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(21.) Let V be the real vector space of 2 x2 matrices with entries in R. Let T:V — V denote the
linear transformation defined by T(B) =ABfor all BeV , where A= (i (1)] . What is the
characteristic polynomial of T ?

(@) (x-2)(x-1)
(b) x*(x-2)(x-1)
(c) (x-2)(x-1)7
(d) (x*-2)(x*-1)

(22.) Let A:R™ —» R" be a non-zero linear transformation. Which of the following statement is true?

(a.) If A is one-to-one but not onto, then m>n

(b.) If A is onto but not one-to-one, then m<n
(c.) If A is bijective, then m=n
(d.) If A is one-to-one, then m=n

(23.) Consider the set A= {x eQ:0< (\/5 - 1)x <2+ 1} as a subset of R. Which of the following
statements is true?
(a.) supA=2+243
(b.) supA=3+22
(c) infA=2+23
(d.) infA=3+22

(24.) Let u be the solution of the Volterra integral equation
I;[%+ sin (¢ — T)}u(r)dr =sint.

Then the value of u(1) is
(a) O
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(25.)

(26.)

(27.)

(28.)

(b 1
(c.) 2
(d.) 2e’!

2
Let {b a) be a 2 x2 real matrix for which 6 is an eigenvalue. Which of the following
c

statements is necessarily true?
(a.) 24-ab=4c

(b) a+b=8
(c.) c=6
(d) ab=0

Consider the initial value problem (IVP)

{y'(x)=\/|y<x)+e|, x<R

y(o):yo

Consider the following statements:

S1: There is an ¢ > Osuch that for all y, e R , the IVP has more than one solution.
S2: There is a y, € R such that for all £ >0 , the IVP has more than one solution.
Then

(a.) both S, and S, are true
(b.) S, is true but S, is false
(c.) S, is false but S, is true

(d.) both S, and S, are false

The expected number of distinct units in a simple random sample of 3 units drawn with
replacement from a population of 100 units is

oo ()

99°
b.) 100 -
(b.) 1002
992
) 2+
(©) 2+750°

w o (2

Let f be an entire function. Which of the following statements is FALSE?
(a.) If Re(f), Im(f) are bounded then f is constant
(b)) If M=) i bounded, then f is constant

(c.) If the sum Re(f)+Im(f) and the product Re(f)Im(f) are bounded, then f is constant
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(29.)

(30.)

(31.)

(d.) If sin(Re(f)+Im(f)) is bounded, then f is constant

Let {X, |n >0} be a homogeneous Markov chain with state spaces S ={0,1,2,3,4} and transition
probability matrix
0 1 2 3 4
0(1/4 0 0 3/4 0
1/ O 1 0 0 0
pP=2/{1/3 2/3 O 0 0
33/4 0o 0 1/4 0
4l1/8 1/8 1/2 1/8 1/8
Let o denote the probability that starting with state 4 the chain will eventually get absorbed in
closed class {0,3} . Then the value of « is

@) =
) o
©) o
) 2

The number of group homomorphism from 7 /150Z to Z /90Z is

(a.) 30
(b.) 60
(c.) 45
(d) 10

Consider a petrol pump which has a single petrol dispensing unit. Customers arrive there in
accordance with a Poisson process having rate 1 =1minutes. An arriving customer enters the
petrol pump only if there are two or less customers in the petrol pump, otherwise he/she leaves
the petrol pump without taking the petrol (at any point of time a maximum of three customers
are present in the petrol pump). Successive service times of the petrol dispensing unit are

independent exponential random variables having mean % minutes. Let X denote the average

number of customers in the petrol pump in the long run. Then E(X) is equal to

(a) 7/15
(b.) 3/5
(c.) 11/15
(d.) 13/15
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(32.)

(33.)

(34.)

(35.)

(36.)

Consider a solid cylinder of radius 2 meters are height 3 meters of uniform density. If the
density of the cylinder is p kg/meter®, then the moment of inertia (in kg meter?) of the cylinder
about a diameter of its base is

(a.) 48mp

43 7p

4

SIS 22} . Which of the following is true about S ?

Let S:{xeR:x>1and
- X

(a.) Sisempty.

(b.) There is a bijection between S and N
c.)
d.)

(c.
(d.

There is a bijection between S and R

There is a bijection between S and non-empty finite set

Let X, X,,.... X, (p>2)be independent and identically distributed random variables with mean
0 and variance 1. Suppose Y, = X, + X,,i =1,..., p. The first principal component based on the
)Tis

covariance matrix of Y = (Yl, Y

()
(b.

(c.)

(d.)

How many arrangements of the digits of the number 1234567 are there, such that exactly three
of them occur in their original position. (e.g., in the arrangement 5214763, exactly the digits 2,4
and 6 are in their original positions. In the arrangement 1243576, exactly the digits 1,2 and 5 in
their original positions)

(a.) 525
35

Let S be a dense subset of R and f:R —> R a given function. Define g:S—> R by g(x)=f(x).
Which of the following statements is necessarily true?

(a.) If f is continuous on the set S , then f is continuous on the set R\ S

(b.) If g is continuous, then f is continuous on the set S

www.dipsacademy.com | info@dipsacademy.com

DIPS HOUSE, 28, Jia Sarai, Hauz Khas, Near I.I.T., New Delhi-110016
| Ph. 88-00-22-1386, (011)-26537527

® .



An ISO 9001 : 2015 Certified Institute

1pS ACADEMY

CSIR NET/JRF Mathematics Paper (25 July, 2024) REGENERATING LOGICS

MATHEMATICS & STATISTICS

(37.)

(38.)

(39.)

(40.)

(41.)

(c.) If gisidentically O and f is continuous on the set R\ S, then f is identically O
(d.) If g isidentically O and f is continuous on the set S, then f identically O

An analyst consider standardized values of observations on three variables, consumption (C),
saving (S) and total income (77) so that they have zero means and unit variances. She further

considers disposable income (pr)where DI =C+ S. In the simple linear regressions of DI on

TI,DI on Cand Son TI, the regression coefficients are 0.8, 0.5 and 0.4, respectively. There are
21 sample observations. Sample covariances and variances are calculated with divisor 20. Then,
the value of sum of squared residuals in the regression of DI on S is

(a) 5
10

For a quadratic form f (x,y,z)e R[x,y,z], we say that (a,b,c) e R’ is a zero of f if
f(a,b,c)=0 . Which of the following quadratic forms has at least one zero different from
(0,0,0)?

(a) x*+2y*+32°

(b.) x*+2y° +3z> - 2xy

(c) x*+2y°+32° -2xy -2yz

(d) x*+2y*-3z°

If the value of the approximate solution of the initial value problem

{y'(x):x(y(x)+l), xeR

y(0)=4
at x = 0.2 using the forward Euler method with step size 0.1 is 1.02, then the value of g is
(@) O
(b.) -1
(c) 2
(d) 1

For a complex number a such that 0 <|g| <1, which of the following statements is true?
(a.) If |z]<1, then |1-az|<|z -4l
(b.) If |z—al=1-azl, then |z|=1
c.)
d.)

(c.
(d.

If |z| =1 then |z—a|<|1—az|

If |1—az|<|z—a|,thel’1 |z|<1

Consider the contour y given by
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(42.)

(43.)

(44.)

e for 0 €[0,7 /2]
7(9)=1{1+2e*" for 6e[x /2,37 /2].

e’ for6 e[3x /2,27]
Then what is the value of j —_—

4 Z(z 2)

(&) 0
(b) i
(c.) -mi
(d) 27i

Let A be a 10x10 real matrix. Assume that the rank of A is 7. Which of the following
statements is necessarily true?

(a.) There exists a vector v e R such that Av#0 and A’v=0

(b.) There exists a vector v e R' such that A’v =0
(c.) A must have a non-zero eigenvalue
(d) A"=0

Let A, A,,A, be events satisfying 0 < P(A,;)<1 for i=1,2,3. Which of the following statements is

true?

(a) P(A/14,)P(A,14,)<P(4 14,)

(b.) P(A1|A2) (A |A) (Alr\A3|A2)
(c) P(A1A,)+P(A |A)=2P(A VA, IA)
(d.) P(A |A,)+P(A,|A)<P(AA,)

Let B(0,1)= {(x,y) eR?*|x*+y’ < 1} be the open unit disc in R® , dB(0,1) denote the boundary
of B(0,1) and v denote unit outward normal to 6B(0,1). Let f:R*> >R be a given continuous

function. The Euler-Lagrange equation of the minimization problem
min H |Vu| dxdy + —” e’ v LB(O’I) fuds} subject to ue C'(B(0,1))is

Au =-ue” inB(0,1)

onoB(0,1)

Au =ue" +f inB(0,1)
ondB(0,1)
Au=ue” inB(0,1)

——f ondB(0,1)
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(45.)

(46.)

(47.)

S2:

Au=ue” inB(0,1)

d.
() a—u+u=f ondB(0,1)
ov

neZ

Consider the ring R = {Z a, X" |a, €eZ and a, #0 only for finitely many n € Z} where addition

and multiplication are given by

YaX"+> bX" =Y (a,+b,)X"
neZ

neZ nez

(ZanX")(z me'"):g‘Z( > anbm)Xk

neZz meZ n+m==k
Which of the following statements is true?
(a.) R is not commutative

(b.) The ideal (X —1) is a maximal ideal in R

(

c.) The ideal (X —1,2) is a prime ideal in R
(d.) The ideal (X,5) is a maximal ideal in R

Let a point P be chosen at random on the line segment AB of length « . Let Z, and Z, denote
the lengths of line segments AP and BP respectively. Then the value of E (|Z1 - ZQ|) is

(a) «a
(b)) 2«
a
(c.) B
2a
(d.) 3

Let u=u(x,t) be the solution of the following initial value problem
u, +2024u =0, xeR,t>0
u(x,0)=1u,(x), xeR
where u, : R —> R is an arbitrary C' function. Consider the following statements:

Si: If A ={xeR:u(x,t)<1} and |A,| denotes the Lebesgue measure of A for every t>0,
then

|A|=]4,|, vt>0.
If u, is Lebesgue integrable, then for every t > 0, the function x - u(x,t) is Lebesgue
integrable.
Then
(a.) both S, and S, are true

(b.) S, is true but S, is false

(c.) S, is true but S, is false
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(48.)

(49.)

(50.)

(51.)

(d.) both S, and S, are false

Let C be the collection of all sets S such that power set of S is countably infinite. Which of the
following statements is true?

(a.) There exists a non-empty finite set in C
(b.) There exists a countably infinite set in C

(

c.) There exists a uncountable set in C
(d.) Cisempty

Let X be a random variable with cumulative distribution function given by

o, if x<0
Flo =12 ifo<x<1.
1, ifx>1

Then the value of P(%<X<%)+P(X =0)is equal to

@) o
b) 5
©) 5o
) o

Let a,b be two real numbers such that a <0 < b . For a positive real number r, define
L z°+1
J

7, (t) =re" (where t€[0,27]) and I, = P —

o z . Which of the following statements is
7l

necessarily true?

(a.) I, #0 if r > max{|al,b}

(b.) I #0 if r <max{|al,b}

(c.) I =0 if r>max{la|,b} and |a|=b
(d) I =0if|g<r<b

Let (an )n21 be a bounded sequence in R. Which of the following statements is FALSE?
(a.) If liminfa, =limsupaq,, then (a,) is convergent
(b.) If inf{a, [n>1} =limsupa, ,then (a,) is convergent

(c) If sup{a,|n=>1}=liminfa,, then (a,) is constant

(d.) If sup{a,|n>1} =inf{a, |n>1}, then (a,) is constant
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(52.)

(53.)

(54.)

(55.)

Consider a distribution with probability mass function
120 itx-o0
2
1
=, ifx=1
f(xlo)=1 2 ,
9 ifx=2
2
0 otherwise

where 0 €(0,1) is an unknown parameter. In a random sample of size 100 from the above

distribution, the observed counts of O, 1 and 2 and 20, 30 and 50 respectively. Then, the

maximum likelihood estimate of # based on the observed data is
(a) 1

(b.) 5/7

(c) 1/2

d) 2/7

Let X,,X, be a random sample from N (0,s?)distribution, where o >0 and N(u,o?) denotes a

normal distribution with mean x and variance o° . Suppose, for some constant c,

(c (X12 + X;),oo) is a confidence interval for variance o

the value of cis equal to

(a.) —2In(0.05)
(b.) —2In(0.95)
1
(c) 57—
21n(0.05)
1
(d) 5
21n(0.95)
What is the cardinality of the set of real solutions of e* + x=17
(a) O
(b) 1

(c.) Countably infinite
(d.) Uncountable

If u=u(x,t) is the solution of the initial value problem
u =u,_, xeR,t>0
u(x,0) =sin(4x) + x+1, xeR

Satisfying |u(x,t)| < 3e* forall xeR and t>0,then

(a)u(%J)H{—%JJ=2

with confidence coefficient 0.95. Then
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Let X ,...,X,, be arandom sample from a distribution with the probability density function

ox’t, if0<x<1

0, otherwise’

rto)-{
where >0 is an unknown parameter. The prior distribution of ¢ is given by

©) ve’, ife>0,
T = .
0, otherwise

The Bayes estimator of ¥ under squared error loss is

12

(@) ——
1->InX,
i=1

11
-
2->InX,

i=1
10
3+> InX,
c) —=L
(c) 13
10
2+ Zln X,

(d.) —":111

Let A=

S O~ O
S O O+
— O O
— O O

11
for v,w e R*. Which of the following statements is true?
(a.) Ais invertible

(b.) There exist non-zero vectors v, w such that (v, w) =0
(c) (u,v)#(u,w) for all non-zero vectors u,v,w with v = w

(d.) Every eigenvalue of A’is positive

Foreach n>1 define f, :R >R by f,(x)=——,x€R

, and consider the symmetric bilinear form on R* given by (v,w)=v'Aw,
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(59.)

(60.)

Where v/ denotes the non-negative square root. Wherever lim f (x) exists, denote it by f(x).
Which of the following statements is true?
(a.) There exist x e R such that f(x) is not defined

(b.) f(x)=0 forall xeR
(c.

c.) f(x)=x forall xeR
(d) f(x)=|x| forall xeR

Let X,,X, be a random sample from a population having probability density function

1 1

— ifO0<x<2 — if0<x<4
f e{f,, f,} where f,(x)=12 and f,(x)=<4 .

0 otherwise, 0 otherwise.

For testing the null hypothesis H, : f = f,against the alternate hypothesis H, : f = f,, the power
of a most powerful test of size « = 0.05is equal to

(a.) 0.4625

(b.) 0.5425

(c.) 0.7625

(d.) 0.6225

Let ¢ denote the solution to the boundary value problem (BVP)

Y_1, 1<x<e

1 ! _2 Y+_ —
(xy ) Y X .
y(1)=0, ylet)=4e'
Then the value of ¢(e)is

e
(a.) )

e
(b) -5

e
(c.) 3
(d) e

PART-C

(Mathematical Sciences)

(61.) Let X ,X, denote lifetimes (in years) of 2 components of an electronic system. Let Y, = X, + X,

Y, = rnax{Xl,XQ} and Y, = min{Xl,XQ} . Assume that X, and X, are independent, each following

exponential distribution with probability density function

1 ;
—e 2 0 if 0

f(x)=172

0, otherwise
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Which of the following statements are true?
(@) P(Y,>2)=2e""

(b.) P(Y,>2)=e

(c) P(Y,>2)=e?

(d.) Var(Y, +Y,+Y,)=232

(62.) Define f:R >R by f(x)=x|x|. Which of the following statements are true?

(

a.) f is continuouson R
(b.) f is differentiable on R
c.)
d.)

(c.
(d.

f is differentiable only at O
f is not differentiable at O

(63.) Let f be an entire function such that for every integer k >1 there is an infinite set X, such that
1 . . .
f(z)= T for all z € X, . Which of the following statements are necessarily true?

(a.) There exists an infinite set X such that f(z)=0 forall ze X
(b.) There exists a non-empty closed set X such that f(z)=0 forall ze X
(c.) The set X, is unbounded for each k>1

(d.) If there exists a bounded sequence (Zk) such that z_e X, for each k>1, then f hasa

k>1
ZEro

(64.) For two indeterminates x,y, let R=F_[x]and S = R[y]. Which of the following statements are
true?
(a.) S is a principle ideal domain
(b.) S/(y*+x?) is a unique factorization domain
(c.) S is a unique factorization domain
(d.) S/(x)is a principal ideal domain

(65.) LetY,,...,Y (n>2) beindependent observation; Y, ~ N(ﬂxi,ag) , i=1,...,n; where x,,...,x and
6% (> 0) are known constants and g € Ris an unknown parameter. Consider N ( By» ' ) prior for

the parameter 4, where g, and 7% (> 0) are known constants, and N ( i, /12)denotes a normal

" x, are observed

i=1""1

o A . ! Ll L S
distribution with mean , and variance A°. Suppose y=—>» " y and x=—)
n n

sample means. Under squared error loss function which of the following statements are true?

(a.) Bayes estimate of gtends to g,as > >0

(b.) Bayes estimate of g tends to % as 7 >0

X

(c.) Bayes estimate of g tends to the BLUE of gas 7> —
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(66.)

(67.)

(68.)

(d.) Bayes estimate of g tends to MLE of gas 7> - w

Consider the boundary value problem (BVP)
(e’s"y’)' +6e 7 y=—f(x),0<x<In2
y(0)=0, y(in2)=0.
3x 2x 2¢& 3¢ R 0 < <
If G(x,§)={(e_+Ber)(Ce + De*) F<x
(% + Be*)(Ce* + De®), x<&<In2
(Green’s function) is such that J.OIHQG(x,f) f(&)dé is the solution of the BVP, then values of B,
Cand D are
(@) B=-2,C=-1,D=1
(b) B=-2,C=1,D=-1
(c) B=2,C=1,D=1
(d) B=2,C=-1,D=-1
Consider a six faced die whose i-th face is marked with i dots, i =1,2,...,6. In a single random
throw of the die, let p, denote the probability that the obtained upper face has i dots,
i=1,2,...,6. The die is rolled 240 times independently and the following result is obtained
Faceobserved | 1 |2 | 3 |4 |5 | 6
Frequence |40 |55 (40 [2535(45]
1 . . 1 .
Suppose we want to test H, : p, = s for i=1,2,...,6; against H, :p, # gfor at least one i;
i=12,...,6.Itis given that 2, =11.07, 52, =12.59, 22, =15.09 , 72 =16.81. Based on
the asymptotic goodness of fit z°test for testing H, against H, , which of the following
statements are true?
(a.) H, is rejected at 5% level of significance
(b.) H,is rejected at 1% level of significance
(c.) H,is not rejected at 5% level of significance
(d.) Observed value of the test statistic is 12.5
In a standard linear regression model, let R?and R? , respectively, denote the coefficient of

determination and adjusted coefficient of determination. Which of the following statements are
true?

(a) R?*<R?

(b.) R? increases as the number of independent variables increase

(c.) R®decreases as the number of independent variables increase
d) R*>0
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(69.)

(70.)

(71.)

(72.)

(73.)

Let A be a 4x4 real matrix whose minimal polynomial is x* + x+land let B=A + I, . Which of
the following statements are necessarily true?

(a.) The minimal polynomial of B is x* + x+1

(b.) The minimal polynomial of B is x*> —x+1

(c) B’=1I,

(d) B*+I,=0

Let f:R > R be a continuous and one-to-one function. Which of the following statements are
necessarily true?

(a.) f is strictly increasing
(b.) f is strictly decreasing
(c.

c.) f iseither strictly increasing or strictly decreasing
(d.) f isonto

X
Let X =[ 1} be a bivariate random vector with covariance matrix
2

(1
g 2
Which of the following statements are true?
(a.) The first principal component based on X explains exactly 90% of the total variability
(b.) The second principal component based on X explains exactly 10% of the total variability

(c.) sup {QTZQ caeR?’and a'a = 1} =3

(d.) The first principal component based on Xis L(X1 + \/EXQ)

V3

Let R and S be non-zero commutative rings with multiplicative identities1,,1, , respectively.

Let f:R — Sbe aring homomorphism with f(1,)=1;. Which of the following statements are
true?

(@) If f(g)is aunitin S for every non —zero elementa € R, then S is a field
(b.) If f(a)is aunitin S for every non-zero elementa € R, then f(R)is a field

(

c.) If R is afield, then f(q) is a unitin S for every non-zero element a € R

(d.) If a isunitin R, then f(q) is aunitin S

For zeC\ {0}, let f(z)= lsin(l) and g(z)= f(z)sin(z) . Which of the following statements
z z

are true?

(a.) f has an essential singularity at O

(b.) g has an essential singularity at O
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(c.) f has aremovable singularity at O
(d.) g has a removable singularity at O

(74.) Observations on the shear strength of concrete from 5 randomly selected are given below:

Structure 1 2 3 4 5
Shear Strength [1718.4 |1787.4 | 2562.3 | 2356.9 | 2153.2

The null hypothesis H, that the median shear strength is 2000 units is tested against the
alternative hypothesis H, that the median shear strength is greater than 2000 units at 5% level
of significance. Which of the following statements are true?

(a.) p-value of the sign test is 0.04
(b.) H, is NOT rejected at 5% level of significance by the sign test

(c.) The observed value of Wilcoxon singed rank test statistic W™ is equal to 10
(d.) If PH0 (W*>14)=0.06, then H_ is rejected at 5% level of significance by the Wilcoxon

signed rank test

(75.) Let X,,...,X, (n>3)be arandom sample from a distribution having probability function

ge™ ™, ifx>0

0, otherwise

rixi0)-|

where 6 >0 is an unknown parameter. Let T, = lz »,X.. Which of the following statements are
n

true?

n-1

(a.) Uniformly minimum variance unbiased estimator of #is

n

2

(b.) Cramer-Rao lower bound for the variance of an unbiased estimator of 9is L
n

(c.) Uniformly minimum variance unbiased estimator of gattains the Cramer-Rao lower bound

(d.) (1 B e_% ) is a consistent estimator of P, (X, <1)

n=0"n

(76.) Which of the following conditions ensure that the power series z a_z" defines an entire
function?
(a.) The power series converges for every z e C

(b.) The power series converges for every z e R

(c.) The power series converges for every z e (2" ‘ne N)

(d.) The power series converges for every z e {Si" ne N}

(77.) Which of the following numbers are order of some element of the symmetric group S, ?

(a.) 3
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(b.) 4
(c) 5
(d) 6
(78.) Transition probability matrix of a homogeneous Markov chain with states 0,1,2,3is
0 1 2 3
0(1/4 3/4 O 0
P 1] 1 0 0 0 |. Which of the following statements are true?
" 2/2/3 0 1/3 0
3L 0 0O 2/5 3/5
(a.) State O is positive recurrent
(b.) State 3 is transient
(c.) State 1 is aperiodic and positive recurrent
(d.) State 2 is aperiodic and null-recurrent
(79.) Consider the following ANOVA table for a randomized block design:
Source of Sum of Degrees of Mean squares | F calculated
variation squares Freedom
Treatments 48 4 12 B
Blocks 72 3 24 12
Error a m Y
Total 144 19
Which of the following statements are true?
(a) a=20
(b.) B=6
(c) m=10
@) r=2
(80.) Let S denotes the set of all 2x2 matrices A such that the iterative sequence generated by the

Gauss-Seidel method applied to the system of linear equations

2 )-(6)

Converges for every initial guess. Then which of the following statements are true?

(a.) ? zj eS
B 2

(b.) . 2) esS

(c.) _23 ;J eS
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(81.)

(82.)

(83.)

(84.)

2 2
(d.) {4 3jeS

Let T:R* —» R* be a linear map with four distinct eigenvalues and satisfying
T* —15T% +10T + 241 = 0. Which of the following statements are necessarily true?

(a.) There exists a non-zero vector v, € R*such that Tv, =2v,
(b.) There exists a non-zero vector v, € R*such that Tv, =v,

(c.) For every non-zero vector v e R* , the set {2v,3Tv}is linearly independent

(d.) T is one-one function

Consider the initial value problem (IVP)

() = Sy ()
y(x)—1+y4(x), eR,
y(O):yo'

Then which of the following statements are true?

(a.) There is a positive y, such that the solution of the IVP is unbounded
(b.) There is a negative y,such that the solution of the IVP is bounded
(c

(d

.) Forevery y, e R, every solution of the IVP is bounded
.) Forevery y, e R, there is a solution to the IVP for all x e R

Let X,,X,,X, be arandom sample from a continuous distribution having cumulative

distribution function F (¢), probability density function f (¢), and failure rate function

_f @
r(t)_l—F(t),

statements are true?

t>0,where F(0)=0.If r(¢t)=1 forall t>0 , then which of the following

(a.) P(max{xl,xg}d):i
(b.) P(min{X,,X,}>1)=—
(c) P(min{X,,X,}<X,)=

(d.) P(max{Xl,Xz} < Xs) -

Consider the two —-way ANOVA model
Yij =p+a + P+, i=1,2j=12.

where 4 is the overall mean effect, ¢, is the effect of the i-th level of factor A, B; is the effect of j

-th level of factor B.Y; is the response of the (i, j)-th experimental unit and & is the
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(85.)

(86.)

(87.)

(88.)

corresponding error with E (Eij) =0for i=1,2; j=1,2. Which of the following are estimable
linear parametric function?

(a) p+a,+p,

(b.) o -5
(c) a,-p8,
(d) u-oa -5

The infimum of the set {J'b\/l +(y'(p)'dt:y eC'[a,b],y(a)=a’,y(b)=b- S}is
192

8

(b.) 19v2
19

8

19

22

()

(c.)

(d.)

Consider a solid torus of constant density p , formed by revolving the disc

(y-b)’ +2* <a?,x=0about the z - axis, where 0 <a <b. Then the moment of inertia of the

solid torus about the z-axis is

(@) 27°a’b® (4> +3a>)p

2
(b) 7-a’b(4p* +3a*) P

2
(c) %GQb(4b2 +3b2)p

(d.) 27%a’b®(4b> +3b2)p

Let V be the subspace spanned by the vectors

v, =(1,0,2,3,1), v, =(0,0,1,3,5), v, =(0,0,0,0,1)

in the real vector space R°. Which of the following vectors are in V ?
(a) (L,1,1,1,1)

(b.) (0,0,1,2,4)
(c) (1,0,1,0,1)

(d) (1,0,1,0,2)

Let K < R be non-empty and f : K — K be continuous such that |[x—y|<|f(x)- f(y) Vx,y e K .

Which of the following statements are true?

(a.) f need not be surjective
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(89.)

(90.)

(91.)

(92.)

(b.) f must be surjective if K =[0,1]
(c.) f isinjective and f':f(K)— K is continuous

(d.) fis injective, but f': f(K)— K need not be continuous

Let g(x) be the polynomial of degree at most 4 that interpolates the data

x| -1]0]|2|3 |6
y|-30[1|c|10[19]

If g(4) =5, then which of the following statements are true?
(@) c¢=13
(b.) g(5)=6

Let V(= {0}) be a finite dimensional vector space over R and T:V — V be a linear operator.

Suppose that the kernel of T equals the image of T' . Which of the following statements are
necessarily true?

(a.) The dimension of V is even

(b.) The trace of T is zero
(c.) The minimal polynomial of T cannot have two distinct roots
(d.) The minimal polynomial of T is equal to its characteristic polynomial

Let X and Y be jointly distributed continuous random variables with joint probability density
function

X
—, if0<x<y<?2

f(xy)=4y

0, otherwise.

Which of the following statements are true?

(@) P(X<%|Y=1)=%
b) E()-5

(c) P(X%J:%

ar ()

Consider the improper integrals

k.4

i

dx and, for a >0

~72 Vsin x

DIPS HOUSE, 28, Jia Sarai, Hauz Khas, Near I.I.T., New Delhi-110016 ‘ 19

www.dipsacademy.com | info@dipsacademy.com | Ph. 88-00-22-1386, (011)-26537527



An ISO 9001 : 2015 Certified Instituts

1PDS ACADEMY
CSIR NET/JRF Mathematics Paper (25 July, 2024) REGENERATING LOGICS

MATHEMATICS & STATISTICS

(a.) The integral I is convergent

(b.) The integral Iis not convergent

(c.) The integral I converges for a =% but not for a=0

(d.) The integral I converges for all a >0

(93.) If x, = x, (t),x, = x, (t)is the solution of the initial value problem

Ldx,

G T
L, dx

Ca TR

% (0)=1x,(0)=0

and 7(t) =X (t)+ x; (t) , then which of the following statements are true?

(@) r(¢t)—>0as t— +w

r (ln 2) =2e!

)
(b.) r(ln2)=e™"
()

)

(d) r(t)e* >0 as t > +o

(94.) Consider the linear programming problem:
max {x, + X, + X, |
Subject to constraints
X, +x,-x, <1

x +x, <2,

O<x <—=,x,20,

N | —

and 0<x, <1.

Which of the following statements are true?

(a.) The optimum value is 3

(b.) The optimum value is %
(c.) (0,2,1) is an extreme point of the feasible region

(d.) (%,O, 1) is the optimal solution

(95.) For 1eR such that |j|< %, let R(x,t,4) and u denote the resolvent kernel and the solution,

respectively, of the Fredholm integral equation
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w0 =x+ 3 [ (x4 ) u(D) e

Then which of the following statements are true?

3xt 5x2t?

) R(x.t,1)= -
@) RlotA)=3— "5 302
242

(b) R(x,t,l)= 3xt N 5x°t
3-8. 5-32
5

() u@=--—p"

d. _

(d) u=3—g

(96.) Suppose that f is an entire function such that | f (z)| >2024 for all z e C. Which of the

following statements are necessarily true?
(@) f(z)=2024 forallzeC

(b.) f1is a constant function
(c.

c.) f is an injective function
(d.) f is a bijective function

(97.) Let {X,}  be asequence of independent and identically distributed random variables with

E(X,)=0and Var(X,)=1. Which of the following statements are true?

(a) limP \/Ez—i:lfiﬁo _
e XX 2

converges in probability to O as n —» »

0%
H Yx

1 . .
(c) —>.7,X? converges in probability to 1 as n —
n

(d.) limP[¥ < o] -1

X—0 n 2

(98.) Let B(0,2)={(x,y)eR’:x’ +y’ <4, and 0B denote the boundary of B(0,2). Assume

(a,B)#(0,0),k e R, and u is any solution to
-Au=0 inB(0,2),

au(x,y)+,82—u(x,y)=1+(x2+y2)k on 0B,
v

where v(x,y) is the unit outward normal to B(0,2) at (x,y) < 0B . Consider the following

statements:

S,: If =0, then there exists a (x,,Y,) < B(0,2)such that |u(x0,y0 )| Yar
o

1+ 4k
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(99.)

(100.)

(101.)

(102.)

S,:If «=0 , then k=—%.

Then

(a) S, is true but S, is false
(b.) S, is true but S, is false
(c.) both S, and S, are true
(d.) both S, and S, are false

Let r be the smallest topology on the set R containing
L= {[a,b)a <bya,be R} )

Which of the following statements are true?

(a.) pis a basis for topology r

(b.) R is compact in the topology r

(c.) Topology ris the same as the Euclidean topology
(d.) Topology ris Hausdorff

Let R be a principal ideal domain with a unique maximal ideal. Which of the following
statements are necessarily true?

(a.) Every quotient ring of R is a principal ideal domain
(b.) There exists a quotient ring Sof R and an ideal I ¢ S which is not principal
(c.

c.) R has countably many ideals
(d.) Every quotient ring S (¢ {O}) of R has a unique maximal ideal which is principal

Let I be the ideal of the ring F, [t]/(¢* (1 - ¢)*) - Which of the following are the possible values of
the cardinality of I?

(a) 1

(b) 8

(c) 16
(d) 24

Let (a, )'121 be a bounded sequence of real numbers such that lima, does not exist.

Let S={l eR:there exists a subsequence of (an)converges to I}.
Which of the following statements are necessarily true?

(a.) Sis the empty set

(b.) Shas exactly one element

(c.

c.) Shas at least two elements
(d.) Shas to be a finite set
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(103.) Let M, (C) be the complex vector space of 5x5 matrices with entries in C. Let V be a non-zero
subspace of M, (C) such that every non-zero A €V invertible. Which among the following are

possible values for the dimension of V ?

(104.) Let g, (x,,x,)and q,(y,,y,) be real quadratic forms such that there exist (u,,u,),(v,,v,) € R?
such that g, (u,u,)=1=gq,(v,,v,). Define q(x,,x,,y,,4,)=q, (X, %,)—q, (Y;,Y,) - Which of the

following statements are necessarily true?

(a.) gis a quadratic form in x,, x,,y,,Y,
(b.) There exists (t,,t,) e R*such that g, (t,t,)=5
(c.) There does not exist (s,,s,)e R*such that g, (s,,s,)=-5

(d.) Given « € R, there exists a vector we R* such that q(w)=«a

(105.) Let f:R? - R’ be a differentiable function such that (Df)(0,0) has rank 2. Write f =(f,, f,, f;)
Which of the following statements are necessarily true?

(a.) f is injective in a neighbourhood of (0,0)

(b.) There exists an open neighbourhood U of (0,0)in R* such that f,is a function of f, and
f

(c.) f maps an open neighbourhood of (0,0)in R* onto an open subset of R®
g

(d) (0,0) is an isolated point of f~*({f(0,0)})

(106.) For c € R , consider the following Fredholm integral equation
y(x)=1+x+cx’ +2I01(1 —3xt)y(t)dt.

Then the values of ¢ for which the integral equation admits a solution are

(a) -8
(b.) -6
(c.) 2
(d.) 6

(107.) Let X and Y be independent random variables with X ~ N(2,4)and Y ~ N(-4,9) where
N (u,0?)denotes a normal distribution with mean x and variance o’ . Given ®(1)=0.8413

®(2)=0.9772and ®(3)=0.9987 where ®(.)is the cumulative distribution function of a

standard normal random variable. Which of the following statements are true?

@) var(2x+yr=17
(b.) P(|2X +Y|<15)=0.9974
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(c.) cov(3X+2Y,3X-2Y)=0
(d) 2X-Y ~N(0,25)

(108.) Let X ,...,X, be independent and identically distributed U(0,8),6 >0 random variables. Define

X = max{Xl,...,Xn} and X =min{X ,...,X, } Which of the following statements are true?

(d) cov (ln(Xm) - ln(X(v + X(n))’Xm)) <0

2 2
Yyx +yo .
(109.) Define f:R> »Rby f(x,y)=1" x ifx#0
07 X = O
Which of the following statements are true?
(a.) Q(O,O) exists
ox
(b.) Q(O,O) exists
%y

(c.) f1is not continuous at (0,0)

(d.) fis not differentiable at (0,0)

(110.) Let X denote the topological space R with the cofinite topology (i.e., the finite complement
topology) and let Y denote the topological space Rwith the Euclidean topology. Which of the
following statements are true?

(a.) X x[0,1] is closed in X xY with respect to the product topology
(b.) X x[0,1]is compact with respect to the product topology

(c.) X is compact
(d.) X xYis compact with respect to the product topology

(111.) Let X ,...,X,, be a random sample from the N (2,4) distribution and Y,,...,Y,. be a random
sample from the N(-2,5) distribution, where N (y,o?)denotes a normal distribution with mean

u and variance o”. Assume that two random samples are mutually independent. Let

i 1 12 5 1 12 2
X=—) X,S =— X -X),
12 = 11;(1 )
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bt

Jj=1

which of the following statements are true?

(a.) The distribution of X +Y is N(O, %)
. . . 1 2 2\ 2
(b.) The distribution of %(SSS1 +568S; )1s e

is F,

11,14

2
(c.) The distribution of i—;
4 2
23 (7 +2).

1

(d.) The distribution of

(112.) Let (an) _, be a sequence of positive real numbers. Let b, =———*——~,n>1.
n= max{al,...,an}

Which of the following statements are necessarily true?

(a.) If limb, exists in R, then {a, :n>1}is bounded

(b.) If limb, =1then lima, exists in R

n—w n—w

(c.) If limb, =l , then lima_exists in R

n—w 2 n—w

(d.) If imb, =0, then lima, =0

(113.) Consider the initial boundary value problem (IBVP)
u, +u, =2u, x>0,t>0

u(0,t)=1+sint, t>0
u(x,0)=e*cosx, x>0

If uis the solution of the IBVP, then the value of M is
u(z,2x

(a.) e”

(b.) e”

(c.) —€”

(d.) —-e”

(114.) Let f:[0,1) - [1,0) be defined by f(x)=%.For nx1,let p (x)=1+x+...+x". Then which
- x

of the following statements are true?

(a.) f(x)is not uniformly continuous on [0,1)
(b:) The sequence (pn (x)) converges to f (x) pointwise on [0,1)
(c.) The sequence (p, (x))converges to f (x) uniformly on [0,1)

(d.) The sequence (pn (x)) converges to f (x) uniformly on [0,c]for every O<c<1.
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(115.)

(116.)

(117.)

(118.)

Consider the real vector space V =R[x]equipped with an inner product. Let W be the subspace

of V consisting of polynomial of degree at most 2. Let W*denote the orthogonal complement of
Win V . Which of the following statements are true?

(a.) There exists a polynomial p(x)e W such that x* - p(x)eW™*
(b) W* ={0}
(c) W and W"have the same dimension over R

(d.) W'is an infinite dimensional vector space over R

Let X,...,X (n>2)be arandom sample from a U (-6,20) distribution, where 6 >01is an

unknown parameter. Let X = 1 :1:1Xi’X(1) = min{Xl,...,Xn} and X | = max{Xl,...,Xn} .Which of
n

the following statements are true?

X
(a.) Maximum likelihood estimator of ¢ is min {Xu)’ 2(”’}

X
(b.) Maximum likelihood estimator of # is max {—X(D,%}

(c.) Method of moments estimator of #is 2X

(d.) Method of moments estimator of #is Q?X

Consider R and Q[x] as vector spaces over Q. Which of the following statements are true?

There exists an injective Q -linear transformation T:R — Q[x]

a)
(b.) There exists an injective Q -linear transformation T:Q[x] > R
) The Q -vector spaces Q[x]and R are isomorphic

)

There do not exist non-zero Q -linear transformations T:R — Q[ x]

For which of the following values of g, does a finite field of order g have exactly 6 subfields?

(a) g=2"
(b.) g=2%
(c) g=2"
(d.) g=2**

) .1 .
(119.) The extremizer of the problem m1n[5 Ll[(y’(x))Q +(y (x))2 J dx} subject to y e C'[-1,1],

[l xy(xydx=0and y(-1)=y@=1is

e 2
a. x )+ x" -1
( ) 1+€2 (e = e )
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e

1+e2(ex+eix)+1_x2

e

1+e? (e*+e™)

e
1+e?

(e* +e™)+sin(2zx)

(120.) Let z ~_a, be a convergent series of real numbers. For n >1define

A =% ifa, >0
no 0, otherwise;

B /% ifa <0
no 0, otherwise.

Which of the following statements are necessarily true?

(@) A, >0Oand B, >0 asn—>wx

(b.) If >’ a, is absolutely convergent, then both » ” A and ) * B, are absolutely
convergent

(c) Both > * A and ) ” B, are convergent

n=1""n

(d.) If > 7 a, is not absolutely convergent, then both » * A and ) ” B, are divergent
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