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No.
1. 'The non-empty set of real numbers which is bounded below has
(@) supremum ) mﬁmum
(3 upper bound ... . ~ (4 none of these
2. The sequence {f.} where f (x) X" is convergent on [0, k], k <1
| (1) uniformly | (2) pointwise
(3) nowhere (4)  none of these
3. Every bounded sequence has at least one limit point. This represents
: (1) Archimedean Property (2) Heine-Borel theorem
' (3) Bolzano-Weierstress theorem (4) Denseness Property
4. Which of the_following is convergent ? _
® Xn'2” @ X
n=l n=
@ 3 | W >—
n=2 I 108 n | - = nlog(1+1/n)
5. | Ifafunction fdefined on [0, 1 2 JUESIR o
‘ a fun 1onf_e ned on [0, ]agf(x)— 0.if x=1/2" en
(1) f1is not bounded
(2) fisR-integrable
(3) fis not R-integrable since fis not bounded
' (4) fisnot R-integrable since lower and upper hmits are unequal
6. Let f: R — R be a monotone function. Then

. (2) fhasonly finitely many discontinuities.

(1) fhas no discontinuities

(3) fcanhave at most countably many discontinuities
(4) fcanhave uncountably many discontinuities
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7. The length of an interval I is
(1) Outer measure‘-iyf ‘a'1‘1 interval I
(2) Lessthan outer measure of an interval I
(3) Greater than outer measure of an interval I
(49) Twice the outer measure of an interval I
8. | Aset Eis said to be Lebesgue measurable if for each set A
(1) m'(A)=m"(ANE)—m' (ANE’) \ .
2 m'(A)=m'ANE)=m' (ANE) |
(3) m'(A)=m"(AVE)+m'(ANE)
4) m'(A)=w"{AUE)—m" (ANEY
9. A non-negatlve measurable function f is integrable over the measurable
set Bif _
| © [f=e @ [f>w
3) _L: f<0 . . (49)  None of these
10. | Iffis of bounded variation on [a, b] and ¢ € (a, b). Then
(1) fis of bounded variation on [a, ¢] and on [c, b]
(2) fis not of bounded variation on [a, ¢] and on [c, b]
(8) fis constant on [a, c] and on [c, b]
(4 None of these
11. | Let X and Y be metric spaces, and f: X —Y a function then which of the
following is true .
(1) fiscontinuous;
2) for every open set Uin Y, ! (U) is open in X
3) for every closed set C in Y, £ (C) is closed in X
(4) Allthe above

MPH-PHD-URS-EE-2018-Mathematics-Code-A

(2)



Code-A

Question
No.

Questions

12,

The rﬁetric space (R, d), where d is a usual metric, is
(1) compact (2) disconnected

(3) connected but not compact (4) compact and connected

13.

Let (X, d) be a metric space, then for all X, Y, z €X .
1) dxy) <dx2)+d(zy) @ d&xy) 2dEx2+dy)
@) dxy) <0 (4)  None of these

14.

A normed linear space X is complete iff

(1) Every convergent series in X is absolutely convergent
(2) Every convergent series in X is convergent

(3) Every convergent series in X is uniformly convergent

(4) Every absolutely convergent series in X is convergent

15.

IfW, W, are two subspaces of a finite dimension vector space V(F), then
(1) dim (W, + W,) = dim (W1UW2)
"(2) dim W, +W,) =dim W, +dim W,
(3) dim (W +W) =dim W, +dimW, — dim (W,N"W,)
4) dim (W +W)=dim W, + dimW, + dim (W,"W,)

16.

The co-ordinates of vector (1, 1, 1) relative to basis (1, 1, 2), (2, 2, 1),
1,2, 2)is

1) (1/3,0,1/3) @  (1/3,1/3,0)
3) (0,1/3,1/3) (4) None of these

17.

Let T : R*>R" be a linear transformation. Which of the following
statements implies that T is bijective ?

(1) Nullity (T)=n @  Rank (T) = Nullity (T) =n

" (3) Rank (T) + Nullity (T) =n @  Rank (T) - Nullity (T) =n
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18.

_Let A, Bbenxn ﬁreal matrices. Which of the following statements is
correct ? '

(1) rank (A + B) =rank(A) + rank(B)

(2) rank (A+B) < rank(A) + rank(B)

(3) rank (A + B) = min {rank(A), rank(B)}
(4) rank (A +B) = max {rank (A), rank(B)}

19.

(1) Trace(A)=1,Trace(B)=0  (2) Trace (A) = Trace B)=1

Let A and B be real invertible matrices such that AB = — BA. Then

3) Trace (A)=0, Trace (B)=1 (CY) Trace (A) = Trace (B) =0

20,

| I+x> 7 11
Consider the matrix A(x)=| 3x 2x 4 |;xeR. Then
8x 17 13

(1) A (%) has eigenvalue 0 for some x€R

(2) 0Oisnot an eigenvalue of A(x) for any xeR
(3) A (x) has eigenvalue 0 for all xeR

(4) A (%) is invertible for every xeR

21.

| The Linear transformation T : R® —R3 corresponding to the matrix

1 00
0 2 0|is
0 0 3
(1) T, . xa) = (X,, 2x,, 3x,)
@) T (%, %) = (x, + %5 2% + %, X, + %))

(3) T (Xl’ Xz! x3) = (xl’ xz’ x3)
(4) None of these
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22. The matrix |-1 2 -1|is
| 0 -1 3
(1) non-negative definite but not positive definite
(2) positive definite
(3). negative definite
- (4) neither negative definite nor positive definite
2 0 -3 |
23. LetX=|3 -1 -3 Amatrix P such that P-' XP is a diagonal matrix, is
0 0 -1
(11 1 -1 1 1
@ |01 ) 0 1 1
1 10 1 10
1 -1 1 -1 -1 1
@ |0 1 @ 0 -1 1
1 1 0 1 1 0
24. The norm of x with respect to inner product space (x,x) is
O lxll =(x,x) @  lxlE=(x,x)
@) Izl = (x,x)2 (4)  None of these
25. Cayley-Hamilton theorem states that
(1) Every square matrix satisfies its own characteristic equation
(2) Every square matrix does not satisfy its own characteristic equation
(3) Every rectangular matrix satisfies its own characteristic equation
(4) None of these
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26. | If lz|l = |z—1]| then
(1) Re(®=1 \ 2) Re(@=1/2
@) Im@-=1 : 4 Im(@z)=1/2
217. The power series Z 37" (z-1)* converges if
n=0
1) lzl<3 | @ 1zl<43
@) lz-11<43 | @ lz-11<43
28. | An analytic function of a complex variable z = x + iy is expressed as
flz) =u(x,y)+iv(x,y), wherei= /_7.If u (%, y) =2 xy, then v (x, y) must
be
i (1) x%+y?+ constant (2) x?-y?+ constant
(8) —x%+y?+ constant (4  —x%2—y?+ constant
2z
. - dz=
29. |-4L 212"
1 0 | @ -2n
(8) 4mi @4 1
30. | Thevalueof I :H:_Z dz where C:'|z| =1is a positively oriented contour. .
c4z+m '
—+/2 i
@ o | @) -
~4/2i - Co-mi
@ == @ -
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31. The statement, if f is entire and bounded for all zeC, then fis constant,
refers to :
(1) Morera's theorem - (2) Maximum modulus theorem
(3) Liouville's theorem 4) Hurwitz theorem
32. Let f(z) be analytic in a closed, connected domain, D then which of the

(2) If |f(z)| has an interior extrema, then the function is a constant

following is not true

(1) The extreme values of the modulus of the function must occur on the
boundary ' '

(8) The extreme values of the modulus of the function may occur on
interior point and f(z) may not be constant

(4) Iff(z) is non constant then | f(z)| does not attains an extrema inside
the boundary

33.

The function f: C = C defined by f(z) = e* + e has
(1) ﬁnitely many zeros (2) no zeros

(3) only real zeros @ has infinitely may zeros

34.

(1) 41 2 916

9
(z-1)(z+2)°
following is one of the residues of the above function ?

Consider the following complex function f(z) = . Which of the |

@) 2 | @ 9

35.

The bilinear transformation that maps the points z = , i, 0 into the
points w =0, i, © is

(1) w=-z Q2 w=z

@ w==" @ w=
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~ 86. . | The fundamental theorem of arithmetic states that

(1) The factoring of any integer n > 1 into primes is not unique apart
from the order of prime factors

(2) The factoring of any integer n > 1 into primes is unique apart from
the order of prime factors

(8) There are infinitely many primes

(4) The number of prime numbers is finite

37. The last two digits of 78! are

Q) 07 | @ 17
(3 37 | @ 47
38. | The congruence 35x =14 (mod 21) has
(1) 7 solutions ) 6 solutions
(3) 9 solutions ‘ 4) No solution
39. | If n is a positive integer such that the sum of all positive integers a

satisfying 1 < a < nand GCD (a, n) = 1is equal to 240n, then the number
of summands, namely, ¢(n), is '

(1) 120 2 124
(3) 240 (4 480
40, If ged (m, n) = 1 where m > 2 and n > 2, then the integer mn has
(1) no primitive roots | (2) unique primitive root
" (3) infinite primitive roots (4)  finite primitive roots

41. If p is a prime, then any group G of order 2p has
(1) anormal subgroup of order p

(2) anormal suBgroup of order 2p

(3) a normal subgroup of order p?

(4) None of these |
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42, Let G be simple group of order 60. Then

(1) Ghassix Sylow-5 subgroups

(2) G has four Sylow-3 subgroups

(3) G has a cyclic subgroup of order 6
(4) G has a unique element of order 2

43.

(3) aunique factorization domain but not a principal ideal domain

Let R be a Euclidean domain such that R is not a field. Then the polynomial
ring R[X] is always

(1) aEuclidean domain

(2) aprincipal ideal domain but not a Euclidean domain

(4) not a unique factorization domain

44,

Let p(x) =9x% + 10x3 + 5x + 15 and q(x) x3—x2—x—2 betwo polynomlals
in Q[x]. Then over Q,

(1) p®x) and q(x) are both irreducible

(2 p(x) is reducible but q(x) is irreducible
(8) p(x) is irreducible but q(x) is reducible
(4) p()and q(x) are both reducible

45.

3 14 4 32

Find the degree of the field extension Q (JE, 12, E/E) over!Q.
®» 4 @ 8

46.

Let F be a finite field and let K/F be a field extension of degree 6. Then
the Galois group ‘of K/F is isomorphic to"

(1) the cyclic group of order 6
(2) the permutation group of {1, 2, 3}
(3) the permutation group on {1, 2,3,4,5, 6}

(4) the permutation group on {1}
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47, Let X be a topologica) space and A be a subset of X, then X is separable
if \ -
(1) Aiscountable an:]. A =X (2) A iscountable a
(3) Aisuncountable 4 INone of these
48. Which of the following spaces is not separable ? |
(1) R with the trivial topology
(2) The Cantor set as a subspace of R
(3) R with the discrete topology
(4) None of these
49, Which of the following is true ?
(1) Let X be ccampact' and f : X = R be locally bounded. Then f is not
bounded. g '
' (2) Closed subspaces of compact spaces are compact
(3) Closed subspaces of compact spaces may not be compact
(4) Continuous images of compact spaces may not be compact
50 Let X and Y be two topological spaces and let f : X — Y be a continuous
" function. Then
(1) f(X) is connected if Kc X is connected.
(2 f£!(K) is connected if K ¢ Y is connected
3) f!(K)is compactif K <Y is compact
(4) None of these
51. Consider the initial value problem (IVP)
% =y y (=1 (xy eRXR.
Then there exists a unique solution of the IVP on
(1) (=, x) @) (1)
3 22 4 (1,0
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52.

d? d ;
. The solution to the initial value problem ol A%, L +.by = 3e"* sin {,

| de? T dt
y(@0)=0andy' (0)=3,is _
(1) y(t)=¢et(sint + sin 2t) (2) y(t)=et(sint + sin 2t)
B) y(t)=3etsint 4 yt)=3etsint

53.

- 1
Consider the differential equation (x — 1) y" + xy' + e 0. Then

(1) x=11isthe only singular point
(2) x=0is the only singular point
(3) both x=0 and x = 1 are singular points

(4) neitherx=0 nor x = 1 are singular points

54.

Let f and g be real linearly independent solutions of

d Td . ,
E;[EXX P (x):| +Q X)y=0 ontheintervala<x<b. Then

(1) between any two consecutive zeros of f, there is precisely one zero
of g.
2) between any two consecutive zeros of f, there is no zero of g.

(3) between any two consecutive zeros of f, there is infinite zeros of g.
(4) None of these

55.

The eigen values of a Sturm-Liouville BVP are
' (1) Always positive

(2) Always negative

(3) Alwaysreal

(4) Always in the pair of complex conjugate
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56. The Charpit's equations for the PDE up? + g2 + x ty=0,p= P
) q= . are given by
d« _dy _ du_dp dq
@ -1-p> -1-qp* 2p*u+2¢> 2pu 2q
dx dy  du dp dq
@) 555552 2 1 3 12
2pu  2q 2pu+2q° -1-p 1-qp
dx dy du_dp_dg
® w0 T YTy
dx_dy du dp dq
@ 7557 R
29 2pu x+y p
;. : . ou_0dh
57. The partial differential equation oo + u can be transformed to
o v,
5 ol o
(1) v=etu. (2) v=etu.
@) v=tu . (4) v=-tu.
ou .
58. | The PDE x—éx—2+y5y-2-—-0 is

(1) ellipticforx<0,y>0 (2) hyperbolic for x>0,y <0
(3) ellipticforx>0,y<0 (4) hyperbolicforx>0,y>0
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59.

D) z=f+30)+f,(y+2x) (2) z=f (y+3x) +£, y — 2x)

Y 2 2
Solution of 2:‘ ai;y ; =0 is given by

B z=f (y-2x)+f (y+2x) (4 None of these

60.

(D) z(y)=(ccospx)c, 6P

62
Given Wave equation 5-0 PR By separation of variable, let

: ' oz o’z
z (x,y) =X (%) Y (y) be a solution. Substituting it in g =g 2 one have

d*X
dxz
(c’s are constants)

dy
+ kX =0and P ke?’Y =0.Ifk =—p?, pisreal, then the sclution is

) Z(Xa)’)=(clcospx-}-czsin_px)cle-czpzy _

@) z(xy)=ePY

@ z(5y)=(c,cospx)c, e "

61.

The rate of convergence is faster for
(1) Regula-Falsi method (2) Bisection method
(3) Newton-Raphson method (4) Cannot say

62.

As soon as a new value of a variable is found by iteration, it is used
immediately i in the following equations, this method is called

() Gauss-J ordan method (2) Gauss-Seidal method
(3) Jacobi’s method (4) Relaxation method
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63. | The value of function f (x) at 4 discrete points are givne below :
' 1
X 0" 1 |~ 2 4 5
f(x) 2 o« 3 12 147
" Using Lagrange’s formula, the value of f (3) is
(1) 30 @2 35
@) 25 4) 20
64. The value of function f (x) at 5 discrete points are given below :
X 0 0.1 0.2 0.3 0.4
f(x) 0 10 40 90 160
_ . . g 04
Using Trapezoidal rule with step size of 0.1, the value of I f(x)dx is
b , , g
(1) 108 @ 134
3) 18.7 4) 220
x? '
65. fy=x+y, y0 =1y, ®=1+x+ > then by Picard’s method, the
value of y, (x) is : |
3 I s
X" X
(1) 1+x+-x2+? (2) 1—x+x2+—6-
3 3
3 1+x—x2+% 4) 1+x+x2-%
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66. I= 'j‘F(y, y)dx whose ends are fixed is stationary if y satisfies the

X1

equation
'(1)- L J—— 2) Foy = = constant
P constan _ 2) F-y oy constan
@) F * e stant 4) F L. tant
Ry oy’ = constan (C)) -y o = constan

2
67. Ifd [y] = J'(y'2 +2yy'+y?)dx, y (1) =1 and y (2) is arbitrary, then the

1

extremal is
(1) ex-! ' @) ext!
3) el-x ' 4 e=x-1

}-{2

2 -
68. The extremal of J' 7 dt;x(1)=3,x(2)=18 (where X= (:1—}:) using Lagrange’s
' i

equation is given by which of the following ? -

(1) x§t4+2 2) x=%t3+g
(3) x=5t2—2 (4) x=5t+3
69. The kerﬁel sin (x + t) is
(1) separable kernel (2) difference kernel
- (3) adjoint kernel | (4) none of these
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given by
3 : 3
B X L e
1) x*+ 3 @ x 31
| x | x>
; Ll 2 _ 2
. @) x+ 30 4 x 31

70. The solution to the integral equation ¢ (x) = x + _[sin x-8)d(E)dE is
, 0

has

(1) .'(‘)ne characteristic number
(2) Three charécteristic numbers
(8) Two characteristic numbers

(4) No characteristic number

. 1 '
71. | The homogerneous integral equation ¢ (x) — A I(Bx—Z)td;(t) dt =0,
0

for S
1) c.onstitute a set of n first order ODEs.

transform.

terms of Hamiltonian functions.

(4) 1is a set of 2n second order ODEs.

72. | LetSbe a mechanical system with Lagrangian L (q TR R0 T T I ,
and generalized coordinates. Then the Lagrange equations of motion

(2) can be transformed to the Hamilton form using Legendre

(3) are equivalent to a set on n first order ODEs when expressed in

MPH-PHD-URS-EE-2018-Mathematics-Code-A
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73. Lagrange’s equations for a Holonomic dynamical system specified by
n-generalized coordinates q; G=1, 2 3 ..n) having T as the K.E. of
system at time t and Q, the generalized forces are '
dfar) or_, dfer) or_,
W aqu yoo @ a2, oq,
. g{_qr_]_ir__q' ; g[ﬂ},ﬂ:(}
® o) 5, @ 0@ &la,) aq
74. Let q, and ¢; respectively’ are the generalized coordinates and velocity of
a mechanical system and p, are its generalized momenta. If H is the
Hamiltonian of the system, then Hamilton’s equations of motion are
PR : QP GO o o
(L aPi’ ' g, @ api’ I oq;
. 8H . _oH . _H ., oH
3 qi——a,l’i—a 4 qi—-a,l’i-“ai
75. Hamiltonian H is defined as
(1) H=2.pi§-L @ H=2hq-L
@) H=2 pg+L @ H=) pq-L
76. What is the probability to get two aces in succession (with replacement)
from a deck of 52 cards ?
1) 1/52 @) 1/169
3) 2/159 4) 2/169
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71.

There are two boxes. Box 1 contains 2 red balls and 4 green balls. Box 2
contains 4 red balls and 2 green balls. A box is selected at random and a
ball is chosen randomly from the selected box. If the ball turns out to be
red, what is the probability that Box 1 had been selected ?

1) 12 Q) 1/6
3 273 4) 1/3

78.

" the coin twice independently. Let Q = {(H, H), (H, T), (T, H), (T, T)} be the

Suppose you have a coin with probability % of gettiﬁg a Head. You toss

sample space. Then it is possible to have an event E c Q such that
(1) PE)=1/3 (@ PE)=1/9
@) PE)=1/4 4 PE)=T/8

9.

(1) 090

A random variable X has a probability distribution as follows :

: 0 1 213
PX=1)| 2k 3k 13k | 2

Then the probability that P (X < 2) is equal to
2 0.25

3) 0.65 4) 0.15

80.

Find the value of A such that the function f (x) is a valid probability density

Ax-1)(2-x) forl<x<2

function where f (x) = { 0 otherwise

@ 1
@ 6

@ 5
@ 7

MPH-PHD-URS-EE-2018-Mathematics-Code-A

(18)



Code-A

Question

No. | Questions
81. A continuous random variable X has a probability density function
fx)=e*0<x<cw.ThenP X>1}is |
(1) 0.368 (2 05
3) 0.632 @) 10
82. Let X and Y be two random variables having the joint probability density
function f(x,y) = {2 o< x.< A
_ 0 otherwise.
Then the conditional prdbabﬂjty P (X < % ¥= %) is equal to
(1) 5/9 2 23
@) 79 @) 89
83. The variance of a random variable X is given by
(1) EX-E®P @ [E®P-E®
@ E X+ (E X)? (4) None of these
84. Standard Normal Variate has E
(1) Mean=0and variance=1 (2) Mean=1and variance =0
(83) Mean=1and variance=1 (4) None of these
85. When n — o, the Binomial distribution can be approximated as
(1) Bernoulli distribution (2) Uniform distribution
(3) Poisson distribution (4) None of these
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86. The variance of Poisson distribution is given by
1) o%=1 | @ 02=%
3B) o= Ilz- (4) None of these
87. The first moment about origin is known as
(1) Mean (2) Variance
" (8) Standard deviation (4) None of these
88. In a hypothesis-testing problem, which of the following is not required in
order to compute the p-value ?
(1) V"alue of the test statistic
(2) Distribution of the test statistic under the null hypothesis
(3) The level of significance ‘
(4) Whether the test is one-sided or two-sided
89. In testing H: p =100 against A : p = 100 at the 10% level of significance, H

is rejected if

(1) 100is contained in the 90% confidence interval
(2) The value of the test statistic is in the acceptance region
(8) Thep-valueislessthan 0.10

(4) The p-value is greater than 0.10
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90. In the context of testing of statistical hypothesis, which one of the following

' (49) UMP test for testing a simple hypothesis H agamst an alternative

statements is true ?

(1) When testing a simple hypothesis H against an alternative simple

hypothesis H,, the likelihood ratio principle leads to the most powerful
test. :

(2) When testing a simple hypothesis H against an alternative simple

hypothesis H,, P [rejecting H | H, is true] + P [accepting H |H, is
true] =

(3) For testing a simple hypothesis H against an alternative simplé
hypothesis H , randomized test is used to achieve the desired level
of the power of the test.

simple hypothesis H,, always exist.

91.

A box contains N tickets which are numbered 1, 2, ..., N. Then value
of N is however, unknown. A simple random sample of n tickets is
| drawn without replacement from the box. Let X, X,, ...., X_be numbers
on the tickets obtained in the 1%, 2, ..., n"* draws respectively. Here
(Xl +X, +..+X). Which of the followmg i3 an unbiased
estlmator of N ?

1) 2% -1 | (2) 2X+1

= 1 : = |

2X +— : AN s

@ 2X+5 @ 2X-

92.

Let X, ~N (0, 1) and let X, = {x! , otherwise.

Then identify the correct statement.

(1) corr X, X)=1

(2) X, does not have N (0, 1) distribution.

3) (X, X, has a bivariate normal distribution.

4) (X, X)) does not have a bivariate normal distribution.

MPH-PHD-URS-EE-2018-Mathematics-Code-A
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93.

“Let X, X, ..., X be ‘a random sample of size n from a p- iranate Normal |

(2) XX has Wishart distribution with p d.f.

dlstnbutwn W1th -mean p and positive definite covariance matrix X.
Choose the correct statement

1)y &~y 2.7 (X, - 1) has chi-suare distribution with 1 d.f.

i=l o

3) Z (Xi =) (X; 1)’ has Wishart distribution with n d.f,

4 X + Xz.and X, =X, are independently distributed.

94,

(1) Poisson distribution

In which of the following distributions, mean > variance

(2) Negative binomial distribution
3) Nofmal distribution
(4) Binomial distribution

95.

| | 1
. (2) The limiting distribution of :/E is normal with mean 0 and

Let X;, X, <o be i.i.d. standard normal random variables and let

(1) The limiting distribution of T —1lisy®withl degree of freedom.

T -

variance 2. _
(8) The limiting distribution of Jn (T,—1)isx®with 1 degree of freedom.

(4) The limiting distribution of [ (T,-1)is normal with mean 0 and
variance 2.

MPII-PHD-URS-EE-2018-Mathematics-Code-A
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96. | Suppose the cumulative distribution function of failure time T of a

component is
l—exp(-ct¥), t>0, a>1, ¢>0.
The.ﬁ the hazard rate of A (t) is
(1) constant.
(2) non-constant monotonically increasing in t.
(3) non-constant monotonically decreasing in t.

(4) not a monotone function in t.

917. Consider the following linear programming problem
Maximize z=3x, + 2x,

| subject to
X, tx,21;x +x,<5;2x +3x,<6;-2x +3x,<6
The problem has
(1) anunbounded solution

" (2) exactly one optimal solution
(3) more than oné optimal solution

(4) no feasible solutions

98. Let {X_:n >0} be a Markov chain on a finite state space S with stationary
transition probability matrix. Suppose that the chain is not irreducible.
Then the Markov chain :

3 | ) admits infinitely many stationary distributions
| @) admitsa unique stationary distribution
(3) may not admit any' stationary distribution

(4) cannot admit exactly two stationary distributions

MPH-PHD-URS-EE-2018-Mathematics-Code-A
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99, Men arrive in a queue according to a Poisson process with rate A, and
' women arrive in the same queue according to another Poisson process
- with rate A,. The arrivals of mean and women are independent. The
probability that the first arrival in the queue is a manis:
: 1 L 9 2
D 3, . ) i E s
g @ > |
® 7 @
100. Let X (t) Le the number of customers in an M/M/1 queuing system with

; (2) pure birth process with birth rate A — 1.

arrival rate A > 0 and service rate 1 > 0. The process X (t) is a

(1) Poisson process with rate A — L.

(3) Dbirth and death process with birth rate A and death rate p.
(4) birth and death process with birth rate 1/ and death rate 1/p.

MPH-PHD-URS-EE-2018-Mathematics-Code-A
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1. Let X and Y be metric spaces, and f: X =Y a function then ivhich of the

following is true

(1) fis continuous ;

(2) for every open set Uin Y, f! (U) is open in X
(3) for every closed set Cin Y, f! (C) is closed in X
(4) All the above

The metric space (R, d), where d is a usual metric, is
(1) compact (2)  disconnected

(3) connected but not compact (4) compact and connected

@) d&x,y)<0 CY) None of these

Let (X, d) be a metric space, then for all %, y, z X
O dx<dEx)+dEy) @ dExy)2dx2+d@Ey)

' (2) Every convergent series in X is convergent

A normed linear space X is complete iff

(1) Every convergent series in X is absolutely convergent

(3) Every convergent series in X is uniformly convei'gent

(4) Every absolutely convergent series in X is convergent

If W, W, are two subspaces of a finite dimension vector space V(F), then
(1) dim (W,+W,) =dim (W,UW)

(2) dim W,+W)=dim W, +dim W, |

@3) dim (W,+W,) = dim W, + dimW, — dim (W,"W,)

@) dim (W,+W,)) =dim W, + dimW, + dim (W,"W) -

MPH-PHD-URS-EE-2018-Mathematics-Code-B
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6. l The co-ordinates of vector (1, 1, 1) relative to basis (1, 1, 2), (2, 2, 1),
: 1,2 2)is , )
1) (13,0, 1/3) @ (U3,1/3,0)
3) (0,1/3,1/3) ' (4)  None of these
1. Let T : R*>R® be a linear transformation. Which of the following
. statements implies that T is bijective ?
(1) Nullity (T)=n | 2  Rank (T) = Nullity (T) =n
(3 Rank(T)+Nullity(T)=n ~ (4 Rank (T)-Nullity (T)=n
8. Let A, B be n X n real matrices. Which of the following statements is
correct ?
(1) rank (A + B) = rank(A) + rank(B)
(2) rank (_A + B) < rank(A) + rank(B)
(3) rank (A + B) = min {rank(A), rank(B)}
(49 rank (A + B) =max {rank (A), rank(B)} _
9. Let A and B be real invertible matrices such that AB =— BA. Then
(1) Trace (A)=1, Trace)=0 () Trace (A)=Trace (B) =1
(8) Trace (A)=0, Trace B) =1 4  Trace (A) =Trace(B)=0
. 1+x* 7 11
10.

Consider the matrix A(x)=| 3Xx 2x 4 |;xeR.Then

8x 17 13

(1) A (%) has eigenvalue 0 for some x€R

(2) 0Ois notan eigenvalue of A(x) for any x€R
3) A (x) has eigenvalue 0 for all xeR

4 A®®)is invértjblé for every xeR
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11.

S | ' = 1

A box contains N tickets which are numbered 1, 2, ..., N. Then value
of N is however, unknown. A simple random sample of n tickets is
drawn without replacement from the box. Let X, X, » X_be numbers
on the tickets obtained in the 1%, 2%, ..., n** draws respectively Here

< |

X=E(X1+Xz +..+X,). Which of the following is an unbiased
estimator of N ?

@D 2X-1" B @ 2X+1

12.

Let X, ~ N (0, 1) and let X, = {_

X,, —25X,£2

X, , otherwise.

Then identify the correct statement.

(1) corr X,, X) =1

(2) X, does not have N (0, 1) distribution.

B) X,X)hasa bivariate normal distribution.

4) (X, X,) does not have a bivariate normal distribution.

13.

_ Choose the correct statement

Let X, X,, .., X_ be a random sample of size n from a p-variate Normal
distribution w1th mean p and positive definite covariance matrix Z.

1) X,-p) Y " (X, -p) has chi-suare distribution with 1 d.f.

(2) XX has Wishart distribution with p d.f.

3) Z X; =) X; 1)’ has Wishart distribution with n d. f

i=l

4) Xl +X,and X, — Xz__ are independently distributed.

 MPH-PHD URS-EE—2018—Mathemat1cs—Code—B

(3)



Code-B

|Question ‘Questions
No.
14. In which of the follo’:%;ving distributions, mean > variance
- (1) Poisson distribution
(2) Negative binomial distribution
(3) Normal distribution
(4) Binomial distribution
15, Let Ry Rogs s be i.i.d. standard normal random variables and let
X2 4.4+ X2
T = —’-l.—ix—“— Then
(1) The limiting distribution of T, —1is x? with 1 degree of freedom.
. (2) The limiting distribution of Jn s normal with mean 0 and
variance 2. ‘
(3) The limiting distribution of ./ (T,—1)is x2 with 1 degree of freedom.
(4) The limiting distribution of Jn (T]1 — 1) is normal with mean 0 and
variance 2.
16. Suppose the cumulative distribution function of failure time T of a
component is
l-exp(-ct¥), t>0, a>1, ¢>0.
Then the hazard rate of A (t) is
(1) constant.
' (2) non-constant 'monotonically increasing in t.
(3) non-constant monotonically decreasing in t.
(4) not a monotone function in t.

MPH-PHD-URS-EE-2018-Mathematics-Code-B
| ' (4)



Code-B

Question
No.

Questions

17.

Consider the following linear programming problem
Maximize z=3x, +2x,

subject to
xl+x221;xl+x2$5;2x1+3x256;-2x1+3x256
The problem has

(1) anunbounded solution

(2) exactly one optimal solution

(3) more than one optimal solution

(4) no feasible solutions

18.

Let {X_: n > 0} be a Markov chain on a finite state space S with stationary
transition probability matrix. Suppose that the chain is not irreducible.
Then the Markov chain :

(1) admits infinitely many stationary distributions
(2) admits a unique stationary distribution
(3) may not admit any stationary distribution

(4) cannot admit exactly two stationary distributions

19.

" Men arrive in a queue according to a Poisson process with rate A, and
women arrive in the same queue according to another Poisson process
with rate A,. The arrivals of mean and women are independent. The
probability that the first arrival in the queue isa manis:

M | Ay
O X+, @ %+
N S
® 3 BCE
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20. ‘Let X (t) be the nurhber of customers in an M/M/1 queuing system with
arrival rate A >0 and service rate p > 0. The process X (t) is a
(1) Poisson proceSs”with rate A — . |
. (2) pure birth process with birth rate A — p.
(3) birth and death process with birth rate A and death rate p.
(4) birth and death process with birth rate 1/A and death rate 1/p.
1
&3 The homogeneous integral equation ¢ (x) — A I(3K-2)t¢(t) dt =0,
has 0
(1) One characteristic number
(2) Three characteristic numbers
- (8) Two characteristic numbers
(4) No characteristic number -
22. Let S be a mechanical system with Lagrangian L (q;,q;,1),j =1, 2, ....... ,n

" (4) 1is a set of 2n second order ODEs.

and generalized coordinates. Then the Lagrange equations of motion
for S -

(1) constitute a set of n first order ODEs.

(2) can be transformed to the Hamilton form using Legendre
transform.

(3) are equivalent to a set on n first order ODEs when expressed in
terms of Hamiltonian functions.

MPH-PHD-URS-EE-2018-Mathematics-Code-B
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23. Lagrange’s equations for a Holonomic dynamical system specified by
. n-generalized coordinates g G=1,2 8..n) having T as the K.E. of
system at time t and Q; the generalized forces are
dfer) ot _o dfer) ot _o
® a3, 2, @ &%) %,
y g[a_’rﬁ__@:(; . s(ar} g,
( dt aqj; aq.i J ¢ et 3('13 aq, J
24, Let q, and ¢; respectively are the generalized coordinates and velocity of
' a mechanical system and p, are its generalized momenta. If H is the
Hamiltonian of the system, then Hamilton’s equations of motlon are
. OH . ¢oH . _OH oH
(1) 9= ap .9 P;i= aqi (2) Qi = ap AL ? pl aqi
. H . oM Y
3) fh-—aspi—gqf (CY) Qi-—a,m—“aﬂ
25. Hamiltonian H is defined as
1) H=2 pa-L 2) H=2 P~
@ H=2pa+L @ HzZﬁiqi-—L
"926. | Whatis the probablhty to get two aces in succession (with replacement)
from a deck of 52 cards ?
(1) 1/52 (2) 1/169
(3) 2159 @) 2/169

MPH—PI-ID—URS-EE—2018—Mathematlcs~—Code—B
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“Phere are two boxes. Box 1 contains 2 red balls and 4 green balls. Box 2

contains 4 red ba]ls{and 2 green balls. A box is selected at random and a
ball is chosen randomly from the selected box. If the ball turns out to be
red, what is the probability that Box 1 had been selected ?

Q) 12 @ e
.(3) 253 4) 13
28. Suppose you have a coin with probability % of getting a Head. You toss
the coin twice independently. Let Q = {(H, H), (H, T), (T, H), (T, T)} be the |
sample space. Then it is possible to have an event E ¢ Q such that
_ (1) PE)=13 2 PE)=1/9
:& @) PE)=1/4 4) PE)= 7/8
29. A random variable X has a probability distribution as follows :
r 0 1 2 3
PX=1)| 2 | 3k | 13k | 2k
Then the probability that P (X < 2) is edﬁal.to'
(1) 0.90 (2) 0.25
(3) 0.65 (4) 0.15
30. Find the value of A such that the function f (x) is a valid probability density

Ax-1)2-x) forl<x<2
function where f (x) =

0 otherwise
1 1 2) ‘5
) 6 @ 7

MPH-PHD-URS-EE-2018-Mathematics-Code-B
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31.

' Then there exists a unique solution of the IVP on

Consider the initial value problem (IVP)

dy

=y2 = )
e y4, y(0)=1,(x,y) e RXR.

(1) ("' 0, CO) (2) ("' @0, 1)
® 22 @ 1«

32.

| d’y ,d ;
The solution to the initial value problem ___y_+2_y_ + By = 3e* sin t,

dt
y(©)=0 andy' (0)=3,is
(1) y(t) =et(sin t + sin 2t) (2) y(t) =et(sint + sin 2t)
(8) y(t)=3e'sint 4 yt)=3etsint

33.

- (1) x=1is the only singular point

1
Consider the differential equation x-1y'+xy' + = = 0. Then

(2) x=0is the only singular point
(3) both x =0 and x =1 are singular points

(4) neither x =0 nor x = 1 are singular points

34.

- (3) between any two consecutive zeros of f, there is infinite zeros of g.

Let f and g be real linearly independent solutions of -

d[d T
E[EZP(X)] +QXy= 0#. on the intervalas x <b. Then

(1) between any two consecutlve Zeros of f, there is precisely one zero
of g. =

(2) between any two consecutive zeros of f, there is no zero of g.

(4) None of these

MPH—PIrID-URS-EE—2018-Mathematlcs-Code—B
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35. The e.igen values of 4 Sturm-Liouville BVP are
(1) Always positive' '
(2) Always negative
(3) Alwaysreal
(4) Always in the pair of complex conjugate
. . ou
36. The Charpit’s equations for the PDE up?2 + @2+ x+y=0,p = e
ou " ;
q= 5 are given by
dxk _dy _ du _dp dgq
D -1-p* —1-qp* 2p%u+2q> 2pu 2q
dx dy  du dp _  dq
B o Tn: 5 RSP G
2pu 2q 2pu+2q 1-p 1-qp
dx dy du dp dq
(3) F=-_2=F=_=_——
P q X Yy
dy du dp dq
M 5 A g o
2q 2pu x+y p° gp
T . . o*u
317. The partial differential equation y o + u can be transformed to
v _ov .
ot ox?
Q) v=etu 2 v=etu.
3 v=tu - 4 v=-tu

MPH-PHD-URS-EE-2018-Mathematics-Code-B
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38.

2 o*u

ThePDEXax Yay =0 js

(1) ellipticforx<0,y>0 (2) hyperbolic for x>0,y <0
(3) ellipticforx>0,y<0 (4) hyperbolic forx>0,y>0

o’z 0%z 62

39. Solution of e ay ay =( is given by
(1) z=f (y+3x)+£,(y+2x) (2)-z'=f1®+3x)+f2@—2x)
@) z=f (y-2x) +f, [y +2x) '(4) None of these
: .oz L0z . ;
40. Given Wave equation 5;?— Pl By separation of variable, let

oz _ 62

z(x,y)=X (x) Y (y) be a solution. Substituting itin o 8y ¢ 52 one have

- X
dx?.
(c’s are constants)

1) z(xy)=(c,cospx)c, e oy
(2) z(x,y)=(c, cospx +c, sinpx)c, e“flz P2y

@) z(xy)=e"?

@ 2(xy)=(c;cospx)e e "

dY ' i
— +kX=0 and i —kczY 0.Ifk =—p? pisreal, then the soluticn is

MPH-PHD-URS-EE-2018-Mathematics-Code-B
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41. The statement, if fi§ entire and bounded for all zeC, then fis constant,
refers to : g
(1) Morera's theorem (2) Maximum modulus theorem
(8) Liouville's theorem (4)  Hurwitz theorem
42, Let f(z) be analytic in a closed, connected domain,l D then which of the

(@) The extreme values of the modulus of the function may occur on

following is not true

(1) The extreme values of the modulus of the function must occur on the

boundary

@ If|f(2)] has an interior extrema, then the function is a constant

interior peint and f(z) may riot be constant

(4) Iff(z) is non constant then |f(z)| does not attains an extrema inside
the boundary

43.

(3) only real zeros 4) has infinitely may' Zeros

The function f: C‘—> C defined by f(z) = e* + e has

(1) finitely many zeros _ 2) Nno zeros

44.

(1) -1 @2 916

9 ' :
G-D@+ oS Which of the

following is one of the residues of the above function ?

Consider the following complex function f(z) =

3 2 | @ 9

45.

The bilinear transformation that maps the points z = , i, 0 into the
points w=0, i, ®© is

1) w=-z . (2) W=2Z

MPH-PHD-URS-EE-2018-Mathematics-Code-B
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46. ' | The fundamental theorem of arithmetic states that

(1) The factoring of any integer n > 1 into primes is not unique apart
from the order of prime factors

(2) The factoring of any intéger n > 1 into primes is‘unique apart from
the order of prime factors

(3) There are infinitely many primes

" (4) The number of prime numbers is finite

417, The last two digits of 78! are
(1) 07 @2 17
(3 37 (4) 47

48. The congruence 35x = 14 (mod 21) has

(1) 7 solutions _ _ (2)  6solutions
(3) 9 solutions -' (4)‘ ~ No solution
49, If n is a positive integer such that the sum of all positive integers a

- satisfying 1 < a < nand GCD (a, n) = 1is equal to 240n, then the number
of summands, namely, ¢(n), is -

(1) 120 @2 124
3 240 - 4 480

50. If gcd (m, n) = 1 where m > 2 and n > 2, then the integer mn has
(1) 1o primitive roots 2) unique primitive root

(3) infinite primitive roots (4) finite primitive roots

MPH-PH 7URS—EE—2018—Mathematics—Code—B
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51. | The Linear transformation T : R® —R? corresponding to the matrix

1 00
0 2 0fis
0 0 3

(1) T &, x, x) = (X, 2x,, 3%,) '

@) T (x,x, X)) = (X, + X, 2%, +x,, X, +X,)
@) T (x, x, x) =(x, X, X,)

(4) None of these

T3 -1 0
52. | Thematrix -1 2 -1|is
\'0 -1 3
(1) non-negative definite but not positive definite
(2) positive definite
(3) negative definite
(4) neither negative definite nor positive definite
2 0 -3
53. LetX=|3 -1 -3|. Amatrix P such that P! XP is a diagonal matrix, is
0 0 -1
11 1 =1 1 1
(1) |0 11 @ 70 11
1 1.0 (1. 10
1 -1 1], -1 -1 1
1@ (01 1 4) 0 -1 1
' 11 0 1 1 0

MPH-PHD-URS-EE-2018-Mathematics-Code-B
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54. The norm of x with respect to inner product space (x,x) is
@ lxll =(xx) @  lzllE= (%)
@) Itxll = (x,x)? (49)  None of these

55. .Cayley-Hamilton theorem states that
(1) Every square matrix satisfies its own characteristic equation
(2) Every square matrix does not satisfy its own characteristic equation
(3) Every rectangular matrix satisfies its own characteristic equation
(4) None of these |

56. | If |z| =|z—-1] then
(1) Re(z)=1 (2) Re(z)=1/2
@) Im(z)=1 @ Im(@z=12

57. The power series Z:‘, 37" (z—1)™ converges if

n=

1) lzl<3 ‘@ lzl<y3
@ lz-11<3 @ lz-1l< 43

58. An analytic function of a complex variable z = x + iy is expressed as
fz) =u (x,y) +iv (%, y), wherei= /1. Ifu(x,y) =2 %y, then v (x, y) must

.+ | be
(1) x%+y%+ constant (2) x®-y?+constant
(8) —x2%+y?+constant (4  —x%-y?+constant
2z
dz=

59. H’L z’+2
1 o 2 —2mi
(3) 4mi @ 1

MPH-PHD-URS-EE-2018-Mathematics-Code-B
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60.

sinz

The value of I

I o @

~2i

@ = ' @)

dz where C: |z| =11is a positively oriented contour.

—+/2mi
4

—-xi

4

61.

If p is a prime, then any group G of order 2p has

(1) a normal subgroup of order p
@) a'normal subgroup of order 2p '

(3) a normal subgroup of order p?

- (4) None of these

62,

Let G be simple group of order 60. Then
(1) G has six Sylow-5 subgroups

(2) G has four Sylow-3 subgroups

(3) G has a cyclic subgroup of order 6

(4) G has a unique element of order 2 -

63.

Let R be a Euclidean domain such that R is not a field. Then the polynomial

ring R[X] is always

(1) aEuclidean domain

(3) aunique factorization domain but not a principal ideal domain

(4) not a unique factorization domain

- (2) aprincipal ideal domain but not a Euclidean domain

MPH-PHD-URS-EE-2018-Mathematics-Code-B
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64.

Let p(x) = 9x5 + 10x® + 5x + 15 and q(x) =x*—x?>~x—2 be two polynomials

in Q[x]. Then over Q,

(1) p(x) and q(x) are both irreducible

(2) p(x)is reducible but q(x) is irreducible
(38) p(x)is irreducible but q(x) is reducible
(4) p(x) and q(x) are both reducible

65.

Find the degree of the field extension Q (ﬁ, 42, %/5) over Q.

@ 4 i 2Y o
@ 14 - (4) 32

66.

" Let F be a finite field and let K/F be a field extension of degree 6 Then

the Galois group of K/F is 1somorph1c to

(1) the cyclic group of order 6

(2) the permutation group of {1, 2, 3} |

(3) the permutation group on {1, 2, 3, 4, 5, 6}
(4) the permutatlon group on {1}

67.

Let X be a topological space and A be a subset of X, then X is separable
if

(1) Aiscountableand A =X (2) A iscountable
(3) Aisuncountable (4)  None of these

68.

- Which of the following spaces is not separable ?

(1) Rwith the trivial topology

(2) The Cantof 'se‘t as a subspace of R
(3) R with the discrete topnloéy

(4) None of these o
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69. | Which of the following is true ?

Let X be compact and f: X — R be locally bounded. Then f is not
bounded.

Closed subspaces of compact spaces are compact

1)

@)
®)
(4)

Closed subspaces of compact spaces may not be compact
Continuous images of compact spaces may not be compact

(3) f!'(K)is compact if K c Y is compact
. (4) None of these

Let X and Y be two topological spaces and let f: X - Y be a continuous
function. Then

(1) f(X) is connected if K — X is connected
(2) f!(K)isconnectedif KcYis connected

. ‘ FJE-IO

The rate of convergence is faster for ,
(1) Regula-Falsi method 2) B1sect10n method
(3) Newton-Raphson method (4) Can_not say

72,

As soon as a new value of a variable is found by iteration, it is used
immediately in the following equations, this method is called

(1) Gauss-Jordan method (2) Gauss-Seidal method
(3) dJacobi’'s method (4) Relaxation method

73.

e g AL T R RS S R (78 T LS T

The value of function f (x) at 4 discrete points are givne below :

X -0 1 2 5
f(x) 2 3 12 147

Using Lagrange’s formula, the value of f(3)is
1) 30 @ 35
3 25 4 20
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74. The value of function f (x) at 5 discrete points are given below :
X 0 0.1 0.2 0.3 0.4
f(x) 0 10 40 90 160
: 04
Using Trapezoidal rule with step size of 0.1, the value of I f (x)dx is
' 0
(1) 108 @ 134
3) 18.7 4 220
. g8 5= :
75. Ify=x+y, yO=1L,y ®x=1+x+ > then by Picard’s method, the
_value of y, (x) is : |
3 : <
1) 1+x+x2+—6— 2) 1—-x+x2+-6—
X | R
3) 1+x—x-2+-? 4 1+x+x*-——
12 3
76. I= IF(y, y)dx whose ends are fixed is stationary if y satisfies the
X1 :
equation
oy - tant Q) F- S
: g = ' = =constan
oy = constan ) y 3y cons
. oF
B F-y Ey_ = constant 4 F-y 5‘};; = constant
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7. | Ifd [y] = T[(y'2 +2yy' +y?)dx, y (1) =1 and y (2) is arbitrary, then the
| extremal i;
(1) ex-1 | e ‘(2) o+ 1
(3) el-x 4 ex-?
78. Tﬁe extremal of ]‘—f; dt;x(1)=3,x(2)= 18 [where X= %}ti) using Lagrange’s
equation is giveli by which of the following ?
g 1) x=t“.+2 | (2 x=%§—t3+g
- (8) x=5t2-2 4) x=5t3+3
79. The kernel sin (x + t) is
1) Separable kernel (2) difference kernel
(3) adjoint kernel (4) none of these
80. The solution to the integral equation ¢ (x__) =x+ ifsin x=-&)¢(&)dE is
given by 0
(1) x2+§;- | 2) x—%:i!
@3) x+§—i | | ) xz—f‘;!'
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81. The non-empty set of real numbers which is bounded below has
(1) supremum (2) infimum
(3) upper bound (4  none of these
82. The sequence {f} where f, (x) = x"is convergenton [0, k], k<1
: (1) uniformly (2) pointwise
(3) nowhere (4) none of these
83. | Every bounded sequence has at least one limit point. This represents
(1) Archimedean Property (2) Heine-Borel theorem

(3) Bolzano-Weierstress theorem (4)  Denseness Property

84. Which of the following is convergent ?

m Xn°2” @ 2t
0 1 ® 1
® nzzz nlogn .. @ g n log (1-+1/n)
85. | Ifa function fdefined on [0, 1 o RO o
. a function f defined on [0, 1] as f(x) = O_,ifx=l/2’ en

(1) fis not bounded

(2) fis R-integrable

(8) fis not R-integrable since fis not bounded

(4) fisnot R-integrable since lower and upper limits are unequal
86. Let f: R — R be a monotone function. Then

(1) fhas no discontinuities

(2) fhas only finitely many discontinuities.

(38) fcan have at most countably many discontinuities

(4) fcanhave uncountably many discontinuities
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87. The length of an intérval I is -

' (1) - Outer measure'of an interval I
(2) Lessthan outer‘measure of an interval I

- (8) Greater than outer mgéi;.s‘;urie of an interval I
(4) Twice the outer measure of an interval I

88. A set E is said to be Lebesgue measurable if for each set A
(1) m"@)=m"ANE)-m" (ANE")
@ m'(A)=m'(ANE)-m" (ANE)
3 m'(A)=m"(AVE)+m" (ANE)
(4) m*'A)==" (AVE)-m" (ANEY)

89. A non-negativ";:-measurable function f is integrable over the measurable
set B if
() ffme @ [f>w
| 3) IEf < | (4)  None of these

90. If f is of bounded variation on [a, b] and ¢ € (a, b). Then
(1) fis of bounded variation on [a, c¢] and on [c, b]

(2) fisnot of bounded variation on [a, c] and on [c, b]
(8) fis constant on [a, c] and on [c, b]

(4) None of these

91. A continuous random variable X has a probability density function
f(x)=e*0<x<o.Then P {X>1}is

(1) 0.368 - 2 05
' (3) 0.632 _ @ 1.0
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92. Let X and Y be two random variables having the joint probability density
2 if0<x<y<l

| function f(x,y)= {0 iherwit

. Then the conditional probability P (X < %

Y= %} is equal to

1) 509 @ 28
@) 19 4) 88
93. The variance of a random vériable X is given by
1) EX-EXJ @ [EXP-EX?
(3) E X))+ (E X))? . (4) None of these

94. Standard Normal Variate has
(1) Mean =0 and variance =1 (2) Mean=1and variance = 0

. (3) Mean=1and variance =1 (4)  None of these

95. | When n — «, the Binomial distribution can be approximated as
(1) Bernoullidistribution ~ (2). Uniform distribution
(3) Poisson distribution (4) None of these
96. The variance of Poisson distribution is given by
o
1) o*=A 2) oft=—
A
1
@ o*=37 - (4) None of these

MPH-PHD-URS-EE-2018-Mathematics-Code-B
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91.

The first moment about origin is known as
(1) Mean (2) Variance
(3) Standard deviation (4) None of these

98.

(1) Value of the test statistic

In a hypothesis-testing problem which of the following i is not required in
order to compute the p-value ?

(2) Distribution of the test statistic under the null hypothesis
(3) The level of significance
(4) Whether the test is one-sided or two-sided

99.

In testing H : 4 =100 against A : p # 100 at the 10% level of significance, H
is rejected if

(1) 100is contained in the 90% confidence interval

(2) The value of the test statistic is in the acceptance region
(3) Thep-valueislessthan 0.10

(4) The p-value is greater than 0.10

100.

" Inthe context of testing of statistical hypothesis, which one of the following

statements is true ?

(1) When testing a simple hypothesis H, against an alternative simple
hypothesis H,, the likelihood ratio prmclple leads to the most powerful
test.

(2)  When testing a simple hypothesis H, against an alternative simple
hypothesis H,, P [rejecting H | H, is true] + P [accepting H,IH, is
true] = 1.

(3) For testing a simple hypothesis H, against an alternative simple
hypothesis H , randomized test is used to achieve the desired level
of the power of the test.

(4) UMP test for testing a simple hypothesis H, against an alternative
simple hypothesis H , always exist.

| MPH-PHD-URS-EE-2018-Mathematics-Code-B

(24)



Code-C

Question Questions
No. ‘
1. If p is a prime, then any group G of order 2p has

(1) anormal subgroup of order p
(2) anormal subgroup of order 2p
(3) a normal subgroup of order p?
(4) None of these

Let G be simple group of order 60. Then
(1) G has six Sylow-5 subgroups

(2) G has four Sylow-3 subgroups

(3) G has a cyclic subgroup of order 6
(4) G has a unique element of order 2

ring R[X] is always

LetRbea Eﬁclidean domain such that R is not a field. Then the polynomial

(1) aEuclidean domain
(2) aprincipal ideal domain but not a Euclidean domain
(3) aunique factorization domain but not a principal ideal domain

(4) not a unique factorization domain

(4) p(x) and q(x) are both reducible

Let p(x) = 9x® + 10x3 + 5x + 15 and q(x) = x* _x*—x-2 be twe polynomials
in Q[x]. Then over Q,

(1) p(x) and q(x) are both irreducible
(2) p(x)isreducible but q(x) is irreducible
(3) p(x) is irreducible but q(x) is reducible

Find the degree of the field extension Q (\/5, 42, %) over Q.
1 4 2 8
® 14 @
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6. Let F be a finite field and let K/F be a field extension of degree 6. Then

the Galois group of K/F is isomorphic to
(1) the cyclic group of order 6
(2) the permutation group of {1, 2, 3}

(3) the permutation group on {1, 2, 3, 4, 5, 6}

(4) the permutation group on {1}

Let X be a topological space and A be a subset of X, then X is separable
if

(1) Aiscountable and A =X (2) A iscountable
(3) Aisuncountable 4) None of these

,,,,,,,

(1) R with the trivial topology

(2) The Cantor set as a subspace of R
(3) R with the discrete topology

(4) None of these

" Which of the following is true ?

(1) Let X be compact and f: X - R be locally bounded. Then f is not
bounded. '

(2) Closed subspaces of compact spaces are compact
(8) Closed subspaces of compact spaces may not be compact
(4) Continuous images of compact spaces may not be compact

10.

Let X and Y be two topological spaces and let f : X — Y be a continuous
function. Then “

(1) f(X) is connected if K c X is connected
(2) f!(K)is connected if K c Y is connected
3) !X is compact if K<Y is compact

* (4) None of these
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1L The Linear transformation T : R* —»R? corresponding to the matrix
1 00
0 2 0]is
0 0 3
Q) T &, %, xy) = (%, 2%, 3x,)
@) T (x;, %, X)) = (X, + X5 2%, + X, X, F Xy)
@) T &, x, X) = (X, X, Xp)
(4) None of these
3 -1 0
12, The matrix |-1 2 -1]1is
0 -1 3
(1) non-negative definite but not positive definite
(2) positive definite
. (3) negative definite
(4) neither negative definite nor positive definite
2 0 -3
13. LetX=[3 -1 -3|. Amatrix P suchthat P*XPisa diagonal matrix, is
0 0 -1
1 11 (-1 1 1
@ (011 2) 0 11
(110 (1 10
T s R (-1 —1 1
.3 |0 1 1 ' () 0o -11
110 1 10
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14. The norm of x with respect to inner product space __(x,. x) is |
@ lxll=(xx) | @  lxl2=(x,x)
@ lxll = {x,%)* (4) None of these

185. Cayley-Hamilton theorem states that
(1) Every square matrix satisfies its own characteristic equation
- (2) Every square matrix does not satisfy its own characteristic equation |
(3) Every rectangular matrix satisfies its own characteristic equation
(4) None of these

16. If |z]l =|z—-1| then

1) Re@=1 @2 Re(@=1/2
@B Im(z=1 4 Im@z=1/2
17. The pbwer series 2, 3" z-1)™ converges if
n=0
1M lzl<3 @, lzl<y3
@ lz-11<y3 @ lz-1l< 43
18. An analytic function of a complex variabie z = X + iy is expressed as
' f@)=u(x,y)+iv(x,y), wherei= /1. If u (x, y) =2 xy, then v (x, y) must
be - -
(1) x2+y2?+ constant (2) x% —y? + constant
3) —x%+y?+ constant (4) —x%—y?+constant
2z
dz =
19. s 212
Q) o | @ —2ni

@ 4 @ 1
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20. The value of I :iz dz where C: |z| =11is a positively oriented contour.
C i
-2 mi
1 0 2) 2
<infB e | -mi
® = e
21. The non-empty set of real numbers which is bounded below has
1) supremum (2) infimum
(3) upper bound (4) ' none of these
22. The sequence {f,} where f_ (x) =x"is convergenton [0, k], k<1
(1) uniformly (2) pointwise
3) hqwhere (4) none of these
23. Every bounded sequence has at least one limit point. This represents
(1) Archimedean Property - (2) Heine-Borel theorem
(3) Bolzano-Weierstress theorem (4)  Denseness Property
24. Which of the following is convergent ? '
(1) Zl nz 2-11 (2) Zl n—2 2!‘!
i 1 i 1
3) a—2 nlogn (_4) o= nlog(1+1/n)
25 If a function f defined on [0, 1 Sl I B th
a a function f defined on [0, 1] as f(x) = 0.if x=1/2" en
(1) fis not bounded |
(2) fis R-integrable
3) fis not R-integrable since f is not bounded
(4) fisnot R-integrable since lower and upper limits are unequal
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26. Let f: R = R be a monotone function. Then

(1) fhas no discontinuities

(2) fhasonly ﬁnitely many discontinuities.

(3) fcan have at most countably many discontinuities
(4) fcanhave uncountably many discontinuities

217. The length of an interval I is
(1) Outer measure of an interval I
(2) Less than outer measure of an interval I
- (8) Greater than outer measure of an interval I
5 (4) Twice the outer measure of an interval I
28. A set E is said to be Lebesgue measurable if for each set A
(1) m'A)=m"(ANE)-m"(ANE")
@ m'A)=m'ANE)—m" (ANE)
3) m'A)=m"(AVE)+m’ (ANE)
4 m'A)=m"(AVE)-m" (ANE°)
29. A non-negative measurable function f is integrable over the measurable
set E if ;
M) ff=w @ ff>e
@) _L;f <®© (4)  None of these
30. If fis of bounded vaﬁation on [a, b] and ¢ € (a, b). Then

(1) fis of bounded variation on [a, ¢] and on [c, b]

(2) f1is not of bounded variation on [a, c] and on [c, b]
(3) fis constant on [a, c] and on [c, b]

(4) None of these

MPH-PHD-URS—EE—%I&Mathematics—Code-C

(6)



Code-C

Question
No.

Questions

31.

: — 1 ' —
@ 2%+ - @ 2X-2

A box centams N tickets which are numbered 1, 2, ..., N. Then value
of N is however, unknown. A simple random sample of n tickets is
drawn without replacement from the box. Let X, X,, ..., X_ be numbers
on the tickets obtained in the 1%, 2™, ...., n** draws respectlvely Here
| :

X=N-(X1'+Xz +..+X,). Which of the following is an unbiased
estimator of N ?

1) 2%-1 _ @) 2X+1

/|

32.

Le.X N (0 dlet X, = e
b4 0, 1) andleb A, = X, , otherwise.

Then identify the correct statement.

(1) corr X, X)=1

(2 X, does not have N (0, 1) distribution.

B X,Xphasa bivariate normal distribution.

4) X, X,)doesnot have a bivariate normal distribution.

33.

Let X, X,, ..., X, be a random sample of size n from a p-variate Normal
distribution w1th mean p and positive definite covariance matrix 2.

- Choose the correct statement

@ X -1 T (X, ~p) has chi-suare distribution with 1d.f.

2) X X' has Wishart distribution with p d.f.

1 3) Zl, X; =) (X; 1)’ has Wishart distribution with n d.f.

@ X +X,andX -X, are independently distributed.
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34.

In which of the follofwing distributions, mean > variance
(1) Poisson distribution |
(2) Negative binomial distribution

(38) Normal distribui,;ion

1) Binomial distribution

35. Let X, X,, ..... be i.i.d. standard normal random variables and let |
y g Tty
T = L———i—)&‘— Then
n
| (1) The limiting distribution of T —11isy®with 1 degree of freedom.
| ' e -
i (2) The limiting distribution of :/H is normal with mean 0 and
variance 2. _ -
(3) The limiting distribution of ./ (T, - 1) is x? with 1 degree of freedom.
- (4) The limiting distribution of ./; (T, — 1) is normal with mean 0 and
* variance 2. o
36. Suppose the cumulative distribution function of failure time T of a

component is
l—exp(-ct¥), t>0, a>1, ¢c>0.
Then the hazard rate of A (t) is
(1) constant.
(2) non-constant monotonically_increaéing int.
(3) non-constant monotonically decreasing in t.

4) not a monotone function in t.
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37.

Consider the following linear programming problem
Maximize z=3x, +2x,

subject to

x, +X,21;x +x,<5;2x, +3x,<6;-2x +3x,<6
The problem has

(1) anunbounded solution

(2) exactly one optimal solution

(3) more than one optimal.solution

(4) no feasible solﬁtions

38.

Let {X_:n 20} be a Markov chain on a finite state space S with stationary
transition probability matrix. Suppose that the chain is not irreducible.
Then the Markov chain :

(1) admits infinitely many stationary distributions
(2) admits a unique stationary distribution
(3) may not admit any stationary distribution

(4) cannot admit exactly two stationary distributions

39.

Men arrive in a queue according to a Poisson process with rate A, and

women arrive in the same queue according to another Poisson process

with rate A,. The arrivals of mean and women are independent. The
. probability that the first arrival in the queue isa man is:

| x'I A‘1’.

(1) A+, @ A+, |
» M y
3 A, 4) »
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40. | Let X (t) be the number of customers in an M/M/1 queuing system with
arrival rate A > 0 and service rate p > 0. The process X (t) is a

(1) Poisson process with rate A —p.
(2) pure birth process with birth rate A — .
(3) birth and death process with birth rate A and death rate p.

(4) birth anci death process with birth rate 1/A and death rate 1/p.

41. The rate of convergence is faster for
(1) Regula-¥aizi method (2) Bisection method

'(3) Newton-Raphson method (4) Cannot say

42. As soon as a new value of a variable is found by iteration, it is used
immediately in the following equations, this method is called

(1) Gauss-Jordan method (2) Gauss-Seidal method

(8) Jacobi’s method (4) Relaxation method
43. The vélué of function f (x) at 4 discrete points are givne below :
X 0. 1 2 5
£(x) > 3 | 12 147

Using Lagrange’s formula, the value of f (3) is
(1) 30 @ 3

3) 25 4) 20
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44. | The value of function f (x) at 5 discrete points are given below :
X 0 0.1 0.2 0.3 0.4
f(x) 10 40 90 160
04
Using Trapezoidal rule with step size of 0.1, the value of _[ f(x)dx is
: 0
(1) 10.8 (2) 134
(3) 18.7 @ 220
45. Ify=x+y, yO=1Ly, ®=1+x+ 5 then by Picard’s method, the
value of y, (x) is :
. x> ; x°
(1) 1+x+x2+—6- 2 1—x+x2+—6—
3 3
B l1+x—-x*+— 4 1+x+xt——
6 6
XZ .
46. 1= IF(y, y)dx whose ends are fixed is stationary if y satisfies the |
. |
equation
' | OF
1) a; = constant @ F-y é? = constant
oF
3 F-y g = constant 4 F-y -8? = constant
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47. | Ifd [yl = [ +2yy'+y*)dx, y (1) =1 and y (2) is arbitrary, then the
l .
" extremal is
(1) ex- 1 (2) ex +1
(3) el:—x (4) e—x—l
ok dx) .
48. The extremal of I ¥ dt;x(1)=3,x(2)=18 (where X= E] using Lagrange’s
1
equation is given by which of the following ?
e 6
(1) x=t4+.2 2) x=75t3+77-
.3 x=5t2-2 (4) x=5t2+3
49. The kernel sin (x + t) is
(1) separable kernel (2) difference kernel
(3) adjoint kernel (4) none of these
50.

The solution to the integral equation ¢ (x) = x + jsin x-&) (&) dE is
. 0

“.given by

3

' X
1 2+...._.
1 x 3

3

3) x+§-!-

: X

2 =3
X3

4 xz—z
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51. The statement, if f is entire and bounded for all z€C, then fis constant,
refers to : '
. (1) Morera's theorem (20 Maximum modulus theorem
(3) Liouville's theorem e (@) Hurwitz theorem

52. Let f(z) be analytic in aclosed, connected domain, D then which of the
| following is not true

(1) The extreme values of the modulus of the function must occur on the
boundary

(2) If |f(z)| hasan interior extrema, then the function is a constant

(3) The extreme values of the modulus of the function may occur on
interior point and f(z) may not be constant

(4) Iff(z) is non constant then |f(z)| does not attains an extrema ingide

the boundary .
53. | The function f: C = C defined by f(z) = e*+ e™has
(1) finitely many zeros (2) no zeros
(3) only real zeros (4)  hasinfinitely may zeros
54. - | Consider the folldwing complex function f(z) = (.z x l)?z R Which of the
following is one of the residues of the above function ?
@ -1 @ 916 |
@ 2 @ 9 ’
55. The bilinear transformation that maps the points z = @, i, 0 into the
points w =0, i, ® is '
Q) w=-z . Q) w=z
= 1
B) w= - (4) W=z

MPH-PHD-URS-EE-2018-Mathematics-Code-C
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56.

The fundamental theorem of arithmetic states that

(1) The factoring of any integer n > 1 into primes is not unique apart
from the order of prime factors

(2) The factoring of any integer n > 1 into primes is unique apart from
the order of prime factors

(3) There are infinitely many primes
(4) The number of prime numbers is finite

57. The last two digits of 7% are
(1) 07 2) 17
@) 37 4 47
‘L 58. The congruernce 35x = 14 (mod 21) has
(1) 7 solutiony )] 6 solutions
(3) 9solutions : (49)  No solution
59. If n is a positive integer such that the sum of all positive integers a
satisfying 1 € a < nand GCD (g, n) = 1is equal to 240n, then the number
: . of summands, namely, ¢(n), is
! (1) 120 - (2) 124
3) 240 . 4) 480
60. If ged (m, n) = 1 where m > 2 and n > 2, then the integer mn has
(1) no primitive roots (2) unique primitivé root
(3) infinite primitive roots “) finite primitive roots
61.

1
The homogeneous integral equatien ¢ (x) — A I(3X“2)t¢(t) dt =0,
0

has

(1) One characteristic number

(2) Three characteristic numbers
" (3) Two characteristic numbers

(4) No characteristic number
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62.

@

Let S be a mechanical system with Lagrangian L (q;, q;, t),j=12,

and generalized coordinates. Then the Lagrange equations of motion
for S

_ (1) constitute a sét of n first order ODEs.

)

can be transformed to the Hamﬂton form using Legendre
transform. :

&)

are equivalent to a set on n first order ODEs when expressed in
terms of Hamiltonian functions.

is a set of 2n second order ODEs. |

63.

d(er) ot
() ?1{[— ro—aly

Lagrange’s equations for a Helonomic dynamical system specified by
n-generalized coordinates q, G =1, 2, 3 . . n) having T as the K.E. of
system at time t and Q, the generahzed forces are ;

oT | oT
dt{ "o

@ aq.l / aqj

aqj) j

dfar)_or_o
® at\a;) oq;

dt(mﬂ\fﬂ__c2

: (4) aqj ] aqj

64.

: 3) q;=-

Let q; and §; respectively are the generalized coordinates and velocity of

a mechanical system and p, are its generalized momenta. If H is the
Hamiltonian of the system, then Hamilton’s equations of motion are

o
op;

H
0q;

oo
T oq

oH

» f-"i= =
op;

Q) 4= @ 4=

aH
op;

H
oq;

oL
op;

p oH
e

2 ?l= aq-

4) q;=-
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65. Hamiltonian H is defined as
() H=2pd-L @ H=X pa-L
@) H=2hia+L @ H=Y pa-L .

66. What is the probability to get two aces in succession (with replacement)

- from a deck of 52 cards ?

1) 152 T @) 1169
@ 2158 - @ 2169

67. There are two boxes. Box 1 contains 2 red balls and 4 green balls. Box 2
" | contains 4 red balls and 2 green balls. A box is selected at random and a
ball is chose:: v2ndomly from the selected box. If the ball turns out to be
red, what is ti:e probability that Box 1 had been selected ?

(1 12 @ 1/6

3) 23 (4 U3

68. Suppose you have a coin with probability % of getting a Head. You toss

* the coin twice independently. Let @ = (8, H), (H, T), (T, H), (T, T)} be the |
sample space. Then it is possible to have an event E ¢ Q such that

1) P@E =1/3 @ P(E)=1/9
(3) PE)=1/4 | @) PE)=17/8
69. | Arandom variable X has a probability distribution as follows:
r 0 1 5 3
PX=1)| 2k 3k 13k 2k

Then the probability that P (X < 2) is equal to
(1) 0.0 (2 0.25
3) 0.65 4 0.15
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70. Find the value of A such that the function f (x) is a _valid probability density

: A-1)(2-x) forl<x<2
function where f (x) =

0 otherwise
@ 1 | 2 5
@ ' @ 7
71. A continuous random variable X has a probability densuty function
fX)=e*0<x<ow.ThenP X>1}1is
(1) 0.368 @ 05 )
(3) 0.632 4 10
72. Let X and Y be two random variables having the joint probability density
Ponctian, £lg 5 = {2 h<x<y<l
0 otherwise.
Then the conditional pft;‘b;.bi]ityI P [X < % \ Y= %) is equal to
1) 59 2) 23
@ 79 . @) 89
73. The variaﬁée of a random variable X is given by - |
1) EX-EXP" @ [EX)-EX)?
@ E®?+E ) ~ (4) None of these
74. Standard Normal Variate has
(1) Mean =0 and variance=1 (2) Mean=1and variance =0
(8) Mean=1and vgriance =1 4) None of these
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75.

When n — o, the Binomial distribution can be approximated as
(1) Bernoulli distribution (2) Uniform distribution
3) Poisson distribution (4) None of these

76.

The variance of Poisson distribution is given by

D) o=h | @ c2=%

. .
8 o= Yl 4) Nopg__of these

71.

The first moment about origin is’known as
(1) Mean - - (2) Variance
(3) Standard deviation (4) None of these

78.

(2) Distribution of the test statistic under the null hypothesis

In a hypothesis-testing problem, which of the following is not required in
order to compute the p-value ?

(1) Value of the test statistic

(3) The level of significance
(4) Whether the test is one- 51ded or two-sided

79.

(1) 100 is contained in the 90% confidence interval

(2) The value of the test statistic is in the acceptance region

In testmg H:p= =100 against A : p# 100 at the 10% level of slgmﬁcance H
is rejected if -

(3) The p-valueisless than 0.10
(4) The p-value is greater than 0.10
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80.

In the context of testing of statlstmal hypothes1s which one of the followmg
statements is true ?

1) When testing a simple hypothesis H against an alternative simple
hypothesis H , the likelihood ratio pnnmple leads to the most powerful
test.

(2) When testing a simple hypothesis H, against an alternative snnple
hypothesis H, P [rejecting H | H, is true] + P [accepting H | H, is
true] = 1.

(3) For testing a simple hypothesns H, against an alternative simple
hypothesis H , randomized test is used to achieve the desired level
of the power of the test.

(4) UMP test for testing a simple hypothesis H, against an alternative
simple hypothesis H , always exist.

81.

Let X and Y be metric spaces, and f: X =Y a function then which of the
following is true

- (1) f{is continuous;

(2) for every open set Uin Y, f! (U) isopenin X _
(3) for every closed set Cin Y, £ (C) is closed in X .

" (4) Allthe above

82.

The metric space (R, d), where d is a usual metric, is
(1) compact '_ (2  disconnected

3) cpnnect_ed bu_t_ not compact 4) coﬁipact and connected

83.

.Let (X, d) be a metric space, then for all x, y, z €X

Q) d&xy)<d&z)+dy) @ d&y 24 z)+d(z,y)
@ dxy<0 (4)  None of these

MPH- PHD URS-EE—2018—Mathemat1cs—Code—C

(19)




Code-C

No.

Question |

. Questions

84.

A normed linear space X is complete iff

(1) Every convergent series in X is abaolutely'fcc’mvergent
(2) Every convergent series in X is convergent.

(3) Every convergent series in X is uniformly com?er_gent

(4) Every absolutely convergent series in X is convergent

| (1) dim (W +W,)) =dim W,VW,)
(@ dim (W,+W,)=dim W, +dim W,

If W, W, are two subspaces of a finite dimension vector space V(F), then

(3 dim (W,+W,) = dim W, + dimW, - dim (W,"W,)
@) dim (W + W) = dim W, + dimW, + dim (W,"W,)

36.

The co-ordjriates of vector (1, 1, 1) relative to basis (1, 1, 2), (2, 2, 1),
1,2, 2)1s

(1) (1/8,0,1/3) _ @2 (1/3,1/3,0)
3 (0,1/8,1/3) (4)  None of these

817.

. (8) Rank (T) + Nullity (T) =n (4)  Rank (T) — Nullity (T) =n

Let T : R*>R" be a linear transformation. Which of the following
statements implies that T is bijective ? '

(1) Nullity (T)=n '@  Rank (T)=Nullity (T)=n

88,

Let A, B be n X n real matrices. Which of the following statements is
correct ?

(1) rank (A + B) =rank(A) + rank(B)

(2) rank (A +B) < rank(A) + rank(B)

(3) rank (A + B)=min {rank(A), rank(B)}
(4) rank (A + B) =max {rank (A), rank(B)}
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89. Let A and B be real invertible matrices such that AB =— BA. Then
| (1) Trace (A)=1, Trace (B)=0 (2) Trace (A)=Trace (B)=1
(3) Trace (A)=0, Trace (B)=1 (4) Trace (A) =Trace (B)=0
1+x* 7 11
90. | Consider the matrix A(x)=| 3x 2x 4 |;x€R.Then
8& 17 13
. (1) A (%) has eigenvalue 0 for some xeR
(2) 0is not an eigenvalue of A(x) for any xeR |
(3) A (x) has eigenvalue 0 for all xeR
(4) A (x) is invertible for every xeR
91. Consider the initial value problem (IVP)
[ T P
g = y(0)=1, (x,y) € RxR.
Then there exists a unique solution of the IVP on
O o @ oD
@ 22 @ 1%
92, The solution to the initial value problem % +2 %% + by = 3e ! sin t,
y(©0)=0andy' (0)=3,is
(1) y®)=e'(sint+sin2t) (2) y(t)=e*(sint+sin 2t)
@) y®)=3etsint @ y®W=3et‘sint
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93. Consider the d:ffere{}tlal equation (x— 1) y” +xy’ + - y =0. Then

(1) x=11isthe only singular point
(2) x=0is the only singular point
(8) both x=0and x =1 are singular points

(4) neither x =0 nor x = 1 are singular points

94. Let fand g be real linearly independent solutions of

d[dy._, .1 | '
&[a‘i‘ P U’“i}J +QX®)y=0 ontheintervala<x<b. Then

1) between any two consecutive zeros of f, there is precisely one zero
of g. '

(2) between any two consecutive zeros of f, there is no zero of g.

(3) between any two consecutive zeros of f, there is infinite zeros of g.

(4) None of these .

95. The eigen v‘alues bf a Sturm-Liouville BVP are
b (1) Always ﬁosi_tive |

(2) Always negative

(3) Alwaysreal

(4) Always in the pair of complex conjugate

MPH-PHD-URS-EE-2018-Mathematics-Code-C
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96. The Charpit’s equations for the PDE up? + ¢* + x +y = 0,p= P
x b,
q= ayame given by
dx dy du dp dq
4 O TP T’ 2pue2d 2 2
dx dy  du dp __dq
@ Zpu 2g 2p u+2q Tolepr =l
: dx _dy _du _dp _dq
) I— _2_"'6'
Lupt g Xy
dx_dy _ du dp=_di- | ‘o
@) 2q 2pu x+y p° 2
Ou _ 62
917. The partial differential equatio Y +u can be transformed to
o _ov
ot ox?
(1) v=etu. - (2) v=etu
: 24 £ adyy
98. The PDE x =sey——=l i§

oy’
(1) ellipticforx<0,y>0 (2) hyperbolic for x>0,y <0
(3) ellipticfor x>0,y <0 (4) hyperbolic for x>0,y >0
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' 2 2 2
99. | Solution of Z:._’: 6‘3@ gyz

V) z=fG+I+LG+20) @ z=f F+30)+ (2%
@) z=f (y-2x)+£,(y+2x) (4) None of these

=0is given by

62

100. Given Wave equatlon Ey-u c? peR By separation of variable, let
s i % e . 0z 207z

z(x ) =X(Xx) Y (y) be a solution. Substltutmg it in —=c¢’ —7 one have
oy ox

d*X dy :
o +kX=0and ‘_y ~ke?Y=0.Ifk=- p p is real, then the solutlon is

' (c's are constants)

(1) z(xy)=(c,cospx)c, ey

@ z(5Y)=(c; cos px +.c, sin pr) ¢, e "

2 2

B) zx,y)=e®P?

@ z(xy)=(c,cosp) ey
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’ ; 1
The homogeneous integral equation ¢ (x) — A I Bx-2)t¢(t)dt = 0,
3
has
(1) One characteristic number

(2) Three characteristic numbers

3) Two characteristic numbers

. (4) No characteristic number

Let S be a mechanical system with Lagrangian L (q;,4;,1),j =1, 2, ....... ;A
and generalized coordinates. Then the Lagrange equations of motion
for S

(1) constitute a set of n first order ODEs.

@)

can be transformed to the Hamilton form using Legendre
transform.

are equivalent to'a set on n first order ODEs when expressed in
terms of Hamiltonian functions. '

C)

(4)

is a set of 2n second order ODEs.

- Lagrange’s equations for a Holonomic dynamical system specified by

n-generalized coordinates q,G=1,2 3 ..n) having T as the K.E. of

| system at time t and QJ. the generalized forces are

4 £\+£—Q *Sl” E'\—ﬂ"_Q :I
@ 4 6q; ) oq; @ aq; _aqi.— J
_‘l ﬂ\_ﬂ_Q ' L. £\+—“-é
@ % 3, ) 0q, @ oq;) oq;
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4, Let q, and ¢; respectively are the generalized coordinates and velocity of
' a mechanical system and p, are its generalized momenta. If H is the
Hamlltoman of the system, then Hamilton’s equations of motion are
Dy 4=, p= 2 =, p=—a
O W Me @ W Mg,
. S SN . S - -
2 _;=api, 0 @ & o T Oq
5. Hamiltonian H is defined as
1) H=2pg-L @ H=2pna-L
@) H=Y Big+L @) H-‘=21‘aiqi—
6. What is the probability to get two aces in succession (with replacement)
from a deck of 52 cards ? :
a 152 @) 1/169
3) 2/159 ' 4) 2/169
{7 There are two boxes. Box 1 contains 2 red balls and 4 green balls. Box 2
. contains 4 red balls and 2 green balls. A box is selected at random and a
ball is chosen randomly from the selected box. If the ball turns out to be
red, what is the probability that Box 1 had been selected ?
1) 12 ' @ 16
3 273 @ 13
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8.

Suppose you have a coin with probability % of getting a Head. You toss

the coin twice independently. Let Q = {(H, H), (H, T), (T, H), (T, T)} be the
sample space. Then it is possible to have an event E c Q sqch that

1) PE)=1/3 2 PE)=1/9

3 PE)=1/4 @4 PE)=T/8
9. A random variable X has a probability distribution as follows :
r 0 1 2 3
PX=r) 2k | 3k 13k 2k
Then the probability that P (X < 2) is equal to
(1) 0.90 2 0.25
3) 0.65 4 0.15
10. Find the value of A such that the function f (x) is a valid probability density
, . - [AEx-1)2-x%) forl<x<2 4 |
function where f (x) = ;
0 otherwise
1 1 @ 5
@) 6 4) 7
11. Consider the initial value problem (IVP)
& | _
gl -
x -V yO0=1&yeRxR
Then there exists a unique solution of the IVP on
(1) (o, ™) @) (~o, 1)
® 2.2

4 1,
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12.

_The solutlon to the initial value problem —5+2—= + 5y = 3e"* sin t,

ey dy .
dt2 Tt
y (0)=0and y’ (0) 3, is
(1) y)=et(sin t+ sin 2t) (2) y()=et(sint + sin 2t)

B) yt)=3etsint 4) yt)=3etsint

13.

Consider the differential equation (x — Dy +xy'+ =y 0. Then

(4) neitherx=0 nor x = 1 are singular points

(1) x=1istheonly singiﬂar point
(2) x=0is the only singular point
(3) both x =0 and x =1 are singular points

14.

"(3) between any two consecutive zeros of f, there is infinite zeros of g.

Let f and g be real linearly independent solutions of

d|d |
&[-d—i—P(x)} +Q®) y=0 ontheintervala<x<b. Then

(1) between any two consecutive zeros of f, there is prec1se1y one zero.
of g.

(2) between any two consecutive zeros of f, there is no zero of g.

(4) None of these

15.

" (1) Always positive

The eigen values of a Sturm-Liouville BVP are

(2) Always negative
(3) Always real
4) Always in the pair of complex comugate
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Ny . du
16. | The Charpit’s equations for the PDE up? + g2+ x+y =0, p = =’
a'l -
q= aare given by
&k _dy _ du_dp dq
(1) A3 3 2 5.3 g= =%
1-p 1-qp® 2p“u+2q° 2pu 2q
o odx dy du _ dp _  dq
@ 2pu2q 2put2¢ -1-p —1-qp
dx dy du_dp dq
@ F T e v
up® q X Yy
dx. dy du dp dq
@ 50 %00 xtv o ao?
q 2pu x+y p° qp
. Hd : . ou o o
17. The partial differential equation ) + u can be transformed to
v _o
ot ox’
1) v=etu 2) v=etu
3) v=tu. 4 v=-tu
: o du
18. The PDE x—+y—2.=0 is

ox* " oy |
(1) ellipticforx<0,y>0 (2) hyperbolic for x>0,y <0
(3) elliptic forx>0,y <0 (4) hyperbolicforx>0,y >0
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2 9T 2
19, Solution of 2}; - 6; ;y -6 25; =0 is given by .

(D) z=fl(y+3$:)+f2(y+2x) (2) -z=f1.(y+3$c)+f2'(y-2x) .

(3 z=f (y—2x)+f,(y+2x) (4 None of these

0z 0%z
20. Given Wave equation o =c’— pw By separation of variable, let
. ; b i S 32
z (X, y)=X (x) Y (y) be a solution. Substituting it in =~ By 6x2 one have
d*X __Z . - el o .
e +kX=0and —ke Y =(0. Ifk =—-p? pisreal, then the solution is
(¢’s are constants)
: ' 2.2
(1) zy)=(c,cospx)c,e " P
@ z(xy)= i rery
,y)=(c, cospx +c, sinpx)c, €
@) z@y)=e*"’
' ' L33
@) z(xy)=(c,cospx)ce” P’
21. The statement, if f is entire and bounded for all zeC, then fis constémt,

(1) Morera's theorem (2) Maximum modulus theorem

refers to :

(3) Liouville's theorem @ Hurwitz theorem
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22. Let f(z) be analytic in a closed, connected domain, D then which of the

following is not true

(1) The extreme values of the modulus of the function must occur on the
‘ boundary

(2) If |f(z)| has an interior extrema, then the function is a constant

(83) The extreme values of the modulus of the function may occur on
interior point and f(z) may not be constant

(4) Iff(z) is non constant then |f(z)| does not attains an extrema inside
the boundary : : '

23.

The function f: C = C defined by f(z) = e*+ e has
(1) finitely many zeros (2) no zeros

(3) only real zeros (4) hasinfinitely may zeros

24.

Consider the following complex function f(z) = . Which of the

9
_ (z-1(z+2)?
following is one of the residues of the above function ?

) =1 A | 2 916
3 2 4 9

25.

The bilinear transformation that maps the points z = , i, 0 into the
points w =0, 1, © is

1) w=-z 2 fv=z
" (3) w=_71 : 4) w=;lz-

MPH-PHD-URS-EE-2018-Mathematics-Code-D
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26. The fundamental theorem of arithmetic states that
(1) The factoring of any integer n > 1 into primes is not unique apart
from the order of prime factors '
(2) The factoring of any integer n > 1 into primes is unique apart from |-
the order of prime factors
" (3) There are infinitely many primes
(4). The number of prime numbers is finite
217. The last two digits of 7% are
(1 07 @ 17
(3) 37 | 4) 47
28. The congruence 35x = 14 (mod 21) has
(1) 7 solutions _ (2) 6solutions:
(3) 9 solutions (@)  No solution
29. If n is a positive integer such that the sum of all positive integers a
satisfying 1 < a < nand GCD (a, n) =1 is equal to 240n, then the number
of summands, namely, ¢(n), is
(1) 120 | 2 124
@ 240 . @ 480
30. If ged (m, n) = 1 where m > 2 and n > 2, then the integer mn has
(1) no primitive roots : (2) unique primitive root
(3) infinite primitive roots (4)  finite primitive roots
31. Tot X and Y be metric spaces, and f: X Y a function then which of the
following is true
(1) fis continuous;
(2) for every open set Uin Y, f* (U) is open in X
| 38) for every closed set CinY, f* (C) is closed in X
~(4) Allthe above
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32.

The metric space (R, d), where d is a usual metric, is
(1) compact (2)  disconnected

(3) connected but not compact (4)  compact and connected

33.

() dxy<d&x2)+dEYy) @ dEy2g&x2+d@Y)

Let (X, d) be a metric space, then forallx, v, z €X

B dixy) <0 (4)  None of these

34.

(1) Every convergent series in Xis absoluteljr convergent

A normed linear space X ie complete iff

(2) Every convergent series in X is convergent
(3) Every convergent series in X is uniformly convergent

(4) Every absolutely convergent series in X is convergent

35.

@ dim (W, +W,)=dim W, +dim W,

IfW, W, are two subspaces of a finite dimension vector space V(F), then

(1) dim (W,+W,) = dim (W,UW)

(3) dim (W, +W,)= dim W_+ dimW, — dim W,nW,)
(4) dim (W,+W,) =dim W, + dimW, + dim (W, NW,)

36.

The co-ordinates of vector (1, 1, 1) relative to basis (1, 1, 2);, (2, 2; 1),
1,2, 2)is

1) (1/3,0,1/3) 2) (1/8, 1/3,0)
(3) (0, 1/3, 1/3) (4) None of these

37.

Let T : R* > R" be a linear transformation. Which of the following
statements implies that T is bijective ? :

(1) Nullity (T)=n 2  Rank (T) = Nullity (T) =n
(3 Rank (T) +Nullity (T) =n (4)  Rank (T) - Nullity (T) =n
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38. Let A, B be n X n real matrices. Which of the following statements is
correct ?
| (1) rank (A + B)=rank(A) + rank(B)
(2) rank (A + B) < rank(A) + rank(B)
(8) rank (A + B) =min {rank(A), rank(B)}
(4) rank (A +B) =max {rank (A), rank(B)} : |
39.: | Letl A and B be real invertible matrices such that AB =—BA. Then
(1) Trace (A)=1, Trace (B)=0 (2) Trace (A) =Trace (B)=1
B) Trace (A)=0, Trace(B)=1 (Y] Trace (A) = Trace (B) =0
v Hax® 7 4}
40. Consider the mutrix A(x) = 3x  2x 4 |;xeR.Then
8x 17 13
(1) A (x) haseigenvalue 0 for some x€R
(2) 0isnot an eigenvalue of A(x) for any x€R
(3) A (x) haseigenvalue 0 for all xeR
(4) A (®) is invertible for every xeR
41, A box contains N tickets which are numbered 1, 2, ..., N. Then value
' of N is however, unknown. A simple random sample of n tickets is
drawn without replacement from the box. Let X,, X, ...., X_ be numbers
on the tickets obtained in the 1%, 2", ...., n'* draws respectively. Here
X=%(X1 +X,+..+X,). Which of the following is an unbizzed
estimator of N ?
My o301 | @ 2%+1
- 1 = |
@ 2X+z @ 2X--
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42.

.N _ " -X;, -2<X,52
LetX, ~N (0, 1) and let X, = X, . otherwise.

Then identify the correct statement.
(1) “corr X, X)) =1
(@) X, does not have N (0, 1) distribution.

- (8) (X, X)) has a bivariate normal distribution.

(4) X, X,) does not have a bivariate normal distribution.

43.

Let X, X,, .., X, be a random sample of size n from a p-variate Normal
distribution with mean p and positive definite covariance matrix Z.
Choose the correct statement ' |

(1) (Xl' —u) Z - (X, ~p) has chi-suare distribution with 1°'d.f.
(2) X X' has Wishart distribution with p d.f.
3) 2 K- X; -1 has Wishart distribution with n d.f.

i=1 . )

4 X +X,and X -X, are indepeﬁdently distributed.

44,

In which of the following distributions, meém > variance
(1) Poisson distribution

(2) Negative binomial distribﬁtion

(8) Normal distribution

(4) Binomial distribution
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45.

. (3) Thelimiting distribution"bf Ja (T _—1)isx*with 1 degree of freedom.

Let X,, X;, ..... be i.i.d. standard normal random variables and_ let
X3 4ot X2

T =
n

. Then

(1) The limiting distrib.ution of T —11is x* with 1 degree of freedom.

: 5 _.
(2) The limiting distribution of :/E is normal with mean G and

variance 2.

(4) The limiting distribution' of Jp (T,—1is normal with mean 0 and
varianc: 2. :

Suppose the sumulative distribution function of failure time T of a
component is

1-—exp (-ct?), t>0, a>1, ¢>0.
Then the hazard rate of A (t) is |
(1) constant. ‘
(2) non-constant monotonically increasing int.
(3) non-constant monotonically decreasing int.
(4) not a monotone function in t.

47,

" Consider the following linear programming problem

Maximize. z = 3x + 2x,

subject to

X, +x,21 ;xl+x2$5;2xl+3x2$6; —-2x1+3x2£6
The problem has

(1) anunbounded solution

(2) exactly one optimal solution

(3) more than one optimal solution

(4) no feasible solutions
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18,

Let {X_:n 20} be a Markov chain on a finite state space S with stationary

transition probability matrix. Suppose that the chain is not irreducible.
Then the Markov chain :

(1) admits infinitely many stationary distributions
(2) admits a unique stationary distribution
(3) may not admit any stationary distribution

(4) cannot admit exactly two stationary distributions

49.

Men arrive in a queue according to a Poisson process with rate A, and
women arrive in the same queue according to another Poisson process

" with rate A,. The arrivals of mean and women are independent. The

probability that the first arrival in the queue is a man is :

Ay

D A, @) Ah,

M | N
® 5 @ 3

50.

Let X (t) be the number of customers in an M/M/1 queuing system with
arrival rate A > 0 and service rate it > 0. The process X (t) is a

(1) Poisson process with rate A — T

) | pure birth process with Birth rate A — .

(3) birth and death process with birth rate A and death rate p.

(4) . birth and death process with birth rate 1/A and death rate 1/p.

51.

The rate of convergence is faster for :
(1) Regula-Falsi method (2) Bisection method
(3) Newton-Raphson method (4) Cannotsay
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52. As soon as a new value of a variable is found by iteration, it is used
immediately in the following equations, this method is called
(1) Gauss-Jordan method (2) Gauss-Seidal method
(3) Jacobi’s method (4) Relaxation method
53. The value of function f (x) at 4 discrete points are givne below :
X 0 1 2" |--.5
£ (%) 2 3 12 147
Using Lagrange’s formula, the value of f (3) is
(@) 30 2 35
®3) 25 4 20
54. The value of function f (%) at 5 discrete points are given below :
X 0 0.1 0.2 0.3 u.4
f(x) 10 40 90 160
: ' . : 0.4
Using Trapezoidal rule with step size of 0.1, the value of I f (x)dx 1is
. 0
(1) 108 @ 134
@) 187 @ 220
2
5. | Ify'=x+y, yO=1Ly ®=1+x+ X?, then by Picard’s method, the
| value of Y, (x) 18 '
=3 3
(1) 1+x+x9+? 2 1—x+x2+?
43 : 3
3) 1+x—x2+? 4) 1+x+x2—?
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56. I= iF(y, y)dx whose ends are fixed is stationary if y satisfies the
X1
equation
1) _3_1_3_ = tant | 2y F-y a_F = tant
2y’ = constan ' 2) F-y oy = constan
(3)F'6—F—tt T LY
-y oy —cc.)ns an (. ) ~y oy = constan
57. Ifd[y] = _[(y'z +2yy' +y*)dx, y (1) =1 and y (2) is arbitrary, then the
- . 1
extremal is
(1) ex-! ‘ (2) e+l
3) el-x 4) e*1
- %° dx) . ;
58. The extremal of I 7y dt;x(1)=3,x(2)=18 (where X= E] using Lagrange’s
i
equation is given by which of the following ?
: 15 6
1) x=t*+2 (2) x=— %=
. | 7 7
(3 x=5t2-2 4) x=5t3+3
59. The kernel sin (x + t) is |
(1) _separable kernel ‘ (2) difference kernel
(3) adjoint kernel "~ (4 none of these
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60.

" The solution to the integral equation ¢ (x) = x + Isin x-&)¢(E)dE is
) 0

1@ e+i @) m=t

given by

x3'_ : 3

3 31

3 : 3

x @ e X

@ x+3 31

61.

(1) 0368 (2 05

A continuous random variable X has a probébility density function
f(x)=e*0<x<ow. ThenP X>1}is

(3) 0.632 | 4 1.0

62.

.8 19 (4) 8/9

Let X and Y be two random variables having the joint probability density

: 2 if0<x<y<l
function f(x,y) = 8. otherwise

Then the conditional probability P [X s% I Y= %] is equal to

1 59 | 2) 23

63.

The variance of a random variable X is given by
(1) EX-EQ®) @ [EXP-EX)?
3) EX)?+ (E X)? " (4) None of these
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64.

Standard Normal Variate has
(1) Mean =0 and variance =1 (20 Mean=1and variance =0

(3) Mean=1 and variance=1 (4) None of these

65.

When n — oo, the Binomial distribution can be approximated as
(1) Bernoullidistribution .. (2) Uniform distribution
(3) Poisson distribution (4) None of these

66.

The variance of Poisson distribution is given by

>

1) o=2 @) o=

1

(B o= -1 (4) ‘None of these

67.

The first moment about origin is known as
(1) Mean (2) Variance
(3) Standarddeviation =~ (4) None of these

68.

In a hypothesis-testing problem, which of the following is not required in
order to compute the p-value ?

(1) Value of the test statistic

(2) Distribution of the test statistic under the null hypothesis
h (3) The level of significance

'(4) Whether the test is one-sided or two-sided
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69.

IntestingH:p= 100 against A : p = 100 at the 10% level of significance, H

| is rejected if |
- (1) 100 is contained in the 90% confidence interval

\ .

(2) The value of the test statistic is in the acceptance region
(3) The p-value is less than 0.10 : 4

(4) The p-value is greater than 0.10

70.

In the context of testing of statistical hypothesis, which one of the following
statements is true ?

(1) When testing a simple hypothesis H, against an alternative simple
hypothesis H, the likelihood ratio principle leads to the most powerful
test.

(2) When testing a simple hypothesis H, against an alternative simple
hypothesis H,, P [rejecting H | H, is true] + P [accepting H | H, 1s
true] = 1. ' R

- (3) For testing a simple hypothesis H against an alternative simple

hypothesis H,, randomized test is used to achieve the desired level
of the power of the test. :

(4) UMP test for testing a simple hypothesis H, against an alternative
simple hypothesis H,, always exist.

71.

If p is a prime, then any group G of order 2p has
(1) a normal subgroup of order p

(2) a normal subgroup of order 2p

(3) a normal subgroup of order p?

(4) None of these

72.

Let G be simple group of order 60. Then

(1) G has six Sylow-5 subgroups

(2) G has four Sylow-3 subgroups
(3) G has a cyclic subgroup of order 6
(4) G has a unique element of order 2
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73.

(2) aprincipal ideal domain but not a Euchdean domain

Let R be a Euclidean domain such that R is not a field. Then the polynomial
ring R[X] is always

(1) aEuclidean domain

3) a umque factorization domain but not a principal ideal domam

(4) not a unique factorization domain

74.

Let p(x) = 9x® + 10x3 + 5x + 15 and q(x) =x* - x?>—x—2 be two polynomials
in Q[x]. Then over Q,

(1) p(x) and q(x) are both irreducible

2 pkx is reducible but q(%) is irreducible
(8)  p(x) is irreducible but g(x) is reducible
(4) p(x) and q(x) are both reducible

75.

IO R - @ 8

Find the degree of the field extension Q (J_ 42, i/_) over Q.

(3 14 - @) 32

76.

Let F be a finite field and let K/F be a field extension of degree 6. Then
the Galois group of K/F is isomorphic to

(1) the cyclic group of order 6

(2) the permutation group of {1, 2, 3}

(3) the permutation group on {1, 2, 3, 4, 5, 6}
(4) the permutation group on {1}

77.

' (3) Aisuncountable : (4) None of these

Let X be a topological space and A he a subset of X, then X is separable
if . .

(1) Aiscountableand A =X - (2) A iscountable
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78. Which of the following spaces is not separable ?
| @ R with the trivial topology |
| @ The Cantor set as a subspace of R

(3 R with the discrete topology '«

| (4) . None of these

79. Which of the following is true ?

(1) Let X be compact and f: X — R be locally bounded. Then f is not
bounded.

2) Closed subspaces of compact spaces are compact

(3) Closed subspaces of compact spaces may not be compact

(4) Continucus images of compact spaces may not be compact

80. Let X and Y be two topological spaces and let f : X — Y be a continuous
function. Then

(1) f(K) is connected if K c X is connected
(@) f!'(K) is connected if K c Y is connected

3) f!(X)iscompactif KcY is compact

(4) None of these |

81. | The Linear transformation T : R® - R? corresponding to the matrix
1 00

0 2 0l|is

0 0 3

D Tk, x, X)) = (x,, 2x,, 3x))

@) T(x,x,x)= (x, +x; 2x, + X, X, + X))
@ Tk, x,x) =X, X, X)

(4) None of these
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3 -1 0
82. The matrix (-1 2 -1]is
0 -1 3
1) non-negatlve definite but not p081t1ve deﬁmte
: (2) positive definite
(3) negative definite _
(4) neither negative definite nor positive definite
2 0 -3
‘83. LetX=|3 -1 -3|. A matrix P such that P! XP is a diagonal matrix, is
{0 0 -1
101 1 111
1 |0 11 P 0 11
110 | (1 10
1 -1 1 -1 -1 1
@ [0 1 1 @) 0 -1 1
110 _‘ 1 1 0
84, The norm of x with respect to inner product space (X, x) is
@ lxll = (xx) L@ lxlE={xx)
@) lxll = (x,x)? (4)  None of these
85. Cayley-Hamilton theorem states that e
(1) Every square matrix satlsﬁes its own characteristic equation
(2) Every square matrix does not satlsfy its own characteristic equation
(3) Every rectangular matrix satisfies its own characteristic equation
. (4) None of these
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0.
86. | Iflz|=|z—1] then
() Re@=1 ' 7 @ Re@=12
1@ Im@=1 @  Im@)=1/2
87. | The power series 2. 3" (z-1)* converges if
_ . n=0 ;
M lz1<3 i @ 1zl <3
@ lz-11<y3 - | @ Iz-11<43
88. An analytic function of a complex variable z = x + iy is expressed as
fz)=u(x,y) *iv (x,y), where i = J:_l JIfu (x, y) =2 xy, then v (x, y) must
be ‘ £
(1) x%+y?+ constant ' (2) x%-—y®+constant
(8) —x2%+y?+ constant 4) —x%-—y?+ constant
2z
dz =
89. | M'—L 212
@ o | 2 -2m
(8) 4mi _(4) o
90. The value 6f I :nlz dz whereC: |z| =1isa poéitively oriented contour.
cdz+m -
| -2 7
M o @ =
iy . !
& = @
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91. The non-empty set of real numbers “.'.,hiCh is bounded below has

(1) supremum ‘@  infimum

(3) upper bound (4 none of these
92. The sequence {f } where f, (x) =x"is convergent on [0 kl,k<1

(1) uniformly (2) pointwise

(3) nowhere (4)  none of these
93. | Every bounded sequence has at least one limit point. This represents

(1) Archimedean Property _ (2) Heine-Borel theorem

(3) .Bolzano-Weierstress theorem (4) Denseness Property
94, Which of the following is convergent ?

(1) Zl nz 2—11 (2) Z_] n—z 2I‘I

@3) Z @ X

n log n oo nlog(1+1/n)
o : i,if x#1/2
95. If a function f defined on [0, 1] as f(x) = 0.if x=1/2" then
" (1) fis not bounded

(2) fis R-integrable

(3) fis not R-integrable since fis not bounded

(4) fisnot R-integrable since lower and upper limits are unequal
96. Let f: R — R be a monotone function. Then

(1) fhasno discontinuities

(2) fhas only finitely many discontinuities.

(8) fcan have at most countably many discontinuities

(4) fcanhave uncountably many discontinuities
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97.

The length of an interval I is

(1) Outer measﬁre of an interval I

(2) Lessthan outéi meésure of an interval I

(3) Greater than outer measure of an interval I

(4) Twice the outer measure of an interval I

98. | Aset Eis said to be Lebesgue meas;urable if for each set A
1) m'(A)=m"(ANE)—-m" (ANE")
2 m'A)=m"(ANEY)-m" (ANE)
(@) m'A)=m"AVE)+m"ANE)
4 m'A)=m"(AVE)-m" (ANE°
99. A non-negative measurable function f is integrable .over the measurable
set E if |
@ [f= @ >
3) IE f<® ‘ ; () " None of these
100. .If f is of bounded variation on {a, b] and ¢ € (a, b). Thgn

(1) fis of bounded variation on [a, ¢] and on [c, b]
(2) fis not of bounded variation on [a, ¢] and on [c, b]
(3) fisconstant on [a, c] and on [c, b]

(4) None of these
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