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SECTION - A
MULTIPLE CHOICE QUESTIONS (MCQ)

Qllets, =1+
(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

,n € N. Then the sequence {s,} is

Q.2 Let f(x) = 2x3 — 9x2 + 7. Which of the following is true?
(A) fis one-one in the interval [- 1, 1]

(B) fis one-one in the interval [2, 4]

(C) fis NOT one-one in the interval [- 4, 0]

(D) fis NOT one-one in the interval [0, 4]

Q.3 Which of the following id FALSE ?
(A) lim ;‘—x =0
X— 0

. 1

(B) lim, ez =0

(C) lim 2= =0
xXx— 0+ 1+2x

(D) hm Cos X —
xX— 0+ 1+2x

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

of 0°f _ of
(A) ox + yaxay - ay
af o°’f _of
(B) ay+yax6y_ ax

of L O _of
(C) 6x+x6x6y - ady

o L O _3f
(D) ay + xax(')y ~ ox

Q. 5 If the equation of the tangent plane to the surface z = 16 — x2 — y? at the point P(1,3,6) is 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 z = y2e2* at (2,—1) along the unit vector b= ai+ Bj is
zero, then |a + S| equals
1
(A 55
1
(B) 7
(C)v2
(D) 2v2

Q.7 If u = x3 and v = y? transformation given by T(x,y) = (—x, y). Then
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(A)T?* =T Forall k>1

(B) T?k*1 = —T forall 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
n+2\" .
() o

Q. 10 Consider the following group under matrix multiplication:

1 p gq
H=3l0 1 r|:pgqr €Ry
0 0 1
Then the center of the group is isomorphic to
(A) (R{0},x)
(B) (R, +)
(C) (R?,+)

(D) (R, +) x (R\{0},%)

Q.11 Let {a,} be a sequence of positive real numbers, Suppose that [ = lim &nt1 \Which of the following is

n-oo Qn
true?
(A)Ifl=1,then lim a, =1
n—oo

(B)IfIl =1,then lim a, =0

n—oo
(C)1fl=1,then lim a, =1
n—-oo
(D)Ifl =1,then lim a, =0
n—oo
2
Q.12 Defines; = a > 0and s, 41 = i—sg,n = 1 which of the following is true?

1 . . . . .
(A)If s2 < p then {s,} is monotonically increasing and lim s, =
n—-oo

(B)If s2 < i then {s,, } is monotonically decreasing and lim s, =

n—oo

1 . . . . .
(C)Ifs2 < p then {s,,} is monotonically increasing and lim s, =
n—->oo

SIS

(D) If s2 < i, then {s,} is monotonically decreasing and lim s, =

n—oo
Q.13 Suppose that S is the sum of a convergent series ).n_; a,. Define t, = a, + an41 + apsp. Then the
series Yo q ty
(A) diverges
(B) convergesto 3§ —a; —a,
(C) converges to 3S — a; — 2a,
(D) converges to 3§ — 2a; — a,
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(x+a)®> x<0
(x+a) - x>0’then

d? .
(A) d—x]; does not exist at x = 0 for any value of a

Q.14 leta € R.IF f(x) = {

d? .

(B) d—x]; exists at x = 0 for exactly one value of a
a2 .

(C) oz exists at x = 0 for exactly two value of a

2
(D) 27 axists at x = 0 for infinitely many value of a
dx?

1 1
2 2 &

X< sin—+ Sin

( y ’

. xy #0
_ x? sin -, x#0,y=0
Q.15Letf(x,y)—4 . ){ yth,x=O
L y Slny, x:y:
0,

Which of the following is true at (0; 0)?
(A) f is not continuous

(B) g—i is continuous but Z_f; is not continuous
(C) f is not differentiable
(D) f is differentiable but both g—i and g—fl are not continuous

Q. 16 Let S be the surface of the portion of the sphere with centre at the origin and radius 4, above
the xy-plane. Let F = yi — xj + yx3k is the unit outward normal to S, then

J(v x F).f dS Equals

(A) =321

(B)—16m

(C)16m

(D) 32m

Q.17 Let f(x,y,2) = x3 + y3 + 23 — 3xyz. A point at which the gradient of the function f is equal to zero is
(A) (-1,1,-1)

(B) (-1,-1,-1)

(€ (-1,1,1)

(D) (1,-1, 1)

Q.18 The area bounded by the curves x? + y? = 2x and x? + y? = 4x, and the straight linesy = x and y =
Ois
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Q.19 Let M be areal 6 X 6 matrix. Let 2and -1 be two eigenvalues of M. If M5 = 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

Q.20 Let M be an n X n(n = 2) non-zero real matrix with M2 = 0 and let « € R{0}. Then
(A) a is the only eigenvalue of (M + al) and (M — al)

(B) a is the only eigenvalue of (M + al) and (al — M)

(C) —a is the only eigenvalue of (M + al) and (M — al)

(D) —a is the only eigenvalue of (M + al) and (al — M)

Q. 21 Consider the differential equation L[y] = (y — y?)dx + xdy = 0. The function f(x, y) is said to be
an integrating factor of the equation if f(x; y)L[y] = 0 becomes exact. If f(x,y) = x%yz, then

(A) f is an integrating factorand y = 1 — kxy; k € Ris NOT its general solution

(B) f is an integrating factorand y = —1 + kxy,k € Risits general solution

(C) f isanintegrating factorand y = —1 + kxy,k € Ris NOT its general solution

(D) f is NOT an integrating factorandy y = 1 + kxy,k € Risits general solution

2
Q.22 A solution of the differential equation 2x? % + Bx% —y = 0,x > 0 that passes through the point
(1,1)is

(A) y =
(B)y=$
1
Cy=%
(D)y=x31/2

Q.23 Let M ne a 4 X 4 real matrix and let {e;, €5, €3} be the standard basis of R3, Which of the following is
true?
(A) If rank (M)

1, then {Me;, Me,} is a linearly independent set
(B) If rank(M) 2,then {Me;,Me,}is a linearly independent set
(C) If rank(M) 2,then {Me;, Me3}is a linearly independent set
(D) If rank(M) = 3,then {Me;,Me3}is a linearly independent set

Q.24 The value of the triple integral [ff (x*y + 1)dxdydz, where V is the region given by x* + y* < 1,0 <
z<12is

(A)

(B) 2@

(C)3m

(D) 4m

Q.25 Let S be the part of the cone z? = x? + y? between the plane z = 0 and z = 1. Then the value of the
surface integral [[(x* + y?)ds is
(A)

(8)
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(OF5
(0)3

Q.26 Letd =i+ ]+ k and # = xi + yj + zk, x,y,z € R. Which of the following is FALSE?
(AV(a -¥)=a

B)V-(a x7#)=0

CQVx(axr)=a

D)V-((@-Hr)= 4(a-r

Q.27 Let D = {(x,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

Q.28 Let f : [0,1] —» R be a continuous function such that f G) = —%and lf(x) —fy) —(x—y)| <
sin(|Jx — y|?) Forall x,y € [0,1]. Then fol f(x)dx is

(A) -3
(8) —3
(©7

(D)5

Q.29 Let ST = {z € C : |z| = 1} be the circle group under multiplication and i = v/—1. Then the set {8 €
R: (2™} js infinite} is

(A) empty

(B) non-empty and finite

(C) countably infinite

(D) uncountable

Q.30 Let F{w € C: w?°2° = 1}. Consider the groups

Gz{((g i):a)EF,ZE(C}and

H={((1) 7)izec|

under matrix multiplication. Then the number of cosets of Hin G is
(A) 1010

(B) 2019

(C) 2020

(D) infinite

Q.31 Leta,b,c € Rsuchthat a < b < c. Which of the following is/are true for any continuous function
f: R - Rsatisfying f(a) = b, f(b) =c and f(c) = a?

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

(B) There exists B € (a,c) such that f(B) =8
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(C) There exists ¥y € (a, b) such that (f°f)(y) =y
(D) There exists § € (a,c) such that (f°f°f)(6) =6

" and t,, ="

Q32Ifs, = —=—— onyg 2 = a1’

(A) Xm—o Snis absolutely convergent
(B) Ym=g tnis absolutely convergent
(C) Y=o Snis conditionally convergent

(D) Xm=o tnis conditionally convergent

=0,1,2,.... , then

Q.33 Lleta,b € Randa < 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
(D) There exists a continuous function f : (a,b) = [a, b] such that f is onto

Q. 34 Let V be a non-zero vector space over a field F. Let S € V be a non-empty set. Consider the following
properties of S:

(1) For any vector space W over F, any map f : S = W extends to a linear map from V to W.

(I1) 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.

(1) S is linearly independent.

(IV) The span of Sis V:

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

(A) (1) implies (IV)

(B) (1) implies (1)

(C) (1) implies (111)

(D) (1) implies (1V)

Q.35 LetL[y] = x2 d’y — = px + qy, where p, q are real constants. Let y;(x) and y,(x) be two solutions of

Lly] =0; x >0, that satlsfy yl(xo) =1,y1(xg) = 0,y,(xy) = 0and y5(x,) = 1 for some x, > 0. Then,
(A) y1(x) is not a constant multiple of y,(x)

(B) ¥1(x) is a constant multiple of y, (x)

(C) 1, In x are solutions of L[y] = 0whenp =1; ¢ =0

(D) x, In x are solutions of L[y] = 0 whenp +q # 0

Q. 36 Consider the following system of linear equations
x+y+5z=3x+2y+mz=5andx+2y+4z=k.
The system is consistent if

(A)m + 4

(BYk+5

(Chm=4

D)k =5

Q.37Leta=lim( + > +.. e 1))andb=lim(i+i+...+i)

n—-oo n—-oo \n+1 n+2 n+n
Which of the following |s/are true ?

(A)a>b
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(B)a<b
(C)ab = InV2
(D)%= 2

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

() [, V1 +40G2 + y?)dxdy
(8) [, /1 +2(% + y?)dxdy
(€ " [ VT + 4rZdrde

(0 ;" [ VI + 4r?rdrde

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

1
(€D n

(A) [le(o)] —0asn - o
1

m n
(B) [f—(o)] — 00asn - ©
n!
(C) f™(x) exists for all x € Rand foralln € N

P A ()
(D) The series Yo D)

Is absolutely convergent

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 HNgHg ' = {e} forallg ¢ H.

If K ={g € G: gh = hg for all h € H}, then

(A) K is a proper subgroup of H

(B) H is a proper subgroup of K

(O)K=H

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

SECTION-C
NUMERICAL ANSWER TYPE (NAT)
Q. 41 - Q. 50 carry one mark each.

1
Q. 41 Letx,, = nnand y, = el ™*n,n € N. Then the value of lim vy, is

n—oo

Q. 42 Let F = xi + yJ + zk and S be the sphere given by (x — 2)2 + (y — 2)2 + (z — 2)% = 4. If AL is the unit
outward normal to S, then

10 2

;ffs F-adS

Is

Q.43 Let f : R — R be such the f, f', f""are continuous functions with f > 0, f" > 0 and f"" > 0. Then
lim fEO+f'(x)
X——00 2

Is
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Q.44 LetS = {%n € N} and f : S - R be defined by f(x) = % Then
max{(‘i: |x—§| <§= |f(x) —f(§)| < 1}

Is . (rounded off to two decimal places)

Q. 45 Let f(x,y) =e*siny,x =t3+ 1 and y = t* + t. Then % att=20is . (rounded off to two
decimal places)

Q. 46 Consider the differential equation

Z—z+ 10y = f(x),x > 0,

where f(x) is a continuous function such that li_r)lgo f(x) = 1. Then the value of
lim y(x) g

X—00

Is .
Q. 47 If fol fzzyexzdxdy = k(e* — 1), then k equals

Q. 48 Let f(x; y) = 0 be a solution of the homogeneous differential equation
(2x +5y)dx — (x +3y)dy =0

If f(x + a,y —3) = 0is a solution of the differential equation
(2x+5y—1)dx+ (2 —x—3y)dy =0,

Then the value of a is

Q. 49 Consider the real vector space Pyg50 = {Z?=o a;x':a; ERand0<n < 2020}. Let W be the subspace
given by

W = {Z{;O a;xt € Pyop0: a; =0 for all odd i}

Then, the dimension of W is

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

Q. 51 -Q. 60 carry two marks each.
1 1

. 1 $
Q. 51 The sum of the series 2D + TeE + pa=y I ois

Q. 52 Consider the expansion of the function f(x) = in powers of x, that is valid in |x| < % Then

(1—x)(1+2x)
the coefficient of x* is

Q. 53 The minimum value of the function f(x,y) = x> + xy + y> —3x — 6y + 11is .

Q.54 Let f(x) =+v/x + ax,x > 0and
gx) =ag+a;(x—1) +ay(x —1)?
be the sum of the first three terms of the Taylor series of f(x) around x = 1.If g(3) = 3, then a is .

Q. 55 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
¢ x*y?dx + (x* — y*)dy
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Is . (rounded off to two decimal places)

Q.56 Let f : R — R be a differentiable function with f'(x) = f(x) for all x. Suppose that f(ax) and f(Bx)

are two non-zero solutions of the differential equation
d*y dy _

4 m —p a + 3_’)7 =0

Satisfying

flax) f(Bx) = f(ax)f(—=px) = f(x)

Then, the value of p is

Q.57 If x? + xy? = ¢, where ¢ € R, is the general solution of the exact differential equation
M(x,y)dx +2xy dy =0
Then M(1,1) is

7
2
11
-5

Q.58 Let M = . Then, the value of det ((81 — M)3) is

SO OO0
o NN
SO ==

Q.59 Let T : R” - R” be a linear transformation with Nullity(T) = 2. Then, the minimum possible value for
Rank(T?) is

Q. 60 Suppose that G is a group of order 57 which is NOT cyclic. If G contains a unique subgroup H of order
19, then forany g € H,o0(g) is

END OF THE QUESTION PAPER

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 McCQ A B 2
18 2 MCQ A B 2
19 2 MCQ A A 2
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20 2 MCQ A B 2
21 2 McCQ 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 McCQ A C 2
28 2 MCQ A A 2
29 2 MCQ A D 2
30 2 MCQ A C 2
31 2 MCQ B A;C,D 2
32 2 MCQ B A;D 2
33 2 MCQ B A;C;D 2
34 2 MCQ B B;D 2
35 2 MCQ B A;C 2
36 2 MCQ B A;D 2
37 2 MCQ B B;C 2
38 2 MCQ B A;D 2
39 2 MCQ B A;D 2
40 2 MCQ B C,D 2
41 2 MCQ C l1tol 1
42 2 MCQ C 32to 32 1
43 2 MCQ C 0 to INF 1
45 2 MCQ C 0.08 to 0.09 1
46 2 MCQ C 2.70t02.72 1
47 2 MCQ C 0.1to00.1 1
48 2 MCQ C 0.25t0 0.25 1
49 2 MCQ C 7t07 1
50 2 MCQ C 1011to 1011 1
51 2 MCQ C 3to3 2
52 2 MCQ C 0.25t00.25 2
53 2 MCQ C 33to0 33 2
54 2 MCQ C 2to2 2
55 2 MCQ C 0.65t00.67 2
56 2 MCQ C 8to 8 2
57 2 MCQ C 3to3 2
58 2 MCQ C -216to-216 2
59 2 MCQ C 3to3 2
60 2 McCQ C 3to3 2
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