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1. Answer the following questions : [Sx10=50]

freforRem wei Ham S -

a)
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Two men M, and M, and three women W, W, and W, in a big industrial
firm are trying for further promotion for only one post which falls vacant.
Those of the same sex ha@eﬁual probabilities of getting promotion, but
each man is twice as Jikely to get promotion as any woman.
et o ol 9 g Mt M, i wfend W, W, ait W, Serers
e s 35 o ot 8 e S B e 0 8 31 e R e S5 o
ﬁﬁmﬁﬁwﬁ,ﬁ%%uﬁaﬁuﬁﬁﬁm%ﬁ it wfgen A

.

p—

e A SR 1
)  Find the probability tE afa)woman gets the promotion.
R ey

o AR v e e T SR

i) IfM, and W, are spouses, find the probability that one of them gets
the promotion.
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b) 1 The probability distribution of X is given by following:

Y 1
PX=0)=PX=2)= p,andP(X—I)—l—Qp,for0<p<2For

what value of p the vanag;}\noif X is maximum?
Xmmﬁmmﬁmgmw% P(X =0)=PX = 2) = p; 3R

PX=1)=1-2p, OS@S% % o X = wewwt p & foew v & o

T 27 @

ii) Suppose the conditional ﬁ?@bility density funiction given by

X

Fay (%] J’)=3—y%, xﬁ@;@z,...

is a Poisson distribution with parameter y. And, the random variable Y
is continuous with farginal probability density function

f()=e?, y=0. Shdibat f,()=2"", x=0,1..

iy,

a ]
W oo T T W@W Fap (%] y)=e'yZT, x=0,1,2,...
x!

ﬁmw%,ﬁﬁmyﬁ%@@uﬁméa%laﬂi,mu@%mmYm
Wi mRmw wweE wER £ (y)=e”, y20 3 el i,

Fr)=2"", x=0,1,..,
¢) LetX,X,.X be independe%&rﬂ.gs each with probability density function

e 1 . .
fx)=Ae™, 0L x<eo, A>@Show that 3 is a biased estimator of A.

Compute its bias. Based on this 11 s find an unbiased estimator of A.

Flxy=Ae™™, 0L x<e0, /1>0“lasﬁsqﬁ5 ,ﬁﬂ@ﬂmaﬁmﬁél
@mmﬁﬁﬁqlmmmﬂwwﬁmawmml
[
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d) 1 How Wilcoxon’s signed rank test differ from sign test and how to

perform it? N |
ﬁﬁhﬂq%miﬁuﬂm,wmwﬁ%amﬁa%aﬁwﬁ%ém

e 22

i) Describe Mann-Whitney U-fest=for testing the identicalness of two

populations.
a‘rmﬁq‘iﬁmﬁﬁaéﬁ ~{Resit U-vligrm = =it Rl
()
4 1 0
e) - LetXbe N;j(4,Z)withZ=|1 3_0|. AreX, and X, independent? What
o O3

i

about the independence of (X, Xg} X,?

R

4 1 0

w e X, 2=(1 3 0| % me N{u,3) % w0 X, ok X, wwa §2 qen
00 2 S

(X, X,) il X it v & SR H wirwmen ?

2. a) IfX,X,.. are independent and identically distributed (i.i.d.) random
variables with common probabiléty\lgw N(0,1), then obtain the limiting
| X+ X, +t X,

ol 2 3 [20]
X+X5+..+X)

distribution of the random vaﬁablm: Jn

N
ag X, X,,... T 7o 7u w1 Y0000 (11.d.) aees = g, R aw
R

X +X +..+X
iR FEm NO,1) &, @ (ZR W =+fn2L 2 i Rl O
©.1) m "X3+Xg+...+xf,

(limit) siz= e <RifR) @
8

ERE]
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b) 1)  For the sequence of random variables

N

{X,}with P{X, = k*} =P{K] =— &} =%, A>0 determine if the
WLLN holds. -

1
gfesw R {X,} & egEY P{X, =k} =P{X, =1} =7, 4>0
¥ forg Preff =t 6 v WELD w31

ii)  Using the centra] limit theorem2 , show that:

n .k
el O
R=po2 Py k! 2 N
i Hin SEE T SUERT HREIGT (o -
lime™ 3 i"—"-l— @
H—yes =0 k! 2 @ [10]

c) Discuss area under the curve property of normal distribution. If X and Y are
independent normal variates with means 6, 7 and variances 9, 16 respectively,

determine A such that: [20]

2

POX+Y < 4)= PUX —3Y 2 AN

STHT =2 o o6 & 3Tana ORI < ST g X iR Y Tors amee o E,
R et T 6, 7 3T Teru 951G 8, tt A 3% wehR Feitfa iy fs -

PX+Y < A)= PUX~3Y 2 )
of G

EEE
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a)

b)

Write properties of maximum likelihood estimators (m.].e.). Obtain maximum

likelihood estimate of @in f ({,"“6‘%“: (1+6)x°, 0<x<1, based on an
independent sample of size n. Examine whether the estimate is sufficient
for 4. [20]

AR W AR (m.l.e.).aa@f@m Fx,0)=01+6)x°, 0<x<],
) %mmmmw@w»m%ma@%mmmml
T3 it wito o og orm % forg 0 w:sufﬁcient)%mnﬁfl

)m.
Let X follows a beta distribution o kind with parameters # andv and
Y follows a gamma distribution with p?irameters Aand 4+ v and both are
independently distributed. Find a probability density function (p.d.f.) for
XY and identify its distribution. [10]

7 R X ugetht weRr & sfien et s o ﬂm%,ﬁm%m L3y ey
mmwwm%ﬁﬁwg L+ E, 3 gt T wa § foafa 2
X Y = wiftreat o wer (p.d.f.) 9 sk ot sud s ft ugem fifvm)

Give a working rule of finding the tga&tas%ritical region for testing a simple null
hypothesis against a simple alternafivegiypothesis. p is the probability thata

7N 1
given die -shows even numbef. To test Hy:p =§ against
H:p = following procedure is adopted:
Toss the die twice and accept H ifbgth times it shows even number. Find
probabilities of type I and type II errors. ' [20]

T I TREHET % g T Hr <ita F fore wdds wifew &7
(best critical region) T & w1 wRR=fIE (working rule) foien| 7w wife T
=)

@u@%mﬁwm@mﬁm : 0:p=%%ﬁw&'H,:p=%w
ﬁmmﬁ%mmmmmﬁammm%aﬁwﬁﬁ
wmﬁwm%,ﬁHoﬁﬁ\mmgm%lmmwwmg&ﬁﬁ

wftrerand s iR 20

R x]

oy
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3.
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a)

b)

Consider three independent random variables Y,, Y,,and Y, having common

variance g?and expectatm EY) =4+ #5, B(Y,) =4+, and

E(Y,) =, + 4,. Show that and ¢, + /4, are estimable. And obtain
L

sum of square due to error in e-above case. [15]
W)

e g S Y, Y, i St e i, Fvrem st v 3 ofe s
weiem AR SRR E(Y,) = 4, +@(Y2) =+ p, IR E(Y,) =4+ 4, ®

g e R 4, + 41, R M+;L($'ﬁ‘3ﬁﬂﬂﬁﬁ (estimable) 8| T g, 3@ R &
e & THRUT R I A1 AN WIH hirsg|
0N

Illustrate the application of linear estimation theory in the simple linear
regression model and find the lgu%iiquare estimators of unknown parameters
of the model given as y, = (8, & B%) + B,(x, —X) + &,. Also, find the normal
equations in the case of multipi?hnear regression model. Give two practical
examples mentioning regress@d criterion variables. [20]

W?@Emmﬁm%ﬁ%Wﬁmﬁﬁqaﬂtﬁaw
et 3, = (B + B + By 01, % ora et 3 e o e
T it e ), - WReeh SR Hiser S At # e A 8 e i)
B SRS IqEWUT Aifg R W =R (regressor) 3R AMES =W (criterion
variable) w1 Ig@E 2

Let X~ Poisson (€). Using Rao-Blackwell theorem, obtain a minimum
6—961:
[

k!

variance unbiased estimator foﬁﬁﬁé?) = , Where kisaninteger. [15]

-

N -) e’g"
mﬁ\ﬁq&w(ﬁ)lw—uﬁawmmﬁg, HEE T
T aﬁ'km@ﬁm%

-

£

Torg =perem s fener sgEres

a

[




.

a) Arandomsample X ,X,..X istaken from the population with the probability
density function f(x) = kxe™®, x 20,18 > 0 where k is a constant to be

suitably chosen. Derive the maximumi likelihood estimator of 6 and also
FN
| {

n i hngd
Z X; is an unbiasedsestimator of the population variance.
3n‘g

show that S* =

[15]
WfeRa S e f(X) = kxe-f"’,x>t,(0,‘ife > () o T SEET § U TGS T
X, X,,..X Toran v 3, aﬁ“kqﬁ%mﬁwﬁafﬁﬂiﬁ%l 6 = st

. _ 1 3., .
Hﬂma@ﬂamﬁﬁqaﬁiﬁ% & §° =§ZI:X; TTEEAT SERTT
T ey s 2
b) Inthe usual notations prove that : N [20]
) Cov(P’f,R’B)=0’P'CR. MWﬂte expression of variance of P’ 4
and
iy &= R, @
n—r S
T T 3 e w6 @

D Cov(P’ﬁ,R’ﬁ):azP’CR., P/ < st s ok forfe) 3t
6'2— Rg ‘.ﬁff%‘

n=r

c) 1  Explainthe relationship betwegn Hotelling T% and Mahalanobis D2 Also
discuss the applications of Hotelling T~ :
fi) ~For a data matrix of a randcfitsdmple of size n = 3 from a bivariate

normal population,

6 9
-
X=|10 6 =
8§ 3 -
Evaluate the observed T2 Yot~y =[9,5]. What is the sampling
distribution of T? in this case¥ [15]

D0
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) gefem T2 ok mEeRlE D? % die H@oY TE Ryl W g, gelort T2
TR W T i

i) et e e & R T = 3 TR % g g 3 st g
& e

2

O(

500

2
D)

G

e =[9,5] % for Sferm T2 ot Hpared i) @ Rl & T2 s wient

T 27 )

g
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4. Answer the following questions : [5x10=50]

e v S 3 -

|
a} How does sampling without reglgggment differ from that with replacement?
Which of them gives a lower valug of the standard deviation of the sample
mean? Explain by consideri@mples of size two from a population
consisting of the five number 6,8, 11.
wfoeera & fom wfterem, uﬁwﬂf@%uﬁmﬁ%&mﬁaé? T | HE-TT
s:ﬁw:rmw%m%amm@n%m%? ure wemat 2, 3, 6, 8, 11 9 =+t
TG | SRR 2 o Tio=ad Tiehl Saredn Hi|
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b} Distinguish between complete and partial confounding with proper examples.

The key block in a factorial experimentyis given as,

O = O

Identify the confounded effects.

_ 0 = O

00002

uui (Complete) aen Niler (Partial)-gshiut & st i sfRra gt ulkd wE
i T sgsurert SE # g (Key) ot e wean fean g,
0 0G0 N
L o
f“““\;
1111 -
GEhT TeEt i UgEe i)

-

c) Examine the important formulae for

1¢ calculation of price index numbers
1}

in the light of the various tests devised:fer this purpose. Also, explore different

errors in computation of Index numLErs.

Ted Y WEAISH hi T gg SET6 Wewdul a1 ot e wltern (tests) & wexd
7 wiien &l wo §, gows et & wm § 1 oo e g w 8@
Fergetgm Hifm

d) The values of [, i.e. the number of peLsops living at age x are given as below:

x |90 |91 | 92| 93] 94).95| 9%
Lol97 5932|755 69 2] 0
X [T,

X

90

91

92

93

94€

-

96

[

X

97

59

32

75

6f

0

x > 90 & o1 wiew wivten & viw wRiEEt S o =)

20/DS0O/M-2026-06
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Calculate the remaining entries of 'fhe.lt’i’e table for x > 90.
03 9 e A st o e, Gt e e Ry ¢

[ B ]

i
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e) Explain the theoretical basis of control charts. Discuss the construction of
various types of control chartgf@r ariables and attributes, for detection of
lack of control in a continuou ﬂ%%ir of manufactured product.

feimn = 3 Sgiften anem B ey fiftf s & v warg 3 Fem &
wﬁwwwﬁ%%q,aﬁaﬁm:@%g%&aw%ﬁﬁmaé%ﬁﬁmmw

Hikg)

5. a Inapopulation withN=6 andthe values of y, are 0, 1, 2 in the stratum
1 and 4, 6, 11 in stratum 2. A samiple with n =4 is to be taken. Show that the
optimum #, under Neyman alloefaﬁjon arern, =1 and n, = 3. {10]

N=6aﬁtk=2?:n?~ﬂuaaw%ﬁ§,mh ﬁyﬁ%mo, 1,23RwR2H4, 6, 117
n = 4 e U Wil foren e ) S9iey o S e % Jeia $Eem 1, 1y = 1

R n,=3 %
b) Derive the expressions of the %bility and Instantaneous failure function
of Weibull distribution. [10]

wm%&mmmmwﬁmwﬁ

c) Discuss main and interaction &ffects of a 3 - factorial design. Also, write

first two columns of ANOVA @for this design. [10]
32 - Gttt Toe # e wiiSimain effects) o TREIRE 9 (interaction
effects) w ==t S T &, edE % frr ANOVA e & g 3 wvw
) 8
d) Discuss Following: [10]
Fretorien o =i e

N

1}  Poisson process N
i)  Arrivals and service ﬁme@eue systems
i) Queue Disciplines and Q@Models.

(=] 0]
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Explain and obtain a probability distribution for a queue model having arrival
and departure pattern follow Poissgn,process having single channel, infinite
capacity of the system and first in*firsfout service scheme.

T AR Hieet o ot s dee St o ot s Rt R e o e
Tl uige TR T STTERUT S § TERSher Siet, WUTTelt Rt 9 ST SiR uge
S
e) Items are produced in batches of @ which are subject to the following
inspection plan. A random sampl 6fSize 200 is taken from each batch and
the batch is accepted if the sampf&-Contains less than three defectives,
otherwise it is rejected. @ [10]
Tegeit w1 e 2000 %a%ﬁﬁ%mﬁr@% it FmferRaa Tt e & s &)
e o= @ 200 mmt{amg%aaw%mm% 3R afe T A A @ wm A
Bt S R iR Y for i 2, e 3@ ereter o e s R
D)  Ifrectifying inspection s adoRl’f”‘“d;t'alculate the average outgoing quality
at the process average p = OBQ\]
qﬁgmﬁﬁmmm =0, e 3| 7 = 0.005 W it e
TUTSET <l TR |
if) Calculate the AOQL and the .of p at which it is achieved.

AOQL aﬁtﬁammpmﬁ@aﬂmmﬁl
a) The Horvitz and Thompson (H\),,esumator of the population total

Y(l.e.YHT) is a linear estimator of@@ample observations. Prove the given

Yi
statements regarding Y which can be defined as i Z 7’ , based on n

sample observations y, i = 1, 2,..... % ﬁere 7. is the inclusion probability of
i-th population unit. N [10]

mﬁnmaﬁgﬁﬁmm (mﬁq?m)@%ﬁaaam
2, < e et ot amentea g 31 °g g 3 6 Ry T o 3 et 3k R wer

3, mﬂmﬁg&mw@@%ﬂm%@nmﬁmﬁ ypi=1,
TR T, i3 Al ST o WAy h S 2

T oy,
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i)  Iiisanunbiased estimator of the population total.
I Gl e T freEragghe Q)
i) The variance of “{’HT deri,??d@y ‘Sen’ and “Yates and Grundy’ reduces

to zeroif 7, 0.Y . @
‘ﬁ?&ﬁ?‘ﬁlﬁ@ﬁ'{gﬁﬁm@?m I TR0 Y R S 3 AR 7z oY,

i) The non-negativity cond@for the estimator of variance of the HT
estimator of population t@taiﬁ is givenby @ 7. > 7.

J= i
wEE 9 % HT KA % IEE & 10 IR-THreTH Y
R Ydwirr>n,

gy

iv) Under SRSWOR schemeg, the ?HT reduces to simple estimator of
population total Y given g;\%n =N7y.

SRSWOR ugfi 4, mﬁm@r TS SR STEETT SN & 0T SATheteh
F WU ¥ oqe s 8, N \?@Ny ¥ Frelue foren s 2

b) Discuss basic principles of de§Tgmof experiments. What is use of missing
plot technique? In an RBD witl# blocks and ¢’ treatments, show that the
analysis can be carried out by @mﬁng the one missing value y’ as [10]

_ B+T-G
(r=1)(z-1)"

where B is the actual total of mﬁglock with the missing unit and T is the total
of yields of the treatments W];ﬂ"l\t:h%: missing unit and G is the grand total.
How to proceed in case of twg= 'ﬁsing observations?

uﬁ?ﬁiﬁﬁﬁl@ﬂ%ﬂ@fﬁaﬁt&-: SR o Wie qeich ol SUENT T §7
¥ Sl 3R £ SU=RI Aol RBD H;-591ist 7 T 97 7 y° @ 38 SR Sfteeiue
s feretaoT fopen = wme B @

_1B+1T-G
(r—1)(-1)

ﬁB@Wﬁﬁﬁhﬁﬁ%ﬁﬂ%aﬂtTﬂﬂWﬁa@mﬁﬁmm
T B 3R G et a0 21 S Newon <hr ol ® Y e we?

[
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d)

In what way do total fertility rate (T.ER.), gross reproduction rate (GR.R.)
and net reproduction rate (N.R.R.}:differ from one another as measures of
reproduction? Does T.ER. Strictl@r cgiform to our ideas of a measure of
reproduction? How does N.R.R. i{’fﬁi@éte the growth of population? [10]
T o WY & H el S (T@mwa (GR.R.) ik 318 W
T (N.R.R.) th-3m @ e war P22 T.ER. SoFA o A9 % gom Rremi &
qula: Igew §? NLR.R. s ghg wLfra v quta 22

Give an outline of the different ds of estimating the reliability of a
psychological test and give a comp study of the coefficients of reliability
obtained by these methods. ez [10]
TR The B Re R w1 oo et S Rt R <t v AR e
o faftri gry o Rysreriea st w6 gereReR S1sEE SRR

What do you mean by income-elasticity of demand? Given family budget
data, how would you estimate thisgela icity? What adjustments would you
make for variation in the size of fﬁ [10]
I i ST § HITHT I e B aE % el Tl TER g, U 3
I o1 STTEREH hel Tl ? m%a@w%mmwmﬁﬁ?

If L(p) and P(q) represent Laspeyr@ex number for prices and Paasche’s
index number for quantities respeg{:i:vely, show that L{p) P(q) = L(g) P(p).

i . . 4y
Let, X, = price relative = gj—, Y, Lofahtity relative = —=

of qoj

2Pyl
V. = value index number = %\\EWJ.: P4,= weights of X and Y.
L,(p) . rqoof)

Show that =1 IFhere L (p), P_(p) are Laspeyre’s and

P (p) v, D), P (D) pey
Paasche’s indexes for price resp@ly, Iyy 18 the weighted correlation
between X and Y, o, and o, are the Weighted standard deviation of X and Y.
Also, deduce the conditions undefawhich

Lo,-(p)%Pa,-(p)- a0 [25]

[

- i 1
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af L(p) 3t P(q) %09: il < fo7g AR eshich & SiR #Aret o forg gt
Wmmnﬁﬁ&am%ﬁk‘m% L(p) P(q) = L(g) P(p)

20 [
nn?rﬁﬁq,Xj=Prrﬁ&m§q = pﬁ@:mﬁam= .,

ZP@

V = A Yo ST = Zp.w P, =X, Y&

0

<o Ly(D) Ixy Ox Oy
g fa —£—==1-
P,(p) Vi
3R WY % YIRS §, Fyys Xsﬁ”{@&%ﬁa Wi g6 3, o, and G, X #RY 5

srtte s Rrerer 1 e ), 3 ¥(a) ) e e Rk s La,-(p)%ﬂ,-(p)%l

fL_(p), P (p) % 7ga o foaq wmader

-,
. . . \Q"’J .+ .
b) Describe the variate difference-method for obtaining the variance of the
random component in a time sexies! Also, explain its purpose. [10]

%&ﬂwﬁﬁﬁmg%mmm@maﬂﬁ%%qmm%maﬁnﬁml
o @, 3w v W we SRl

c) 1) Define morbidity and discuss different measures of morbidity.
maﬁuﬁuﬁaaﬁaﬁtwmmﬁmaﬁﬁl

ii) Explain stable populatio “gflel. Prove that proportion of population
of any age a at time ¢’ denoted by C (a, 1) is independent of time under
stable population, i.e. C(az=£:= C(a).

%nmwﬁam@lﬁaiﬁﬁaﬁﬁnw%m anE
rm%&’rhﬁarrgaﬁmn@agm 7 C (a, 1) g ot i 3, @
¥ ¥ g g, 31 Cla, F=6(a).

OR/z19m=n

kY
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b)

Solve the given L.P.P. using Simplex method. [20]

)
-

Maximize Z = 3x, + 5Jc2 + 4Jc3

2

Subject to the conditions

£

2%, +3x,<8

3x, +2x, +4x, < 15

2x, + 5x, < 10 @

and x, x,, x, > 0. m

u ™ L.PP. =i fiwew &l = suam == @@ &
Z =3x, + 5x, +4xﬁ31‘fﬁw3ﬁ
el Widere 2

)

22

O

2x +3x,<8

O

|

3x, +2x, + 4x3 <15

U

{

2x, +5x,< 10

3

3R Xy X, %, 2 0.

A company has five jobs to be done. The following matrix shows the return
in Rs. of assigning i (i = 1, 2,... ‘g mﬂchme to the j* job (f = 1, 2,.....,5).
Assign five jobs to the five machmes se as to maximize the total return.[20]

Machine/Job | 1 2 "3 S 4 5

1 5 |1 1% 2 | 4

2 2| 4 | 5= 3 | s

3 3 | 12 %«j 4 | 6

4 6 | 14 (5_3;—;% 11 7

5 7 o | BYT 2 | 5
ERE
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T SOt v w0 Bl PR dRew id (1= 1, 2,...,5) WA W j 9w W
(=12,.. ,5)ﬁﬁqﬁmmWﬁmﬁm%wﬁzﬁﬁmﬁnm%

foru uier welis! =t uie = g
oi /ARt 1 2 =3 4 5
=

1 5|1 A | 12 4
2 2| 4 76 | 3 |5
3 3 | 12 @ 14 6
4 6 | 14 Y2 11 7
5 7 9 8 12 5

¢) Discuss Multicollinearity diag%fﬂics in Econometric theory and way out
with such problems. [10]

e R o g (A teR) 35 e aen it wwenah & ey
% IUEI W o

2

©

3000022 3200

] =[]
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