 NAT C 6.5t0 7.5
43 NAT C lto1l
44 NAT C lto1l
45 NAT C 3to3
46 NAT C 9to9
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Q No. %‘;ZS:Z:) Section | Key/Range (KY)
47 NAT C 2to 2
48 NAT C OtoO
49 NAT C 4t04
50 NAT C -0.130 to -0.120
51 NAT C 0.4t0 0.6
52 NAT C 0.350 to 0.380
53 NAT C 1140 to 1160
54 NAT C 5.991t06.01
55 NAT C 29to 3.1
56 NAT C 0.230 to 0.250
57 NAT C 6to6
58 NAT C 6.30 t0 6.70
59 NAT C -2.80to -2.70
60 NAT C 0.5 t0 0.5
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JAM 2017

Notation
Z, Set of all residue classes modulo n
X\Y The set of elements from X which are not in Y
N The set of all natural numbers 1,2,3, ...
R The set of all real numbers
Sn Set of all permutations of the set {1,2,..,n}

GL,(R) Set of all n X n invertible matrices with real entries

i7, k unit vectors having the directions of the positive x, y and z axes in
a three dimensional rectangular coordinate system, respectively

mT Transpose of a matrix M
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SECTION - A
MULTIPLE CHOICE QUESTIONS (MCQ)

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

Q.1  Consider the function f(x,y) = 5 —4sinx + y? for 0 <x < 2mandy € R. The set of critical
points of f(x,y) consists of
(A) a point of local maximum and a point of local minimum
(B) a point of local maximum and a saddle point
(C) a point of local maximum, a point of local minimum and a saddle point
(D) a point of local minimum and a saddle point
Q.2 Let@:R — Rbe adifferentiable function such that ¢’ is strictly increasing with <p’ (1)=0.Leta
and B denote the minimum and maximum values of @(x) on the interval [2, 3], respectively. Then
which one of the following is TRUE?
(A)B=093) (B) a = ¢(2.5) (©) B=9(25) (D) a=903)
Q.3  The number of generators of the additive group Zzg is equal to
(A)6 (B) 12 () 18 (D) 36
Q4 . T ] (n+5n k)_
nl—?t}o n sin 2 2 n)
k=1
2n 5 2 5w
e (B)3 © 3 D) =
Q.5 Let f:R - Rbe atwice differentiable function. If g(u, v) = f(u? — v?), then
a2 a?
g + "9 _
ou?r = dv?
(A) 4(u? — vO)f" (u? —v?)
(B) 4(u? + vA)f W —v?)
(©) 2f (u? — v?) + 4u? — vA)f" (U - v?)
D) 2(u — v)*f"(w? = v)
6 1,1
Q J f sin(y?)dy dx =
0 Jx
A) 1+C;>S 1 (B)1-—cosl (C) 1+ cos1 D) 1—C205 1
MA 3/13
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Q.7

Q.8

Q9

Q.10

Let f,(x), f, (%), g1(x), g2 () be differentiable functions on R. Let F(x) = g 1 ((’2) g 2 ((’;)) be the
1 2

i) f2(0)
g1(x)  g2(x)
(A) 'f1'(x) f2'() i) g4'()
g1(x) G2 1f'(x)  g2(x)
fi'(x) f2' (%) + f1(x) g1’ (x)
91(x)  g2(%) fr(x) g2'(®)
') ') _ Aix) g1'(x)
g1(x)  g2(x) f,(x) 92'(%)
fi'(x) f2'(x)
g'(®) 92" (%)

determinant of the matrix [ ] Then F' (x) is equal to

‘|
(8)
©

D)

Let

x # 0.

R S L PR

" ht
Write L = lim,_q- f(x) and R = lim, ¢+ f(x). Then which one of the following is TRUE?
(A) L exists but R does not exist

(B) L does not exist but R exists

(C) Both L and R exist

(D) Neither L nor R exists

If limroe fOTe"‘de = _\/zi’ then
T
lim xze—"2 dx =
T—oo0 0
'z ®Z © Vo (D) 2Vm
If
1+x ifx<0
f(x) = { _
(1-x)px+q) ifx=0

satisfies the assumptions of Rolle’s theorem in the interval [—1, 1], then the ordered pair (p,q) is

M) 2,-1) ® (-2,-1 © (=21 (D) (21

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

Q.11  The flux of the vector field
5 2x%y? 4
F=<2nx+ y)i+(21rxy———y-)j
T T
along the outward normal, across the ellipse x2 + 16y?% = 4 is equal to
(A) 4% — 2 (B) 22 — 4 (C) mt -2 (D) 2m
MA 4n3
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Q.12

Q.13

Q.14

Q.15

Q.16

Let M be the set of all invertible 5 X 5 matrices with entries 0 and 1. For each M € M, let

n, (M) and ny(M) denote the number of 1’s and 0’s in M, respectively. Then

&nel]{}t In; (M) — no(M)| =

A) 1 (B) 3 ) 5 (D) 15
11
Let M = [2 4] and X = Eﬂ Then
0 1
Jim "
(A)d t exist . 1
) does not exis (B) is [2]
© [} s [}

Let F = (3 + 2xy)i+ (x? — 3y?)J and let L be the curve

7(t) = e'sinti+ efcost], 0<t<m
Then
fﬁ-d? =
L
(A)e 3™ +1 (B) e~6" + 2 (C) e +2 (D) e3™ +1

The line integral of the vector field
F=zxi+xyj+ yzk

along the boundary of the triangle with vertices (1,0,0), (0,1,0) and (0,0,1), oriented anti-
clockwise, when viewed from the point (2,2,2), is

(A) ‘71 (B) -2 © 1 (D) 2

The area of the surface z = % intercepted by the cylinder x% 4+ y? < 16 lies in the interval

(A) (20m, 22m] (B) (227, 24m] (C) (24m, 26m] (D) (26m, 28]

MA
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Q.17

Q.18

Q.19

Q.20

xj-yi

Fora>0,b>0,letF = b2x2+aly?

be a planar vector field. Let

C={(xy) €R*|x?+y?=a®+b?}

be the circle oriented anti-clockwise. Then

fﬁ-d?:
C

A= (B) 2m (C) 2mab (D) 0

The flux of F = yi— xj+ z2k along the outward normal, across the surface of the solid

{(x,y,z)e R3I|0<x<1 0<y<1, OSzS\/Z—xZ—yZ}

is equal to

Ok OF © ¢ o) ¢

Let f: R = R be a differentiable function such that f (2) =2and

If () = FOI < 5(1x —y¥/?

forall x € R,y €R. Let g(x) = x3f(x). Then g'(2) =
5 D) 24
(A)5 (B) 5 € 12 (D)

Let f:R — [0,00) be a continuous function. Then which one of the following is NOT TRUE?

(A) There exists x € Rsuch that f(x) = _——f(o);f(l)

(B) There exists x € R such that f(x) = JFED
(C) There exists x € R such that f(x) = f_llf(t)dt
(D) There exists x € Rsuch that f(x) = fol f(t)dt

MA
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\Q.21

Q.22

Q.23

Q24

Q.25

The interval of convergence of the power series

Y o

(4x — 12)"
n?+1

is
(A)
(B)

IN
RN |

©
D)

B0 a|
funy

Let P; denote the real vector space of all polynomials with real coefficients of degree at most 3.

Consider the map T: P3 - P; given by T(p x) = p (x) + p(x). Then

(A) T is neither one-one nor onto
(B) T is both one-one and onto
(C) T is one-one but not onto

(D) T is onto but not one-one

x2y
2

x1ty? for (x,y) # (0,0). Then

Let f(x,y) =
(A) %E and f are bounded
®
©Z
(D)

is bounded and f is unbounded

is unbounded and f is bounded

o

o and f are unbounded

Let S be an infinite subset of R such that S \ {a} is compact for some a € S. Then which one of
the following is TRUE?

(A) S is aconnected set

(B) S contains no limit points

(C) S is a union of open intervals

D)

Every sequence in S has a subsequence converging to an element in §

- 2
-1
tan =
Z n?
n=1

©

1]

(D) 7

(A) (B)

I

MA
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Q.26

Q.27

Q.28

Q.29

Let 0 < a; < by. Forn = 1, define

a, +b
Ani1 = anby, and bpyq = _"_Z_ﬂ

Then which one of the following is NOT TRUE?

(A) Both {a,}and {b,} converge, but the limits are not equal
(B) Both {a,}and {b,} converge and the limits are equal

(C) {b,}is adecreasing sequence

(D) {a,}1is an increasing sequence

1 1 1 1
lim — + 4o =
n->°°\/'ﬁ<\/§+\/€ V6 +9 «/ﬁ+\/3_n"+_3)
(A)1++3 (B) V3 © % D) 7
Which one of the following is TRUE?

(A) Every sequence that has a convergent subsequence is a Cauchy sequence
(B) Every sequence that has a convergent subsequence is a bounded sequence

(C) The sequence {sinn} has a convergent subsequence

(D) The sequence {n cos %} has a convergent subsequence

A particular integral of the differential equation

d’y _dy
—Z_2"=e
dx? dx

2% sinx

is
e2x .
(A) _1?(3 cosx — 2sinx)
2x
B - %.—(3 cosx — 2sinx)

2x
o - %(2 cosx + sinx)

2x
D) <—(2cosx —sinx)
5

Q.30 Let y(x) be the solution of the differential equation
(xy+y+e™dx+(x+e)dy=0
satisfying y(0) = 1. Then y(—1) is equal to
£ e e (D) 0
(A) e—1 (B) e—1 © 1-e
MA 8/13
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SECTION -B
MULTIPLE SELECT QUESTIONS (MSQ)

Q. 31 — Q. 40 carry two marks each.

Q.31

Q32

Q.33

For a,B € R, define the map ¢, 5:R = R by ¢qp(x) = ax + B.Let

G={¢ap | (@B € R?}
For f,g € G,definego f €Gby (gof)(x) = g(f(x)). Then which of the following statements
is/fare TRUE?

(A) The binary operation o is associative

(B) The binary operation ° is commutative

(C) Forevery (a,B) € R?, a # 0 there exists (a,b) € R? such that Vap ° Pap = P10
(D) (G, °) isagroup

The volume of the solid
3 2
{(x,y,z)ER 1<x<2, OSyS;, OSsz}

is expressible as
2 (2 2
@A) [ I fy dz dy dx ®) [ fy J;" dy dz dx

2 oz (2 2 ;2 2
© 1, L L ™ dy dx dz (D) [, fmax{z,l}fo ™ dy dx dz

Let f: R? = R be a function. Then which of the following statements is/are TRUE?

(A) If f is differentiable at (0,0), then all directional derivatives of f exist at (0,0)
(B) If all directional derivatives of f exist at (0,0), then f is differentiable at (0,0)
(C) If all directional derivatives of f exist at (0,0), then f is continuous at (0,0)

. .. d a . . . .
(D) If the partial derivatives 55 and é exist and are continuous in a disc centered at (0,0),

then f is differentiable at (0,0)

If X and Y are n X n matrices with real entries, then which of the following is/are TRUE?

(A) If P~1XP is diagonal for some real invertible matrix P, then there exists a basis for R"
gonsisting of eigenvectors of X

(B) If X is diagonal with distinct diagonal entries and XY =YX, then Y is also diagonal

(C) If X? is diagonal, then X is diagonal

(D) If X is diagonal and XY =YX forall Y, then X = Al forsome A €R

MA
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Q.35

Q.36

Q.37

Q.38

Let G be a group of order 20 in which the conjugacy classes have sizes 1,4,5, 5,5. Then which of
the following is/are TRUE?

(A) G contains a normal subgroup of order 5
(B) G contains a non-normal subgroup of order 5
(C) G contains a subgroup of order 10

(D) G contains a normal subgroup of order 4

Let {x, } be a real sequence such that 7x, 1 = x3 + 6 for n > 1. Then which of the following
statements is/are TRUE?

(A) If ;= %, then {x,, } converges to 1
B) If x,= : , then {x,, } converges to 2
© If x, =

, then {x,,} converges to 1

(D) If X, =

Niw N{wN

, then {x,,} converges to —3

Let S be the set of all rational numbers in (0,1). Then which of the following statements is / are
TRUE?

(A) Sisaclosed subset of R

(B) S is not a closed subset of R

(C) S is an open subset of R

(D) Every x € (0,1)\ S is a limit point of S

Let M be an n X n matrix with real entries such that M3 = I. Suppose that Mv # v for any non-
zero vector v. Then which of the following statements is / are TRUE?

(A) M has real eigenvalues

(B) M + M1 has real eigenvalues
(C) nis divisible by 2

(D) nis divisible by 3

Q.39 Let y(x) be the solution of the differential equation
dy
—=0-Do-3)
x
satisfying the condition y(0) = 2. Then which of the following isfare TRUE?
(A) The function y(x) is not bounded above
(B) The function y(x) is bounded
(© lim y(x)=1
X =400
(D) lim y(x) =3
X ——00
MA 10/13
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Q.40 Let k, £ € R be such that every solution of

d*y dy
Ei-*— Zka;

+ey=20
satisfies lim y(x) = 0. Then
X—o0
(A) 3k?+£<0and k>0
(B) k*+ £>0 and k<O
(C) k2~ ¢<0and k>0

(D) k= £>0,k>0 and £>0

SECTION -C
NUMERICAL ANSWER TYPE (NAT)

Q. 41 — Q. 50 carry one mark each.

Q.41 If the orthogonal trajectories of the family of ellipses x2+ 2y% = ¢y, ¢ > 0, are givenby

y =;x% ¢ ER, thena =

Q42 [etGbea subgroup of GL, (R) generated by [(1) (1)] and [g ___ﬂ Then the order of G is

12345678) and T = (12345678
453786172 45317682

of 1 € Sg such that n™lon = 7 is equal to

Q43 Consider the permutations o = ( ) in Sg. The number

Q44  Let P be the point on the surface z = Jx% + y? closest to the point (4,2,0). Then the square of
the distance between the originand P is

-1

Q.45 1
(f x‘*(l—x)sdx) =
0

Q.46 1 0
Let vy = |1| and v = |1}|. Let M be the matrix whose columns are v1, V2,2V — V2, V1 + 2v,

0 1
in that order. Then the number of linearly independent solutions of the homogeneous system of

linear equations Mx = 0 is

MA 11/13
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Q-47 1 71,3 7t5 1t7 (—1)n_17t2"+1
_—-——-—F— =+ + - =
2r\113 3!5 5!7 @n-11(2n+1)

Q.48 LetP be a 7 X 7 matrix of rank 4 with real entries. Leta € R7 be a column vector. Then the rank
of P+ aa’ is at least

Q.49 Forx > 0,let |x]| denote the greatest integer less than or equal to x. Then
1 2 10
RN —
x—-0% X X X

Q.50  The number of subgroups of Z; X Z; of order 7 is

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

Q.51 Let y(x), x > 0 be the solution of the differential equation

d? d
DA s

4y =
dx? dx+ y=0

satisfying the conditions y(1) = 1 and y'(1) = 0. Then the value of ely(e) is
Q.52 Let T be the smallest positive real number such that the tangent to the helix

t <
cost i+sintj+ —=k

V2

att = T is orthogonal to the tangent at t = 0. Then the line integral of F = xj- yialongthe
section of the helix fromt = 0tot =T is

Q53 Letf(x) = %ZIL’; ,x € (0,m), and let xy € (0,7) be such that f (xg) = 0. Then

n

(F)) (1 + (2 — Dsin®xg) =

Q.54 The maximum order of a permutation ¢ in the symmetric group S10 1S

Q.55 Leta, =+vn,n=>1,andlet s, =a; +a; + -+ a,. Then

i (L) -

n-o \—In(1 — a, /sy)

MA 12/13
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Q.56

Q.58

Q.59

For a real number x, define [x] to be the smallest integer greater than or equal to x. Then
1,01 ,1
j f f (1 +yl+1[2)) dxdydz =
0 Jo Jo

Forx > 1, let

* 1
fx) = f (,/logt —Elog\/?) dt
1
The number of tangents to the curve y = f(x) parallel to the linex +y = 0is

Let @, 8,7, § be the eigenvalues of the matrix

0 0 0 O
1 0 0-2
01 0 1
0 0 1 2

Then a® + B2 +y: +6% =

The radius of convergence of the power series

(o0

z nlx"

0
is

Q.60 If
x et
y(x) = L’;E—t_dt' x>0
then y (1) =
END OF THE QUESTION PAPER
MA 13/13
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Paper: MATHEMATICS Code:MA
SECTION — A (MCQ) SECTION - B (MSQ) SECTION — C (NAT Type)
Q.No. | KEY | Q.No.| KEY | Q.No. KEYS Q. No. KEY RANGE Q. No. KEY RANGE
01 |D 16 |A 31 |AC 41 |19-21 56 [2.9-31
02 |[A 17 [A 32 |AB,D 42 |59-6.1 57 |09-1.1
03 |B 18 |D 33 |AD 43 |-0.01-+0.01 58 |59-6.1
04 |C 19 |D 34 |AB,D 44 19.9-10.1 59 |09-1.1
05 |B 20 |C 35 |AC 45 | 1259.9 - 1260.1 60 |1.34-1.36
06 |D 21 |D 36 |AC 46 [19-21
07 |B 22 |B 37 |B,D 47 |0.49-0.51
08 |[A 23 |B 38 |B,C 48 |29-31
09 |[A 24 |D 39 |B,C,D 49 |549-551
10 |D 25 |C 40 |C,D 50 |7.9-8.1
11 |B 26 | A 51 |29-3.1
12 |A 27 | C 52 [2.0-22
13 |C 28 |C 53 09-1.1
14 | D 29 |C 54 |29.9-30.1
15 |C 30 |B 55 [0.9-1.1
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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

Sn The group of permutations of n distinct symbols

Zy {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

N N )
v la +J E + k P
I, Identity matrix of order n
In logarithm with base e
MA 2/13
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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

sin sin 2% sin=;

- > L

-2, 2, 2n
1-2 2-3 n-n+1)

Sn

(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 transformation T: P — P defined by

T(ag+ a;x + a,x? + a3 x3) = az + a,x + a;x? + ay x3.

Then the matrix representation M of T with respect to the ordered basis {1, x, x2, x3} satisfies

(A) M2+ I4=0 (B) MZ_ I4=0
© M-1,=0 D) M+ 1,=0

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

A

f x f(sinx) dx
0
is equivalent to

) ) (®) )
gff(sinx) dx %ff(cosx) dx

0 0

© ] ©) )
| f(cos x) dx | f(sinx) dx

! |

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

(A) 5 (B) 6 () 10 (D) 15

Q.5  Let f be astrictly 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) = ¢

(B) There exist exactly two points ¢;, ¢, € (a,b) suchthat 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) = ¢

MA 3/13
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Q6 The value of lim  YEV=2 4o
x, ¥)=(2,-2) x—y—4
A) 0 1 1 1
A) B) ; ©) 3 (D) ;

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

(A r ®) - ©) 2r (D) 2

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 is

(A) -3 (B) —2 ©) 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
A 1, -2) B) 2 -1 © @1 (D) (-1, 2)

Q.10 Let S be aclosed subset of R, T a compact subset of Rsuchthat SNT # ¢. ThenS N T is

(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 Let S be the series

[oe]

Z — 1) 2(2k-1)
© k+1)
z (3k 4)
L \3k +2

of real numbers. Then which one of the following is TRUE?

and T be the series

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

(C) S is divergent and T is convergent

(D) Both the series S and T are divergent

MA 4/13
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Q.12

Let {a,,} be a sequence of positive real numbers satisfying

4 3 a

— , n=1 a, =1
any1  a, 81 !

Then all the terms of the sequence lie in

@ 27 8) [0, 1] © 11, 2] () 1, 3]
Q.13 1 4 16
The largest eigenvalue of the matrix | 4 16 1| is
16 1 4
(A) 16 B|) 21
€ 48 (D) 64
Q.14  The value of the integral
@) [
n). 2
W{(l—x)"dx, n €N
is
2 2n
(A) (2n+1)! (B) (2n+1)!
2 (b (n+1)!
© o ©
Q.15 If the triple integral over the region bounded by the planes
2x+y+z =4, x =0, y =0, z=0
is given by
2 A uxy)
f J .[ dzdydx,
0 0 0
then the function A(x) — u(x,y) is
(A) x+y B) x—y © x (D) v
Q.16 The surface area of the portion of the plane y + 2z = 2 within the cylinder x? + y? =3 is
V5 55 V5 V5
A) 2 (B)2m ©) Z2n (D) 22m
MA 5/13
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Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Let f: R? - R be defined by

2

it x4y #0
f,y)={x+y bxry .

0 if x+y=20

Then the value of (;;_aj; + ;yz—a’;) at the point (0, 0) is
(A) 0 (B)1 (€ 2 (D) 4

The function f(x,y) = 3x2y + 4y3 — 3x2 — 12y? + 1 has a saddle point at
(A) (0, 0) (B) (0, 2) © @D D) (-2, 1

Consider the vector field F =rf(yi—xj), where B €R, #=xi+yfandr = |F|. If the
absolute value of the line integral ¢, F -d# along the closed curve C:x2+ y? = a? (oriented
counter clockwise) is 2m, then g is

(A) -2 (B) -1 ©) 1 (D) 2

Let S be the surface of the cone z = /x2 + y2 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 field F is such that
Vx F = —xi —yj. The absolute value of the line integral ¢, F - d#, where
?=xi+yj+zkandr = |7, is

(A0 (B) 97 (C) 157 (D) 187

Let y(x) be the solution of the differential equation

Then y(2) is
(A)>+5In2 (B)2—>In2
(©)2+In2 (D)2 —In2

The general solution of the differential equation with constant coefficients

approaches zero as x — oo, if

(A) b is negative and c is positive
(B) b is positive and c is negative
(C) both b and c are positive
(D) both b and c are negative

MA
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Q.23 LetS c Rand 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)dQ = R

(B) 3(R\T) =dT, TcR
(C)a(TuV)=8TuaV, T,VCR TNV ¢
(D)aT =T n (R\T), TcR

Q.24 The sum of the series

- (-D"
n2+n-—2
n=2
is

1 5 1 5 2 5 2 5
1 1

+
1+|x| 1+|x—1|

Q25 etf(x) = for all x € [—1, 1]. Then which one of the following is TRUE?

(A) Maximum value of f(x) is%

(B) Minimum value of f(x) isg

N | =

(C) Maximum of f(x) occurs at x =
(D) Minimum of f(x) occursat x =1

cosa sina

Q.26 The matrix M = [ . .
LSina@ 1Cosa

] is a unitary matrix when a is

(A)@n+1)7 nez (B) (3n+1)§,nez
€ (4n+1)7 neZ (D) Gn+1)7, n€Z
Q.27 0 1 -2
LetM = [—1 0 af, @ € R\ {0}and b anon-zero vector such that Mx = b for some
2 —a O
x € R3. Then the value of x"b is
(A) —a (B) «a ©o (D) 1

Q.28 The number of group homomorphisms from the cyclic group Z, to the cyclic group Z, is

A 7 (B) 3 ©) 2 (D) 1

Q.29 Inthe 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 is 2

(B) Index of H in S, is 2
(C) H is abelian

(D)H =S,

MA 7/13
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Q.30 Letf: R — R be defined as

x(1+ x%sin(Inx?)) if x#0

f(x)z{o if x=0

Then, at x = 0, the function f is

(A) continuous and differentiable when a = 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,21+1, n=>1

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

(A) {s} is monotonically decreasing

(B) {s,}is monotonically increasing

(©) limy,00 5, =

(D) limy 005, = B

Q.32 The value(s) of the integral

s
flxlcosnxdx, n=1

-t

is (are)

(A) 0 when n is even
(B) 0 when n is odd

(C) — % when n is even
(D) — ni when n is odd
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Q.33 Let f: R? > R be defined by

x
ﬁ if x # 0
fayn=1{ "
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 ¢ RZ. Then which of the
following statement(s) is(are) TRUE ?

(A) Divergence of FiszeroonsS

(B) The line integral of Fis independent of path in S

©) F can be expressed as a gradient of a scalar function on S

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

Q.35 Consider the differential equation
. dy s
sin 2x a—2y+2cosx , y(Z) =1- 2.
Then which of the following statement(s) is(are) TRUE?

(A) The solution is unbounded when x - 0
(B) The solution is unbounded when x — %
(C) The solution is bounded when x - 0
(D) The solution is bounded when x — %

Q.36 Which of the following statement(s) is(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 VV of R has a limit point in V itself

X X
Q37 et P(x) = (%) + (%) — 1 forall x € R. Then which of the following statement(s) is(are)
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

MA 9/13

(' https://pkalika.in/category/downl oad/bsc-msc-study-material/ )



JAM 2016

(70)

MATHEMATICS - MA

Q.38

Q.39

Q.40

Let G be a finite group and o(G) denotes its order. Then which of the following statement(s) is(are)
TRUE?

(A) G is abelian if 0(G) = pq where p and q are distinct primes
(B) G is abelian if every non identity element of G is of order 2
(C) G is abelian if the quotient group % is cyclic, where z(6) is the center of G

(D) G is abelian if 0(G) = p3, where p is prime

X

Consider the set V = { [y] € R3 | ax+pBy+z=vy, apf,y € R}. For which of the
A
following choice(s) the set V becomes a two dimensional subspace of R3 over R ?

(A a=0,8=1,y=0
B) a=0,p=1y=1
C)a=1,=0y=0
D) a=1,B=1y=0

Let S = {3% + %m n,me N}. Then which of the following statement(s) is(are) TRUE?
(A) S is closed

(B) S is not open

(C) S is connected

(D) 0 is a limit point of S

SECTION-C
NUMERICAL ANSWER TYPE (NAT)

Q. 41 - Q. 50 carry one mark each.

Q.41

Q.42

Let {s,} be a sequence of real numbers given by
n 1\  nm
s, = 20D (1 _E) sin—- n € N.

Then the least upper bound of the sequence {s,} is

Let {s, } be a sequence of real numbers, where

sk = k*/k, k>1, a> 0.
Then
)1/11

li S1 Sy ... S
Jm (5,55

MA
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Q.43 X1 v
Let x = |Xz| € R3 be a non-zero vector and A = o Then the dimension of the vector space
X3

Q.44

Q.45

Q.46

Q.47

Q.48

{yeR3 | Ay=0}over]Ris

Let f be a real valued function defined by
y
fay)=2In(x?y%x), x>0,y>0.

Then the value of xg—i + yg—f/ at any point (x,y), wherex >0, y > 0, is

LetF =+vx 1 + (x+y3)j beavector field for all (x,y) with x > 0 and # = x{ + 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

If f:(—1,00) - R defined by f(x) = ﬁ is expressed as

c(x —2)?

f(x)=§+l(9€—2)+m,

9

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

Let y; (x), v, (x) and y5(x) be linearly independent solutions of the differential equation

d®y  d?y dy
dx3 dx? dx

If the Wronskian W (y,, y,, y3) is of the form ke?* for some constant k, then the value of b
is

The radius of convergence of the power series

o (—4)" -
Z m (X' + 2)2 s

n=1

MA
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Q.49

Q.50

Let f: (0,0) — R be a continuous function such that

X
2
X
ff(t)dt= -2 +7+4x5in2x+ 2 cos 2x.
0

1 T\ -
Then the value of - f (Z) is

Let G be a cyclic group of order 12. Then the number of non-isomorphic subgroups of G
is

Q. 51 - Q. 60 carry two marks each.
Q.51 (="
1\ n2
The value of lim <8n — —) is equal to __
n—-oo n
Q.52  Let R be the region enclosed by x2? + 4y? > 1 and x? + y? < 1. Then the value of
f lxy| dx dy is
R
Q.53 Let
a 1 1 Xq
M= [1 B 1], afy =1, a,f,y ER and x = [xz € 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 = x2, y = x + 2, and x = 0. Then the value
of the line integral
f (xy — y?)dx — x*dy,
c
where C is traversed in the counter clockwise direction, is
MA
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Q.55

Q.56

Q.57

Q.58

Q.59

Q.60

Let S be the closed surface forming the boundary of the region V bounded by x? + y? = 3,
z=0, z=6. Avector field F is defined over V with V - F = 2y + z + 1. Then the value of

1 _—
— - ds,
T

S

where 71 is the unit outward drawn normal to the surface S, is ,

Let y(x) be the solution of the differential equation

d*y _dy dy
T2 +5 Ix + 6y =0, y(0) , e

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

The value of the double integral

nx.
siny
dyd
| 7= avas
00

Let H denote the group of all 2 x 2 invertible matrices over Zs under usual matrix multiplication.

Then the order of the matrix [i ;] in His
1 2 0 L2
LetA = [_1 c 2] , B=1—=1 0], N(A) the null space of A and R(B) the range space of B.
3 1

Then the dimension of N(4A) n R(B) over R is

The maximum value of f(x,y) = x? + 2y? subject to the constraint
y—x24+1=0is

END OF THE QUESTION PAPER

MA

13/13

( https://pkalika.in/category/downl oad/bsc-msc-study-material/ )



(74)

JAM 2016: Mathematics

JAM 2016: Mathematics

JAM 2016: Mathematics

Qn. No. |Qn. Type Key(s) |Mark(s) Qn. No. |Qn. Type Key(s) |Mark(s) Qn. No. |Qn. Type |Key(s) Mark(s)
1 MCQ D 1 31 MSQ A;C 2 41 NAT 0.5:0.5 1
2 MCQ B 1 32 MsQ A;D 2 42 NAT 1.0:1.0 1
3 MCQ A 1 33 MSQ B;D 2 43 NAT 2.0:2.0 1
4 MCQ B 1 34 MSQ B;C;D 2 44 NAT 8.0:8.0 1
5 MCQ A 1 35 MSQ C,D 2 45 NAT 1.49:1.55 1
6 MCQ B 1 36 MSQ A;B 2 46 NAT -1:-1 1
7 MCQ C 1 37 MSQ A;D 2 47 NAT 6.0:6.0 1
8 MCQ D 1 38 MSQ B;C 2 48 NAT 0.5:0.5 1
9 MCQ C 1 39 MSQ A;C;D 2 49 NAT 0.25:0.25 1
10 MCQ C 1 40 MSQ B;D 2 50 NAT 6.0:6.0 1
11 MCQ B 2 51 NAT 1.0:1.0 2
12 MCQ D 2 52 NAT 0.35:0.4 2
13 MCQ B 2 53 NAT 3.0:3.0 2
14 MCQ C 2 54 NAT 0.8:1.9 2
15 MCQ D 2 55 NAT 72.0:72.0 2
16 MCQ A 2 56 NAT -0.3:-0.25 2
17 MCQ B 2 57 NAT 2.0:2.0 2
18 MCQ D 2 58 NAT 3.0:3.0 2
19 MCQ A 2 59 NAT 1.0:1.0 2
20 MCQ MTA 2 60 NAT 2.0:2.0 2
21 MCQ B 2
22 MCQ C 2
23 McQ C 2
24 MCQ C 2
25 MCQ A 2
26 MCQ A 2
27 MCQ C 2
28 MCQ D 2
29 MCQ B 2
30 MCQ MTA 2
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JAM 2015: General Instructions during Examination

1. Total duration of the JAM 2015 examination is 180 minutes.

2.  The clock will be set at the server. The countdown timer at the top right corner of screen will display the
remaining time available for you to complete the examination. When the timer reaches zero, the
examination will end by itself. You need not terminate the examination or submit your paper.

3. Any useful data required for your paper can be viewed by clicking on the Useful Data button that
appears on the screen.

4. Use the scribble pad provided to you for any rough work. Submit the scribble pad at the end of the
examination.

5.  You are allowed to use only your own non-programmable calculator.

6. The Question Palette displayed on the right side of screen will show the status of each question using
one of the following symbols:

|' 1 | You have not visited the question vet.

)| You have not answered the question.

—] You have answered the question.

@ You have NOT answered the question, but have marked the question for review.

e

@ You have answered the question, but marked it for review.

7. The Marked for Review status for a question simply indicates that you would like to look at that question
again. If a question is 'answered, but marked for review', then the answer will be considered for
evaluation unless the status is modified by the candidate.

Navigating to a Question :

8. To answer a question, do the following:
a. Click on the question number in the Question Palette to go to that question directly.

b. Select the answer for a multiple choice type question and for the multiple select type question. Use
the virtual numeric keypad to enter the answer for a numerical type question.

c. Click on Save & Next to save your answer for the current question and then go to the next question.

d. Click on Mark for Review & Next to save and to mark for review your answer for the current
question, and then go to the next question.

Caution: Note that your answer for the current question will not be saved, if you navigate to another
question directly by clicking on a question number without saving the answer to the previous question.

9. You can view all the questions by clicking on the Question Paper button. This feature is provided, so
that if you want you can just see the entire question paper at a glance.

Answering a Question :

10. Procedure for answering a multiple choice guestion (MCQ):

a. Choose the answer by selecting only one out of the 4 choices (A,B,C,D) given below the question
and click on the bubble placed before the selected choice.

MA 1/16
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11.

12.

13.

14.

15.

b. To deselect your chosen answer, click on the bubble of the selected choice again or click on the
Clear Response button.

c. To change your chosen answer, click on the bubble of another choice.
d. To save your answer, you MUST click on the Save & Next button.

Procedure for answering a multiple select question (MSQ):

a. Choose the answer by selecting one or more than one out of the 4 choices (A,B,C,D) given below
the question and click on the checkbox(es) placed before each of the selected choice (s).

b. To deselect one or more of your selected choice(s), click on the checkbox(es) of the choice(s)
again. To deselect all the selected choices, click on the Clear Response button.

c. To change a particular selected choice, deselect this choice that you want to change and click on
the checkbox of another choice.

d. To save your answer, you MUST click on the Save & Next button.

Procedure for answering a numerical answer type (NAT) question:

a. To enter a number as your answer, use the virtual numerical keypad.

b. A fraction (e.g. -0.3 or -.3) can be entered as an answer with or without '0" before the decimal point.
As many as four decimal points, e.g. 12.5435 or 0.003 or -932.6711 or 12.82 can be entered.

c. To clear your answer, click on the Clear Response button.
d. To save your answer, you MUST click on the Save & Next button.

To mark a question for review, click on the Mark for Review & Next button. If an answer is selected
(for MCQ and MSQ types) or entered (for NAT) for a question that is Marked for Review, that answer
will be considered in the evaluation unless the status is modified by the candidate.

To change your answer to a question that has already been answered, first select that question and
then follow the procedure for answering that type of question as described above.

Note that ONLY those questions for which answers are saved or marked for review after answering
will be considered for evaluation.

Choosing a Section :

16.
17.

18.

19.

20.

21.

Sections in this question paper are displayed on the top bar of the screen. All sections are compulsory.

Questions in a section can be viewed by clicking on the name of that section. The section you are
currently viewing will be highlighted.

To select another section, simply click the name of the section on the top bar. You can shuffle between
different sections any number of times.

When you select a section, you will only be able to see questions in this Section, and you can answer
questions in the Section.

After clicking the Save & Next button for the last question in a section, you will automatically be taken
to the first question of the next section in sequence.

You can move the mouse cursor over the name of a section to view the answering status for that
section.
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JAM 2015 Examination
MA: Mathematics
Duration: 180 minutes Maximum Marks: 100

Read the following instructions carefully.

1.

10.

11.

12.

13.

To login, enter your Registration Number and Password provided to you. Kindly go through the
various coloured symbols used in the test and understand their meaning before you start the
examination.

Once you login and after the start of the examination, you can view all the questions in the question
paper, by clicking on the Question Paper button in the screen.

This test paper has a total of 60 questions carrying 100 marks. The entire question paper is divided
into three sections, A, B and C. All sections are compulsory. Questions in each section are of
different types.

Section — A contains Multiple Choice Questions (MCQ). Each MCQ type question has four choices
out of which only one choice is the correct answer. This section has 30 Questions and carry a total of
50 marks. Q.1 — Q.10 carry 1 mark each and Questions Q.11 — Q.30 carry 2 marks each.

Section — B contains Multiple Select Questions (MSQ). Each MSQ type question is similar to MCQ
but with a difference that there may be one or more than one choice(s) that are correct out of the four
given choices. The candidate gets full credit if he/she selects all the correct choices only and no
wrong choices. This section has 10 Questions and carry 2 marks each with a total of 20 marks.

Section — C contains Numerical Answer Type (NAT) questions. For these NAT type questions, the
answer is a real number which needs to be entered using the virtual numerical keypad on the monitor.
No choices will be shown for these type of questions. This section has 20 Questions and carry a total
of 30 marks. Q.1 — Q.10 carry 1 mark each and Questions Q.11 — Q.20 carry 2 marks each.

Depending upon the JAM test paper, there may be useful common data that may be required for
answering the questions. If the paper has such useful data, the same can be viewed by clicking on the
Useful Data button that appears at the top, right hand side of the screen.

The computer allotted to you at the examination centre runs specialized software that permits only
one choice to be selected as answer for multiple choice questions using a mouse, one or more than
one choices to be selected as answer for multiple select questions using a mouse and to enter a
suitable number for the numerical answer type questions using the virtual numeric keypad and
mouse.

Your answers shall be updated and saved on a server periodically and also at the end of the
examination. The examination will stop automatically at the end of 180 minutes.

Multiple choice questions (Section-A) will have four choices against A, B, C, D, out of which only ONE
choice is the correct answer. The candidate has to choose the correct answer by clicking on the
bubble (o) placed before the choice.

Multiple select questions (Section-B) will also have four choices against A, B, C, D, out of which ONE
OR MORE THAN ONE choice(s) is /are the correct answer. The candidate has to choose the correct
answer by clicking on the checkbox (o) placed before the choices for each of the selected choice(s).

For numerical answer type questions (Section-C), each question will have a numerical answer and
there will not be any choices. For these questions, the answer should be entered by using the
mouse and the virtual numerical keypad that appears on the monitor.

In all questions, questions not attempted will result in zero mark. In Section — A (MCQ), wrong
answer will result in NEGATIVE marks. For all 1 mark questions, 1/3 marks will be deducted for each
wrong answer. For all 2 marks questions, 2/3 marks will be deducted for each wrong answer. In
Section — B (MSQ), there is NO NEGATIVE and NO PARTIAL marking provisions. There is NO
NEGATIVE marking in Section — C (NAT) as well.
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14. Non-programmable calculators are allowed but sharing of calculators is not allowed.

15. Mobile phones, electronic gadgets other than calculators, charts, graph sheets, and mathematical
tables are NOT allowed in the examination hall.

16. You can use the scribble pad provided to you at the examination centre for all your rough work. The
scribble pad has to be returned at the end of the examination.

Declaration by the candidate:

“l have read and understood all the above instructions. | have also read and understood clearly the
instructions given on the admit card and shall follow the same. | also understand that in case | am
found to violate any of these instructions, my candidature is liable to be cancelled. | also confirm that
at the start of the examination all the computer hardware allotted to me are in proper working
condition”.
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JAM 2015
Notation

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

Z - The set of integers

Q - The set of rational numbers

R - The set of real numbers

C - The set of complex numbers

Sn - The group of permutations of n distinct symbols

Zy, - The group of integers modulo n

M, (R) - The vector space of n X n real matrices

i,7,k - Standard mutually orthogonal unit vectors

i - Imaginary number v—1

a - Complex conjugate of a

A - Complex conjugate of matrix A

AT - Transpose of matrix A

)] - Empty set

sup - supremum

inf - infimum

y' - Derivative of y
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SECTION-A
MULTIPLE CHOICE QUESTIONS (MCQ)
Q. 1- Q.10 carry one mark each.

Q.1 Suppose N is a normal subgroup of a group G. Which one of the following is true?

(A) If G is an infinite group then G /N is an infinite group

(B) If G is a nonabelian group then G /N is a nonabelian group
(C) If G is a cyclic group then G /N is an abelian group

(D) If G is an abelian group then G /N is a cyclic group

Q.2  Lety(x) = u(x)sinx + v(x) cos x be a solution of the differential equation y'’ + y = secx.
y q y y

Then u(x) is
(A)In |cosx| + C (B)—x+C
C)x+cC (D) In |secx| + C

Q.3 Let a, b, ¢, d be distinct non-zero real numbers with a + b = ¢ + d. Then an eigenvalue of the

a b 1
matrix ¢ d 1] is
1 -1 0
(A) a+c (B) a+b (C) a-» (D) b—-d

Q.4  Let S be anonempty subset of R. If S is a finite union of disjoint bounded intervals, then which one
of the following is true?

(A) If S is not compact, thensup S € SandinfS ¢ S

(B) EvenifsupS € Sandinf S €S, S need not be compact

(C) IfsupS € SandinfS €S, then S is compact

(D) Even if S is compact, it is not necessary thatsup S € Sand infS € S

Q.5  Let{x,} be aconvergent sequence of real numbers. If x; > m++v2 and x,4;, = T+ /x, — 7
forn > 1, then which one of the following is the limit of this sequence?

(A) mt+1 (B) m++/2 C) m (D) m+Vm

Q.6 The volume of the portion of the solid cylinder x? + y? < 2 bounded above by the surface
z = x? + y? and bounded below by the xy-plane is

(A) (B) 2@ (© 3@ (D) 4n
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Q.7

Q8

Q.9

Let f: R — R be a differentiable function with f(0) = 0. Ifforallx € R, 1 < f'(x) < 2, then
which one of the following statements is true on (0, c0)?

(A) f isunbounded (B) f isincreasing and bounded
(C) f has at least one zero (D) f is periodic

If an integral curve of the differential equation (y — x) % = 1 passes through (0,0) and («, 1),
then a is equal to

(A) 2—e? (B) 1—e71 (C) et (D) 1+e

An integrating factor of the differential equation

dy 2xy*+y
dx x—2y3
is
(A) % (B) yiz ©) vy (D) y?

Q.10 Let A be a nonempty subset of R. Let I(A) denote the set of interior points of A. Then I(A) can be

Q.11-

Q.11

Q.12

(A) empty

(B) singleton

(C) a finite set containing more than one element
(D) countable but not finite

Q. 30 carry two marks each.

Let S5 be the group of permutations of three distinct symbols. The direct sum S; @ S; hasan
element of order

(A) 4 (B) 6 () 9 (D) 18

The orthogonal trajectories of the family of curves y = C;x3 are

(A) 2x2+3y% =0, (B) 3x*+y*=(,
(C) 3x2+2y2=0¢C, (D) x2+3y2=0¢C,

Q.13 Let G be a nonabelian group. Let & € G have order 4 and let 8 € G have order 3. Then the order of

the element af in G

(A) is 6 (B) is 12
(C) is of the form 12k for k > 2 (D) need not be finite

MA
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Q.14

Q.15

Q.16

Q.17

Q.18

Let S be the bounded surface of the cylinder x? + y? = 1 cut by the planes z =0 and z =1 + x.

Then the value of the surface integral ffs 3z%do isequal to

(A) fozn(l + cos 6)do (B) f02n sin @ cos 6 (1 + cos 0)?de

©) fozn(l +2cos6)>do (D) foz”sin 6 cosf (1+ 2cos)2do

Suppose that the dependent variables z and w are functions of the independent variables x and
y, defined by the equations f(x,y,z,w) =0 and g(x,y,z,w) = 0, where f,g., — fwg, = 1.
Which one of the following is correct?

(A) zx = fwgx — fx9w (B) zx = fx9w — fwIx
(C) Zy = [29x — [x9z (D) Zy = [29w — [29x
Leta=[_° 7% and B = AT A Then

—-1-i {

(A) an eigenvalue of B is purely imaginary
(B) an eigenvalue of A is zero

(C) all eigenvalues of B are real

(D) A has a non-zero real eigenvalue

The limit
1 X
lim — f sin~1tdt

x—->0+ SIn“x JX
is equal to
A) 0 1 1 3
(A) (B) - ©) (D) 3
Let P,(RR) be the vector space of polynomials in x of degree at most 2 with real coefficients. Let

M, (R) be the vector space of 2 x 2 real matrices. If a linear transformation T: P, (R) — M, (R)
is defined as

f()
then

(A) T is one-one but not onto
(B) T is onto but not one-one

(C) Range (T) = span {[g 2] [_02 (1)]}
(D) Null (T) =span {x? — 2x, 1 — x}

MA
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Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Let B; = {(1,2), (2,—1)}and B, = {(1,0), (0,1)} be ordered bases of R%. If T : R? - R? is
a linear transformation such that [T]g, p,, the matrix of T with respect to B; and By, is [LZL _3 4],
then T'(5,5) is equal to

(A) (=9, 8 (B) (9, 8) € (=15 -2) (D) (5, 2)

1
2n+1

Let S = n;‘{’zl( [O, ] U [% 1] ) Which one of the following statements is FALSE?

(A) There exist sequences {a, } and {b,,} in [0,1] such that S = [0, 1]\ Un=;(an, by)
(B) [0, 1]\S is an open set

(C) If A is an infinite subset of S, then A has a limit point

(D) There exists an infinite subset of S having no limit points

Let f:R — R be a strictly increasing continuous function. If {a,} is a sequence in [0, 1], then the
sequence {f(a,)} is

(A) increasing (B) bounded
(C) convergent (D) not necessarily bounded

n (2n)! 5
n2n -’

Which one of the following statements is true for the series Y5—;(—1)

(A) The series converges conditionally but not absolutely

(B) The series converges absolutely

(C) The sequence of partial sums of the series is bounded but not convergent
(D) The sequence of partial sums of the series is unbounded

The sequence {cos G tan~! (— %)n)} is

(A) monotone and convergent

(B) monotone but not convergent

(C) convergent but not monotone

(D) neither monotone nor convergent

If y(t) is a solution of the differential equation y"’ + 4y = 2et, then

tlim e ty(t)
is equal to

() 3 ®) : © 2 ©) 2

MA
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Q.25

Q.26

Q.27

Q.28

Q.29

For what real values of x andy, does the integral fxy(6 —t — t?)dt attain its maximum?

(A) x=-3,y=2 B) x=2,y=3
C)x==-2,y=2 (D) x=-3, y=4

The area of the planar region bounded by the curves x = 6y% — 2 and x = 2y? is

A) 2 (B) 22 (€ 22 (D) V2

For n > 2, let f,: R = R begivenby f,(x) = x"sinx. Thenat x =0, f,, hasa

(A) local maximum if n is even
(B) local maximum if n is odd
(C) local minimum if n is even

(D) local minimum if n is odd

n 1
x™ sin (F) x#0

Form,n € N, define f,, ,(x) = {
0 x=0

Thenatx =0, f,, is

(A) differentiable for each pair m,n withm > n
(B) differentiable for each pair m,n withm <n
(C) not differentiable for each pair m,n withm > n

(D) not differentiable for each pair m,n withm <n

Let G and H be nonempty subsets of R, where G is connected and G U H is not connected.

Which one of the following statements is true for all such ¢ and H ?

(A) If GnH=@, then H is connected
(B) If G nH =@, then H is not connected
(C) If G nH =+ @, then H is connected

(D) If G nH =+ @, then H is not connected

MA
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Q.30

Let f:{(x,y) ER?: x>0, y>0}—> R begiven by

1

1 -4 vy
= 3 3 1(Z
f(x,y) = x3y73 tan (x) +
Then the value of

xXfx(xy)+y fy (%)

glx,y) = )

(A) changes with x but not with y
(B) changes with y but not with x
(C) changes with x and also with y

(D) neither changes with x nor with y

SECTION - B
MULTIPLE SELECT QUESTIONS (MSQ)

Q. 1-Q. 10 carry two marks each.

Q.1

Q.2

Let f: R — R be a function defined by f(x) = [*,(t — 1)%dt.
In which of the following interval(s), f takes the value 1?

(A) [-6, 0] (B) [-2, 4] (©) [2, 8] (D) [6, 12]

Which of the following statements is (are) true?

(A) Z, @ Z5 isisomorphic to Zg
(B) Z; @ Zs isisomorphic to Zg
(C) Z, P Zg isisomorphicto Z,,

(D) Z, @ 7Z; @ Zs isisomorphic to Zz,

MA
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Q.3
Which of the following conditions implies (imply) the convergence of a sequence {x,,} of real
numbers?
(A) Givene > 0thereexistsann, € Nsuchthatforalln >ngy, [x,41 —x,| <¢
(B) Given e > 0 there exists an n, € N such that foralln > n,, ﬁlxn+1 —xp| <e
(C) Givene > 0thereexistsann, € Nsuchthatforalln >ng, (n+ 1)?|x,0 — x| < €
(D) Given g > 0 there exists an n, € N such that for all m,n with m >n > ny, |x,, —x,| < ¢
Q4
Let F be a vector field given by F(x,y,2z) = —yi+2xyj+ 23k, for (x,y,2) € R3. If C is
the curve of intersection of the surfaces x2 + y2 = 1 and y + z = 2, then which of the following
is (are) equal to |fC F.dP| ?
A [Z 1A + 2r sin 0)r drdd ®) J;"(3+2sin6) do
0 0 0 2 3
2w 1 . 21 .
©) [, J,(1+2rsing) drdd (D) J, (1+sin6)deo
Q.5
‘ a1 Qg2 . . _
Let V be the set of 2 X 2 matrices [a21 aZZ] with complex entries such that a;; + a,, = 0. Let
W be the set of matrices in V with a,, + a,; = 0. Then, under usual matrix addition and scalar
multiplication, which of the following is (are) true?
(A) V isavector space over C
(B) W is a vector space over C
(C) Visavector space over R
(D) W is a vector space over R
Q.6
The initial value problem
y’=\/—, y0)=a a=0
has
(A) at least two solutions if « =0
(B) nosolutionifa >0
(C) at least one solution if a >0
(D) aunique solutionif @ =0
MA 12/16
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Q.7

Which of the following statements is (are) true on the interval (0, %) ?

(A) cosx < cos(sinx) (B) tanx < x
€ VItx <1+i-T (D) 5 <In@2+x)
Q.8 Letf:R? — R be defined by
x2 _ y2
f(x,y): {xym' (x'y)¢(0'0)
0, (x,y) = (0,0)
At (0,0),
(A) f is not continuous
(B) f iscontinuous, and both f, and f, exist
(C) f isdifferentiable
(D) fx and f, exist but f is not differentiable
Q.9
Letf,g :[0,1] — [0,1] be functions. Let R(f) and R(g) be the ranges of f and g, respectively.
Which of the following statements is (are) true?
(A) If f(x) < g(x) forall x € [0, 1], then sup R(f) <inf R(g)
(B) If f(x) < g(x) for some x € [0, 1], then inf R(f) < sup R(g)
(C) If f(x) < g(y)forsomex,y € [0,1], theninf R(f) <sup R(g)
(D) If f(x) < g(y)forall x,y €[0,1], then sup R(f) <inf R(g)
Q.10
Let f: (—1,1) — R be the function defined by
f(x) = xzel/(l_xz)
Then
(A) f isdecreasingin (—1,0) (B) f isincreasingin (0,1)
(C) f(x) =1 has two solutions in (—1,1) (D) f(x) =1 has no solutions in (—1,1)
MA 13/16
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SECTION-C
NUMERICAL ANSWER TYPE (NAT)

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

Q1
Let C be the straight line segment from P(0, m)to Q (4, g) in the xy-plane. Then the value of
J. e*(cosy dx —siny dy) is
Q.2
Let S be the portion of the surface z = V16 — x? bounded by the planes x =0, x =2, y =0,
and y = 3. The surface area of S, correct upto three decimal places, is
Q.3
The number of distinct normal subgroups of S5 is
Q4
Let f:R? — R be defined by
x 2
143, 5o
flxy) = ( y) Y
0, y=0
If the directional derivative of f at (0,0) exists along the direction cosa I + sina j, where
sina # 0, then the value of cota is
Q5
Let f:R® — R be defined by
y
f(x,y,z) =sinx + 2 e2 + z2
The maximum rate of change of f at (% 0, 1), correct upto three decimal places, is
Q.6
If the power series
= nl
2
D
n=0
converges for |x| < ¢ and diverges for |x| > c, then the value of c, correct upto three decimal
places, is
Q.7
If 52015 = (mod 11)and n € {0,1,2,3,4,5,6,7,8,9,10 }, then n is equal to
MA 14/16
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Q8

If the set {[_xl —Ox] [2 _xl] [1 _01]} is linearly dependent in the vector space of all

2 % 2 matrices with real entries, then x is equal to

Q.9
Let f: R — R be defined by
x—1, x €Q
fe) = {1—x6, x & Q
The number of points at which f is continuous, is
Q.10
Let f:(0,1) > R be a continuously differentiable function such that f' has finitely many zeros in
(0,1) and f' changes sign at exactly two of these points. Then for any y € R, the maximum
number of solutions to f(x) =y in (0,1) is
Q. 11 - Q. 20 carry two marks each.
Q.11 LetR be the planar region bounded by the lines x = 0, y = 0 and the curve x? + y? = 4, in the
first quadrant. Let C be the boundary of R, oriented counter-clockwise. Then the value of
§ X1 -3 dr+ G -y)) dy
Cc
is
Q.12 Suppose G is a cyclic group and o,7 € G are such that order(a) = 12 and order(z) = 21. Then the
order of the smallest group containing o and 7 is
Q.13 The limit
li N !
ERe Z K3 —k
k=2
is equal to
Q.14 Let M,(R) be the vector space of 2 x 2 real matrices. LetV be a subspace of M, (R) defined by
_ [0 21_10 2
v={Ae M®): 4 [3 . _[3 1]A}
Then the dimension of V is
MA 15/16
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Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Let f: R? - R be defined by

y
_, =0
fly) = {siny Y
1, y=20

Then the integral

correct upto three decimal places, is

3
The coefficient of (x - %) in the Taylor series expansion of the function

_ /i1
f(x)=351nxcos(x+z), x €R

about the point %, correct upto three decimal places, is

If fox(e‘f2 + cos t) dt has the power series expansion >, a,x™, then as, correct upto three
decimal places, is equal to

Let ¢ be the length of the portion of the curve x = x(y) between the lines y =1and y = 3,

where x(y) satisfies
dx J1+y2+y*
de _J1Hy24y -
dy y

The value of #, correct upto three decimal places, is

The limit
9 1 1
i 2 (=te- 1)
_ x>0+ x \tan"lx x
is equal to
Let P and Q be two real matrices of size 4 x 6 and 5 X 4, respectively. If rank(Q) = 4 and

rank(QP) = 2, then rank(P) isequal to

END OF THE QUESTION PAPER

MA
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Answer Keys for the Test Paper: Mathematics (MA)

Section A - MCQ
Multiple Choice

Section B - MSQ
Multiple Select

Section C- NAT
Numerical Answer Type

Questions Questions Questions
Q. No. | Key | Marks | Q. No. Key Marks . No. Range Marks
1 C 1 1 A;C;,D 2 1 lto1l 1
2 C 1 2 A;D 2 2 6.28 to 6.29 1
3 B 1 3 C,D 2 3 3to3 1
4 B 1 4 A;B 2 4 -1 to -1 1
5 A 1 5 A;C,D 2 5 2.34 to 2.35 1
6 B 1 6 A;C 2 6 1.64 to 1.65 1
7 A 1 7 A;D 2 7 lto1l 1
8 C 1 8 B;C 2 8 -1 to -1 1
9 B 1 9 B;C;D 2 9 2 to 2 1
10 A 1 10 A;B;C 2 10 3 to3 1
11 B 2 11 8 to 8 2
12 D 2 12 84 to 84 2
13 D 2 13 0.25 to 0.25 2
14 A 2 14 2 to 2 2
15 A 2 15 0.125 to 0.125 2
16 C 2 16 1.41 to 1.42 2
17 D 2 17 0.10 to 0.11 2
18 C 2 18 5.09 to 5.10 2
19 D 2 19 3 to3 2
20 D 2 20 2 to 2 2
21 B 2
22 B 2
23 A 2
24 B 2
25 A 2
26 C 2
27 D 2
28 A 2
29 D 2
30 D 2
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12.

13.

14.
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GENERAL INSTRUCTIONS

This Question-cum-Answer Booklet has 28 pages consisting of Part-I and Part-I1.

An ORS (Optical Response Sheet) is inserted inside the Question-cum-Answer Booklet for
filling in the answers of Part-I1. Verify that the CODE and NUMBER Printed on the ORS
matches with the CODE and NUMBER Printed on the Question-cum-Answer Booklet.
Based on the performance of Part-I, a certain number of candidates will be shortlisted.
Part-II will be evaluated only for those shortlisted candidates.

The merit list of the qualified candidates will depend on the performance in both the parts.
Write your Registration Number and Name on the top right corner of this page as well as
on the right hand side of the ORS. Also fill the appropriate bubbles for your registration
number in the ORS.

The Question Booklet contains blank spaces for your rough work. No additional sheets will
be provided for rough work.

Non-Programmable Calculator is ALLOWED. But clip board, log tables, slide rule,
cellular phone and other electronic gadgets are NOT ALLOWED.

The Question-cum-Answer Booklet and the ORS must be returned in its entirety to the

Invigilator before leaving the examination hall. Do not remove any page from this
Booklet.

. Refer to special instructions/useful data on the reverse of this page.

Instructions for Part-I

Part-I consists of 35 objective type questions. The first 10 questions carry ONE mark each
and the rest 25 questions carry TWO marks each.

Each question has 4 choices for its answer: (A), (B), (C) and (D). Only ONE of the four
choices is correct.

Fill the correct answer on the left hand side of the included ORS by darkening the
appropriate bubble with a black ink ball point pen as per the instructions given therein.
There will be negative marks for wrong answers. For each 1 mark question the negative
mark will be 1/3 and for each 2 mark question it will be 2/3.

Instructions for Part-I1

Part-II has 8 subjective type questions. Answers to this part must be written in
blue/black/blue-black ink only. The use of sketch pen, pencil or ink of any other color is not
permitted.

Do not write more than one answer for the same question. In case you attempt a descriptive
question more than once, please cancel the answer(s) you consider wrong. Otherwise, the
answer appearing last only will be evaluated.
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Special Instructions / Useful Data

: The set of all positive integers
: The set of all real numbers

: First and second derivatives respectively of a real function f

: Partial derivatives of g with respect to x, y and z respectively

: The logarithm to the base e

: Standard unit orthogonal vectors
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IMPORTANT NOTE FOR CANDIDATES

Part-l consists of 35 objective type questions. The first ten questions carry one mark
each and the rest of the objective questions carry two marks each. There will be
negative marks for wrong answers. For each 1 mark question the negative mark will
be 1/3 and for each 2 mark question it will be 2/3.

Write the answers to the objective questions by filling in the appropriate bubble on
the left hand side of the included ORS.

Part-ll consists of 8 descriptive type questions each carrying five marks.

PART-1

Objective Questions

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

Q.1

Q.2

Q.3

Q.4

Let f(x) = ‘xz —25| for all xeR. The total number of points of R at which £ attains a local

extremum (minimum or maximum) is

A 1 (B) 2 © 3 (D) 4

The coefficient of (x—1)* in the Taylor series expansion of f(x)=xe’ (xe€R) about the
point x=1 1s

e 3e

(A) (B) 2e © = (D) 3e

0k :
Let f(x,y)= Z(x‘ —y“) for all (x,y)€R?. Then forall (x,y)€ R?,
k=1

SN I I o
(A) x ax(x,y) y ay(x,y) 0 B) x ax(x,y)+y ay(x,y) 0
A T yyex L, )=
©) yax(x,y) xay(x,y) 0 (D) yax(x,y)+xay(x,y) 0

For a, b, ¢ € R, if the differential equation
(ax2 erxy+y2)dx+(2x2 +cxy+y2)dy=0
is exact, then

(A) b=2,c=2a (B) b=4,c=2 (C) b=2,c=4 (D) b=2,a=2c
MA-1/28
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Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

(95)

If f(x,y,2) = x*y+y*z+2*x for all (x, y, z)e IR3 and V:§i+§j+§k, then the value

X 4
of Ve(VXVf)+Ve(Vf)at (1,1,1) is

(A) 0 (B) 3 ©) 6 (D) 9

0
. ’ 2 2 3
The radius of convergence of the power series E 27" x" is
n=0

A) % ®) 1 © 2 D) 4

Let G be a group of order 17. The total number of non-isomorphic subgroups of G is
(A) 1 B) 2 <) 3 D) 17

3
Which one of the following is a subspace of the vector space R ?

(A) {(X,y,z)eR3:x+2y=0,2x+3z=0}
B) {(x32)eR’:2x+3y+4z-3=0,2=0}
© {(xyz)er’:x20 y>0}

{(x3:2)

(D) X, ¥,z 6R3:x—1=0,y=0}

A

Let 7:R >R’ be the linear transformation defined by T'(x,y,z)=(x+y, y+z, z+ x) for all

(x, y, z)e R’. Then
(A) rank(7)=0, nullity(T)=3 (B) rank(7) =2, nullity(7) =1
(C)  rank(T) =1, nullity(T) =2 (D) rank(7) =3, nullity(7)=0

Let f:R—>R be a continuous function satisfying x+f f(t)dt=e"—1 forall xe R. Then
0

the set {xe R: 1< f(x)<2} is the interval
(A) [log2, log3] (B) [2log2, 3log3]
(C) [e-1, € —1] (D) [0, ¢*]

MA-2/28
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Q. 11 — Q. 35 carry two marks each.
Q.11  The system of linear equations
x—y+2z = b
x+2y—-z = b,
2y—-2z = b
is inconsistent when (b,, b,, b;) equals
a -1 4
Q.12 Let A4=|0 b 7| be a matrix with real entries. If the sum and the product of all the
0 0 3
eigenvalues of A are 10 and 30 respectively, then a” + b* equals
(A) 29 (B) 40 (C) 58 (D) 65
Q.13 Consider the subspace W = { (X, Xy5000, %) ER 1 x, =x,_ +x, , for 3<n< 10} of the
vector space R'’. The dimension of W is
A) 2 B) 3 <€ 9 (D) 10
Q.14  Let y,(x) and y,(x) be two linearly independent solutions of the differential equation
xy"(x)—2xy'(x)—4y(x) =0 for x [1, 10].
Consider the Wronskian W(x)=y,(x)y;(x)—y,(X)y(x). If W(1)=1, then W(3)-W(2)
equals
A) 1 B) 2 <€ 3 D) 5
Q.15  The equation of the curve passing through the point (%, lj and having slope sm(zx) it d at
¥ x

each point (x, y) with x #0 1is

— 2 2
(A) —x’y+cos(x) = (B) x’y+cos(x)= %
1 7[2 7[2

(C) x’y-sin(x) = i 1 (D) x’y+sin(x) = T+1

MA-3/28
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Q.17

Q.18

Q.19

Q.20
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A

The value of @ € R for which the curves x* + ay* =1 and y=x" intersect orthogonally is

@A) -2 ®) ‘71 © % D) 2

1
Let x, =2 (1—cos (?D for all n e N. Then the sequence {xn}

(A) does NOT converge (B) convergesto 0
' 1
(C) converges to 5 (D) converges to 211—

Let {xn} be a sequence of real numbers such that lim (x,,, —x, )= c, where ¢ is a positive real

n—wo

number. Then the sequence {ﬁ}
n

(A) 1s NOT bounded (B) 1s bounded but NOT convergent

(C) convergesto c (D) converges to 0

0 0 1\ _1 n
Let Zan and Zb,, be two series, where a, :M, b, :—L forall ne N. Then
n=1 n=1 2" log(n+ 1)

(A) both Za,, and Zb,, are absolutely convergent
n=1

n=1

(B) Za,, 1s absolutely convergent but Zb,, 1s conditionally convergent

n=1 n=1

(©) Zan 1s conditionally convergent but Zb,, 1s absolutely convergent

n=1 n=1

(D) both Zan and Zb,, are conditionally convergent

n=1 n=1

Theset{ x :xeR}is

2

1+x
(A) connected but NOT compact in R (B) compact but NOT connected in R
(C) compact and connected in R (D) neither compact nor connected in R
MA-4/28
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Q.22

Q.23

Q.24

Q.25
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The set of all limit points of the set {Ll :xe(-1, 1) } in R is
x+

@A) [L) ®) (L) © [-L1] D) [-1, )

2x if xe[0,1],

S=10,1 2,3) and | : defined b =
Let [ ]U[ )an et f: S — R bedefined by f(x) {8—2x " xe[2,3).

If T={f(x) ; xeS} , then the inverse function /' :T—S

(A) does NOT exist (B) exists and is continuous
(C) exists and is NOT continuous (D) exists and is monotonic

Let f(x)=x"+x and g(x)=x’—x forall xeR. If f I denotes the inverse function of f,

sl

then the derivative of the composite function go f~ at the point 2 is

2 _ 1 11 11
(A) e} (B) B ©) 'R} (D) T
if y=0,

X
For all 2, let f(x,y)=
orall (x, y)eRr", let f(x,y) {x—y3sin(1/y) if y#0.

Then at the point (0, 0),
(A) f is NOT continuous
(B) f is continuous but NOT differentiable

© g exists but ?f—does NOT exist
ox oy

(D) f is differentiable

i\/x2 +y* ifx#0,

Forall (x, y)eR?, let f(x,y)=1]x]

0 if x=10.
en %(0, 0) +§L(0, 0) equals
0x oy
(A) -1 B) 0 <O 1 (D) 2

MA-5/28
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Q.27

Q.28

Q.29

Q.30

Q.31
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A

Let f:R—->R be a function with continuous derivative such that f&2)=2 and

x+t

.1 ,
f(x)= 111—13(1)5 _[ s f'(s)ds forall xeR . Then f(3) equals

X=f

A) 3 B) 32 €) 33 (D) 9
The value of _[ I J.(y+2z)dzdydx is

1 2 1 5
(A) 33 (B) 7 ©) 5 (D) 3

If C is a smooth curve in R® from (-1,0,1) to (I, I, —1), then the value of
I(ny+22)dx+(x2+z)dy+(y+2xz)dz is
c

(A) 0 B) 1 © 2 D) 3

Let C be the boundary of the region R ={ (x, y)er’ : =1y <], 0<x<1-y? } oriented

in the counterclockwise direction. Then the value of (J‘)y dx+2xdy is
: c

A) — B = ©

s
3 3 ®) 3

3

Let G be a cyclic group of order 24. The total number of group 1somorphisms of G onto
itself is

(A) 7 (B) 8 ©) 17 (D) 24

Let S, be the group of all permutations on the set {1,2,...,n} under the composition of

mappings. For n>2,if H is the smallest subgroup of S, containing the transposition (1, 2)
and the cycle (1, 2, ..., n) , then

(A) H-=S, (B) H is abelian
(C) theindex of Hin S, is 2 (D) H iscyclic

MA-6/28
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Q.33

Q.34

Q.35

(100)

A

Let S be the oriented surface x*+)”+z* =1 with the unit normal n pointing outward. For
the vector field F(x, y,z) = xi+ yj+ zk , the value of ”F ‘n dS is
s
4r

(A) % (B) 27 © (D) 4z

Let f:(0,0)— R be a differentiable function such that f'(x*)=1-x> for all x>0 and
f(1)=0. Then f(4) equals
—47 -47 -16 -8
A) — B) — c) — D) —
(A) - (B) T ©) 5 (D) z

Which one of the following conditions on a group G implies that G is abelian?

(A) The order of G is p’ for some prime p

(B) Every proper subgroup of G is cyclic

(C) Every subgroup of G is normal in G

(D) The function f:G — G, defined by f(x)=x"' forall x € G, is a homomorphism

Let Sz{xe]R :x6—x5£100} and T={x2~2x:xe(0, oo)}. The set ST is

(A) closed and bounded in R

(B) closed but NOT bounded in R
(C) bounded but NOT closed in R
(D) neither closed nor bounded in R

MA-7/28
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PART - 11

Descriptive Questions

Q. 36 — Q. 43 carry five marks each.

Q.36  Find all the critical points of the function f: R’ SR defined by f(x, y)=x’+xy+y’ for all

(x,y)eR?. Also, examine whether the function f attains a local maximum or a local
minimum at each of these critical points.

MA-8/28
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Q.37  Given that there is a common solution to the following equations:
P:y'+2y=e"y*, y(0)=1,
Q:y"-2y'"+ay=0,

find the value of & and hence find the general solution of Q.

MA-10/28
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A

Q.38 Let f:R—R be a twice differentiable function such that f(%j: 0 for all neN . Show

that £'(0)=0= f"(0).

MA-12/28
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A

Q.39  Let 4 be an nxn matrix with real entries such that A =4.

If 7 denotes the nxn identity
matrix, then show that rank(4 - /) = nullity(A4) .

MA-14/28
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xy
1+2x°

Q40  Evaluate [f
S

MA-16/28
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A

Q41  Let f:(0,1) > R be a differentiable function such that | f'(x)|<5 for all xe (0, 1). Show

that the sequence { i (

n+

1
1]} converges in R.

MA-18/28

(' https://pkalika.in/category/downl oad/bsc-msc-study-material/ )



(107)

A

Q.42 Let H be a subgroup of the group (R, +) such that H n [-1,1] is a finite set containing a
nonzero element. Show that A is cyclic.

MA-20/28
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A

Q.43 If K is a nonempty closed subset of R, then show that the set {x+y:xe K, ye[l, 2]} is
closedin R.

MA-22/28
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Solution Keys for MA Test Paper - JAM 2014

Code-D
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copy of the question-cum-answer booklet you
have received contains all the questions.
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descriptive question more than once, please cancel
the answer(s) you consider wrong. Otherwise, the
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9. No supplementary sheets will be provided to
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-

- ZH

Special Instructions/ Useful Data

. The set of all real numbers

. The set of all positive integers

: First derivative of a real function f of single
variable

: {0,1,..., p—1} with addition and multiplication

modulo p
: Interiorof aset S R
i Closureof aset SC R
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A

IMPORTANT NOTE FOR CANDIDATES
e Questions 1-10 (objective questions) carry fwe marks each, questions 11-20 (fill in the
blank questions) carry three marks each and questions 21-30 (descriptive questions) carry
[five marks each.
o The marking scheme for the objective type question, is as follows:

(a) For each correct answer, you will be awarded 2 (Fwo) marks.
(b) For each wrong answer, you will be awarded -0.5 (Negative (.5) mark.
{c) Multiple answers to a question will be treated as a wrong answer.
(d) For each un-attempted guestion, you will be awarded 0 (Zero) mark.
(e) Negative marks for objective part will be carried over to total marks.
e There is no negative marking for fill in the blank questions.
e Write the answers to the objective questions in the Answer Table for Objective Questions
provided on page 4 only.

Ohjective Questions

1 11

Let A=/3 —1 1| and V be the vector space of all X € R*such that AX =0.Thendim (V)
1 53

is

(A) 0O (B) 1 €y 2 D) 3

The value of n for which the divergence of the function 7 zl—mflT, F=xi+ 3]+ 1k, 7] =0,

r

vanishes is

(A) 1 (B) -1 €y 3 D) -3

Iet A and B be subsets of [R. Which of the following is NOT necessarily true?

(A) (AnB) ¢ A°nB° (B) A°UB°c(AUB)’

(C) AUBcC AUB (D) ANBc AnB

Let [x]denote the greatest integer function of x. The value of & for which the function
sin[—x"]
fxy=3 [-%"]

o, x=0

,x#0

is continuous at x=0 is
(A) O (B) sin(-1) (C) sinl D) 1

MA-1/32
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Q.5

Q.6

Q.7

Q.8

- (113)

Let the function f(x) be defined by
e*, xisrational
flx)y=

g™, x is irrational

for x in (0, 1). Then

(A) f iscontinuous at every point in (0, I)
(B) [ is discontinuous at every point in (0, 1)
(C) f is discontinuous only at one point in (0, 1)

(D) f is continuous only at one point int (G, 1)

The value of the integral
J.J‘\Ixz +y*dxdy, D -—-{ (x,eR’: x<x*+y < Zx}
D

is

7 14 28
A) 0 B) — ) — =
(A) (B) 5 €) 5 (D) 5
TLet
X, = 1—-1- lm—l— 1--—1— 1.___}_“ , n=22.
" 3 6 10 n(n+1)
2
Then lim X, is
@) = ®) — © - ™ 0
3 9 81

Let p be a prime number. Let G be the group of all 2x2matrices over Z , with determinant

1 under matrix multiplication. Then the order of & is

(A) (p-Lyp(p+D) (B) pp-D
© p (D) pp-D+p

MA-2/32
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Q.5 Let V be the vector space of all 2x2 matrices over R. Consider the subspaces

a —a a b
W, = ra,c,deRy and W, = ca, b, de R},
c d - -a d

If m=dim(W, " W,) and n=dim (W, +W,), then the pair (m, n) is
(A (2,3) B) (2,4) © (3.4) O (1, 3)

Q.10 Let g, be the real vector space of all polynomials of degree at most n. Let D: o, — ., and
T: g, — §,, bethe linear transformations defined by

D (au +ax+baxt ..+ aux") =a,+2a,x+..+nax"",
T (an +ax+ c.zzx2 +..+ax" ) =g,x+ a[x2 + a2x3 Ttk anx"”,
respectively. If A is the matrix representation of the transformation DT —7D - £, — §o, with
respect to the standard basis of &, , then the trace of A is
(A) —-n B =n (C) n+l (D) m(n+1)

MA-3/32
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Answer Table for Objective Questions

Write the Code of your chosen answer only in the ‘Answer’ column against
each Question Number. Do not write anything else on this page.

Question Answer

Do not write
Number

in this column

01
02

03

04

05
06
07
08
09
10

FOR EVALUATION ONLY

Number of Correct Ansyer

TotalMarks mQue 011Nosl-10

MA-4/32
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Q.11

Q.12

Q.13

(116)

Fill in the blank questions

. e .o d .
The equation of the curve satisfying sin yd—yzcos y({l—xcosy) and passing through the
X

origin 18

iAns:

_____________________________________________________________________________________ e

Let f be a continuously differentiable function such that _{ () dt =" for all
0

x € (0,c). The value of f'(7) is

. v=y
X7y ¥z
function defined on R*® having continuous first order partial derivatives. The value of
YS%"F }r3§-‘di+ 235}}—ti at the point (1, 2, 3) is

ox oy oz

Let u= for x#0, y=0, z20. Let w= f(u,v), where f is a real valued

MA.-5/32
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A

Q.14  The set of points at which the function f(x,y)=x"+y'—=x*—y*+1, (x,y)€ R* attains local

maximum is

_________________________________________________________________________________________________________________________________________

Q.15 let C be the boundary of the region in the first quadrant bounded by
y=1-x% x=0 and y=0, oriented counter-clockwise. The value of Cﬁ(l’_\’ldX""xzydy) is

__________________________________________________________________________________________________________________________________________

____________________ 0 ﬂlsxsojrm(o)f“”(g)
16 Let f(x)= CIf ) = x4 A1 s the Taylor's formula
< 1 {x“, o<x<r I LZ;* Kl et !

for f about x=0 with maximum possible value of n, then the value of ¢ for 0<x<1is

_________________________________________________________________________________________________________________________________________

Q.17 Let F= 22f+4x}+5y12, and let C be the curve of intersection of the plane z=x+4 and

the cylinder X+ y1 =4, oriented counter-clockwise. The value of (_f)ﬁ -dr s

( https://pkalika.in/category/downl oad/ bsc-ms-t:-stley-méteri al)
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Q.20
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A

Let fand g be the functions from R\{0,1} to B defined by f (x):-l— and g(x)zic-:l for
x x

xe R\{0, 1}. The smallest group of functions from R \{0, 1} to R containing f and g under

composition of functions is isomorphic to

The orthogonal trajectory of the family of curves Zy y* = ¢, which passes through (1, 1) is
Ans

The function to which the power series Z(—l)Jthl n x* 2 converges is

n=}
MA-7/32
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Descriptive questions

1
Q21 Let 0<a<], slzg and for ne N, let s,,+1:§(s,?+a). Show that the sequence {s,} is

convergent, and find its limit.

_________________________________________________________________________________________________________________________________________

Space for the answer

MA-8/32
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Space for the answer
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Evaluate
1 2y
_[ j 5 dy dx
i oz

by changing the order of integration.

MA-10/32
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Space for the answer
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Find the general solution of the differential equation

L d® d*y Iy xnx+1
dx dx” dx x X
MA-12/32
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A

Let S, be the hemisphere x* +y*+z =1, z>0 and S, be the closed disc x*+y” <1 in the

xy  plane. Using Gauss’ divergence theorem, evaluate ” F-dS, where
§
3

}?=zzxf+[%—+tan zJ}+(xzz+ yHk and §=8,US,.

Also evaluate H F-ds.
8
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Space for the answer
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Let
2(x3+y3)
4 . s Uy + 010
flx,y)=< x*+2y (%) #(0.0)

0, (x,y)=(0,0).

Show that the first order partial derivatives of f with respect to x and y exist at (0,0). Also

show that f is not continuous at (0,0).

MA-16/32
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Space for the answer
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A

Let A be an nxn diagonal matrix with characteristic polynomial (x—a)?(x—5)7, where
a and b are distinct real numbers. Let V' be the real vector space of all nX»n matrices B such
that AB = BA. Determine the dimension of V.

MA-18/32
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Space for the answer
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A

Let A be an nxn real symmetric matrix with n distinet eigenvalues. Prove that there exists
an orthogonal matrix P such that AP = PD, where D is a real diagonal matrix.

MA-20/32
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Space for the answer
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A

Let K be a compact subset of R with nonempty interior. Prove that K is of the form [a, b]
or of the form {a, b]\UJ

0t

where {I,} is a countable disjoint family of open intervals with

end points in K.
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A

Q.29 Let f:[a, b]— R be a continuous function such that f is differentiable in («,c¢) and (c, &),
a<c<b. If lim f'(x) exists, then prove that f is differentiable at ¢ and f'(c) =lim f(x).

Xl X—C

Space for the answer
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A

Q.30 Let G be a finite group, and let ¢ be an automorphism of G such that ¢(x)=x if and only if
x=e, where e is the identity element in G. Prove that every ge€ G can be represented as

g zx"']go(x) for some xe G. Moreover, if qo(qa(x))=x for every xe G, then show that Gis
abelian.

Space for the answer

MA-26/32
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Space for rough work

MA-28/32
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18 28
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