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INSTRUCTIONS

Each question is printed both in English and in Kannada.

Answers must be written in the medium specified ( English or
Kannada ) in the Admission Ticket issued to you, which must be
stated clearly on the cover of the answer-book in the space
provided for this purpose. No credit will be given for the answers
writtenn in a medium other than that specified in the Admission
Ticket.

The Question Paper is divided into three Sections A, B and C.

Candidates should attempt any five questions choosing at least one

bhut not more than two trom each Section.

Assume suitable data, if considered necessary, and indicate the

same clearly.

All questions carry equal marks.
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SECTION - A
( Probablility )

Show that the conditional probability function P{ + | I} saltslics the axioms
of a probability space. Demonstrate (hrough an example that pair-wise
independence need not imply mnitual independence

Two dice, one green and the other red are thrown. Let A be the event that the
sum of points of the faces shown i3 odd and B the event of at least one ace

{ number 1 ). Describe the sample space and event space A (1B and A N B

and find the probabilities of the events P ( Al B] D P ( AN(A UB} ) ;
P(B|A)

Let r indistingulshable balls be placed at random in n components of a box.
Let A, be the event that a specified compartment has exactly k balls.

Find P(A,]).

The: joint density function of the random variable X and Y is given by

Bxy, 0<x<1 . 0O<ysx
fiX Y) = {

0 otherwise

Find (i} the marginal density of X ( ii) the marginal density of Y (ili) the
conditional density of X and (i} the conditional density of Y.

For a given A ( > 0 ), the random variable X has the Poisson distribution with
parameter A. But A itself is a random variable having pdf
r
g{r) = —f‘(i‘—r—) exp[-ar].A""1, a2o0.
What is the unconditional distribution of X ? Obtain the mean and variance of
this distribution. Are the two still equal ?

Let f(xl. x2]= 21 x?xi;o«cx-l < x, < 1 and zero elsewhere be the

jomnt p.d.f. of X | and X,. Find the conditional mean and variance of X , given
Xy=x,;0<x,<1.
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fate the continulty theorem for characteristic functions. Let X be a random

vt table with p.m.f.

1 1
r(Xx,=1)= % P(X,=0)=1-+

Investigate whether the sequence of distribution functions of X converges
weakly to the distribution function of a random variable. It yes, find the
distribution of the Imiting random variable.

Establish basic inequality and demonstrate its use in obtaining Markov
inequality.

If X and Y are independent Gamma variates with paramaters p and y
respectively, show that

U=X+Y, Z=;—£

are independent and that U is gamma (p + y) variate and Zisa B, { . v)
variate.
Explain Law of Large Numbers. State and prove Khintchine's theorem. Let X .

assume two values [ and - { with equal probabilities. Show that the law of large
numbers cannot be applied to these vartables. '

State and prove the De Moivre-Laplace theorem.

If { X, } be a sequence of random variables such that
1 n
o3 Var(zl’)(k)—)()asn—)m

then show that i’n—ﬁn-b 0 where EX | = pk.
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SECTION - B
( Statistical Inference )

Explain the concept of estimation in statistical inference and record your
understanding of consistency and efficiency.

Let X,.X,, ... X, be a sample from
_._._.]'__ e < <e
8,-8," 1%
f(x] - 2 1
0 otherwise

Obtain the estimates of 8 1 » 8, by the method of moments and by the method
of maximum likelihood.

State and explain Lehmamn-Scheffe theorem with an example,

Explain the concept of (i) Type II error and (i} Power curve. Let X has a

binomial law with n = 10, p where pt ( % % ) . If the observed value of X >

random sample of size one, is less than or equal to 3, we reject H,: p =%

and accept H, : p =% . Find the power function of the test.

Develop the test procedure to test the hypothesis H :p=p o against

H | :p =y, in the distribution

1

1 %z

flxipn,0) = o
Let (Xl c Xy, e X, ] be a random sample from a distribution with p.d.f.

(X-p}2
¥ , Where ¢ is known.

flx,8)= lg +0<x<8. Find the confidence interval for 8 based on

maximum likelihood estimator of 0.
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Let X,,..X, andY,, .. Y . be random samples from the independent
distributions N ( 8,.0, ] and N ( 8,.0, ] respectively. Show that the

likelihood ratio that H,:8,=6,:8,.8, unspecified against H, : 6,0 1
8, and 8, unspecified can be based on the random variable :

n
E(Xt”X)Q/(”_U
1
nm

Z(YI—?)zf(m-n

1

F=

State Neyman-Pearson lemma. Mention its restrictions. A sample of size 1 is
taken from density

2(6-Xx)°
flx;0)= o’

0 elsewhere

c 0<x<®

F‘indI;heMP’l"ofI-ID:E}=(-I!0vers.us:‘i’l:B:E)l (80>81) at level o.

Let k independent random samples be drawn from k N ( 0,. G?’)

t
distributions, i=1, 2, ...... k. Derive the LR test for H,:0 | = 8,=..= 9,
assuming ¢, =6, = ... 0. Show that this test can be reduced to the F-test.

Define the OC function and ASN function of sequential analysis. Derive then
appropriate expression for the sequential probability ratio test of a simple
hypothesis against a simple alternative.

Describe clearly (i) Wilcoxon-Mann-Whitney test and (ii) Kolmogorov-Smirnov
test for the two sample problem. Consider both one-sided and two-sided
alternatives.

Indicate the details of comparison of the A.S.N. of 5.P.RT. with that of fixed
sample of size n of Neyman-Pearson test of hypothesis.



(a}

(b)

(c)

{a)

(b)

(c)

9 22/1

N(8,.0,)3 N(8,.0,) #4303 SIoHWes GBHT X, . . X, B,
Y, .. Y, GREys Sesenyensd.

n

2 (X!-F()z/(n—l)

1

Z(Y(—?)zum-n
1

AR a!d;ST.a“zsb.» H :10,#8,:0 @ 0,800 a0,

H,:0,=6,:,06,,6 esa::FaLd ﬁom&)a‘a e'sama T[Oey 3Ry Foeda.

ﬁeﬁnﬁa‘—&o&o‘xm Zoeowm ( Lemma ) S8, VCRJA. =0T wé&arﬂ?m“ L1208
2,230 1 O .00 JIBBET,

2(6-X)°
2
fix:8)= 8

s Dex<®

0 qe) o
93,000 dcotadennd. B0 a B0, H,:0=0,000 H,180=8, (8,>0,)
& MPT o3y, 500040030,
kN (0, 0% ) ossmnes, (=12 ... koo odAB AI0Y GRGHS

ZeCBEN k@htd. 0, =0,=...0, Q0T 8QA Hy 18, =8,=..= I 8033
LR 30y roadely, 38,87 81 w0, taaab F-T0eg o8, eaaso:.mmmsoa MEGN
vogont 08 exiod OC PO 3@, ASN POITIITY, ACHLA. w05 koY I 080

QU 2,083 RO8 B08e R0 BRELT ToIWRoHT BRI Toey, o8, BI[YNY owe,
N%eaﬁww @53 & 2

SO BEICBF H3E, 1 (i) Dy -Seat-or) @oeg o 33y, (i) L Intaninintafnts Inbnile
A, d.r*w oeg LonwRy, X TN DTDL. DE-FHeeod TBY, B, ~TPHug,e08 3,80 8RRy,
65071?5»«4

Ao, T - HOPTOLET [oee,090 JOBLAH At 1§ HovI Paasrddecdn S.P.RT.CN
AS.N. 1t¢ Bodoh OTORER), Ketsk.

[ Turm over




22/1

9.

10,

(@)

(b)

(c)

{a)

{b)

(c)

10

SECTION - C
(Linear Inference and Multivariate Analysis )

Prove the necessary and sufficient condition for a parametric function to be
estimable and that for a linear function of the variable belongs to error. Show
that BLUEs are uncorrelated with linear functions belonging to error.

Lety, =B, + B, X, + €;: i=1,2, .. n be a simple linear model where B,
and , are unknown scalar constants, x, are known scalar constants. Develop

a test procedure to obtain the confidence interval for

1 k
UO__'E zyo_,"
i=1

Use the technique of analysis of variance for testing that in a multiple linear
regression model there is no dependence of the dependent variable on the
regressor variable.

Show that the general linear regression model covers both multiple linear-
regression and polynomial regression. Show how this fits into Gauss-Markov
linear model.

If the n, in the model Yy = H+2,+ B,+ e 4 are such that

z, -~ EJ P B— B,rare estimable for all i#j and all i’ = J'. then

()  there are exactly b+ t- 1 linearly independent estimable functions
) ¥c,z and ¥ d,B, are estimable if 3 c,=%d, =0

Provide the details of multiple correlation coefficient and its estimation, Obtain
the distribution of the sample multiple correlation coefficient when population
multiple correlation coefficient is zero.
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Each question is printed both in English and in Kannada,

Answers must be written in the medium specified ( English or
Kannada ) in the Admission Ticket issued to you, which must he
stated clearly on the cover of the answer-book in the space
provided for this purpose. No credit will be given for the answers
written in a medium other than that specified in the Admission

Ticket.

Candidates should select any three Sections and attempt any five
uestions from the selected Sections, choosing at least one but not

more than fwo questions from each of the selected Sections.

Assume suitable data, if considered necessary, and indicate the

same clearly.

All questions carry equal marks,
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SECTION - A
{ Sampling Theory and Design of Experiments )

LExplain the terms (i) proportional allocation (ii} Neyman allocation and
(ili} optimum allocation as used in stratified sampling. Make a critical
comparison of these methods.

State the Horvitz-Thompson estimator of a population total in PPS sampling
without replacement. Show that it is unbiased.

Where there is a linear trend in the popuiation for the study variable, show
that the efficiency of the systematic sample is n ( sample size ) times that of
simple random sampling without replacement.

Define Ratio estimator. Derive the approximate variance of this estimator in
terms of coefficient of variation and relative covariance.

Explain the use of three stage sampling in sample surveys. Obtain an
unbtased estimator of the population mean and its variance in the case if
simple random sampling is used in all three stages.

Provide a critical note with suitable examples on ‘non-sampling errors’,

State the basic principles of design of experiments and their role in such
experiments,

Define an RBD. Give the linear model and outline the method of analysis of an
RBD.

In an LSD the observation in the i " row, J™ column, receiving the k
treatment is missing. Obtain a valid estimate of this observation. What will you
do if more than one observation is missing ? How will the subsequent analysis
change ?

What are factorial experiments ? Mustrate the concept of total confounding in
such experiments.

Define BIBD. Derive the following parameltric relations
) vr=bk i) A(v-1)=r(k-1 } and (ili} b>r ( Fishers Inequality ).

Assuming a suitable model, develop the analysis to test various effects in the
case of split-plot design with RBD layout for main plot treatment.
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SECTION - B
( Engineering Statistics )
v Inxplain the significance of the following concepts in the construction of control 0
charts :
() Assignable causes of quality variation
{il.  Rational stubgroups.

) Explain the following for X and R charts :
il  Objectives
(i) Statistical basis and construction
i) Inference from charts.

{¢)  Quality control charts are to be prepared with a sensitivity that a mean shift of

06 o ! will cause ?—, of samples to fall ontside the mean chart warning Iimit of

1-96 sigma control limit, What sample size is advisable ?

6. (a) Whatis acceptance sampling ? Mention the situations where it is useful. What
are the advantages and disadvantages ?

(b} State the meaning and utility of the following concepts in acceptance
sampling :
W oc
(il  AQL
{il} AOQL.
¢} Write down the operating procedures and expressions for different parameters

of sequential sampling plan.

7. (@ Define a parallel system. Obtain jts reliability function and mean life of the
system if all the units are equally reliable and reliability law is exponerntial.
(b)  Identify the following distribution :
p
flx]o;p) = % xP-1exp {»%}. xX>0,p>0,6>0

as a failure time distribution and detail the procedure of estimating its
Parameters.

{c] Let X( 1) < X{ 2) < reeree < X[ r1 (r<n) denote the ordered life-times

observed where n units are on test, each foliowing an exponential distribution
with mean A. Obtain the UMVUE of reliability at a given time point.
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8.

(a)

(b)

(c)

6

Describe the system reliability in terms of (j) components connected in

series, (i) components connected in parallel and (iij) mixed system.

Glven the hazard function h(t)= At A » 0, compute the reliability functio;

and the mean time to failure.

Explain the concept of paralle] redundancy and state the application o

binomial distribution to parallel redundancy cases.
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10,

11.

{a)

(b}

(c}

(a)

(b}

(c)

{a)

(b}

{e)

8
SECTION -

{ Operations Research )
Define :
()  Markov chain
()  Persistent state
(i) Ergodic state,

Show that in a finite Markov chain there exist no null states and that it is
impossible that ali states are transient,

What do you understand by higher transition brobabilities ? Obtain the
Chapman~Kolmogorov equation.

Derive the steady state results ( probabilities, mean numbers and mean
walting times } for an M | M| S queue,

What i{s Operations Research and what are the essential characteristics of
Operations Research ?

Define (1) basic feasible solution {ii) slack and surplus variables and
(i} artificial variables in the context of a Linear Programming Problem { LPP ).

demand has a negative exponential distribution.

remains constant.

Describe the transportation problem. Show that the necessary and sufficient
condition for the existence of a feasible solution to the transportation problem

m n N
is the total capacity [ Z a, Jmust be equal to the requirement ( Z b, J‘ :
f=1 J=
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12. (a) Describe and justify the algorithm used to find the optimal solution for a
transportation problem by the modified stepping stone method.

(h)  Write a Function sub-program to evaluate the factorial of an integer k and

use it to compute and print out the values of the binomial co-efficients

N1

N
'R}= RT.(N-R)! for BC sets of values of N and R. Assume N, Rz 0.

(c) Write a statement function defining SUM( A, B, C) =vA + B+ C and use this

function to compute .= Va2 + b2 +c?: p= V7x+3y-8 .
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13.

14,

15,

16.

(a)

(b)

{c)
(a)

(h)
[c})
(@

(b)

(c)
{a)

(b}

{c)

12
SECTION - D
{ Quantitative Economics )

Define a time-series. Mention its important components with illistrations and
describe the method of smoothing data.

Explain the measurement of cyclic movement of a time series and identify the
importance of Periodogram Analysis.

Explam the working of variate difference method for trend analysis,

Define Laspeyre, Paasche and Marshall-Edgeworth index number and show
that M-E index number lies between Laspeyre and Paasche index numbers,

State and explain the criteria of a good index number.
Explain Base shifting, Splicing and Deflating index numbers,

Explain heteroscedasticity. its estimation in the case of grouped data and a
method of testing for heteroscedasticity.

multivariate normal distribution,
Explain the estimation procedure with autocorrelated disturbances.

What is a demand function ? Describe normal conditions of demand. If AR
and MR denote the average and marginal revenues at any output, then show

that the elasticity of demand for the product is given by Eﬁé:f‘}d—ﬁ .

Mention the main sources that cause serially correlated disturbances. Outline
the Cochran-Orcutt procedure to estimate the Parameters of a linear mode]
when the errors are serially correlated.




and

the

ow

14.

16,

(a)

()

(c}

{a)

(b}
(c)

(@)
(b)

{c}
{a)

(b)

(c)

I3 22/n
QTN - &8
( 2Ry, 8 ugroy )
e

LT TO-BerdedTy, L0RLL. LTBFR3e0nR o DTED PRI, 39r T,
WoR)r98 33,08 ( Smoothing data ) wRILRE, ARb2

'2.9

Lo ee-Berdod wddeod nach URTTEE, L0 B, emécm N AT R
( Periodogram Analysis ) o3 SarRARREDRGlovelon) 2, BRICI0LA.
Ty s, OB exro: n¥oeess && ( Variate difference method ) & monhFEdon vy
RO,

RO, B Iy, HRUTOT-ane T2 FRUTOINGTY, STUAQL ©:8;, ME

mwms@ T REOLTT 303, anBed Z23m0sne S ~ Tadordy 3aeby,

3

20T 08,030 Beumosn ¢ one = RISV RS ToEy, LEBAL

0 Ty TO020, XTLerR | Splicing } 233, L8808 | Deflating ) RS ple Tt ey
EATASE-

NAT TE,08 HHoTY, LXZAx03 ( Heteroscedasticity ) < SEOTERY LTOA.

L.0TH Zomnw, dedead WD { GLM ) GO, AF RN B3NV, 89RE, BoOALA.
GLM 8¢, SRnaned 1o wEs gmEns , DBORCLTY, SRROLTN Tye XOBT
MLE 003, evd s 2.

%, 000-TB/LOOS L8R CIRLH00R HFOT Behes TEEE;, LT,
Ueted Pom aomdes ? fendan FRTRT, NOTINYT, DOL. cInmsdle P platviewts)
AR =285, MR 0380 3233, Aeminc® Ten, NN |( Margmal revenues } Xezd

R — ador B n
&3 d.);j 'A_R“_Efﬁ EFDES_U.Q‘ﬂd el éuda NLN we, .-Jﬁ'gvdat\.o é@ﬁ@m

BRGES NBROLOOE Lk e0ney Borzamy s S, SLAVNYRY, B0k RGN BIET:
RBXOWORBIINTR M L.o0s Telend: Tnmoan TLUONYES, B0 Tnze: 'u'q:v:;::ﬁ‘—
SEeeIT roﬁs?wmmm W, oDV Eea.

CIINTE T2e8Tre { Shimullnneous equation ) IRTOMYE wred ILS =28, 2 SLS
GOSN, Bacda.

[ Turn over




22/

17.

18.

19,

(a)

(b)

(c)

(@)
L)

{c)

(a)

(b)

(©
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SECTION - E

( Demography and Psychrometry }

Explain civil registration and population register as sources of demographic
data, in particular. of Indian system.

Provide a note on the growth and prospects of world population.

Define the following and explain their uses :

()  Density and proximity of population

{ii Infant mortality rate.

Describe the measures of mortality based on death statistics.

Stating the underlying assumptions, outline the construction of a life table,

What do you understand by age-structure of a population ? Describe the
nature of aging of the population.

State the nature of models on fertility and human reproduction and describe
William Brass Model on fertility.

Mention the kinds of migration and explain the estimation procedure by
survival ratio method.

Describe stable and quasi-stable population models. How are these models
useful for estimating demographic parameters ?
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20,

{a)

(b}

(c)

detail.

Explain scaling of rankings or scaling of ratings in terms of normal curve,

Examine the effects of lengthening and repeating a test on test reliability.
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