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Mathematics (MA)
Previous Year Solved Paper 2020

Duration : 180 minutes Maximum Marks : 100

Read the following instructions carefully.

1. 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.

2. 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.

3. 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.
4. 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.

5. 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.
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NOTATION

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

R set of all real numbers

M, (R) real vector space of all matrices of size m x n with entries in R
0} empty set

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

Z

group of all congruence classes of integers modulo n

i,j,k unit vectors having the directions of the positive x, y and z axes of a three dimensional

rectangular coordinate system, respectively

S group of all permutations of the set {1, 2, 3,.....,n}.
In logarithm to the base e

log logarithm to the base 10

det(M) determinant of a square matrix M
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SECTION-(A) MULTIPLE CHOICE QUESTIONS (MCQ)

2

. & (n+2Y) ..
1. The radius of convergence of the power series ;( . j X" is
(A) € (B) 1
Je
© - o =
e e?

2. Which of the following is FALSE?

. X . 1
(A) lme_x =0 (B) leg xe* 0
. sinx . COSX
() x|—>0* 1+2x (D) x|—>0* 1+ 2x

3. Let f(x) = 2x3 — 9x® + 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) fis NOT one-one in the interval [-4, 0]
(D) f is NOT one-one in the interval [0, 4]
dv ou
4. If u=x*and v = y* transform the differential equation 3x°dx — y(y* - x°)dy = 0 to 7= 2U—-v)"
then o is
(A) 4 (B)—2
C) -2 (b) 4
5. Consider the following group under matrix multiplication:
1T pq
H=:0 1 r|:pgreR
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}, %)
6. 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
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7. Let T : R2 —» R2be the linear transformation given by T(x, y) = (=X, y). Then
(A) T =T for all k > 1
(B) T2+t = —T for all k > 1
(C) The range of T? is a proper subspace of the range of T
(D) The range of T2 is equal to the range of T

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

o, ot o o ot _d
(A) oX oxoy oy (B) oy oxoy 0ox
# Siamaii®_ o
() OX oxoy oy (D) oy oxoy  0Ox

1)
9. LetS =1 + ( n) ,neN. 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

10.  If the directional derivative of the function z = y?e* at (2, —1) along the unit vector b= o +pj is
zero, then |a+f| equals

]
(A) PNA (B) 2
C) 2 (D) 242

11. Let F={weC:0®™ =1}. Consider the groups G:{[(g ?J:(DEF,ZGC} and

1z
H:{O 1] ‘ze C} under matrix multiplication. Then the number of cosets of H in G is

(A) 1010 (B) 2019
(C) 2020 (D) infinite
2
12. Define s, =a >0 and s, = 113” ,n>1. Which of the following is true?
(04
(A If s <1 then {s} is monotonically increasing and lims, - L
o n n—oo \/a
> 1 _ , , . 1
(B) If s, <E’ then {s } is monotonically decreasing and .L'Dl S, =
(C) Ifs? >l, then {s } is monotonically increasing and lim s, - L
a n n—ow \/a
2 1 _ , , . 1
(D) If s, >E’ then {s } is monotonically decreasing and .L'Dl S, Y
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13.

14.

15.

16.

17.

18.

Let S ={Z€(CZ|Z|=1} be the circle group under multiplication and i=v—=1. Then the set
{6 eR :<e‘2"e>is infinite} is

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

(C) countably infinite (D) uncountable

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

(A) If rank (M) = 1, then {Me,, Me,} is a linearly independent set

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

Let a=i+ ] +kand F=xi + y] + 2K, X,¥,z € R.. Which of the following is FALSE?
(A) V(a-r)=a (B) V-(axr)=0
(C) Vx(@xr)=a (D) V-((@a-r)

- -

)=4@-r)

=!

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.

1
If f(x, y) = X2y?’ then

A

(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 + kxy, k € R is its general solution
(
(

C
D

) f is an integrating factor and y = -1 + kxy, k € R is NOT its general solution
)

f is NOT an integrating factor and y = 1 + kxy, k € R is its general solution

Let {a } be a sequence of positive real numbers. Suppose that | = lim ﬁ, Which of the following

n—o an
is true?
If I=1,then lim a_ =1 If I=1,thenlima_ =0
(A) A, (B) b O
If I<1thenlim a =1 D If I<1,thenlima =0
(C) A (D) = 1

Let D={(x,y) e 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
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19.

20.

21.

22,

23.

24,

d? d
A solution of the differential equation 2x2d7z+3xd—i— y = 0, x > 0 that passes through the point
(1,1) is
n oyl gyt
A y=r B) V=7
1 1
© Y= (D) Y=iaz

A =111 B) 1,-1,-1)
€ (1. 1,1) (b)) (.1, 1)

1 1
Let f : [0,1] > R be a continuous function such that f(§j=—§ and
lf(x) — f(y) = (x = y)I < sin(|x - y[?)

1
for all x, y e [0,1]. Then [f(x)dx is
0

y=0Iis
1 1
o o3l o o5
L
4

1
(C) 2(%+§j (D) 2(§+ J

The value of the triple integral I”(X2y+1) dxdydz, where V is the region given by x® + y? < 1,
0<z<2is !

(A) n (B) 2=

(C) 3n (D) 4n

Let S be the part of the cone z2 = x% + y? between the planes z = 0 and z = 1. Then the value

of the surface integral [[(x* +y*)dS is
S
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25,

26.

27.

28.

29,

Let M be an n x n (n > 2) non-zero real matrix with M2 = 0 and o e R\{0}. Then
(A) o is the only eigenvalue of (M + al) and (M — al)

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

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

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

2
Let aeR.If f(x):{EXJra), x<0
X

+a)’, x>0,
then
°f
(A) e does not exist at x = 0 for any value of a
it
(B) el exists at x = 0 for exactly one value of a
af
(C) e exists at x = 0 for exactly two values of a
df o
(D) e exists at x = 0 for infinitely many values of a

Suppose that S is the sum of a convergent series ., Define t =a +a_ +a, Then the

n=1

series 2ty
n=1

(A) diverges (B) converges to 3S — a, — a,
(C) converges to 3S — a, — 2a, (D) converges to 3S — 2a, — a,

Let M be a real 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)
(C) =-10, b = 11 (D)

-11, b =10
10, b = -11

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+yx%k. If A is the unit outward normal to S, then

[[(vxF)-iids

equals
(A) -32n (B) -16n
(C) 16n (D) 32=n
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30.

31.

32.

33.

x29n1+y29n13 xy #0
X y
xzsinl x#0,y=0
Let f(x,y)= x’ ’
fsml, y=0,x=0
y
0, x=y=0

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

of . L= .
(B) o is continuous but oy is not continuous

(C) f is not differentiable

of of
(D)  fis differentiable but both a—xa”da are not continuous

SECTION-(B) MULTIPLE SELECT QUESTIONS (MSQ)

Consider the following system of linear equations
X+yY+52=8,x+2y+mz=5and x + 2y + 4z = k.

The system is consistent if

(A) m = 4 (B) k=5

(C) m=4 (D) k=5

Let f be a real valued function of a real variable, such that f(”)(0)| <K for all n € N, where K >

0, Which of the following is/are true?

f(n)(o) n
n!

—>0asn—w

(A)

(n) n
(B) f n(lO) —>o asn-—w

(C) f™ (x) exists for all x € R and for all n e N
(0

(D)  The series ZW is absolutely convergent
n=1 v

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:

] For any vector space W over F, any map f : S - W extends to a linear map from V to
W.
(1 For any vector space W over F and any two linear maps f, g : V —» W satisfying f(s) =

g(s) for all s € S, we have f(v) = g(v) forv e V.
(1) S is linearly independent.
(IV)  The span of Sis V.
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Which of the following statement(s) is/are true?
(A) (I) implies (1V) (B) () implies (111)
(C) (1) implies (l11) (D) (1) implies (1V)

34. 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} for all g ¢ H.
If K={g € G :gh=hg for all h e H}, then
(A) K is a proper subgroup of H

(B) H is a proper subgroup of K

(C) K=H

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

oy | dy .

35. Let L[y] = X d7+pxd—x+qy, where p, g are real constants. Let y,(x) and y,(x) be two solutions

of L[y] = 0, x > 0, that satisfy y,(x,) = 1, y',(x,) = 0, y,(x,) = 0 and y',(x,) = 1 for some x, > 0.

Then,

(A) y,(X) is not a constant multiple of y,(x)

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

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

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

(12 (n-1) . 1 1 1
36. Let a=Ilm| - +—+..+—5>|and b=Iim + . + :
=N~ n n neln+1 n+2 n+n

Which of the following is/are true?
(A) a>b (B) a<b

(©)  ab=Inv2 (D) %=|n\/§

37. Let a, 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 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

38. Let S be that part of the surface of the paraboloid z = 16 — x2 — y2 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(x2 +Yy?) dxdy (B) J.J.\/1+2(X2 +y?) dxdy

D D

(C) Tj.\/1+4r2 drde (D) T}\/1+4r2rdrd9
00 00
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39.

40.

41.

42.

43.

44,

45.

46.

Let a, b, ¢ € R such that a < b < ¢. Which of the following is/are true for any continuous function
: R — R satisfying f(a) = b, f(b) = ¢ and f(c) = a?
A) There exists a € (a,c) such that f(a) = o
) There exists B € (a,b) such that f(B) = B
C) There exists y € (a,b) such that (f o f) (y) =y
) There exists & € (a,c) such that (f o f o f) (5) = &

(=1)"

s
I "2"4+3

(=1)

and t, =
4

T n=0,1,2, .., then

(A) an is absolutely convergent (B) Ztn is absolutely convergent
n=0 =0

5

(C) zsn is conditionally convergent (D) ztn is conditionally convergent
n=0 =0

5

SECTION-(C) NUMERICAL ANSWER TYPE QUESTIONS (NAT)

df
Let f(x,y) =e*siny,x =t +1and y =t* + t. Then o att=0is . (rounded off to two

decimal places)

d
Consider the differential equation d—§+10y =f(x),x >0, where f(x) is a continuous function such

that imf(x)=1. Then the value of M y(x) is

Let f : R - R be such that f, f', f* are continuous functions with f > 0, f' > 0 and " > 0. Then
im f(x);f (x) s

X—>—00

12
it [ [e”dxdy =k(e* ~1), then k equals

02y

Consider the real vector space P,,, = {Zaix‘ :aeRand0<n< 2020}. Let W be the subspace
i=0
given by W = {Zaixi € P,y 1@, =0 for all odd i}_ Then, the dimension of W is
i=0

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

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

then the value of a is
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47.

48.

49.

50.

51.

52

53.

54.

55.

56.

57.

Let Sz{%:neN} and f : S — R be defined by f(x):%.

]
f(x) —fﬁgj

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

Then max{é: <=

.1
X__
3

<1} is . (rounded off to two decimal places)

Let x, = n'" and y_=e'* neN. Then the value of lim y is

Let F=xi+yj+zk and S be the sphere given by (x — 2)2 + (y — 2)? + (z — 2)? = 4. If A is the

unit outward normal to S, then lﬂ?-ﬁds is
s

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 <j§x2y2dx+(x2—y2)dy is
(o}

. (rounded off to two decimal places)

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

2
are two non-zero solutions of the differential equation 43—¥_p%+3y =0 satisfying
X X

f(ox) f(Bx) = f(2x) and f(ox) f(=Px) = f(x). Then, the value of p is

If X2 + xy2 = ¢, where ¢ € R, is the general solution of the exact differential equation
M(x,y) dx + 2xy dy = 0, then M(1, 1) is

Let T : R” » R7be a linear transformation with Nullity(T) = 2. Then, the minimum possible value
for Rank(T?) is

Let f(x) = /X + ax, x>0 and g(x) = a, + a,(x—1) + a,(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

The minimum value of the function f(x, y) = x> + xy + y2 — 3x — 6y + 11 is

Let M = . Then, the value of det((81 — M)?) is

o o o w©
oo NN
=

oo = —
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58. Consider the expansion of the function f(x) = m

Then the coefficient of x* is

1

1

1
59.  The sum of the series 222 1) + 3(3° 1) + 447_q) * i

in powers of x, that is valid in |

1
X| <—.

2

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 for any g ¢ H, o(g) is

ANSWER KEY

SECTION-(A) MULTIPLE CHOICE QUESTIONS (MCQ)

1 2 3 4 5 6 7 8 9 10
D D D D B MTA D C C C
11 12 13 14 15 16 17 18 19 20
C A D D C C D C A B
21 22 23 24 25 26 27 28 29 30
A B B B B A D A A D
SECTION-(B) MULTIPLE SELECT QUESTIONS (MSQ)
31 32 33 34 35 36 37 38 39 40
A,D AC,D B,D C,D AC AC A,C,D A,D A,C,D A,D
SECTION-(C) NUMERICAL ANSWER TYPE QUESTIONS (NAT)
41 42 43 44 45 46 47 48 49 50
2.70-2.72| 0.1 0-00 0.25 1011 7 0.08-0.09 3 1 32
51 52 53 54 55 56 57 58 59 60
0.65-0.67 8 3 3 0.5 2 -216 33 0.25 3
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Mathematics (MA)

Previous Year Solved Paper 2019

Duration : 180 minutes Maximum Marks : 100

Read the following instructions carefully.

1. 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.

2. 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.

3. 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.
4. 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.

5. 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.
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m o

N
R
M
¢

XY

NOTATION

set of all natural numbers 1, 2, 3,.......

R)

set of all real numbers

real vector space of all matrices of size m x n with entries in R
empty set

set of all elements from the set X which are not in the set Y
group of all congruence classes of integers modulo n

unit vectors having the directions of the positive x, y and z axes of a three dimensional

rectangular coordinate system, respectively

group of all permutations of the set {1, 2, 3,.....,n}.
logarithm to the base e

logarithm to the base 10

determinant of a square matrix M
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SECTION-(A) MULTIPLE CHOICE QUESTIONS (MCQ)

Q.1 — Q.10 carry one mark each.
1. Let a, = b, = 0, and for each n > 2, let a, and b, be real numbers given by

& = 7% (log(m))” and ™ _r;.(log(m))m

Then which one of the following is TRUE about the sequences {a } and {b } ?
(A) Both {a } and {b } are divergent

(B) {a} is convergent and {b} is divergent

(© {a} is divergent and {b } is convergent

(D) Both {a } and {b } are convergent

o (=1)"m o =3 1

2. Let T € M, (R). Let V be the subspace of M ,  (R) defined by

x

V={XeM, (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))
3. Let g : R —» R be a twice differentiable function. Define f : R® — R by
f(x, ¥, 2) = g(x® + y? — 222).
o 8% o

—t—+—
Then X% oy 02 is equal to

4(x2 + y2 — 42%) g" (x® + y? — 272

(A) ( ) 9
(B) 4(x% + y? + 427
(C) 4(x2 + y? — 229
(D) ( )

)
(x2 + y — 27
(x
4(x? (x2

g
g"
+y2+ 42 ¢

4. Let {a,} , and {b,}  be sequences of positive real numbers such that na, < b < n?a_ for all

0

n > 2. If the radius of convergence of the power series Z a,x" is 4, then the power series

PILRY

(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

n 2
5. Let S be the set of all limit points of the set {EJFT:” € N}. Let Q, be the set of all positive

rational numbers. Then
(A) Q < S (B) ScQ,

(©) Sn((RQ)=¢ (D) SNnQ, #¢
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6.

10.

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)

If y(x) = 2e* + eP, B = 2, is a solution of the differential equation

d’y dy
Y2 ey=0
dx?  dx y

d
satisfying d—i(0)=5, then y(0) is equal to :

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

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

The value of the integral J.;:OJ;; ysin(n(1—x)2)dxdy is
A i B 2
A o (B) m

(C) (D)

Nl

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

T 132 4 a2
(A) 5710 (B) ?(10 -1)
(C) 1(‘I 0%2 —1) (D) ﬂ103/2

27 3

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

1.

12.

Let H and K be subgroups of Z ,,. 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

Let P be a 4 x 4 matrix with entries from the set of rational numbers. If /2 i, withi= /1,
is a root of the characteristic polynomial of P and | is the 4 x 4 identity matrix, then

(A) P4 = 4P2 + 9l (B) P+ = 4P2 — 9|

(9)) P4 = 2P2 — 9l (D) P+ = 2P2 + 9l
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X
13.  The set {—1—1<X<1}, as a subset of R, is

1+ X
(A) connected and compact (B) connected but not compact
(®)} not connected but compact (D) neither connected nor compact

1 1
14.  The set {E+H:m,neN} U {0}, as a subset of R, is

(A) compact and open (B) compact but not open
(© not compact but open (D) neither compact nor open
15.  For -1 < x < 1, the sum of the power series 1 + Z::Z(—ﬂm n’x"" is
1-x 1+ %%
®  (1xy S (IEY)
1-x 1+ x2
©) (+x)y ®) (1+x)

16. Let f(x) = (In x)?, x > 0. Then

(A) lm@ does not exist (B) limf'(x)=2
(€) lim(f(x+1)-f(x))=0 (D) lim(f(x+1)~f(x)) does not exist

17. Let f : R — R be a differentiable function such that f ' (x) > f(x) for all x € R, and f(0) = 1. Then
f(1) lies in the interval

A (0 e ® (Vo)
© (Vee D) (e, )

18. For which one of the following value of k, the equation
23 + 32 - 12x -k =0
has three distinct real roots ?
(A) 16 (B) 20
(C) 26 (D) 31

19. Which one of the following series is divergent ?

21 51 - 1
—sin® — —log n

(A) s (B) 2.9
« 1 .1 o 1 1
©)  X.psine 0 2. tans
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20.

21.

22,

23.

24.

25.

Let S be the family of orthogonal trajectories of the family of curves
2x2 + y2 =k, fork e Rand k > 0.
If c € S and ¢ passes through the point (1, 2), then ¢ also passes through

A (4-2) B) (2 —4)
() (2, 2J§) (D) (4,2x/§)

Let x, x + e and 1 + x + € be solutions of a linear second order ordinary differential equation
with constant coefficients. If y(x) is the solutions 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) 3Ze+2 (D) 3e+1

The function f(x, y) = x® + 2xy + y®
has a saddle point at

2 2

(A) (0,0 (B) (—ga—gj
3 38

(©) (‘5"5} (0) (-1.-1)

The area of the part of the surface of the paraboloid x? + y2 + z = 8 lying inside the cylinder x2
+y2=4is-

A (177 ) B (17— 1)
() %(1 72 1) (D) 3(173’2 -1)

Let C be the circle (x — 1)? + y2 = 1, oriented counter clockwise. Then the value of the line integral

§—ixy3dx +x'dy g

. 3

(A) 6n (B) 8n
(C) 12n (D) 14n

Let F(x,y,z)=2yi+x%j+xyk and let c be the curve of intersection of the plane x +y + z = 1

and the cylinder x2 + y?2 = 1. Then the value of @ﬁd? is :
3

A« ®

(C) 2n (D) 3rn
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26. The tangent line to the curve of intersection of the surface x2 + y2 — z = 0 and the plane x +
z = 3 at the point (1, 1, 2) passes through

(A) (_1’ _2’ 4) (B) (_11 41 4)
€ B 44 (D) (-1.4,0)

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

1 2
eigenvalues of (4 3} ?

14 3 2
A) (2 3} B (4 1]

3 4 2 4
(C) (2 J (B) (1 4]

28. Let {a } be a sequence of positive real numbers. The series z::1an converges if the series

. - a
(A) D, .ai converges (B) Zn:1§ converges
9 an+ 0 an
(C) Zn:1—a‘ converges (D) z”:1a_ converges
n n+1

29. For B € R, define

2y |B
—Xxji'zy, X %0

f(x, y) = y
0, x=0

Then, at (0, 0) the function f is-
(A) continuous for g = 0 (B) continuous for § > 0
(© not differentiable for any (D) continuous for B < 0

30. Let {a } be a sequence of positive real numbers such that

a, =1, a2, -2aa

n+1 n~n+1

—-a,=0 foralln=x>1.

; o (2, Sl x
Then the sum of the series an1§ lies in the interval
Ay (1, 2] (B) (23]
C) (3 4] (D) (4, 5]
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SECTION-(B) MULTIPLE SELECT QUESTIONS (MSQ)

Q. 31 — Q. 40 carry two marks each.

31. Let G be a noncyclic group of order 4. Consider the statements | and II.
l. There is NO injective (one-one) homomorphism from G to Z,
Il There is NO surjective (onto) homomorphism from Z, to G

Then
(A) | is true (B) | is false
(©) II'is true (D) II'is false

32. Let G be a nonabelian group, yeG, and let the maps f, g, h from G to itself be defined by
f(x) = yxy™', g(x) = x' and 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

33. Let S and T be linear transformations from a finite dimensional vector space V to itself such that
S(T(v)) = 0 for all v € V. Then

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

34. Let g and G be differentiable vector fields and let g be a differentiable scalar function. Then

(A) V.(IEXG)ZG.VXIE—IE.VXG (B) V.(Ifxé)zé.er:—i-r:.Vxé

(C) V.(g IE) =gVF-VgF (D) V. (glE) =gVF+VgF

35. 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) SaT° (D) ST

36. Let {a } be the sequence given by

sin(n—nj cos(n—nj n>1
a, = max 3 ) g [l '

Then which of the following statements is/are TRUE about the subsequences {a, .} and
{ag,, .t 7
(A) Both the subsequences are convergent
(B) Only one of the subsequences is convergent
1

(©) {a,,_,} converges to )

1
(D) {a,,, ,} converges to 5
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37.

38.

39.

40.

Let f(x) = cos (|= — x|) + (x = m) sin |x| and g(x) = x for x € R.
If h(x) = f(g(x)), then
(A) h is not differentiable at x = 0

B h (Jr)=0
(C) h"(x) = 0 has a solution in (=, =)

(D) there exists x e (-n, ) such that h(x) = x,

N a

Let f: (0, j — R be given by

f(x) = (sin x)*— m sin X + 7.
Then which of the following statements is/are TRUE ?

(A) f is an increasing function (B) f is a decreasing function
T T
(C) f(x) > 0 for all x e [O’EJ (D) f(x) < O for some x € (O’EJ
| x| v

o y?, (xy)=#(0,0)

Let f(x, y) = 1IxI+1yl . Then at (0, 0).
0, (x,y)=(0,0)
Nt . s d_o o .
(A) is continuous (B) o and oy does not exist
of | X _, o* 5. &g

(© o does not exist and oy (D) e and oy

Let {a } be the sequence of real numbers such that

a, =landa ,6=a +a?foralln>1.
Then
.1
(A) a,=a (1+a)(1+a)(+a) (B) lma—n=0
lim - =1 lima, =0
<c m a (D) ma,=
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SECTION-(C) NUMERICAL ANSWER TYPE QUESTIONS (NAT)

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

41.

42.

43.

44,

45.

46.

47.

Let x be the 100-cycle (1 2 3......100) and let y be the transposition (49 50) in the permutation
group S,,,. Then the order of xy is

Let W, and W, be subspaces of the real vector space R'® defined by
W, = {(X;, Xpeemn X,00)s X = 0 if i is divisible by 4},

771100

W, = {(X,, XporrriX,p); X, = O if i is divisible by 5}.

"M00
Then the dimension of W, "' W, is

Consider the following system of three linear equations in four unknowns x,, x,, x, and x,
X, + X, + X, + X, =4,
X, + 2%, + 3%, + 4x, = 4
X, + 3%, + 5%, + kx, = 5,

If the system has no solutions, then k =

2 2

= < o . X y
= — =1
Let F(x,y)=-yi+xj and let ¢ be the ellipse 6+ g

oriented counter clockwise. Then the value of <]CSF.dr (round off to 2 decimal places) is

T
The coefficient of (X_Ej in the Taylor series expansion of the function
4(1—si
(1-sin x), (u X
2X -1 2 -
f(x) = , about x = -, is
(%) . - >

Let f: [0, 1] —> R be given by

L]

8(1+x)
Then
max {f(x) : xe [0, 1]} — min {f(x):x < [0, 1]}
is
If g(x) = (Jz)f(t)dt, where f(x) = /1+3x* for x € R then g'(1) =
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3, .3
Xty 2 2

, X =y =0 - , S
48. Let f(x, y) = {1 x* —y? Y . Then the directional derivative of f at (0, 0) in the direction
0, x> -y?=0

21437
o) 5 5 IS

49.  The value of the integral J: J:l X +yldx dy (round off to 2 decimal places) is

50. The volume of the solid bounded by the surfaces x = 1 — y2 and x = y2 — 1, and the planes z
= 0 and z = 2 (round off to 2 decimal places) is

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

51.  The volume of the solid of revolution of the loop of the curve y? = x4(x + 2) about the x-axis
(round off to 2 decimal places) is

1
52.  The greatest lower bound of the set {(en +2n>" : ”GN},

(round off to 2 decimal places) is

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

54.  The number of critical points of the function f(x, y)=(x* +3y2)e7(xz+y2) is

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

7 00 2
56. If {ZJ Yy, z € R, is an eigenvector corresponding to a real eigenvalue of the matrix (1) (1) —34

then z-y is equal to

57. Let M and N be any two 4 x 4 matrices with integer entries satisfying
1

o =+ O
— —a O

- O O

00
Then the maximum value of det(M) + det (N) is
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Let M be a 3 x 3 matrix with real entries such that M?> = M + 2I, where | denotes the 3 x 3 identity

58.
matrix. If a, p and y are eigenvalues of M such that afy = — 4, then a +  + y is equal to
. . . . d’y dy
59. Let y(x) = xv(x) be a solution of the differential equation x2 d?—Sxd—X+3y =0.
If v(0) = 0 and v(1) = 1, then v(-2) is equal to
60. If y(x) is the solution of the initial value problem
d’y  dy dy
—+4—=+4y=0 =2 —(0)=0
dX2 + dX + y ) Y(O) 2! dx( ) ]
then y(In 2) is (round off to 2 decimal places) equal to
ANSWER KEY
SECTION-(A) MULTIPLE CHOICE QUESTIONS (MCQ)
1 2 3 4 5 6 7 8 9 10
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99 60 7 75.36 1 0.25 8 2.6 2.66 5.33
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Mathematics (MA)

Previous Year Solved Paper 2018

Duration : 180 minutes Maximum Marks : 100

Read the following instructions carefully.

1. 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.

2. 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.

3. 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.
4. 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.

5. 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.
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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 natural numbers = {1,2,3, ...}
R The set of all real numbers
S, Set of all permutations of the set {1, 2, ...... }

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

i, i,k unit vectors having the directions of the positive x, y and z axes of a three dimensional
rectangular coordinate system respectively
M Transpose of a matrix M.
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SECTION-(A) MULTIPLE CHOICE QUESTIONS (MCQ)

Q.1 — Q.10 carry one mark each.

1.

Which one of the following is True ?

(A) Z is cyclic if and only if n is prime.
(B)

(®)} Every proper subgroup of S, is cyclic.

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

Every proper subgroup of Z is cyclic.

Let an:h, where b, =1, b,=1andb ,=b +D
b

n

n e N. Then |lim a_is :

b
n+1 N

(A) % (B) %
©) 1 +2\/§ (D) 1 +2\/§

If {v,, v,, v,} is a linearly independent set of vectors in a vector space over R, then which one
of the following sets is also linearly independent ?

(A) v + v, — v, 2v, + Vv, + 3v,, 5v, + 4v,}

(B) v, =v,, v, = v, v, — v}

(C) Vy + v, =V, V, + V=V, V + V=V, VY, 4 V)
(D) Vi + V,, v, + 2V, V, + 3V }

Let a be a positive real number. If f is a continuous and even function defined on the interval

[-a, a], then fa% dx is equal to :

a a f
(A) [0 ox ® o[
© 2[00 dx ©  2af; %L ox

The tangent plane to the surface z =+/x* +3y® at (1, 1, 2) is given by

(A) x—-3y+z=0 (B) X+3y—-2z2=0
(C) 2x+4y —-3z=0 (D) -7y +2z=0

In R3, the cosine of the acute angle between the surfaces x2 + y2 + 22— 9 =0and z — x2 — y2
+ 3 = 0 at the point (2, 1, 2) is :

_8_ 10

N1 ® 51
8 10

© 3 N1
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7.

10.

Let f : R® — R be a scalar field, v :R® — R3 be a vector filed and let a € R® be a constant vector.

If ¥ represents the position vector xi+yj+ zk , then which one of the following is FALSE ?

2 2 2
(A) curl(f v) = grad(f)x v +f curl(v) (B) div(grad(f)) = 6—2+a—2+6—2 f
ox= oy~ oz

.
|7

(C)  curl@xr)=2|3|F (D) div( 3j=0,forF¢6

In R2, the family of trajectories orthogonal to the family of asteroids x2? + y23 = a?® is given by
(A) X4/3 + y4/3 = C4/3 (B) X4/3 _ y4/3 = C4/3
(C) X5/3 _ y5/3 = CS/S (D) X2/3 il y2/3 — C2/3

Consider the vector space V over R of polynomial functions of degree less then or equal to 3
defined on R. Let T : V — V be defined by (Tf)(x) = f(x) — xf'(x). Then the rank of T is

(A) 1 (B) 2
€ 3 (b)) 4

Let s, =1 +%+%+...+l' for n € N. Then which one of the following is True for the sequence
I 2l n!

{Sn}::1 ?

(A) {s,}._, converges in Q

(B) {s,}._, is Cauchy sequence but does not converge in Q

(C)  the subsequence {s,.},_, is convergent in R, only when k is even natural number

(D) {s,}._; is not a Cauchy sequence.

Q. 11 — Q. 30 carry two marks each.

1.

n—1

il o i g
Let a, = n , N e N.

1+i, if nis even
2n

Then which one of the following is TRUE ?
(A) sup{a,|neN}=3andinf{a | neN}=1

(B) lim inf (a) = lim sup (a) = %

© sup {a, | n € N} = 2 and inf

{a,|neN}=1
(D) lim inf (a,) = 1 and lim sup (a,

) =3
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12. Let a, b, ¢ € R. Which of the following values of a, b, ¢ do NOT result in the convergence of
the series
i _a .,

n=3 nb(IOge n)c

(A) Jal<1,beR ceR

C
Il

I,b>1,ceR

(C) a=1,b>0,c<1 (D) ——1,b>0,c>0
13. Let a, :n+%, n e N. Then the sum of the series 211(—1)””%'1 is
A) e’ -1 (B) e
C) 1-e (D) 1 +e

14. Let a, =(;—1) and let c, =Zﬂzoan,kak , where n € N U {0}. Then which one of the following
+n

is true ?

(A) Both > 7,a, and Y .c, are convergent
(B) Y. r.a, is convergent but Y - .c, is not convergent
(C) D w.c, is convergent but Y - a is not convergent
(D)  Neither > 7 ,a, nor > 7 .c, is convergent.

15. Suppose that f, g : R —» R are differentiable functions such that f is strictly increasing and g is
strictly decreasing. Define p(x) = f(g(x)) and q(x) = g(f(x)), V¥ x € R. Then, for t > 0, the sign of

[ (p(x)(@'(x)-3) dx s :

(A) positive (B) negative
(© dependent on t (D) dependent on f and g

3 - O
16. For x € R, let f(x)= X Sm(xj’ X7 " Then which one of the following is false ?

0, x=0
(A) iim %) _
x=0 X
- f(x)
(B) lm=7=0
f(x) o , - .
(C) N has infinitely many maxima and minima on the interval (0, 1)

f(x
(D) )((4) is continuous at x = 0 but not differentiable at x = 0
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S
17.  Let f(x,y)={(x® +y?*)*’ (x, y)# (0, 0)

0, (x,y)=(0,0)

Then which one of the following is true for f at the point (0, 0) ?
(A) For a = 1, f is continuous but not differentiable.

(B) For a :%, f is continuous and differentiable.
1
(®)} For o =1 f is continuous and differentiable.
3 .. , . .
(D) For a =1 f is neither continuous nor differentiable.

18. Let a, b €e R and let f : R —> R be a thrice differentiable function. If z = e f(v), where
u = ax + by and v = ax — by, then which one of the following is true ?

(A) b’z - a’z = 4a’b*e‘f'(v) (B) b’z - a’z, = - 4e'f(v)
(C) bz, + az, = abz (D) bz + az = - abz

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

y > 0. If the region D is revolved about the z-axis in R?, then the volume of the resulting solid

IS :

T 2n
(A) Na (B) N
(©) “f @) =3

20. If F(x, y)=(3x—8y)i +(4y —6xy)j for (x, y) € R? then gSCﬁdF , where C is the boundary of the

triangular region bounded by the lines x =0,y = 0 and X + y = 1 oriented in the anti-clockwise

direction, is :

5
A 5 B) 3
c 4 (D) 5

21, Let U, V and W be finite dimensional real vector spaces, T: U >V, S:V—o>WandP: 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) dimension of U # dimension of W

(C) If dimension of V = 3, dimension of U
(D) If dimension of V = 4, dimension of U

4, then P is not identically zero
3 and T is one-one, then P is identically zero
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22,

23.

24.

25.

26.

27.

28.

Let y(x) be the solution of the differential equation :—§+y=f(x), for x > 0, y(0) = 0, where

(o[22 0=x<
) =10, xs1- Then y(x) =

(A) 2(1 —e*)when 0 < x <1 and 2(e — 1)e* when x > 1
(B) 2(1 —e*) when 0 < x <1 and 0 when x > 1

(C) 21 —e*)when 0 <x <1 and 2(1 — e")e* when x > 1
(D) 2(1 —e>) when 0 < x < 1 and 2e™™ when x > 1

An integrating factor of the differential equation (y+%y3 +%x2jdx +%(x +xy®)dy =0 is :
A) X (B) 3 log, x

() (D)  2log, x

A particular integral of the differential equation y"+3y'+2y =e°® s :

Let G be a group satisfying the property that f : G — Z,,, is a homomorphism implies f(g) = 0,

VvV g € G. Then a possible group G is :

(A) Z,, (B) Z
©) 1z, (D)  z
Let H be the quotient group Q/Z. Consider the following statements.

l. Every cyclic subgroup of H is finite.

Il. Every finite cyclic group is isomorphic to a subgroup of H.
Which one of the following holds ?

(A) | is true but Il is false (B) II'is true but | is false
(C) both | and Il are true (D) neither I nor Il is true

Let | denote the 4 x 4 identity matrix. If the roots of the characteristic polynomial of a 4 x 4 matrix

M are i,}%, then M8 =

(A 1+ M (B) 21 + M
(C) 21 + 3MWP (D) 3l + 2MWP

Consider the group Z2 = {(a, b) | a, b € Z} under component-wise addition. Then which of the
following is a subgroup of 72 ?

(A {(a b) e 72| ab = 0}

(B) {(a, b) € 7% | 3a + 2b = 15}
(C) {(a, b) € Z2 | 7 divides ab}
(D) {(a, b) € Z? | 2 divides a and 3 divides b}
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29. Let f : R > R be a function and let J be a bounded open interval in R. Define

W(f, J) = sup {f(x) | x € J} —inf {f(x) | x e J}.

Which one of the following is false ?

(A)
(B)

W(f, J,) < W(f, J,) if J, = J,
If f is a bounded functioninJandJ > J, o J, ..... oJd D... such that the length of the

interval J_ tends to 0 and n — o, then lim W(f, J ) =0

If f is discontinuous at a point a € J, then W(f, J) # 0

If f is continuous at a point a € J, then for any given € > 0 there exists an interval | —
J such that W(f, I) < €

—1 2
30. For X > 5 let f,(x)= ] +);x , f,(x) = log (1 + 2x) and f,(x) = 2x. Then which one of the following
is true ?
(A) ) < f,(x) < f,(x) for 0 <x < V3

2
f,(x) < f,(x) < f,(x) for x > 0
f.(x) + f,(x) < % for x > g
f,(x) < f,(x) < f,(x) for x > O

SECTION-(B) MULTIPLE SELECT QUESTIONS (MSQ)

Q. 31 — Q. 40 carry two marks each.

.1
31.  Letf: R0} - R be defined by f(x)= X+F' On which of the following interval(s) is f one-one?

(C)

(=0, = 1) (B) (0, 1)
(0, 2) (D) (0, =)

32.  The solution(s) of the differential equation —i=(5in 2x)y" satisfying y(0) = 0 is (are)

33. Suppose f, g, h are permutations of the set {a, B, vy, 8}, where

f interchanges o and B but fixes y and 9,
g interchanges B and y but fixes o and 3,
h interchanges y and & but fixes a and .

Which of the following permutations interchange(s) o and & but fix(es) p and y ?

(A)
(C)

fogohogof (B) gohofohog
gofohofog (D) hogofogoh
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34.

35.

36.

37.

38.

39.

40.

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 P U Q and P are closed, the Q is closed

(D) If P U Q and P are open, then Q is open

Let C* = C\{0} denote the group of non-zero complex numbers under multiplication. Suppose
Y, ={z e C|z"=1}, n e N. Which of the following is (are) subgroup(s) of C* ?

(A)  UXY, (B)  ULY,
(€) Ul (D) ULY,

Suppose a, B, v € R. Consider the following system of linear equations.

X+y+zZ=o0,X+By+2z=1v Xx+Yy+oaz=_p. If this system has at least one solution, then which
of the following statements is (are) true ?

(A)  Ifo=1theny=1 (B) IfB =1 then vy
(C) 1fp=1then o = 1 (D) Ify =1 then o

Il
IS

I
—

Letm,neN,m<n,PeM_(R),QeM_(R). Then which of the following is (are) Not possible?

(A) rank (PQ) = n

(B) rank (QP) = m

(©C) rank (PQ) = m

m+n
2

m+n
(D) rank (QP) = { } the smallest integer larger than or equal to

2

If Ié(x, y,z)= (2% + 3yz)i + (8xz + 2y)] + (3xy + 22)k for (%, y, 2) € R?, then which among the following
is (are) true ?
(A) VxF=0

(B) qSCIE' dr =0 along any simple closed curve C

(C)  There exists a scalar function ¢ : R — R such that V.-F=¢, +d,, +0,
(D) V-F=0

Which of the following subsets of R is (are) connected ?
(A) xeR|xX +x>4} (B) {xeR|xX +x<4}
C) fxeR|KX <|x-—4]} (D)  {xeR|[IX >I[x-4[}

Let S be a subset of R such that 2018 is an interior point of S. Which of the following is (are)
true ?

(A) S contains an interval
(B) There is a sequence in S which does not converge to 2018
(C)

(D)

There is an element y € S, y # 2018 such that y is also an interior point of S
There is point z € S, such that |z — 2018] = 0.002018
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4.

42,

43.

44,

45.

46.

47.

48.

49.

50.

SECTION-(C) NUMERICAL ANSWER TYPE QUESTIONS (NAT)
The order of the element (1 2 3)(2 4 5)(4 5 6) in the group S is

Let o(x, y, z) = 3y? + 3yz for (X, y, z) € R3. Then the absolute value of the directional derivative

: i ox-1_y-2 z . :
of ¢ in the direction of the line > T T at the point (1, — 2, 1) is

Let f(x)=)_7o(-1)"x(x-1)" for 0 < x < 2. Then the value of f(gj is

Let f : R2 —> R be given by

x*y(x - y)
f(x,y) =4 x2+y2 (x,y) = (0, 0)

0, (x, y)=(0,0)
o ( of o of _ _
Then x 5 —5 x at the point (0, 0) is

Y o
Let f(x,y)=+/x%y sin(ge{x 1]J+xycos[ge(y JJ for (x, y) € R2, x > 0, y > 0. Then f (1, 1) +
(1, 1) =

Let f : [0, ©) — [0, ) be continuous on [0, «) and differentiable on (0, ). If f(x):J'OXJf(t) dt,
then f(6) =

_ 1+ L+ GO
n 2n 3n
about x = 0 is

. Then the radius of convergence of the power series Y 7 .a x"

Let A, be the group of even permutations of 6 distinct symbols. Then the number of elements
of order 6 in A, is

Let W, be the real vector space of all 5 x 2 matrices such that the some of the entries in each
row is zero. Let W, be the real vector space of all 5 x 2 matrices such that the sum of the entries
in each column is zero. Then the dimension of the space W, n W, is

The coefficient of x* in the power series expansion of es"* about x = 0 is (correct up
to three decimal places).
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Q. 51 — Q. 60 carry two marks each.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Leta = (-1)",s,=a,+a,+..+a andc, = (s, +S,+ ... + s )/n, where k, n € N. Then limo,

n—o

is . (correct up to one decimal places).

Let R — R be such that f" is continuous on R and f(0) = 1, f(0) = 0 and f"(0) = — 1. Then

lim (f[ ED is (correct up to three decimal places).

X—>0 X

Suppose x, y, z are positive real number such that x + 2y + 3z = 1. If M is the maximum value

1
of xyz?, then the value of M is

If the volume of the solid in R® bounded by the surfaces
x==1,x=1,y==-1,y=1,z2=2,y>+22=2
is a —m, then a =

T jnfs sint + cost

e Jsin2t

2
dt, then the value of (23in%+1j is

The value of the integral
1p1 2
IO L y‘e” dy dx

is . (correct up to three decimal places).

Suppose Q € M, ,(R) is a matrix of rank 2. Let T : M,,,(R) — M,,,(R) be the linear transformation

defined by T(P) = QP. Then the rank of T is

3%3 3x3

The area of the parametrized surface

S:{((2+COSU)COSV,(2+COSU)SinV,SinU)ERS |Osus%,0svs£}

N

is (correct up to two decimal places).

If x(t) is the solution to the differential equation 2—);: x*t® +xt, for t > 0, satisfying x(0) = 1, then
the value of x(\/§) is (correct up to two decimal places).

If y(x) = v(x) sec x is the solution of y" — (2 tan x)y' + 5y = 0, —g< X <g, satisfying y(0) = 0

and y'(0) =6, then V(Lj is . (correct up to two decimal places).

6/6
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ANSWER KEY

SECTION-(A) MULTIPLE CHOICE QUESTIONS (MCQ)

1 2 3 4 5 6 7 8 9 10
B D D A B C C B C B

11 12 13 14 15 16 17 18 19 20

A C D B A D C A C B

21 22 23 24 25 26 27 28 29 30

C A C B A C C D B MTA

SECTION-(B) MULTIPLE SELECT QUESTIONS (MSQ)
31 32 33 34 35 36 37 38 39 40
B ABC | AD | BCD | BCD | AB AD | ABC | BCD | ABC
SECTION-(C) NUMERICAL ANSWER TYPE QUESTIONS (NAT)

M 42 43 44 45 46 47 48 49 50
4 7 1 1 3 9 2 0 4 —0.125
51 52 53 54 55 56 57 58 59 60
05 0.368 | 1152 6 3 0.239 6 6505 | —2.718 | 05
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Mathematics (MA)

Previous Year Solved Paper 2017

Duration : 180 minutes Maximum Marks : 100

Read the following instructions carefully.

1. 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.

2. 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.

3. 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.

4. Section — C contains Numerical Answer Type Questions (NAT). 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.41 — Q.50 carry 1 mark
each and Questions Q.51 — Q.60 carry 2 marks each.

5. 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.
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NOTATION

N

Set of all residue classes modulo n
X\Y  The set of elements from X which are not in Y.

N The set of natural numbers = {1,2,3, ...}
R The set of all real numbers
S, Set of all permutations of the set {1, 2, ...... }

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

i, 7,k unit vectors having the directions of the positive x, y and z axes of a three dimensional
rectangular coordinate system respectively
M Transpose of a matrix M.
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SECTION-(A) MULTIPLE CHOICE QUESTIONS (MCQ)

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

1.

Consider the function f(x, y) =5 -4 sinx + y2for 0 < x < 2r and y € 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

Let ¢ : R —> R be a differentiable function such that ¢’ is strictly increasing with ¢’(1) = 0. Let
o 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 =19 (B) a=025)
(C) B =925 (D) a=0@)

The number of generators of the additive group Z,, is equal to

(A) 6 (B) 12
(C) 18 (D) 36
o . (n 5n k
ll_rpc H;sm(§+?.ﬁj:
2 5
G ® 3
2 5n
© 3 B

Let f : R —> R be a twice differentiable function. If g(u, v) = f(u® — v2), then

&g, o9 _
ou?  ov?

(A) 4(u? — v?) (U2 — v?)

(B) 42 + v?) (U2 — v?)

(C) 2P (U2 — v2) + 4(u? — v3) (U2 — v?)

(D)

2(u = v)2 f(u? = v?)

J'; J':sin(y2 )dy dx =

1+ cos

(A) “;_OS B) 1 - cos 1
1-cos1

(C) 1+ cos 1 (D) ‘;OS
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_ _ . f(x) fy(x
7. Let f,(x), f,(x), 9,(x), g,(x) be differentiable functions on R. Let F(x) = 9,(¥) 6.(x) be the
determinant of the matrix P(g) fg(x)] Then F(x) is equal to
9:(X)  9x(x)

") f(x) fz'(x)+f1,(x) g, (X) ) ACI A CYIIUILY: 91’(x)

9:(x) ()| | (x) g,(x) 9:(x) G(X)| |5(x) g, (x)
. £ (x) £, (x) [HX) g/ (x) S £ (x) 1, (x)
O o 0 0 6 Ol 6w

X+[x|(1+x) (1
8. Let f(x)=————sin| —|, x#0.
X X

Write L = lim f(x) and R = lim f(x). Then which one of the following is TRUE ?
x—0" x—0"

(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
\/— T
. T _® __T[ I 2e—x2d =
9. If lim,_ jo e dx= i then T'E]OB[X X
Jx S
A — B IV
G g
C) er (D) 2V
10 it ¢ 1+ X if x<0
: 0 =V 1-x)px+q) if x=0
satisfies the assumptions of Rolle’s theorem in the interval [-1,1], then the ordered pair (p,q) is
A (2 -1) (B) 2=l
€ (2 1) D) (1)

Q.11 — Q.30 carry two marks each.
11. The flux of the vector field

2,,2 " "
F:(2nx+2x y ji+(2nxy—ﬂJj
T T

along the outward normal, across the ellipse x2 + 16y? = 4 is equal to
(A) 4r? — 2 (B) 2n? — 4
) n2-2 (D) 2=n

12. Let M be the set of all invertible 5 x 5 matrices with entries 0 and 1. For each M e M, let n,(M)
and n,(M) denote the number of 1's and 0’s in M, respectively. Then

min |n, (M) -, (V) =
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13.

14.

15.

16.

17.

1

— 3
Let M = 4| and x = L‘J Then lim M"x
1

n—oo

o N =

1
(A) does not exist (B) {2}

Let F= (3 + 2xy)7+ (x2 — 3y2)] and let L be the curve

F(t)=¢' sinti+e' cost], 0<t<m.

Then

j F.dr =

L
(A) ed 4+ 1 (B) e’ 4 2
(© et + 2 (D) e’ + 1

The line integral of the vector field

=

F=zxi+xy j+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

X
The area of the surface z = ad intercepted by the cylinder x2 + y2 < 16 lies in the interval

3
(A) (207, 227) (B) (227, 24n)
(C) (24, 267] (D)  (26m, 28n]
= Xj-yi .
Fora > 0, b > 0, let Fzm be a planar vector field. Let

C={x,y) e R | x2+y2=a2a?+ b?}

be the circle oriented anti-clockwise. Then @.)C F.dr=

2n
A % (B) 2n
(C) 2nab (D) 0
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18.  The flux of F=yi-xj+z’k along the outward normal, across the surface of the solid

{(x,y,z)eR3|0£xs1,O£y£1, OSZS«/Z—xz—yz}

is equal to
2 5
w3 ® 3
8 4
© 3 © 3

19. Let f : R — R be a differential function such that f(2) = 2 and

[f(x) — f(y)l < 5(|x — y|)*?
forall x € R, y € R. Let g(x) = x® f(x). Then g’(2) =

15
(A 5 ®
(C) 12 (D) 24

20. Let f : R — [0, o) be a continuous function. Then which one of the following is NOT TRUE ?
f(0) +f(1)

2
(B) There exists x € R such that f(x) = /f(-1)f(1)

(A) There exists x € R such that f(x) =

(®)} There exists x € R such that f(x) = .[_11f(t)dt

(D) There exists x € R such that f(x) = _[1f(t)dt

0

] ) = 1 (4x-12)"
21. The interval of convergence of the power series Z( 32 41 is
n=1 \™
10 14 9 15
—<X<— —<X<—
(A) 2 5X<73 (B) 4 4
10 14 9 15
—<X<— —<X<—
(©) 4 4 (D . 4

22, Let P, denote the real vector space of all polynomials with real coefficients of degree at most
3. Consider the map T : P, — 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
X%y
23. Let f(x, y) = o % for (x, y) # (0, 0). Then
of
(A) x and f are bounded.
of :
(B) x is bounded and f is unbounded.
of
(C) x is unbounded and f is bounded.
of
(D) X and f are unbounded.
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24.

25.

26.

27.

28.

29.

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

(A) S is a connected 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 S.
2 2
tan' = =
Z n?
s T
A g B’ 3
3n
© 0 =

Let 0 < a, < b,. For n > 1, define
a, +b,
2

Then which one of the followings is NOT TRUE ?
(A) Both {a } and {b } converge, but the limits are not equal.

an+1 = anbn and bn+1 =

(B) Both {a } and {b } converge and the limits are equal.
© {b } is decreasing sequence.

(D) {a} is an increasing sequence.

1 ( 1 1 1 j

lim — + .. + =

e Jn V3 +6 6 +4/9 V3n +4/3n+3

(A)  1+43 (B) 3

C L D L

© s B} e

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 {sin n} has a convergent subsequence.

(D) The sequence {ncos%} has a convergent subsequence.

2
A particular integral of the differential equation :%—23%:62* sin x is
er 2x
(A) (3 cos x — 2 sin x) (B) - (3 cos x — 2 sin x)
10 10
2x 2x
(C) ~5 (2 cos x + sinx) (D) (2 cos x — sin x)
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30. Let y(x) be the solution of the differential equation

(xy +y +e™dx + (x + eXdy = 0
satisfying y(0) = 1. Then y(-1) is equal to
A . B 2_e
A (B) —

e

(C) e

SECTION-(B) MULTIPLE SELECT QUESTIONS (MSQ)

Q. 31 - Q. 40 carry two marks each.
31. For a, B € R, define the map ¢, : R - R by ¢_,(x) = ax + B. Let

G=[0,(a,p)eR?]
For f, g € G, define gof e G by (gof)(x) = g(f(x)). Then which of the following statements is/are
TRUE ?
(A) The binary operation o is associative.
(B) The binary operation o is commutative.
(© For every (a, B) € R% a = 0 there exists (a, b) € R? such that ®up O Ppp = Py
(D) (G, o) is a group.

2
32.  The volume of the solid {(X, y,2)eR*[1<x<2, 0<y< o U=zs X} is expressible as
2 #2/% pX 2 px p2/X
A [[], [z dy ox ® [ ), oy oz
2 0z #2/x 2 62 2/x
(C) _..o ,[1 Io dy dX dZ (D) .[O J‘max(zj} J.O dy dX dZ

33. Let f : R2 »> 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).
(®)) If all directional derivatives of f exist at (0, 0), then f is continuous at (0, 0).

oX
(0, 0) then f is differentiable at (0, 0).

: . of f : . . '
(D) If the partial derivatives —— and S—y exist and are continuous in a disc centered at

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

(A) If P-' XP is diagonal for some real invertible matrix P, then there exists a basis for R"
consisting of eigenvectors of X.

(B) If X is diagonal with distinct diagonal entries and XY = YX, then Y is also diagonal.
(C) If X2 is diagonal, then X is diagonal.
(D) If X is a diagonal and XY = YX for all Y, then X = Al for some A € R
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35.

36.

37.

38.

39.

40.

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

(A) G contains a normal subgroup of order 5.

(B) G contains a non-normal subgroup of order 5.
(&)} 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 , = x} + 6 for n > 1. Then which of the following

+1
statements is/are TRUE ?

(A) If x, = ;_ then {x } converges to 1.
(B) If x, = % then {x } converges to 2.
(© If x, = % then {x } converges to 1.
(D) If x, = g 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) S is a closed subset of R (B) S is not a closed subset of R

(© 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 = |. 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 + M- has real eigenvalues

(C) n is divisible by 2 (D) n is divisible by 3

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

dy
dx =(y-10(y-3)

satisfying the condition y(0) = 2. Then which of the following is/are TRUE ?
(A) The function y(x) is not bounded above
B The function y(x) is bounded

(B)
€  Jimy(x)=1
(D)  limy(x)=3

X—>—00

Let k, / € R be such that every solution of

2
:{+2k:y ty=0

satisfies lim y(x) = 0. Then

(A) 3kk+(<0andk >0 B) k+¢>0andk<0
(C) k—¢<0andk>0 (D) k—¢>0,k>0and?>0
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SECTION-(C) NUMERICAL ANSWER TYPE QUESTIONS (NAT)

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

41.

42,

43.

44,

45,

46.

47.

48.

49.

50.

If the orthogonal trajectories of the family of ellipses x* + 2y* = ¢, ¢, > 0, are given by y = ¢c,x°,
c, € R, then a =

0 1 0
Let G be a subgroup of GL,(R) generated by L O} and L 1] Then the order of G is

1 2 3 45 6 7 8 1 23 45 6 7 8
and t = in

Considerthepermutations<;=(4 53786 1 2 45317682

S The number of n € S; such that n~' on = t is equal to

Let P be the point on the surface z = \/x? +y? closet to the point (4,2,0). Then the square of

the distance between the origin and P is

-1

(_[;x4(1—x)5 dx) B, _

Letv, = |1|andv, =
0

1 0
1|. Let M be the matrix whose columns are v,, v,, 2v, — v,, v, + 2v, in
1

that order. Then the number of linearly independent solutions of the homogeneous system of
linear equations Mx = 0 is

1 TC3 TI:S TC7 (_1)n—1 Tc2n+1
_— Y-t -+ ... | =
2n( 113 315 517 (2n—1)! (2n+1)

Let P be a 7 x 7 matrix of rank 4 with real entries. Let a € R’ be a column vector. Then the
rank of P + aa’ is at least

For x > 0, let |x| denote the greatest integer less than or equal to x. Then

The number of subgroups of Z, x Z, of order 7 is

2

X

10
X

. 1
lim x
x—>0" X

+ +...+
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Q.51 — Q.60 carry two marks each.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

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

X2 —= dy +5x dy +4y=0
dx? dx
satisfying the conditions y(1) = 1 and y’(1) = 0. Then the value of e?y(e) is

Let T be the smallest positive real number such that the tangent to the helix

~ . a2 t ~
cost i+sint j+—=k
N7

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

sinmx
Let f(x) = nsir?x’ x € (0, m), and let x, € (0, ) be such that f'(x)) = 0. Then

(f(x,)? (1 + (m@ = 1) sin?x,) =

The maximum order of a permutation o in the symmetric group S, is

leta, = vn,n>1,andlets, = a, + a, + ... + a. Then
: a,’s,
lim|——m—" |=
Ao [—In(1—an/sn)J

For a real number x, define [x] to be the smallest integer greater than or equal to x. Then

”J [x]+[y]+[z])dxdydz =

For x > 1, let

f(x) = j[ logt ——Iogxf)dt

The number of tangents to the curve y = f(x) parallel to the line x + y = 0 is

Let a, B, v, 6 be the eigenvalues of the matrix

000 O
10 0 -2
010 1
0 01 2

Then o2 + B2 + y2 + 8% =

> 2
The radius of convergence of the power series Zn! X" is
0

If y(x) = J'f dtx>0 then y'(1) =
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ANSWER KEY

SECTION-(A) MULTIPLE CHOICE QUESTIONS (MCQ)

1 2 3 4 5 6 7 8 9 10
D A B C B D B A A D
11 12 13 14 15 16 17 18 19 20
B A C D C A A D D C
21 22 23 24 25 26 27 28 29 30
D B B D C B C C C B
SECTION-(B) MULTIPLE SELECT QUESTIONS (MSQ)

31 32 33 34 35 36 37 38 39 40
AC AB,D A,D AB,D AC AC B,D B,C B,C.D C,D
SECTION-(C) NUMERICAL ANSWER TYPE QUESTIONS (NAT)

41 42 43 44 45 46 47 48 49 50
2 6 0 10 1260 2 0.5 3 55 8
51 52 53 54 55 56 57 58 59 60
3 2.09 1 30 1 3 1 6 1 1.36
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Mathematics (MA)

Previous Year Solved Paper 2016

Duration : 180 minutes Maximum Marks : 100

Read the following instructions carefully.

1. 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.

2. 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.

3. 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.

4, Section — C contains Numerical Answer Type Questions (NAT). 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.

5. 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.

Contact Us : Website : www.eduncle.com | Email : info@eduncle.com | Call Us : 9829489592 1



@' Eduncle.com Mathematics (PSP-2016)

NOTATION
N The set of natural numbers = {1,2,3, ...}to
Z The set of all integers
Q The set of all rational numbers
R The set of all real numbers

S The group of permutations of n distinct symbols

Z {0,1,2,...,n — 1} with addition and multiplication modulo n
@ empty set

AT Transpose of A

i Imaginary number /-1

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

2 o4k
v ox "oy 0z
I Identity matrix of order n
In logarithm with base e

Contact Us : Website : www.eduncle.com | Email : info@eduncle.com | Call Us : 9829489592 2



@' Eduncle.com Mathematics (PSP-2016)
SECTION-(A) MULTIPLE CHOICE QUESTIONS (MCQ)

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

1. The sequence {S} of real numbers given by
sin® sin " sin -
Sn:_2+—22+"'+ 2"
1.2 2.3 n-(n+1)
is
(A) a divergent sequence (B) an oscillatory sequence
(C) not a Cauchy sequence (D) a Cauchy sequence
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(a, + ax + ax* + a,x®) = a, + a,x + a,x* + ax°.
Then the matrix representation M of T with respect to the ordered basis {1, x, x?, x3} satisfies

(A) M2 +1, =0 (B) MZ—1,=0
(C) M-1,=0 (D) M+1,=0
3. Let f : [-1, 11 > R be a continuous function. Then the integral JXf(Si” X)dx is equivalent to
0
T, . Tt
— | f(sinx)d — | f(cos x)dx
(A) 2!( x)dx (B) 2!( )
©)  m[f(cosx)dx D) [f(sinx)dx
0 0
4, Let o be an element of the permutation group S,. Then the maximum possible order of o is
(A) 5 B) 6
(C) 10 (D) 15
5. Let f be a strictly monotonic continuous real valued function defined on [a,b] such that f(a) < a

and f(b) > b. Then which one of the following is TRUE ?

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

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

(D) There exist infinitely many points ¢ e (a, b) such that f(c) = ¢

Jx-y)-2

6. The value of (ny)lLer,i) x-y—4 '°
]
Ay 0 ® 3
o = I
© 3 ®r 3
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s s oA . 1
7. Let ¥ =(xi+yj+zk) and r=|r|. If f(r) = In r and g(r) = o r = 0 satisfy 2Vf + h(r)vg = (g, then

h(r) is
1
At B
2
€ 2r O 7
8. The nonzero value of n for which the differential equation

(3xy? + n?x%y)dx + (nx® + 3x%) dy = 0, x # 0,
becomes exact is

(A) -3 (B) -2
€ 2 (b)) 3
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 -1
€ (1) D) (-1, 2)

10. Let S be a closed subset of R, T a compact subset of R such that S " T = ¢. Then S N T is
(A) closed but not compact (B) not closed
(© compact (D) neither closed nor compact

Q.11 — Q.30 carry two marks each.

(k+1)
1 (k+1)

, 3 , 2 (3k-4) 3
11. Let S be the series é—(zk_nzekm and T be the series §(3k+2j of real numbers. Then

which one of the following is TRUE?

(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

12. Let {a } be a sequence of positive real numbers satisfying

3
izi_i.i, nZ‘], a1 :1_
an+1 n 81

Then all the terms of the sequence lie in

13
(A) {5,5} B [0, 1]

€ .2 (D) 1, 3]
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1 4 16
13.  The largest eigenvalue of the matrix | 4 16 1| is
16 1 4
(A) 16 (B) 21
(C) 48 (D) 64
14. The value of the integral
@)! ¢ e
22"(n!)_f1(1 x°)"dx, neN
is
2 2n
A an+)! B ens)
2(n!) (n+1)!
©) 2n +1 ) 2n +1
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(X) uixy)
I _[ I dz dy dx,
0 MU 0
then the function A(x) — u(x,y) is
Ay x+y B) x-y
C) x D) vy

16. The surface area of the portion of the plane y + 2z = 2 within the cylinder x® + y? = 3 is

w2 ® 2
© e o 2

17. Let f : R? - R be defined by
xy?

fx,y)=1x+y

0 if x+y=0

if x+y=0

ot 0%
Then the value of @er at the point (0, 0) is
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18. The function f(x,y) = 3x% + 4y® — 3x2 — 12y? + 1 has a saddle point at
(A) (0,0 B) (0,2
© @1 O) (=2, 1)

19.  Consider the vector field F =r"(yi — xj), where B € R, ¥ =xi +yj and r =[f|. If the absolute value

of the line integral @clé-dF along the closed curve C : x2 + y2 = a2 (oriented counter clockwise)

is 2x, then B is
(A -2 B) -1
€ 1 (D) 2

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

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

V xF = xi —y]. The absolute value of the line integral <j.>C|E-dF, where ¥ =xi+yj+zk and r=|f|,

IS
(A) O (B) 9n
(C) 15n (D) 18z

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

i(xd_yj =x;y(1)=0, - =0.

dx\ dx dx|,_

Then y(2) is

A §+l| 2 B g—ll 2

A g ® 37
3 3

€ 42 (0) -2

22, The general solution of the differential equation with constant coefficients

ig + bd—y +cy=0

dx dx
approaches zero as x — oo, if
(A) b is negative and c is positive (B) b is positive and ¢ is negative
(©) both b and ¢ are positive (D) both b and ¢ are negative

23. Let S = R and S 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) 60 =R

(B) ORT) =T, TcR

(C) TuV)=adT,UdV, TVcR TAV=o
D) oT=Tn (R\T), TcR
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24. The sum of the series

o0 (_1)n
;n2+n—2
is
1 5 1 5
—In2-— —In2-—
(A) 3 18 (8) 3 6
2 5 2 5
Zina- 2 Zin2-2
©) 3" g @) 3"eg

1 1
25. Let f(x) = 1+|x| +1+|x—1| for all x € [-1, 1]. Then which one of the following is TRUE?

3 1
(A) Maximum value of f(x) is > (B) Minimum value of f(x) is 3

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

| =

. cosa sina | | . .
26. The matrix M = 1 W EE unitary matrix when a is
(A) (2n+1)g,neZ (B) (3n+1)%,neZ
() (4n+1)§,neZ (D) (5n+1)g,neZ
0o 1 -2
27. LetM=|-1 0 o | oeR\{0}andb a non-zero vector such that Mx = b for some x e R2.
2 -a O

Then the value of X" b is
(A) -« B) «
(C) 0 (D) 1

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

(A 7 B 3
€ 2 (D) 1
29. In the permutation group S_ (n > 5), if H is the smallest subgroup containing all the 3-cycles, then
which one of the following is TRUE?
(A) Order of H is 2 (B) Index of Hin S is 2
(C) H is abelian (D) H=3S5,
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30. Let f : R > R be defined as

f(x):{x(nx“ sin(inx?)) if x=0

0 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

(© continuous and differentiable when -1 < o < 0
(D) continuous and differentiable when a < —1

SECTION-(B) MULTIPLE SELECT QUESTIONS (MSQ)

Q. 31 — Q. 40 carry two marks each.

31. Let {s,} be a sequence of positive real numbers satisfying
2s, :s§+§, n>1.
4

3
If o and B are the roots of the equation x2 — 2x + p | 0 and a <'s, < B, then which of the

following statement(s) is (are) TRUE?
(A) {s,} is monotonically decreasing (B) {s,} is monotonically increasing

(C) lim s =a (D) lim_ s =

n—o n

32. The value(s) of the integral

jf|x|cosnx dx, n>1

-

is (are)
(A) 0 when n is even (B) 0 when n is odd
4 : 4 .
(C) o when n is even (D) ==z when n is odd

33. Let f : R2— R be defined by

XY it x=0
f(x,y) = |x|

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

(© f is differentiable

(D)

D Both first order partial derivatives of f exist
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34.

35.

36.

37.

38.

Consider the vector field F=xi+yj on an open connected set S — R2. Then which of the
following statement(s) is (are) TRUE ?

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

Divergence of F is zero on S

Z

(&)} 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

Consider the differential equation

. dy T
Sin2x——=2y +2COS X,y | — =1-+2.

dx 4

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 — g

(©) The solution is bounded when x — 0

(D) The solution is bounded when x — g

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 V of R has a limit point in V itself

5\ (12Y
Let P(x) = (ﬁj +(ﬁ} —1 for all 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

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 o(G) = pq where p and q are distinct primes
(B) G is abelian if every non identity element of G is of order 2
G
(C) G is abelian if the quotient group ﬁ is cyclic, where Z(Q) is the center of G

(D) G is abelian if o(G) = p® where p is prime
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X

39. ConsiderthesetV=1|Y|e R3| aX+By+z=y, a,B,y e R . For which of the following choice(s)
z

the set V becomes a two dimensional subspace of R3over R?
(A) a=0,p=1,y=0 (B) a=0,p=1,y=1
(C) a=1,p=0,y=0 (D) a=1,p=1,vy=0

1 1
40. Let S = {—+7—m n,me N}. Then which of the following statement(s) is(are) TRUE?

3n
(A) S is closed (B) S is not open
(®)} S is connected (D) 0 is a limit point of S

SECTION-(C) NUMERICAL ANSWER TYPE QUESTIONS (NAT)

Q.41 - Q.50 carry one mark each.
41. Let {S.} be a sequence of real numbers given by

s, =2 (1 —ljsinn—n, neN.
n 2

Then the least upper bound of the sequence {S} is

42.  Let{S} be a sequence of real numbers, where s, = k¥, k > 1, o > 0. Then lim(s,s;...s, )" is

X
! T

XX
43. Let x = | X2 | € R3 be a non-zero vector and A = x Then the dimension of the vector space
XS

{yeR® | Ay=0} over R is
44, Let f be a real valued function defined by

f(x,y) = 2In (x®y%e¥*), x > 0,y > 0.

of

of
Then the value of x& +y5 at any point (x,y), where x > 0,y > 0, is

45. Let F=+/xi+(x+y®%)] be a vector field for all (x,y) with x > 0 and f =xi +yj. Then the value

of the line integral ICIE-dF from (0,0) to (1,1) alongthe pathC: x =13,y =t3,0<t<1is .
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46. If f: (-1, ©) > R defined by f(x) = % is expressed as
2
tx)= 24 (x—2)4 SXZ27

3 9 (1+€)

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

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

dy .y . dy
2Y 6511112 _gy-=o0.
dx® dszr dx y

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

Z _4 L n .
48.  The radius of convergence of the power series Zn((n+)1)(x+2)2 is
n=1

49. Let f : (0, o) > R be a continuous function such that

2

f(t)dt = —2+X?+ 4xsin2x + 2¢0s 2x.

O ey X

1. (=
Then the value of —f[—j is
n \ 4

50. 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.

(1"

2

. 1)n
51.  The value of l'LT.l(S”‘;j is equal to

52.  Let R be the region enclosed by x? + 4y2 > 1 and x2 + y2 < 1. Then the value of ”|XV| dxdy s
R

53. Let
a 1 1 X4
M=[1 B 1|,aBy=1a,B,yeR and x=|x, |e R®.
1 1 v X3

Then Mx = 0 has infinitely many solutions if trace (M) is
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54.

55.

56.

57.

58.

59.

60.

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

. (xy —y?)dx - x°dy,

where C is traversed in the counter clockwise direction, is

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

1cr= .
—||F-nds,
0
where n is the unit outward drawn normal to the surface S, is

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

2
9 isWiey-0, yo-1 X

— 14
dx? dx dx

x=0

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

tsin
The value of the double integral ”ﬁdy dx s
00

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

2 3

Then the order of the matrix L 2} in H is

1

1 20
LetA = { | s 2} ,B=|—-1 0] N(A) the null space of A and R(B) the range space of B. Then
a 3 1

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

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

SECTION-(A) MULTIPLE CHOICE QUESTIONS (MCQ)
1 2 3 4 5 6 7 8 9 10
D B A B A B C D C C
11 12 13 14 15 16 17 18 19 20
B D B C D A B D A D
21 22 23 24 25 26 27 28 29 30
B C C C A A C D B B

SECTION-(B) MULTIPLE SELECT QUESTIONS (MSQ)

31 32 33 34 35 36 37 38 39 40
AC AD B,.D B,C,D Cc,D AB AD B,C A,C,D B,.D
SECTION-(C) NUMERICAL ANSWER TYPE QUESTIONS (NAT)

Ly | 42 43 44 45 46 47 48 49 50
0.5 1 2 8 1.5 -1 6 0.5 0.25 6
51 52 53 54 55 56 57 58 59 60
1 0.375 3 0.8 72 -0.28 2 3 1 2
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