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Paper 1
Time : 3 Howrs ] | | [.Ma:cimum Marks .“3!00
' 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 o
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 written in'a medium .

other than that specified in the Admission Ticket.

Candidates should attempt any five questions choosing at
least one but not more than two from each Section.

Assume suitable data, if considered necessary, and indicate

the same clearly.

The number of marks carried by each question is indicated

at the end of the question.
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SECTION A
(Probability)

1. fa) State and prove the generalization of multiplicative theorerm,

tby  In a bolt factory, machines A, B and C manufacture 25%, 35% and
<0% respectively of the total, Of their ouiput, 5, 4, 2 per-cent are
defective bolts. A bolt is drawn at random from the product and is
tound to be defective. What are the probabilities that it was

manufactured by machines A B and C 7

ey A problem in statistics is given to three students — A, B and C

whose chances of solving it are ;l—, :31 and —l- respectively. What is the
probability that the problem will be solved if all of them Ly
independently ? 20+20+20

o

tay  Deline a random variable Show that the sum, difference and

product of two random variables is also a random variable.
'b) Define Characteristic Function and derive i3 properties,
fer For the following probability diatribution,
N BN .
Fixj=y, e , e <X < 4+ o
find y,, mean and standard deviation, 20+15+25
3. (a)l  State and prove the Kolmogorov Inequaiits
(b} State and prove the Strong Law of Large Numbers. 30430

4. (a} State and prove the Lindberg-Levy Central Limit Theorem.

(b}  Define Convergence in Probability and Convergence in Distriburion.
Show that the former implies the latter. Is the converse true ? 30+30
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SECTION B

{Statistical Inference)

9. (a}) Write explanatory notes on the following :
(i} Consistency
(1) Unbiasedness
(i) Efficiency, and
(Iv) Sufficiency of Estimators

(b} Show :hat consistency neither implies nor s implied by
unbiasecdness. )

{¢) State and prove the Lehmann-Scheffo Theorem. 15+20+25

6. (a) Stafe and prove the Fisher-Neymann Factorization Theorem.

(b} Obtain sufficient Statlstlc for 8, from an independent sample from,

fix,8) = %~ 9}, <X <+ oo

—

(¢} Show that maximum likelihood estimators are CONSiStent. 20420420

~1
™

State and prove Neyman-Pearson Lemma.

(b)  Use the Neyman-Pearson Lemma to obtain the best critical region
for testing 0 = 0, against § = 8) (> 83) in the case of a normal

0 48 1 0
population N6, o), when 02 1s known. Find the povwer of the test.

{¢) Define Monotone Likelihcod Ratio. Show that  the wuniform
cistrisution U [0, 0] admits ML Ratio. 25+15+20

8. (a) If X ~ bn, p), derive a-leve] likelihood ratio test of Hy 1 p < py
against'Hl tp > pg.
(bj Stating the regularity conditions on (X, 8), show that — 9 log A(X)

is asymptotically distributed as gz chi-square random variable,
where MX) is the likelihood ratio. 30+30
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SECTION C
(Linear Infe

rence apd Multivariate Analysis)

9. Stating the ASSumptions, clear]y show that fj\ = (X'x)! XY is the best
linear unbiased estimatgp of B in the general linear mode] ¥V - XB o+ ¢
Also, derjve the eXpression fur the vaziance~covariance MAatrix of grrgp
Components '

10,

(a) Define g Line
test

60

ar Hypothesjs

Derive 2
thesis that ¢

18 ]

the hypo

Statisticg)
model,

test Procedure
451 s elementg N B of the linear

V=XpB4+e

are juintly equal tg £ero, wherg |
(b) Derive 4

Jisa Kk CoOmponente
test Procedure ¢

d column veeror,

O test the significance of compieta

regression. 3
11, (a,

SUL30
If X ang Y are Standardizad ran

dom variables, and the Correlation
coefficient betweepn ax

+ bY and bX

© L. L+2gh
+ay s o5, Snd the
&% + he
correlation coefficient between x and Y,
Pl = - . . >l 3
(bi Define Non-lineay Eegressiop Frove tha: ,2 S N% whers and
are the correlation coeflicien: gnd correlation ratig Fespective]y,
(¢} In g three-variabfe linear model, with Usuaj notation, Prove that,
2 2
r re .
2 12+ 1g 313113F33
R = =
123 1 2
Tl 20+20+2¢
12, ya) Explaig Fisher's Discriminant Analysig,
. - . c - 2 . .
(b} Define dotelhng’s T< and Mahalanobls D- statisties, What are their
uses ? Bring oyt the relationship between them.
(e} Write explanatory notes on the following :
(1)

Orthogona] polynomia]s
(1) Partia] correlation

(111) Multivariate norma] distribution

20420420
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STATISTICS
Paper 2
Time 23 Howrs ] [ Maximum Marks : 300
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 written in a medium

other than that specified in the Admission Ticket.

Candidates should select any three Sections and altempt
any five questions from the selected Sections, choosing at

least one bui 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 Designs of Experiments)

1. {(a) Distinguish between simple random sampling and sampling with
varying probabilities of selection.
(b} In sampling with varying probabilities of selection, obtain the
unbiased estimator of the population mean, its variance and the
unbiased estimator of the variance.

(c) Ienoring the finite population correction, prove that
VsV, sV,

where V; and V, are variances respectively under optimum and
proportional allocation and V4 is the variance under simple random

sampling without replacement, the sample size being the same in
each case. 20+20+20

2, (a} What is the ratio method of estimation ? Obtain an appropriate
expression for the variance of the ratio estimator.
iby  Discuss the conditions under which the ratio estimator is better
than the sample mean with simple random sampling without
replacement as the sampling design.

(c) Explain the situations where systematic sampling can be used with
advantage. 25+20+15

3. (a) Distinguish between partial and total confounding in factorial
experiments.
ib) Derive the full details of the analysis of 2% randomized blocks
factorial experiment involving 2/ blocks, each block consisting of
4 plots, in which none of the main effects is confounded in any
replicate and no effect is totally confounded.

(¢) Discuss in detail the analysis of a BIBD. 20+20+20
4, {a} Explain ‘missing plot technique’.
(bi How will you analyse missing plots in Latin Square designs ?
(¢) Write explanatory notes on :
(1) Lattice designs,

(iiy Completely randomized block design, and

(iii) Split plot design. 15+20+25
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SECTION B
(Engineering Statistics)

5. (a) Explain what is meant by process control. Describe the advantages
derived from having & process under statistical contro] with
particular reference to X and R charts,

(b) A quality characteristic X has an €xponential distribution,
flx) = =% ¥ > 0. Obfain the upper control limit and lower control
limit for individual observations on X.

(¢}  Distinguish between specification and control limits. Show that the

control limits can be used to improve the specification limits.
20420420

6. (a) What are cumulative sum (CUSUM) control charts ? How does a
CUSUM control chart differ from (i) an ordinary X-chart, and (i) a
sequential probability ratio test for process mean ?

(b} Explain the procedure to determine the dimensions of the V-mask
of a CUSUM control chart for mean of a normal distribution which
has a known variance.

(¢c) Define AQQ, AQL, LTPD and ATI, and derive AOQ and ATI for a
single sampling plan. 20+20+20 4

7. {(a} Define reliability. Explain the relationship between constant failure
rate and mean life,

(b} Define Hazard rate. Derive the same for the Constant-Hazard
model.

(¢) It is observed that the failure pattern of an electronic system
follows an exponential distribution with MTTF of 1400 hours. What

1s the probability that the system failure occurs within 950 hours ?
15+20+25

8. (a) Discuss the reliability estimation in the context of normal
distribution N(u, ¢2),

(b)  Suppose the distribution of the following failure times is given by
N, o = 40). Compute R(t) at t = 100 and t = 50 hours. 30+30
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SECTION C

(Operations Research)

)

(a) Write short notes on the following
‘D Markov chains
1 Classification of states
il Ergodie theorems

(by  Discuss single  period Inventory  model with  uniform demand,
diZunting no set-up costs,

() A contractor for second-hand lorries used to maintain a stock of
lorries every month. The demand for lorries oceurs at a relatively
constant rate but not In constant size. The demand follows the
probability distribution given below

Demand - 0 1 2 3 4 3 Or rmore

Probability - 0-40 024 3-20 013 011 .00

The holding cost of an old lorry for one month 15 Rs. 100 and the

Fenalty tor a lorry if not supplied on demand is Rs 1000. Determine

the cptimal size of the stock of the contractar, 20+20+20
10. ta)  Whar are queueing problems ? For rhe AUMIT model derive the

steady-stare probability equations. Also find out (i) average number

of units in the system and (1) variarce of queue length.

(b) In a railway marshalling  vard, goods trains arrive ar g rate of
30 trains per day. Assuming that the later arrival time follows ap
exponential distribution and the service time distribution is also
exponent:al with an average 36 minutes. caleulate the following

"1 the mean line length,
it the probability that the queue size exceeds 10,

(er Amivals at a telephone booth are considered to be Poisson, with an
average tme of 10 minutes between one arrival and the next. The
length of a phone call is assumed to be distributed exponentially,
with mean 3 minutes. Find the probability that a person arriving
at the booth will have to wait, 20+20+20
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11. (2a) Define Linear Programming Problem. Show that the collection of a])
feasible solutions of a linear PTogramming problem 1S a convex ser.

(b) Solve the following Lp problem by graphical procedure -
Minimize 2 = 4xl + .‘2}(2
Subject to
Xy + 2x2 =2
3x1 + Xy 23
4){1 + 31(2 =26
X%, 2 0
fc)  Using the simplex procedure, splve
Maximize 2z = TXI + 5x2
Subject to

X +.‘2X_.)S6

1
4){1 + 3:{2 <12

X1, Xy 2 0. 20+20+20

12. ta)  Define Balanced Transportation Problem. How is it a particular
case of linear programming problemy ? Why is 3 transportation
problem not solved by the simplex procedure ? Explain,

(b)  Obtain the optimum  basic feasible solution on the following
transportation problem -

—_— TO —_—
S B S
From ___2____1______3__ 3 Available
3 4 6 o3
4 1 5
Demand

(¢} Write explanatory notes on the following :
(1) Assignment Problem
(11) The Mortality Theorem
(i} Fortran TV Programming - 20+20+20

www.upscportal.com




UPSC|PORTAL

Downloaded from: http://www.upscportal.com

[we} .
D & L
o N 3 2
o nmw -t i m n
Yoge TR W S5
. nﬂ_m = H .ﬂO € ™ b~
523 A b3 i bs ~
Leooa T L J\.p Jw
o ru o ’ \ﬁw -
13 pi oy I f>
G . 0 13
b 3 é o
5 ,_rm ‘ I M
h\ g} Mw L
Py &) JA_.W at It ﬁ J_o.n_
2 13 3 ﬂ.m T «) . 7.
Ot 1 O G °
4 a W PRI :
TR n byl
J .
(AR B 3 RN
.% §3 i} M d o o3 o D
) ¢ D ,__w _Mw Mw Ay *\..w m
G803 B9 o - S
2 2 ,w €3 ,._\f ) . o o
W o &3 737 i P> | ﬂ a <
- LY a =
~ R e’ i3 ot a8 W[ ) ©]s o . S
2 3 ol I B e _ 3 5 o
: . : =]
m m 5e) % WV 13 w 3 i aw P m\u .
o 9 3 v oo IR TAE I - 4 ! 7 a3 = By W
em 13 F =~ A X o1 MO < @ Boaeo wlo] ~| ) O 3 ,% o =
o & 0 K Al AR i i Wb s v .mu
s W 0 O S I ] | W
3 o + o W I 5 S 5 T
[as T : 1) } @ it ) N
:w 2 8 3 -~ M . S IV =S O m H
M3 & o A= S N S (I y || v =
Bl g e S M A e pow Bowog 5 B B
wc 6] \p n n/.m woo [mt} Te 1f 3 ! mnw 5 ] 4 e o * < h 63 @ o) L
)m sm 3 m N M N g 2 smw T2 o . 4 S8 Y
g OB e g T R T A I S L B T oshod
R VR ¢ B RN N N & S SR S S q 5 8
ﬁw ) — MW W mo M 63 .ﬁw w mv Hru €3 T3 1 \wm”J .1 93
ow B} J\aw. 7 nw 3 w? 9 o3 o L) Aﬂ_ 7 H._w AW 3] \Hw\ A .
by T ﬂ apt o o L oS T % . C 3 ?..w M.m < —_
n\c\ J__Hw \m :W 130 aL a3 1IEE “H xw. ﬂw [y b b — - 3
490 & B2 o e 13 1L a & 2 E
5 B D aw G ¢ ol 8 w o o W
— Fana Famma - o \.M_._luﬁ../
s “ ot 3 = N
e N ~— - —
—_ OM
— r—




UPSC|PORTAL

Downloaded from: http://www.upscportal.com

m?-i.

22/2 (10)

SECTION D

(Quantitative Economics)
13. tar What is Time Series ? What are 1ts components ?
tb; Explain the measurement of trend by the method of least squares,

ter The population figures of a country are as follows -

Year : 1311 1921 1931 1841 1951 1961 1971
Population : 250 251 279 319 361 439 547

Fit an exponential trend curve; forecast the population in the yvear
1981. 20+15+25

14, ta; Explawn the importance of Index Numbers in the study of economic
and business problems,

by What are the conditions that an Index Number must satisfy 2
Explain why Fisher's Index Number is called an Ideal Index
Number,

tc:  Define the concept of ‘Cost of Living Index Number. Discuss the
mcthods  of cobtaining  the weights for a Cost of Living Index

Number in order to express it as a weighted arithmetic average,
20+20+20

15. var  Define ordinal and cardinal utility functions. Derive the expression
for ‘the rate of commodity substitution’. For the utility function,

LIZXI.T\'q

where u : utility; Xy and Xy are commodity levels, derive the ordinary
and the compensated demand functions, assuming a linear budget
constraint,

(b1 Define Production Function. What are the various structural
propertics satisfied by a production function ? Show that the
elasticity of substitation of the Cobb-Douglas production function,

Q = A x‘f xg 1s unity.
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{c) Define the Constant Il

function. Show
approaches

Cobb-DougI

asticity of Substitution
the elasticit}f
CES production
uction functign,

(CES;
of substitution

function CoOnvey

that ag
unity, the

as prod

Production

‘H2rameterp
B

[

€5 to the

f.5+.?O+-‘?5
16. {a) Define heierosced

asticity, How
linaar model in ¢t

do you eslimate
he presence

the p
of hetergsee

arameters of
dasticity ?
(b) What i the problemn of ide

Ntification 2
conditiong help in ¢

Hovw do
e identiﬁcat

rank ang order
0n of g mode] ?

()" Explain the met}

lod of indirect |
tWo-stage Je

€35l squares apd Compare
A8t squarey

1T With
20+20+20
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SECTION E
(Demography and Psychometry)

17, (a} Write short notes on the following :
(11 Sources of demographic data
{11y National Sample Surveys (NSS)
(ii1) Uses and limitations of demographic data
(b) Explain the terms :
(i) Life table
{i.i.} Cent.ral mortality rate
(111} Force of mortality.

With usual notation, prove that

tc) Define Logistic Curve. Explain how it can be fitted to a given data.
20425+15
18. taj Define and discuss the difference between stationary and stable
populations.
(b}  Describe the method of estimating the demographic parameters
from an incomplete data.
{c}  Describe Bivariate Growth Models. 20+20+20

19. (a) Define "Morbidity’., Explain how it can be measured.
(bl What are the objectives of health survevs ? Explain how they are
performed.
{c) Write short notes on the following :

(1) Hospital Statistics
(1] Stable Population Theory 20420+20
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20. (a) Why is it considered desirable to convert £ross scores to some
standardised scores ? Define ‘standardised scores’ and ‘normalised

scores’, and describe how they are derived.

tb) Explain the coneept of percentiled scale and describe a practical

methcd of its computation from raw scores.

(ci  Discuss the various methods used to determine the reliability of
test scores. What is the effect upon reliability of lengthening or

repeating a test ? 20+20+20

www.upscportal.com




22/2

(17

il b] ‘..a.
SR
x
{3 ap
&y
o
W r
gx.w )
g "
&8
w n...mn
" K
13
<
Yl
a
i
QB !
>
i -
»_
._Ulu.ﬁu
% 9p
“N ’.Uu
8
ﬁd
D)
13w
o4
§e
a0 T3
e
7
T
1D @
@.. [
- amm
.u :_Ed.
mu@ﬁ
WD
K
3

ead s ZOED

100



UPSC|PORTAL

Downloaded from: http://www.upscportal.com

www.upscportal.com






