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PART-A

Find the correct answer and mark 1t on §hézahswer box on the previous

page. A correct answer gets 1 mark and é wrong answer gets --%— mark.

1)

2)

3)

4)

A,B,C are non-null mutually indépendent events. P(AB|C) s

equal to

(a)

(b)
{c)
(d)
(e)

P{A) P(B)
P(C)

P(A|B)
P{A) P(B)
P(A|BC)

none of the above

A SRSWOR of size 2 is drawn from a population of size 10, whose

values are 1,...,10.

The probability that the population

mean is estimated to be less than or equél to 4 is

(a)

(b)

(c)

(d)

(e)

Q = [0, 2] and P({(a,b]l) =

2/ [
At
/(9
¢

none of the above

NO N

b-a
2

A

0D=a=hb 2 define a sequence of

n we (0,~Ew]
n

functions {fn} as follows fn(w] =

{fn}
{(a) does not converge
{b) converges to 0 in
{c) converges to 0 in
(d) converges to 0 in
(e) none of the above
{An} is a sequence of
lim sup An is equal to
n-s o

1 1
(a} (__2“, "2—]
(b) ¢
(c) {1}
(d) {0}

{e)

none of the above

0 O.w

to O in probability
probability
mean

mean square

subsets of (-1, 1), A= [— i+1. -lﬁ ],

i I.‘



5)

6)

7)

f)

9)

F-ug

X P{A) an unbiased estimator for e2>L based on one observation X

is

(a) 3° é?"iﬁ
by 2%

(e) 2%

{d) does not exist
(e) none of the above

For the random variable X with probablility distribution:
4

pP:j]:FGWKﬁF,j=L&”.

(a) EXr does not exist for any r-= 1,2,...
(b) V(X) exists

() Ex®™1 -0 foranlr

= 0,1,2,...
(d} EX' exists for all r = 1,2, ...
(e) none of the above
n
T X,
- i=1 *
XJ _uto, 3y =Jj=12,...,n and are independent - log ] has pdf
{(a) e X for x = 0 .
Xn—le—x j$
S, =
Ep! n for % 0

tq] xe © for x = 0

3 xe
-
gq] o for x = 0

(s} none of the above

ﬁhich of the following could be the characteristic function of
£hé ranQom variable X Hgose pdf is -%—e_lxl % € R?

{fa) 1/ {1-it)

(b) 2 / (2-it)

(c) 1/ (1-it)?

(d) 4/ (2-1t)2

(é) none of the above

G(n, 2), then lim P(Xn z n/2)
n-—» o

N~
(a) 1is equal to O
(b} 1is equal to 1
fc) is equal to 1/2
{d) does not exist

(e} none of the above is correct



10) The quality characteristic is monitored by a control chart
designed so that the = probability that a certain out of
control condition will be detected in the first sample following

the shift is 1-8. The expected number of samples analysed
before the shift is detected is

(a) 1/
(b) 1/ (1-8)
(c) 1/ 8°

(d) 1 /.01-8%)

(e) none of the above

X
1 2 1 1/2 _ _
11) X, | ~ N [ 3 ], [1/2 5 ] Y, = ?(1+X2 and Y, = aX,+bX, are

independent if and only if
(a) atb =0

(b) 2a+3b =0

{c) Za+db =0

(d} 3a+5b =0

{(e) none of the above

12) Based on the random sample Xl,...,Xn from N{u, 62) an unbiased

estimator for “2

n
(a) is = X?
n—, i -
i=1
-2 ! 5, i
(b) is X& = i b
(c) does not exist
n
(d) 18 - —tern | T KO - n2R2
nin-1) |.=2"i
i=1
(e) 1is none of the above
13) XI’XZ""’Xn is a random sample from the N{ve, e) population.

Then

(a) X is a sufficlent statistic for o

=l

(b) (X, ¥ (Xi—i]z) is sufficient but not complete
i=1

n ,
(¢c) (X, ¥ [Xi—i)z) is not sufficient for o
i=

n
(d) ¥ (Xi—-X)2 is sufficient for o
i=1

(e) none of the above



14)

15)

161}

1

F-usg

The p-value for testing a certain null hypothesis (HOJ is 0.025.
(a) H. will be rejected at any level of significant (1.s)

0
(b) Hy will be accepted at 0.1 1.s.
(c) HO will be rejected at .05 l.s. but will be accepted at 0.01 1.s.
(d) H0 will never be rgjected
[ ST

(e) none of the above is correct
Xl""’xn is a randem sample from N(u, 02) which of the following
is the pivotal quantity in the {1-a)100% confidence interval of u?
(a) q = X-u

o/vn
(b) Q, = X

S/vn

- 2 1 2 =2
(c) Q=X-p where 57 = —— '2 (Xi—X)

i=1

e
(d) q, = i

S5/vn-1

[e} none of the above

al,az,aa are the unknown weights of 3 objects, the following

measurements were made:

172 73 172 3 173

o, +or, ko, = 15; o to, = @ +3; o, o, = 6+¢x2

¥/

asgume that these observations were recorded with uncorrelated,
homoscedstic errors:

[aj o, ,x. ,x, are all estimable

172’73
(bl oy is estimaable but o, and @, are not estimable
(ﬁ) o, is estimable but ay and ®, are not estimable

gq] nonpe of Oy s By, g is estimable

(e) none of the above is correct

Consider the simple linear regression Y = a+bX+c let Q be the
prediction of Y given X. The correlation coefficient between Y
and Q is

(a) always O

{b) always negative

(c) always positive

(d}) always 1

(e) none of the above
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18) In the 24 factorial design, which of the factors or interactions

19)

20)

21)

are confounded with the following blocks.
Block-1 0000 1001 1010 1100 0011 0101 0110 1111
Block-2 1000 0001 0010 ;301003;”1011 1107, 1110 0111

(a) AB | o e
(b) AC

(c) ABC

(d) ABCD

(e) none of the above

A population with two strata has sizes N and 2N and their
varlances are 252 and S2 respectively. If the costs of drawing
units 1s the same from each stratum, the optimal allocation

(nl,nz) for estimating population mean for a tototal sample size

n is

(a) nl = n2
(b) n, = 2n2
{c) n, = n2/2
(d) n, = V2 n,

{e) none of the above

i

b}

- X _ B
The reliability function R{(x) “of a component is e Ax

(A>0, B>0 x20) has increasing failure rate (IFR) if

(a) A > 1
(b) B >1
{c) A>1
{(d) g=1
(e) B<1

A

1l

(0,2] v [3,6); B =1[1,4] then A A B is
{a) an open interval

{b) =& closed set

(c) an open set

(d) a connected set

(e) none of the above



22)

23)

24)

25)

F-bhg

Consider the following system of equations:

Xy + Xy Xy = 9

2x1 + 3x3 = o

3x1 + X5 + 2x3 = 18

What should o be so thap this system is consistent?

(@) 9 L T

(b) 10 |

{c) 3

(d) 2

{e} none of the above

A is a nxn skew symmetric real matrix that is aj.1 = -aij ! : 1: :2
then,

(a) all the characteristic roots of A are positive

{b) all the characteristic roots of A are reals

{c) all the non-zero characteristic roots of A are complex
{(d) some characteristic roots are positve and the rest are complex
(e) none of the above

n

n%imm EE%:T JEiJZk °

.(gl 1 / 2(k+1) }

(b) 1/ 2k+1 I i

(e) 1/ k+l |

(d] ©

[é) none of Lhe above

The funﬁtion F is defined as follows:

(O x <0

FI¥) =1 g _-r
- Y -Ej X 2 0 where [x] = largest integer less than
r=0 r or equal to x

L
F is
(a) continuous everywhere
(b) continuous everywhere except at x = 0
{(c) not continuous anywhere
(d} not continuous at x =0,1,2,...
{e) none of the above

X 0¥
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PART-B -

There are 15 questions in this part. Each question carries 10 marks.

Answer as much as you can, the maximum you can score is 50marks. The

answers should be written in the separte answer booklet supplied to

you.

1) The distribution function of a random variable X is as follows:

Fx(x)

{a)
(k)

(c)
{(d)
2) (a)
{b)
3) {a)

(b)

f

0. X <0
X/ 4 OJF X <1 i -
13 1=x<2 i
1/2 2 sx<3
123 3sx<a
E%E 4 =x <5
| 1 x5

Trace the graph of FX'
Identify (if any) the points of: discontinuity of FX'
Evaluate {i} Pr{1.5 = X = 3.5} (ii) the median of X.

Evaluate E(X).

Let {Xn} be a sequence of independent exponential random

variables with mean A = 1. Prove that

1/n
n _C 00 4
mX P e as n-—-> o where C = —J logx e “dx.
k
k=1 0
X.l . P(1) 1 = 1,2,... and are Independent let
Tn = X1+2X2+3X3+...an determine the limiting distribution
Tn - ETn
of ——— > (with proofs and stating results used).
vvT
n
Xl""’Xn are iid random variables for m = n, evaluate
m
121 Xi
E
n
Y X,
i=1
Xl,...,Xn are 1id continuous random variables. We say that a
record value occurs at j, j = n if Xj = Xi for 1 =1,...,j-1.

Let Rn denote the number of record values upto n, evaluate

E{R_).
n



4)

5]

6]

7

d

- ug

Xl’XZ""’Xn is a random sample from U(-o, o) (&>0)
(a) Determine the MLE of eo.

(b} Is the MLE of © a single sufficient statistic?
(e¢) Is it a complete sufficient statistic?

Answer with proofs wherever necessary.

Xl""’Xn is a random sample from the exp(A) population.
{a) Obtaln the MVUE for A.

(b) Obtain the conditional distribution of Xl given X1+X2.

(a) Obtain the most powerful level o« test

2

e—x 72
for HO: f(x) = ——— -—wixX<w
ven
e-IXI
Hl: fix) = 5 —0<X<m

based on one observation.

{e) Write down the power function for the above test.

et
e oy

Xl " R 321

Xz ~ Nl pt, | 232
" 3

33 12

Evaluate (1) E(X11X1+X2)

(i1) Obtain the BLUE of pu.
In'ordef to compare the effects of 4 treatments A,B,C and D, a
biqck design of three bldcks, each of which consists of 2 plots
wag used. Treatments A and D were given to block-1, B and C to

plock-2 and A and C to block-3.

(a) Specify with justification whether the design is (i) balanced

(i1) connected.

(b) with Jjustification state how many orthogonal treatments

contrasts are estimable.
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1, .,YN let T1 be

the estimator of the populatlon total based on SRSWOR of size n.

9) A populatlon of N unlts con51sts ef‘values Y

Alternatively, it 1s decided that the first population unit must
be in the sample and the rest of the (n-1) units are to be
selected by ©SRSWOR from the remaining (N-1) units. Let

T. =Y + (N-1)y

5 1 be the new estimator of the population total

n-1

(y,_, is the mean of the (n-1) sampled units).

(a) Verify whether T2 is an unbkiased estimator for populaticn
total.
(b) Determine the variance of T2.
(c) Express the variance of T2 in terms of that of Tl'
10) Consider a population of 100 units taking values Yl”"’YIOO' To
estimate the population mean a SRSWOR of 10 units is drawn and
then the mean, of 2 units drawn by SRSWOR from these 10 units is

used to estimate the populatlon mean. Evaluate the expected value

and variance of thls estlmator

11) The Markov chain {Xi, i=z1} with state space ¥ = {...,-2,-1,0,1,2,...}
has the transition probhabilities
_ _ _ 1 ; _ _
Pm,n = Pr{xi+1 = nIXi =m} = 5" if n = mtl or m-1
=0 0.w.

(a) (i) Is this Markov chain irreducible?

(ii) Determine its recurrent states (if any).
(b) Does it have a (i) stationary distribution
(1i) limiting distribution?

If yes determine them (whichever exists). Otherwise explain

why?
12) Xl""'xn is a random sample from the exp(l) population. Let
X(l)""’x(n) be the ordered sample, show that
X exp(n)

(1) ~

X(i) - X(i—l) N exgﬁn—1+1l =1=23....,n
Thus determine the distribution of X(

2) and evaluate E(X(r)).



s

13) Three independently-functioning components are connected into a

single system as in the figure.

Suppose that the reliability of each of the components for an
operational period of x hours given by R(x) = e—0.0Bx. If T is
the time to failure of the system

{a) Determine the pdf of T

(b) Obtain the reliability function of the system?

(c) How does it compare with e ©9%%,

14) Write the dual for the following Linear Programming Problem and
solve it grahically. Write the simplex table for the
optimal solution obtained by graphical method and hence determine
the optimal solution of the primal.
maximize W =23x + 7y + 2z subject to
| -Z2x + 2y + z = 10
Ix + y -2z =20

X,y and ; =0

15) In a department Course 1, CZ‘ £3, C4,.C5 have to be offered for
a glven semester for a glven batch In the department there are
four faculty members F1, F2, F3 and F4. The evaluation of each

faculty for each of the 5 courses on a scale of 0~100 are given

below:
c1 c2 c3 o] s
F1 100 90 75 30 60
F2 100 80 80 10 20
F3 90 70 80 60 30
FA 80 60 50 30 10

(a) Suggest an optimal allocation so that teaching will be
effective in that semester.
(b) What is the best allocation if F4 is not willing to teach

any course other than C17 What is the percentage of loss?

¥ %

10



