M,(R) set of

NOTATION
set of all natural numbers {1,2,3, .....}.
set of all integers {0, +1, 2, 3 .....}.
set of all rational numbers.
set of all real numbers.

set of all complex numbers.

n-dimensional Euclidean space {(Xq, Xg, -+ Xn) " Xk € R,1<k<n}

group of permutations on n distinct symbols under composition of mappings.

additive group of congruence classes of integers modulo n.

all n x n matrices with entries in R.

of distinct elemenis in G).

order of aset G(i.e., number
Z axes in three dimensional

unit vectors having the directions of positi\'/e'X, Y and

rectangular coordinate system.

PN —28/13

Which one of the following is true for the sequence {antn>1 gviven by

1
an=1+(—1)”+2—n 2
(A) lim supap =1 - ) lim infa,="1

n—ee Z n—e° .

(C) {apin=1is@ congervent sequence (D) lim supa,# lim infa,
n—oe n—oee

Which one of the following is true forthe set Q ={x € Q' x°<4}cR?

(A) Qis bounded above, but not bounded below
(B) Qis bounded above and sup(Q) =2

(C) Qis bounded above, but does not have a supremum

(D) Qisnot bounded above
(3) (Turn over)



For
a sequen
ce : :
{a}s1 Of real numbers, consider the following statements :

P:if|a 1
@nsq—ay| < = forn > 1, then {a,}n»1 is @ Cauchy sequence.

Q:1f|a

n+1—4a |<if >1.th } is a Cauchy sequence
l= 2 orn>1, then {anin>1 y -

Which of the above statements is / are trué ?
(A) OnlyP (B) Both PandQ

(C) OnlyQ (D) Neither P nor Q

4. Letf:R —s R be defined by f(x) =min {X= [x], X - « + 1}, where [x] is the greatest

integer less than or equal to x. If:

P = {x [0, 3]: fis discontinuous}and Q= {xe(0, 3): fis not differentiable}, then the

sum of the number of elements in P and the number of elements in Qis

(A) 6 B) 5
(C) 4 (D) 3
2n+1 +3n+1

convergesto

. 5 Thesequence {3}t T T
b (B) 2
© 3 (D) 5

(=]

For the series E

(p € R), which one of the followmg is true ?

(A) The series converges for all values of p.
(B) The series converges for p > 0 and diverges for p<0.
(C) The series does not converge for any value of p.

- (D) The series converges for p > 1 and diverges forp<1.

‘PN - 28/13 | : (4) ‘ ( Continued)



:
i1
3
-
T
-
.
:

[l

Which ing i
one of the following Integrals is convergent ?

- ;
d 17%
Lo
@ ki © 1%
Consider the following statements :

nx

P :The sequence {f },., wheref (x) = ;——7 (x € B) is uniformly convergent on
: 5 |

any closed interval containing 0.
Q: The series 2 Sy is uniformly convergent for all x eR.
,,-1n(1+nx) = RN
 Choose the correct option. . ,
(A) Pistrue butQis false (B) Pisfalse,butQis true
: *:__;(C) Both Pand Q are false . (D) Both P and Q are true

s a real-valued continuous functlon on the closed interval [0, 1], dlfferentlable on}_‘ et
épen nterval (0 1) such that f(0) =—1and f(1) 2, then wh|ch one of the fol|owmg 3



Q,’ﬂ- Iff: R — R is continuous function satisfying f(x + y) = f(x)

+f(y) for all
which one of the following is true ? ) X YER, then

(A) fisincreasing, iff(1) >0 and decreasing if f

(B) fisincreasing, if f(1)

(1) <0
>0 and decreasing, iff(1) >0
(C) fisanotan increasing function

(D) fis neitheran increasing nor a decreasing function

'2.> Let : ‘ - I | o 3

what is the value of f (%j ?

.

(Al i
2 (B) NG
3

(C) % | - (D) 1

=

x2
v@ For the function f: R — R defined by f(x) = {e , X < 0 which one of the following is
052 =L0 »

false ?
(A) fhas derivative of all orders at every pointx e R.

B) f™(0)=0foreachneN.

(C) Taylor series expansion of f about x = 0 converges to fforall x € R.

(D) Taylor series expansion of f about x = 0 converges to fforall x 2 0. _
2= 3X

| ; i = 7
@ Which one of the following statements IS true for the function f(x) T

(A) fhas a horizontal asymptote, butno vertical asymptote.

(B) fhas a vertical asymptote and a horizontal asymptote.

£ mptotes.
(C) fhas a vertical asymptote, but no horizontal and slantasymp

ote, butno horizontal asym
( Continued)

ptote:
(D) fhas a vertical asymptote and a slant asympt

PN-28/13 (6)



15

16.

17

18. Choose the correct option to fil

How many point(s)

of inflexio 5 %
R n does the function f(x) = sin“(x) have in the interval
(A) 3
B
e (B) 2
(D) O
For the following assertions
P . - g A5
Af 1= [ 2 sin (x)dx(neN),thenln=(n—_1J| e,
- n - ¥ Y

QLifJi= .[02 cos"(x) dx (n € N), then J,, = (uj I, n>2,
n

the correct option is :
(A) OnlyPis true (B) OnlyQistrue
(C) Neither P nor Qis true (D) Both Pand Q are true

: 1
Let R be the region bounded above by the graph of f(x) = g and below by the X-axis

over the interval [1, 3]. What s the volume of the solid of revolution formed by revolving

R around the Y-axis ?
73

(A) 4munits’ (B) 3munits
33

(C) 2m units® (D) munits

[ the blank in the following truth table :

QEED
Tl T
T
FLT e
A

(A) FTF e

Vo TR N 0 () 2T

' (7) (Turnover)
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19, Whatj l
atis the value of the expresion : 220 + 320 + 440 4 50 + 6°% (mod 7) ?

20.

21.

22.

23.

24.

PN —-28/13

(A) 5 (B
3

(C) 1 (D; 0

A graph G '

it ph G has 21 edges, 3 vertices are of degree 4 and other vertices are of degree
- Ihen, the total number of vertices in G is

(A) 10 (B) - 11

(C) 13 (D) 14

Inapla i :
gamF; r)iground, 3 sisters and 8 other girls are playing agame together. Ina particular
, how many ways can all the girls be seated around a circle so that the three

sisters are not seated together ?

(A) 8x11! (B) 128x9! i \oF
(C) 84x8! (D) 210x7! 0 PR
: 5

Consider the recurrence relation a; =4, a,=5n+ap_¢, N2 2. The value of ag4 iSC,
¥
. 4/?
(A). 10399 (B) 23760 ,)77/04:
(C) 75100 (D) 53700 %
in R such that the trace of

, the set of all 2 x 2 matrices with entries

Let P € My(R)
P = 2. Which one of the following is the characteristic

P = — 3 and the determinant of

polynomial (i. €., c().)) of the matrix pl2
B) ch)=)’+3r*2

(A) c()= 221 3), ¥2
C) c(\)= 12 +50+1 (D) c()=22+3n+1
g statements is / are false ?

Which of the followin
ons with more equations than unknowns is always

P - A system of linear equati

_inconsistent.
Q -Asysfem of linear equations with more unknowns than equations has infinitely many
solutions. i ’
R : Every system of linear equations has either no solution, unique solution or infintely
‘many solutions.
(A) OnlyP (B) OnlyQ
(C) OnlyQandR | (D) OnlyPandQ
(8) ' (Continued)



26.

21

28.

29.

PN —28/13

Y 4 P(x)y = Q(x), then

Ifsin(x) is the integrating factor of the differential equation : i
P(x) =

(A) cos(x) (B) tan(x)

(C) cot(x) (D) cosec(x)

Ifthe differential equation : (ax? + bxy + y2)dx + (2x> + cxy +y*)dy =0 (a, b, c € R) is
exact, then which one of the following options is correct ?
(A) b=2,c=2a (B) b=4,c=2

(C) b=2,c=4 (D) b=2a=2c

The initial value problem : x% —2y=0,y(0)=0,x>0has
X

(A) no solution (B) aunique solution

(C) extratwo solutions (D) infinitely many solutions

Consider the following statements with regard to the solutions y4(x) = sin(x) and

2
y,(x) = cos(x) of the differential equation : 7 +y=0.

P :y4(x)and y,(x) are linearly dependent solutions of the given differential equation.

Q : Wronskian of y4(x) and y,(x) is equalto—1.
R:y4(x)andy,(x) are linearly independent solutions of the given differential equation.

Which of the above statements is/are true ?

(A) OnlyQandR (B) OnlyPandQ

(C) OnlyQ

The particular solution of the differential equationy” +4y =sin
(B) #cos(2X)

(A) 7 cos(2x) '
(D) 4lxcos(2x)

(D) OnlyR

(P9 P ——

(C) -'}x cos(2x)
(Turn over)

(9)



e fO“OWIHg IS the ge| Iel'al SO'U“OH Of tl e fO”OW” |g pal [lal di”efel |tia|

31.

32.

33.

PN

equation :
du Ju
—_— =X = 1 Y

( ady ox

A) u= 2,2 :

log(y) + f(x“y“), where fis an arbitrary differentiable function.
B =
(B)  u=log(y) +f(xy), where fis an arbitrary differentiable function.

C = :

(C)  u=2log(y) +f(xy), where fis an arbitrary differentiable function.
D = ,

(D) u=log(y) + f(\/xy ) where fis an arbitrary differentiable function.

Which one of the following is true for the partial differential equation (PDE)

82 2
SRR i

x> E)y
(A) The PDE is hyperbolicin{(x,y):y>0, x> 1}
(B) The PDE is parabolicin {(x, y) : x < 0}.
(C) The PDE is elliptic in R”.
(D) The PDE is parabolicin {(x,y):x>0,y>0}
pY: 2

The solution of the partial differential equation : o ; 362—3 subject to the initial
' X
conditions u(x, 0) = 5x and %% (x, 0) = 1 atthe point (x, t) = (2, 1)is
A 7 (B) 11
(D) 31

(C) 21
Consider the following statements in connection with the numerical evaluation of the

definite integral : | = f xdx, where a and b are given::

P - The value of | obtained by using the Trapezoidal rule is always greater than or

equal to the exact value of the definite integral.
Q : The value of | obtained by using the Simpson

value of the definite integral.

Which of the above statements is / are true ?
(B) OnlyQ

(D) Neither P nor Q

's rule is always equal to the exact

(A) OnlyP
(C) BothPandQ

—-28/13

(10) (Continued )



34.

35.

36.:

The Newton-Raphson iteration méthod is used to determine the approximate valye
of the reciprocal of the number x = 4. If the initial guess is x, = 0.2, then what is the

$ . , e - :
numerical value of the reciprocal after the first iteration (i. e., the value of x) ?

A) 021 | s (B) 023

TNC) 0,24 R (D) 0.26

What is the order of bonvergenée of the Regulé—Falsi method for'ﬂnding the.

approxmate numerlcal value of a real root of an equatton f(x)=07?

(A0 s (B) 1.618

(R e i s SR T LT

Wthh one of the followmg IS the fastest |terat|ve method for solvmg SImultaneous

||nearalgebra|cequat|ons'? fopied NG

(A Gaus,s—EIimation method B) Gaus:é;Jordari:method ‘

©) Gauss-Seidel _mé_thod Ll o). §3<éu§s.-;J'a,cpbi method




39.

40.

41.

On the set R of real numbers, which one of the following is not 2 melric ?
(A) d("vY)=IX2~Y2I(X,YER) @) dxy)=kx-yi(xysR

lfSandTaresubsetsofamspace(X,d),ﬁenm“dﬂﬁmm

isfalse?(ForS;X,S°denot5ﬂ1esetofanimeriorpoﬁ1tsof5).

(A) KfScT, thenS°cT®

(B) IfSisanopensetinXanngT,Sg'l"’

(C) (SUT)°=S°U.‘I°

(D) (SnT)°=8°nT°

Consider the following statements
P:z-,thesetofanintegersm'mtherhetricddermedbyd(m,n)=|m-n|isaconrpue
metric space. ' '
Q: R, the, setof all redhmbesmmeneﬁcddeﬁ@byd(x,y)=ttan'1(x)—

tan” (y)]nsacompletemetncspaoe : ’

.Whldlofmeabovestatementsslarefalse?

~ (A) BothPandQ _ (8) NeitherPnorQ

Q OnlyP : () ONVQ



43. Consider the metric space (;;.;(?' d) with the discrete metric given by d(x, y) = “:) X7y
K=y

Then which one of the following is true ?
(A) Every subset of R?is dense in (R’.z, d)
(B) (R? d), is separable

(C) (Rz, d) is compact, but not connected

(D) Every subspace of (Rz, d) is complete

44 Which one of the following rings is not an integral domain ?
(A) Q, the setofall rational numbers
(B) Z45with addition modulo_ 15 and multiplication modulo 15
(C) R[x], the set of all polynomials with real coefficients

(D) Z[i]={a+ib:a, beZ}, the setofall Gaussian integers

45. Which one of the following statements is false ?
(A) The characteristic of the ring Z, is 0
(B) Zis asubring of the ring Q
(C) Zis notan ideal.of the ring Q
(D) There exists a field with 8 elements
46. Theideal | = < x > (the ideal generated by the element x  Z) of the polynotid! ting
Z [x]is ‘ |
(A) A maximal ideal, but not a prime ideal
(B) A prime ideal, but not a maximal ideal
(C) Both a prime and a maximal ideal
(D) Neither a prime nor a maximr;ll ideal

PN -28/13 (13) (Tumover)



rhe set¢ |
(B) Isa singleton set
y sel

4 /.

(A Isnncmpt
(D) Isan infinite set

S
c) Has exactly WO element

of commutative rings with unity.

o following classes

cOnsiderth

48.
main, UFD

gs of Euclidean domain, PID is the class of principal ideal do

EDisthecla
on domain and ID is the class of i

ntegral domain.

is the class of unique factorizati

Then, which oné of the following inclusion relations is correct ?

(A) PIDCEDCUFDch (B) EDcUFDCPIDCu)

(C) EDcP|DcUFDcID (D) UFDcPIDcEDcID

S G g

49. Forthefunctionf: R? — R defined by f(x, y) = X2 +y
0, (x,y)=(0,0)

. which one of

the following is true ?

(A) fis continuous on R

(B) fis continuous at all points of R? except(0, 0)
(€) £(0,0)=f,(0,0)

(D) fisbounded

50. | 7}*}1 <
- In which directi irecti
; ich direction, the directional derivative of the scalar point function ¢(x, y, ) =
Y’z from the point (1, 1, 1) will be maximum ?
A
(A) 21 +] + 2k o
ol (B) 2i+2j +k
) i *‘ +Q A A A
(D) —-2i +j -2k
PN -28/13
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51. Consider the following statements for a vector field F .

\

{ ? o
P :If curl ‘5' F | =0, thenthe field F is solenoidal.

\

!
|

[ — )y
Q: !fdiv’( F) =0, then the field F is irrotational.

Choose the correct option :

(A) Pistrue, butQisfalse (B) Pisfalse, butQis true

(C) Both Pand Q are true (D) Both P and Q are false

Pick out the correct option for the function f(x, y) = X3 +3x°+ 4xy + y2.

52.
(A) fhasaminimumat (0, 0) (B) fhasamaximum at (0,0) |
, ' 2.4
(C) fhasaminimum at (E ks (D) fhas a maximum at (——, e
3 3N
= A A f = =
53. If F (x,y) =yi — x|, then what is the value of the line integral fc F -dr  where Cisthe

arc of the parabolay = x* from (0,0)to(1,1)?

(B)

W N

1
(A) 3

(D)

D | ;

3
(C) 71

54. The Gauss divergence theorem is used to convert :
(A) Alineintegral to a surface integral
(B) Alineintegralto a volume integral
(C) Asurface integral to a line integral

(D) Asurface integral to a volume integral

PN -28/13 (15) (Turn over)



\ r gisa closed surface and V is the volume enclosed by the closaq
ity K
ifr= Xl y

boOA
r.ndSisequalto
then the value of J’s g

cL,rJ GS V
B) °
A "\/ |
* D\/ (D) 3V
(C) 4
1 pX XY .
55 Thevalue of the integral Jo Jo Jo (xy + 2yz)dz dy dxis equal to
v %
| ‘ oy o
A 7 B 5o S
/ ,/) 2’( 2‘7 1’3 ’W
S (D) =g %

2
3
57 Which one of the following is a subspace of the vector space R* over the field R ?

(A) W={(@a,b,c):a20} (B) W={(a,b,c):a+b+c’=0}

(©) W={@ab,c):a?+b?+c°<1} (D) W={@ab,c):ab, ceQ}
58. On an n-dimensional vector space V over the field F, which one of the following is
false ?
(A) Anysubset of V with more than n vectors is linearly dependent over F.
(B) Anylinearly independent subset of Vis a ‘paﬁ of a basis of V.
(C) Anylinearly independent sﬁbset of V with n elements is a basis of V

(D) Statementsin (A), (B) and (C) are false.

59. A .
IfV, W are finite-dimensional vector spaces and T:V — W is a linear transformation,

then which one of the following is false ?

(A) I dim(V) < dim(W), then T cannot be onto

(B) I dim(v)> dim(W), then T cannot be one-to-one
(©)" dim(v) = rank(T) + nulity(Ty |

©) Wdimeyy= dim(
PN~ 28/13

W), then T is invertible

48) (Continued)



60.

61.

62.

63.

64.

PN —28/13

T 1 .2
What is the rank ofthe matrixP=|1 2 3|7 ghiae 2

0 -1 1 it
(A) 3 (B) 2
(C) 1 (D) 0

The matrix for the linear transformation T : R? —s R? defined by T(x, y) = (y, X), (x,y) €

) =
R"relative the standard ordered basis {(1, 0), (0, 1)} is

0t 0 1
l (—1 0] | ®) (1 o)
0 ;1 0 -1
(C) (_1 oj (D) (1 oJ

If P is a 3 x 3 matrix such that P> = P, then its eigenvalues are
(A) —1,1and?2 j (B) —-1,0and 1
(Gt fand 0w (D) 0,1and?2

Which one of the following matrices cannot be diagonalized ?

(-1 2 - ) Sriiedl
w (33 o (5]
1t | , 2 550
(C) (0 J 4 (D) (_1 3}

2 2 .
X® —y° + 2ixy
If f(z) = oy

(z=x +iy), then which one of the following is true ?

(A) lim f(z) exists along the line y = x.
z—0 ;

(B) “mo f(z) exists along the line y = 2x.
p

. 2
(C) lim f(z) exists along the line y = x".
z—0

(D) Statements in (A), (B) and (C) are false

(17) (Turn over)



: __21_n, — 0| 2' 4'
oo ) (2_1)”‘where an =1 4 , the radius of
er series - Z n | o e R R
g5, Forthe POV n=0 n'
rgenceis —
conve19 B) 1
A 2
‘ (D) 3
(C) 2
66. - Whichone of the following s true for the function :
=0+ 30 iy +3CY) =X+ 1) 7
(A) Not differentiable at any point of C.
(B). Differentiable at all the points of C. .
(C) Differentiable only at the points that lie on the X-axis .
(D) Differentiable only at the points that lie on both the co-ordinate axes. |
[ g \'\“‘/
67. Lcos(z)dz——. Q’ mt
(A) - sinh(1)+isin(1) (B) sin(1)—isinh(1)
(C) =sin(1) +isinh(1) (D) sin(1) +isinh(1)
68. LetD={ze C:|z| <1} be the open umtdlsk Iff:C—>Dis analytic with f(i) = 2i, then
what is the value of f(=1) ?
(A) 2i (B) —2i -
C
€) 2 D) —2
69. Inthe Laurent seri B
t series expansion of the funciton f(z) = ! id | -
T 20- B valid in the region
12| >1, the coefficient of lz is :
z
(A) -4 eV
PN-28/13 D) 1
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70. Forthe function f(z) = z3 exp (_1_ } z=0is
Z,

(A) aremoval singularity (B) azero of order 2
(C) asimple pole (D) anisolated essential singularity
71. [ _7z°cos (1] dz=
© J|z=1 g _
: 5 in
(A) im (Bl
IT T
(C) 5 (Rlars

72.  Which one of the following collections of 2 x 2 matrices froms a group under matrix

multiplication ?

(A) {(a bJ:ac#bz,a,b,ceR}
<t

b
(B) {a :azatbc,a,b,ceR}
c

b
(C) {a :ac;tO,a,b,ceR}

D) {(a ZJ:ad—bc;eo, a, b, c,dez}

73. Consider the following statements with regard to the subgroups H and K of a group
G

P:IfGisa commutative group, then HK is a subgroup of G.
Q: If either H or Kis normal in G, then HK is a subgrou'p of G.

Which of the above statements is / are true ?

(A) OnlyP (8) OnyQ

(C) NeitherP norQ (D) BothPandQ

PN -28/13 (19) (Turn over)



rou G’
of t the fO||OWIHg statements IS false fora a p
hone ?

74. WhiC 2 2¢oralla,b ¢ G, then Gisa commutative group.
fab)* =2 (e is the identity element
5 G is a commutative group _
2 oforallb € G then
B) Ifa e
of G).

it the order of G is 2, then G is a commutative group.
(D) Statements in (A), (B), (C) are false
25 Consider the following statements :

P If (G, *)is a group ofordernandxeG is such that (x % G x) =e(eis the

e |

m tumes

identify element of G) forsome m <n, then m divides n.

Q: If (G, *) is a group of even order, then there must be an element x € G such that .
x#eand (X *x)=e.

Which of the above statements is / are true ?

(A) OrlyP ~ (B) OnyQ

(C) Neither P nor Q (D) BothPandQ

~ 76. Which one of the following is not true ?
(A) Agroup of order 11 is cyclic. (B) Agroup of order 15 is cyclic.

(C) Agroup of order 21 is cyclic. (D) A group of order 51 is cyclic.

77. In Sg, the symmetric group of all permutatlons on the five symbo|s1 2,3,4,5 whatis

the highest possible order of an element ?
(A) 5

(C) 10

B 6
(D). 45

78.  LetS, denote the symmetric group of all permutations on n symbols and let A be the

subgroup of S, consisting of all even
permutations of those n symb
one of the following is false ? T e

(A) A, is anAbelian groupinn<3
B) Ajisa normal subgroup of S |

€) A,isa simple group for each n > 3

©) Z(A)={e},ifn s 4 @A,

denotes th |
PN -28/13 Fosntenatag)
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