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SECTION-A

Let y, : R — (0,0) be the solution of the Bernoulli’s equation

dy 3
—— :0’ 0 = 0
» y+y y(0)=c>

Then, for every ¢ > 0, which one of the following is true ?

(© limy(x)=0 (@) limy, (x) =1
) lim Y. (x)=e (d) lim Y. (X) does not exist

For a twice continuously differentiable function g : R — R, define

y
Ug (X, y):%J‘g(xH)dt for (x,y)eR?, y>0

-y

Which one of the following holds for all such g?

62u 2y, 6 U, ; 62u _lay, 8 U,
a
(@) Xty oy 6y (b) ox> |y 5}’ oy?
© 62ug :gaug _82ug @ 62ug :laug _82ug
x>y oy oy’ x>y oy oy’

d T T
Let y(x) be the solution of the differential equationd—i =1+ysecx for X (—E,E] that satisfies y(0) = 0.

T
Then, the value of Y(E] equals

@ @'Og(g] 6) (ﬁ]'OG( ] © (I]'O% @ 3log3
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Let F be the family of curves given by
X +2hxy+y*=1-1<h<1

Then, the differential equation for the family of orthogonal trajectories to F is

@ (xzy—y3+y)%—(xy2—x3+x):0 (b)(xzy—y3+y)%+(xy2—x3+x):0
2 3 dy 2,3 2 3 dy 2,3
© (Cy+y +y)&—(xy +X°+x)=0 @ (Cy+y +y)&+(xy +X°+x)=0

Let G be agroup of order 39 such that it has exactly one subgroup of order 3 and exactly one subgroup of
order 13. Then, which one of the following statements is TRUE?

(@ G isnecessarily cyclic
(b) G isabelian but need not be cyclic

(c) G need not be abelian
(d) G has13elementsoforder 13

For a positive integer n, let U (n) = {T €Z,:gcd(r,n) :1} be the group under multiplication modulo n

Then, which one of the following statements is TRUE?

(@ U(5)isisomorphicto U(8) (b) U(10) is isomorphic to U(12)
(c) U(8)isisomorphic to U(10) (d) U(8) isisomorphic to U(12)
Which one of the following is TRUE for the symmetric group S ,?

(@ S, hasanelement of order 42 (b) S,, has no element of order 35
(c) S, hasanelement of order 27 (d) S,, has no element of order 60

Let G be afinite group containing a non-identity element which is conjugate to its inverse. Then, whichone of
the following is TRUE?

(@ The order of G is necessarily even (b) The order of G is not necessarily even
(c) Gisnecessarily cyclic (d) G is necessarily abelian but need not be cyclic
Consider the following statements.

P: Ifasystem of linear equations Ax = b has a unique solution, where A is an mxn matrix and b is an mx1
matrix, thenm=n

Q: For asubspace W of a nonzero vector space V, whenever y eV \W and v eV \W ,then y +veV \W
Which one of the following holds?

(@ BothPandQ are true (b) P istrue but Q is false

(c) Pisfalsebut Qistrue (d) Both P and Q are false

Let g: R — R be acontinuous function. Which one of the following is the solution of the differential equation

2
ZTZ/JF y =g(x) for x e R satisfying the conditions y(0)=0, y’(0)=1?

@ y(x)=sin x—isin(x—t)g(t)dt (b) y(x)=sin X+Esin(x—t)g(t)dt
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11.

12.

13.

14.

15.

© y(x)=sin X—Ecos(x—t)g(t)dt (d) y(x)=sin X+Ecos(x—t)g(t)dt

Section A: Q.11 . Q.30 Carry TWO marks each.

Which one of the following groups has elements of order 1, 2, 3, 4, 5 but does not have an element of order
greater than or equal to 6 ?

(@) Thealternating group A, (b) The alternating group A,
(©) S, d) S,

Consider the group G = {Ae M, (R):AA" = |2} with respect to matrix multiplication.

Let Z(G)={AeG:AB=BA, forall BeG}.Then, the cardinality of Z (G) is

@ 1 (b) 2 (c)4 (d) Infinite
Let V be a nonzero subspace of the complex vector space M_(C) such that every nonzero matrix in V is
invertible. Then, the dimension of V over C is

(@ 1 (b) 2 ()7 (d) 49
For ne N, let

Q- 1 n’ +cos(3")
"~ (3n+2)(3n+4) aNd b =———

Then, which one of the following is TRUE?

@ 2., isconvergent but Y b, isdivergent (b) 2, isdivergent but X b, is convergent
n=1 n=1 n=1 n=1
(c) Bothf°....and 2.b, are divergent (d) Both 2@, and Db, are convergent
n=1 n=1 n=1
17
J3
-1
Let a=| /2 | .Consider the following two statements
1
J6
0

P. The matrix 1 —aa'is invertible.

Q: The matrix I —2aa’ is invertible.

Then, which one of the following holds?

(@) Pisfalsebut Qistrue (b) P istrue but Q is false
(c) BothPandQ are true (d) Both P and Q are false
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16.

17.

18.

19.

Let Abe a 6x5 matrix with entries in R and B be a 5x4 matrix with entries in R. Consider the following two
statements.

P: For all such nonzero matrices A and B, there isa nonzero matrix Z such that AZB is the 6x4 zero matrix.
Q: Forallsuch nonzero matrices Aand B, there is a nonzero matrix Y such that BYA is the 5x5 zero matrix.
Which one of the following holds?

(@ BothPandQ are true (b) P istrue but Q is false

(c) Pisfalsebut Qistrue (d) Both P and Q are false

Let P_,(x) be the real vector space of polynomials, in the variable x with real coefficients and having degree at

most 11, together with the zero polynomial. Let E = {S; (x), S, (X),.... Sy, (X)}, F = {1, (X), 1, (X),.... 6, (%)}
be subsets of P_,(x) having 12 elements each and satisfying s, (3) =s,(3) =....=5,,(3) =0,

L(4)=r(4)=..=r,(4)=1.

Then, which one of the following is TRUE?

(@ Anysuch E is not necessarily linearly dependent and any such F is not necessarily linearly dependent
(b) Anysuch E is necessarily linearly dependent but any such F is not necessarily linearly dependent

(c) Anysuch E is not necessarily linearly dependent but any such F is necessarily linearly dependent

(d) Anysuch E is necessarily linearly dependent and any such F is necessarily linearly dependent

For the differential equation y (8x —9y) dx + 2x(x —3y)dy =0

which one of the following statements is TRUE?

(@) The differential equation is not exact and has x? as an integrating factor

(b) The differential equation is exact and homogeneous

(c) The differential equation is not-exact and-doesnot-have x>asan integrating factor
(d) The differential equation is nothomogeneous and has x? as-an integrating factor
For x e R, let [X] denote the greatest integer less than or equal to x.

X Lifx<y

ine MIN{X, yt = .
For x,y R , define Min {x, y} {y ,otherwise

Let f:[-2m,2n] >R be defined by f(x)=sin(min{x,x—[x]}) for x e [-2x,2x]

Consider theset S = {x € [—2n, 2n]: f is discontinuous at x}.

Which one of the following statements is TRUE?
(@ Shas13elements (b) S has 7 elements
(c) Sisaninfinite set (d) S has 6 elements
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20.

21.

22,

logn

1
Define the sequences {a,}”  and{b } asa =(logn+loglogn)™" and _ n[“@]

Which one of the following is TRUE?

=1 = 1
(@) Za— is convergent but Z is divergent (b) Z a is divergent but Z— is convergent
n=3 “ n=3 n= 3
(c) Both Z and Z ‘b, are divergent (d) Bothz and Z ‘b, are convergent
n:3 n:3

Forp,q,reR,r=0andneN, let

a _ nnq n nz d b — nn n—'|'2
n =P n+?2 anad "n gy n

Then, which one of the following statements is TRUE?

(@ Ifl1<p<e®and g>1, then zan is convergent
n=1
(b) Ife’ <p<e*andqg>1, then zan is convergent
n=1
© If 1<r<e,then 2_b, isconvergent
n=1

1 00
() If S<r< 1, then Db, isconvergent
n=1

Let p,(x) be the real vector space of polynomials, in'the variable x with real coefficients and having degree at

most 7, together with the zero polynomial. Let T : P, (x) — P, () be the linear transformation defined by

Then, which one of the following is TRUE?
(@ Tisnotasurjective linear transformation

(b) Thereexists k e N ,. suchthat T« is the zero linear transformation
(c)1 and 2 are the eigenvalues of T

(d) Thereexists r e N suchthat (T-I)"isthe zero linear transformation, where | is the identity map on P_(x)
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23.

24,

25.

26.

For a e R, let y, (x) bethe solution of the differential equation
dy

—+2y=

ax "V T T xeR

satisfying y (0) = o Then, which one of the following is TRUE?
(@ limy, (x)=0 forevery o c R

(0) limy, (x)=1forevery o eR

X—0

(c) Thereexistsan o e R suchthat limy, (X) exists but its value is different from 0 and 1

(d) Thereisan o e R forwhich limy, (X) does not exist

Consider the following two statements.

P:  Thereexist functions f :R - R, g:R — R suchthat f iscontinuous at x =1 and g is discontinuous at x
=1 butgof iscontinuous at x=1.

Q: Thereexist functions. f : R — R, g :R — R . suchthat both f and g are discontinuous at x =1 but gof is
continuous atx=1.

Which one of the following holds?

(@ BothPandQ are true (b) Both P and Q are false
(c) Pistruebut Q is false (d) P is false but Q is true
Let f :R — R be defined by
f (X2 +1)2 for R
X -
() Xl S

Then, which one of the following is TRUE?

(@) f hasexactly two points of local maxima and exactly three points of local minima
(b) f hasexactly three points of local maxima and exactly two points of local minima
(c) f hasexactly one point of local maximum and exactly two points of local minima
(d) f hasexactlytwo points of local maxima and exactly one point of local minimum

Let f : R — R beasolution of the differential equation
d’y . dy

——2—L+y=2¢e"f

dX2 dX y or xeR

Consider the following statements.

P: If f(x)>0 forallxeR then f'(x)>0 forall xeR

Q: Iff'(x)>0forall XxeR then f (x)>0 forallxeR
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27.

28.

29.

30.

Then, which one of the following holds?

(@ Pistruebut Qis false (b) P is false but Q is true
(c) BothPandQ are true (d) Both P and Q are false
Fora>b >0, consider

D:{(x,y,z)eRz:x2+y2+22£a2 and x2+y22b2}

Then, the surface area of the boundary of the solid D is

(2) 4n(a+b)Va?—b’ (b) 4r(a® ~bv/a® -7
(© 4n(a®-b)va?-b? (@ 4n(a2 +b/a? —b2)

For n> 3, letaregular n-sided polygon P_be circumscribed by a circle of radiusR and let r_be the radius of

2

(R
the circle inscribed in P_ Then !]m(r—”] equals

@ o ® |3 © |5 @ o)
Let L, denote the line y =3x+ 2 and L, denote the line y = 4x + 3. Suppose that f : R — R isafour times
continuously differentiable function such that the line L, intersectsthe curve y = f (x) at exactly three distinct

points and the line L, intersectsthe curve y = f (x) at exactly four distinct points. Then, which one of the
following is TRUE?
df _
(@) ™ does not attain the value 3 on R
d*f
dx?

vanishes at most once on R

(b)

d3f
dx®

vanishes at least once onIR

©

df 7
(d) ™ does not attain the value > onR

Define the function f : R? — R by

f(x,y)=12xye >

If (a,b) is the point of local maximum of f, then f (a,b) equals
(@ 2 (b) 6 (c) 12 (do
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SECTION-B

31.

32.

33.

34.

a,lt” :
Let {a !  beasequence of real numbers
n=1

Then, which of the following statements is/are always TRUE?

(@ If z a, converges absolutely, then zaf converges absolutely
n=1 n=1

(b) If z a, converges absolutely, then z a; converges absolutely
n=1 n=1

(c) If zan converges, then zaf converges
n=1 n=1

dy If zan converges, then zaﬁ converges
n=1 n=1

Which of the following statements is/are TRUE?

2 1) © 1 .

(a) Z nlog| 1+ 7 | isconvergent (b) z (1— cos (—n log n 1s convergent
n=1 n=1 n
0 , 1 i l

©) Z n“log (1+ F] is convergent (d) z (1— cos (—nn log n is convergent
n=1 n=1

Which of the following statements is/are TRUE?
(@ The additive group of real numbers is isomorphic to the multiplicative group of positive real numbers

(b) The multiplicative group of nonzero real numbers is isomorphic to the multiplicative group of nonzero
complex numbers

(c) The additive group of real numbers is isomorphic to the multiplicative group of nonzero complex numbers
(d) The additive group of real numbers is isomorphic to the additive group of rational numbers

Let f :(1,00) —(0,0) be acontinuous function such that for every n ¢ N, f(n) is the smallest prime factor
of n Then, which of the following options is/are CORRECT?

(@ lim f(x) exists

(b) limf (X) does not exist

(c) The set of solutions to the equation f (x)=2024 is finite
(d) The set of solutions to the equation f (x)=2024 is infinite
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35.

36.

37.

38.

Let S ={(x,y)eR*x>0,y>0}and f:S R begivenby

f(x,y)=2x*+3y*-log x—%log y

Then, which of the following statements is/are TRUE?
(@ Thereisaunique point inS at which f (x, y) attains a local maximum
(b) There isaunique point in S at which f (x, y) attains a local minimum

(c) Foreachpoint (X, Y,)€ S, theset {(x,y)eS: f(x,y)=f(x,Y,)} isbounded

(d) For each point (%, Y,) €S, theset {(x,y)€S: f(x,y)= f (X, ¥,)} is unbounded
The center Z(G) of agroup G is defined as
Z(G)={xeG:xg=gxforall g eG}

. Let |G| denote the order of G Then, which of the following statements is/are TRUE for any group G?

(@ If Gis non-abelianand Z (G) contains more than one element, then the center of the quotient group
G/Z(G) contains only one element

(b) 1f |G| =2, then there exists a non-trivial homomorphism fromZto G
(c) If|G|>2and G is non-abelian, then there exists a non-identity isomorphism from G to itself
(d) If|G|=p?® where p is a prime number, then G is necessarily abelian

For amatrix M, let Rowspace(M) denote the linear span of the rows of M and Colspace(M) denote the linear
span of the columns of M . Which of the following hold(s) for all A, B, Ce M, (R) satisfying A=BC ?

(@) Rowspace(A) < Rowspace(B) (b) Rowspace(A) < Rowspace(C)
(c) Colspace(A) < Colspace(B) (d) Colspace(A) < Colspace(C)
Define f :R >R and g:R — R asfollows

f(x):im :ﬁi (=2)"%"

=PI ik 90)=32, 2" (m+1)im! OF XeR

Let x;, X,, X,, X,€Rbe such that 0< x,< x,, 0 < X< Xy

f(x)="f(x)=0, f(x)=0 whenx <x<x,,

g(%;)=9(x,)=0 and g(x)=0 whenx, <X<X,.

Then, which of the following statements is/are TRUE?

(@) The functionf does not vanish anywhere in the interval (x,, x,)
(b) The function f vanishes exactly once in the interval (x,, X,)

(c) The function g does not vanish anywhere in the interval (x , x,)
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(d) The function g vanishes exactly once in the interval (x,, X.)

39.  For 0< o <4, define the sequence {x,} " of realnumbers as follows:

x, =a and X, +2=-x,(x,—4) for neN

n+1

Which of the following is/are TRUE?

@ {x,}  converges forat least three distinct values of o € (0,1)
(b) {x,} ", converges forat least three distinct values of o (1, 2)
(€) {x,}. converges for at least three distinct values of o € (2,3)

(d) {x,}" converges forat least three distinct values of o € (3,4)

40. Consider G = {m+ 2 : m,ne Z}

as asubgroup of the additive group R.
Which of the following statements is/are TRUE?
(@ Gisacyclic subgroup of R under addition

(b) GN 1 isnon-empty for every non-empty open interval | c R
(c) Gisaclosed subset of R
(d) G isisomorphic to the groupZxZwhere the group operation in ZxZis defined by

(my,n,)+(m,,n,)=(m +m,,n +n,)

SECTION-C

41.  Theareaofthe region

R:{(x, y)eR*:0<x<10< ysland%g xys%}
is (rounded off to two decimal places).
. . ) . d’y _dy
42.  Let y =R — R be the solution to the differential equation v + 2& +5y=1
satisfying y (0) =0 andy' (0)=1. Then, lIm y(x) equals (rounded off to two decimal places).

43.  Fora >0, let y,(x) bethe solution to the differential equation

d’y dy
i A VR
dx? dx y

satisfying the conditions y (0) =1, y'(0) = o . Then, the smallest value of o for which y, (x) hasno critical

points in R equals (rounded off to the nearest integer).
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44,

45.

46.

47.

48.

49.

50.

01 2 3
. : 1 01 2
Consider the 4x4 matrix M =
2 101
3210
Ifa,; denotes the (i,j)"entry of M, then a, , equals (rounded off to two decimal places).

Let P_,(x) be the real vector space of polynomials in the variable x with real coefficients and having degree at
most 12, together with the zero polynomial. Define

V={feR,(x): f(-x)=f(x)forallxeRand f (2024) =0}

Then, the dimension of V is
Let

S ={f :R—>R:fisa polynomialand f ( f (x)):(f(x))2024 fOI’XeR}

Then, the number of elements in S'is

Leta,=1, b =2 and ¢,=3. Consider the convergent sequences!a
1 1 1 n

o0
n=

+{b,}” and {c,}" definedas follows:

n+1 = an +bn ’ bn+1 = bn +Cn ’ and Cn+1 = Cn +an ’for nZl
2 2 2
Then, 2. b.Cn (8=, )+ X (.16 = b,C, ) 8.1 equals (rounded off to two decimal places)
n=1 n=1

Let S Z{(X, y,2)eR x4+ y2 422 =4,(x-1)" +y’<1z> 0} .Then, the surface area of S equals

(rounded offto two decimal places).

Let P_(x) be the real vector space of polynomials in x with degree at most 7, together with the zero polynomial.

Forr=1,2,.....7, define s.(x)= x(x=1)...(x—(r—1)) and s, (x)=1
Consider the fact that B ={s (x), s,(x),...,s,(x)} is a basis of P_(x).

,
If X° = kzoas,ksk (X) where o, R, then o, , equals (rounded off to two decimal places)
Let

0000 -1

2 00 0 4

M=0 2 0 00O
0020 3
000 2 2

If p(x) is the characteristic polynomial of M, then p(2) —1 equals
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51.

52.

53.

54.

55.

56.

57,

For o e (—2m,0), consider the differential equation

d? d
de_><¥+axd_i+y:0 for x>0

Let D be the set of all o € (-2, 0) for which all corresponding real solutions to the above differential equation

approach zero as x —s *. Then, the number of elementsin D Z equals

The value of
1) #sin?5x
H 2
lim (Iog (t +t—2n Jl' —dx
equals (rounded off to two decimal places).

Let T be the planar region enclosed by the square with vertices at the points (0,1),(1,0),(0,-1) and (-1,0).
Then, the value of

LI(COS(”(X— y))—cos(m(x+ y)))2 dx dy

equals (rounded off to two decimal places).
Let S={(x.,y,2)eR*:X*+y*+2* <1},
1 2 2 2

Then, the value of ;m'((x—Zy+ z) +(2x=y=2) +(x-y+2z) )dXdde equals (rounded off

S
to two decimal places).
For ne N, if

1 2° n’
a, = + +..+
N+l n’+2 n®+n

then the sequence {a, }::1 convergesto (rounded off'to two decimal places)

Consider the function f :R — R givenby f(x)=x>—4x"+4x—6
ForceR, let S(c)={xeR: f(x)=c}

and |S(c)| denote the number of elements in S(c). Then, the value of [S (=7)|+|S (-5)|+|S (3)|

equals

Let ¢ > 0 be such that I e ds =3 .Then, the value of
0

f [I XV’ dY] dX equals (rounded offto one decimal place).
0 X
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For keN,let 0=t, <t <...<t <t., =1.Afunction f:[0,1] >R is said to be piecewise linear with

58.
nodes t,....,t, ifforeach j=1,2,.....k +1, there exist a; € R, b; € R such that

f(t)=a,+b;t fort,, <t<t,
Let V be the real vector space of all real valued continuous piecewise linear functions on [0,1] with nodes

113 i .
. Then, the dimension of V equals

422
59. ForneN, let

1 & n! nk

= z|<!(n—|<)!|<+1

n-1
n" "o

and P= !]ET; a, Then, the value of logp equals (rounded off to two decimal places)

60.  Define the function f :(—1,1)—)(—%,%] by f(x)=sin""x

Let a, denote the coefficient of x° in the Taylor series of (f(x))* about x = 0. Then, the value of 9a, equals
(rounded off to two decimal places).
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1. (b) 2. (a) @ 4. (a) 5 (a)

6. (d) 7. (@) 8. (a 9. (d 10.(b)

11. (a) 12. (b) 13. () 14. (d) 15.(a)

16. () 17. (b) 18. (a) 19. (d) 20.(a)

21. (a) 22. (d) 23. () 24. (a) 25.(d)

26. (b) 27. () 28. (b) 29. (c) 30.(a)

31. (ab) 32. (a,b) 33. (a) 34. (b,d) 35.(b,c)

36. (b,c) 37. (b,c) 38. (bd) 39. (b,c) 40.(b,d)

41. (0.24t0 0.26) 42. (0.19 t0 0.21) 43. (1.0t01.0) 44.(0.15t0 0.18)  45.(6 to 6)

46. (310 3) 47.(1.95 to 2.05) 48. (4.50 to 4.60) 49.(14.95t015.05) 50. (31 to 31)
51. (6 to 6) 52.(0.24 t0 0.26) 53. (1.95to 2.05) 54. (4.70t0 4.90)  55.(0.30t00.40)
56. (5 to 5) 57. (4.4 10 4.6) 58. (5t05) 59.(0.98t01.02)  60.(1.50t0 1.70)
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