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Instructions :

» The figures in the margin indicate full marks.
e Answer all questions.

e Candidates are required to give their answers in their
own words as far as practicable.

* All questions have been printed both in English and
Hindi. In case of any ambiguity in Hindi version, the
English version shall be considered authentic.

e Parts of the same question must be answered
together and must not be interposed between
answers to other questions.
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SECTION;-I
Tz

1. Answer the following questions : 10x5=50

(a) The joint distribution of two random
variables X and Y has the probability
density function

Fx v e B2 2x2 Yy a2 e,
O<x<y<o

Derive the marginal distribution of Y
and the conditional distribution of X
given Y.

(b) Let X;, X, be independent random
variables following Bernoulli distribu-
tion with parameter 6. Show that

" X, +X, is sufficient for 6. Verify if
X; +2X, is also sufficient for 6.

(c) Construct a 95% confidence interval for
: p in N, 9) from the following observed
sample :

~2,.0,°5, 12
(d) If for the events A and B, P(A)>0 and
P(B) >0, then show that P(A | B) > P(A) iff

P(B|A) > P(B), likewise, P(A|B)< P(4) iff
P(B|A) < P(B).
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(e) Ifm, and n, denote two bivariate normal
populations where n; ~ Ny(4,, Z) and

g~ Ny, ), 4y =(1510), pj =(15 20)

- 16 12
112 36

compute the Mahalanobis distance
between m; and n,.

R 2 ™ ot v F s AR

(F) @ IEB® T X a0 Y & GFF e &
Tiiiha ¥l S ©
vyl =p2"2x" =t e,
O<x<y<eo
Y &1 391 §eq a1 X &9 Y H guidey €A
g S|

(@) wm e X,, X, @d3 ages = g, ;A
yeE 0 Ufed SHIfT Sed 1 FgETl A g
Twigy & X +X,, 0 % fou wiw &1 v«
$ifvm 6 =1 X; +2X, +ft 0 & fow w=iw 2

(M) N, 9) & = It sioesd @, p & fou @
95% favarean aue ST ¢

-2,0,5, 12

49 /FG/CC/M-2022-27/118A { Turn Over )



(4)

(g) 3R =emeilt A 3R B % faw, P(4)>0 3k
P(B)>0 &, @ swisy % P(A |B)> P(A), Ik
3R FHew IR, PB|A)>PB), T TR
PA|B)<P4), 3R R Fea 3R,
P(B | A) < P(B).

® | 7, oK 7, ¥ G wE= T
= fefm =@ &, 5@ 5, ~ Ny, 2) 3R
mg ~ Ny, 3), py =(15,10), pj, =(15,20)

16 12
aﬁtz=(12 36) A, A, Wy F A

TETeHited g 1 uieer i)

2. (a) Define convergence in distribution. Let
{X,}n-1 be a sequence of independent

random variables such that
n®, with probability —
n
1

n2

Show that X,, — 0 in distribution. 10

X, =
0, with probability 1 -

(p) How can you find out the discontinuity
points of distribution of a random
variable if the characteristic function ¢(t)
is given to you? Hence find the c.d.f. of a
random variable X whose characteristic

function is %(1+eit +2e%). 20
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(c) Let X, be a Poisson P(n6), n=1, 6>0.
Use the central limit theorem to find the
smallest n such that

(| o]

5—)20-99

n 10

(F) s # ofmw hfe Hfw wEr e
(X} oo, W= AGfo0® o/ YA AT B
%

-6

20

1
n’, — wifwa % @™
X, = i
05l e & 919

n

Tuiige f6 se7 A X, — 0.

(@) frft agfss | & s % emae forgad
H AW F IW W TR T, IR AR
freur-ser o) T T 37 o1 IgeE =

X, Frae sfee-vem %(1+e"f +2e2%) %,
1 o o Tho W FifSTU|

() = 6 X, @EE P(n6), n>1, >0 i 5
dm T F I n A9 TH TW FE H
fog A a@tfe

p( Xn _

n
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OR / ¥an

(a) The distribution under the null
hypothesis of X is uniform over
1,2, ..,10 and under the alternative
hypothesis, the distribution is given

by P(X=k)=% for k=1234,5;
PX=K=0 for k=6,7,89 and
P(X =10)=%. Obtain most powerful
test of size 0-15 and find its power,
based on a sample of size one. 15
(p) How does one obtain moment
estimators? If X has the p.d.f.
flx, 9)=%e-(x-°"5, 0<8<x<e, B>0

and a sample of size 50 yields

50 50
¥ x; =6500 and Y'x? =1500000
i=1 i=1
find moment estimates of 8 and 6. 15
(c) The probability density function of a
random variable X is given by
fx(0)=630x*1-x*% 0<x<1

Find the probability that X will take on
a value within two standard deviations
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of the mean (u+20) and compare it
with the lower bound provided by the
Chebyshev’s inequality. 20

(%) Frrofis oo & oFFld, X & &§A
L2, .., 10 W THEAN R Il Rehedn &

srta s P(X=k)=%, Ee1.2345
% fau, P(X=K)=0, k=6,7,89 & for
iR P(X=10)=% 2 015 wEmM W

gawfeaE whee g R ok T &
yitesl & UR W 3@l Tie A A AR

(@) el TRl H HIE KA W FAT 87 AR X
aﬂtﬁo ‘éTo Tho

fx, 9)=%e'("'9)/5, 0<B<x<oo, B>0

. ﬁﬁnwéowwm

50 50
Y x; =6500 3R Y x? =1500000

i=1 i=1

T R, AP 3R 6 F Myl e H W
SR

(m 3Rk = IEfes | X w1 MR oG wed
fx(x)=630x4(1-x)4, O<x<l1
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A, A9 9 A TRma T five F X,
e (1 +20) F 3 T faaemt & o= g adn
Tah o SfsRa IrEwaT g YW e aiee @
oft Ffe)

3. (a) Define Hotelling T? statistic. State any
one of its applications.
A random sample of size 3 from a
bivariate normal N,(u, X) distribution
gave following unbiased estimates of
pand X :

() (%7

Compute T? statistic to test the

i3 hypothesis Hj :p =, =( ;)
25
(b) Using Rao-Blackwell theorem, derive
the uniformly minimum variance
unbiased estimator (UMVUE) of an
estimable parametric function based on
a complete sufficient statistic. Obtain
the UMVUE of P(X=r), r=0,1,..., m,
where X, X,, .., X,, are independent
identically distributed Bin (m, p);
O<p<l 25

49/FG/CC/M-2022-27/118A ( Continued )



(99

(F) gl 72 vfedls = afnfye Hivw) @
gt & ¥ freft o + sasu
T R T @ Ny(p, 3) @ mE 3 %
T Argfess ufaed g7 p R = % feferfea
SHRAT e T

e i
=(o) (5 %)
WWHO:E=EO=[;)EBI@W$@%

e 72 yfaesls = afierem iy

(@) Ta-sihad THT HT TN A §C TH O G
yfgeslst W nuia AheHg Tefdd Bed &
THEAM SR YU IEREQ ST
(UMVUE) =g@d @#Rel  P(X =r),
r=0,1.., m % UMVUE yw $ivw, &
Xp, Xgy onr X, TaAq: WE@H dfed  (iid)
Bin(m, p) § O<p<l

OR / 3gat

(a) Let N be the number of observations
required by the sequential probability
ratio test (SPRT) for testing
Hy: X ~ f(x 6p) against H; : X ~ fix, 6;),
6, #0,. Stating appropriate assump-
tions, show that P(N<e)=1 at
6=0,, 6.
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When X ~ N, 1), for testing Hy:86=0
against H; :0 =1, derive the expression
of the percentage saving in sample sizes
under H, based on SPRT over the fixed
sample size based on MP test. Take the
strength of each procedure as (o, ). 10+15

(b) Describe Wilcoxon-Mann-Whitney test.
To compare two brands of tyres, the
following milages (in 000 miles) were
obtained for 8 tyres of each brand :

Brand A : 351 185 173 269 159 217 168 325
Brand B : 187 269 315 256 321 197 186 169

Test the null hypothesis at o =0-05
that the two samples come from the
same population using Wilcoxon-Mann-
Whitney test.

[Table value : U(8, 8, 0-025) =50,
U(8, 8 0-05) =48] where P[U>U(m, n, a)] < o

10+15

(%) =W ST H; : X ~ f(x 6), 6; 26, & fg
Hy:X~flx, 0, & wWaw & & fag
STgHH WAl Fga & (SPRT) g
AEwEE Jeguit f T N 21 I9gwH Algwond
A g Y 6 P(N <o =1, =0, 6,
|
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e X~N@©1), @ H:0=1 & fws
H0:9=0$TWW$@%%'Q, o o
(MP) wltgmr | i Frea wfaest s w
o Mo Mo FHo (SPRT) W anwnia H, %
Sfaria wives mmt # wfewa s=a F e A
gom fifve| v frafaf 6t gmar (o, p)
s

(@) ferr-Ta-Ret Waw w1 i A
Tl & A gl f ga FE F o @
e ¥ 8 Tl & v F=fofae e il
(’000 i ®) s H TE :
JirA : 351 185 173 269 159 217 168 325
i B : 187 269 315 256 321 197 186 169

forepiae-aA-fRet wlem &1 7@ w4 §C
2 gaf ¥ 9 ufeesl M € W 0 =0-05 W
frefa aieemn w1 glieer il

[arwft WF : U(8, 8, 0-025) =50,

U(8, 8 0-05) =48], 5@l PlU>U(m, n, o)] < o

49/FG/CC/M-2022-27/118A ( Turn Over )



(12 )

SECTION—II
Qus—II

4. Answer the following questions : 10x5=50

(a) Show that systematic sample is better
than SRSWOR if

wh
Al S N

where n and N are sample and
population sizes respectively and p,, is
the intraclass correlation between pairs
of units that are in the same systematic
sample.

(b) What is meant by statistical quality
control (SQC)? What is its main
purpose? Give its uses.

(c) Four counters are being opened on the
frontier of a country to check the
passports and necessary papers of the
tourists. The tourists choose the
counter at random. If the arrivals at the
frontier are Poisson at the rate A and
the service time is exponential with

parameter %, what is the steady-state
average queue at each counter?

(d) Define time series. Write its components
and explain them.
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(e) Explain how fertility can be estimated
as an application of stable population
theory.

= 3 ™ ot g F W Gf .
(=) uaﬁhﬁﬁq%qqo HARo THo SxYo 3o 3o
(SRSWOR) & e Ufvest 3ifts 3r=at dan
g, afe
;1-<pw< et
n-1 N-1
& n qAT N HEN: Sidew iR wmfy ot #
AN p, TEEA F I W F fw I
TEarry ¢ W U § wEeg viaed A g

(@) wiferha o fEEw (SQC) &1 ¥ Ao g

: {7 3uH gEd WIS 1 B7 30 99T STl
(1) e % YU IR MEwE HIEGl Sl S
FA F foru 3w A I W IR FR @R R

2| wiew FE = IgoE T Y T FA
I oW W I A R A @t g, R Far

mm%%mwﬁﬁ,a}m

FEeX T wrlt e Ifma oy W g
(m) = Ao Y aieme i) % e fafay ok
IE UFET

(¥) e e 5 wEh Swen Eh 5 @
STIANT % ©U § YSHA HT ATEHSH (69 THR T
ST T R
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5. (a) Define a ratio estimator. Show that it
is biased. Suggest a suitable sampling
procedure for which the classical
ratio estimator of a population ratio is
unbiased. For the suggested procedure,
derive the variance of the ratio
estimator. Also propose an unbiased
estimator of this variance of the ratio
estimator. 25

(b} What is the concept behind the use of
3o limits in statistical quality control?

Control on measurement of pitch
diameter of threads in aircraft fittings
checked with 5 successive items
measured at regular intervals. 8 such
samples are given below (values are
expressed in units of 0-:0001 inch) :

ol Measurer.nent on each item of
5 items per hour

1 46 45 44 43 42

2 40 | 745% | 4379|407 | 39

3 39196 a5 | 92 |41

4 41 41 45 | 42 41

5 46 44 41 40 | 45

6 40 40 43 42 40

7 42 44 47 47 41

8 42 43 43 42 45
Construct X-R chart and comment on
the process control. 25
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(%) 3TFA AR H TR Hifvme ) weifa Hif
6 a7 a1fiva 31 s g wfase wfskan gamse
e foe wnfe sgue &1 fr sfefdq sgum
e SFREG B gEE T ufEm & fom
AU Ak w fomwer fFeferel s
FHAF F W OO0 H IHRMA AMherd off
et i

(@) wiferdm T frEw § 30 dmedt & v %
IS T rayrun 87
7aTs SeN & o 7 gt & 9 gt % Al w
e S T el | AN T 5 S ER
TR § S S @1 W@ 8 wiwed R ey
T (WE ® 0-0001 39 H ghEEl # qwla

™ R) :
Hfaget 5 3#731 4 3% W 9fa 9 ) argT
1 46 45 44 43 42
2 40 45 43 40 39
3 39 46 45 42 41
4 41 | 441 =45 249 M1
5 46 44 41 40 45
6 40 40 43 42 40
7 42 44 47 47 41
8 42 43 43 42 45

X-R diferest 1 fAmtor hifsie aur gem femor «@
feunft Shifsm)
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OR / 3toat

(@) What is symmetrical BIBD? Show that
for a BIBD with v =nk for n, a positive
integer, b2v+r-1. Show that for a
symmetrical BIBD with v even, r —Ais a
perfect square. 25

(b) Describe single sampling plan for
attribute. Suppose that the purchaser
and the ender agree that a defective rate
of 10% in a lot is satisfactory. For a
sampling plan (N=20, n=5, c=1),
determine the probability that a lot with
this percent (i.e., 10%) defective, will be
accepted. Also determine the said
probability if the sampling plan
happens to be (N=100, n=5, c=1).
Which of these two sampling plans
seems better and why? 25

(%) TwfE o g0 o o (BIBD) T 27 WaRia
HR 5 & wers QUiE n ® fag v =nk
g o 3o o o & oW b2v+r-1
weifa it & v 9w s wwfE
o 3Mgo o o & T r - A wH TF I Y

(@) T % fou ©w sireem e w W it
T life 6 ues o = O T § R
IR Tt Tg (dfe) # 10% i ot @ &, @
s B giem sa (N =20, n=5, c=1)
F g 3R s wie fmd 10% @wE R,
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% wer fF ™ H wRewar ww fifvw) IR
yfeeed STENE (N =100, n=5, c=1) §, @
T T R oft wilkerar fefg) = AT § @
HIF-GT Ifaad S SRl 7=s1 Tdid e @
R A7

Explain the following terms :

(i) Reliability function

(ii) Maintainability

(iii) Availability
The mean life of a component is
100 hrs. If you want to build a parallel
system having a mean life of 200 hrs,

how many components would be
required considering a constant hazard

model? 20
(b) Given below is the data regarding
deaths in two districts. On the basis
of the given data, calculate the
standardized death rates. Give your
comments : 15
; Number of Age
hbe | (Fopulation (GRO) | 600t s (0200t Fiieimution
range : - ; : of standard
Dist. A | Dist. B | Dist. A | Dist. B
1000
0-10 2000 1000 50 20 206
10-55 7000 3000 75 30 583
55 and/t- 1000 | 2000 25 40 211
above

49/FG/CC/M-2022-27/118A

( Turn Over )



(18 )

(c) For estimating simultaneous linear
system of equations, how would you use
two-stage least squares (2SLS) method
and why? 15

(%) fr=fafan wfonfis et @ awemsy -
(i) TEetEa v
(i) TRl

(iii) uctsHdn

TF eF H U AP 100 Wyl AR M
200 2 WA ’Y F TH THIR R S
I €, 9 s R Sifew wea # A gL,
fopa et Y mEvERar B?

(@) = 2 et # ooy @ w=fEa sfws g @ €)
i T stfFEl ¥ FUR W, ARG gog I A
gieer HNT| o faem = SR .

T saEd (0, 0) gy 1 7&41 (0, 0) 1000 7%
fremA | frenB | M A | ffar B | #7137 @&
0-10 2000 | 1000 50 20 206
10-55 7000 | 3000 75 30 583
55w It | 1000 | 2000 25 40 211

(1) Row guq wfiew F e F emEwen % fag
s fee wer fg-wwor =aw =t (2SLS) Rty
FT I HBE qAT FA T
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OR / Jgat

(a) What do you understand by the term
‘sensitivity analysis”? Discuss the"effect
of variation in the resource vector b in
the linear programming problem with
set of constraints AX =b.

In the problem
Maximize Z = -x; +2x, — X3
subject to
3x; +x5 —x3 <10
-X; +4xy +x3 26
Xq +x3 <4
X1, Xo, X3 20

discuss the effect of discrete change in
the component b, so as to maintain the
optimality of the current optimum :
solution. 20
(b) Explain the time reversal and factor
reversal tests  of index numbers.
Examine whether Laspeyres’ and
Paasche’s index number satisfy these
tests. 15

() Explain the following terms :
(i) Summation score as a function of
ability
(ii) Percentile scores
(iii) Z-score
Describe how T-scores are to be found

when we are given test scores in the
form of a frequency table. 15
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‘g e’ = ¥ W F e §7
AX =b el & ag=m & 99 @ ©H
s awen # Ry fE@d d9 b & aiadd &
e K fadsm Hfm)
fafafea @wen §
st FRT Z = -x; +2x5 - x3
ENCRED
3x; +x5 —x3 <10
-x; +4xy +x3 26
Xy +Xx3 54
X, Xg, X3 20
b, W% ¥ Edq uREdd ¥ W H e
T A% adam sTgEEH A L STRAAHd
TR R

YIHihl H GHE AU qUT HRH SRR
Tl gugnge | St AN 6 w0 deR an
TR %GR T T P e T &

frafifaa w=at A TwesT

(i) I F TH Bod » w9 § D R
(ii) TAAHS TR

(i) Z-=hR - .

ARy fF Them @R % TH SRRl Rt &
w § Rt 87 w 7-= AN F/ ww fFn
ST ?

* ok Kk
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