CSIR NET QUESTION PAPER

28-Feb-2025

PART - A:-

Qus 1: If water of pH 8 is diluted 100 times with
neutral water (pH = 7) then it will

(1) become acidic
(2) remain basic
(3) become nautral

(4) become heavy

Qus 2: The words TEST, EXAM and EAST are coded
as 1382, 2182 and 1937 but not necessarily
in that order. How would the word MATE be

coded?
(1) 9321 2) 7321
(3) 7312 4) 1982

Qus 3: Which of the following pie-charts depicts the
distribution of students in the five subjects
such that physics and chemistry get equal
number of students, 40% of the totaligo to the
life sciences and remaining-are equally di-
vided into maths and earth ‘sciences?

I.Q 2-’
3.‘ | e

(1) 1 (2) 2
3 3 (4) 4

Qus 4: How many 4-digit numbers can be gener-
ated from the digits 1,2,3,4,5 such that no
digit appears more than once, and digit 1 is

always somewhere to the left of the digit 2?
(1) 72 2) 36
3) 12 4) 6

Qus 5: In a board meeting of 20 directors, 6 shook
everyone else’s hands but the remaining 14
did not shake each another’s. The total num-
ber of handshakes in the meeting was

(1) 26 2) 84

3) 99 4) 190

Qus 6: The average. of\seven numbers is 71. If we
exclude one'of these numbers, the average
becomes 75. What is that number?

(1) . 75 2) 74

(3). 73 4) 47

Qus 7: If a map is placed in such a manner that
southwest becomes east, then what will north
become?

Northeast

Southwest

Northwest

1
2
3
4 Southeast

—_— e — —
—_— — — —

Qus 8: Frank, Sam, Tom and David came first, sec-
ond, third and fourth in a race but not neces-
sarily in this order. Only one had first letter
of position matching that of his name. If Tom
came first and Sam did not come second then
David came third

Frank came fourth

David came fourth

Sam came fourth

—_— — — —

1
2
3
4

—_— e — —

Qus 9: Fifteen distinct points are randomly placed
on the circumference of a circle. How many
distinct straight lines at the most can be
formed by pairs among these points?

(1) 105 2) 455

3) 30 4) 210

Qus 10: Which one of the following Venn diagrams
is NOT consistent with the following state-
ments?

All A are B

NoDis A
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Some A are C

SN

3 3 (4)

Qus 11: Choose the option to fill in the blank that
will make the following statement logically
correct?

(1) THE NUMBER OF OCCURRENCES OF THE
LETTER “N” IN THIS SENTENCE IS COR-
RECTLY COUNTED AS

(1) SIX 2)

(3) EIGHT 4)

SEVEN
NINE

Qus 12: The given figure shows data points and a
line fit by least squares method<between
profit in ice-cream business and mean
temperature(T) for a city. Which one of the
following inferences can definitely be drawn?
(The correlation coefficient  is also given
in the figure)

100
o mn
3 80 \7)
o P
g 60 &—O0
o et
— 40 )
é 2 /6/()
E (V 0 Prof|t=4T|- 86
o 0 r=0.83
|
(o
-20

20 22 24 26 28 30 32 34 36 38 40

T("C)

(1)  The sum of the squared valued of differences
between the observed and expected values of
temperature is the minimum.

(2)  83% of the variation in profit is explained by
the variation in temperature.

(3) Rise in termperature causes profit to
increses.

(4) At 25°C, estimated profit is 14 million Rs.

Qus 13: In the fictional country of Numberia, which

of the following porvinces is the odd one out?
(1) SONECON 2) CUGHUSTER
(3) FATWOHUM (4)  CAFIVENGUS

Qus 14: A square sheet of 10cm sides is folded along
its diagonal to form an isosceles right triangle,
and then hypotenuses are folded successively
two times to form isosceles right triangles.
What is the length of each equal side after
the third folding?

(1) 0.625cm 2)

B 2.5cm 4)

1.25 cm
S cm

Qus 15: A spherical ball is placed inside a cubic
box:If ‘the diameter of the ball is same as
the sides of the box, what approximate per-
centage of volume will be empty?

(1) 12% 2) 24%

(38) 36% (4) 48%

Qus 16: Choose the correct chronological order of
the following:-

A: Match B: Trophy C: Toss
D: Result
(1) C,AD,B 2) AD,B,C
3) CB,AD 4) D,C,B,A

Qus 17: A water bottle costs Rs 20 that includes
cost of the bottle. If the water costs Rs 15 more
than the bottle, then what is the cost of the

bottle?
(1) Rs250 (2) Rs 5
(3) Rs7.50 (4) Rs 10

Qus 18: All those who pass an entrance test take
admission into a certain institute. Out of
these, some graduate with a degree in 2
years while some fail and are removed, and
all graduates from that institute get jobs in
the same years.+ In 2022, no one took ad-
mission in that institute. Which of the fol-
lowing does not follow necessarily?

No one wrote the entrance test in 2022

No one passed the entrance test in 2022

No one graduated from the institute in 2024
No one got a job from the institute in 2024

AAAA
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Qus 19: In a population of microbial cells, the ini-

(1)
(3)

tial population is 50, and the growth rate is
0.1 per hour. If the population grows exponen-
tially, what will be the approximate size of
the population be after 10 hours?

51 2) 82

136 4) 156

Qus 20: If [ walked east 100 metres, turned right

and walled 60 meters, turned left and walked
150 meters and turned left again, I would be

facing
(1) East (2) North
(3) West (4) South
PART - B:-

Qus 21: Let Xl,Xz,...,Xn(n22) be a random

(1)

(3)

Qus

(1)

sample from a gamma distribution with
shape parameter ¢ > () and scale parameter

f =1. For a suitable constant C, the rejec-
tion region of the most powerful test for test-

ing H,:a =1 against H, :a =2 is of the form

[[. x>cC 2) "X >C
[T x<cC @  >X<C
22: Let f:R-=R  be such that
S ()= S
SuI’M:L,Where 1< L <oo- Let

xX#y |x—y|

h:R — R be a differentiable function satis-

3
fying Vl'(x)‘ﬁz for all yeR. For >0,
define g(x)=af(x)+h(x) for xy e R. Con-

sider the sequence {xk};zo defined by

X =8(x),k=0,1,...

0
where x, € R. The sequence {xk} con-

k=0
verges to the solution of the equation

x:g(x) if

a<3—L 2)

(3)

@ @<

a<4L 4

Qus 23: For a variable x consider the R - vector

space V' = {ao +ax+a,x’|a,a,,a, € R}
Let 7:V — )V be the linear transformation

d d
defined by T(f):f"'d—J;, where d_é de-

notes the derivative of f with respect to x.
Which of the following statements is true?

(7° 372 +37)" (x)=x

3 5 202 3
T° =37 +3T x)=x+1
2
2

2

( )" ()
(7° 372 +37)" (x)=20251x
( ))

T°-3T°+3T x)=2025!x+1

Qus24: Let ]D)Z{Z=x+l'ye(c:|z|<1} be the open

unitdiscand f :ID) — C a holomorphic func-

tion such that f(0)=0. Let w(z)= ‘f(z)‘z
Oy 'y
and y"' P =0,

Which of the following statements is False?

f can be extended to C as an entire func-
tion
f must have infinitely many zeros in [)

f is not a polynomial

eXp( f ) cannot take every complex value

Qus 25: Let f:C — Cbe the function defined by

(cos(1+i))sinz ]

f(z):e

For write

f(z) as

u(x,y)+iv(x,y), where U,V are real val-

z=x+iyeC,

ued functions. Which of the following is the

0
value of G_Z(O’ O) ?
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Qus 26: Let J cR and K:[O,I]X[O,l]—HRbe a Define I'=Z~-—. Then Var(T) equals
function such that every solution of the bound- 77 81
ary value problem (1) - ) il
6 8
d’u du du
—(x)+Au 0;—(0)=u(0),—(1)=0
() () =0:550)=u(0). =0 g L
(S (4) 7

satisfies the integral equation

+/1J. ()dt—()
Then
(I+x)(1-7), 0<x<t<1
K(x,t)=
(1) (x ) {(1+t)(1—x), 0<t<x<l
—1-x, 0<x<¢<1
@ Klo)=1_ —1, 0<r<x<l
K(x1) = 1-x*, 0<x<t<l1
(3) H)= 1-72, 0<t<x<l

(
) K("”):{(m)(x-

Qus 27: Let [/ denote the span of {et,em,e3t} in

the real'vector space of continuous functions
from R to R . Consider the R - vector spaces

={/f:U —>R| f is anR-linear transformation|

={reris(e)=0]

Which of the following statements is true?

(1) Both V and W are infinite-dimensional
(2)  dimV =3 and dimW =1

3)  dimV =3 and dimW =2

4) V' is infinite-dimensional and dimW =0

Qus 28: Let X,Y and 7 berandom variables such

XY
that S = Yy 7 ~Wz(loaz),where W, de-

notes the Wishart distribution and
4

Qus 29: Let S denote the set of all solutions of the
Euler- Lagrange equation of the variational
problem:

minimize J[y] = J-Ol(y2 +(y')2)dx

subject to ¥(0) = 0, y(1 =0,J.;y2 de=1,

1
Then the set {@(Ej pe S} is equal to

3) {\/7 ke N}
@ {2,042}

Qus 30: Which of the following statements is true?

2ri
(1) {m +ne’ |m,ne Z} is a dense subset of

(2)  Open connected subsets of R? need not be
path-connected

(3) Let x be a topological space and p: X —> R
a continuous surjective open map. If
p_1 ({a }) is connected for every v € R, then

X must be connected

(4) Compact subsets of any infinite topological
space are closed
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Qus 31: Consider the bilinear form
B:R*xR* > R defined by

B(x,y):x1y3+x2y4—x3yl—x4y2 where
x:(xlax23x33x4) and yz(y19y29y39y4) in

R*. Let A denote the matrix of B with re-

spect to the standard ordered basis of R*.
Which of the following statements is true?

()  detd=0
(2)  detd=-1
(3) B(x,x) # 0 for all nonzero y ¢ R*

(4 If xeR* is nonzero, then there exists

y € R* such that B(x,y) #0
Qus 32: Consider the power series

with coefficients in real numbers R .
of the following statements is true?

n+1)

Which

1
(1)  The radius of convergence of the series is ;
(2) The series converges at x =5

(3) The series converges at x =3

4) The series converges for all x with |X| < E

Qus 33: We say that a group G has property (A) if
every non-trivial homomorphism from G to
any group is injective. Which of the following
groups has property (A) ?

(1)  The cyclic group of order 6

(2)  The symmetric group S;

(3)  The alternating group A4
(4)  The dihedral group with ten elements

Qus 34: Let u =u(x,y) be the solution of the

Cauchy problem
xa—u+ya—u:u, (x,y) # (0,0)
ox Oy

u(x,l):\/1+x2, xeR.

Then which of the following statements is
true?

(1) u(1,0)=0

2 u(x,y)=u(x,,y,) whenever
XY =X 4y,

@)  u(lLy)=v2 forall yeR

4) u(xl,y1)=u

XtV =X+,

(xz,yz) whenever

Qus 35: Consider an M /(G /1 queuing system with

arrival rate J] =] and independent and iden-

tically distributed successive service times
having probability density function

g(x)z{xe(;x if x>0

otherwise
Define, for i'=1,2,...
{1 if the first transition is fromitoi—1

0 if the first transition is fromiisi+1

Then, Var (I 5 ) equals

S S
D3 @
3 8
(3) 16 (4) 15

Qus 36: Let XI,XZ,...,Xn(nZZ) be a random

sample from Uniform ((9,1— 9) distribution,

1
where —0 <6< E Then maximum likeli-

hood estimator of 4 is

(1) min{l—min{Xl,Xz,...,Xn},

X1

max { X,

2) max{l min{X,, X,,... X,},
max { X, X,,... X, }}

(3  min{min{X,,X,,..,X,},

1-max{X,, X,,... X,}}
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4) max{min{Xl,Xz,...,X”},

1-max{X,,X,,... X,}}

Qus 37: Suppose that binomial

X ~
(9,(9),0.7,(9 <1, and y ~ Poisson (/1),/1 >0
If 3E(Y)=E(X), then which of the follow-
ing is true?

(1)  Var(X)>3Var(Y)

)  2Var(Y)<Var(X)<3Var(Y)
)<2Var(Y)

)

3) Var( ) < Var(

(4) Var( ) < Var(Y

: LX) X
Qus 38: llmj _[ jo xl Toix dx,..dx, equals
1 2 l
1 1 (2) >
3 4 2
B 3 4) 3

Qus 39: Given that y, (x)=e"" is@ solution of the

ordinary differential ‘equation (ODE)
d’y dy

xX—=—(3+4x +(4x+6)y=0,x>0
T2~ (34 4x)>+(4x+06)y

Let y, =, (x) be the solution of the ODE sat-

isfying the conditions

2 2

e dy 3e
»n)=—"=2(1)==

4 dx 2
Then which of the following statements is

true?

(1) Y, is a strictly increasing function on (0, OO)
2) e_z"y2 (x)—)l as x —> o
(3)  », is a strictly decreasing function on (0, oo)
@ ey, (x)—)O as x —>

Qus 40: What is the number of injective functions

from {1,2,...,7} to {1,2,...,10} ?

10!

10 -
10!

@ 37 @ 7

Qus 41: Let u =u(x,t)be a solution of the wave

o’'u 0'u
equation e =0,xeR,7>0 satisfy-
ing the condition u(O,l‘) =0, Vt>0. Then
which of the following statements is true?

(1) u(xr)=
)=

(@) u

0, whenever x=¢

x,t)=0, whenever x =—¢

) , whenever x >0,7>0

(

@) u(-x1)=u(x,
4) u( x,l)=—u(x t),whenever O<x<t
42: Let H:{z=x+iyeC|y>O} and

f:H — C be a non-constant holomorphic

function satisfying ‘f(Z)‘ <1 for all ;cH.

Which of the following statements is true?

@ lim f(iy)=0

2) lim f' (ly ) is a complex number with abso-

Yo+

lute value 1

I (iv)|=

(3) lim

y—>+0

(4) lim f '(iy ) is not a real number

y—r+o0

Qus 43: Let X, X,,...,

size 5 from an absolutely continuous distri-
bution having median M. Let S denote the

X, be a random sample of

number of X l.ls greater than 0. For testing

H,:M =0 against H :M >0, let

1,if S>c
v, if S=c¢
0,if S<c

#(X)=

be a test of size ¢ = (.05, where ve [0,1]
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and ce {—1, o,..., 5} are fixed constants. Then

c+v equals

n 49
(1) 25 (2) 6
103 53
@ o3 @

Qus 44: For integers m,n>1, let

1 _
Im,n =5 ZmanZ, where C is the circle
27i ¢

{Z eC: |Z| = 1} oriented counterclockwise.

Which of the following statements is true?

1 L,,=lifm=n

Qus 45: Suppose ¢ is a most powerful test of size
0.05 for testing a simple null hypothesis"H,

against a simple alternative hypothesis .

If the power of the test is.0.4, then which of
the following is true?

(1) (1 - ¢) is a most powerful test at least 0.6 for
testing H, against H,

2) (1 - ¢) is a most powerful test at least 0.4 for
testing H, against H

(3) (1—¢) is a most powerful test at level 0.05
for testing H, against H,

4) (1 - ¢) is not a most powerful test for testing

H, against H at any level

Qus 46: For integers >0, let f, :[—1,0] —> R be

X
defined by J,(x)= (1-x)"

Which of the following statements is true

about the series an ?

n=0

(1) The series is neither absolutely convergent
nor uniformly convergent.

(2)  The series is both absolutely convergent and
uniformly convergent.

(3)  The series is absolutely convergent but not
uniformly convergent.

(4) The series is uniformly convergent but not
absolutely convergent.

Qus 47: Let C[x,y] be the polynomial ring in two

variables over (. For which of the following

ideals I, the quotient ring C[x, y]/ I is not

an integral domain?
1 I=(xy) )

(%) 1

]=(x+y)

(xy-1)

(3) I=(x2+y2)

Qus 48: Let P be the population proportion of units
possessing a certain attribute in a popula-

tion of N units. Let p be the sample propor-
tion in a simple random sample (without re-

placement) of n units (2 <n<N ) . Then an

unbiased estimator of P (I—P) is

(1) %P(l—p)
o o)
3) (,,,’11)1’(1‘1’)
) %P(l‘p)

Qus 49: Let U,,U,,...,U;be 5 urns such that urn

U, contains 2f 4 > balls, out of which 2k
are white balls and [? are black balls,

k=1,2,...,5. An urn is selected with probabil-

ity of selecting urn U, being proportional to

(k + 2) . A ball is chosen randomly from the
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selected urn. Then, the probability that the

urn U, was selected, given that the ball

drawn is white, is equal to

(1) (2)

N|— Wn|w
Alw |

(3) (4)

Qus 50: Consider the sequences (a, )n21 and

(bn)nZl defined by an:%

and

Which of the following statements is true?
(1) For each x R, there exists an n such that

a,>x

(@) For each y ¢ R, there exists an n such that
a,<x

(3) For each y e R, there exists an n such that
b >x

(4) For each x R, there exists an n such that
b <x

Qus 51: Let u = (a,b,c) € R*‘be a non-zero vector

that lies in the orthogonal complement (with
respect to the 'standard inner product) of the
row-space. of the matrix.

2 2 7
A=
(3 1 4)

If a,b,c are all integers, then what is the

smallest possible value of |a +b+ c| ?

(1 5 (2) 10
3 15 (4) 20

Qus 52: Two blocks of equal mass m are connected
by a fiexible inelastic cord of mass M. One
block is placed on a smooth horizontal table,
the other block hangs over the edge. The to-
tal potential energy of the entire cord is given

by > lg xz, where x is the distance of the

(4)

hanging block from the edge of the table, | is

the length of the cord, and g is the gravita-
tional acceleration.

Then
;_iml—i—Mx
g2m+M
;_LMH—Mx
g m+M
;_§m1+Mx
[ m+M
;_gml+Mx
I 2m+M

Qus 53: In an examination question paper, all ques-

tions are True or False type. These are ar-
ranged in such a way that three-fourth of
times a question with answer True is followed
by a question with answer True. Also two-
third of times a question with answer False
is followed by a question with answer False.
If the question paper has 100 questions, the
approximate probability that the correct an-
swer of the 100-th question is True is

3 4
(1) 7 (2) 7

3 >
(3) 4 (4) 6
Qus 54: Let

A=

Qus

where a,b,c are real num-

o o O
S O Q
S o ©

ber with gbpc=1.1f = 4+ 4> + 4°, then
which of the following statements is true?

detB=1
detA=0

rank(B) =2

rank (Bz) =1

55: Let f:[0,]] >Rbe defined by

f(x)= sin()c2 )
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. z k !
Let A:l}_};g(Zf(;j—n.[of(X)de
k=1
Which of the following statements is true?
(1)  A4=0 (2) A=1

3) Y= Sil’lz(l) (@) A=sin (i)

Qus 56: Let 4,B and (C be sets. Which of the fol-

lowing sets is equal to A\ (B \ C) ?

(1)  A4\B 2  (4\B)UC

3 A4\(BUC) @ (4\B)U(4NC)

Qus 57: Consider a multiple linear regression
model ¥, = £ + Bix, +..+ B,x,,+ €,
1<i<n,n >(p+1) where the errors €, 's
are uncorrelated with zero mean and finite

variance 52 > (). Here Y, is the j-th response
Let i/: be the j-th predicted response by the
least sqaures estimation method, and let
; :Yl_—i’:, 1<i<n. Then which of the fol-

lowing statements is true?

(1) Var(;)SVar(ei),ISiSn

2) Cov(;,é;):Cov(ei,ek) for all

i#k=12,...n

(3) Var(Y)=Var( [),ISiSn
w E(%)<E(Y),1<i<n

Qus 58: Let V be the R -vector space of 5x5 real

matrices. Let S = {AB —BA|A,B e V} and W

denote the subspace of V spanned by S. Let
T :V — R be the linear transformation map-

ping a matrix A to its trace. Which of the fol-
lowing statements is true?

(1) W =ker(T)
2) W cker(T)

@)  WNker(T)cW
@  WNker(T)cker(T)

Qus 59: Suppose that the differential equation

2
d f+P(x)d—y+ez"y=O, xelR
dx dx

transforms into a second order differential
equation with constant coefficients under the
change of independent variable given by

d.
NE) (x) satisfying d—i(o) =1. Then which

of the following statements is true?

(1) e’ (P(x) + 1) is a constant function on R

2 e*P (x) is a constant function on R
2x

(3) S(x)ze?,xeR

4) P(x)—)l as x — o

Qus 60: For integers 5 >1, let G(n) denote the

number of groups of order n, up to isomor-

phism, i.e. G(n) is the number of isomor-

phic classes of groups of order n. Which of
the following statements is true?

(1 If G(n) =1, then » is prime

2 G(8)=2

3 1f ged(n,,¢(n))>1, then G(n)>1. (Here ¢
denotes the Euler @ -function)

) limsqu(n):2

n—>x0
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PART - C:-

Qus 61: Let XI,XZ,...,Xn(n23) be a random

sample from a population with absolutely con-
tinuous cumulative distribution function

F (-) . The corresponding order statistics are
X, <X,,<.<X, <..<X, For r=273

define Y., =nk (X r:n) . Suppose that Y, , con-

r,n
verges in distribution to a random variable Y,

as n —>oo,r =2,3. Then, which of the follow-
ing statements are true?

1 r
E(r,)=2

follows gamma distribution with

@ E(Y,)>3asn—ow

1
(3) Y, follows beta distribution with £(¥;)= 3

(4) Y, , follows beta distribution with parameters

2and -1

Qus 62: Let f(x)be the polynomial of degree at
most 2 that interpolate the-data (—1,2),(0,1)
and (1,2). If g(x) is a polynomial of degree
at most.3 such that f(x)+g(x) interpo-
lates the data (-1,2),(1,0),(12), and

(2,17) then
+

Qus 63: Let f/ :C — C be an entire function such

that f(z)=f(iz) forall ; ¢ C . Which of the

following statements are true?

(1) f(z)=f(-z2) forall ;eC

10

@  f'(0)=s"(0)=s"(0)=0

(3)  There is an entire function g:C — C such

that f(z):g(z4) forall ; cC

(4)  f is necessarily a constant function

Qus 64: Let A,B be ) x2 matrices with real entires

and )\ = 4B— B4 - Let I, denote the 2x2

identity matrix. Which of the following state-
ments are necessarily true?
(1) If A and B are upper triangular, then M is

diagonalizable over R
(2) If A and B are diagonalizable over R , then M
is diagonalizable over R

(3) If A and B are diagoanlizable over R, then
there exists 4 ¢ R such that M = A/,

(4)  There exists J« R.such that M 2= Al

Qus 65: Let Z, and Z, be two independent discrete

random variables such that Z1 follows bino-

mial distribution with parameters 5 =2 and

P =7 and Z, follows Poisson distribution

2

with mean 1. Consider the following system

of equations with three variables x,,x, and
X5

X —2x,+x;=1

2x, —5x, +2x;, =2

X +2x,+Zx, =2,

Then the probability that the given system
of equations has infinite number of solutions

equals
(1) - (2) il
¢ 2
1 671
(3) 4 (4) D

Qus 66: Let X, X,, X, be a random sample of size
3 from an absolutely continuous distribution

that is symmetric about 0. For i =1,2,3, let
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(1)

(2)

(3)

(4)

R, denote the rank of |X ;| among |X |

X,|

b

3
and |X3| i I = Z R, is the Willcoxon

i=1, X,>0

signed-rank statistic, then which of the fol-
lowing statements are true?

P(T+=3)=%
Var(T+)=%

p(1 >3)=§
p(r >4)=%

Qus 67: Consider the function f:R — R defined

(1)
(2)
(3)

(4)

by

x sin(lj , if x#0
X

0 , if x=0

S (%)=

Which of the following statements are 'true?
lim f(x i

)Hof ( ) exists

f is continuous at.0

f is differentiable at O

lim f '(x) does not exist
x—0

Qus 68: For hc R, let y, =y, (x) be the unique

(1)

(2)

solution of the initial value problem

d
d—i=y5+y4+y3+y2+y+l,y(0):b de-

fined on its maximal interval of existence [ b

Then which of the following statements are
true?

There exists an & € (O,oo) such that for ev-
ery peR with p > ¢, the solution y, is
bounded above on /,

There exists an & 6(0,00) such that for ev-

ery p e R with p > ¢, the solution y, is

bounded below on /,

(3) There exists an ae(—oo,O) such that every
b e R with p < ¢, the solution y, is bounded
above on /,

(4) There exists an ae(—oo, 0) such that for ev-
ery peR with p< g, the solution y, is
bounded below on /,

Qus 69: Consider the non-homogeneous ordinary
differential equation (ODE)

d’y . dy

+5—=+6y=sin(e™), x>0.

dx’ dx ( )

Then which of the following statements are
true?

(1)  Every solution of the ODE is bounded on

(0,0)

(2) There exists a solution of the ODE which is

unbounded on (0, oo)

(3). Every solution of the ODE is unbounded on

(0,0)

(4)  Every solution of the ODE tends to zero as
X —> 0

Qus 70: Let (Xl,Xz)be a bivariate normal ran-

dom vector with E(X1)=l, E(X2)=O,

Var(Xl)zl, Var(X2)=1, and correlation

1
coefficient 5 Let Ube a U(O,l) random

variable, which is independent of (X X 2) .

UX,+X,-U

/U2 U+ then which of the fol-

lowing statements are true?
(1)  The distribution of Z is symmetric about O

@ E(2°)=2

if £=

@) Var(Z*)=1

4) 7 and [J are independent random variables.
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Qus 71: If JcR and peR are such that the
quadrature formula

Xgt+h

j f(x)dx=ah(f(x,)+ f(x,+h))

Xo

+ph’ (f"(xo)+f"(xo +h)) is exact for all

polynomials of degree as high as possible,

then
(1) 2A+24p=0
(2) TA-12p=4
(3) 2A+24p=-3
4) TA-12p =11

Qus 72: Let V be the R -vector space of real valued

continuous functions on the interval [0,72’]
with the

(1.8)=], /(x)g(x)dx.

Let S= {sin()c),cos()c),sin2 (x),cos’ (x)}

and W be the subspace of V generated by S.
Which of the following statements are true?

inner product given by

(1) Sisabasisof W

(2) S is an orthonormal basis of W

(3) There exist f,g €S such that <f,g> =0
(4) S contains an orthonormal basis of W

Qus 73: Let X, X};..., X be a random sample of
size n from U ((9,(9+1) distribution, where

R
T,=min{X,X,,..X,}, n=12,. then

which of the following statements are true?

is the unknown parameter. If

(1) T, is an unbiased estimator of @

2 lim,_ E,(7,)=6 forall 9eR

Nn—>0
(3) 1 is a consistent estimator of g
(4) maX{Xl,Xz,...,X”} is a consistent estima-

tor of @

Qus 74: Define
S={yeC'[-L1]:y(-1)=-1y(1)=3}

Let @ be the extremal of the functional
12

J:S — R given by
J1=[ [ ) + () e

Define ||y||w = )g_[lf‘ﬁ]‘y(x)‘ for every yeS

and let Bo(w,g)::{yeS:”y—(p”w <g} ,

B (p.e)={veS:|y-ol, +|v-ol, <2},
Then which of the following statements are
true?

(1) @(x)=2x+1 for every xe[-11]

(2)  There exists g>0 such that J[y]>J[¢]
for every y € B,(,¢)

(3)  There exists g>( such that J[y]>J[¢]

for every y € B)(¢,¢)

(4) There exists ¢>( such that J [ y] <J [(p]

for every y € B, ((p,g)

Qus 75: For a variable x, consider the Q - vector
space V = {ax3 +bx* +cx+d|a,b,c,d e Q}
Further, let

A= { f:V—>Q]|f isaQ-linear transformation}
and B={/eA|/(1)=0}, Which of the fol-

lowing statements are true?

(1) If feB,then dimker f =3

(2)  dimB=3

B) dimA4=4

(4) If feA, then the image of f is a one-di-

mensional (Q -vector space

Qus 76: Let P(Z) be a non-constant polynomial
over (C. Given R>0(, let
Sy ={zeC:|P(z)|<R}.
Which of the following statements are true?

(1) S, is an open subset of C

(2) S, is a bounded subset of C
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3) ‘P(z)‘ =R for every z on the boundary of S, If Z = B +—tan (X), then which of the fol-
V4
(4)  Every connected component of S, contains lowing statements are true?

a zero of P(Z)

Qus 77: Which of the following statements are true?

(1) Let x,ye Rwith x<y. Then there exists
2024
r € QQ such that x < <y
e
(2) Let (an )nZZ be a sequence of positive real
numbers. If there exists a positive real num-
. a,
ber L such that lImsup =L then
n—> logn
limsupa, <o
n—>0
(3) The set of all finite subsets of (Q is count-
ably infinite
(4)  The set of continuous functions from R to

the set {(), 1} is infinite

Qus 78: Let X, X,,..., X|; beindependent and iden-

tically distribution (i.i.d) Poisson (0) random

variables, where @ (). Then, which of the
following statements are true?

8 13
(1) ( i Xi)(2i=8 X,-) is an unbiased estima-
tor of 4847
1 13
2) E i X, is method of moments estimator
of @
(3) There does not exist any unbiased estimator
of 6_76
6 13
4) (€X7 ’21‘:1 X i’25=8 X, ,~) is a sufficient statis-
tic for @

Qus 79: Let Y be a random variable with probabil-

___
7[(1+x2)

ity density function f (x) ,x€R

13

. 1
E(Z )=m+1 forall e N
E((I)_1 (Z)) =0, where (D(°) is the cumula-

tive distribution function of standard normal
random variable

7 1is degenerate at O
If Z, and Z, are independent and identically
distributed (i.i.d) random variables having

distribution same as the distribution of 7,

d7 +7Z
then Z= 12 :

Qus 80: Let [ : [0, 1] — R be a monotonic function.

Which of the following statements are true?
f is Riemann integrable on [(),1]

The set of discontinuities of f cannot con-
tain a non-empty open set
f is a Lebesgue measurable function

4) f is a Borel measurable function

Qus 81: Let A,B,C be topological spaces such that A
is homeomorphic to B, B is a subspace of C

and B =(C . Let C be homeomorphic to a

subspaace W of A. Which of the following
statements are False?

The space B,W,C are homeomorphic

The space B,W,C are homeomorphic

If C is compact, then A,B,C are homeomor-
phic
If A is connected, then B and C are connected

Qus 82: Let /:R — R be a continuous function
such that f (x) =0 for all x<() and for all

x>1. Define F(x)=D, f(x+n), xeR,

n=-—00

Which of the following statements are true?

(1)  Fis bounded

(2) Fis continous on R

(3)  F is uniformly continuous on R

(4)  F is not uniformly continuous on R
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Qus 83: Consider the Markov chain with state

(4)

space {0,1, 2} and the transition probability

matrix P given by

o 1 1
2 2
p=|3 o 1
4 4
31
4 4

Let P(") = ((P,-(j") )) denote the 7 -step transi-

tion probability matrix. Then, which of the
following statements are true?

3
2
E)(o) =7
4
P(3) — ﬁ
10
64
The stationary probability that the chain is
2
in state 2 is 7

State 1 is transient

Qus 84: Consider the function f : R*— R defined

by

2
X

f(xp)=qxt+y’
U (52)=(00)
Which of the following statements are true?

f is differentiable on R’ \{(0,0)}

+e” (x,y) Z (0,0)

All the directional derivatives of f exits at
(0.0)
f is differentiable on [R2

f is not continuous at (0,0)

Qus 85: Define a topology 7 on R as follows: a sub-

set {/ of R isin the topology 7 if and only if

U =0 or ) e U - Which of the following state-

ments are true?
The set of all irrational numbers is dense in

(R.7) 14

(2)

(3)

(4)

——’

For each prime number p, the set {0,\/;
is dense in (R,T)
[0,1] is compact at (R,T)

(]R, Z') is Hausdorff

Qus 86: Let

_— O O

1
0
0

and

0
A=]1
0

-_ O O

1
0 B=
0

-_ O O O

0 00

Which of the following statements are true?
Both A and B are diagonalizable over R

A is diagonalizable over (C but not over R
Neither A nor B is diagonalizable over R , but
both A and B.are diagonalizable over
Neither A nor B is diagonalizable over (

Qus 87:Let X, X,,..., X, bearandom sample from

an exponential distribution with probability
density function

f(xw):{e if x>0

0 otherwise

—(x-6)

where @ cR is an unknown parameter. If

X(l) = min{Xl,Xz,...,Xn} , then which of the

following statements are true?

2
(X(U —;ln S’X(l)] is a 97% confidence in-

terval for @

2
(X(U —;ln S’X(l)] is a 96% confidence in-

terval for @

1
(X(l) —;ln 20,X(1)j is a 95% confidence in-
terval for @
1
X(l) —;ln 20, X(l) is a 96% confidence in-

terval for @
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Qus 88: Let X|,X,, X, be a random sample from

(1)

(2)

(3)

(4)

Uniform [0, 0] distribution, @ > (. Consider
the likelihood ratio test of size 0.001 for test-
ing H,:0 =3 against H, :0 # 3. Then which
of the following statements are true?

If maX{Xl,XZ,XS} is 3.1, then H is re-
jected

If rnaX{Xl,Xz,X3} is 1.3, then H| is re-
jected

If maX{Xl,XZ,X3} is 0.1, then H, is re-

jected
The power of the test 9=(0.3 is |

Qus 89: Let f:C\{—l, 1} — Cbe a holomorphic

(1)
(2)
(3)
(4)

function that does not take any value in the

set {z€C:|z—1|<1}. Which of the following

statements are true?

f is constant
f has removable signularities at —1 and |
f is bounded

f has either poles or essential singularities

at _1 and |

Qus 90: A group G is'saidto be divisible if for every

(1)
(2)
(3)
(4)

y € G and for every positive integer n, there

exists x e G such that x" = y. Which of the
following groups are divisible?

Q with ordinary addition

C\ {0} with ordinary multiplication
The cyclic group of order 5

The symmetric group S,

Qus 91: For any p e R, let S(b) denote the set of

all broken extremals with one corner of the
variational problem

minimize J[y] = Iol(y')4 —3((y')2)dx

subject to y(O) = O,y(l) =b

Then which of the following statements are
true?

S (2) has exactly two elements

1
A (Ej has exactly one element

1
A (Ej has exactly two elements

Qus 92: Consider maximizing the objective func-

tion P=x, +x,

subject to
X +x,+2x,<5
2x,—3x, 21
X, +x,<0
x,20,x,20,x,>0

Then, which of the following statements are
true?
The optimal solution is 4

An optimal points is (4,1,0)

The optimal solution is 6

1
(an’ Oj is corner point

Qus 93: If x = x(l‘),y = y(l‘) is the solution of the

(1)

(2)

initial value problem

dx -2t
—=x-4e" y,
d 4
dy 2
—=e'x—y,
d 4

x(O):l,y(O)zl

then which of the following statements are
true?

limtfzx(t)y(t) =0

—o

x(l):o,y@
x@:o,y(l)

lim t’2x(t)y(t) =2

—0

0

0
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Qus 94: Let X, and X, be random variables hav-

ing absolutely continuous distribution func-
tions. Let /, (l‘ ) denote the hazard function

of X,, i=1,2.1 h(t)<h,(t) for all R,

then which of the following statements are
true?

P(X,>1)2P(X,>1)

P(X, >1)2P(X2 >%j

E(Xl) > E(Xz) provided both the expecta-

tions exist

h(t)Zhl(t)+h2 (l‘),teR is the hazard func-

tion of the random variable ¥ = min {X ¢ 2}

Qus 95: For every integer 5 > 2, consider a ( -lin-

ear transformation 7:C" —» C". Let V be a

subspace of ¢ such that T’ (V) cV . Which

of the following statements are necessarily
true?

There exists a subspace W of (# such that

C"=V +W and VﬂW={O}

There exists a subspace W-of (» such that
T(W)cW,C"=V4+W and VNW ={0}
Suppose that there exists a positive integer

such that 7* is the identity map. Then there

exists a subspace W of (7 such that
T(W)QW,(C" =V +W and VﬂW:{O}

Suppose that there exists a subspace W of
C" such that T(W)(;W,(C" =V +W and
VﬂW:{O}. Then there exists a positive

integer f such that 7% is the identity map

Qus 96: Let u = u(x,t ) be the solution of the ini-

tial-boundary value problem

ou 0u
Ezﬁ,(x,t)e(o,l)x(O,OO)

16

u(x,O)=4x(1—x),xe[0,1]
u(0,¢)=u(1,¢)=0,6>0

Then which of the following statements are
true?

limu(x,t) =0 forall xe (0,1)

t—o

u(x,t)=u(1-x,t) for all xe(0,1),£>0
I;(u(x,t ))2 dx is a non-increasing function
of ¢

j;(u (x,t ))2 dx is a non-decreasing function

of ¢

Qus 97: If y is the solution of the Volterra integral

Qus 98: Consider the polynomial f (x) =X

(4)

equation
z3+sinx

u(x)=3+sinx+ -
0 3+sint

u(r)dt

2025 _q

over [, where [, is the field with five ele-
ments. Let S be the set of all roots of f in an

algebraic closure of the field [F;. Which of the

following statements are true?
S is a cyclic group

S has (p(2025 ) elements, where @ denotes
the Euler ¢ -function
S has (p(2025) generators, where ¢ denotes

the Euler ¢ -function
S has 81 elements

Qus 99: For a 4x 4 positive definite real symmet-

ric matrix A and real numbers a,b,c,d ,con-

sider L
www.anandinstitute.org
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the §x5 matrix
[(),1] to R is a prime ideal
0| a b cd Qus 102: Let f € ]R[x] be a product of distinct
B=| ¢
b monic irreducible polynomials F,P,...,P ,
A n
c
d where ;>2. Let ( f ) denote the ideal gen-
Which of the following statements are nec- erated by f in the ring ]R[X]. Which of the
essarily true? following statements are true?
(1) det(B) > 0 for every nonzero (a,b, C,d) eR* (1) ]R[x]/(f) is a field
(2) det(B ) >0 for infinitely many (2) R[x] / ( f ) is a finite dimensional R -vector
(a,b,c,d) eR* space
3 Rlx|/ is a direct sum of fields, each of
(4) det(B) <0 for every (a,b, C,d) eR’ ) [ ] (f)
which is isomorphic to R or C
(4) det(B) <0 for infinitely many (4) There are no non-zero elements
(a,b,c,d)eR4 uE]R[x]/(f) such that ;" —( for some
m2>1
Qus 100: For each positive integer n, define  Qus 103: Let ‘g 3R> R be a continuous function.
0,1l >R b x)=nx(1-x)" x
% [ ] v £, (x) (1-x) Define f(x):-[ (x—l)g(t)dt,xeR
Which of the following statements are true? 0
Which of the following statements are true?
(1) ( £, )n>1 does not converge pointwise on [0, 1]
g 1) f(0)=0
2) £, ., converges pointwise to a continuous
( )"‘1 (2) f'(O) exists and f'(0)=0
function on [0,1]
(3) f"(O) exists and f"(O) = g(O)
(3) £, ., converges pointwise to a discontinu-
() @  f"(0) exists but f"(0)=g(0)
ous function on [0,1]
Qus 104: Let u =u(x,y) be the solution of the
(4) ( / )nZl does not converge uniformly on [0, 1]

Qus 101: Which of the following statements are

(1)

(2)

(3)

(4)

true?
The value of the Euler @ -function is even

for all integers 5 >3
Let G be a finite group and S a subset of G

5]

with |S|>7. Then {ab:a,beS} =G

The polynomial ring R[xl,...,xn] is Euclid-

ean domain for all integers 5 >1
The subset {f € C[O,I]Zf(1/2) = 0} of the

ring C ([0,1]) of continuous functions from

17

(1)
(2)

boundary value problem

o’u 0u
§+§=0, (x,»)e(0,1)x(0,1)

u(x,O) = e’”,u(x,l) =—e"",x€ [0,1]

u(0,y)=cos(zy)+sin(zy),y[0,1]
u(l,y)=e" (cos(zy)+sin(zy)),y €[0,1]
Then exists a

(xo,yo) € (O,I)X(O,l) such that

”(xmyo):\/zeﬁ

V4

there point

M(Xo,yo)=€
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(3)

(4)

u(xo,y0)=—1

T

u(xo,yo):—e

Qus 105: Suppose that a sequence of random vari-

ables {Xﬂ }

defined on the same probability space. Then
which of the following statements are true?

and the random variable Y are

n=1

X , converges to Y almost surely as n — o

implies that X, converges to X is probabil-
ityas n—
X, converges to Y in probability as n — o

implies that X, converges to X almost

surely as n — o
If ZPUXn _X|>5]<°° forall §>(, then
n=1

X, converges to Y almost surely as n — o
If X, converges to Y in distribution as
n—oo,and X is a constant with probabil-
ity 1, then X, convergesto X in probability
as n—>o

Qus 106: Consider the system of two particles with

(3)

total kinetic energy

T :§x.2+lz 021 x0cos0

and Lagrangian

L= %)c.2+l2 9.2+2Z;cécos¢9+2glcosﬁ,

where x,6 are generalized coordinates, and

g,l are positive constants. Then the non-
zero frequency of the normal mode of the sys-

tem with small oscillations (|9| < 1) is

5 |g 5g
3\ 7 @) 3
5 /g 5g
2\ ) 21

Qus 107: Consider the linear regression model

Y = X[+ e, with  regressors and an
18

(4)

Qus 108: Let (a,) ,(b,)

intercept. Random error €~ N, (0, o’l n) and

X has full column rank. Here / denotes

the identity matrix of order 7. Regression
coefficients are estimated by the least

squares estimation method. Let 82 and

8 LE respectively, be the mean squares re-
siduals and the maximum likelihood estima-
tor of 5?. Then, which of the following state-

ments are true?
~2 ~2
MSE(JMLE) <MSE(G ) if r=2,n=12

~2

~2

~2 ~2
Var(O'MLE)<Vm’(O' ) f1<r<n-2,n>3

~2 ~2
MSE(JMLE)>MSE(0 ) if r=7,n=12

and (Cn) be se-

n=1 n=1

quences given by

a,=(-1)"(1+e"),

b, =max{a,,...,a,}, and

¢, =min{a,,...a,}

Which of the following statements are true?

(a,, )nzl does not converge

limsupa, =limb,

n—ow n—0

liminfa, =limc,

n—>0 n—>0

limbp, =limc,

n—>0 n—>0

Qus 109: Let X, X,,..., X, be arandom sample from

N(@,l) distribution where @ecR is un-

known. Let 0, be the Bayes estimator of @,

under the sqaured error loss function

L(@,a) = (a —6?)2 ,a,0 € R and the prior dis-

tribution N (l, 2) .
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[ (2n+1)8, =1-2n6 | converges in dis-

If \/—
tribution to a random variable 7 ,as n — oo,

then which of the following statements are
true?

P
(1) & >@.as n—>oo, forall feR

(2) 7 follows normal distribution
@) E(z')=48

@ E(Z°)=1

Qus 110: For a variable x, consider the real vector
space V = {ax3 +bx* +cex+d|a,b,c,d e R}
Let D:V — J be the linear transformation

where D( f ) is the derivative of f* with re-
spect to x, and M :}V —J be the linear

transformation M(f) = xD(f). Which of

the following statements are true?

(1) DM # MD
2) D+ M 1is invertible

(3) DM is invertible
(4) rank (DM ) = rank (MD)

Qus 111: Consider a-linear model
Y=8+p+. +pB+ec,1<i<n

where error €; 's are uncorrelated with zero

mean and finite variance 52 > (). Let ﬁl be
the best linear unbiased estimator (BLUE) of

B.i=12,..,

statements are true?
(1)  The sum of squares residuals is strictly posi-
tive with probability 1.

(2) For every B,1<i<n,

many linear unbiased estimators
3) Var( B ) =0’

4) Y, -Y, is the BLUE of f,

n. Then which of the following

there are infinitely

Qus 112: For a positive real number a,\/z denotes

the positive square root of g. Consider the

function f: R? — R defined by

X

S (x) =1k
0 , x=0

Which of the following statements are true?

(1)  f is continuous at (0,0)

of of
(2)  The partial derivatives —— and 5

ox
(0.0)

(3)  f is differentiable at (0,0)

exist at

(4)  f is not differentiable at (0,0)

be a sequence of inde-

Qus 113: Let {(X,.Y,)}

pendent and identically distributed (i.i.d) ran-
dom_vector'with common joint probability
density function

)]

e’ if 0<x<y<owo

0  otherwise

For n=1,2,3,... let N, be a random variable
denoting the number of elements in the set
{k:k=12,..,n:Y, 22}
Then, which of the following statements are
true?
N?‘l
(1) 3— converges to 2 with probability one
n

(@) N, converges to 7 in probability one

N

(3) —* converges to 3¢ in distribution
n
N, —3ne”

4) T converges in distribution to a

normal random variable with mean zero and

) i) i)
variance € (1—36 )

Qus 114: Let M, (R) denote the R -vector space

of 2x2 matrices with real entries. Let
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A

1 2 B -1 0
0 3)8@d77 15
Define a transformation

T:M,(R)—>M,(R) be T(X)=4XB',

linear

where B’ denotes the transpose of matrix B .
Which of the following statements are true?

(1)  det(T

Qus 115: Let diSC]D):{ZG(CI|Z|<1} and f be a
holomorphic function on [) such that the
function g(z)=el/z (Z) on ]D)\{O} is

bounded. Which of the following statements
are true?

1) f(0)=0
2 f(z)=0forall ;e

(3)  There exists a non-zero constant ¢ such that

f(z) =ce" forall ze ]D)\{O}

(4)  There exists a non-zero constant ¢ and a posi-

-1/z

tive integer n such that f (Z) =cz"e " for

all ZE]D)\{O}

Qus 116: Consider the following design where the
columns represent block and the letters rep-
resent treatments:

ACABABE
BDCDDCF
EE EF GGG
Then, which of the following statements are
true?

(1) The design is a bounded incomplete block
design

(2) The design is not connected

(3)  The design is bindary

(4) The design is symmetric

Qus 117: For a positive integer n and a subset §
of the set of positive integers, let S (n) de-

note the set {SES|SSn}.
20

Let Y be a subset of the set of positive inte-

X
gers such that limm

n—0 n

=1. Assume that

there exist pairwise disjoint subsets

8
X,,X,,.... X, such that UX. =X which of

i=1
the following statements are true?

: ‘Xz(”)‘ . .
(1) lim—~* exists forall [<;<§
n—»0 n
X)) ,
2) liminf———=2>0 forall 1<;<8§
n—»0 n
: X, (n)
(3) limsup >1/8 for some 1<;j<8§
n—o n
: X, (n)
4)  limsup <1/8 forall 1<;i<8
n—o0 n

Qus 118: Consider

X ={u|u:[0,1] > Ris continuous and
u (O) = 0} with the sup norm

ol = sup Ju ().

xe[O,l]
Let T(u)=[ u(t)dt and

S{|T (u)):ue X, |u]| <1} . Which of the follow-

ing statements are true?
(1) S is an unbounded subset of R

(2) S is a bounded subset of R and Sup(S) =1

(3) There exists y e X such that ||u|| =1 and
T (u) =1

4) S is closed subset of R

Qus 119: The integral equation

u(x):f(x)+%f0”sin(x—t)u(t)dt
has a unique solution if

(1)  f(x)=cosx

2 f(x)=cos5x
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3) f(x)=sinx
4 f(x)=sin5x

Qus 120: Let R be a non-zero ring with unity such

that ;2 — ;. forall j ¢ R . Which of the follow-
ing statements are true ?

(1) R is never an integral domain

(2) r=—r forall , ¢ R

(3) Every non-zero prime ideal of R is maximal
4) R must be a commutative ring

21
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CSIR NET EXAM ANSWER KEY ( 28 FEBRUARY 2025)
PART:- “A”
1. (2) 2. (2) 3 (1) 4. (2 5 (3 6 (4 7. (2
8. (2) 9. (1) 10. (4) 11. (4) 12. (4 13. (2) 14. (4)
15. (4) 16. (1) 17. (1) 18. (1) 19. (3) 20. (2)
PART:- “B”
21. (1) 22. (4 23. (1) 24. (3) 25. (2) 26. (3) 27. (3)
28. (2) 29. (4 30. (3) 31. (4) 32. (4 33. (3) 34. (2)
35. (3) 36. (3) 37. (4) 38. (4 39. (1) 40. (3) 4l. (4)
42. (1) 43. (3) 44. (2) 45. (1) 46. (3) 47. (3) 48. (4)
49. (3) 50. (1) 51. (2) 52. (4) 53. (2) .54.(4) 55. (3)
56. (4) 57. (1) 58. (1) 59. (1) 60. (3)
PART:- “C”
61. (1,2) 62. (2,3,4) 63. (1,2;3) 64. (4) 65. (2) 66. (1,2)
67. (1,2,3,4) 68. (2,3) 69.  (1,4) 70. (1,4) 71. (1,2) 72. (1,3)
73. (2,3) 74. (1,3) 75. (2,3) 76. (1,2,3,4) 77. (1,3) 78. (2,4)
79. (1,2) 80. (1,2,3,4) 81. (1,2,3) 82. (1,2,3) 83. (1,2,3)
84. (1,2,4) 85. (2) 86. (2,3) 87. (2,3) 88. (1,3,4) 89. (1,2,3)
20. (1,2) 91. (3,4) 92. (4) 93. (3,4) 94. (1,3) 95. (1,3) 96. (1,2,3)
97. (1,2) 98. (1,4) 99. (3,4) 100. (2,4) 101. (1,2,4) 102. (2,3,4)
103. (1,2,3) 104. (2,3) 105. (1,3,4) 106. (2) 107. (1,3) 108. (1)
109. (1,2,3) 110. (1) 111. (3,4) 112. (1,2,4) 113. (1,3,4)
114. (1,3) 115. (1,2) 116. (1,3,4) 117. (2,3) 118. (2)
119. (1,2,3,4) 120. (2,3,4)
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CSIR NET SOLUTION

28-Feb-2025

PART “A”

Q1.

Q2.

Q4.

Case I:- 1

Ans (2)

As we know that if pH value is greater than 7
then it is basic and pH value is less than 7
then it is acidic and if pH value is equal to 7
then it is neutral.

It water of pH 8 is diluted 100 times with neu-
tral water of pH 7 then it’s pH value will be
greater than 7, so it remains basic.

So, option (2) is correct.

Ans (2)
Given TEST=2182
EAST = 1382

EXAM = 1937
So, M=7, A=3,T=2,E=1
MATE = 7321

Hence option (2) is correct.
Ans (1)

The above is the representation of five sub-
ject by venn diagram.
So, option (1) is correct.

Ans (2)

Here in the four digit numbers under the
given condition 1 & 2 must be present, so from
remaining 3 digits choose any two of them

in 3C, ways. Now

:31=6 ways

23

Case II:- L 1

Case .- 1

=2x2! ways =4 ways

T

2 ways

=2 ways =2 ways

So total number of 4-digit numbers

=3C,(6+4+2)=3x12=36.

So, option (2) is correct.

QS.

Ans (3)
Total number of handshakes

=19+18+17+16+15+14 =99 as first per-
son hand shaked with remaining 19 and then
second person handshaked with remaining
18 and so on 6th person hand shaked with
remaining 14 persons.

So, option (3) is correct.

Q6.

Ans (4)

Average of 7 numbers is 71, so their sum is
Tx71=497.

If x is excluded then average of remaining 6
numbers will be 75 so their sum will be

6x75=450,

so the number x =497 —-450=47
So, option (4) is correct.

Q7. Ans(2)
YNORTH
S Y
WEST< X EAST
E N
SOUTH

www.anandinstitute.org



1\:\\'“14! I"

TCAIM

Develaping Excellence ..

From the above picture if south west becomes
east, then north will become southwest.
So, option (2) is correct.
Q8. Ans(2)
According to the given condition
First —» TOM
Second — Sam (X) David
Third — Sam
Fourth — Frank
So option (2) is correct.
Ans (1)
We know that from two distinct points at
most one straight line (in fact exactly one)
can be drawn.
So number of distinct straight lines that can
be formed by pairs among 15 points on circle
will be at most

15x14

Qo.

PC, = =15x7=105

So, option (1) is correct.

Q 10. Ans (4)
(1) All A are B has Venn diagram as

B

(ii) No D is A has Venn diagram as

A D

(iii) Some A are C has Venn diagram as

~

So, (1), (2) & (3) are consistent with it but (4)
is not consitent with it.

So, option (4) is correct.

24

Q11.Ans (4)
THE NUMBER OF OCCURRENCES OF
THE LITTER ‘N’ IN THIS SENTENCE
IS CORRECTLY COUNTED AS

NINE

because if I fill the blanks by SEVEN then
number of N will be eight & so on.

So option (4) is correct.

Q 12. Ans (4)

It is given that profit =47 —86
So, at 25°C estimated profit will be
4x25-86=100-86=14

So option (4) is correct.

Q 13. Ans (2)
Among the given four provinces odd one out
is CUGHUSTER of fictional country of
Numberia.
So option (2) is correct.

Q 14. Ans (4)

10

10
Square Sheet

After folding along diagonal line

10
2

10 10
7 72
Isosceles right triangle

After first fold it becomes
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10
So, length of equal side = ? =35,
So, option (4) is correct.
Q 15. Ans (4)

Let side of the box of length be ‘a’ then diam-
eter of the ball will be also ‘a’, so radius of the

a
ball will be ¥ = E

So, Volume of box = 4° =/
& Volume of ball which is spherical of radius

r—ﬁ il be V- —iﬂ(rf—iﬂ(ﬁ)}—ch’
p WP TS 3 6

2 11

7Tx6 21

~
~

So, empty volume
=V—I/1 :a3—£a3=a3 1_E :&aB
21 21) 21

So, % of empty volume

=21 5100% =904 — 47.6%
a
~ 48%.

So, option (4) is correct.

Q 16. Ans (1)
In a game we have toss followed by match
followed by result and then trophy is given.
So correct chrorological order is
C,A,D,Bi.e.
Toss, Match, Result, Trophy.

So, option (1) is correct.

Q17.Ans (1)
Let cost of the bottle be Rs. x

So, cost of water will be Rs. x+15

So, total cost of water bottle
=x+x+15=20=2x=5=x=2.50
So, cost of bottle is Rs. 2.50

So, option (1) is correct.

Q 18.Ans (1)
In 2022, no one took admission in the insti-
tute then

(1) No one passed the entrance test in 2022

(ii) No one graduated from the institute in 2024

(iii) No one will get job from institute in 2024
but it does not necessarily follows that no one
wrote the entrance test in 2024.

So, option (1) is correct.

Q 19. Ans (3)

10 hours = =10 & r=0.1

due to exponential growth population after 10
years will be

50(1+0.1)"° =50(1.1)"" =50x2.593742601
=129.6871~130

So among the given options correct approxi-
mation is 136.

So, option (3) is correct.
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Q 20. Ans (2)

Direction is as follows

N
W————- E
S
100 m east
Ae B
North
60 m right
150 m left
C D

If I walked east 100 metres, turned right and walled
60 metres, turned left and walked 150
metres and turned left again, I would be fac-
ing north from the above representation.

So option (2) is correct.

26

PART “B”

Q 21. Ans (1) (Statistics)

Q 22. Ans (4)
Iterative formula

Xy = g(xk) will converge to the solution of

the equation X = g(x)

iff |g'(x)| <1 (1)
g(x)=a f(x)+h(x)
= g'(x)=a ()+h'(X)
= |g'(x)|=|es (x)+h'(x) @)
\f(X)—f(y)\
Given SXIE)W:L :‘f ‘
ST B 3)
Also ‘h'(x)‘ﬁ%
From (2), g'(x)‘:‘af'(x)+h'(x)‘
<al|f'(x)|+|n'(x \<aL+%51
3 1 1
= aL<l—Z:Z :>a<z

So option (4) is correct.
Q 23. Ans (1)

V= {ao +ax+ax’|ay,a,a, € R}
= ¥V =L({1,x,x2})

NowT(f) f+f

T(l):l,T(x)=x+1&T(x2)=x2+2x

so, matrix of linear transformation T is

T(1) T(x) T(x)

1 1 0

=" 0 1 2
2

X 0 0 1
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So, eigen values of T are 1,1&1 and charac- (2) f must have infinitely many zeros in D
teristic polynomial of T is C, (x) :(x—l)3 (3 f is 100% a polynomial.
and by Cayley Hamilton theorem 4) eXp( f ) =e’ =1, so it cannot take all com-
3 lex values.
T)= T-1) = p
< ( ) 0 :( ) 0= so statement in option (3) is false, so option
T’ =37 +3T-1=0=T"-3T"+3T=1 (3) is correct.
2025
_ (cos(1+i))sinz
3 ) 2025 f(z) =€
= (7°-37+37) 7 (x)=1(x)=x s
' ___ (cos(1+i))sinz .
So, option (1) is correct. = f (Z) —¢ 'COS(I +1)COSZ
f(2)=u(x,y)+iv(x,y) = ux(0,0):Re(cos(lﬂ'))
— \f(Z)r:“z 2 =Re(coslcoshl—isinlsinhl)
2 cosl 1
Now W(z):‘f(z)‘ =u’+v° =coslcoshl= (e+—)_
e
v 0oy 0 So, option (3)1is correct.
—=—| — |=—(2uu,_+2vv, 26. Ans (2
= o’ ax\ ox 8x( ) Q ns(2)
, , We know that for B.V.P. in [0,1]
=2uu  +2vv_ +2u +2v, (1)
similarly given by au"+Au=0 we have
I
oy s A u=A| K(x,t)u(t)dt
- = 2uuyy +2VVyy +2uy +2vy 2) .[0 ( ) ( )
Ji;0<x<t
2 2 K(x,t)=
:>al//+al//=() where, ( ) {f;téxél
)+ QTG 5
satisfying
—  2u (uxx +u, ) + 2V(Vxx n vyy)+ (i) K is continuous at x =¢
(ii) K satisfy boundary condition
2(uf+uj+vf+vi):0 (6_K] _(5_[{) __i
u & v are harmonic functions (i) ox ) ,~ \Ox ) - a,
u,+u,=0&v, +v, =0 _ —L——l
s 0 o, In our case, % =1= =
=  u +u,+v,+v, =0 a,
= ux:uy:\}x:vyzo l=1,ux(0)=u(0)&ux(1)=0
= u &V both are constant, so f(Z) =u+iv is The value of K (x,t) in Option (2) Only Satisfy
all the conditions. So option (2) is correct.
constant function. Also, f(O) =0, so
Q 27. Ans (3)
f(Z):O, hence Do
Given U=L({e e’ e })
(1)  fcan be extendend to C as an entire func-
tion. so dimU =3
27 www.anandinstitute.org



nnnnnnnnnnnnnnnnnnnnn

Q 28.

Q 29.

Now,

And,

Now, V={f:U—)R|f is a an R-linear
transformation}

So, dim¥ =dim(L(U,R))=
dim (U )dim(R) =3x1=3

Also, W ={f eV |f(e")=0}
dimW =dimV -1=3-1=2,

So, option (3) is correct.
Ans (2) (Statistics)

Ans (4)
Minimise

J(y):J.Ol(y2 +y'2)dx subject to

So, f(x,,y")=y"(1+4)+y"

OF d[of )
5—5 a =0 (E.L.equation)
2y(1+ﬂ)——d (2y)=0

dx

2y(l+/1)—2y":0
y'—=(1+4)y=0;»(0)=»(1)=0
y"-A'y=0 ; /1':(1+/1)

Itis S.L. B.V.P.
For non-trivial solution

A'<0 i.e. A'=—p° & solution will be
y=C, cos px+C,sin p(x)
y(0)=0=C =0
y(1)=0=C,sinp=0=sinp=0

= p=nm;nell/{0}

y=C, sinnzx

S={C,sinnzx|nel\{0}}

28

Now j;yzdle = ijolsin2 nrxdx =1

sftl—cos2nz
: njofdx—l
sin2nm x 1
x_i
C’ 2nr -1
= 2

0

- ij%:l:an:2:>Cn=i\/§

= y=i\/§sinn7rx

=  ¢(x)=t2sinnzx
¢(lj—+ 2sinﬂ
= 20~ 2

1
For n=1,3,5,... ¢(_j:i\/§

2

& for n=2,4,6,... ¢(_j=0

So set {¢(%j pe S} = {\/3,0,\/5} .
So, option (4) is correct.
Q 30. Ans (3) (Topology)
Q31.Ans (4)

B:R*xR*— R is given by

B(x,¥) = X5 + 2,0, =X, = X0y 5

x=(x1,x2,x3,x4)&, y=(y1,y2,y3,y4)

Now matrix of Bilinear form is 4= [a!/ } e
such that

a, :B(ai,aj);ai =(0,-0,1,0);i,/=1,2,3,4
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convergent.
Y 1
% _(1’0’0’0) (0.1,0,0) (0’0’1’0)(0»0’051_) Also series converges Vx s.t. |X| < E
(1, 0,0,0) 0 0 1 0 so, option (4) is correct only.
Q 33. Ans (3)
(0.,0,0)| 0 0 | Given property
— 4= (A)  Every non-trivial group homomorphism from
0,0,1,0)| _g 0 0 0 G to any group is injective.
(O, 0, 0,1) 0 » 0 0 Since A; is simple group, whose normal sub-
— — groups are given by
So, A is real orthogonal and skew symmetric H, = {]d} and H, = A,
matrix whose eigenvalues are i,i,—I&—i & Let f be non-trivial group homomorpshim
N\ 2 N\2
det(A) = (l) (—l) =1 from A; to G where G is any group.
So option (1) & (2) are wrong,. ie. f:A4;,— G is non-trivial
B(x,x)=xx,+x,x,—x.x, —x,x, =0
( ) 143 T Ay T A3 T A, —  ker f# 4,
VxeR*
So, option (3) is false. As we know that ker f'<.4.
Now if x # () then at least one X, is non-zero, = ker f = {1 d}
so corresponding factor of exactly one non- -  fis1-1
zero X, take ), =0 and rest y, should be option (3) is correct.
4 Option (1),(2) and (4) are non-simple groups,
taken as O then, JyeR" such that hence there exist a non-trivial normal sub-
groups.
B (x,y ) #0. Since normal subgroup are kernal of some
So, option (4) is correct. group homomorphism
—  There exist a group homomorphim with ker-
Q 32. Ans (4) nel as non-trivial normal subgroups.
For power series .
= [ is not one-one for some group homomor-
z i X" phism from Z, or S, or D; to G.
n=1 (n+1) so, options (1), (2) and (4) are incorrect.
so, option (3) is correct only.
n" 1 n"
a, = - =a,|r = . Q 34. Ans (2)
(n + l)n (n + 1) Cauchy problem
{ ! xux+yuy:y;(x,y)¢(0,0)
lim|a, |» =lim =—
I e &,u(x,l):\/l+x2,xeR

So radius of convergence of the power series

) 1
is —/=¢€

1/e
So, the power series converges absolutely

Vx e R s.t. |x| =e & VxeR s.t. |x| > e power
series is not convergent.
Hence at x =3 & at x =5 power series is not

29

=

has auxiliary equation
dx dy du

y ’ (1)

X u

From (1) & (2) %zCl & from 1 & (3) %=C2

o3)uten=so(3)
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=

=

u(x1) =1+ x* :>x¢Gj=x 1+Gj2

o) =)

2
u(x,y)=x 1_{2) =x*+)°
x

As, u(l,O)zl,u(l,y):«/1+y2 , 50 (1) & (3) are false.

=

u(xlayl):”(xzayz):\/x12+y12 = \/x2+y2

X+l =x2+y2. So (2) is true & (4) is false.

So, option (2) is correct.

Q 35.
Q 36.
Q37.

Q 38.

Q 39.

Ans (3) (Statistics)
Ans (3) (Statistics)
Ans (4) (Statistics)

Ans (4)

2 2 2
. el Ix, +x5+...+X
hm.[ I J- L2 L dx,,...,dx
no0d0d0 S0 x +x, +..+ X,

n

j()l x* dx

- ( By central limit theorem.)

J.;xdx

_U3.2
1/2 °3°

So, option (4) is correct.
Ans (1)
b2 (x) =e

2x

is a solution of ODE

2

x‘:l Y (3+4x) Y 1+ (4x+6)y=0

2 - dx (1)
Now we know that if ), (x) is a solution of
a,y"+Py'+Qy =0 thenit’s second solution
Y, (x) is

Jat

1 —
J’2:y1J‘76
|

30

Q 40.

Q41.

B —(3+4x)x
1 ej o

dx

V2 :esz‘

e4x

1
:eZXJ- e3lnx+4x dx
e4x

4x 3 4

wre X e X
e"j - dx=e" . —
e 4

2 4
e x

4

»(x)=

»(x)=

B 27 xt +4x7 &>
- 4
(x+2) B e x3(x+2)

4 2

¥, (x)

2@2Xx3

+ | — -+
2 0

sign scheme of y, (x)

So, ¥, (x) is strictly increasing in (O,OO) SO
option (1) is correct and option (3) is incor-
4
2% X
rect . Also, € ), (X) :T_) © as x — o
So, option (2) & (4) are incorrect.

Ans (3)

Ans (4)

Solution of

u,—u_=0;xeR;t>0 satisfying the given

given wave equation

condition u ((),l‘ ) =0; Vt>0 will be particu-

larly of the form u(x,t) =X (1)

So, from (1) u(t,t)=1>0

‘ot >0 is given , so option (1) is false.
For x =—¢, u(x,t)=—t<0

So option (2) is false.
u(—x,l):—xix:u(x,t)

So, option (3) is false

u(—x,t) :—x:—u(x,t);O <x<t

So, option (4) is true only.

www.anandinstitute.org



ANAND'S |||

7T

1M

Developing Excellence ..

Q42.

Q43.

Q 44.

Q45.

Q46.

Ans (1)
H is upper half plane & f:H — C is non
constant holomorphic function such that

‘f(Z)‘<1 forall ; ¢ [, so

f(z)zaei‘”j;ii;a <LkeR,peR
f'(z):aei¢ (Z+ki)_(z_ik): ae’2ki
(Z+ki)2 (Z+ki)2
ae?2ki

= :>limf'(iy):0

y—©

Ty

Ans (3) (Statistics)

Ans (2)
dl,, =— z"z" dz
m,ne N an n =5 e
(& :|Z| =1
z=¢"

N A

On C:z=¢Y =dz=ié’df & 7 =

1 2z ]
- j l.el(m+1—n)0d0
0=0

1 2z

ei(nHl—n)Hde

27i 2,

=0if m+1-n=0
=1ifm+1-n=0

So, I, =lif m+l-n=01ie m+l=n.
Ans (1)
Ans (3)
X
£ (x)= xe[—l,O]

=

Q47.

31

1-x

an(x) is continuous in [—1,0] but it’s
n=0

sum function S(x) is not continuous in

[—1,0], so convergence is not uniform.

xe[—l,O]
= 1—xe[1,2]

) (l—x) > 0in [—1,0]

Hence an(x)‘:O;x:O
n=0
=y
_I_L_ - =(1-x); xe[-1,0)
1-x

|x| =—X; Vxe[—l,O)

So an (x ) is absolutely convergent.
n=0
Hence option (3) is correct.

Ans (3)
Recall the result.

R
Let R be C.R.U. then —is L.D. iff I is prime

1
Clx,y Clx,y
ideal ()[c, y>] ~C= <)[c,y>] is an Integral
domain .
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Clxy] o Clxy]
Gry) O Teey)

is an I.D.

The ideal [ = <xy—1> is generated by an ir-

reducible polynomial in C[x, y]

C [x, y
= m is field

C [x, y]
= <xy——l is an I.D.
So,options (1), (2) and (4) are false.

option (3) is correct ,
Since the ideal <x2 + y2> is not prime ideal.
As (x+iy)(x—iy)e <x2 +y2> but
(x+iy),(x—iy)(£<x2 +y2>

C[x,y] '
= <x2 +y2> is not I.D.

option (3) is correct ,
Q 48. Ans (4)
Q 49. Ans (3) (Statistics)

Q 50. Ans (1)

e"+e" . . e +e"
a,=———=lima, =lim———
2 n—o0 n—>0
0+0
= = 00
2

So, sequence {an} diverges to oo, hence for
each xeR,dne N st. a,>x; Vm=n

so, dne N s.t. a, > x. So, option (1) is cor-
rect and option (2) is incorrect.

en+1 + e—(rﬁ-l)

e +e”

a}'l
Also bn ==

n

s (1 4o A ) e(l + efz(n+1))

O (1+e™) T irer

32

Q51.

e(1+e_2("+l))
limb =1lim
S e
=e

So, {b

n

} converges to e and all terms of {bn}
are positive so for x =100000 € R, there is

nons.t a >Xx.
So option (3) is false.
and also for x =—], thereisno n s.t. a, <x

So, option (4) is false.
Hence option (1) is correct only.

Ans (2)

YN 2 2 7
Row space of the matrix <.~ 31 4

over field R ,«s subspace of R3 generated by

vectors (2,2,7) & (3,1,4),
i.e. Rowspace (A)ZL({(2,2,7),(3,1,4)})

Now if u = (a,b,c) € R’ is non-zero vector ly-

ing in orthogonal complement of
Rowspace(A) then

<(a,b,c),(2, 2,7)> =0 &

((a.b.c).(3,1,4))=0

2a+2b+7¢=0
3a+b+4c=0

a b ¢
—:—:—:K

1 13 4 (say) then
a=K,b=13K & c=-4K
So,

la+b+c|=|K+13K—4K|=[10K| =10|K]|
Now, a,b,c are integers, and (a,b,c) is non-
zero vector, so minimum value of |a +b+ c|

= mi{n}(10|K|)=10(|—1|)=10_

Kell{0

So option (2) is correct.
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Q 52. Ans (4) (Statistics)

1 a ab
Q 53. Ans (2) & B=|bc 1 b
Q54. Ans (4) c ca 1
0 a0 a b ¢ = (lsl)m element of B* =1% + gbc + abc
A=|0 0 b|:(L2),(2,3),(3.1) 320
¢ 00 So, B> #0
[0 0 ab = Rank (32)21 2)
ab be ca
2 _ .
N A =|bc 0 0 |; (1,3),(2,1),(3,2) (1) & (2) = Rank (Bz):l
-0 ca 0 Hence option (4) is correct only.
abc 0 0 1 0 Q55. Ans (3)
A= 0 abc 0 |=1=|0 1 (& (K i
= A=lim| > fI—|-n| f(x)dx
| 0 0 abc 0 0 ool &=\ n 0
abc =1 1 K 1
=limn| — — |- x)dx
= B=A+A4+ A4 o [nK=1f(nj jof( ) J
abc a ab \
=|bc abc b l(f(l +f(g)+___+f(ﬁjj
c ca abc n n n n
Now by elementary row transformations f(()).,.f(lj (lj (2
. 1 1/n n 2/n n n
R, >R, —aR, & R, >R,~c¢R, and using = }11132” J-o fd)ﬁ-jw 5
abc =1 we get - _
dewit
abeaab M e NI A VD s
B~ 0 0 0 . i 2
0 O 0
So, Rank (B) =1 l(f(lj+f(zj++f(ﬁjj
n n n n
and hence det(B) =0 _ 1 nel "
So, options (1) & (3) are false =11_r,2n 1 f(0)+2(f(nj++f(njj+f(n]
Also A’ =1 = A’ is non-singular matrix, so _; 2
4|20 = 4]0 i |
= |A| =0
So, option (2) is false. { f(nJ—f(O)
. n
Also Rank (3)213 Rank (BZ)SI (1) =}l1_r)g;” - 5

33 www.anandinstitute.org




Q 59. Ans (1)
£(1)-r(0) sin(lz)—sin(Oz)
= > = > Given D.E. is
: d’y dy .
:sm(l) '.'f(x):sinxz Wer(x)avLe y=0,xeR (1)

2

Hence option (3) is correct only.

Q 56. Ans (4)

From the above figure

A\(B\C)=(4\B)U(4NC).

Hence option (4) is correct only.
Q57.Ans (1)

Q58. Ans (1)

Given V =M;(R)
& S={AB~BA[A,BeV}
W =L(S)
Also T': 7 —» R is linear transformation such
that T(A4)=1r(4)
So, kernel of T or null space of T is
ker(T)={4eV|ir(4)=0} (1)
Also tr(AB—BA)=tr(AB)~tr(BA)

=0 - tr(AB) = tr(BA)

So, § is collection of all matrices from J/
whose trace is O.

Hence, W = ker(T) )

So, option (1) is correct.

34

to convert it into D.E. with constant coeffi-

cient with independent variable S =S (x) &

ds

E(O)=1 we take §=¢* so that
ds

—(0)=¢" =1

dx( ) ¢ x=0

dy _dy ds . dy _dy

—_ =

So, dx_g'dx ¢ ds ds
d’y _i(ﬂ)_i(ﬂj ds
dx* de\dx ds\ dx ) dx

2
=i(sﬂj.s=s2 d—{ +sﬂ
ds\, ds ds ds

So, (1) becomes

Which will be D.E. with constant coefficient

1+p(x)

of is constant

1+ p(x)

X

e

is constant

e’ (1+ p(x)) is constant

So option (1) is correct.
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Q 60. Ans (3)

(2)

(4)

It is well known results in number theory.

If gcd(n,¢(n))>l, then there exist more

than one up to isomorphic or non-isomorphic
groups.

Option (3) is correct.

(1) is not correct since G(15)21 but 15 is
not prime.

G(8) =5, ie. if O(G) =8, then there exist
exactly 5-non isomorphic group of order 8

G(8)=5
Option (2) is not correct.

From the justification for option (2), we con-
clude that option (4) is not correct.
OR

Also we can say that if O(G) is sufficierly

large then number of non-abelian groups ex-
ponentially increasing.

Hence option (3) is correct only.

PART “C”
Q 61. Ans (3) (Statistics)

Q 62. Ans (2) (3) (4)
f(x) inter polates the data (—1,2),(0,1) and

(1, 2) , so by the Forward difference table ,

x| Y A | A?
~1| 2
-1
0| 1 2
1
1| 2

and step length is =] , by Newton’s For-
ward difference formula ,

plp-1)

f(x)=2+(—l)p+2 Y

where\x=—1+p(1) = p=x+1
f(x)=2=(x+1)+x(x+1)
= f(x)=x"+1 (1)
Also f(x)+g(x) is interpolated by

(—1,2),(0,1),(1,2) and (2,17) so it’s forward
difference table will be as follows
A2

x|y A Al

14
15

p(p_l)Az

y(x)=rtpAy =

= Yot

p(p-1)(r-2)
3!

where x=x,+ ph ;x,=—-1&h=1

A? Yo

35
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x=—l+pl=p=x+1.

f(x)+g(x)=2—(x+1)+x(x+l)

+2x(x2 —1) (2)
from (1) & (2) (infact (2) - (1))
g(x):Zx(x2—1) (3)

Now f(5)=5"+1=26; f(1)=1"+1=2 &

g(3)=6(3"-1)=48.
So,

(1) /(5)+g(3)=26+48=74

(2)

Q63.

So option (1) is incorrect.
21(5)-g(3)=2x26-48=4
So, option (2) is correct.
f(1)+g(3)=2+48=50

So, option (3) is correct.
f(5)+g(3)=26+48=74

So, option (4) is correct.
Hence, options 2,3 & 4 are correct only.

Ans (1) (2) (3)
f:C—C is an entire function; so by
Mclaurin’s expansion

f(z) =a,+az+a,z’ +a;z va,zt +... (1)
fiz)=a,+iaz=a,2" —ia,z’ +a,z" +... (2)
(1) & (2)

a, =aya;=1a,,a, =—a,,a, = —id,,d, = a,...
a=a,=a,=a;,=0a,=a,=...=0

& a,,a,,d, ... can be any complex value.

Hence, f(z)=a,+a,z"' +az’ +... (3)

So, f(-z)=a,+a,z" +a;"+..= f(z)
So, f(Z) = f(—Z) , option (1) is correct.
Also, from (3), f'(O) :f"(()) Zf'"(O) =0

option (2) is correct.
Also, if we take

g(z) =aq,+ a4z4 + agz8 then it is entire func-

tions and f(Z) = g(24) forall zec
So, option (3) is correct.
36

As f (Z) =z" also satisfy the conditions so,

f is not necessarily constant function.
So, option (4) is incorrect.

Hence, options 1,2 & 3 are correct only.

Q 64.

Q65.
Q66.

Q67.

Ans (4)
Given )M = 4B - BA

ad ae+cf
AB =
0 bf
ad cd+be
& BA=
0 bf

So, if a,b,d & f are distinct, then 4 & B are

diagonalisable over R but M need not be
diagonalisable as A.M. of e.v. of M will be 2
and it’s G.M. can be 1.

Also M as seen from above need not be scalar
matrix.

M = AB—-BA

tr(M)=tr(AB—BA)
=tr(AB)—tr(BA):0

So if eigenvalues of M are x&y then

x+y=0 = y=—x
So, characteristic polynomial of M will be

c(t) = (t—x)(t +x) =t —x

By Cayley Hamilton theorem.
C(M)=0=>M*-xI=0=>M>=x]
JAeR st. M2 =,]

So, option (4) is correct.
Ans (2) (Statistics)
Ans (1) (2) (Statistics)

Ans (1) (2) (3) (4)

1
x’sin—; x#0
f(x)= x
0 ;x

0
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— limf(x)zlimx2 sinl:O,

x—0 x—0 X

So it exist. so option (1) is correct.

Also, ygr(}f(x):():f(o), so f is continu-
ous at ().

So, option (2) is correct.
-f(0
Now f'(o)zilirolf(x)g_g( )

xzsinl—O

=lim X —limxsin—=0
x—0 X x—0 X

so f is differentiable at 0.
Further

.1 1
' 2xsin——cos—; x#0
f(x)= x X
0 ;x=0
Hence, options 1,2,3 & 4 are correct

Q 68. Ans (2) (3)

For beR, y, =y, (x) is the unique solution

of L.LV.P.
dJ/_ 5 4 3 2
oo APy +y+1, y(0)=b de-
fined on it’s maximal interval of existence
I,; then
dy 4 2
—=y"+y +1)(y+1
i (y*+y7+1)(y+1)
d
At critical points 2 0 ie.
dx

(r+) (¥ +y"+1)=0=y+1=0=y=-1

y*+ 3> +1=0 has no real roots.

S.D. S.IL
_ +
I
-1
sign scheme of dy
dx

37

Q 69.

So, ¥ is S.I in [-1,®) & S.D. in (—0,~1]

BEBINE
YL VT
R

=—1

}

Hence the solution is bounded below in

[—1,00) sovalso in (0,00) & solution is

bounded above in (—oo,—l] so in (—O0,0).

Hence option 2 & 3 are correct only.

Ans (1) (4)

f;); +5%+6y :sin(e"s"),x>0
X x

(D*+5D+6)y=sin(e™")

It’s auxiliary equation is > +5m+6=0

:>(m+2)(m+3):0:>m:—2,—3 so it’s

complementary function is

y=Ce " +C,e™ (1)
It’s particular intergral is

_ 1 : —5x
TS
_ (D+3)_(D+2)sin(e‘5")

(D+2)(D+3)

1 s» 1 s»

= (D+2)s1n(e : )—D+3sm(e ° )
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Ie“ sin(e*S" )dx 2)
So, it’s general solution is
y=Ce*+Ce " +e* Iezx sin(efsx)dx

—3x 3x —5x
+e Ie s1n(e )dx (3)
Nowas x > w,e" — 0
So, sin(e_s") -0
As x >0 Ce ™, Ce™, e"zxjezx sin (e‘sx ) dx
& e_3x_[ e sin(e’s" )dx all tends to O.

So, y — 0 i.e. solution of ode tends to 0. So
option (4) is correct.

Alsoin (0, oo) ; Clefzx, Cze%x are bounded and
J.O e sin(e_s" )dx & _[O esinedx are

inproper integral which are convergent, so
they are bounded so option (1) is correct.

Hence options 1 & 4 are correct only.

Q 70. Ans (1) (4) (Statistics)
Q71. Ans (1) (2)
Given quadrature formula is

Xo+h

;[f(x)dleh(f(x0)+f(xo+h)+

i (f"(x,)+ £ (x+h)) (1)

For f(x)zl equation (1) becomes

Xgt+h
[ 1dx=2h(1+1)+ph*(0+0)

Xo

= h=2Ah=21=1=1=1/2 2)

For f(x)zx equation (1) becomes

Xo+h
[ xdc=2h(2x,+h)+ph* (0+0)
(xo—i-h)z—x2 1 1

Vo th) =% o him ke d=e
= 2 01Ty 2

which is identity.

For f (x) = xz, equation (1) becomes

38

Xo+h
I x* dx :/Nz(xo2 +(x, +h)2)+ph3 (2+2)

X0

(xo +h)3—x3 :ﬁ

2 2 3
= 3 2(2x0+2hx0+h )+4ph
2 2
h((x0+h) +x0+x0(x0+h))
= =
3
2 2 3 1
hx0+h )C0+h (E+4pj (3)
From (3) by equating coefficient of }3, we get
1 1 -1 1 -1
—=—+4p=>4p=—"i+—=—
3 2 PTRPTRTET
__ L
= P A (4)
From (2) & (4)
1 1
2A424p=2x—+24x| — |=1-1=0
(1) P=27y ( 24)
so option (1) is correct.
TA-12 —7xl—12x(—ij
@ P=173 24
2 4
so option (2) is correct.
1 1
2A+424p=2x—+4+24x| — |=0
©) P=y ( 24}
so option (3) is incorrect.
1 1
) P=73 ( 24}

so option (4) is incorrect
So options (1) & (2) are correct only.

Q 72. Ans (1) (3)

Given vector space is C [(), ﬂ](R)

Now gin x is non-zero vector from C [0,72’],

cosx cannot be spanned by sinx, sin®x
cannot be spanned by sin x & cos x » & cos’ x

cannot be spanned by sin x, cOSX & sin? x
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so setS = {sin x,cos x,sin” x, cos’ x} is lin- Also, B = {f ed|lf(1)= 0}
early independent set of vectors. Also i.(; set oflall linear function on V which van-
ishes at 1.
W=L(S),so § is abasis of }J. . .
_ (5) 5 d so, dim(B)=dim(4)-1
(option 1)
R =4-1=3
”Sm x” - <Sm X, SN x> So, option (2) is correct.
T, xz o, As 5EA&hence if we take f:a then for
= I sin” xdx = \/ZJ. sin” x dx
‘ ‘ this f € 4, image of A will be zero dimen-
1 7 T sional subspace of Q-vector space.
= 255 = 5 By Walhi’s theorem So, option (4) is incorrect.
Also () ¢ B and for this f € B
SO gin x is not unit vector. ]
Hence S is not orthonormal basis. dimker f=4-0=4
(option 2 is incorrect) So option (1) is incorrect.
. So options (2) & (3) are correct only.
Now if we take f(x)=sinx & g(x)=cosx P (2) & (3) Y
. 76. Ans (1) (2) (3) (4
then <f,g>:<smx,cosx>: Q (1) 2)(3)(4)
p(z) is non constant polynomial.
T, 7 sin 2x cos2x|” ~
j-o sin xcos x dx=j0 5 dx = 52 For giveni\R >0
X
0
S, :{zeC:‘p(z)‘<R}
— l(l — 1) =0 As perimage of open set under non constant
4 .
So, option (3) is correct analytic function is open set and ‘ p(z)‘ <R
. i t.
As dlm(W) =4, so S do not.contain an or- 1S open se
thonormal basis, as all vectors of S are not So, S .1S an o.pen set.
unit vector, so-option (4) is false. So, option (1) is correct.
So option (4) is false. .
Hence options 1 & 3 are correct only. Also ‘p (Z)‘ <R is bounded set
Q 73. Ans (2) (3) (Statistics) So, S, is also bounded set.
So, option (2) is correct.
Q 74. Ans (1) (3) Also, boundary of open set will be mapped into
boundary of it’s image, so for every z on the
Q 75. Ans (2) (5)

Given vector space is V(Q) where

V:L({l,x,xz,x3}) and dim) =4

A= { f:V > Q]| fis aQ-linear transformation}

=L(V(0).0(0))=Hom(V(0),0(0Q))
dim 4 = dim(L(7 (0).0(0)))

=dimV (Q).dimQ(Q)
=4x1=4

So, option (3) is correct.

Q77.

39

boundary of Sj , ‘p(z)‘ =R

So, option (3) is correct.

As, ‘p(z)‘ <R, so p(Z) =0 will satisfy it , so
every connected component of S, contains

a zero of p(z) .

So option (4) is correct.
Hence all four options are correct.

Ans (1) (3)

2
Set S:{

2024

o Q|QEQ} is dense set in R .
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Q78.
Q 79.

Q 80.

ie. §=R,so Vx,yeR, (x,y) contains at

least one point of S, else S’ +R

2024

Hence there exist r € 0 s.t. X< r<y

hence option (1) is correct.

If we take a, =2logn then

al’l

lim sup =limsup2=2=L ¢
n—>0 log n n—»0

limsupa, =limsup2logn= oo

so option (2) is incorrect.

The set of all finite subsets of Q has num-
ber of elements in it which is bounded above,

BT

o8

so cardinality of this set will be Z
i=0

fixed natural number.

Qc‘. ‘ is

Now as Q is countably infinite so Z
i=0

also countably infinite.
So, option (3) is correct.
If S is set of all continuous functions from R

to {0,1} then S:{f,g} where
f(x)=0;VxeR & g(x)=1VxeR

So, |S| =2 i.e. S'is finite set , hence option
(4) is incorrect.

So, option (1) & (3) are correct only.

Ans (2) (4) (Statistics)

Ans (1) (2) (Statistics)

Ans (1) (2) (3) (4)

If [ (0,1]—) R is monotonic function, so

f is Riemann integrable in [(),1]
So, option (1) is correct.
As f is monotonic, so it’s set of discontinu-

ity is countable set, so it cannot contain a
non-empty open set which is uncountable.
so, option (2) is correct.

F is Riemann integrable, so it is also
Lebesgue integrable, & Lebesgue measurable
So, option (3) is correct.

40

(4)  f is monotonic, so f is a Borel measurable

function.

So, option (4) is correct.
So, all four options are correct.
Q 81. Ans (1) (2) (3) (Topology)

Q 82. Ans (1) (2) (3)
F(x): i f(x+h) ;XER

= f(x=2)+f(x+1)+f(x)+ f(x+1)+

f(x+2)+...

Also f(x):() if x<0 & x>1
F: 0 0 0o 0 0 0
JO42) S ) f() 2D S (3=2),
2 - 0 1 2 3

= F(x)zO s xel

f(x—K);xe(K,K+l);Kel

VK el
lim F (x) = f(K-(K-1))=/(1)=0
lim F(x)=f(K-K)=/(0)=0

So, F (x) is continuous at J .

Also at R\ it is obviously continuous.

Also F (x) is continuous periodic function
with period 1, so F (x) is uniformly continu-
ousin R.

Also Range (F(x)) in R is equal to Range
(F(x))in [0,1] so it is bounded.

Q 83. (1) (2) (3) (Markov Chain)

Q 84. Ans (1) (2) (4)

xzy

im ———+e”
(x2)=(0.0) x* 4 y

along family of parabolas y = mx® becomes

) mx* m
lim

x—0 (1 +m? ) < - 1+ m? Which is dependent

on parameter m , so limit does not exist
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hence f (x, y) is not continuous at (0,0)
so f (x, y) is not differentiable at (O, 0) , but
f(x,y) is differentiable in R’ \{(0,0)} )

Also D.D at (0,0) ie.

£ cos® Bsin 0 4 pleostsind
£ (tz cos® @ +sin’ 9)

D,f(0,0) = lim

t—0" t
. COS2 9 Sin 9 12 sin@cos O 1
:hn} 2 4 o lime—_ (1)
10 (t cos” @ +sin 6’) v p
2 .
. cos” @sin @
lim —— ——=0,0=0,7
0" t“ cos” @ +sin” @
2
cos @
=— ;0#0,7
sin @
etz sin @cos @ _1 O
for Iim ——— — case
t—>0" t 0
_ el 0t nrgin@cos 6
=lim =0
t—0" 1
Ve [0, 27[)

Hence in (1) both part exist, so

All the directional derivatives of f exits at (0,0)
So, option (1),(2) & (4) are correct only.

Q 85. Ans (2) (Topology)

Q 86. Ans (2) (3)

0 0 1
A=|1 0 0 has non-zero entries at
010

(1,3),(3,2) &(2,1) as 1.
So 4? has non-zero entries as |x]=1 at

(1,2),(3,1) &(2,3) only.

i.e.

0
A*=|0
1

o o =

0
1
0

41

Q87.
Qss.

Q 89.

and 4° has non-zero entries as 1 at
(1,1),(2,2)&(3,3).50 4 =7.

Hence A —1=0 :x3_1:f(x) is an an-
nihilating polynomial of A.

So, minimal polynomial m(x) of A divides
x -1
m(x)|(x3—1)=(x—1)(x—w)(x—w2)

So, Lw& w? are possible eigenvalues of A.

Also lr(A):0:> eigenvalues of A are

Lw&w?

m(x):(x—l)(x—w)(x—wz).

So, A is diagonalisable lover C but not
diagonalisable over R:

0 0-1.40

I 00 0
B =

01 0 O

0 0 0 1

has non-zero entries 1 at (1,3),(3,2),(2,1)&,

(4.4)
hence B? — J & B is real orthogonal matrix,
so it is diagonalisable over C.

Also * _1 is an annihilating polynomial of
B, so again possible eigenvalue of B will be

l,Lw&w*, so eigenvalues of B will be

LLw& w? so it is not diagonalisable over R.

Ans (2) (3) (Statistics)

Ans (1) (3) (4) (Statistics)

Ans (1) (2) (3)

Given f:C\{—l,l} — C is a holomorphic

function and range of f do not contain any
value from the set.

S={zeC:z-1<1}

i.e.
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Q 90.

So by restriction of use of Liouville’s theo-

rem f (Z) is a constant function.

So, f(z) is bounded and

limf(z)&lzigrllf(z) both exist, so f(z) has

z—l

removable singularities at —]1 &1 -
So, option 1,2 & 3 are correct only.

Ans (1) (2)
Recall the definition.

G is said to be divisible if for every y € G and

every positive integer n. 3 x € G such that
xX'=y.

so, options (1) & (2) are true

Let ye(Q, and for each peN.we have,
X'=y=>nx=y

:x:XEQ

n

Clearly, X = % €Q for each e N
For each ye () and each e N
dxeQ such that x" =y

(Q,+) is divisible group
Option (3) and (4) are not true.

Z, for p>1 is not divisible..

If we take TZ(I 23 4)€S5 then for =2,
AxeS; such that x* =(123 4)

Since 2 is always even permutation for all

x e S5 but (1 23 4) is an odd permutation.

So, options 1 & 2 are correct only.

42

Q91. Ans (3)(4)

S (b) is set of all broken extremals with one

corner of the variational problem,
minimize J[y] = Iol((y ')4 -3 (y ')2 ) dx

subject to y(O) = O;y(l) =6.
It should have jump discontinuity at point

ce(O,l)

Here F(x, y,y') = (y')4 —3(y')2 which is in-

dependent of x& y .
So, it’s solution will be

-]

where y(0)=0 & y(l)=b
m.0+C,=0=C =0

mx+C, ;0<x<C
m,x+C,; C<x<l1

y()=b=>m,+C,=b=C,=b—m,
B mx ; 0<x<C
¥(x)= m,(x=1)+b; C<x<l (1)

where at x =c¢
¥ should be continuous
F should be continuous

oF

; should be continuous
Y

For (i) Continuity of y at C
mC=m,(C—1)+b

(m,—m,)C =—m,+b
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ie. m =-m, or m! +m; =3 (4)
From (3) 4ml3 —6m, =4m; =6m,
4(m13—m§):6(m1—m2)

2(m, —mZ)(ml2 +m; +mlm2):3(m1 —m,)

(m1 —mz)(ml2 +n122 +mm, —%):0

m, =m, (not possible) , so (i)
2 2

m; +nm5 +mm, = E (5)

From (4) & (5)

3
mlz—m2:>m12:—:>m1:i

N‘&

ST TR (i)
e e
m=———=m,=——
2 2

2 2
Also, m] +m; =3 & my +m; +mm, )

mm, =——

(m,+m,)’ =3+2(‘73j=0

43

b—m = m+m,=0=>m=-m
C= 2 '.'Ce(O,l) 1 T | 2
n 3 3
Somy—m, #0 So, ml=7:>mz:_7
:>m1¢m2 \/E 3
For slopes of lines & m1:—7:>m2 :7
F(yv)zyv4_3y12=0:>m4_3m2=0 (2) .
c= = e(0,1)
oF Also m—m
=4y -6y'=0=4m’ —6m=0 (3 L= m
i b—m
2
From (2) m! —3m? = m} —3m? - 0<ml_m2<1 =m,<b<m,
4 4 _ 2 2
M1_m2—3(m1 mZ) or0< m, <1 :>ml<b<m2
(mlz—mzz)(m12+m§—3):0 m, —m,
my +my =3 or m =+m, Hence ——3<b<§ (6)

If p =2 then condition (6) is not satisfied

So, S(b) is empty set
Hence option (1) is incorrect and option (3) is
correct.

1
If b= 5 then it satisfy condition (6) and in

this case

3
If ml:? then broken extremal is

3 :0< <\/§+1
PNE)
_ﬁ(x—l)+l- \/§+1<

2 27 23 7

5 =

y:

x<1

If m= T then broken extremal is

B g3l

5 =

be 2 23
ﬁ(x—l)+l; ﬁ_ISxSI
2 27 23
1
Hence S(EJZZ
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So option (2) is incorrect and option (4) is cor-
rect. Also diagram of broken extremals are

Y
*f [fﬁl’ﬁflj
13)
(0,0) X
Y
4 8
(0.0) *

V-1 431
(zﬁw]

So, options 3 & 4 are correct only.
Q 92. Ans (4)

Maximise P = X, + X, (1)
S.it. x,+x,+2x; <5 (2)
2x, —3x; 21 (3)
X, +x,<0 (4)
x20,x,20&x;,=20 (5)

from (4) & (5) we get x, =x; =0
So eq- (3) becomes X, >1/2 & eq-(2) becomes

x <5

In feasible region

S:{(xl,xz,x3)|%éxl <5,x, =X, :0}

sz{(x,o,o)ueB,s}

44

J

So, optimal point is (5,0,0) & Maximum

value of P=5+0=5
i.e. optimal solution is 5.
Also corner points of Feasible region are

(%,o,oj&(s,o,o),

So option (4) is correct only.

. Ans (3) (4)
dx -2t
i —=x-4e
Given at y (1)
dy _ o
i y (2)
x(0)=1, y(0)=1 (L.C.)
dzy 2 dx 21 34
F 2 =e —+2e
rom (2) 72 dt dt
2 dy
2t —2t 2t
F 1 =e"(x—4e +2e" x——
romi (1) —5 = ¢ ( ») -
Y _a dy
=3xe” —4y——
? Y
d’y _(dy j y
_3 _y
dt* (dt ) a
2
d—f—zd—y+ =0
dt dt
(D*-2D+1)y=0=(D-1) y=0
y=Ce' +C,te 3)
Q:CIet+C2e’+tC2 e
dt
dy\
x=|y+—|e
(y drj
x= (2C1et +2C,te' + C,e' )eiZt
x=2Ce " +2Cte" +Che” (4)

y(0)=1=¢ =1
0)=1=2C,+C,=1=C,=-1

x(
x(t)=e'-2te" & y(t)=¢' —te
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limtfzx(t)y(t) =

t—o

e’ -2t e_t)(e' —tet)

1
=lim—(1-¢-2t+27*)=2
t—>0 t
So, option (4) is correct & option (1) is incor-
rect.

Also x(l) =—¢ ;x(1/2) =0

1/2

y(1/2)= ;e & y(1)=0

so option (3) is correct & option (2) is incor-
rect.

So, options 3 & 4 are correct only.

Q 94. Ans (1) (3) (Statistics)

Q95. Ans (1) (3)

(1)

(2)

VYnz2, T:-C" — C" is a C-linear transfor-
mation.

Also V is a subspace of (" such that
T(V)cV

Let basis of V be B, ={a,,,,....,a, | (i
which is linearly independent.set of vectors

from (", so it can be extended to form a ba-

sis of (" by extension theorem, so let basis

={a, .0, B, Prsecs B}
dim(C"(C))=n
Let W=L({,Bl,ﬂ2,...,ﬂ”7m}) then

BW :{ﬁpﬂz,---,ﬁn_m} will be basis of sub-

of C" be Bc"

(i)

space W of C".
Also for this choice of subspace W,

"=V +w & VW ={0}
As C" =V ®W

So option (1) is correct.
If we take 7:C?* = (C? as

T(Z,,2,)=(22,,3Z,+4Z,);n
7(0,1)=(0,4) & T'(1,0)=(2,3)

=2 then

Now if V' = L({(O,l)}) then

45

Q96.

T(V)={K(0,4)| K e C} =¥ butif we want

C’=V+W & VﬂWZ{O} then W can be

L{{(L0))) but 709) = L({(2.3)}) s ()

is not subset of W.
so, option (2) is incorrect.

If 3K e N s.t. 7K
product on (" and take Jy = J/+ i.e. orthogo-

— J then define an inner

nal complement of V.
Since 7K — so T is invertible.

As we know that for we W and ye) , we

have <T(W),V> = <w, 7! (v)>

Since T(V)gV&TK LT (v)cV

V)={mT" (v)) =0

T’I(V)CV

(T(w).%)=0 =T (w)cW
T(w)cw
Also C" =V ®W

So option (3) is correct.

Cc"=C?

v =L({(1,0)}) & W =L({(0,1)}) and

T(a)=2a then T(V)=L({(2,0)})cV &

If we take

T(W):L({(O,2)})<;W & C2=V QW ie.

C?=v+w & VNW={0}.
T=2] .AKeN st. 7K _|

so option (4) is incorrect.
Hence options (1) & (3) are correct only.

Ans (1) (2) (3)
Given I.B.V.P is

2
%z%;(x,t)e(o,l)x(o,oo)
u(x,O) = 4x(1—x) ;X €E [O,l]
u(0,¢)=u(1,—)=0;¢>0

It is Heat equation of finite length
So, it’s solution is
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u(x,t):iDn sinnzx.e X" (1)

n=1

So limu(x,t) =0 '.'lime_K"z”“ -0
t—©

t—>0

So option (1) is correct.
From (1)

u(x,O)ziDn sinnzr =4x(1-x) )

n=1

u(l—x,O)ziDn sinnz(l-x)=4(1-x)x

n=1

3)
u(l-x,0)= i(—l)mDn sin nzrx
n=1

From (2) & (3)
u(x,O):u(l—x,O):O:

o0 0
(-1)"'D,sinnz =Y D, sinnzx
=1

n n=1

n+1 should be even i.e. n should be odd, so

u(x,t)= iDzM sin(2n—1) gxe KEm

n=1

and hence u(x,t):u(l—x,t)

So, option (2) is correct.

Now f (1) = [ (u(xur))” dx

£1(1)= jol%(uz (1)) dx
= _[;2u(x,t)ut (x,t)dx

1

= 2J-Olu u dx=2uu_| — 2-[01ufdx
0

(Integration by parts)

F(1)=2u(1,t)u, (1,6)—2u(0,¢)u, (0,1)
—ZJ.;uf dx
:—2I;uf dx u(O,t):u(l,t):O

f'(t) <0, so f(t) is decreasing function i.e.

non increasing function.

46

So option (3) is correct and option (4) is incor-
rect.
Hence options (1) , (2) & (3) are correct only.
Q97.Ans (1) (2)
Given volterra integral equation is

x3+sinx

u(x)=3+sinx+ . 3+sintu(t)dt (1)
34

Here Kernel, K(xaf)= +Sl.nx
3+sint

f(x)=3+sinx ; A=1
Here we have

0 K(xx)=1

(@) K(xt)xK(t,x)=1

Resolvent Kernel,

R(x,t) = el(“H)K(x,t) = (3 al sinxj

3+sint

and it’s solution will be
u(x) :f(x)+/1_[0xR(x,t)f(t)dt

3+sinx
3+sint

:3+sinx+J‘Oxe""( j(3+sint)dt

— u(x)=3+sinx+_[:ex (3+sinx)e™ dt
=3+sinx+e" (3+sinx)(—e*t)|j§

= 3+sinx)(l+e"(l—e*"))

2)  u(m)=3e" (correct)

(
B u (—7[) =3¢ (incorrect)

77 %
4 u (_Ej =2e (incorrect)
Hence options (1) & (2) are correct only.
Q98. Ans (1) (4)
A polynomial f(x) € IF[x] is said to be sepa-

rable if it has no repeated root in any exten-
sion of .
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Tcll:v:\nmn![xM:m::..
Since f'(x)=2025x"*~1=0 over F, 0 a b o
= f (x) is not separable polynomial over any pe a 1 0 0
=—d +
extension of I b0 1 0
c 0 0 1
= f (x) has repeated roots in algebraic closure
of F,, =—d2—cz—b2—a2z—(a2+b2+cz+d2)by
. 4125 recursion.
Now f(x)zx —lz(x ) -1 So,
_ (212,02 2
= f(x) has separable factor of degree 81 in Va,b,c,d € R, B|_ (a +b et +d )<0
So, option (3) & (4) are correct.
algebraic closure of .
= S has exactly of 81- elements in algebraic =~ Q 100.Ans (2) (4)
closure of [F; f (x) = nx(l - x)" (Given)
= f (x) has 81-roots in algebraic closure of I so it’s pointwise limit function f (x) in [(),1]
Option (4) is correct. ] \ ;
Since S is containg 81st roots of unity. will be f(x) = ’lggfn (x) = llig”x(l —x)
=  Sis cyclic group of order 81 or S = Z,,.
yelie group 8 =0; Vae[01]
=  Option (1) is correct.

Hence options (1) & (4) are correct only.

Q9

9. Ans (3) (4)
A is positive definite matrix of order 4, so.A

is congruent to /,, so by considering 4 =1,

we get
0 a b ¢ d
a 1,00 0

B=|b_0 1 0 O
c 0 O I 0
d 0 0 0 1
0 a b ¢ d
a 1 0 0 O

Bl=p 0 1 0 0
c 0 O 1 0
d 0 0 0 1

expand it along last row.

0 a b c a b ¢ d
1 0 O 1 0 0 O
=1. +d
b 0 1 0 0O 1 0 o
c 0 0 1 0O 0 1 o

47

So, ( fn )nZl converges pointwise to a continu-

ous function on [0,1].

So, option (1) is incorrect and option (2) is
correct, also option (3) is incorrect.
Now for U.C.

/, (x)—f(x)‘ =‘nx(1—x)” —0‘ =

nx(1-x)" =g(x) say

Method 1:-

n n n n
limg (lj = lim(l —lj =
n—>0 n n—>0 n

lim n(l—l—l) 1
(1°° case) e =t =2
e

M, =sup ‘fn (x)_f(x)‘ 2 g(%} gives

xe[O,l]

limM Zlimg(lj=l
n

n—>0 n—>0 e

limM, =0 , SO convergence is not uniform.

n—>»0
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Method 2:-
g'(x)=n(1-x)" +nx.n(l —x)'H (-1)

= n(l—x)n_1 [(l—x)—nx]

=-n(n+1)(1-x)" [x_(nil)}

+ . -
0 1 1
(n+1)

sign scheme of g'(x)

1
=M =g| —
= s (el) =M. =g )

n 1Y
= Mn: (1— j
n+l1 n+l

" 1im(1— ! J
n+1 n+1

& lim M =lim

n—x0

So convergence is not uniform.
So option (2) & (4) are correct only.

Q 101. Ans (1) (2) (4)
Option (1) is correct,

Since ¢(n) is even for all ;>3
Option (2) is correct,
4]

Since |S| > —
2

(By using closure property)
Option (3) is not correct,

Since R[xl,xz,..,xn] is not P.I.D.

Hence R[xl,xz,..,xn] is not E.D.

Because the ideal <xl,x2> is not generated
by single element in R[xl,xz,...,xn]

Option (4) is correct,

48

1
The subset {f € C[Oa 1] |f(§j = O} is collec-

tion of one point vanishing functions in
c[0,1].
Hence the given set is prime and maximal

ideal.
so, options (1), (2) and (4) are correct.

Q 102. Ans (2) (3) (4)

and

f=P1,P2,---,p,, ER[X]

Given

p;,1<i<n areirreducible monic polynomial

= ged(p.p,)=Li%/

By Chinese remainder theorem for ideals we

Rlx] — R[x] .
have "0y " (ppye))
B[ 2, B

(P p) (p)

Since <pi>,ISiSn are irreducible monic
polynomial
R[x]

C

R[x]
Hence W is isomorphic to either finite
productsof R or C or R and C
R[x]
= W is not field.

so, option (1) is not correct. but option (3) is correct.

R[x]

we know that < f> is a finite dimensional

R vector space.
=  Option (2) is true
Option (4) is correct.

R[x]
as, Zx € W such that " = ( for some 5 >1

so,option (2), (3) and (4) are correct.

Q 103. Ans (1) (2) (3)

g(x) is continuous function and
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Q 106. Ans (2)
f(x)= Jx(x—’)g(f)d’ (1) Q 107. Ans (1) (3) (Statistics)
= f(x)=] g()di ) Q 108. Ans (1)
= f"(x)=g(x) 3) a,=(-1) (1+¢™)

by Leibnitz rule of derivative of integral.
From (1) f(O) =0
From (2) f'(O) =0 & it exist

From (3) f"(O) = g(()) & it exist
So, options (1), (2) & (3) are correct only.

Q 104. Ans (2) (3)
Given B.V.P

u, +u,, =0;5(x,y)e€(0,1)x(0,1)
u x,O) = e’”‘,u(x,l) =—e";x E[O,l]

(Laplace equation)

(1)

0,y)=cos(zy)+sin(zy);ye(0,1]

u(ly)= e”(cos(;ry)+sin(7zy));y €[0,1]
(2)

From (2) at x =] we get factor ¢” which at

<
—_~ —_~

x=0 is equal to 1.

So it’s contribution is %X & by using (2) we

get  it’s  general - solution  as
u(x,y)=e’” I:cos(ﬂy)+sin(7ry)] (3)
For (xo,yo)e (O,l)x(O,l)

() If x,€(0,1)then ¢ is S.I function
80, o™ < g™ < o

= l<e<e (4)
& —\1° +1° <cos7zy+sin7zy<\/m

= —2<coszy+sinzy<2 (5)
From (4) & (5) we get

=N —\/§<u(x,y)<\/§e”

Now —1&e” lies in this range but /2 ¢ &

—¢” do not lie in this range.
So, options (2) & (3) are correct only.

Q 105. Ans (1) (3) (4) (Statistics)

is

49

lima, =lim(-1)" (1+¢™")

n—>0 n—>0

=1lim (~1)" (1+0) =lim(-1)" = {1,-1}

n—0

SO (a,, )nzl oscillates finitely between | & —1-

It do not converge so option (1) is correct.

Now alz—(l+lj,a2=(l+%j
e e
1
a,=—|1+—1|,...

So magnitude is decreasing but their sign is
alternate

Further b, = max(al,az,...,a”)

blzrnax(al):—(1+l}

e

& b, =D, =...=(1+L2J

e

so, llmbn :1+—2
n—x0 e

Also C, =min(a,,a,,...,a,)

e

limC, Z—(I—Fl) 2)
e

From equations (1) & (2) options 2,3, & 4 are
incorrect.
Hence option (1) only is correct.

C, =—(1+lj; VneN

Q 109. Ans (1) (2) (3) (Statistics)
Q 110. Ans (1)
V= L({l,x,xz,x3})

D:V =V is given by

D(ax3 +bx° +cx+d):3ax2 +2bx+c (1)
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& : is gi b
MV =V s gven by 010 0j[0000] o100
M(ax3+bx2+cx+d)=3ax3+2bx2+cx 2) P = 0020[0100| 0040
DM(ax3+bx2+cx+d)= {000 3]l0020[ 0009
0 00 0{|0 0 O3 00 0O
D(3ax3 +2bx’ +cx) =9ax’ +4bx+c  (3)
which is again singular.
MD(ax3 4 by’ +cx+d) _ so option (3) is false.
) ) Also Rank (DM ) =3
M(3ax + 2bx+c) =6ax" +2bx (4) Now matrix of MD is
From (3) & (4) DM = MD 00O0O0|f0O1O00O0 0000
so, option (1) is correct. D 01 00(l0020 0020
From (1) & (2) 00200003 0006
(D+M)(ax3+bx2+cx+d):3ax3+ 00°03]0000] 0000
(3a+2b)x2+(2b+c)x+c So, p(MD):2
Matrix of D is
Hence p(DM)ip(MD)
Iy 3 so option (4) is false
D(l) D(x) D(x ) D(x ) Hence; option (1) is correct only.
0 I 0 0 Q111. Ans (3) (4) (Statistics)
0 0 2 0
D=| 0 0 3 Q 112. Ans (1) (2) (4)
0 0 0 0 (X,)!)iir(lo,o)f(x,y):(x,yl)iir(loqo)o along y-axis
Matrix of M is Y
M(1)M (x) M(x*) M(x)
0 0 0 0
o 1 0 0 K \
M=o 0o 2 o \\j X
0 0 0 3
Matrix of D + M
x=0
01 0 O
01 2 0 = lim ¥+
D+M = (arloa [ V5 T elsewhere
0 0 2 3
000 3 1m0 fim+ =0
r—0 |}" cosS 0| r—0
which is singular, so option (2) is false. “ hm f (x,y) —0
(x,7)(0,0)
50
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TLAIM

Developing Excellence ..

(X)})lgr(lo)o)f (x,y)=0=£(0,0)

f (x, y) is continuous at (0,0)
7(h,0)-£(0,0)
h

Now f,(0,0)=1lim

h—0

Z\/h_z—o
zlim| | =1
h—0

& f)(O,O)zlimf(O’K)_f(O’O)

K—0 K
—1im 2% =0
K->0 K
) of
So, the derivatives l and _ exist at (0,0)
ox oy

For differentiability at (0,0)
df = 1 (hK)-1(0,0)=£.(0,0).h+
£,(0,0).K +g(h KNI +K>

= f(hK)=Lh+JP+K* g(hK)

f(hK)-h
g(hK)="2—
> SRS
0-0
= SR a0
ﬁ\/h2+K2—h
= |h| \/ , otherwise
h+K?

W+ K )=l
|n|N R+ K

> (cos @ —cos® 0
lim g(h,K):limr(cos c05"0)

(n.K)—(0,0) 0 7 (cosd)

(for second part)

= lim(l —|COS 9|) , so it does not exist

r—0

So f (x, y) is not differentiable at (0,0) )

Hence, options (1),(2) & (4) are correct only.

Q 113. Ans (1) (3) (4) (Statistics)
Q 114.Ans (1) (3)

T:M, (R) —>M, (R) is linear transforma-

tion given by T(X) = AXB';
1 2 -1 0
A= ;B =
0 3 1 5
X X
& let X:[ l 2]
X, X,
T)clxz_lelx2 -1 1
X, X, 0 3 x x, )L 05
(% +2x 0 x,+2x, ) (-1 1
0 3x 3x, 05

—X, —2x, X5, +2x, +10x,
—3x; 3x;, +15x,

So matrix of linear transformation T is

-1 0 -2 0
1 5 2 10
T =
0 0 -3 0
0 O 3 15

lrace(T):—1+5+(—3)+15 =16

-1 0| -3 0
anddet(f):‘ H

15| 3 15‘:(_5)(_45)

=225
So, options (1) & (3) are correct only.
Short cut

det(T) = (det(A))2 (det(B’))2
=(3)"(-5)" =9x25=225

& trace(T) =(2tr(A))+2(tr(B))
:(2><4)+(2><4)

=8+8=16.

Hence, options (1) & (3) are correct only.

Q 115. Ans (1) (2)

Given that f (Z) is holomorphic function in
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D:{zec:|z|<1} and g(z):ezf(z) is
I
bounded in D\{O} o) lziil(}e;f(z) must be

bounded which is possible only if it is a de-
leted nbd of 0.

f (Z) =0 and this means that f (Z) has un-

countable number of zeros in D, so,

f(z) =0;Vze D as zeroes of non constant

analytic functions are isolated and hence

£(0)=0.

So, options (1) & (2) are correct only.

Q 116. Ans (1) (3) (4) (Statistics)

Q 117. Ans (2) (3)

X(n)z{xeX|xSn} and limM=1

n—>0 n
X (n) is countably infinite set.

Also X, X,,..., X are pairwise disjoint set

8
such that UXi =X
i=1
So at least one X, must be countably infi-
nite.
Hence for at ' least

one ]<j<8§,

X
fim )

n—>x0 n

=1 andforall [<j<n

lim X(n)

n—0 n

>0

Q 118. Ans (2)

Q 119. Ans (1) (2) (3) (4)

Given L.E. is
u(x)= £ (x)+= [ sin (x—1)u(r) di
V4 0

It’s Kernel K(x,t) = Sin(x—t)

=  K(x,t)=sinxcost—cosxsint

So, f,(x)=sinx,g, (1)=cost

52

/> (x)=—cosx,g,(r)=sint
Now the coefficient matrix for system
AX = B will have unique solution if eigen-

1 fA# il
values o ==
A 2
a, ap
where A= { }
Qy Oy

where o = _[: g (x)f/ (x)dx

i .
a,, :JO sinxcosxdx =0

/2

a, = J.O”—cos2 xdx= —2-[0 cos” x dx
_ T o7
2 2 2

By walli’s theorem

7.0 /2, 2
a21=jo sin xalx=2j'0 sin” x dx

a,, =_[0”—cosxsinx dx=0

0 —-x/2
A=
/2 0

metric matrix whose eigenvalues are T—

2

} which is real skew sym-

(puerly imaginary). So for any value of f (x)

it has unique solution.
So all four options are correct.

Q 120. Ans (2) (3) (4)

Given that
R is non-zero ring with unity

VreR ;r’=r

R is Boolean ring

ch(R) =2

and

If we take R =7, then Ris an L.D.
so, option (1) is false

2
Now (r+r) =r+r
PPArr+r+rt=r+r
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= r+r+r+r=r+r
= r+r=0

= r=-r

=  Option (2) is correct.

Since Boolean ring is commutative
Option (4) is correct

U

And every non-zero prime ideal of Boolean ring
is maximal.

[Non-trivial Boolean ring is either Z, or ex-

tension of Z,].
So, options (2) , (3) & (4) are correct only.
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