B oOAa @ 5 m =2

GL, (R)
Z(G)
Cl0, 1]

" unit vectors having the direction

USEFUL NOTATION
{1,2,3, -}, the set of all natural numbers.
{0, 1, £2, -}, the set of all integers.
Set of all rational numbers.
Set of all real numbers.
Set of all complex numbers.

imensi ' : <k<n}.
n-dlmensmnalEuchdeanspace{(x&,xz, ..... ,xn).xke]mi k<n}
)

general linear group of 2 x 2 invert{ile matrices over R.
[

center of a group G.

set of all continuous real/compl
interval [0, 1].

ition of
group of all permutations on n distinct symbols under composition

mappings.
alternating group, a subgroup of S,.

group of congruence classes of integers modulo n.

{a +ib: a, b € Z}, the Gaussian integers.
{a+bJ-5 :a,beZ}
{fa+ bJr._J -a, beZ, pis a prime number}.

set of all polynomials with coefficients in Z,

s of positive x, y and z axes in three

dimensional rectangular coordinate system.

4 g
1. Thevalueof j: ; sinz{x)ms (x) dx_ =

=
) 24

3 2%
© 75

uB —27/21

® 3
3
© 3
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Which one of the following statements is incorrect? Mo
(A) Apointthat séparales the convex part of @ continuous curve s 3
is called as point of inflection.
(B) The equation of asymptote to the curve yzxz =x-1isy=21.
(C) Thecurvex' - y3 = 3xy is symmetrical about the line y=—X. |
(D) The equation of the tangent to the curve x’y? = x* - 1 at the point (1, 0) is
y=x+1,
What is the surface area of the solid obtained by revolving the curve : y = ﬂ !
—2 £ x <2 about the x-axis ?
(A) 18n (B) 22n
(C) 24z (D) -30n

Which one of the following equations is obtained from the equation: xy =8 by rotating
the axes counterclockwise through an angle 45°? (X, Y) : new coordinates.)

(A) x2“Y2+B=U E':f ) X2-Y2+16=0
i

(D) X2-Y?+32=0

(€) X2-Y?+24=0
_ e

: <
. If a,b.c are three vectors satisfyr‘nB: lﬁ'r =1, |F| = 2, lgl = 1 and

a x (E xB)+¢ = 0, then what s the angle between the vectors a and B 2

*f 30° @ i+
(C) 60° (D) 75°
Consider the following statements : ;
g
() Theset { sin GJ 1xe(0, 1)J is uncountable. é‘:

() Theset{(x,y) € R%:xye Z}is uncountable.
() The setof all 2 x 2 real matrices with rational eigenvalues is uncountable.

Choose the correctanswer from the _nptions given below :.
(A) Only(l)istrue . (B) Only (1) and (II) are true

(C) Only (1) and (Ill) are true (D) All (1), (1) and (Ill) are true

UB-27/21 ‘ (4) (Continued)



10.

1

12.

For the propositions : p and g, consider the following statements :
() (pvaq)a(=pv—q)is atautology.
()  (pvaq)a(=pa=—q)is a contradiction.
Choose the correct answer from the options given below :
(A) Only()istrue (BY Only (Il)is true
(C) Both(l)and (1) are true (D) Both (I) and (II) are false
Which one of the following options is the general solution(s) of the linear congruences -
x=1(mod 3), x=2 (mod 5) and x=3 (mod 7) ? :
(A) x=17 (mod 105) (B) x=23(mod 105)
(C) x=31(mod 105). E@/ x =52 (mod 105)
In how many ways can 12 distinct people be arranged around a circular table, if
exactly two of them must always have at least one person between them ?
(A) 9x8! @ 9x10!
() 10x 10! (D) 8x9!

O
If a, bare integers and pis a prime numbeﬁ_%‘n which of the following statements is/
are false ?

0 If@.p)=(b,p) =1 and ak= b‘%nud p) (k € N), then a =b (mod p).
@) If(a,p)=1andax=1(mod p)Jhen a=a"~(mod p).

(A) Only() | (B) Only(l)

(C) Both (l)and (Il) (D) Neither (1) nor (1l)

What is the value of afrom the recurrence relation : a4 =4,8,=5n+a,_4 (1 22) ?
(AY 2369 (B) 2469

(C) 2569 (D) 2639

Which one of the following statements is true for every square matrix with only real
eigenvalues ? |

(A) Ifthetrace ofthe matrix is positive and the determinant of the matrix is negative,
" then at least one of its eigenvalues is negative.

(B) Ifthe trace of the matrix is positive, then all its eigenvalues are positive.
(C) Ifthe determinant of the matrixis positive, then all its eigenvalues are positive.
(D) Ifthe product of the trace and determinant of the matrix is positive, then all its

eigenvalues are positive.

UB-27/21 . ‘ (5) : (Tum over)



13. Forasystem: AX=bof linear equations to have infinitely many solutions, which ong
of the following options must be frye ?

(A) Determinant of the matrix Ais non-zero.
(B) The rank of the matrix Ais less than the rank of the augmented matrix (A|b),

(C) The rank of the matrix A s equal to the rank of the augmented matrix (A|b), by
less than the number of variables.

(D) The system must be homogeneous.

14. Inasimple graph, which of the following statements is/are true ?
() Adjacency matrix is symmetric.
() Trace of the adjacency matrixis 1.
(A) Only(n (B) Only(lh
(C) Both(l)and (Il) (D) Neither (1) nor ()

15. Which one of the following options is always true ?
(A) Every Eulerian graphis also Hamjltonian.
(B) Every Hamiltonian graphis alsaﬁulenen
Ifthe sum of degrees of verticesTs odd, the graph is Hamiltonian.
(D) Ifall vertices have even degr 3| i& graph has an Eulerian circuit.

16. Which one of the following optlonsli;']s. n@carrectforthe set S={xe Q:x’< 5}?
(A) Sisanopensetin Q.

(B) The closure of SinQis itself.
(G¥ The limit points of Sare—~/5 and /5.

(D) Shas no least upperbound in Q.

17. Which one of the following statements is incorrect ?

(A Theset {-} ‘ne N} is neither an open set nor a closet in .

(B) The set {x ER: sin[i-) = 0} is is a closet in R.
(C) | Theset{(x,y) R :xy = 0} has na interior points.

Wibn o et [ | 1 '
(D) The limit points of the set [F + e nme N} is {0} u {R—: ke N}.

UB-27/21 (6) (Continued )



18. Consider the sequences: {aphnery, {Dnlnen 8Nd (Cylyex defined BY -

) a,= n°sin [1J

n

-1\ >
() bn=1+£n_) v

(I Gn‘=ncos(1_) (neN)

n
Pick out the correct option.
(A) Only (Il) is a Cauchy sequence
(BY” Only () and (II) are Cauchy sequences
(C) Only (Il)and (lIl) are Cauchy sequences

(D) Only (I) and (1ll) are Cauchy sequences

O
19. Let the limits of the sequences : {X Haifi [ nln>1 respectively, be A and 2°. If the

sequence : X4, ¥4, X2, ¥2, X3 ¥a, .- :has ﬁimit, thenits value is —————
3 = .3
A) A (B) A+

(C) Oor1 Dy -1,00r1

20. Which of the following assertions is correct ?

1\
@ lim [Hﬂ e =1

X

AN
() For0<a<1<b, |im_[a+9] = gbla
X—he= n

® Only() - (® ony@
(C) Both(l)and(ll) _ - (D) Neither(I)nor (ll)

uB-2721 St 7:) : ~ (Tumover)



a1

22,

23,

24,

Consider the following statements :
o

converges, then the serjeq
1

() Ifa =0 foreachn e Nand the series X,
ns=

=]

Y L *
P converges forp > 5

n=1

() Theseries ¥ (-1)"sin [ﬂ is conditionally convergent.

n=1
Which one of the options given below is correct ?
(A) Only(l)istrue (B) Only(ll)is true
(C) Both (1) and (1) are true (D) Neither (I) nor (1l) is true

For a function f: R — R, consider the following statements :

() If Jim {f(x +h)f(x—h)}=0, then fis continuous on R.

M If lim fix+ h)z—hf(x =h) =0, then fis differentiable on R.

h—0
Choose the correct answer from the options given below :
(A) Both the statements (1) and (ftfare false
(B) Boththe statements (I) and [If?are true
(C) Onlystatement () is true E1%E:
(D) Only statement (1) is true EIRE
Which one of the following dpt_ions is true for the funct}oﬁ f: R — R defined by
£(x) = min{|x|, X~ 1}, xe R ?
(A) fisa discontinuous functionin B.
(B) fis continuous and differentiable everywhere in R.
{2) fis continuous and differentiable everywhere except at one point of R.
(D) fis continuous and differentiable everywhere except at two points of R.

Ifa functionf: [0, 1] Ris differentiable, f'(0) = -1 and (1) = 5, then which one of
the following statements is true ?

(A) There exists a point c € (0, 1) such that f’(c) =—1.

(BY " mustbe continuous on 0, 1]. |

(C) There exists a point c € (0, 1) such that f’(c) = 4.

(D) ' mustbe differentiable on (0, 1).

UB-27/21 (8) ( Continued)



25,

26.

27.

28.

29.

UB-27/21 (9)

() Thesequence {f }n>4 Of functions defined by fn(x) =

Consider the improper integrals given below and the statements that follow

1 dx wdX o ¢
(a) |,L,=_[ﬂW ®) J;= L %) (»eR)

() ForA=1, |, converges, butJ; diverges.-’

() For)=2,1, diverges, but J; converges.

Choose the correctoption:

(& Only (l)istrue (B) Only(l) s true

(C) Both (I)and (II) are true (D) Neither (1) nor (Il) s true

The value of the integral : I,: ([Xz] = [1]2) dxis

(GURY B) 1
(C) 4-3-2 O e AR

Consider the following statements for a function f : [a, b] = K

() fis Riemann integrable, if and only if itis bounded on [a, b].

() fis Riemann integrable, ifand only ifitis monotonicon [a, b].

() fis Riemann integrable, if ang only if it is continuous on [a, b].
Which one of the options given beﬁ;}lw is correct ?

(A) Only(lll)is true. = (BY Only(l)and (Il) are true.
(C) Only(I)and (Ill) are true. (=125

The coefficient of x® in the Ta

the pointx=0is , X
,{9’/E ® 5
1
- D) 1
© 3 . ® 1

Consider the following statements:
() Thesequence {f;}n>1 Of functions defin
uniformly convergenton [0, 1]
In(1+ nx)
wise and uniformly convergenton [0, 1}
Choose the correctanswer from the options given below.
(A) Only (l)is true. (B) Only (Il) is true.
@ Both (1) and (Il) are true. . (D) Neither (1) nor (Il) is true.

(D) AN, () and (I1) are false.
$Bhes expansion of the function f(x) = tan(x) about

ed by fr(x) =" is both point-wise and

is both point-

( Turn over)



30.

31.

32.

33.

UB - 27/21

Which of the following series does not converge uniformly on (0, 117

o Kn oo X
Y nzﬂrux U n=|n2+K
oo x"
2o
(A) Only(l) (B) Only(l)
(C) Only (l)and (lil) . (Bj Only(tlyand ()

Which one of the following is nota valid metric on R ?

(A) d(x,y)=|x~y|forallx,ycR '

® dix.y)= fix-y]|forallx,yeR

(C) d(x,y)=|x-y|+ [xz—yzl forallx,yeR

(D) d(x,y)=max{[x-y, |x24§|%6r allx,yeR

Let (X, d) be metric space. If S @d T are subsets X, then which one of the options
given below is not necessarilyrue ? (For any Y < X, Int(Y ) : interior of Y and
Clos(Y ) : Closure of Y Q

(A) X\Int(S) = Clos(X\S)

(C) Int(SUT)=Ink(S) uIntT)
Consider the metric spaces: (C[0, 1], d4), (C[0, 1], dw), under the metrices
d1(f.9)= [, 09 - g(Idxand dus(f, g) = sup {109 ~g(01) . g€, 1)

(B) X\Clos(S)=Int(X\S)
(D) Clos(SuT)=Clos(S) v Clos(T)

Then which one of the options given below is correct ?

(A) The metrics d4 and d-o are equivalent.

(B) Every open ballin (C[0, 1], d,) is openin (C[0, 1], deo).”
(C) (C[O, 1],d,) is a complete metric space.

(D) (C[0, 1], d)is @ complete metric space.

Consider the following statements :

@ (0, 1) and R are homeomorphic.

() (0, 1) and (0, 1] are homeomorphic.
@ (0, 1)and[0, 1]are homeomorphic.

Choose the correctoption.
(A) Only(l)and(ll) arefaise. . (B) Only(ll)and (IIl) are false.
(C) Only()and (lll) arefaise, (D) AlI(1), (I1) and (Ill) are false.

(10) (Continued )



35.

36.

37.

38.

39.

uB-27/21

Which one of the following options is necessarily true 7

(A) Every contraction map on a metric space is uniformly contin
(B) Theimage of an open set under a continuous function is an Open set.
(C) Every complete metric space is compact.

(D) Every metric space is second countable,

uous.

Which one of the following statements is correct for the function :

22\
(x +y )smxz_l_yz.(x,y):{ﬂ.o} ?

0, (x ¥)=(0,0)

(A) fxand fyexistat (0, 0), butgp@unbounded in any neighborhood of (0, 0).
(B) fisnotcontinuous at (0, OE : B‘"

(C) fis continuous, but not diffefghtiable at (0, 0).

(D) fis continuous and differentiable at (0, 0).

For the function f (x, y) = X3 + y3 — 3xy, consider the following statements :

() fhas 3 critical points.

() fhas two saddle points and one point for local minimum.

() f has only one saddle point, a point for local minimum and a point for local
maximum.. - _

Choose the correct answer from the options given below.

fix,y)=

(A) Only(l)istrue (BY” Only (I)istrue
(C) Only (1)and (ll) are true (D) Only(l)and (Ill) are true. .
derivative of the function :

A unit vector that maximizes the directional
f(x, y) = g(2x+Y), g'(3) = 3at the point (1,1)is

4 71;{2?#}‘) ot 7(B) 715 (=21 +])
(> *7%(2“‘131

1.4 4
© F@- i)
Whatis the value of the integral: [ dA, where Dis the region bounded by the curve

y=x:23m:tthe liney=47

11
w3 Ert o
16 32
(€) i3 Q) =
(11) (Tum over)



40.

. 41,

42.

43.

iyd a y
The iterated integral : f; I: : _fo " dz dy dx represents the volume of which one of

the following solid regions ?

2 2

(B) The region bounded by the parabolic cylinder x=4 — yz andtheplane z=2—x.
(C) A paraboloid bounded by x? + y2 =zand the plane z=4.
(D) The top half of a sphere x? + y2 +22=25 cut by the plane z=4,

Which of the following statements is/are is true ?
() Thevectorfield F (%, Y, z) = (yz, zx, xy) is solenoidal.
i —$
()  The vectorfield F (x, y, z)= {x2 - yz, 2xy, z’) is conservative.

(A) Only(l) (B) Only(ll)

(C) Both (I)and (II) (D) Neither (1) nor (I1)
™ EREE

Cnnﬁme following assertions :

= : x |
@ s+ +2K) - NdS =2V, where f is the unit outward surface normal and
=

Sis aclosed surface enclosing a volume V.

(I jc(yz? +xz] + xyK) - dr =3, where C is the boundary of a surface S.
Choose the correct option.
(A) (1) is comrect, but (Il) is false (B) (I)is false, but (I) is correct
(C) : Both (I) and (ll) are false . (D) Both (1) and (II) are correct
Consider the following statements :
x2 +y
Re(z) 2# '0

() Thefunctionf(z)=1{ |zl ' is continuous atz =0,
1, z=(

Choose the correct answer from the options given below :
(A) Only(l)istrue . (B) Only(ll)is true
(C) Both(l)and () are true (D)  Neither (1) nor (Il) is true

' X 2ixy
() The function f(z) = 53— (Z=x+iy)hasalimitasz — 0.

UB —27/21 (12) (Continued)



45.

46.

47.

48.

Which of the statements given below is/are false ?

O f)=x+ ¥+ 2ixy (z = x + iy) Is differentiable only at the points that lieon
the x-axis.

()  f(z)=|z—1[°is differentiable at z= 1, but notanalytic at 2= 1-
()~ There exists an analytic function in C whose imaginary part is X -
(A) Only (lit) (B) Only(l)and (Il)
(C) “Only (Il) and (I (D) All(l), () and (IIt)
Which one of the following options is true ?
(A) If Log(z) denotes the principal value of the logarithm, then

Log(zw) = Log(z) + Log(w) for all z, w € C \{0}.
(B) The solutions set of the equation; 82 =—1 is {(2k + 1)n : k € Z}
(C) cos(2)is bounded in the whole complex plane.
(D) A Mobius transformation with three fixed points is a constant.

o2 n n
The radius of convergence of the power series : 2[— + 3_2] P -

n=1 n n
™ e ®
: w%»‘
© 3 E5(D) g

If C is a simple closed curve not passing thr%gh the points -1, 0 and 1 in the complex

dz s
plane, then the set of all possible value(s) ofthe integral : J-c ﬂ is

(A) {0, tim, +2in) | () {0, ti, 2in}
(C) {0, i} (D) {0}
Which lona of the options giﬁen below is false ?

(A) Iffis analyticin asimply connected domain D, then its line integral along any
two different paths in D connecting the same endpoints P and Q are equal.

2n
(B) There exists an entire function f such that f [—) = S forneNn.

(C) Iffisan entire function satisfying [f (2)] < 2 forall 2| > 1, thenfis a polynomial of
degree at most 2.
(D) IfTis atriangle with 0, 1 and i as its vertices, then frzdz=0,

UB-27/21 ; ' (13) : ( Tum over)



49.

50.

51.

52.

53.

uB -27/21

i ?
For an entire function f, which one of the following statements is false

(A) fisconstant, if the range of fis contained in a straight in
(B) fis constant, iff has uncountably many zeros.

(C) fisconstant, iffis bounded on {z & C: Re(z) <0}

(D) fFis constant, if the real part of f is bounded.

==

iy az'isthe Laurem series expansion of the function : f(z) = 52> 15

N==—e0

in the annulus {ZEC:%<|2|<5}. then aﬂ:

2
(A) -5 (B) —%
©) { (D)

Which of the following statements is/are true ?

()  The function f(z) = sin . has an isolated singularity at z= 0.
cos(1/z)

. dz .
() The value of the integral: [ .. 4 T

(A) Only(l) (B) Only(ll)
(C) Both(l)and (i) (D) Neither (1) nor (If)

Consider the following statements : [
() Residue of f(z) = 6% at z =I5k 3—1
() Ifa meromorphic function f hﬁ 5 simple zeros and 2 5trnple poles inside

l21=1, then ;- f((z))dz = 6ir.

Pick out the correct option.
(A) (l)istrue, but (Il) is false B) ()is false', but (Il) is true.

(C) Both (I)and (Il) are true. (D) Both (l) and (II) are false.

In the Dihedral group Dg ={r, s : =g s’=¢e sr=r" s} under composition as the
binary operation, which of the following options is nottrue ?

(A) Dsis a non-commutative group

(B) Orderof Dsis 10

(C) Z(Dy)={e}

(D) Number of normal subgroups of Dgis 2 -
(14) ( Continued )



55.

57.

- 58.

59.

UB-27/21

- (A) Only()

: 5 .
Inagroup G letx’ = e (e : identity element of G) and xyx™' = yPforx, ye G lfy=e
then the order of y is :

(2] 25 (B) 30
(©) 31 (D) 32

Let G be a finite Abelian group. If the subgroups H and K are of index 3 eachin G,

then what is the index of the subgroupH nKin G ?
(A) 9 (B) 6 '
W= Wl
) 5 B W
oy 3 w0
Which of the following statements is/are true ?
()  The maximum possible order of an elementin the group (S5,
() Iff:(Ss,0)— (Zg, +¢) is a group homomorphism, then the order of f(S g is

o) is 6.

1,2o0r3.
(A) Both (I)and (Il (B) Only(l)
(C) Neither (1) nor (Il) (D) Only(ll)

Which one of the following statements isincorrect ?
() Thegroup Zs5is isomorphic to Zy * Zsg
()  Inn(Ay) is isomorphic to ABIES:
(8 Only() w4l (B) Only(l)
(C) Both (f)and () - (D) Neither (1) nor (I

Which of the following statements isfa@ correct?
() InGLy(R), matrices with the same determinant always belong to the same
conjugacy class. :
() The class equation of As (the alternating group on 5 elements) is
60=1+6+10+15+28.
(B) Only(ll)

(C) Both()and(ll) (D) Neither (f) nor (1)

Which of thé following statements is false ? : ;
j P

() ZgxZyisacyclicgroup.
() Theorderofthe element (2, 5) € Zs

() Aut(Zs x Z;) is isomorphic 0 Zy.
(A) Only(l) (B) Only(ll

(C) Only(If)and (IIf) (D) Only () and (Iity
{15)_ ( Tum over)

X Zyis 10.°



60.

61.

62.

63.

65.

ime number.)
Which one of the following options is correct 7 (pis a pri

45.
(A) There are 3 non-isomorphic Abelian groups of order

(B) Every p-group is Abelian.
(C) The group Z; * Z is a p-group. |
(D) Agroup of order 42 must have elements of orders 6 and 7 only.

- G must be
If G is a group of order 30, then the number of Sylow 5-subgroups in

(A) 1or2 (8) 20r3, _f_"{,
(C) 3or5 (D) 1or6, S A

b SO, :
OnR= {(: CJ ‘abce IR} with the usual addition and multiplication of matrices,

which of the following statements is true ?

(A) Risaring without zero-divisors.

(B) Risaring with zero-divisors.

(C) Risacommutative ring.

(D) Everynon-zero elementin R has a multiplicative inverse.

it
Which of the following statementsnsfare false?

ao o
m I= {(c d] a,c,de R} is both a subring and an ideal of M,(R).

0
(I Z[‘/_J {3 t brﬁfﬁ EE E}ls an integral domain, but not a field.
(A) Only(]) (BY” Only(ll)
(C) Both(l)and (lIl). (D) Neither (1) nor (ll)
Which one of the following options is correctforthe ideal I = (xz +5) in the ring Q[x] ?
(A) lisaprime ideal, but not a maximal ideal.

(B) Iisamaximalideal, but not a prime ideal.
(C) Ilisboth a prime ideal and a maximal ideal.

(D) Iis neither a prime ideal nor a maximal ideal.

- Consider the following statements :

() Thekernel of the ring homomorphlsm f: Z{x] — Z given by f(p(x)) = p(1)
I8 {(x—1)q(x) : q(x) € Z[x]}.
() The ring Z, is isomorphic to Z, x Z,. .~
Choose the correctanswer from the options given below.
(A) Only()istrue By Only (Il s true

(C) Both(l)and (Il) are true. (D) Both (l)and (Il are false

UB - 27/21 (16) ( Continued )



66.

67.

68.

69.

70.

Which one of the following options is incorrect ?

(A)  In an integral domain, every prime element is irreducible.

(B)  Inaunique factorization domain, every irreducible element is P
(C) The polynomial p(x) = x* - 6x + 9 is irreducible over Q.

(D) The polynomial p(x) = x° + 4x + 7 is irreducible over L.

rfime.

Which of the statements given below is/are true ?

()  Z[i]is a Principal ideal domain and Euclidean domain.

(1 Z[J—_ﬁ] is neither a Principal ideal domain nor a Unique factorization

domain.
(A) Only(l) (B) Only(ll)
(C) Neither (l) nor (Il (D) Both (l)and (II)

Let V be the real vector space consisting of all polynomials in oné real variable with
real coefficients of degree at most 6, including the zero polynomial. Then which one

of the following options is true ?
(A) W, ~ {p eV: p(l) ¢ Q} iga subspace of V.

(B) W,= {p eV:p(3 } aﬁ} subspace of V.

IS
(C) W;= {pev:p(-}]= ]33 a subspace of V.

(D) Wa= {p eV:p’ %) ﬁ"isl% subspace of V.
For a real 4 x 3 matrix M and the standard basis {e4, e, e,} of R>, which of the
following statements is/are true ?
) Ifrank(M)=1,then {Me,, Me,} is a linearly independent setin R,
an If rank(M) = 2, then {Me, Me,}isa linearly independent setin R*
(  Ifrank(M) =3, then {Me4, Me,} is a linearly independent set in R*
(B) Both (I)and (1)

(A) Only(ll)

(C) Both (l)and (Ill) (D) Both (I)and (IIl)
LetV be a 7—dimensional vector s'p ace. If U, W are subspaces of V with dimensions
pactwely then which of the following is nota possible value of dimension

4 and 5, res

of UNnW?

A 4 B) 3
(D) 1

(C) 2
( Tum over )

(17)

UB - 27/21



For a linear transformation L : VV — W with din;n{v )= 10 and dim(W ) = 8, which one
of the following options is correct ?

(A) Lisalways injective (B)
(C) Ker(L) is at least 2-dimensional (D) L isalways invertible

1.1

L is always surjective

72. LetL be alinear transformation defined on the vector space R® over the field R. If
Rank(L) = 4 and Nullity(L?) = 3, then Rank (L?) is (L? denotes the
composition of L with itself),

(A) 4 ANie) 3
(C) 2 D) 1
73. Consider the following statements for the linear transformation L on R® defined by
L{x, v, 2)=(x,y, 0) forall (x,y, 2) e R3:
() RankofLis2,.
() Theonlyeigenvalues of Lare0and 1. .
()  The number of linearly independent eigenvectors of L is 2.
- Choose the correct answer from the options given below.
“(A) Only(h)and (Il) are true B2 (B) - Only (I1) and () are true
(C) Only(l)and (III) aremte B4 (D)  AlI(1), (1) and (II1) are true

74. On the vector space R over the field Fﬁmh the standard basis {e,. e, e,} what is

the annihilator (S°) of the subspace S =span{e,, e,} ?

(A) §°= {0}, the zero functional on R3
§° = span(f,, f,}, where f,, f, are the dual basis elements corresponding to the

(8)
basis elements ey, e,
(C) 8°= span{f:,} where f is the dual basis element corresponding to the basis
eiementea
(D) {R3) the entire dual space of R
: ' | -2 2 -3
75. If Ay, Ay Ay éra the eigenvalues of the matrix: | 2 1 -6 |, then the value of
- -1 -2 0)
AEISEAS BER e T
(A) 40 (B) 43
(CJ 45 (D) 48
UB-27/21 (18) ~ (Continued)



76. Ifthe elgenvalue A of a matrix M has algebraic multiplicity 3 and geometric multiplicty

78.

79.

80.

UB-27/21

2, then \.Tuhich one of the following options is true ?

(A) Mis diagonalizable

(B) The ch aracteristic polynomial of M has degree 3

(C) Thle elgenspace associated with A has dimension 3

(D) Mis notdiagonalizable

Which'one of the following matrices has p(x) = x° - 8x* + 5x + 7 as the minimal
polynomial ? 2

[ ' (10 8
(A) Sl S @® (0 05
018 0 17)
(Craj 18 ish o |10 5
01 8 i 0 e

\
q-
_ M
Let (V, <, >) be an inner product spaceand let <x, y > = [|x||
which one of the following options Lﬁ.l Tug ?
(A) {x, y}isalinearlyindepende 1.'.7':_:""1
(C) {x, y}isan orthogonal set.

[lyll forallx, y €V. Then

(B) {x,y}isa linearly dependent set.
(D) {x,y}isanorthonormal set.
-1) of the

OF

The projection of the vector u = (2,~1, 3) € R? onto the vector v = (1, 2,

vector space R’ is

175 1 o 1520 1
@ (- 2) o (73
(e 4 2 - 12 1

‘Which one of the following statements is false ?

() Thelinear transformation L.: R? - R’ that reflects a vector across the line

y=xis both self-adjoint and normal.
() Thelineartransformation L.: R? - R’ which rotates a vector by an angle

12 in the anti-clockwise direction is both self-adjoint and normal.
A o R ELAURS
(C) Both (f)and (Il). (D) Neither(hnor(i)
(19) : (Tum over)



81.

82.

83.

85.

86.

What does the differential €equation: (2x + y + 1) dx+ (x + 2y + 1) dy = 0 represents ? .
(A) A family of circles (B) Afamily of parabolas .

(C) Afamily of hyperbolas (D) A family of ellipses A

If the non-homogeneous term in an ordinary differential equation (ODE) is: xe™ ang 0
3 is a root of the characteristic equation with multiplicity 2, then what is form of the
particular solution (i.e., yp) ? (cis a constant.)
(A) yp=—ce™ 8) yp=oxe™

2 _ Ax

(C) yp=cx’e™ (D) yp=cx'e

The B Ili tion: Y, = 3 ' i
e Bernoulli equation: i P (x)y = Q(x)y’ is best solved by making which of the

- following substitution ?

(A) v=y? (B) v=y
{C} V=V2 l (D) y=y3
. e_al d
The general solution of the ODE : (D? + s@gﬁy =—5.D= 4 (c,and c,are
arbitrary constants) is - [eicTe acd b
. ax eax - Eax —I:ﬁ
ERYEISIGH GX)e = + & — B y(x) =(c;+cx)e ™+ o= —
-3x A —3x
(C) y(x)=(c,+c,x)e >+ ez (D) y(x)=(c,+c,x)e™+ sz_ % A
Which one of the following options is true for the initial value problem :
dy 3 -4 =
ax -2y y(0)=07
(A) Ithas no solution.
(B) Ithas exactly one solution.
(C) Ithas more than one, but finite number of solutions.
(D) Ithas infinitely many solutions.
If u=x3 and v = y2 transforms the ODE:
3xdx —y(y? -x%)dy = 0 into Ay i, then what is the value of A ?
du (u-v)
(A) 4 (B) 2
(C) -2 2(D) =4
UB-27/21 (20) ( Continued )



g7. Iftherools of the characteristic equation of the Euler's ODE has a repeated rootm.

then what is the correct for -
m of the ‘ are arbitrary
constants.) general solution ? (c, and C;

(A} y(x}: cjxm+ C:K-m (B) Y(X}=C1Il“+ (;2,‘(-m|nx

- mx i
(C) y(X)=ce™+c,g™ (D) y(x) =c, cos mx + C, Sin mX

gg. The general solution of the linear partial differential equation (PDE) :

xa_u. +Y% =7is 1 : i

X oy (¢ is an arbitrary function).
([ X

IR 12| =0 B) $02-2x-y)=0

mER

L th ik

C) ¢(z.x +y +22J-0 EOY g(x+y+2z,xy2)=0
: [

7
g89. Insolving the heat equation using separation c@arﬁabi&s. the eigenvalues correspond

e :
(A) The Fourier coefficients

(B) The characteristic equation of the wave equation
(8) The eigenvalues of the Laplacian operator
(D) The energy of the system
90. Which of the following statements is/are true for the PDE :
(1 + xP)uxx + (1 + ) uyy + xux + yuy=07?
() Itis classified as parabolic PDE.
() The canonical equation is ugz + Uy, =0.
(A) Only(l) (B) Only(ll)
(C) Both(l)and(Il) (D) Neither (1) nor (I)

91. Solution of the PDE: ux + yuy = 0 with the initial condition u(0, y) = y° is
. —

@ ux )=y ® wn=yet WA H
© wxy=ye O w2 ] S
UB - 27/21 o (21) - (Tumover) _n w
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92.

83.

95.

UB -

A string of length 1 meter is fixed at both ends and obeys the wave equation

Utt = 4uxx with initial conditions: u(x, 0) = sin(nx), ug(x, 0) = 0. Then it's solution u(x, t) is

(A) sin(xnt) cos(nx) (B) sin(2nt) cos(nx)
(C) sin(2nx) cos(nt) (D) sin(mx) cos(2nt)

The solution of the system of ODEs ! ?E: X + 2y, % = 3x + 2y with initial conditions -
(0|
o

X(0)=Bandy(0)=4is

(A)  x(t)=4e™+2e", y(t) =g _ zemg’g (B) x(t)=4e*+2e™, y(t) = 6e* - 2¢

(©) x(t)=6e"-2e™ yt)=2e"+2¢* (D) x(t) = 2e™ + 4e7, y(t) = 26"+ 2¢™*

Regula Falsi method is used to find a root of the equation: f (x) = XS — x — 1 by
choosing the initial guesses: X0 =1and x, = 2. What would be the value of the next
iteration (i.e., x,) up to two decimal places ?
(A) 1.76 (B) 1.56
(C) 1.36 (D) 1.25
Using Newton's divided difference method, the sé-c'ond divided difference for the
function values f(1) = 2, f(2) = 3, f(4) = 7 is approximately equal to
A) 1.5 Sifot o B) 1
(C) 05 3 (D) 0.33
‘Which of the following statements is/are true ?
()  Gauss-Seidel method for solving a linear systems converges faster than
Gauss-Jacobi method.
()  Inthe Gauss-Jordan method for solving a Iinear-systems. the coefficient
matrix be transformed into upper triangular matrix.
(A) Only(l) . & only@)
(C) Both(l)and (Il) - (D) Neither (1) nor ()
27/21 y (22) (Continued)



g7. Using Lagrange interpolation and with the following function values :

x | f(x)

0] 1

112

3| 4
what would be the approximate value of f (2) ?
(A) 2.13 (BY” 3.00
(C) 3.13 | (D) 3.33

. gg. Whatis the approximate value of the integral: _[;(x + ¥*)dx, when Simpson’s 31

rule is applied with 2 sub-intervals ?
(A) 083 . " (B) 075
(C) 067 (D) 0.58
g9. Which one of the following statements about the central difference and averaging
operators is correct ?

(A) Thecentral difference operatons sed for approximating the second denvatwe
while the averaging operator 'ﬁéﬂ for approximating the first derivative.

(B) Both the operators approximate derivative with the same order of accuracy.

(GY The central difference operator% more accurate than the averaging operator
for approximating the derivative.

(D) The averaging operator is used for approximating the second derivative, while
the central difference operator approximates the first derivative.

100, Forwhat value(s) of the constants: a, b and ¢, the quadrature formula:

Eﬂ") dx=af (-1) + bf(0) + cf (1) is exact for polynomials of degree up to 3 ?

Erouddtie Ly A

@t’)’ 3-5, —-gandc-s (B) d S.b—agndc-g
1 1 4 154 18

= p="andc=< D) a=—,b=—andc=——
() a=z,b=7andc=73 (D) a=3z.b=7andc=—7

*
L
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