CSIR NET QUESTION PAPER

16-SEPTEMBER-2022

PART - A:

Qus 1.
The graph shows number of employees, mar-
ket share (as % by number of units sold), and
sale (in Rs. crore) for five companies A,B,C,D,E
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(a) A has the highest market share per em-
ployee, C has the highest sale for its market
share.

(b) C has the highest market share per em-
ployee, B has'the highest sale for its market
share!

() D has the highest market share per em-
ployee, E has the highest sale for its market
share.

(d) A has the highest market share per em-
ployee, B has the highest sale for its market
share.

Qus 2.
A battalion consists of elephants, horses and
soldiers totaling to 3500. There are twice as
many horses as elephants and one-fourth of
the soldiers are riding these animals. In the
stand still position, number of feet on ground
is 7500. The number of horses in the battal-

ion is.
(@ 525 (b) 625
() 550 (d) 600

Qus 3.

(a)
(b)
(©)
(d)

A ranks 10th from both the top and the bot-
tom in merit among the girls in her class. B
ranks 6th from the top and 16th from the bot-
tom among boys in the same class. If A is
immediately ahead of B in merit order, her
rank in the entire class would be.

16th from the top and 26th from the bottom
15th from the top and 26th'from the bottom
15th from the top and 27th from the bottom

16th from the top and 27th from the bottom

Qus 4.

(a)

(c)

There are two concentric circular tracks A
and B of width 2 m each as shown in the

figure. If » =30m, what is the ratio of the
areas of Track A to Track B ?

)

28/13 (b) 2/1

29/14 (d) 5/3

Qus 5.

Given figure represents pH, partial pressure

of CO, (pCOZ), and temperature (T) in an

experiment conducted in a water sample over
20 days. Which of the following statements
can definitely be made based on this experi-
ment ?
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in both T and pCO, over 20 days

(d) pHand pCO, are positively correlated while

pH and T are inversely.

Qus 6.
If 90 people are to be seated randomly in 15
rows of 6 seats each, what is the probability
that a person gets, a seat at either and of a

row ?
(@ 1/2 (b) 1/4
(€ 1/3 (d) 1/15
Qus 7.

In a test with multiple choice questions, can-
didates get 4 marks for correct answer and
lose 1 mark for an-incorrect answer. Two
candidates A and B attempting 18 and 13
questions, respectively, secure equal marks,.
How many more INCORRECT answers does
A have compared to B ?

(@ 3 (b) 4
() 5 (d) 6
Qus 8.
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Which one of the following drawn on a linear
scale, represents the circle shown in the fig-

ure above ?
2

Select the CORRECT option

(@ A (b) B
¢ C (d) D
Qus 9.

A 5 kg watermelon contains 99% water by
weight. Some of the water evaporates and the
melon now. contains 98% water by weight.
What is the weight (in kg) of watermelon now

(@ 4.5 (b) 2.5
(c) 4.8 (d) 49
Qus 10.

Consider the following four statements.

Statement 1: “Statement 3 is true”

Statement 2: “Statement 1 is true”

Statement 3: “ Statement 1 is true and statement

2 is false”

Statement 4: “Statement 1,2 and 3 are false
Which of the above statements must be true
for the four statements to be mutually con-

sistent ?
(a) Statement 1 (b) Statement 2
(c) Statement 3 (d) Statement 4
Qus 11

A set of 27 similar looking coins has 26 iden-
tical coins and one dummy coin having less
weight. What is the minimum number of
weighings that will ensure identification of
the dummy coin using a two-pan balance ?

(@ 3 (b) 4
) S (d) 6
Qus 12.

The wholesale price per unit of an item is

C, up to first 19 units. The unit price falls by

10% if 20 to 29 units are purchased and by
another 10 % if 30 or more units are pur-
chased. If 120 units are bought, the total
price paid is approximately.
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Qus 17.
(@ 99C, (b) 97C, Two digital clocks show times 09h 13m and
09h 17m, respectively, at one instant. Exactly
() 91C, (d) 81C, 30 seconds later the clocks show 09h14m
and 09h 17m, respectively. Which one of the
Qus 13. following options is a possible difference be-

A 360 ml aqueous solution contains 40% al-
cohol. How much will be the approximate per-
centage of alcohol if 3600 ml of water is added
to the solution ?

@ 26 (b) 3.6
(© 4.0 (d) 1.0
Qus 14.

Consider a right angled triangle BAC with
medians CM and BL having the same length.
The ratio of the length of BC to the of ML is

B
M
C 7 A
(@ 2 (b) 3/4
) 4/3 (d) 1

Qus 15.
The arithmetic mean of five. numbers is zero.
The numbers may not be distinct. Which of
the following must be true ?

(@) The product of the numbers is zero

(b) At most two of these numbers are positive

(c) There cannot be exactly one zero

(d) There cannot be exactly one non-zero num-
ber

Qus 16.
Of all the English magazines published in a
country, magazine M is read by the highest
number of readers. It necessarily follows that

(@) M is the most popular english magazine pub-
lished in the country

(b) M is the most popular english magazine in
the country

() M is the most popular magazine in the
countary

(d) The study has not considered the readership
of english magazines published outside the
country

tween the times maintained by the two clocks

(a) 3m 00s (b) 30s
(c) 4m 00s (d) 4m 30s
Qus 18.

An appropriate diagram showing the relation-
ship between the categories FOOD, VEG-
ETABLES, ROOTS and ICECREAMS is

L

Select the correct Option

(@ A (b) B
¢ C (d) D
Qus 19.

The number of three digit PINs, in which the
third digit is the sum of the first two digits, is

(@) 55 (b) 9
() 45 (d) 11
Qus 20.

On a track of 200 m length, S runs from the
starting point and R starts 20 m ahead of S at
the same time. Both reach the end of the
track at the same times. S runs at a uni-
form speed of 10m/s. If R also runs at a uni-
form speed, then how much more time would
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R take to run the entire course ?
(@) 0.5 second (b) 1.0 second
(c) 1.5 second (d) 2.2 second
PART - B:
Qus 21. (a)

Let A= (a,.)j) be a real symmetric 3x3 ma-

Qus 23.

Leta, =n+ n”' . Which of the following is true

n+l am

for the series Z(_l) |
n=l1 n.

It does not converge.

I -1
trix. Consider the quadratic form (b) t converges to ¢ 1
t t
Q(xl,x2,x3) =X Ax where x = (xl,x2,x3) (c) It converges to ¢!
Which of the following is true ?
(d) It converges to ¢! +1
(a) If Q(xl,xz,x3) is positive definite, then
Qus 24.
a, ;>0 forall i#, .
' Let us define a sequence (an )neN of real num-
bers to be a Fibonacci-like sequence if
M) If O(x,X,,x;) is positive definite, then , ,
a,=a, +a,, for n23. What is the dimen-
a,; >0 forall sion of the R vector space of Fibonacci-like
sequences ?
() If a.,.,l: >0 fo.r 'all i# j, then Q(xl,xz,x3) s (a) 1
positive definite. (b) 0
(c) Infinite and countable
(d If g, >0 forall j, then Q(xpxzaxs) isposi- . (d) Infinite and uncountable
tive definite. Qus 25.
Qus 22. Let R be the field of real numbers. Let |/ be
the vector space of real polynomials of degree
Suppose (an ),721 and (bn ),721 are two bounded at most 1. Consider the bilinear form
sequences of real numbers. TV x .
Which of the following is true ? (1):VxV >R given by
1
. n (f.8)=]/(x)g(x)dx Which of the follow-
(a limsup, . (an + (—1) b, ) = -([
. ) ing is true ?
limsup, . a, + |11m sup, .. b, g
a or all nonzero real numbers a, ere ex-
(@ F 11 1 b b th
()  limsup ( a + (_1)" b ) < ists a real number ¢ such that the vectors
n—>0 n n -
ax+b,x+c eV areorthogonal to each other.
limsup, ., a, +limsup,_,, b, (b )For all nonzero real numbers }p ,there are
. n infinitely many real numbers ¢ such that
() limsup, (an +(-1)"b, ) < Y Y
the vectors x+b,x+c €V are orthogonal to
limsup, ,, a, +|limsup,_,, b,|+[liminf,_, b, each other.
(c) For all positive real numbers ¢, there exist
@ limsup, ( a, + (_1)" bn) may not exist infinitely many real numbers a,b such that

the vectors ax+b,x+ceV are orthogonal to
each other.
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(d) For all nonzero real numbers p, there are
infinitely many real numbers ¢ such that

the vectors b,x+c € V' are orthogonal to each

other.
Qus 26.
o0 a?‘l
Consider the series z b ¢ for
= n’ (log, n)

which values of a,b,ce R, does the series
Not converges ?

(a) |a|<1,b,ce]R
b)) a=Lb>lcelR
(c) a=L12bh20,c<1

d a=-1,b20,¢c>0

Qus 27.
Let X,Y be defined by

X = {(xn)”>1 : limsup x, =1, where x, €{0,1}

n—0

and Y = {(xn )., : lim x, does not exist

n—> 0

where x, € {0,1}}
Which of the followingis true ?

(a) X, Y are countable

(b) X is countable and Y is uncountable
(c) Xisuncountable and Y is countable
(d) X,Y are uncountable

Qus 28.

Let  f,:[0,]] >R be given by
£, (t)=(n+2)(n+1)t"(1-t) for all ¢ in
[0,1]. Which of the following is true ?

(@) The sequence ( fn) converges uniformly.

(b) The sequence ( fn) converges pointwise but

not uniformly.

() The sequence ( fn) diverges on [0,1)

@ lim | 7, (c) de=[ limf, (¢)ar

n—>0

Qus 29.
Suppose A and B are similar real matrices,
that is there exists an invertible matrix S

such that 4 =SB47".
Which of the following need not be true ?

(@) Transpose of A is similar to the transpose of
B

(b) The minimal polynomial of A is same as the
minimal polynomial of B

(c) trace(A) = trace (B)

(d) The range of A is same as the range of B

Qus 30.
Let A be an invertible 5x5 matrix over a field
F. Suppose that characteristic polynomials of
A and 4! are the same.
Which of the following is necessarily true ?

(a) det(4)

2 4]
(b} “det(A4) =1
(c) trace(A)2 =1

(d) trace(A4 )5 =1

Qus 31.
Suppose A is a real nxn matrix of rank 5.

Let )/ be the vector space of all real nxn
matrices Y such that 4X =(. What is the

dimension of |/ ?

(@ r (b) nr
© n’r (d) n®—nr
Qus 32.

Let D denote a proper dense subset of a met-
ric space X . Suppose that f:D—>R is a

uniformly continuous function. For pe X,

let B (p)

{xED:d(x,p)<l}

denote the set

n
Consider W, :ﬂnm
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(a)
(b)

()
(d)

Which of the following statements is true ?

Wp may be empty for some p in Y

Wp is not empty for every p in Y and is

contained in f (D)

Wp is a singleton for every p

Wp is empty for some p and singleton for

some p .

Qus 33.

(a)

(b)
()

(d)

z
(<4

e

If =1 for a complex number

z=x+1iy,x,y € R, then which of the follow-
ing true ?

X =nrx for some integer 7.

T
y= (2n +1)5 for some integer n

Yy =nrm for some integer n

T
X = (271 + 1)3 for some integer n

Qus 34.

(a)
(b)

(©)

(d)

Let R be a commutative ring with identity.
Let § be a multiplicatively closed set such

that Q¢ §. Let J be.an ideal which is maxi-
mal with respect ito the condition that

SNI=¢-

Which of'the following is necessarily true ?

I is a maximal ideal
I is a prime ideal

1=(1)

1=(0)

Qus 35.

(a)
(b)
()
(d)

Let R be aring and N the set of nilpotent
elements, i.e.

N:{xeR|x":Of0rs0meneN}

Which of the following is true ?

N is an ideal in R

N is never an ideal in R

If R is non-commutative, N is not an ideal
If R is commutative, N is an ideal

Qus 36.

Let f(z)=(1- z)e(z+22] 1+ Z::l a,z"

Which of the following is false ?

@  fo(z)= _Zze[“z]
b) a =aq,

¢ a, e(—oo, 0]

@ > .

Qus 37.
Let X be a connected metric space with at
least two points. Which of the following is
necessarily true ?

(@) X has finitely many points

(b) X has countably many points but is not finite

(c) X has uncountably many points

(d) No such X exists

Qus 38.
Let-G be a simple group of order 168. How
many elements of order 7 does it have ?

(@ 6 (b) 7
() 48 (d) 56
Qus 39.

For a positive integer n, let f (") denote the
n™ derivative of f .

Suppose an entire function f satisfies

S r=0

Which of the following is correct ?
(a) (f (")(0))’121 is convergent

) lim,,, /" (0)=1

© lim,,, /" (0)

@ (7))

Qus 40.

Let f be anon-constant entire function such

that ‘f(z)‘: 1 for |Z|: 1

-1

| has a convergent subsequence
n=

Let J denote the open unit disk around O.
Which of the following is False ?
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(@ f(C)=C

(b)  f has at least one zero in [J

(c) f has at most finitely many distinct zeros
in C

(d)  f can have a zero outside [J

Qus 41.
Let G:[O,I]X[O,l]—> R be defined as

For a continuous function f on [0,1], de-

fine

1[£1=[ ], G (t.x) £ (1) £ (x)drax
Which of the following is true ?
(@ [ [ f ] >0 if f is not identically zero

(b)  There exists non-zero f such that / [ f ] =0

(c) Thereis f such that / [ f ] <0
(d) I[Sin(izx)] =1

Qus 42.
Consider the second order PDE

au, +bu,+au, =0 in R2 for a,beR
Which of the following is true ?
(a) The PDE is hyperbolic for b <2a

(b) The PDE is parabolic for b <2a
() The PDE is elliptic for |b| < 2|a|

(d) The PDE is hyperbolic for [b < 2|a|

Qus 43.
For any two

f,2:R—> R, define
rxe(0)=[ 1(8)g(t-5)ds
Which of the following is the value of f’ *g(l‘ )

when f(l‘):exp(—t) and g(t) =Sin(t) ?

continuous functions

(a) %[exp(—t) +sin () —cos (t)]

(b) %[—exp(—t)+sin(t)—cos(t):|
(©) %[exp(—t)—sin(t)—cos(t)]
(d) %[exp(—t)+sin(t)+cos(t)]

Qus 44.Assume that a paritcle of mass m is con-
strained to move on the hyperbola xy =5

under gravity g, with p being a non-zero
constant; here x is the horizontal direction
and ) is the vertical direction.

Which of the following is Lagrange’s equation
of motion ?

4 5

.o 2 2 .
(a) mx(1+b—] —2b mxz_m_gzbzo
x x X

LX) 2 2 L]
(b) mx[1+b j—2b mxz—m%b=0

4

.o 2 2 .
(c) mx(1+i J hma mgzb =0

5 3 2

.o 2 2 .
(d) mx(1+b—J _obm e _meb_
X X X

Qus 45.
Let f: R? 3R be continuous and
f(t,x)<0 iftx>0
f(t,x)>0 if tx<0

Consider the problem of solving the following

X :f(t,x), x(O):O
Which of the following is true ?
(@) There exists a unique local solution

(b) There exists a local solution but may not be
unique

(c) There may not exist any solution

(d) If local solution exists then it is unique
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Qus 46.
Let u (x,l‘ ) be a smooth solution to the wave
equation
o’u  0'u

* — ——=0 for (x,t)e R?
() ZE b ()
Which of the following is False ?
(@ u (x - 0.t ) also solves the wave equation (*)

for any fixed e R

u
(b) —— also solves the wave equation (*)

Oox

(c) u(3x, 9t ) also solves the wave equation (*)

(d) u(3x, 3t ) also solves the wave equation (*)

Qus 47.
Let A be the following invertible matrix with
real positive entries:

'

Let G be the associated Gauss-Seidel itera-
tion matrix. What are the two eigenvalues of
G?

(@ O0and4/3

b) 0 and —4/3
(¢ 0 and 16/9
(d 4/3 and —4/3

Qus 48.
What is the extremal of the functional

J[y]: Ii(l2xy—(y')2) dx

subject to y(0)=0 and y(—l):l ?

(@ y=x’

b B 2x% +x*
b) V¥ 3

@ y=-x

g X +x!
@ v >
Qus 49.

If the incidence matrix of a design is

N =aJ,,, where q is a positive constant and
8

J,, is a txb matrix with every element

equal to 1, then the design is
(@) Connected but not orthogonal
(b)  Orthogonal but not connected
(c) Neither connected nor orthogonal
(d) Both connected and orthogonal
Qus 50.

Let X,,..,X, be a random sample from

N(@, 49) distribution, where N(@, 49) de-
notes a normal distribution with mean @ and

variance @; where @satisfies 0 < @ <o and
is unknown. Then, the maximum likelihood
estimate of 4.

1
_1_(1+4z?1x;j2
Is -

n
2

1
4n 5 )2
1+1+—> x
(b) s ( nz’:‘ j
2

(c) Does not exist

Zn

X,
i
1 ’0

n

(a)

(d) Is max

Qus 51.

Let X,,...,X, be arandom sample from a dis-

crete distribution with probability mass func-

tion
2(1—9) o
P(X =1)=——2% P(X,=2)=——
(*i=1) 2-60 (% )2—9
where (96(0,1) is unknown. Let
X = M, Then the method of moments

n

estimator of @ is

(a)

|
I

(©)

[\®)
—_
e
|

>§|
—
e
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Qus 52.

For a given bivariate data (yl.,xl.),iz 1,...n,
Analyst AfitsYon X, i.e. I?l =a,+a, x;, while

Analyst B fits X on Y, i.e. )?l = E) + E Vi, us-

ing the ordinary least squares estimation
method. Which of the following pairs is a pos-

sible value for (0!1 ,ﬂl) ?

(@ (-0.5,2.5) m  (0.5,25)
(@ (-2.0,04) @  (-2.0,-04)
Qus 53.

Suppose that X is a random variable such

that P(XE {O, 1, 2}) =1. If for some constant

¢, P(X=i)=cP(X=i-1), i=1,2, then
E[X] is
1 b c+2c
@ e (b) l+c+c’
c+c’ 3¢
(c) 1+2¢ (d) 1+2c¢
Qus 54.

Let X and Y be independent random variables

with X~ Uniform [0,0+3]Y~ Uniform

[—(9—5, 0], where 0>-3. Then the maxi-

mum likelihood estimator of § based on

Y) is

(X,
(@ (5+Y, X-3)
m (-5-7Y, X-3)
© (5+Y, X-3)
(-

(d) 5-Y, X-3)

Qus 55.
Consider the following maximization problem

maximize X, + 3x,

subject to the constraints x, =20, x, >0 and

X +x, <6
2x,+x, <8

x+2x, <9
Which of the following is the dual problem ?
(@) Minimize: 6y, +8y, +9y, subject to y, =0,

¥,20, ;20
N2y, +ys 21, y+y,+2y, 23,

(b)  Minimize: 6y, +8y, +9y, subject to y, 20,
1,20, y,20
V2, + 3,23, y+y, +2y,>1

(c) Minimize: 6y, +8y, +9y, subject to y, =0,
¥,20, ;20
Y2y, +y, <Ly Ay, +2y,<3

(d) Minimize: 9y, +8y, +6y; subject to y,=0,
1,20, ;20
2y, +y,; 2L oy +y,+2y, 23

Qus 56.

Let X, X,,...

tically distributed random variables with
probability density function

-1

,X, be independent and iden-

e ifx>0

0 , otherwise

1
If (X(l)—;logeIO,X(l)j is a 100 f% confi-

dence interval of 2] where
Xy =min{X, :1<i<nj, then the value of
p is.

(@ 095 (b) 0.9

(@  0.975 (d) 0.92

Qus 57.

Let 1,Y,,....,Y,, be independent and identi-

cally distributed bivariate normal N, (O,Z)

30
where ZZ{O 3] Let a=(2 I)T and
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A _Zi=1Yi Y' then the distribution of H :f(x): 4x°, if 0<x<l1 .
. against
5 » 0 , otherwise
—(aTA’la) is
3 8x7,if 0<x<l
(a) Central chi-square with 8 degrees of freedom H:f (x ) = 0 herwise ’ has power
(b) Not chi-square , otherwise
(c) Central chi-square with 9 degrees of freedom b
(d) Non-central chi-square () 0.81 (®) 0.89
(© 0.64 (d) 0.36
Qus 58.
1 Qus 61.
Suppose X ~ Binomial (IO’EJ, Y ~ Bino- Which of the given sequences (an) satisfy

1
mial (1 LEJ, where Y and y are indepen-

dent. Then, P(X< Y) is

1
(@) Less than =
2
1
(b) Equalto E
10
(c) Greater than E but less than or equal to H
10
(d) Greater than ﬁ
Qus 59.

In a random experiment\a fair coin is tossed
once. Then, an unbiased six faced die is rolled
N times, where

100.if Head appears
101 if Tail appears

Let y denote the total number of times 6 ap-

pears out of N. Then P(Head|Y=15)

equals

516 505
@ 021 ®) oo

201 1000
© 021 @ oo
Qus 60.

Let X be a random variable with probability

density function f(') Then based on a

single observation X , the most powerful test
of size 0.2 for testing. 10

the following identity ?

limsupa, =—liminfa,

n—>0 n—»0

(@ a,=1/nforall n

®  a,=(-1)"(1+1/n) forfall n

(c) a = for all n

(d) (an) is an enumeration of all rational num-

bers in (—1,1)

Qus 62.
Consider the function f: R? — R defined by

(x—y)2 sin if x#y

f(xy)= x—y

0 ifx=y
Which of the following statements are true ?

(a) [ is continuous at (0,0)

(b) The partial derivative f does not exist at

(0.0)

(c) The partial derivative fx is continuous at
(0,0)

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

Qus 63.
Consider the following assertions:-

S1: ) £ p202250() for a1l tE(O,ﬂ')

www.anandinstitute.org



ANAND'S |||

TLAIM

Developing Excellence ..

S2: Foreach y>(, thereexistsa f € (O,x) such

that x =log, (1+xet)

S3: e‘sm()‘)‘ ge‘x‘ for all xe (—1,1)

Which of the above assertions are correct ?

(a)
(b)
()
(d)

Only S1
Only S3
Only S1 and S2
Only S2 and S3

Qus 64.

Let [x] denote the integer part of x for any

real number x. Which of the following sets
have non-zero lebesgue measure ?

(a) {x e[Loo): lim[x]" exists}

n—>0

(b) {XE [1,00): llglo [xn]exists}

{x e[l,0): limn|[x]" exists}

n—0

()

{x e[l,00): lim[1-x]’ exists}

n—>x0

(d)

Qus 65.
Let QZU;(Z’,Z’-H) cR and f:Q—>R be

a differentiable function such that f’ '(x) =0

for all xe Q) and let g:R — R be any func-

tion.
Which of the following statements are true ?

(a) If g is continuous, then ( gof )(Q) is com-

pact setin R

(b) If g is differentiable and g'(x)>0 for all

ye R, then (gOf)(Q) has precisely 5 ele-
ments

(c) If g is continuous and surjective, then

(go£)(Q)NQ= Y

(d) If g is differentiable, then

{ex :xe(g Of)(Q)} does not contain any

non-empty open interval

Qus 66.

(a)
(b)
()

Let J/ be the space of (- linear combina-
tions of the following functions

f1(2)=SinZ, fz(z)=cosz
fi(z)=sin(2z), fi(z)=cos(2z)

Let T be the linear operator on W given by
complex differentiation.

Which of the following statements are true ?
Dimension of W is 3

The span of f, and f, is a Jordan block of T
T has two Jordan blocks

(d) T has four Jordan blocks

Qus 67.
Consider the function f ‘R?* > R defined by

1

f(x,y):x3 y3 (x,y € R)
Which of the following statements are true ?

(@) The directional derivative of f exists at
(0,0) in some direction

(b) The partial derivative f, does not exist at
(0,0)

(c) [ is continuous at (0,0)

(d) [ is not differentiable at (0,0)

Qus 68.
For a positive integer n>2, let A be an nxn
matrix with entries in R such that Anz has
rank zero. Let 0, denote the 7X7n matrix
with all entries equal to O.
Which of the following statements are equiva-
lent to the statement that A has n linearly
independent eigenvectors ?

(@) A"=0 b 4" =0,

(c) A=0, (d) 4> =0,

Qus 69.

11

_ 1+2°+...+n”
For ¢ >(, define 4, =—————

a+l

n

What is the value of }lgg a, ?
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(a) Th(i limit does not exist.
(b) 2

a +1
(©) L
a+1
L
(d a’+a+l
Qus 70.

Let P be the vector space of real polynomi-

als with degree at most n.

Let <,> be an inner product on P, with re-
1 2 1 n

spect to which laxaix ,...,;x is an or-

basis of P .

n

f=> ax',g=) Bx' €P  Which of the

following statements are true ?

thonormal Let

(a) (f,g> Zz[(i!)a,ﬂ,- defines one such inner

product, but there is another such inner prod-
uct.

b (f.g)=2 (N B

(©) <f=g>zzi(i!)2 a, B, defines one such in-

ner product, but there is another such inner

product!
@ (f.g)=>.( s
Qus 71.

Let /' be the vector space of polynomials
f(X,Y)ER[X, Y] with (total) degree less
than 3. Let T :V — V be the linear transfor
The rank of T is at least 3.

0
mation given by E .

Which of the following statements are true ?
(@) The nullity of T is at least 3.
(b) The rank of T is at least 4.

12

(c) The rank of T is at least 3.
(d) T is invertible.

Qus 72.

Let (X ,d ) be a finite non-singleton metric

space. Which of the following statements are
true ?

(@) There exists A X such that A is not open
in x

(b) X is compact.

(c) X is not connected

(d) There exists a function f :X — R such that

f is not continuous.

Qus 73.
What is the largest positive real number §

such that whenever |x—y|<5, we have

|cosx—cosy| <\2 7

(@ 42 (b) 3/2
€ 7/2 @ 2

Qus 74.
Let A be an nXn matrix with entries in R

such that A and 4? are of the same rank.

Consider the linear transformation

T:R"—>R" defined by T(v)=A4v for all

ve R”. Which of the following statements are

true ?
(a) The kernels of T and 7T o7 are the same.

(b) The kernels of T and 7.7 are of equal di-
mension.
(c) A must be invertible.

(d) [, + A must be invertible, where /, denotes

the nxn identity matrix.

Qus 75.
On the complex vector space (1% with stan-

dard basis {el’eZ""’elOO} consider the bilin-

ear form B(x,y) ZZZ. X; V; where x, and y,

are the coefficients of ¢, in x and ) respec-

tively. Which of the following statements are
true ?
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(a)
(b)

(©

(d)

B is nondegenerate.
Restriction of B to all nonzero subspaces is
nondegenerate.

There is a 51 dimensional subspace W of (100
such that the restriction B:W xW — C is
the zero map.

There is a 49 dimensional subspace W of (100

such that the restriction B:W xW — C is
the zero map.

Qus 76.

(a)

(b)

()

(d)

Let [V and /' be the subspaces of R3 defined
by

X
U=<|y

z

eR’|2x+3y+4z=0

X
V=4y|eR |x+2y+52z=0
z

Which of the following statements are true ?
There exists an invertible linear transforma-

tion 7:R*— R® such that T(U) =
There does not exist any ‘invertible linear

transformation .7 :R*— R3>such that

T(V)=U
There exists a linear transformation
T :R* > R? such that T(U)ﬂV;t{O} and

the characteristic polynomial of T is not the
product of linear polynomials with real coef-
ficients.

There exists a linear transformation

T:R? - R?® such that T(U)= V' and the

characteristic polynomial of T vanishes at 1.

Qus 77.

(a)

For positive integer n>2,let M, (R) denote

the vector space of nXn matrices with en-
tries in R . Which of the following statements
are true ?

The vector space M, (R) can be expressed

as the union of a finite collection of its proper
subspaces.

(b)

()

(d)

Let A be an element of M,(R). Then, for

any real number x and g > (), there exists

areal number ye(x—g,x+€) such that
det(yl+4)=0.

Suppose A and B are two elements of M, (R)

such that their characteristic polynomials

are equal. If 4= ? for some CeM, (R)
then p— p? for some DeM, (R)

For any subspace JJ/ of M, (]R) , there exists

a linear transformation

T:M,(R)—>M,(R) with | as its image.

Qus 78.

(a)

(b)

(©)

(d)

Let a,be R such that g<p, and let
f:(a,b)—)R be a continuous function.

Which of the following statements are true ?

If f is uniformly continuous then there ex-

ist a>0 £ >0
‘f(x)—f(y)‘£a|x—y|+ﬁ’, for all X,y in

(a.0)

For every c,d such that [C,d]g (a,b), if f

and satisfying

restricted to [C,d ] is uniformly continuous
then f is uniformly continuous.

If f is strictly increasing and bounded then
f is uniformly continuous.

If f is uniformly continuous then it maps

Cauchy sequences into convergent se-
quences.

Qus 79.

Let a,b be positive integers with 4 >} and

a+b=24. Suppose that the following

congruences have a common integer solu-
tion

2x=3a(mod5), x=4b(mod5)

Which of the following statements are true ?
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(@ 10<a-b<20

b) 3b>a>2b

(€ a>3b

(d) g—p is divisible by 5

Qus 80.
For a bounded open connected subset () of
C,let f:Q — C be holomorphic. Let (Zk)be
a sequence of distinct complex number in ()
converging to z,. If f(zk) =0 for all

k >1then which of the following statements
are necessarily true ?

(@) If f is non-zero, then z,€ 0Q

(b) There exists ;> () such that f(z)z() for
every ze () satisfying |Z—ZO|Sr

(¢ If z,€Q, there exists p>() such that

f(z)=0o0n |Z—ZO|:I".

(@ z,€0Q
Qus 81.
Let

A=Z[X]/(X*+ X +1,X°+2X° +2X +6)

Which of the following statements are true ?
(@) A is an integraltdomain
(b) A is a finite ring
(c) Ais afield
(d) Ais aproduct of two rings

Qus 82.
For an open subset () of ¢ such that 0 Q)
which of the following statements are true ?

(a) {ez zE Q} is an open subset of ¢

(b) e

{ ‘ze Q} is an open subset of R
(c) {Sinz:z EQ} is an open subset of ¢

(d) |Sin Z| ze Q} is an open subset of R

Qus 83.
Consider the function f(n) =0’ =2n +n,

where 7 is a positive integer.

Which of the following statements are true ?
14

(a)

(b)
()

For every positive integer k, there exists a
positive integer n such that f (n) is divis-
ible by 2*

f (n) is even for every integer n> 20

For every integer n> 20, either f (n) is odd

or f(n) is divisible by 4

(d) For every odd integer n>21, f (n) is divis-
ible by 64

Qus 84.
Which of the following statements are nec-
essarily true regarding a group G or order 2022

(@) Let g be an element of odd order in (G and
Sg the permutation of (G given by
S, (x):gx for, x€G . Then §, is an even
permutation:

(b) Theset H = {g € G|order(g)is odd} is nor-
mal subgroup of G .

(c) G has a normal subgroup of index 337

(d) (G has only 2 normal subgroups

Qus 85.

Let U be a bounded open set of C contain-

ing 0. Let f:U — U be holomorphic with

f(O) =0. For ne N, let f" denote the composi-

(a)
(b)
()

(d)

tion of f done n times, that is

fr=fouof

n times

While f' denotes the derivative of f .
Which of the following statements are true ?

(7)(©)=(£(0)
/"(U)cUu
The sequence ((f '(0))n) is bounded

n

(o) <1
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Qus 86.

(a)
(b)

(©
(d)

Let f be an entire function such that
f(2) +7'(2)" =1. Consider the following
sets X ={z: f'(z)=0}.

Y={z:"(z)+ f(z)=0}

Which of the following statements are true ?
Either Y or y has limit point.

If y has a limit point, then f' is constant.

If ¥ has a limit point, then f is constant.
f(z) S {1,—1} forall ze C

Qus 87.

(a)
(b)

()

(d)

Le t p be a prime number and let E denote

an algebraic closure of the field Fp . We de-
fine.

§={FcF,|[F:F,] <

Which of the following statements are true ?
O 1is an uncountable set

O is a countable set

For every positive integer 5 > 1, there exists
a unique field F'e€ § such that [F :Fp] =n.
Given any two fields F;, F, € 0, either F,C F,
or I, c I

Qus 88.

(a)
(b)
(©)
(d)

Which of the following are class equations for
a finite group ?

1+3+3+3+3+13+13=39
1+14+42+2+2+2+2+2=14
1+3+3+7+7=21
1+1+1+2+5+5=15

Qus 89.

(a)

(b)

Let X cR’ be given the subspace topology.

Which of the following statements are cor-
rect ?

If x isfinite, then every function f:X — R
is continuous.
If every function f:X — R is continuous,

then Y is finite

()

(d)

If x¥ is compact and infinite, then X is un-
countable.
If x¥ is connected and has at least two ele-

ments, then X is uncountable.

Qus 90.

(a)

(b)
()

(d)

Let R denote the set of real numbers with
euclidean topology. Let R,, denote the space
of real numbers with lower limit topology. Re-

call that a basis of open sets for R, is given

by intervals of the form [a , b) for all real num-

bers a,b.

Which of the following statements are cor-
rect ?

If x¥ is a nonempty connected subspace of

R,, then x contains only.one element.

R , is contains a countable dense subset

Any openicover of R has a countable
subcover.
Any countable open cover of R has a finite
subcover.

Qus 91.

(a)

(b)

Let B =(x1,y1) and P, =(x2,y2) be two
points on the Xy — plane with X, different

from x, and y, >y,.

Consider a curve

C= {z z(x)=P,z(x,) = PZ} . Suppose that
a particle is sliding down along the curve C
from the point F to P, under the influence
of gravity. Let 77 be the time taken to reach

point P, and g denote the gravitational con-

stant.
Which of the following statements are true ?
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c) T is minimized when (C is a straight line.

(d) The minimizer of 7 cannot be a straight line.

Qus. 92.

Let

X={ueC'[0.1]:u(0)=u(1)=0}.  Let

1 N2
I:X > R bedefined as [(u) =Io e dt for
all ue X .

Let MzsupfeX][f] and m:inffexl[f].
Which of the following statements are true ?
@ M=1,m=0
(b) I1=M>m>0
(c) M is attained
(d) m is attained

Qus 93.
Let u be a solution of the following PDE
u,+xu, =0
u (x, 0) =e"

Which of the following statements are true ?

(@) u(21)=€

m  u(l,1/2)=1
(c) u (—2, l) —e?
@ u(-21)=e"

Qus 94.

If y(t ) is a stationary function of

J]=[ (1=) () ax L p(-1)=1,

y(l) =1
Subject to

[r=1

Which of the following statements are true ?
(a) Y is unique
(b) Y is always a polynomial of even order
(c) Y is always a polynomial of odd order
(d) No such )y exists

16

Qus 95.

1-+/5

2

and f=

Consider a = . Define

1+\/§
2

a sequence of numbers F as follows:

n

n n

a' -p
F, :W for n=1,2,...
Let p:R—R be a polynomial of degree at
most 2 such that p(l) =F, p(3) =F,
p(5)=F
Which of the following statements are true ?
(@ F =F +F ,forn>3

m p(7)=13

(¢ F,=F_ +2F , fornz5
@ p(7)=10

Qus 96.

Let 1:R®*—> R satisfy Au=0. Define
v(x)=u(Mx), where )/ is the 3x3 ma-

trix.

0 -1 0
M=1 0 0
0 0 1

Which of the following statements are nec-
essarily true ?

@ Av=0
b) Av=v

(@ dim(M'MVv)=0
@ dim(M'MVv)=v
Qus 97.
Consider the ODE _).C:f(t,x) in R, for a

smooth function f .

Consider a general second order Runge-Kutta
formula of the form

x(t+h)=x(t)+wh f(t,x)+w, hf(t+ahx
+Bhf)+0().
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Which of the following choices of x'(t):Ax(t) , for all te(O,oo).

(Wl,wz,a, yoj ) are correct ? Which of the following statements are true ?

j ®) Gl%lj @ =[x (0.0)
2
3

(b) For some acR’ \{0} , Hx(t)—au —
% j (d) (0’1’1’1) HX(O)—aH, for all te(O,oo)

(© x(¢)-x(0)eim4, for all £€(0,%)

Qus 98.
Let & be the solution of the Volterra type  (q) limx(t) exists
—o
integral equation g 1+J S — t (t)dt; Qus 101.
for all §>0. What are the possible values of 1Con51der the two following initial value prob-
ems:-
g(l) ? 1
1 0 y'(x) =y’
e—— —
(@ 2e (b) o y(0) =0
e+ ! d 2 3
(c) o (d) e - y'(x) =—y?
Qus 99. y(O) =0

. . .
Consider the linear system y'=Ay+h Which of the following statements are true ?

(a) Iis uniquely solvable

1 1 3t+1 ) -

where A= and P = SO (b) 1II is uniquely solvable
4 -2 2t+5 P (c) I has multiple solutions

(d) I has multiple solutions
pose y(t) is a_ solution such that

Qus 102.
) y(t) ) Consider the following system of integral
}EET =.deR’. What is the value of 4§ ? equations.
A (pl(x)=smx+_[0 o, (t)dt
3 3 ;
X zl—cosx—J t)dt
@ | s (b) 5 26 La(0)
-5 _g Which of the following statements are true ?
(a) @, vanishes at atmost countably many points
) (b) @, vanishes at uncountably many points
3 3 (c) @, vanishes at atmost countably many points
(© _ 2 (d) _ g (d) @, vanishes at uncountably many points
3 3
Qus 103.
Qus 100. The observation XY has normal distribution

with unknown mean —©<4u <® and vari-
ance 1. Consider the problem of estimation

X :[(), oo) 5 TR? be a solution of of 4 based on X under the squared error loss.

Which of the following statements are cor-

rect ? N
17 www.anandinstitute.org
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(a)
(b)

()

The Bayes estimator of # under a proper

prior is always biased.
There is a proper prior for which the Bayes

estimator of 4 is unbiased.
The Bayes estimator of # under an improper
prior is always biased.

(d) There is an improper prior for which the
Bayes estimator of # is unbiased.

Qus 104.
Let X be a random variable whose probability
mass functions under H, and H, are given
by the following.
X 1 2 3 4 5 6 7

fu (x) 0.01 0.01 0.01 0.01 0.01 0.01 094

(a)

(b)

()

(d)

Sy (x) 006 005 0.04 0.03 0.02 0.01 0.79

where f}, (x)= By (X =x) and

Ju, (x) =F (X = x) . Which of the following

statements are correct ?
The critical region of most powerful test of

size o =(.04, for testing H, against H,, is
given by {x: x< 4}

The critical region of most powerful test of
size @ =(.04, for testing H, against H,, is
given by {x 3<x< 6}

The power of the.most powerful test of size
a =0.04, for testing H, against H| is (.18
Most powerful test of size oy = (.04 , for test-

ing H, against H, does not exist.

Qus 105.

(a)

(b)

Suppose X,..., X, are independent and iden-
tically distributed random variables from the
normal distribution with mean @ and known

variance g?. If the prior distribution of @ is

normal with mean # and variance 72, then
which of the following statements are correct
?

With respect to the squared error loss func-
tion., Bayes estimator is the mean of the pos-
terior distribution.

With respect to the squared error loss func-
tion, Bayes estimator is the median of the
posterior distribution.

18

(©)

With respect to the absolute error loss func-
tion, Bayes estimator is the median of the
posterior distribution.

(d) With respect to the absolute error loss func-
tion, Bayes estimator is the mean of the pos-
terior distribution.

Qus 106.

1
@7,

Let {X Lol 21} be a sequence of independent
and identically distributed Bernoulli random
variables with P(X1 = 1) = pe (0,1). Which

of the following sequences of estimators are
consistent for p as n—> ®© ?

;Xi :nZl}

B {05(X,+X,,)m=1]
L i s
(c) ;Zizl X, :n21
1 " _
(d) 1 i=1 Xz,,lel- tn>1
n
Qus 107.
X 0 1 p O
Let V=N |01 p 10 where
A 0 0 0 1
|p| <1. Which of the following are true ?
(@ Cor(X*.Y*)=p
() Cor(X*,Y)=0
(c) Cor(Xz,ZZ):()
@ Cor(X*,Y’+2%)=p’
Qus 108.

Consider the hierarchical single linkage
agglomerative clustering algorithm for three

points X=(1,0),Y:(0,2),Z:(3,3), and

the squared Euclidean distance matrix. The
clustering algorithm starts with three clus-
ters. Then which of the following statements
are correct.
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(a)

At the first step, after combining two nearest
clusters, the single linkage distance between
the two newly formed clusters is 10.

(b) At the first step, X and Y are merged to form
a new cluster.
(c) At the first step, after combining two nearest
clusters, the single linkage distance between
the two newly formed clusters is 13.
(d) At the first step, X and Z are merged to form
a new cluster.
Qus 109.
Let {Xn n2 1} be a sequence of indepen-
dent and identically distributed random vari-
ables and the probability mass function of X
1
is the following P(X1 = 1) =P(X1 =3) =§.
If ¥ =X, +...+ X, , then which of the fol-
lowing statements are correct ?
Y,
(a) ; converges to 2 in probability.
Y,
(b) Variance 1127 converges to 0, as #—> ®©
Y,
(c) 7127 converges to ¢ in probability, where
0<c<w
Y,
(d) —, converges to 0 in probability
n
Qus 110.
Let ¥ be a random variable whose distribu-
tion is symmetric about —2 . Which of the fol-
lowing are true ?
2
(a) If xy discrete and P(X = —2) = E, then
P (X > —2) =1/6
1
(b) If x is discrete and P (X = —2) = E’ then

(©)

P(X>-2)=1/2
If x
P(X>-2)=0

is absolutely continuous, then

(d If xy 1is absolutely continuous, then

P(X>-2)=1/2

Qus 111.
Let X, and X, be independent and identi-

cally distributed standard normal variables.
Then which of the following statements are
correct ?

1

(a) Expected value of max(X X 2) is ﬁ

(b) Conditional expectation of X, given X, + X,

is 0.5(X,+X,)

(c) X,—X, and X, +X, are independent

Xl
X 12 +X 22 and 7 are independent
2

(d)
Qus 112.
Let; X, X,,..., X, be independent and iden-

tically distributed normal random variables

with mean H# and variance g5?. Suppose
~ A2
(/U ,O ) is the maximum likelihood estima-

tor of ( H ,0'2) . Which of the following state-

ments are correct ?

(n—l)g'2
~—

o

(a)

is a chi-square random variable

with (n —1) degrees of freedom.

b 5’

is an unbiased estimator of 52

(©)

Variance of gz tends to 0O as n — ®©

~4
2
n o

(d) m is an unbiased estimator of 5*

Qus 113.
Consider the multiple linear regression

model Y, =px,+..+B,x,,+€,, with
E(€)=0, Cov(e,€,)=0, If i#k and
Var(e)=0’, for i,k=1,....,n.
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If 5;\1 is the least squares fit of ), and é\l is
the corresponding estimated residual for
i=1,...,n then which of the following state-

ments are always correct ?
(a) z,Ei:O and ziyi =0
(b) Zixl.jel.zo ;forall j=1,..,p

(c) Zieizo and Zix,.jel:o; for all

j=1L..,p
@ > ye&=0
Qus 114.

If the hazard function of a lifetime random
variable X is given by

2x
e

7 XE (O,OO) , indicate the correct

options.
(@)  Survival function of the random variable Y

- xe(0.2)

1
is S(x)=—=
( ) I+x
(b) Survival function of the random variable X

2
is S(X):W,XG(0,00)

(c) Survival.function of the random variable
X cannot be determined from the given in-
formation

(d) The survival function, density function and
distribution function can be determined from
the given information

Qus 115.
The probability density function of a continu-
ous random variable X is given by

f(x)= {

0, otherwise

x>0

Let Y = [X ], where [X ] denotes the largest

integer not exceeding X . Which of the fol-
lowing statements are correct ?

(@ P(Y=2)=0

20

M) P(Y<l12)=1-¢

2y e+l
(c) E(Y)_(e_1)2
1
E(Y)=
(d) ()(e—l)
Qus 116.
Let
%%00 0
%% 0 0 O
p_L 1111
155 5 5 5
111 1eg
4 4 414
000 0 1

be the one step transition probability matrix
of a stationary Markov Chain. Which of the
following statements are true ?

(a) All the states have same periods

(b)  All the states are transient

(c) Some states are transient

(d) All the states are recurrent

Qus 117.

Let X,,X,,...,X,, be a random sample from

Uniform (0,1) and X(l),X(z),---;X(lo) denote

the corresponding order statistics. Which of
the following statements are true ?

(a) X(z) ~ Beta(Z, 9)

(b) X(IO) _X(l) ~ Beta (1 1,2)
@ E[Xy]=

3
(d) Var[X(z)} :%
Qus 118.

Let X,,..., X, be arandom sample of size 10

from a continuous distribution with probabil-
ity density function
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(a)

(b)

()

(d)

(6-x)
f, (x) :{e , x>0

0 otherwise feR is unknown.
Consider the problem of testing the null hy-

pothesis H : 0 <3 against the alternate
hypothesis H, : §>3, based on X|,...,X,,.
Let L(@) denote the likelihood function and

Xy = min (..., X;y)

Which of the following statements are cor-
rect ?

supL(e) ) e*z:)f.-

X, <3
0<3 1 (1)

>
_ X
="

le(l)
) If Xy >3

supL(f)=e

0<3

e

The critical region of the likelihood ratio test

of size a(O <a< 1) , for testing H|, against

H,, is given by

{(xl,...,xw) eR":x 2%—1010&, (a)}

The critical region of the likelihood:ratio test

of size a(O <a< 1) , for testing, H, against

H,, is given by

1
{(xl,...,xlo) €R":x, 23 —Eloge (a)}

Qus 119.

(a)
(b)

(©)
(d)

Let

0 0
0 0
0
1

o O -

1| be the one step transi-

0 0 0

tion probability matrix of a homogeneous
Markov Chain. Which of the following state-
ments are true ?

It is an irreducible markov chain

All the states are recurrent..

: n
lim P" exists
n—>»0

All the states have same period

21

Qus 120.

(a)

(b)

(©)

(d)

Consider the simple linear model

Y =pX+¢€,, for i=1,..,n where €’s are
ii.d N(0,0‘z) random variables and X,'s

are nonrandom, postive and distinct. Con-

sider two estimates of £ given below

2 (%-Y)(X-X)
ZLI(Xi _})2
2 X

ﬂz i Z?:l Xiz

Which of the following are correct ?

~

B =

Both ,81 and /Bz are unbiased estimates for

A
B
2
B

has larger variance then f,
has larger variance then f

has the same variance as that of /82
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Q.1 (D) Q.2 (D) Q.3 (A Q4 (C) Q.5 (O Q.6 (C) Q.7 (B)
Q.8 (A) Q9 (B) Q10 (D) Q.11 (A) Q.12 (B) Q.13 (B) Q.14 (A)
Q.15 (D) Q.16 (A) Q.17 (B) Q.18 (C) Q.19 (B) Q.20 (D) Q.21 (B)
Q.22 (C) Q.23 D) Q.24 (B) Q.25 (C) Q.26 (C) Q.27 (B) Q.28 (B)
Q.29 (D) Q.30 (A) Q.31 (D) Q.32 (C) Q.33 (B) Q.34 (B) Q.35 (D)
Q.36 (D) Q.37 (C) Q.38 (C) Q.39 (D) Q.40 (D) Q.41 (A) Q.42 (C)
Q.43 (A) Q.44 (A) Q.45 (A) Q.46 (C) Q.47 (C) Q.48 (C) Q.49 (D)
Q.50 (B) Q.51 (C) Q52 (D) Q53 (C) Q54 (D) Q.55 (A) Q.56 (C)
Q.57 (C) Q.58 (B) Q.59 (A) Q60 (D) Q.61 (ABD) Q.62 (A,C)
Q. 63 (D) Q.64 (AD) Q.65 (AD) Q.66 (D) Q.67 (AC,D) Q.68 (C)
Q. 69 (C) Q.70 (D) Q.71 (AC) Q.72 (B,C) Q.73 (C)° Q.74 (AB) Q.75 (AD)
Q.76 (AC,D) Q.77 (B,D) Q.78 (A,C,D) Q.79 (AD) Q.80 (AC) Q.81 (AB,C)
Q.82(A,B,C) Q.83 (A,B,D) Q.84 (AB) Q.85 (A,B,C,D) Q.86 (A,C) Q.87 (B,C)
Q.88(A,C) Q.89 (AD) Q.90 (ABC) Q.91 (AD) Q.92 (AC) Q.93 (B,C)
Q. 94 (D) Q.95 (AD) Q.96 '(AC) Q.97 (AC) Q.98 (A) Q.99 (A) Q.100(A,B,C)
Q.101(B,C) Q.102(A,D) Q.103(AD) Q.104(A,.C) Q.105 (A,B,C,D) Q. 106 (A,C)
Q. 107 (A,B,C) Q. 108 (A,B) Q. 109 (A,B,D) Q.110(AD) Q.111(A,B,CD)
Q.112(C,D) Q.113(BD) Q.114(A,D) Q.115 (B,C,D) Q.116 (A,C) Q.117 (A,C,D)
Q. 118 (A,D) Q.119(B,D) Q. 120 (A,B)
22
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CSIR NET SOLUTION

16-Sept-2022

PART “A”

Qus. 1

Sol:- (d) From the given bar chart it is clear that A
has highest market share per employee
(around 0.9) and B has highest sale for it’s
market share (again around 0.9)

Qus. 2
Sol:- (d) Let E,H, & S be the number of elephants,
horses and soldiers then

E+H+5=3500 @)

H=2E (i1)
3

&’4E+4H+(ZSJX2: 7500 (iii)

Now (i) x4 — (iii) =

5

ES =6500 = S =2600

— E+H=3500-2600 = %H+H=9OO

= H=600 Ans.

Qus. 3
Sol:- (b)
Girls Boys
1 Oth 6 th
A th B
1 O 16"

9G+5B AB 9G+15B

From the above picture rank of A from above

is 94+5+1=15"
and from bottom it is 9+15+1+1=26"1i.e.

15" from top & 26" from bottom.

Qus. 4
Sol:- (c)

)

Ratio of area of track A to that of area of track
Bis

7(30°~(28)") 30428 58
7(15°-13) S 15+13 28

_
14
Qus. 5

Sol:- (c) Based on the above experiment we can
conclude that there is a decrease in pH and

an increase in both T and PCO, over 20 days

Qus. 6
Sol:- (c) Out of 15x6=90 seats 15x2=30 seats

are on either sides so probability of getting
seat on either side is

P(E)= H0_1
9 3
Qus. 7
Sol:- (b) If x more incorrect answers were given
by A then

(x)x(—ij +(5=2)x(1)=0
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Qus. 8
Sol:- (a) If graph of logarithm is converted into lin-
ear it will look like that in picture A.

Qus. 9

Sol:- (b) In 5 kg. Watermelon solid stuff is 1% =
0.05kg. and if 98% is water then weight of
2% watermelon is 0.05kg. = weights of wa-

0.05

x100=2.5kg.

termelon =

Qus. 10
Sol:- (d) Of the given statements , statement 4 is
true and rest are false

Qus. 11

Sol:- (a) 27:(3)3 so minimum number of

weighings required to indentity dummy coin

is 3= log, 27
Qus. 12
Sol:- (b) Cost of 120 units of items =
C,x—0 20 L 120 =972 ¢, =97C,
100 100
Qus. 13
Sol:- (b) Percentage of alcohol after adding 3600 ml
of water =
40
360 x~—
100 0 :14400:1800:200
360+3600 3960 495 55
40
:ﬁ: 3.6 % “approximately”
Qus. 14
Sol:- (a)

BC 2 )
ML 1
because length of line segment joining mid-

point of 2 sides of a triangle is parallel to the
third side and it is of half length than it.

Qus. 15

Sol:- (d) As arithmetic mean of 5 numbers is zero
so sum of those 5 numbers is also zero hence
their cannot be exactly one non-zero num-
ber in it else their sum will be that non-zero
number.

Qus. 16

Sol:- (a) As magazine M is read by the highest
number of readers so M is the most popular
english magazine published in the country

Qus. 17

Sol:- (None are correct)
According to the given information second
digital clock is\either not moving or it has
moved 24-hours in 30 seconds so their is no
concrete information about it

Qus.. 18
Sol:- "(c)

Venn Diagram

Qus. 19
Sol:- (a) If third digitis K ;K €{0,1,2,...9} then we

have K 4] options so number of such three
digit PINS are equal to

9
S (K +1)= 142+..+10= "2 s
K=0
Qus. 20
Sol:- (d)
20m
5 j ’
1 ]
200m
200
Rrun 180 m in szo second
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So, R will run 200-180= 20 meter in
20 20

——x20 second =— second =

180 9

2.2 seconds (approximately)

PART “B”

Qus. 21.
Sol:- (b) If Quadratic form Q(xl,xz,x3) is positive

definite then all square terms will have posi-

tive coefficient, so if Q(xl,xz,x3)=X’AX

then a,>0 ; Vi=1,2,3

Qus. 22.
Sol:- (c)

: limsup((—l)" bn) < [limsupb,| +|liminf b, |

limsup(an +(-1)" bn) <

Qus. 23.

1 "
Sol:- (d) an=n+; = > (- Ay _

&)

g(—l)"+[(n11)!+%+(nil)’}

{ 1 1 1 }
=|l-—4+=—=+..
1 2r 3!

n!

- 1
n+
-1
=l

{(n+1)+

n!

Qus. 24
Sol:- (b) In Fibonacci like sequence a,,a, € R but

Vnz3,a,=a

So, there are two arbitrary constants. Hence
dimension of vector space is 2

n—1 + an—Z

Qus. 25
Sol:- (c) <ax+b, x+c> = _[Ol(ax+b)(x+c)dx

a ac+b
=—+ +bc

3 2

so, <ax+b,x+c> =0 =

(a ) a b
—+blc=-=—= =
2 3 2

Y ce R there will be an equation in 2 vari-

ables ¢ & p whose number of solutions is
infinite.

Qus. 26

Sol:- (c) For series Z b
ey log n)

If a=1; 0< b <1 and ¢ <1 then series is
isn’ loge )C diverges to oo, so it is not
convergent.

Qus. 27

Sol:- (d) X={( ) s hmsup—l x, €{0, 1}} is
uncountable set as after any finite therms &

upto infinite terms X, can take both values

0&1
Also

Y:{(xn) ., limx, does not exist ;x, & {0, 1}}

is uncountable set as both O & 1 are possible

value of x, upto infinite terms.

Qus. 28
Sol:- (b) £, (t)=(n+2)(n+1)t"(1-1)
- f()= lim £,(t)=0 ; Vie[0,1]
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L, (0) = £ (1) =(n+2)(n+1)1" (1-1)
=g(?) (e

¢ '(O)=(n+2)(n+ )" 400 (1-1)]
=(n+2)(n+1)""' [n—(n+1)t]

—_(n+2)(nr1) {t—i}

n+l

Local maxima

+ —
| | |
I

1
0 R 1
n+l

Sign scheme of g’(t)

So, Sl[lp] |f,1(t)—f(t)|:sup g(t):g(ij:

1oyt 1d0,] n+1
n" 1
n+2)(n+1 X
1
M, =(n+2), -
= 1.,.1) & MM, =0 g
n n—>0
convergence is not uniform, it is only
pointwise.
Qus. 29

Sol:- (d) If A is-similar to B then 4" ~4 & B’ ~B

so AT ~B” (1)
Minimal polynomial of 4 —
Minimal polynomial of B (@)

Trace (A) = Trace (B)
but Range(A) need not be equal to Range(B)

s 3] e[, %)

Qus. 30
Sol:- (a) C(A)ZC(A_l) = If ) is an eigen

value of A then — is also an eigenvalue of A.

A

So, 1 eigenvalue of A will be self inverse i.e.
lor-1

So, det(A)=1o0r —1
& det(4) =1
Qus. 31
Sol:- (d) V' ={4eM,(R) | AX =0}
= dim(V) = n(n—Rank(4))
—n(n—r)
:nz—nr

Qus. 32

1
Sol:- (c) B, (P):{XED »d(xp) <Z}

W, =(1/(8(r))

=lim /(B,(p))={p}

n—>0

= _ W, is singleton for every p .

Qus. 33

+iy

=1

e

Sol:- (b) ‘e ‘ =1=

(cos v+isi
N e (cosy lsmy) :1

x X
e‘cosy _ie'siny
. e

=1

e

e*cosy =1

J

e

= e¢ecosy=0 = cosy=0

= y=(2n+1)%;ne]

Qus. 34
Sol:- (b)

R— CRU
SN =¢
Let R=7

1:<2>:{2n:neZ}
S={3":nez|

1=(1)=Z but [ =27

(c) discard
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SN1=¢ If R is commutative then
I is maximal ideal w.r.t (ax)n —ad"x"=0
SN I =¢ ie I then .
(xa) =x"a"=0
SNI, # ¢ q
R=Z,1=(2),S§=3"
Qus. 36
I(;]l [z+i]
3 aeZ such that Sol:- (d) f(z)=(1-2)e
a isodd ael, o
. a+l even =1+Z‘a”z
a+lel ie a+lel [ ZZJ
. a+l-a=1el f(2)=[(1-2)(1+z)-1]e" °
I, =R {Hi]
2
1=(0) =(0) but 1 =(2) =-z'¢
(d) discard

Now w.r.t in CRU every maximal ideal is
prime ideal
(a) discard

Qus. 35
Sol:- (d)

N={xeR | x" =0for some ne N}

Clearly ¢ # NCR (OEN)
Ideal if
i) x,ye N st. x—yeN
ii) xeN aeR s.t. axe N
Let x" =0 and y" =0.for m,ne N

If R is commutative then
(x_y)”"'m _n+m Coxn+my0 _n+m Clanrm—lyl

n+m n_m |, n+m n—=1_ m+l1
Fo " C X"Y" + XY

1
Hence @, = _1+F: 0

a, =l+l—l:O
2 2

a,=a,

Also, V neN ;a, € (—x,0]

Coefficient of 77 has positive term < nega-

tive term
“so, 4th is false”

+o+ "
x"=0 then x' =0 V ¢>n

y" =0 then y'=0 V¢>m

Qus. 37
Sol:- (c) If Yy is connected metric space with at

least two points then Y must be uncount-
able set.

Qus. 38
Sol:- (c) 168 =7x24

(x_y)r‘l+m:()
x—yeN
ii) xeN and ae N

x" =( for some ne N

1+7.1 =8 divides 168

So, there are 8 subgroups of order 7.
Hence number of elements of order 7 =

(7-1)x8=48
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Qus. 39
Sol:- (d) Method 1:-
A
N f(4) :_f(z) :>f(6) :_f(“)m_
= f= f(4) =f(8) — f(lz) -
=_f(2) =—f(6)=—f(10)...
& f1=fO=r0= =
_f(3) :_f(7) -

Hence ‘f(n)(())‘Z ‘f(O)‘ if n is even
=|£"(0)| if n is odd
So, ‘f(n) (0)‘ has convergent subsequences

Method 2:
fP4f=0 =(D+1)f=0=

f(z)=¢ cosz+c,sinz

-~  f"(0)=¢ cos(%}rcz sin(%)

f”(O)‘: |02 ; if mis odd
= . .
=|c1 ; If nis even
So, it has {Sodd} & {Sem} as convergent sub-
sequences.
Qus. 40

Sol:- (d) f (Z) is non constant entire function
such that ‘f(z)‘zl for |Z|:1

U:{zeC | |z|<1}

According to the condition given

f(z)=z2" ;V zec

So, (i) f(c)=c

(ii) f(z)=0 =z=0, so f(z) has at least one
zero in [J

(iii)  f has at most finitely many distinct zeroes
in C
but f (Z) cannot have a zero outside

Qus. 41
Sol:- (a)

Qus. 42
Sol:- (c)

au, +bu,+au,, =0 in R2
S=b
b* —4a’ <0

b? <44?

r=a t=a

— PDE is elliptic

|b| <2 |a|\=> PDE is elliptic
Qus. 43
Sol:- (a)

For any two continuous functions

f,g:R— R define
r*g(0)=[ f(s)g(t=s)ds
f*g(t) when f(t)=e", g(t)=sint
= f*g(t)=[ e sin(t—s)ds
= /*g(t)=], ¢ (sintcoss—costsins)ds

. to_ .
=f*g(t):s1ntj.oe cossds—costjoe sinsds

—X

[—cosx+sin x]

—X

X
j e “sinx=— 5 [sin x +cos x]

t

N sint{ezs [sins—coss]} _

0

e’ .
cost{— > [s1ns+coss]}

t

0
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=sint s t 1]+ 1 x* b’
=sin 7[5111 —cos ]+§ -~ T=—M(x'2+ L j
2 X
t —eﬁ( int+ t)—l 1 b’
COS 5 Sin COS 5 T=—M xoz (1 + _4]
2 X
— e—{sinzt—sintcost+lsint+sintcost+ Vi=mgy
2 2 v mgh
), 1 } x
cos“ t— Ecost
2
Llex'z(1+b—4j— mgbh
e’ 1. 1 2 X X
—  —|l+—=sint——cost _ S )
2 2 2 Equation of motion is given by (of a particle)
-, . i 6_Lj_6_L= 0
E[e +smt—cost} dt (Gx' A (@)
Qus. 44 d|lofl a ﬁ _mgb
Sol:-(a) = dt l:ax' ( 2 M1+ < x
Given hyperbola xy =b (1)
b 0|1 2 b’ mgb
=— ——| =Mx" | 1+— |——— =0
= 7 X ox {2 [ x* X
Lagranagian (L) given by
2 —
L=T-V  T—KE . i[mx.(1+b_4jj_[(lmx.z(_szj
V —> PE dt X 2 X
! 2 _ Ly mgb
T=—MV-=<Mx (one-dimensional) + &Y | _ 0
2 2 2
Differentiable (1) w.r.t time ¢
b\ 2mx"*b* mgb
d d o _mgb
dt ( y) dt ( ) X X X
= x'y+y'x=0 ()
e Qus. 45
y' = * ) Sol:- (a)
X
i v Qus. 46
_ 2 XY Sol:- (c)
r= EM(X + > j Result
(i) If U(x,t) is solution of wave equation then
1 2 (p 2 U(x-a,t-b) also solution ¥ a,b € R
T=—M| x"? X (_) (ii) If U(x,t) is solution of wave equation then
2 x> \x U(ax , bt) also solution ifa=b

Qus. 47
1 2
Sol:- (c) For given matrix A= 8 9
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L (1 O0)., _(00) (02
o 9)7" (8 0)%” o o)and

it’s Gauss-Seidel iteration matrix is

G=—(D+L)'U
{3 o) (o o
10 I

16
So, Eigen values of G are 0 & 3
Qus. 48
Sol:- (c)
2
0 dy
J(y)= 2xy—| = | |dx
(y) L{ i (dx] ]
»(0)=0 y(=1)=1
Euler equation given by
0 o[ of
Pt el 0
oy Ox\ Oy
where f =12xy —(y')2
g = 12x—£(—2y') =0
oy Ox
0
6x+—y'=0
= o Y
= 6x+y"=0
= y'=-6x
= p'=-3x
= y=-x
Qus. 49
Sol:- (d)
Qus. 50
Sol:- (b)
Qus. 51
Sol:- (c)
Qus. 52
Sol:- (d)

Qus. 53
Sol:- (c)

Qus. 54
Sol:- (d)

Qus. 55
Sol:- (a) Primal Problem is

Maximize x, +3x,
Subject to x, +x, <6
2x,+x, <8
X +2x, <9
x20&x,2>20
So, it’s dual problem will be
Minimise: W =6y, +8y,+9y,
Subject to y, +2y, +¥; = 1
Vi tyat2y; 23

Vs, 20
(option A)

Qus. 56
Sol:- (c)

Qus. 57
Sol:- (c)

Qus. 58
Sol:- (b)

Qus. 59
Sol:- (a)

P((Head)N (Y =15))
P(Y =15)

15 85
1><100C_ X(IJ (Sj
2 *\6) \6
15 85 15 86
oo, ﬁ ﬂ +1x101q5(1j (5)
2 *\6) \6 2 6) \6

P(Head | Y =15)=

100, 1
B 5y . 101 5
100, +101. x| 2| 1+——x>

G CISX(J 86 6

_ 516 516
516+505 1021
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Qus. 60 1
Sol:-(d) lim A*sin—=0
h—>0 h
PART “C” 7 (O 0)=1im f(O,K)—f(0,0) _
yAT K0 K
Qus. 61 1
Sol:- (a) (b) (d) lim K sin (—J =0
K—0 -K
1 .
1) a,=— = limsupa, =0 |
n
df = f(h,K)— £(0,0)=(#* -K* sin( j:
& liminfa, =0 = —liminfa, =0 f =1 (hK)-7(0.0) ( ) h—K
So, limsupa, = —liminf a,
fX(O,O). h+fy(0,0).K+\/h2 +K? g(h,K)
n 1
2) an :(_1) (14_;} (hZ _KZ)Sin( 1 j
h—-K
= =
= limsupa, =1 g(h.K) 12+ K2
& liminfa, =—1
ik 4, . : rz(coszﬁ—sinzé’)
—  limsupa = —liminfa, & lim  g(hK)= lim p
" sin : 0
-1 —_— =
3 a,=1 +( ) r(cos@—sin0)
n
—  limsupa, =1 So, f(x,y) is differentiable at (0,0)
& liminfa, =1 Qus. 63
. . € Sol:- (d)
= limsupa, # —liminfa, Sl oot — grnnsid
4) a, = enumeration of all rationals in (—1,1) _,  tant= 1 — 3 te(O 7[)
li 1 & liminf 1 2022 |
= imsupa, =1 & liminta, = - Satisfying it so §] is wrong
li =—liminf
= msupa, mint a, $2: Take f(x)=x—loge (1+xet)
Qus. 62 . =0 - =y
Sol:- () (d) - At t=0; f(x)=x—log, (1+x)
lim f(xy)= lim (x—y) sin| — e
(r3)>(0.0)7 N7 (2.)-(0.0) X—y l+x 1+x
—0= f( 0, O) So f (x) is strictly increasing
[ -+ sin oscillates from _—1 to 1] so, f(X)>f(0) Vx>0
so, f(x,¥) is continuous at (0,0) = x—log,(1+x)>0 =x>log, (1+x)

A A
£.(0,0) =lim p =

h—0

v x>0 (1)

www.anandinstitute.org



nnnnnnnnnnnnnnnnnnnnn

- Att=x; f(x) :x—loge(1+xex) C= {xe[l,oo) ;limn[x]' exists}
x x —(e* =1 _
= f'(x)zl_el +xi = l(e x) =/
+Xxe +Xxe & m(c) — 0
' 0;Vx>0 i
so. / (x) =Y vaslso f(x) ® Dz{xe[l,oo) ; lim [l—x]" exists}
strictly decreasing V x >0. e
So, f(x)<f(0) ; Vx>0 =[1.2]
N x—loge(l+xex)<0 Vx>0 &,m(D)=lwhiChis non zero
= x<loge(l+xe") ; Vx>0 2) g::ls::s(i)(d)
L&@) = 5
loge(1+xe°) <x< loge(1+xe") Q= U(i’i"'l):(I’Z)U(2’3)U(3’4)U
i=l1
= Hte(O,x) s.t. (4,5)U(5,6)
x =log, (l+xet) So, (@ hasl 5> components, hence
L<|f(Q)<5; = f(x)=0
S3: ¢* is monotonically increasing function
YV xeQ
= |x| —|si in (—1,1
ket f(x) |x| |s1nx| " ( ’ ) So, (gOf)(Q) will contain at least 1 ele-
S.D S.1 ment and at most 5 elements.
I (cosx—1)<0 (1-cosx)>0 So, gOf(Q) is compact set (1)
: _ . 0 _( .
} rrsmy } AN i } and for set 5={ex ;xe(gof)(Q)}
-1 0 1
1<|S|<5
By the figure f(x) Zf(O) ; Vxe(—l,l) So, it do not contain any nonempty interval.
= |x|—|sinx >0 = x| > |sinx| Qus. 66
" sin Sol:- (d)
Mo inad .
= ¢l 2 Vxe(-L]) W ={c sinz+c,cosz+csin(2z)+c, cos(2z)|
Qus. 64
Sol:- (a) (d) 152r0s€ € €]
A= {xe [1,0) ; lim[x]" exists} & Set S= {sm Z,C0S z,sm(Zz),cos(Zz)} is
n—-e linearly independent so
=[12) dim(W)=4
= m(A) =1 which is non-zero ?onrft;Vm;iiiSZ? operator
B= {xe [1,0) ; }lg}ix”} exists} T(f(x)) = f'(x) is
={1
& m(B) =0

10
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T(sinz) T(cosz) T(sin2z) T(cos2z)

—_

sin z

0 -1 0 0

COSZ 1 0 0 0

T =sin2z| o 0 0 )
cos2z 0 0 2 0

Eigen values of T are i,—i,2i & —2j

So, T is diagonalisable and Jordan Cahonical
Form of T is

i 0 0 O
0-i 0 O
0 0 2 O
0 0 0 -2

So it has 4 Jordan blocks

Qus. 67
Sol:- (a)(c)(d)

. Y .
(X,yl)lil’(lo,o) f(x) lim r (cos@sinf)> =0
= 1(0,0)

So, f(x,y) is continuous at (0,0)
(option B)
. f(tcosb,tsin0) = £(0,0)
DQ(f(O,O))ﬂgg} ;
. /
i 1 (cos @ sm6’)l ’
t—0" t
(cos @ sin 0)1/3 o
=lIm ————7——— exist iff
t—0" t
V4 RY/4
cos@=0 or sin@=0 39:0,5,7[ & 7
(option A)
fx(0,0)=limf(h’o)_f(o’o):limﬂ_o
’ h—0 h h—0 h
. f(0,k)-£(0,0) .. 0-0
O

Now df = (h,k)—f(0,0)=h" k" —0=

11

£.(0,0).+ £, (0,0).k + R +k* g(h,k)

h1/3 k%
= £ (h, k):ﬁ
Vh*+k
2 1 1
) . ré cosé Hsiné 0
lim g(hk)=lim

(h.k)—>(0.0) r—0° r

which does not exist ; Ve [0,27[)

So, f (x, y) is not differentiable at (0,0)
Qus. 68
Sol:- (c)

Rank (An )=0 = A" =0
= /4 is nilpotent matrix

Now, 4 has n linearly independent eigen

vectors where order (A) =n

then_4 \is diagonalisable.

If 4 is'diagonalisable nilpotent operator then

4 must be null matrix.

ie. 4=0,
Qus. 69

Sol:- (c) Method I:

1+2% +3% +...+n”

lim ¢, = lim

n—»00 n—»00 ]’la + 1
1 &(rY
=lim— —
1
:_[xa dx (By definite integral as limit of
0
sum)
B xa+1 1 B 1
a+1|0 a+l
Method II:-

1+2% +3% +...+n”
n® +1

limea, = lim

(n+1)" 1
m a+l a+l =
n—e (n+1) —(n) a+l

(By Stolz- cesro theorem)
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Qus. 70
Sol:- (d)
1 2 1 n
anax ,....,;x is an orthonormal ba-
sis, so

<xi,x*’>= 0 whenever i # j

Qus. 71
Sol:- (a) (c) Standard basis of V is

B, = {l,x,y,xz,xy,yz}
Matrix of linear transformation
T:V >V is given by

ol ox 0y ox’® oxy oy

5 Ox Ox Ox Ox Ox

1fo 1 0 0 0 0]

0 0 0 2 0 0

0o 0 0 0 1 0
T=xlo 0 0 0 0 0
X0 0 0 0 0 0
o 0 0 0 0 0]

= Rank (T) =3 & Nullity (T) =3

Qus. 72
Sol:- (b) (c) (X,d) is a metric space and |X| >1 &
|X| is finite.

Hence X'=¢, so Y is closed and bounded

hence compact.
12

Also Y is not connected.

Also, every function f:X — R is continu-
ous.
Also every subset of Y is open

Qus. 73
Sol:- (c)

—cosxX=—sinx & |—sinx| <1
dx
and |—Sin)c|max =1 is obtained at
T 37
X = E, 7, so largest change in cosx will
T
be around 5

T
i.e. in anbd of —

2
fx_z d _3_” h

I ) and )V 4 then
|cosx—cosy|:‘%—%‘=\/§
rsl= -2
&I T4

So,

COs x—Cos y| <\/§ whenever |X—y| <%

Qus. 74
Sol:- (a) (b) Liner transformation

T:R"— R" is given by

T(V)=AV ;VVeR"

T*(V)=A4V ;VeR

Now Rank (4)= Rank(4”)

Rank (7)= Rank (T7)

Nullity (7)= Nullity (T*)  (option 2)
Also, Nullity (T)< Nullity (77)
N(T)c N(T?)

N(T)=N(T%) (option 1)
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Qus. 75
Sol:- (a) (d) where {a,,@,,0;} & {,,5,.5,} are bases of g3,
100 100 is invertible linear transformation such that
Ifxzzxiei &y:zyi ¢ T(U):V
i=1 i=1
So, option (1) is correct but option (2) is in-
& correct.

then B(x,y) =Zx,~ Vi
=

J a linear transformation 7 :R’®— R® s.t.

and matrix of bilinear form is. T(U)ﬂ v ;t{O} and characteristic
[ x X X ] polynomical of T has 2 non real roots so it is
11 Va2 1Y100 . . .
not product of linear polynomials with real
NV XYy e K)o coefficients.
B=|: Characteristic polynomial of T including fac-

tor (x—l) exist satisfying

| X001 X000 | T(U):V_
.2 7 Qus. 77
x o “eoe x x
! 17100 Sol:- (b) (d)
xzz Finite union of proper subspaces will be a
& B (x,x) = vector space then it will be also one of the

2 proper subspaces of M, (R) , 80 it cannot be
| X100 %1 Y00 |

equalto M, (R)

. 100
So, B(x,x) #0 ; Vxec option 1 is false

so, B is non degenerate det(Y I+ A) will be equal to zero for at most

&,Rank(B)=1 n values of y, so VxeR & &>

2
Now, 4#0 & A" =0, = Elye(x—e, x+e) such that

Rank(Az) >2 Rank(A)— order(A)

det(YI+A4)#0
= 022 Rank (4)-100 If W is a subspace of M,(R) then there
—  Rank ( A)g5() (option 4 is correct) exist a linear transformation
(option 3 is incorrect) T:M, (R)—) M, (R )
option (4) is correct so option (2) is incorrect
such that Range (T) =W.
Qus. 76
Sol:- (a)(c)(d) Qus. 78
dim (V) =dim (V') =2 Sol:- (a) (c) (4)
i B, ={ay.c) & B, =15, If f is uniformly continuous in (a,b) then
v 1% v = WP P

either f is constant
be bases of U(R) & V(R) then
Or Ja >0 s.t.

/()= ()| < alx-y]
So, 3a>0 & F>0 such that
&T(a,)=p,, &T(a)=p ‘f(x)—f(y)‘ <a |x—y|+ﬂwhere

Linear transformation 7 :R?®— R’

given by T(al)=,6'1
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la,a,,0,} & {B,p,. B} are bases of g3,

is invertible linear transformation such that
(option 1 is correct)

1
f(x)=; is continuous in (O,l) and if

[c,d] c (0,1) then f(x) is uniformly con-
tinuous in [C,d ] but not uniformly continu-

ous in ((), 1)
(option 2 is incorrect)

If f is strictly increasing and bounded then
lirq f(x) and hj? f(x) exist, so it is uni-
formly continuous in (a,b)

(option 3 is correct)

If f is uniformly continuous in (a,b) then

f maps every Cauchy sequence into Cauchy

sequence in R so it will be convergent se-

quence
(option 4 is correct)

Qus. 79
Sol:- (a)(d)

a>b & q+b=24

2x=3a(mod5) =3.2x=3.3a(mod5)
x=4a(mod5) =>w=4a+15;t,el

& x=4b(mod5) =>x=4b+1,5;1,€l
4(a-b)=(t,-1,)5

(a—b) is multiple of 5

a=b+5t ; t=12,3,4

a-b=>5
a+b=24

has no integral solution

a+b=24

a-b=15
a+b=24

has no integral solution

a—-b=10
}:a=17 &b=7

a-b=20
=>a=22 &b=2
a+b=24

14

So,10<a—-b<20

Qus. 80
Sol:- (a)(c)

If z,e Q then f (Z) will be identically () in
Q. So, if f (Z) is not identically zero in ()
then z,€0Q

If limf(zk)zf(zo) =0 i.e. if set of zeroes of

f (Z) which are forming a sequence con-

verges to a find inside the domain then

f (Z):O identically in (). So, there exist

r > 0 such that on|z—zo| =r ;f(z)=0

Qus. 81
Sol:- (a) (b) (c)

Zx]

A=
<x2+x—i-1,x3’+2x2 +2x+6>

X Ax+1] 2 +2x* +2x+6

(x3+2x2+2x+6)—(x2+x+1)(x+1)—5=0

=
= (x3 +2x? +2x+6)—(x2 +x+1)(x—1)=5
= <x2 +x+1,x° +2x7 +2x+6>= <x2 +x+l,5>
Z[x]  __ Z[x]

<x2 +x+1,5> <x2 +x+1>
=  x24x+1 is irreducible over Z;

A is field

Thus (a) (b) (c) are correct option
Qus. 82

Sol:- (a) (b) (c)

Q) is open subset of (' containing O (zero)
By the concept of open mapping theorem

{f(Z):eZ s Z€ Q} is an open subset and

also {f(z) =sinz; ze Q} is an open subset

of C, because ¢? and gin z both are analytic

function in ().

Also there is no zero of ¢ so f (Z)z e sat-

isfy maximum and minimum modulus prin
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cipal so ‘ez‘ has both maxima and minima

or boundary of () . Thus set S = {‘ez ; Z€ Q}
is open subset of R .
But if Q={zeC||z<10} then set

={‘

open subset of R .

}=[—1,1] which is not

Qus. 83
Sol:- (a) (b) (d)
f(n) =n’ -2n’ +n:n(n4 —2n’ +1)
=n(n*-1) =n(n-1) (n+1)
Forevery Ke N ,3n=2%e N such that
2K divides
f(n)=r(2%)=2% (2 -1) (2% +1)°
(option a)
V n>20;if n isodd then -1 & p+1 are
even and if n is even that n is even, so [ (n)
is always even.
(option b)
But if n=26 then \f{(n)=26(25)"(27)
which is neither odd nor multiple of 4 so op-
tion (c) is incorrect
If n is"odd integer > 21 then if n=2m+1
then n—1=2m and
n+1=2m+2 =2(m+1), so
f(n)=f(2m+1)=(2m+1)(2m)’ (2m+2)’
= (2m+1)(16)(m(m+1))’
(As m(m+1) is divisible by 21) so f(n) is
divisible by (16)(2!)" = 64
(option d)
Qus. 84
Sol:- (a) (b)

0(G)=2022 = 2x3x337
ny =1+2K /1011 = n,=1,3
n, =14+3K/674 =n, =1

15

Ny, =14+337K /6 = n,;, =1

Let ae G and 0(a)=0dd then s, is an

even permutation is correct.
HZ{gEG | O(g)zodd} is noraml sub-

group of G is correct.

The subgroup of order 337 is normal but not
index 337.

G has more than 2 normal subgroups.

Qus. 85
Sol:- (a) (b) (c) (d)

() =1 () () s (1)
F(f)sf" 50

(/) (0)=r (f’”0>)( 2 (0)).
777 (0))f ' (£0))7(0)

=/"(0)-£1(0)-f ()--f'(0)=(f'(0))"

n times

£(0)=0 (option a)
\f'(Z)\Sﬂ
1-[¢]
\f'(O)\S%
= |0 (option d)
<1 = [r0) <

The sequence ((f '(0)):1) is bounded

(option b)
Codomain of f is {J so [ (U) c U butis
f(Z)ZZ then f”(U) =

be correct only if C stands for subset & not for
proper subset contradiction

f(z)=z=fo fo..f(z)=2z so in this
case f(U)=U.

U . so option b will
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Qus. 86
Sol:- (a)(c)

f (z) is entire function satisfying

(/(2)) +(/'(2)) =1 and

= Uy

J /()
R O)
= Sin_l(f(z))zz+c
= f(z)=sin(z+c) or f(z)=lor f(z)=—1

where ¢ is any complex constant

dz = _[ldz+c

(Case I)
If f(z)=sin(z+c) then

X = {ZEC | COS(Z+C) =O} hasnolimit point

&Y={zec| ["(z)+ f(2)=0}=c

whose derived set.is¢

(Case II)
If f(z)= I'1 then

X = {Zec |0= 0} =c whose derived set is ¢

&Y =¢ = Y'=¢.

Qus. 87
Sol:- (b) (c)

[F, > algebraic closure field

16

§={F,.F,..]

O is countable
(b) (a) discard

subfield of pr is inform Fpk where K /r
Let sz and sz

sz ,Z sz 2){3

(c) discard

If n>1 3 Feo such that [F:Fp}:n
FzIFp,, and [Fpn :F}:n
(d)

Qus.88
Sol:-(a) (c)

2 X 15 so option (d).discard
°(G)=14and -(Z(G))=2

JG

Z(G)

so option (b) discard

~Z; thus abelian

Result :- O(G) = pq p|q thenclass equation

l+p+p+...+p+g+qg+.....+¢

gq-1 remais

4 times
2

thus option (a) and (c) correct

Qus. 89

Sol:- (a) (d)
If x is finite set then each point of Y is an
isolated point so every function f:X — R is

continuous.
(option a is correct)

If ¥ =R then
f:X—>R given by f (x) = X is continuous

but Y is not finite
(option b is incorrect)

Not x=(x1,x2,x3,x4,x5)

X:{(xl,0,0,0,0)|xle{%|ne N}U{O}}

is compact set and infinite set but it is count-
able
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(option c is incorrect)

If |X | 22 and Y is connected then Y must

be uncountable points.

(option d is correct)

Qus. 90
Sol:- (a) (b) (c)

Qus. 91
Sol:- (a) (d)

Qus. 92
Sol:- (a)(c)

xz{uec'[O,l] ; u(O)zu(l)zO}
I : X —>R defined as

I(u)= E g Y ue x

we know that if f (t ,Uu,u ') is independent of

x and Y i.e. depand only on u’ then

extremal is given by
u=at+b (1)

Given that f(t,u,u ') ="
from (1) u(O)zO, u(l):O

a=0 b=0
u=0 u'=0

I(u)=| e dr=[1dr=1

Now check weather 1 is maxima or minima

f=e"
% = (—2u')

82f: 2[@’”'2(—2u')u'+e’“'z]

ou?
=—2[¢"(-2,0) 0+¢’ | =—2<0

Maximum ) =1
Now for minimum value
& we know that
exponantial always greater than O

m>0

I(u) e(O,l)

(a) is correct
M is attained but not m .
(c) is correct

17

Qus. 93

Sol:-

(a) (d)

u +xu, =0

& _dy_du
1 B X - 0
b b 5
1 B X 2 y=a
dx du
— = = U=
1 0
2
G :E & c, = e
= If:i\/Z_c1 & Lt
.
= U= [2 }]
(1) u(2,1) :ei 2(2-1) :e+ﬁ
11
() u(l,lj i
2
(i) w(-2,1) =T —tP
Qus. 94
Sol:- (d)
J/(t ) is satationary function
1
J¥]=] (1=2)(»')
_ _ ) Lo,
y(—l)—l, Y(l)—lsubject to Ly =1
(b) Let y=x’ then

y(—l)zl, y(l)zl
Now
5 1
=I1x4dx=£x—] “Laen=2#1
-l 5), 5 5
(b) discard

Let ¥y =X then
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y(=1)=-1 =1 x—1)x-3
Not satisfying the boundary condition x—1
(c) discard = p(x)=1+( )+ 2 2 x2
() If y is unique then it is either a odd order 2 2
polynomial or even order polynomial. 3Ix2
= p(7)=1+3+ x2 =10

but from above polynomial y = x> and y=x

we discard option (a)
Thus no such ) exist
(d) is correct

Qus. 95
Sol:- (a)(d)
n-1 _ pn-l1 n-2 n—-2
F+F,= z b - b
a-p a-p
(a+U BB+ _a"-p
-p a-p
=F, (option a is correct)
1++/5 +1_3+\/§ 64245
2 2 4
:az
& ﬂz—l_\/g = f+1= 3_\/52 6-2J5
2 2 4
:ﬂz

Now p(1)=F1 =1
p(3)=F=1+1=2
p(5)="F;=3+2=5

x| y A | A

p(p—l) 2

= P)=rt pAY ANy,

x—1
where X:1+2p :p:T

18

(option d is correct)

Qus. 96
Sol:- (a)(c)
Qus. 97
Sol:- (a)(c)
In RK method of order 2
w+w, =1
Wyo =
21 = a=p
W,B=-

In optioni(a) & (c) all conditions are satisfied
but they are not satisfied in option & (b) & (d)

Qus. 98
Sol:- (c)
g is solution of volterra integral equation

=1+J.(:(s—t)g t)dt

Applying Laplace convolution theorem.
L(r*g)=L(/)* L(g)
L(g(s))=L(1)+L(?) L(g(s))

L(g(s) =+ L(2(5))
- eI 5]
L el S
- e[S

Taking Laplce inverse both side

g(s) =1

s =1

j =cosht
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(1)_COSh1 2 2t 3 -3t 5_ 2t -3t
gll)= ce’ —3c,e —§—4y1—2cle —2c,e
B e+e” 1 1
~T, T3lety +—t+—+2+5
Qus. 99 1 16 68
Sol:- (a) ~ :_(4cleZt _c2673t _10 _?j
(1 1) (3z+1j
A: h:
4 -2 2t+5 o = 4t 17
t 1 2 Y
(1 DY) (3t (yl()]: 53 . ?
= +
= Y74 2 Y 2t+5 » (1) e+t —=t——
3 9
dy, _
(t) ce c,e —l——
Dr 4y 2y, +21+5 im = = lim : 4 ’
PERRCA e ! cleZt+cze_3’——t—§
= (D—l)yl—y2—3t+1 (i)
(D+2)y,—4y, =2t+5 (id) —%
(1 x4 +(2)><(D—1) \
= (D*+D-6)y,=10t+1 3
= (D-2)(D+3)y,=10t+1 Qus. 100
Sol:- (a) (b) (c)
t)=c e’ +c,e” +P.I
»(1)=¢ ? Qus. 101
Sol:- (b)(c
= ! (10£+1) b))
D" +D—-6 dy
E:y J’(O):O 0 <a <1 has infinite so-
r -1
2 .
N —é 1—(’3 ;FDH x(107+1) hution
L dy _ .
d_i:y y(()):a;tO 0<a<l has unique
2
_ 12 +D+..1(10t+1) solution
6l d
_ d_i:ya y(0)=b a 21 unique solution
— 1 l+10t+l(10)}
i 6 dy _ 4
d_:y J/(O)=0 O<a <1 infinite solution
-1 5 5 -5 4 oo .
=——=t——=—f—— (i) has infinite solution
6 3 18 3 9 s
s 4 y'(x):y y(O)zO infinite solution
v, (1) =ce® +c,e”™ ==t —— J
3 9 (i) d_y:_ 173 y(O)zO

v, (1) =2¢,e* =3c,e”™ —%

www.anandinstitute.org



nnnnnnnnnnnnnnnnnnnnn

3 2/3

— =—Xx+cC
= 2y

32/3

— +x=c
= 2)’
Qus. 102

Sol;- (a) (b)

¢ (x)=sinx+] ¢ (t)dt
¢2(x)=1—cosx—J.:¢1 (¢)dt

Now

¢ (x)= sinxJr.[:[l—cosz‘—_|.:¢1 (t)dt}dt
= sinx+_[0xdt—I:costdt —J.:J.OYQ (¢)dt

(zil)!J‘;(x—t)dt

(by Leibnitz rule)

=sinx+x—(sint);—

=sinx+x—sin X — J.:(x—t)dt

@ (x)=x—_[0x(x—t)dt

Applying Laplace convolution theorem

L(f*g)=L(f)* L(g)
L(¢ (x))=L(x)=L(] (x—1)dr

— 1. 1=
¢1(x):S_z_s_z¢l(x)
— 1 1
O
— s 41) 1
e
R OR
1 st +1
Taking Lplace inverse both side
=  ¢(x)=sinx

¢(x)=0 = sinx=0

& 7, is countable set

20

Qus.
Sol:-

Qus.
Sol:-

Qus.
Sol:-

Qus.
Sol:-

Qus.
Sol:-

Qus.
Sol:-

Qus..

Sol:-

Qus.
Sol:-

Qus.
Sol:-

Qus.
Sol:-

¢1 vanishes at most countably many point
(a) (b) discard

b, (x)=1—cosx—_[:¢1(t)dt
:1—c0sx—J:sintdt

=1 —cosx+(cost);

=1-cosx+cosx—1
=0

¢, (1)=0
Vanishes at uncountable point
(c) wrong

103
(a) (b)

104
(@) (c)

105
(a) (b) (c) (d)

106
(@) (c)

107
(a) (b) (c)

108
(a) (d)

109
(a) (b) (d)

110
(a) (d)

111
(a) (b) (c) (d)

112
(c) ()
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us. 113 Qus. 117
gol:- (b) (d) Sol:- (a)(c) (d)
us. 114 Qus. 118
gol:- (a) (d) Sol:- (a) (d)
Sol:- (b) (c) (d) Sol:- (b) (d)
Qus. 116
Sol:- (a)(c) 1 2 3 4
Lio1 0 0
Lo 5 2l1 0 0 0
R T T 0 P=310 0 0 1
> 1L 1L 0 0 4loo 1 0
2 2
5l L1 1 11
f ? f 15 > Transition diagram
a\ - - - 2 0
4 4 4 4
1
5\0 o0 O 0 1
___, 0
Transition diagram is 1

Recurrent — Returning to that state is pos-
sible

Transiant — Returing to state j is incontion
All state are recurrent (X)

4—2—>1%4 (can not return to 4 from state
1)

1-2—>1, 354->3,5>52 5152

4534
(b) discard

Recurrent {1, 2, 5}

Transiant {4, 3}

Irreduible Markov Chain
If all state are communicate with each other
then irreducible other wise reduible.
State (1) & (3) do not communicate so it is
reduible markov chain

(option a is wrong)

(b) Returing to state is possible so all state are
recurrent.
(option b is right)
(©) lim p.@) =7,
n—ow’ J
I ., |1 ; n even
m p;. =
noe 10 noodd
Limit does not exist.
d Clearly from transiant diagram all state have
some period.
Qus. 120

Sol:- (a) (b)
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