PAPER : lIT-JAM
MATHEMATICS MA-2020

SECTION-A

[Multiple Choice Questions (MCQ)]
Q.1 — Q.10 carry ONE mark each.

1. Let f(x)=2x"—9x* +7. Which of the following is true ?

(a) fisone-one inthe interval [-1,1] (b) fis one-one in the interval [2,4]
(c) fisnot one-one in the interval [-4,0] (d) fis not one-one in the interval [0,4]
2. Let 7: R? — R? be the linear transformation given by 7' (x, y) = (—x, y) . Then

(@) 72— forall k>1

(b) 72k _ _p forall f>1

(c) Therange of T? is a proper subspace of the range of T
(d) The range of T? is equal to the range of T

dv o
3. If u=x" and v = y? tansfrom the differential equation 3x°dx —y(y2 —x )dy =0to = 2(u —v) ,
then a is
(a) 4 (b) 2 (c)—2 (d) -4
4. Which of the following is False?
1 cosx
11m— =0 li =0 li =0 li =0
(a) X—>0 e (b) x1—>n(;l xe g (C) xg})’l 1+ 2x ( ) xl)n.Sl 1+2x
. . o~ n+2 w
5. The radius of convergence of the power series Z( ) x" is
n=1 n
@ & BF > d
O \RE © 3 @ >

6. Let g: R — R beatwice differentiable function. If f'(x,y)=g(»)+xg'(»), then

LAY /A gy of o o Of o o OF
(@) ox Jry@xdy oy ®) oy ’ Oxdy Ox © ox i oxdy oy ()ay Oxdy Ox

7. Lets =1+ (=) ,n € N. Then the sequence {sn} is
n

(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

8. Consider the following group under matrix multiplication
1 p g
H=4|0 1 r|:p,gqreR
0 0 1

Then the center of the group is isomorphic to

@ (R\{0},x) ®) (R+) (©) (R*,+) @ (R,+)x(R\{0},x)
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10.

11.

12.

13.

14.

15.

Ifthe directional derivative of the function z = " at (2,—1) along the unit vactor j, — i +p; is zero,

then |0c + B| equals.

1 1
@ 573 ® 75 © V2 @ 22
If the equation of the tangent plane to the surface z=16-x"—y* at the point P(1,3,6) is

ax+by+cz+d =0. Then the value of|d| is
(@) 16 (b) 26 (c) 36 (d) 46
Let M be a 4x3 real matrix and let {e1 ,6,,8; } be the standard basis of 3. which of the following is true ?

(a) Ifrank (M)=1, then {Me1 , Mez} is a linearly independent set
(b) Ifrank (M)=2, then {Me1 , Mez} is a linearly independent set
(c) Ifrank (M)=2, then {Me,, Me,} is a linearly independent set
(d) Ifrank (M)=3, then {Me1 , Me3} is a linearly independent set
LetS' = {Z eC: |Z| = 1} be the circle group under multiplication and i = V=1 . Then the set

{e eR:(e™™) is inﬁnite} is

(a) empty (b) non- empty and finite
(c) countably infinite (d) uncountable
1+ sf . L
Defines, =a >0 and s,,, = L n >1. Which of the following is true ?
o

-

1 .
a) If s <—, then {s ! is monotonically increasing and lims, =
o n y g 0

(b) If's. < < then {s, } is monotonically decreasing and llglo S, =

-l
o
1

2

1 .
(c) Ifs, > P then {sn} is monotonically increasing and 11330 Sy =

ey

2

(d) If's,

Q|

1 :
>—, then {sn} is monotonically decreasing and lgn s, =
(X n 0

Let M be areal 6x6 matrix. Let 2 and —1 be two eigenvalues of M. If As5 = 47 + pM , Where a,b e R,
then

@) a=10,b=11 (b) a=-11,b=10 ©) a=-10,b=11 (d) a=-10,b=—11

1

1
Let /:[0,1] > R bea continuous function such that f (5] =3 and

|f(x)_f(J/)_(X—y)|Ssin(|x—y|2) for all x,ye[O,l].Then J;f(x)dx 1S

1 1 1 N
@ -3 ® - OF @ 5
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x“sin—+y“sin—, xy#0
X
X sin x#0,y=0
16.  Let f(x,y)= N e
y%ml, y#0,x=0
y
0, x=y=0
Which of the following is true at (0, 0) ?
(a) fisnotcontinuous
o . . o :
(b) —— iscontinuous but —_ is not continuous
Ox oy
(c) fisnot differentiable
o : o of :
(d) fis differentiable but both o and 5 are not continuous
17.  Suppose that S is the sum of a convergent series z a, Definet, =a,+a,, +a,,,. Thenthe series Z L,
n=l1 n=l1
(a) diverges (b) convergesto3S—a —a,
(c) convergesto3S—a—2a, (d) converges to3S—2a —a,
18.  Letd=i+j+k and 7 = xi + yj + zk, x, y, z € R. Which of the following is False ?
(a) V(&i):& @)v(ax7)=o
(€) Vx(axF)=a ) V-((a-7)7F)=4(a-7)
19. Let F= {0) eC:0™™ = 1} -Consider the groups
o0 z 1 z
G= 0 12®€FJEC and H = 0 1:ze(C
under matrix multiplication. Then the number of cosets of Hin G is
(a) 1010 (b) 2019 (c) 2020 (d) infinite
20.  Letf(x,y,z)=x"+y’+2z" —3xyz . Apoint at which the gradient of the functionis equal to zero is
(@ (-L1-1) (b) (-1-1-1) (©) -LLD) (d (1,-L1)
(x+af ,x<0
21, LetgeRr.1f /(%)= (

x+a)3 , x>0

then
de ' dZ .
a 0o¢€s not existat x = U 1or any value ora exists at x =V 1or exactly one€ value ol a
(@) —5d t exist atx = 0 f lue of (b) - exists atx =0 & tl lue of
X X
d*f . d’f .
C exists atx =V 1or exactly two values ora exists atx =0 1or Cly many values ora
(c) —existsatx=0f tly two values of (d) 5 existsatx=0 forinfinte Jues of.
X X
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23.

24,

25.

26.

27.

28.

29.

30.

d’y , dy

A solution of the differential equation 2 x* e +3 xd— —y =0, x > Othat passes through the point (1, 1) is
X X
1 b oL [
(@) y_x ()y_xz (© \/; ()y_xz/z

Consider the differential equation L[y]= ( y—y° ) dx+xdy = 0. The function f (x,y) issaid tobe an

integrating factor of the equation if f'(x,y)L[y]=0 becomes exact. If f (x,y)= x2;y2’ then
(a) fisanintegrating factorand y =1-kxy,k € R is NOT its general solution

(b) fisanintegrating factorand y = —1+ kxy,k € R is its general solution

(c) fisanintegrating factorand y = —1+ kxy,k € R is NOT its general solution

(d) fisNOT an integrating factorand y =1+ kxy,k € R is its general solution

Let M be an nxn(n 2> 2) non-zero real matrix with 372 — o andlet o € R\{0} . Then

(a) ais only eigenvalue of (M + o) and (M- ouf)

(b) ais only eigenvalue of (M + o) and ( a/—M)

(c) —oais the only eigenvalue of (M + o) and ( M— al)
(d) —ais only eigenvalue of (M + o) and ( o/—M)

Let {a } be a sequence of positive real numbers. Suppose that / = lim nst which of the following is true ?

n—>0 an
(@) If /=1, then lima, =1 (b)If / =1, then lima, =0
(c) If /<1, then ligloan =1 (d)If /<1, then lima, =0

H—>0

Let D= {(x, y)eR*:|x|+|y< 1} and f: D — R beanon- constant continuous function. Which of the
following is TRUE ?

(a) Therange off/ is unbounded

(b) The range off is a union of open intervals

(c) Therange offis a closed interval

(d) therange off is a union of at least two disjoint closed intervals

The area bounded by the curves x* + y* = 2x and x* + y* = 4x, and the straight lines y =x and y =0 is

n 1 n 1 n 1 n 1

3| —+— 3| —+— 2| —+— 2 —+—
(a) (2 4j (b) (4 2] (©) (4 3j (d) (3 4j
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+ yx3]€ .if 71 is the unit outward normal to S, Then ”(V x F ) -ndS equals

N
(a) -32n (b) —16m (c)16m (d32n
The value of the triple integral Hj ( Xy + l)dxdydz, where V is the region givenby x* + 1> <1,0<z<2 is
Vv

(A = (b) 2w (c)3n (d) 4n
Let S be the part of the cone z* = x* + * between the planes z=0and z = 1. Then the value of the surface

integral Ij(xz + y2)dS is
N

s T T
(@ = ® 75 © 5 @ 5
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SECTION-B

[Multiple Select Questions (MSQ)]
Q.31 — Q.40 carry TWO marks each.

1
n+2

. 1 2 n-1 . 1 1
31. Leta=11m(—2+—2+‘.+( > )]andb=llm(n+1+ +njwhichofthefollowingis/aretrue?

n—>w\ pn n n n—w

(@) a>b (b) a<b © ab=ny2 (@ 5 =In2

d’y  dy .
32. LetL[y]=x R e , where p,q are real constants Let y, (x) and y, (x) betwo solution
x x

of L[ y]=0, x > 0 thatsatisfy y, (x,)=1,1{(x,)=0, ,(x,)=0and y}(x,)=1 forsome x, > 0. Then,
(a) y,(x)is notaconstant multiple of y, (x)

(b) y,(x)is constant multiple of y, (x)

(¢c) 1,Inxare solutions of L[y]=0whenp=1,¢g=0
(d) x, Inxare solutions of L[y] =0 whenp +¢g#0

33.  Cosider the following system of linear equations x + y + 5z =3, x + 2y +mz=5and x+2y+4z =k . The
system is consistent if

(@ m=4 () k=5 ©) m=4 d) k=5
34, Leta,b € R and a <b . Which of the following statement(s) is/are true ?
(a) There exists a continuous function f": [a, b] - (a, b) such that fis one-one
(b) There exists a continuous function f :[a,b] — (a,b) such thatfis onto
(c) There exists a continuous function f : (a, b) - [a,b] such that fis one-one
(d) There exists a continuous function 1 :(a,b) — [a,b] such thatfis onto
35.  Leta,b,c € R such that a<b<c. Which of the following is/are true for any continuous function f/: R — R
satisfying f'(a)=b, f(b)=c and f(c)=a?
(a) Thereexist o €(a,c) suchthat /(o) =0

(b) Thereexist B (a,b) suchthat /(B)=p
(¢) Thereexistsy €(a,b)suchthat (fof)(y)=y

(d) Thereexists 8 € (a,c) suchthat (fo fof)(8)=5

36.  LetV be anon-zero vector space over a field F. Let § — J/ be a non-empty set. Consider the following
properties of S:
() Forany vector space W over F, any map f: S — W extends to a linear map from V toW.

(I) For any vector space W over F and any two lienar maps f, g : ¥ — W satisfying f(s)= g(s) for all

seS wehave f(v)=g(v) forall yeV,

(IIT) S is linearly independent

(IV) The spanof Sis V

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

(a) (I)implies (IV) (b) (I) implies (IIT) (c) (Il) implies (IIT) (d) (1) implies (IV)
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38.

39.

40.

If s, = (_1) and ¢, =ﬂ,n =0,1,2,..., then

2"+3 4n—1
(a) Z S, is absolutely convergent (b) Z 7, is absolutely convergent
n=0 n=0
(c) Z S, is conditionally convergent (d) Z ?, is conditionally convergent
n=0 n=0

Let f be areal valued function of a real variable, such that‘ v (O)‘ <K forall n e N, where K> 0. Which

of the following is/are true ?

1

(”) n

(a) / '(0) —>0asn—>w
n!
(n) "

(b) 4 '(O) —> 0 asn—> o
n!

ORAR (x) exists forall x e R andforall , e N

0 (”) O
(d) Theseries z m is absolutely convergent
n=1 - .

Let G be a group with identity e. Let H be an abelian non-trivial proper subgroup of G with the property that
H(\gHg ' ={e} forall geg H. K ={g e G;gh=hgVhe H}, then

(a) Kisaproper subgroup of H

(b) Hisaproper subgroup of K

(c) K=H

(d) There exists no abelian subgroup I < G suchthatK is a proper subgroup of L

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

@ J[\1+4(x" +57 )dxdy ) J[1+2(x + 37 )dxdy

2n 4 2n 4

(©) J.J.mdrde (d) J.J.mrdrde
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SECTION-C

[Numerical Answer Type (NAT)]
Q.41 — Q.50 carry ONE mark each.

41.  Let ¢:S, - S' beanon-trivial non- injective group homomorphism. Then the number of elements in the
kernel of ¢ is
42.  Let f:R — R besuchthat /', /', /" are continuous functions with /' >0, />0 and /"> 0. Then

limw is

X—>0

1 1
43.  Let SZ{;WGN} and f:S — R be defined by f(x)=;, then
max{fi:

44.  Let f(x,y)=0 beasolution of the homogeneous differential equation(2x +5y ) dx —(x+3y)dy =0

1 1
X3 <d= ‘f(x) -f (Ej < 1} is (upto two decimal places)

If £ (x+0,y—3)=0 isasolution of the differential equation (2x+5y—1)dx+(2—x—3y)dy =0 then

the value of o is

45.  Consider thereal vector space oz = {Z ax';a,eRand 0<n< 2020} .Let W be the subspace givenby
i=0

W= {Zai'xi € P34, = 0 for all odd i} , Then the dimension of W is
i=0
46.  Let F=xi+ yj+zk and S be the sphere given by (x—2)2 +(y—2)2 + (2—2)2 =4, If 7 is the unit

| [ A
outward normal to S, then ; ” F-ndS s
S

12
47. If J. J. e dxdy =k (64 - 1) , thenk equals
02y
1

48. Letx, =n" and y, =€~

X,

",n € N Then the value of lim y, is

n—0

d
49.  Consider the differential equation d_i +10y = f(x),x >0 Where f (x) is a continuous function such

that lim f(x) = 1. Then the value of )lggy(x) is

X—>0

d
50. Let f(x,y) =e'siny,x=1+land y=¢*+¢. Then 7{ atr=01is (upto two decimal

places)
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Q51 -

51.

52.

53.

54.

5S.
56.

57.

8.

59.

60.

Q.60 carry TWO marks each.
Let 7. R7 — R bealinear tranformation with nullity (T) = 2. Then, the minimum possible value for Rank
(T?)is

9 2 7 1
07 2 1 N
Let 37 — . Then, the value of det((81—M)?) is
0 0 Il 6
0 0 -5 0
. . . 3 . o 1
Consider the expansion of the function f (x) = —————— in powers ofx, that is valid in |X| <—.Then
(1—x)(1+2x) 2

the coefficient of x* is
Suppose that G is a group of order 57 which is NOT cyclic. If G contains a unique subgroup H of order 19,

thenforany g ¢ H,0(g) is

The minimum value of the function f'(x,y)=x"+xy+y* —=3x—6y+11is

Let Cbe 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 (j) x*y*dx + (x P-y? ) dy is (upto twodecimal places)
c

Let f(x)= Jx +owx, x > 0 and g(x)=a,+a,(x-1)+a, (x—l)2 be the sum of first three terms of the

Taylor series of f(x) around x= 1. If g (3) = 3, then o is

If x*+xy*=c where ¢eR, is the general solution of the exact differential equation
M(x,y)dx+2xydy =0 thenM(1, 1) is

Let/ : R — Rbeadifferentiable function with f'(x) = /(x)for all.x, Suppose that f (o) and f (fBx)are

2
two non-zero solution of the differential equation 4 flx); 1L p% 43y =0satisfying f (ax) /' (Bx) = £ (2x)

and f (o) f(—Bx)= f(x) then the value of p is

1 1 1
The sum of the series 2(22 _1) * 3(32 _1) + 4(42 _1) e g

*kfek END****




