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Multivariate Dicstridution nnd Tests
FERICDICAL EXai D144 ION

Date: 7431983, Faxime Larks: 100 Time 3 3 hours.
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Kole ¢ JLISTER ALL SUTSTICUS.

U Is a p~diazcnaional yvandom vector with E(U) = 4, D(U) = r.
P 15 a pxp orthogonzl matrix and & a diagonal matrix such

thot T'rF = & o Tet 2 = P'(U-p). Find E(2'3). te]
11
uy . 1 5 5 1
Lot U2 ~ iz 1 s 1 ; 3 .
U 2 z 2
2
3
1 5 3,
—

Find the conditisnsl distribution of U3 given U1, U2- i6]

- U1 2] H 4
Let U = u, )~ n, , 1 12 Y 4:0.
] H H
. ] B2 22

Find ihe distribution of
. (] ; o - ~
(€= n) 27 Umn) = (U = ) mgy (U =g 15!

Fira the maximum likelitood estimators of p and ¢ based on &

randion sample of size n ( > p~1) froc; Hp (0, 1) vhere

z=(( 51y ))s ‘;J =52 ( for g = J ) and I” =¢ 2 (for imje
i20]

2 8

Lot " 12 ~ Yy (m 1), nd>2
s 8,
21 22

TOA Y (agq+os,,) [a]
P.T.Cs
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6. Let ( g Uz, UB' U4) ~ H4 puch that the distributions of
(U,. U,) and (UB' U4) ara identical. Derive the Likxelthood

Ratlo criterisn for teciing the identity of distributions of
116}

Iy Ups Ugs Uye
Zevclop a tect for Indegpendence of the conponents of a vector

7
dirtriduted as I_, with o noneincular dispersfon matrix. {15]

8. The {oYlowing; dals were obtained from collections in 2 horbars
Sn a gonus called ilicesiclla.

Xy t learth of leaf (cn)
X, 1 length of inflorcscence {ex)

Xy 1 length of fruit (cm)

3
Yean Vectors
Speclen A v ( 4.285, 1.927, 1.067 ) from 54 specimens

Specics B : ( 5.661, 4.302, 1.0¢3 ) from 23 epecicers

r3iinated Corron Disperaion ilatrix

’1-9255 1.0698 0.0282
42539 -0.0256
0.C141

Stati.g acsumptionc, examine if the two species can be rogsrd.f

as Afstinet on the bacis of these three variebles. a0l
[
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TiDIAU STATISTICAL I!STTITUTE
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Nonparametric and Sequentjial Methoda
PERTODICAL EXANTIAT ION
Date: 21.3.83. Maximum Marks: 100 Time: 3 hourc.

Note 1 Answer all queations.

1.(a) Discuss briefly the reasona for resorting to scquential
analysis.

(b) The yleld of a new variety of wheat on available plots mry be
agsumed to be N(6, 6‘2) with known 6'2- You have to test

Ho 1 6= 90 v__s.ll1 P I 60 90 being the mean yiclg

of the variety currently in use. Will you recommend e suite=

ble SPRT or a fixed sample size analysis?
: (1545)=120]

2.(a) Prove undcr appropriate asmmptions that an SPRT termincica
with probability one.

(b){xx} 18 a sequence of i.1.d ~ £ (x) = %. 0¢x< 8.
Write down the SPRT for Hy ¢ o = 8, vo. H1: 9= 8 91 > ed
Dioscuss whether the test termfnates with probability one
(16+9)=125]

under 8.
3. Let {xi} be f.1.d. N(8, 1 )« You have to test Hy 8 = 0 ve.
H1: 8 =1 with @ = B= «01. Calculate the efficiency of the
SIRT with respect to the best fixed pample csize teat. £30]

4. hosignments. [10]

5. Viva. 1151
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Elective-5: Physiczl and Darth Sciencas
PZRIODICAL EYAITIATION

Date: 11'-4:83'- Maximum ¥arks: 100 Time: 3 hours.
Mote: Attempt any five questions. All questions
carry equal marks.

1. Find the expressions for oloctrogtatic field and patcntfal due
to a point dipo_l‘)c of dipole moment—ﬁ’at a point P whase posi-
tion vector is r with respcct to the centre of the dipolc.

Yence calculate tho electrostatic ficld and potential at any

—r_’gintuntsidc a diclectric medium having a uniferm pol_arisation
P. : {10+10)=20

State ond prove Gauss’s Iaw in diclectrices.

n
.

A point charge q 13 placed in an infinitely extent uniform
diclectric medium of dielectric conatant K. Find the elecctiros=

tatic ficld at any point distant r from the point charge.
[10+1c]=20

A perfectly conducting sphere of radius 10 cm. is cherged to
1010 volta. Calculate the' surface ciuarge dznzity on tha

sghores

[
.

Tre plates of a parallel plate capacitor have lengih1’,
breadth‘d’ and they are kept at a fixed potential differcnce 7V
by means of a battery. Initially the space betwcen the plzies
w20 vacuum. If a diedectric glab of dielectric consteat K is
uow inscrted through a distance x tetween the plates lenmthwiice
@nd the rest(l-x) is still vacuum, find the force acting on

the slab. ﬁamme that the thickness of the slab i3 caual to the
separation‘t’ between the plates. [g+12]=20

F.T.0.
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5e

Sta%e Diot - Savart’s Law.
—_d
Prove that div B =0
Consfder that a current I fg floving through the sldcs of a :

recular hexagon, each side being cqual to‘a’. Colculate marmet{c

induction ficld et the centre of the hexagone
[4+6+¢10] = 20.

State Faraday’s ia\v of clcctromagnetic induction and hence show

S
9B

that -
VlE: - a—t.

. Definz sclf-inductance of a ¢5il. That is the unit of incuctance

in V¥S systum ?

" A torcidal coil has 100 ns. of turnss The mean circumforaace of

the coil 19 4 cme and the aren of cposs-sectin of the ecil-
foruer is 1 aqecm. Calculate the inductance of the csil. Semive

the necessary working farmula. .
v [6+4+10)=20.

4 poaint charge qQ f{s placed in front of a perfectly conducting
sphere of radius a. The distance of the paint charge from ths -
centre of the sphere is‘d’. Calculate, by the mothad ~f clectri-
cal images or otherwise, the electroctatic potential at any poaint
outside the sphere when

1) the .spherc is uncharged .

11) the sphere is kept a potential Uy

That will be the potential inside the sphere in cach of the sbove
tws caseds (18+2]=20
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DIDIAI STATISTICAL IISTITUTE
«Stat.(Honse) III Year, 1992-83

Electiva 5 1 Bcononicas
FERIODICAL EYANMTIATION

Date: 11.4.83+ Maxirum Karke: 100 Time: 3 hours.

Note : Separnte answer bdoors to be used for groups
and Be

GROUP A <
lote: Answer any two questiosna. Eech question will carry
5 marko. .

1.(a) How will you measure upward and downward education colility
of daughters in regpect of their mothars ¢

(b) Estimeted distrilution of women of 25c group 25-34 yesrs by
thelr education and that of their mothers 4o glven below.
Crleulate the cducartisn mobllity of girl)s.

kducation year Educatisn ycar of nmother

of R
wodl o [1-2]3-4l5-8[0n [
0 58.84 2.16.  0.80  0.16 0,00  61.96
1-2 4.54 0,24 T0.03 ° 0.03  0.00 4.84
3 -4 11,73  0.56 0,99 0,16  0.00  13.44
5=-8 3.56 1.5 1.46 1.50 0.27 13.24
9+ 2.1 0.34 1.24  2.34  0.52 6.52
85.78  4.72 4,52 4.19  0.79 1060.09

[6v5+4 ]

2.(a) Distinguisch between wark Force and Labour Forces Give
11lustrations.

(b) How will you obtain estimates of labour forzu irer
¢2nsuscs P

P.Te".



- 2 -

2.0c) You t\.re ziven the ddstridbutlon of percentaces of males in
oach ,;roup md secial proup forming uni-esrner households.
How will you interpret the data.

Social group | ‘ Are ~roupn N
[15-24 | 25-3: | 35-44 | #5-59 | Tt

Uppes caste liindus 7.3 19.3 46,0 43.9  30.5
Scheduled caate Hindus 5.2 20,9  39.5  34.4  23.2
Othexr Hindus 547 23.4 4446 32.2 25.2
L.tus1ms 12.4  48.9 71.8  31.9 38.)
Comb ined 7.3 27.8 49.6 3444 765

ba+447]

3.(a) Discuss tho role of push factors in migration from rural
areas in different migration streams P

(b

~

Define population growth rate ? How will you obtain it srom
twvo censuscs.

(c) Census population of Bihexr and Wc.st Ecngol are given for
1961 and 1981. Cbtain estinated population of 2000 AD in
respect of these two statos @

State Population (CCO0)

1961 ] 1931

Bihar 4635 6382

Vcet Bengzl 3493 5449
GROUP 3

Nota: Answer all the qu:stims. larks for eath Questiosn =re
glv‘n in bracxnto

1. (a) “hat is Pareto’s Law of jnconme distributi:n ? Obtain thc
density function and thc cquation for the Loxrnenz curve o
tho Parcto distribution. Commcnt briefly on the universellily

of Parcto?s Lowe -. (cntdess3)e



Croup B (contd..)
1.(b) A given incomo (x) distribution is found %5 be apw

2.(a)

(b)

ely 1ognormal with parametcys p and ~2. for 0 € =.< |

Aleo, for x ) ¢ the distribution is ajrroximately. ol “ha

Pareto types» Given that N

(1) the Lorenz ratio for the entire distrilution rnd for
T ox 2 ¢ are Ly and L2 respectively §

(11) x = ¢ 18 the median of the cntire distridbution ;

What {s the mean Income (X;) for the population with
0<x<ecs
If X s the overall mean. of the dictribution end %, and-
are the means for population with x < ¢ amd x ) ¢ roo
pectively, then using the relation x = 1 (§1+§2) shov that
2

the following holds approximatcly
1 (L2+1)

2§ (1) W-.emlﬂé ) ZJ'

where 6.(.) 1s the area under N{i,1}. A
= i20+20=10]

Define cngel-curve amd engel elasticity. Why would you enll
a commodity a necessary commodity when its engel elasilcity
is less then unity ¢

A commodity {8 bought by n consumers: The ith concumer hos
an income ¥y and his income olasticity for th: conmodity
is nNge By how much percent the agcregate demand for the
cormodity will increase, 1f the aggregate income of these
n consumers is increased by one per cent_?

Deaoeribe clearly the rationsle of using household budget
data on consumption for estimating engel curve. Also,
descrive how would you ¢stimate the constant elasticity

engel curve for an item from groupcd household budget data.
[15+15=30]
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INDIAN STATISTICAL INSTITUTE
B.Stat.(Hons.) III Year, 1982-83

Optimisation Techniques
PERIODICAL EXAMIVATI NI
Date: 18,4.1983. Kaximum Marks: 100 Time: 3 hours,

Note : Answer all questions. The whole paper carries
103 marks but the maximum you can score is 100,

1, (a) Write down the dual of the LP :
max eTx +ny subject to Ax+By=qg,Cx+Dy ¢ h, x 2 O.

(b) Show that the objective function at any feasible
solution of the above LP is not grecater than the objec-
tive function at any feasible solution of the dual,

(c) Write down the optim~lity conditions for feasible
solutions of the above LP and its dual to be optimal for
the respective programmes. [5]

Write the dual of the LP ¢

max ny subject to By =

(d

~

and prove the strong and weak duality theorems for this
LP without using the thzoremc provad in the class (like
Tucker's lemma, simplex algorithm ctz.). You may use

standord results from Lincasr Algebra like propertics of
orthogonal complemants, (1043]

2,(a) State Tucker's (complementarity) thcorem. Ry

(b) Doduce from the result in (a), the strong ducliity
theorem for the LP:

max clx subject to Ax ¢ b, x 2 0. [12)]

P.ToCe



2,(e)
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Let z),25, oeey Z, be n points in R™ and let € bo tha

cone generated by them, that i3,

: 20 111 }
C = 121 a;zy §oay 2 fer all .

For any sct S&= mm, the pola= of S is dafined to be

T

P=Syemm:ylz¢oforatrzes §.
1 Yy p Y

Prove using the result in (a) or tac result in (b) that
bec iff (P {b} P, [:2)

3. Consider the LP :

max ch subject to Ax = b, x 2 0

where A is an m x n matrix ¢f full row rank. Let B be a
‘feasible basis of columns of A and doefine Y and z,'s in *u:

J

usual manner.

(a)

(v)

(c)

(d)

(e)

Prove that if zJ 2 cJ for all j then B is an optimal
basis. {1c:
Given'a J such that z, < ¢, and no entry in the jth
column of Y is positive, prove that the objective
function has no upper bound. [10)
RN o > O, Given a J such that zy ¢ ey and the
Jh column of Y has at lecast onc positive clement, show
how to obtain another feasible basis D such that the
objocfivc function corrcsponding to D > the objective
function corrcsponding to B, Sive proof. [15]

Given A, b show that thore exists ¢ such that cvery
feasible basis is cptimal, ' 3]

Given A,b ~nd a fcasible basis B, show that thcre cxists

" ¢ such that B is thc only optimal basis, i2]
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MDIAN STATISTITAL Ti5017C '3
B.Stnt.(Hons.) III Yur>, 1472=23

Deeirn of Cxpcrlpents
PERIODICAL EXAMTIATION

Date: 14.3.83¢ Keximum Marks : 100 Tizes 3 iourte

Note t Answver an¥ FOUR questions. Each queetion
carries 21 markse Submit your Practical
Records alongwith the answer books. ifarks
allotted to Iracticals are 16.

1. Explain the terms : (a) treatments, (b) plots,
(¢) experimental error, (d) local control. When wpuld you
recommend the use of a latin square design ¢ Give an
exanple. Develop the analysis of variance of a latin Lquare

Gesign. : {ax2+2411 = 21 ]

2. Let N(s) denote the maxirum numbder of mutually orthogcr:al
latin squares (MOLS) of oxder g« Show thst H(s) < s-1.
Describe a method of construction of e complete set of "1CTS
(proving that the method really wor'zs)e Give an exriple-vith
s=4. 15+12+4 = 21]

3. In the context of general analysis of a block design, puove
the following results

A )
(a) The reduced normal equations for ¥ are C¥ = Q.

(v) 1_/’_7‘.1.5 astimadle Lf and only if ) lies in the coluin
space of C.

(c) 4 connected block design 1s balanccd if and only if ¢ haa
all its off-diagonal elements equale. [10+447 =21]

ES
.

Consider the following incomplete block design for 4 treat-
ments In 10 blocks 3

(1,2,3), (1,2 ), (1,3}, (1,2,4), (1,4 ), (2,4 ) (1,3.4)s
(3,4), (2,3,4), (2,3).

(a) Io it a connected dentm P Why ¢
(b) Is it an orthogonal design ? Why f

O



(c) Is it a bnlnnced desi(’n? V/h}’)
(d) Solve c*r § for ’I and obirin on cxpresalon or

vy . (354344 = 21]

5. Define a belanced incomplete block desiyn (BIED) with an
examples Btale nd prove itc paro-vtric relations. L2t D be
& BIBD with pd:nmetcrs Vebyryliphe Lot D be 2 aew desim
obtained from D by deleting a block of De Is the resulting
design D' connectod ¢ Ty ? Is D" balanced 7 Wny ?
[2+(2+244)+645 = 21]
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TIDIAY STALISTICAL L:STITUTE
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Diffcrence and Differential Ejquations
PERIODICAL EXA.iTLIAT IO

ater 6.9.82. Maximum Marks 3 100 Times 3 hours
Note : Answer all the questions.

.(a) Solve the following differcntial cquation by finding an

integrating factor

x dy + ydx + 3x3y4dy=0 ksl

(b) Solve any three of the following equations
2 a4y _ 2, 2 -1y
(1) x* G =3 (x+ y°) tan” L4+ 3

(11) (y#y cos xy ) ax+ ( x + x coa xy ) dy = O

t‘ ix. S |
(11) I“‘l * 4 (xP+1)]

(1v) &Y - 0T - ( 14x) ¥ Sec ¥ 3x8=24]
dx + X

2.(a) For the differentizl equation

y=xg§+a 1+(g—;€)2

show that the singular solution represents the envelope of
the Ia:iily of straight 1lines represented by the general
solutione.

(b) Find the curves for which the tangent at any point cuts off
fron the coordinate axes intercepts whose sum is constant.

(c) Show that the family of parabolas y° = 4¢ (x + ¢) e self-
orthogonal. L3x8=241

1
<

Find the ¥rongkian of the solutions Yy V> of the equation
/ /
( 1—;2) yl—zxy+n(n+1) ¥y =0 ( n a positive
integer ) vhich satisfy the initial conditions

yy(€) = y{ (0) =2, y,(0) =1, yz’(o) = -1,
P.T.0-



3.(b) Tind the gencral solution of
x)"//— (2x + 1) y/+ (x+1)y=0
using the fact that y; = eX 1s a solution.
(e) Fiand the Green’r function for the linear differcntial
operator

L = x°D° - 2xD + 2

(d) For the differential equation

Y/, /
(1-x")y7-2xy=2¢, -1 ¢<x<1
verify that y = & + 0, log ;‘ﬁﬁ is the general solution of

the associated homogencous equation, and then find a parti-

cular solution of the cquation.
: R4x7=28]

4. Pind the general solutisn of cach of the following lincar
differential equatiors( particular solution should be cvaluated
using ileaviside calculus).

() (D -7-6)y = e ( 14x)

(v) ¢ p* + 20%41 Yy = 2 con x.
L 2xe=16]



1982-03 [ 321

INDIAN STATISTICAL DISTITUTE
B.Stat.(H¥ono.) Part ITI, 1982-83

Stochastic Processes=2

PERIODICAL EXAILIAT TOU

“ater 20.9.82. liaximun Marks: 100 Tine: 3 hourse
lTote 1 Attecpt al) questionse

1.(a) Yhen.ie a stochastic process called a Narkov Juzp Pracess ¢

(b) Show-that in a Markov jump process

1in pi:j(t) = 1 1fi=]
ty>0 = 0 1ri#)
(c) Prove that in a Markov jucp process on a finite state space
(p”(t)) 13 a nonsingular matrix for all ¢ > 0-

(d) In a parking lot with N spaces cars come in-according to a
Poisson process with parareter A whenever there is empty spacc.
The occupancy time for each car has an exponcntial distribu=
tion. Formulate the process of mumber of cars in the parking _
lot as a liarkov jump procese(stating the necessary aggumptions).

(6+4+6+8 )=(24)

2.(a) Obtair_x Kolmogorov’s_backward differential equations for a
Parkov jJunp proczsss

Let X(t) be a pure birth process on£0,1.2,...z

1f x is odd

(>

~

vwith )‘x = .\1

xz if x is cven.

Zet Py(t) =Pr é((t) = odd) and Pz(t) =Pr (x(t) = cven)- -
Obtain differential equations for P1 and P2 and solve then.
(10+12)=(22)

3. Ghow that the differsntial equations for a pure Lirth process
wi%h paramcters xo, M, ess define proper transition probabi-
litics if ¢ % =™

n (10)

P.T.0.
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4 Let Xq» Xa. ees be a iarkov chain with the transition pro—

bability matrix Q. Let ii{(t) be a Poisson process independent
of { xi..}
(a) Vrite dovr the trmsition probability matrix Cnt(x,y))
for ke rrocess x:,(t) ( no arpument necd be given).
(b) Show that X.U(t) is a larkov jump process and find the
Infinitesinal paraceter matrix:
(4+12)=(1.

5.(a) Show that for an irreducidle Markov jurp process
lio p, (2,y) exists ( you do not have to prove that pt(x.;
t =)o

is uniformly continuous)a

(b) In an 1A)/n Queue find the stationary distribu*lon of the
queue length,

(8+8)= (16)

6+ In a GI/GI/1 qucuo f£ind necescary and sufficient conditions -
that infinit2ly many custoners are sure to find en empty line
upon axrivale. (12)
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B.Stat.(Yona.) Part YII : 1982-83

Statlstical Inference
TERIODICAL EXA:T:ATION

Nate: 11.10.82. Xaximum arks t 100 . Time: 3 hours.

liote + Thia is an OPEN NOTE examination. You may
carry ycur notes, but books will not de
allowvede

The paper carries 130 marks. Angwer 28 ruch
as you cane Maxirum you can escore is 100.

1. Briefly cotment on the following etatements. Short answers
will be appreclated.

(a) Likelihood principle is essentially a Bayesian principle.

(b) A Bayesian 18 nearly correct if the sanple size is large.

(¢) Neyman-Pearson theory cannot answer the following question:
tfow confident you are that you have taken a correct
decision ? L6x3=18]

2. Prove or dlsprove the following statements. If a statement is-
eorract, just skeich its proof, and 4if it 13 incorrect, give a _
counter exanple and rerely indicate why it is a counter evample.

(n) If T ~Foi(B), & > O, then the c{e of & is X.

(v) If (8) is uniformly ounded, T(X) {s unbiased for Y/(8),
then T(X) is uniforumly bounded.
(¢) If X has a density of the form f(x I Q)= o= c(0) t(x),
’
and Eg (X) exists for all 8, then Sg(X) = - 559+
.

(2) Ify(8)is such *nat 1im inf Y(8) 2 0, NX) is tho
4> :
UIWUE of \p(8), then 1im inf 1T(Z) > O.
. X

(e) If there exists a fixed-dicensional sufficient statistic -
tndependent of the sample size n, then the underlying dis-
iribution is in the cxponentisl family.

N P.T.0.
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2.0f) Ir X ia complete, and K, &, axe two estizates of @ euch

()

3e(2)

(v)

(e)

thot Tl &,(x) - 612 = 2y (&,(2) - 12 for an1 6, then

& =o’; feee
I€ X~ 1i(8, €2), O ¢ & ¢ =, then X is an adnissible enti::
of @. L4x7 = 28)

Let X ~ %(6, 1), ond 1t is suspected that & ia close to
zoro. Which of X and g would you prefer as an estimate

of e ?

Formalize the falloving statement into a proposition and
rrove it :

The overall tias of a Bayes estimate is zecro.

Let X~2in (1, 8), G < & ¢ 1. Let $(x) be tne Bayes

estimate of ® agajnst the prior with density (@) = 4

n{1+6

Show tlat there existn 8, such that R(Oo,g(x)) < %.

[6r748 = 2

4+ Let X~ R(0, 8), 6 > O. Let O have a prior with density

-6
n(8) =6e, > 0.
(a)
(v)

5. Let

(2

(v
(¢

(a
(e

)

)
)

)
)

~

Is it a conjugate prior 7

Tind the Bayes estinate of €+ k547 = 12.

1 1
Xg» Ypp eesep X, be 434 R(G-3, 6+3)-
Show- that T (x1, eeeny g\) = (x“), x(n)) 1s sufficient
for O, :
Show that T is not complete.

Show_that @ 13 a location parameter for the distribution
of T. .
Is ¥ a reasonaule eatimate of 6

Is it admisaible ( proof not needed) 7

Find an adnissible minimax catimate of 9,
68 6r4+442412234]
[\



6.(a) Define a randomized tast.
(b) Dot Xy Xyy weeey X be 11d (e, 1). ¥rite down cxactly the

UiP level a lest for testing iy : 8 6y vse H, 1 8> 6,
(o) Suprase in (d) & L8 either O or 10. Let n = 1C,000 and
suprose you have data X = 0.02. Do you think € iz O or
107
(da) Y¥ith @ = C.05, use the IP level a test in (b} to teat
Hy: 8 =0 ve. iy 1 @ = 10. Wnat i= your conclusion 2 {"he

95th percentilo of N{0,1) dtstribution La 1.65).

(e) Cozzent on the conclusion in (d).
1343434543171
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T'DIAN STATISTICAL LISTITUTE
B.Stat.(lons.) Part 111, 1982-83

S_nnple Surveys
FZRIODICAL EXAXIIATION

D~ter 12.10482. Faximum Marks : 160 Time: 3 hours.

. liote : Marks allotted to each question are given
E in brackets.

1.(a) Explain what you understand by the terms inclusion probabi-
1ity of a unit U1 ( "1) and joint inclusion probability of
a pair of unital, , UJ (“ij) for a sampling design. L4

-

(b) Tind the values of ny and "!.J for a Simple Random Sampling

(sRS) with replacenent design of n drawse [243 = 5]

2.(a) A atmple random sanple of size 3 is dravm from a population
" 'of size W with renlaromelt. Show that the probabilities that
the sanple contains 1,2,3 distinct units { for exasple,
UyU4U5, U400, U1U2U3 , respectively) are Py = 12,
P, = 3(:-1)/%, By = ( N-1)(1-2) A%, Suppose that ¥ = Y, A1
is ‘catinated by ;'.’ the unweighted rean over the distinct
units in the sanmple. Show thnt the variance of y/ is

V(7)) = ( 2n-1)(1-1) 2/ &i°.
ilence or otherwise show that V(y’) ¢ V (§), where ¥ is the
conventional estimator based on all the observations in the
sacples B i+ [1045= 15]
A survey was conducted in a loczality consisting of 625 housc—
holds by covering a samplc of 50 houscholds by simple ranioit
srmpling(srs) without replacement design to estimate the
average weekly household expendituro on toilet goods. The
estimate turnmed out to be Rse 4+20 with a stendard error oi
.47 Using this information, deternine the sample aize
nceded to estimate the same characteristic in a neighbouring
locality on thé basis of a sample Selectad by sra with repla-
cazent much that the length of the confidence interval at 95%
P.T.0.

(v

~




2+(b) contdesee

confiderce level ia 204 of the true value. ( You nay ascw:o
thot the coefficicnts of variation (C.V.) are the sene in the
two 1ocalftics)s - {10l

3.(a) ¥hat src the difforcnces batween a Linear and a Circular
Svatematic sample 7 . {s)

(b) Explain why the varianco 5f an estimator of the pspulation
total based on a single bpystematic sanple is not esti:ablc_?

. il

4+(a) What arc the advantages of strafificd sampling ¢ (]

(b) A population of 112 villages is divided into 3 strete. B
Col.(2) in the table below gives the stratum sizes and C(3,
gives the sample 9ize. The sampling design used in the
gtratum is indicated in Col«(4)« Col(5) gives the y-values
of a study varinto y and {nfommation on an auxiliary veriatc
A wacre availab e It is also.knswm that the total of X =-v:l:
for tho third otratun is 3149. N

Stratum| Stratun Sanple Sampling Yy = values.
, 8ize aize desimn
1) (2) (3) (4)
1 61 6 SRSYR 64,78, 67,58,C5,63
2 29 3 |Circular 2 independent sanmples:
Systenatie
Shepling | | R 424, 489, 459
be. 449, 487, 443
3 22 2 |PPSTR y-values : 324, 439
' x-yalueg ¢ 115, 212
size)
(1) Estinate the population mean Y. f10]

(11) Estirate the s~mpling error of your estimate in(4), [z
(111) If tho administrators arc intercsted in obtaining on
estimate ¢f the proportion of units vhose y-values a
larger thoa 450, how do ysu obtain this estizate md |
1to cstimated sanpling error ¢ 347 = 16
(iv) Suppose that a surv y is plamfed next yeer in the <nc
arca for cstimating the populatisn ceans Sug_est a
suitadle allocation of o totsl sample size of n=li. :f
5. Zvaluation of Practicnl work. L
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DIDIA STATISTICAL INSTITUTRZ
B.State(iions.) Part III : 1982-83

Elective 4 : Phyeical and Ecrth Sclences
PTRICDIC.L EXAMIIATIOH

Pate: 7.11.82. Naximum Hfarks t 100 Time: 2} houra.

R

Note: 411 nqestions carry equal value.

‘‘vrite short notes on ( any three) :=
(n) "re generation of a magma

(%) Magnetic reversal

(c) Earthquake waves

(d) Index fossil nnd focsil asaeablage
(e) Polymorphism in mineralne

Distinguish dbetween ( any three ) 1=

(a) Yolar wandering and Polar reversal

(b) “Sial® and ‘Sima’

(¢) Igncous rock and ultrametamorphic rock

(2) Xohoraviccle discontinuity and Gutenburg discontinuity
(e} Continental drift and Plate tectonics

Urite short eseays on ( any two) i-

(a) Genlogical time scale and rates of geological processes
(%) Creation and destriction of the sea floor

(c¢) Tvolution of the atmosphere

(d) Gravity studies of the earth.

~

‘rite a short essay on ( any one ) :-

(2) The Interifor of tha carth

{t) The geological lavs and geological methodclogy
(c) I'lete tectonics.



TiDIAY STATISTICAL TISTITUYE
Be3tat.(ons.) Part IXI: 1982-83

Zlective 4 3y Economics
TERIODICAL EXAUILCATION

Coler Bul1.82. Kaximum Marks: 100 Time: 3 hours.

ilote 1 Answer 4 questions attempting atleast one
from each group. 411 queations carry equal
narxs.

GROUP A

iiven o basic feasible solution to the L.P. prodlem max 2 = dx
rubjyeet to 4X = b, X 2 O such that B, - ¢, < O for some column

a; in A, describe, using the sirplex algedra, how you can
fensrete & mew basic feasible solution. Discuss, in this context,
hor and under what condition one would conclude that the solution
ic unbounded. ( The symbols have their usual meanings).

“e Golve the following L..P. problem by the simplex method :

max 4= 3xy +2x2

cubject to 3xy + 2x, ¢ 18
x4 < 4
H ¢ 6

Xy X 2 0.

Is the solution unique ¢ If not, find another solution.

P. Ta O
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GROUP B

7. Conzider the following syotem of equations 2

By

n
py = ( 147r) & 4 P+w a5y s 3=1, e,

where @

213

(a)

(v)

= the (1—:])2.‘ elcment of an indecomposable input-outr.:

natrix 4 § '

= the number of 1aﬁou.r hours necessary for producing
one unit of the JQ‘ comnodity ;

= the money price of the J",l:‘- cormodity )

= the hourly moncy wage rate prevailing in all sectors

. = the ( uniform) rate of profit for all scctors of

production.

Suppose that the conmpssition of the basket of cormodits
consuned by the lebourers {s given by ¢ = ( 51. seey ELA
i.cs a labourer’s conoumption vector 1s always AC, whe::

N € R+ 18 a variadle to be chosen by the labourer. What
w

interpretation should we give to e if labourer
' TP © :
=it

éo not save 2ny part of their income ?

Show that a strictly inverse relationship exists betwee

r and =—Z-- . ( In your answver, you may assume, without

5Pt

proof, the result to be proved in Question 4(b). However
you must prove eny other result that you may require to
eotablish the rclationship ).

(contde..s.3)
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4.(a) Consider an cxtremely eimple society which produces only
three commodities, Xj» !2 and X,e Supposc, moreover, that
this cconomy is observed to bdbe in a solf-repeating state
for which the input-output flowa are given by

Xy =0, X

21 =36 & X3y =426 Xy =184

X5 = 120 ¢ X22 =0 X3'2 =34 3 Xz = 126

2
X13=64:123 =9°; 133=° v x,3=460

Would this society bde capable of maintaining the above
flows by working on a capitalist basis ¢

(b) Can you establish a necessary and sufficient condition
vhich guarm tees that the system described in Question 3
admits a mecaningful solution ?

GROUP C
5« (a) Discuss why the market prices are considered inadequate
in Social Cost Benefit Analysis ( SCBA).

(b) How are priccs to be determined for SCBA under such
conditions.

6. (a) Digscuss how the rate of interest indicates time preference
of individuals in a saciety.

(b) Explain why the soscial rate of interest differs from the
market rate of interest in the discounting of values over
time.
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Stochastic Procesgses—2
SEMESTRAL-I EXAMINATION

Date: 10.12.82. Moximum Markss 160 Timer 3 houc.

llote : Angver all queationsa.

1.(a) Prove that in a MNarkov junp process the transition proba--

(v

(e

“e(e

(v

~

~

)

~

bility functions Py (¢) are uniformly continuous functisrva
of t on [0,»] for each 1 and j.

A telephone exchange has m channels. Calls arrive in the
pattern of Poisson process with parameter A ; they axe
accepted 1f there is an empty channel, otherwvise they ace
lost. The duration of each call is a random variable whadazc.
distribution function is exponential with parameter p. Wish
standard cssumptions find the stationary distribution of the
no. of busy channelse

Let ixt > 0} be a Markov jump process and {'('n} the .
transition tirzs. Denote by p“(t) tha transition probati-_
litles for the )(t Frocess and by q(n) the transition prota-

1]
bilities for the emdedded profess {x 'g « In it necesser,
that (n
(=) '
Ue  q3™ = lm piy(t) ?

n-—»o Tt
[8+12+7=27]
Define the virtual waiting time in a queues Give { not
necessarily resorous) arguments to show that, in an L/GI/1
queueing procces, the virtual waiting timcs constitute a

liarkov procesge.

Suppose that in an M/GI/> queuing process the parameter for
tha arrival times is A and the service tize distributicn e
&iven by the distribution function He If there are initially
no customera present, find

(1) Pk(t) = Probe ( at tize t therc arc exactly k custsnexs

being gerved)e.



St )rar = P ”, .
(e tl-‘-_)— A8 = e [B+15 = 23],

. (a) I‘“?’{J be n preocecs where each xt has zero cean and (inile
variance. De "in2

b
xt c*

a
‘3) Sho7 that, 1!"{Xt} 13 ap nkove,
fb at
‘ X
a t

bt
extsts if [ [ »(t,8) d% 29 exists
o a

viiere r(t,8) = cov ( Xy xs). a<t 8¢ b
(¢) Give a reasonatle definition of

fb

X, dt

a t .

where, now, each X_ has finite variance but not necescarfl:

=30 2e22n. Decdde 17 the formla
b b
E(Sx,at) = S E(X) et
a a
holds with your definition. [5410+10=25]

4. Tonsider the stocmstic differential ejuation
V; /
)+ (L) + X(t) =W (L)

(a) Trite do'n the general solution of thic equation on an
Interval [to t] ( explaining your notation - but without
proof).

(b) Conslder the solution X(t) of the above ejuation on Lto, w,
which s~tisfies X(to) 0 and X7( to) = 0. For ty < 1:1 <t
find the optirmal linear predictor for xt based on

2

9,_11;' t0<_t5_t1z
(c) Show that the equation above has a solutjion on IR which it

weakly stationaxy.
[541248=05].



BIDIAN STATISTICAL INSTITUTE
B.Stat.(Hona«) III Ye=r, 1992-83

Statistical Inference
SPMESTRAL-I EXA TUATICN

Date: 15.12.82. Maxirun Markat 100 . Tmes 3 huiw

llote : The paper carries 131 markas hAnawer aa \uch
as you cane laxirum you cen score ia 100,

1. £11 enswera must be brief and precise.

(a) Yhat is meant by an eetimate'being unbiased ¢ Give an
exemple of a UMVUE which is inadmissible. Proof not neeied.

(b) Fhat makes the use of conjugate priors in s Bayesian
analysis appealing? .

(¢) Give an exanple which exposes the danger of blindly ueing
the pininax principle. Only main features are to be men=-
tioned, but no proofs.’

(d) What makes the MIR Iamny the natural famfly to bs gtudicd
in one-sided testing problems?

(e) ‘State in one sentence the moral of the Neyran-Pearaon
lemza. [5+445434+3=20]

2. (a) State 2nd prove the Cremer—Rao incquelity. Cara fully a.t'te
the assumptions needed and indicote where exactly in the
proof e‘\ch ass\.mptlon 18 useds

(b) Hence orlotherwise, show that {f X~ 1(6,1), = < 8 <=,
then X 18 a minimax estimate of 6. What other propsriies
of X 40 you Ynow? : -

: L1os12=22]

3+(a) Define a MILE. L

(b) If X;, X,y oves, X, avo 414 N(B, 6°) , ©> 0, find the

V1E of 6. [3410=133

4+ Let X ~ Bin(6,p), 0 < p < 1. For testing Hy 1" P 5_% Vs,

:H.l F % » write down explicitly the UMP test of level
= 0.04 and find the power of this test against the zlteraatives
= 0.6 and C.9. Deriving the form of thz test {s not neceseary.

L12]
P.T.0.
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5.(e) Explain briefly how the problen of testing a composite null

(b)
(c)

6s(n)

(b)

(e)

7.(a)
(v)

(¢)

(a)

hypothosis con often be recuced to that of testing a siajle
null hypsthesis by taking a Y%aast favournble” mixture of
the null distributions.

Frove a relevant theorem in this contexts
If X4 eesep X, 13 a random semple from the (o, 0‘2) die-

tributisn snd Y1. casse, Y is an 1ndependeut random snmple
from the N(O v ?) dietributlon, find the UMP level a test

2 2 2
of iy s o <2 Voo ity 1 62> 2.
0 44 1 {5+10+10=2)
Dofine a uniformly most accurate family of confidencc saic
for a paranmeter @ .
Explain how such a family of confidence sets can be cono-
tructed from the Ul'P tests of appropriate hypotheses, by
proving a relevant theorem.
If X4y Xpp e+sey X are 118 R(0,6), @ > O, obtain e U}
family of confidence sets for ® of confidence 1-a, 0 < a <!
(3+8+6=17]
Define a HPD Beyesian credidble regzion of confidence 1-as
Exrlain why this makes a reasonable definition 2nd howv a
Bayesian credible region differs from a usual Neyman-Pearsa
confidence set in interpretation.
If x, 18 an obscrvation h-on the N(6, 1) distribution end
@ has a conjugate x.(u,‘t ) distridution, obtain a 95%
Bayesian credible region for 6,

If data Xqs Xyp ey X, ATE available from distributions

14(91, 1), -n(e2,1), . H(en. 1) respectively, where

91,5 ere believed to have been generated by the sane

“(u.’t?) distribution, p,"cz not completely knovm, find an
empirical Bayes estimote of ©. Why would you call it
enpirical Bayea? . 3+5+747=22]
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LIDIAN STATISTICAL LiSTITUTE
B.Stat.(Hona.) IIY Yeor, 19A2-83

Sample’ Surveys
SEIESTRAL~T EXANINATION

Time; 3 %

Maxtaum Marks @ 100

Doter 204124824

Note : The paper is dividod into Group A and Group B. :
ou may answer any part of eny question from Greou;

Al flowever, the maximum you can acom is 45.
The maximum marks for Group B 13 60. I f}'jx .allstted
to each question are givcn in brackoets

-

GCROUP; 4 )-!raxjmu.:l carke 40

te(a) Define the terms 'Sampling Deoign' and ‘Unbiased Zatizator «l:]
(0) et N'=3 and n = 2 and s, = {U,, U,{ , s, = Uy, Ug,
P5.= guz'. U g . Under the Simple Random Sampling design

let p (Bi) =1/3 for { = 1,2,3. Define the estimator t by

ty =y 2+ 9,/2 1f 8 o'cicurs

t = t. =y1/2+2y3/3 1!52 occurs

G = y2/2 + y}/j it 8y occurs.
Show that t is unblased for Y and that there exist vzluee

(Y ¥ or Y3 )} for which V(t) ¢ V(y), where y denotes the soz:

Dean. What does this example show? [3#6-&3 191
'7\) How do you select-a limear systemaﬂc gample of size n froz
(5]

a population of size N ? .
) Suggest an unbiased estimator for the p'.opulation total Y ol r
: i4l

characteristic y based on the adovo design.
“§) When the values of the y-characteristic-sre known'ts be o2 e
!‘am Y = a+Pf{ and when the population gize 18 a multiple ¢7
the sample size, would you prefer gystecatlpe sampling to sf=tl:
fol

rendom sanpling 1 Give reasons.
P.T.C.



3+(a) Explain what you understand by ‘Combined and Separate Ratio

(v)

'4-(a)

Estinators’ in stratified random eampling. Indicate thc zitye
ationc when you use these estimators, deriving the neceosary
forrmlace

L You mny assume, S( ,\— ) = [ RV(X) - Cov. (‘l. X)]/X2 and

Ly a [ vid) - 2mocove (3, By« U1 01 =g

N>|.¢>

with the usual notetiona.]

The variate y is unifornly dfotridbuted in the rang: (n-sﬂ\;.
The ronce 13 cut in k cqual parto to make k strats of oqual
size. From each strntum, a simple random sample ( with
replacerent) of n/k units {s taken. Compare tbe variance

of th2 estimator of the population mean based on this stratys
sanple vith that of an unstratifiod rample of mizo nes Show
thnt the vorfance in the first case falls off inversely to

the oquare 5f *he number of strata. L4a2=(]
GROUP : B faximum Markes €0,

A gomple survey was conducted to estimate the total yfeld of
padiy in a district. A straotificd two-stage sampling daaim
was adopted with villages as first units and plotas within +' o
28 vecond stage unitse From each stratum 4 villages were
sclected with probabilitias proportional to arer and with
replacenent and 4 plots were selected from each sclected
village with equal probability znd without replacement. The
daia on yleld for tha sample plots together with informotisn
on selcction probabilities are given in the tadblc below;

Stratun Sample Inverse of Total noe. Yield of s~apic
villare probability of plots plots

of selcction 1 2 3 4

I 1 440.21 28 104 182 148 87

2 660.43 14 18 64 132 156

3 31.50. 240 100 115 50172

4 113.38 76 346 350 157 119

II 1 21.00 256 124 111 135 246

2 16.80 288 123 177 106 133

3 24476 222 264 718 144 55

4 49.99 . 69 300 114 48 111

I 1 £7.63 189 110 281 120 114

2 339.14 42 80 61 118 124

3 100.00 134 121 212 174 166

4 €3.07 161 243 116 314 129
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Total numdber of plots in stratum I : 8423
Total nuzber of plots in stratum II : 6355

fotal number of plotn in stratum III $12853

Ucing tre above data
(i) Ovtrin on untirged estimnte of the total yfeld of paddy

in the district. t1s)
(11) Ovt~in an unbizsed csticate of the variance of the above

cstinate. [20]
(111) What are the poosible sources of non-sampling errors in

the above study Lsl

(b) 4An experienced farmer makes an eye cstimate of the weight
of peaches x; on coch tree in an orchard of N = 200 trees.
ile finds a total weight of X = 11,600 pounds. The pcaches
are picked and weighed @ a simple randsm sample (without
rerlacenent) of 10 trecs #nd the Ionowing results are

obtnined:
Trec Number
1 2 3 4 5 6 i 8 9 10
Actual
weight 61 42 S0 S8 67 45 39 57 71 3
¥Yi

Ectipated c
weightxi 59 47 52 60 61 48 44 58 176 58

(1) Find the regression estimate Y of Y, the total weight
of peaches in the population and estimate ite
sampling errors [10]

(11) A5 an elternative, iIry’ = Nix + (y - x); 1s used,
obtain the gain in precision, if any orf Y over Y-

i7)



DIDL'M STATISTICAL INST IRUTT 992-23 /'
B.Stat. (Hons.) III year

Flective 4: Physical and Barth Scicnces
SEVEETRAL~I EXLMIDIATICN

Zates 24412.82 laxioun n~rke; 10C Tine: 3 houras.

Wote: Lngvuer any five questions. 411 questions enrry equal
n~rks.

1+ That is wentherdng? fow does it differ fron erseion?
Describe how different kinds of rechanicrl weathering cnn toke

pl-ce in n~ture. 4412220

2 Unh~t {8 neant by texture of e sedinentary rock 2 Discuss how
crain size analyeis of clastic rseks arc utilised in under—-
standing transportntisnal processcs.’ 5+15 =2C

3. et 19 cross-bedding ? Vhy dip dircction of forecsets in
crosc-beddings generated by nigration of bed forms indieote
down coxrent direction ? Determine the azinuth of the reeultent
veetor, its magnitude and consistency ratis frco the eross-
bedding azimuth dn~ta given below;

3%,7°,52,192,122,239,26°,38°,22°,29°,24°,44°,
58°,48%,51°,64°,79°,75°,70°,85°,89°, 1057, 358°,
318° 342415220

“h-t iz a sanletone ? Discuss how the ainer~logicnl property
of a snndstone refl cts the tectonie control. 1620

“hot is diagoneeis ? Duoscribe the dingenetic processes rorpin-
siblc for conversion of cnrbsnate sodiments into liceston2.

(o

. 4416=20
6L Znurerate briefly the smliopt featurcs of meandering river
deposite. 2C

Contde «.s2/



7

O

State the clax.
Unnl 4o turbidity currant ? Vhat is 2 turbidite ? '

teriatic fiatures of turbidite.
5+5+10=20

Write mztco on any 4 2f the f3llowing:

(1) Yiulstrom's dirgraa (11) Welthers Law
(141) Unc~nfornity (4v) Tillite (v) Flysch

102=20

(vi) L-ces

Dicaovcg with tha helr of sketches the distinction between
(any two) 10x2=20

(1) turdbulcnt flow and laminar flow

(i1} spherieity ~nd roundness of grains

(111) flute casts nnd 1ond cnsts
(iv) I''chaniec~1ly depssited sedinent »~nd chemicnlly

precipitated s:dinent.
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Elcctive 4: Econonics
SENESTRAL-I EXLNINAT ION

Dnte: 24.12.%2 . rxinun parke: 100 Tie: 3 houre.

Note: Lnswer four questions, attonpting atleast sne

question from cech group. All questisns eorry

¢qual n~rks.

Group A.
1.(a) Bring out clearly the distinction between prinary injute and
produced inpute in tha context of input-sutput aanlysis. (1:};
(b) Given a visble (mm) input-sutput matrix 4 end the correspsnil.

(1:xn) primnry input cocfficient vector Uy discuss the econczly
ne~ning of the scerics

Lt (aol‘.c+a0L2c + oaes # eo.'.tc)
t =)
where, ¢ 18 an exvgencusly specified final uge vector roelized
by the given input-output systco. (12%_)
2. Stnte, prove and interpret the nonsubstitutisn theoren of
fnput-output analysis. (25)
Group B

3 St~ta ~nd prove the conplemcntary slackuess theorem. fles give
~n ceonoaice interpretntion of the theoren. (25)

+e(2) Trite sut the dual of the frllowing lincar programming problca

Kininige 27 = X4+ Xp+Xg
subject to x1-3x2+4x3=5
Xq72%, <3
2%5"X5 14
X422, %25 but x; is unrcstricted in sign. (17)

(b) Find the optimal solution of the dunl of the fsllowing linusxr
progremning problem by snlving the primal by the siaplex =cthsi

Mexinise 2 = 2xy + 3%,
subjcect to 2xq + %, 180
Xy +x, <50

Xq + 2%, £ 80
X429, X520

(15)

1Let.0.



Discuts the npprorch trknr in _Ls_ocinl Ccot Benefit Analysis

‘g2 tho pricing of thc product o9f a projact. Discuss the reasonn

for w'ich the appronck to the scnme is dlffercnt in conmercial
aceaunting. . ) (25)

A projuet fsr houering i to> be token up by tho governzent.

‘Discuns the appronch you should rdopt in eveluating the

bea fits fron the project. (25)
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INDIA STATISTICAL L‘ISTXTUTE'
B.Stat.(Hons.) III Year, 1982-83

* Difference and Differential Fquations
STESTRAL-T EXAMTIATION

Dttt 4701685 Max{mum Marks: 100 Time; 3 hoursl

"lote 1 Anawer all the questions. Figures in the margin
indicate marxc. )
h

1. Solve any three of the f5llowing finite difference equatisns.

() 3¥pin-= Tpe1 = Gyn* = 0 sudject to y, =0, y;=1.

_ n
(v) yn+3 - Jyn+1 + 2)'" = 3.4
' i
(&) Ypyp + Ypyq = 56y, = 2™(n2-3)
€ _ 4 17
(@) You3 ¥Yq = Yoo * Yt - [3x10 =30)

2+(a) Ure the convolution formula to find the inverse Laplace
transform of the function

2

25
(541 )2

() Uee Laplace transsorm to solve the following Volterra
etuation ’

t
9(=)+ J o~(t-8) P(E)aE = cos t.
0 {10+10=20]

3.(a) Erove that
B LPo = P

(b) Find two linearly independent solutions about x = 0 of iLc
fm1lowing equation

xy” = (x+3)y’+ 2y = 0 (8+14=22]
PaT.0s



ie{a) Ctlain the geveral sdlution of auy twa of the following
pari{lal difrercntinl eguations

(1) p-32 =Sinx+Cuy
(1) xep-ryzq = axy
(111) x(y=2)p + y(z-r o = z(x-y)

(t) Use D’Alembert’s me .hod to construct the eolution’ o trc
initisl = velue p:Jblem for the homozeneouc wave equntii:

€3§ = & §2 ym@<x (= £>0
6t £x

£(x,0) = A Sin a x , %(x,(\)=BCosbx,-«=<x<'o

where a, b, A, B are constanto.
[2x1049=
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B.Stat«(onc.) Part III, 1992-83

Stochastic Procecses-2' '
JACITAFTR EXANINATICN

Zate: 31.1.93. Naxisum "arks @ 100 Time: 3 hours.

Note : Ancwer all questiona.

1.(a) Desive =hat ysu mesn by a Larksy jump procecsa.
(b) Cutain Kolmogorov’s backward equations for a Markov jump
procesas [10+15=25)

2.(a) Concider an M/GI/1 queue. Find the expected queue length
(at the times of departure of customers) under the assump-
tion that the qucing process has attained a stationary state.

(b) Conzider an NA:/1 system with the queus disciplina of last
come firat served type. Lot X(t) be the qucue size 2zt time t.
Shor that the process "Xt. t > 0 ¢ 18 a birth snd death
rrocess end determine its paramaters. [12¢13=25]

3.(a) Tt §7m be a sequence of square integrable random variables
vith z:re maan. Show that {Xng i3 Cauchy 4f

cov (¥, X)) — C
#8 5, rn —> = vhere (° is a real numbex" .

(b) Lot X, be a Gauesimn process, continuous in quadretic mean
whero ench xt hnas zoro meane Show that
J_b
X, dt
a t
is normclly distributed. B
Y is+12=20]
/
t. Consid~r the stochastic differentisl equatfon a,X(t)+ 04 X(t) =
w(t). .
(~) Mot do ydou mean by saying that X(t) is a solutisn of the

sbove cquction on ~ intervel {c,d]?
P.T.0.



4.(b) Conaider *he colution of this cquation on [0,1] for ahich
¥(o0y=0. I thin polutiom dificrentiadble (in q.n.) con
1n,1175

(c) Jecire when the akove ejuatisn has a sslution on IR which
13 weakly sizticravy.
(d) €nhov that this c™ation can have at mcst one weakly

ctationary solutfon sn R.
[6+6+10+8=30)
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Elcctive-5 : Economics
SEMESTRAL=IL EXWMINATION

Date: 13,5.83, aximum Marcks & 100 Timos 3 hours,

Motc ¢ Answer 211 guastions, Marks for cach question
arc given in brackets.

1.,(a) What is Lorenz curve ? Obtain the oxpressions for Loronz

~

(c

2.(a)

curve and Loronz ratio of a random varlable having a two-
parameter Lognormal distribution. Indicate the properties of
Lorenz curve in this case. (5+10+5)=[20]

Consider the following size distribution of per capita total
consumer expenditure (x) for urbzn India :

X=class O - 11 11 =15 15 -21 2] - 28 28 - 43 43 -
(Rs.) . . .

per cent 15,80 16.40 30.80 17,40 16.70° 13,70

population

From this dota, chtein the cstimate of the parameter p of

the Lognormol distribution by mcthod of quantiles. [16]

Discuss bricfly thc various criteria for chcosing a suitable

© form of engel curve for a given s¢t cf cross=scction deir on

(b)

consumer cxpenditurc. [16]
The following aquantiti=s were computed from a grouped €ross-—

scction dota for estimating engol olasticity for suger for
urban consumers i

1,4864 I Py log Vj = =0,7937

-2
T pJ(log yj)
Ty log ¥y =2.3695 I py(log ;J)z = 9.1903

log ij log 71 = -1,8007

vihere ;J s averago par capita total expenditurc for the jth
per capita totoal cxpenditure class g

VJ : average per capita cxpenditure cn sugar for the
jth class 4

astinrted preporticon of persons in the

Jth

.

Py
class Pataeve



2.(b) contd..s
there being 12 expenditura classes (§ = 1,2,12) and all
logsrithmic values are bascd on naturil logarithm.
(1) Obtain tho estimate of thc engel clasticity for
sugar. vwhat i35 the standard crror of this ostimate 2

(11) vhat can you say about the gocdness of fit ¢f ihe

© fittod ongel curve ? .
[16].

3. \irite notes on the followings 3

(a) Pareto's Law of Income Distribution }
(b) Problems of estimatizn of demand function for an item
from time series data, [10x2=20)

4, Practical records. [12]
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Elective=5 : Physical and Earth Sciences
SEMESTRAL=II EXAMINATION
Data: 13,5.83, Maximum Marks: 100 Time: 3 hours.

Note : Answer any five questions. All questicng
carry cqual marks.

1.-Dctine "image impedances' and 'characteristic impedcnce!
as applied to a two-terminal pair network,

Find the expressions for image impedances of a two-tcrminol
pair network in terms of A,B,C,D paramcters.

Discuss the diffcrent possible techniques of ovaluating the
characteristic impedance of a two-terminal pair networke.

Find the characteristic impodance of the following nctwork.

{4+8+444=20]
A *—-L‘—H--—q.—-a 2
Zav 2L
]
! O~k et 2}

2, State Bartlett's hiscction thcorem.
Determina the lattice oquival»nt of the following networks

1 uTrmaw

T

¥ ' 2

Given any lattice network with sorics and shunt arm impedancas

Z, and Zb raospectively, find its cquivalent T-scction netix 40Tk

<nd comment on its physical rcalizability.
Is the equiVAIUnt T-configuration of thc ahove circuit

),
physically rcalizable with R,L and C elgments at 0 = — ?
Y Y ! . /ic

[4+6+6+4=20]
pst.o.
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3.(a) ‘ihat do you mcan by Q-factor of a coil ? A sarles rcsonont
circuit consists of a capacitor C oand a coil having an
inductance L and rosistance R. Find an expression for the
currcnt floving throuch the circuit at the reosonant freoqu-
cncy. Is thé circult capacitive or inductive at a frequency
W lcss than thae resonant frequoncy ? Derive an eoxpression

. for the 3~db handwidth >f the eircuit {n torms of thy
Q-factor of tho coil.

(o) Find the input impecance Z1 of tho following nctwork. Al)
impodince wvalucs are in ohms,

G—— )l"‘l..’\_, _r’.q,__‘ _/.A':m___r"_ o
: l 1 —> to iafinity

;Z; - o 7;1 ?31
f 1 [4+4+24446=20)
o — —_de---

4.(a) Find the current flowing through the branch AB in tha
© : following clrcuit. All resistance values are in chms,

a2, g0 3y Zab
ot [T T
s

(b) A romp voltage vi(t) = at is applied to the following
circuit, a being a constant, Find the output voltage Vo
_at 1) very small t (t < < RC) and 11) very large

t (t > > RC).
',ﬂrféb—v—q,.
N 3p v,

o:—-——-jz___o‘-

5. Find an cxprossion for the width of an unbiased abrupt p=n
Juncticn at 300% given that the doping concentrativns in
p - and n ~ regicns are 2 x 1014/c.c._and 1.125 x 1015/c.c.
rospectively, tha' electron density in the intrinsic specimen
15 1,5 x 101%/¢.c. ot 300°k, diclectric conctant of the
somiccnducting matorial i~ 16« Dorive th? necessary working
formula. [6+14=20)

(contdss...sd)



6.(3) Draw tac circuit diagran of a full-wave bridge

7.(a

(b

(¢

)

)

¢ o

Calculato the d-c output voltage and the ripple factor of
thia output wovetorm vnen a capacitor filter is uscd with a
fullewave roctificr, aftcer eritically oxplaining the
filtoring perforuance. Dafine porsontage regulatisn of a

powar supplys | [6+12+2=20]

A transistor has a commen base current grin a = 0,98 zord
lediage eurrant Iy = 10pA. What will be its conmon
amittor curreat gain g and loolkage current ICEO ? Derive
the nocessoery working formulsces

The revarse saturaticn current of a p-n junction rectificr
15 10pA at 300%%, Find cut thc valuc of th» current through
it at 300% when the Sunctiun is furword blascd with

0.233 volt.

Show how a positive lenic AND got. cen be rcalized using
¢i.des, Assume that legiec 1 = 45 volts and logic

0 =20 valt,
[1045+5=20]
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Cptimisation Techniques
SENESTRAL-II EXAMINATION

Uate:1¢,5.83, dMiximum Marks: 100 Time: 3 houzs,

Note: Answer all auestions., The whole paper carrics
108 parks but the maximum you can score is 1CO.

1., Given a problem

max cTx subject to Ax=b, x 2,

explain how you wviould solve it. It is not even known whether
Ax=b 15 consistent, Cive the conplete procedure withaut
prosfs.. [15]

2.(a)

()

(¢)

(d)

Let A be totally unimocular and b be integral, If the
chbjoctive functlon of the LP

mox ch subjec” to Ax=b, x 2 C
hes an upp2r bound ( the problam 15 assumad to be feasible),
prove that thcre oxists an integral optimal sclution. [10}

Fermulate th2 maximum flow problem in a network as an LP
in thc fo-m considered in (a) and prove that the matrix is
totally unimodular, rite the dual LP in the same form and
hence shos that it ( the dual) has an intogral optimal
sclution. . (5+10+ 10)

Assuning the max~flow min~cut theorem, Show that the weak
duality theorcm holds for the LP in (b). [5]

An r x n Latin rectanglc 4S an r % n matrix A = ((aiJ))

- with entries f:ocl-{l,2,.-.,ﬁ} such that a,y 4 2,

whenaver j $ k and 2y + 2y vhenever 1 4 h. Given an

r x n Latin rectongle with r < n, we want to add a ro» to
got an (r+))xn Lotin rcetangle. Formulate this as a problea
of finding an SDR for a suitable family of scts. txplain
how you would usc networks { giva the complete procodur:

without proaf) to find such an SDR. [6+15]
p.teo.
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3.(a) State and prove von Neuvmann's minimax theorem. [12]

(u) & hneerix geme is said to be complately mixed worat. row
(rosp. column) player if cvery optimal strategy for the

row ( rosp.column) ploycr wses every row (rusp.colunn) with
2 matrix game is

positive probability. Show thit a 2 x 2
complctely mixed warote the row player Lff &t is completlcly

(8]

mixed worete the column playcr.

(c) Supposc a 2 x 2 matrir game with pay-off matrix A is
completoly mixed weretes cither player. Lot Xo be an

optimal stratagy for the row player. Prove that
XOTA = w'sf where w is the value of thd game and deduce

that the row playcr has a unique optimum stratcay,
[6+6)
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Nonpariactric and Seoquantial Mcthods
SEMESTIAL=II EXAMINATION

Timot 3 hours

Date: 20,5.83, Moximum Marks s 100
Notut Answer all questions,
le In oach of the following probloms
(a) write down the apprspriate null and alternative hypotheses

and

(b) iadicat
© wvalucs of it ary significant,

¢ whot would be your test statistic and vhich

(1) A psychologist wanted to known whether the mothor's
Judgment about tho porsonality of the eldest son is
better than the father's. He intervicwed husbands and

familics which ho knew well and which hed

son, The following data givas the ratings
puycheiogist Higher rating indicates better

wives of ton
at lcast one
given by the

Jjudgcment.
Family
1 2 3 4 5 s 7T 8 9 10
dusband 6 5 3 5 1 7 4 8 2 3
Wifo 4 8 4 6 5 3 71 6 17 8

(i1) An IQ tost was given to each member of ten couples
by 0 psychologist who wantcd to know whother people
chooso epous2s having similar IQ as thair owm.
Bolow are the test scores,

Couple
l1 2 3 4 5 6 7 8 9 )X
Husband 120 125 140 120 118 144 110 144 130 120
Wifc 138 110 142 128 122 152 121 138 110 141

Petece.
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(i1i) A bohovioral scientist invistigating whothor women are
frster than oon in 1:e:oning skilful jobs conducted an
cxperineat on nince couples. The following data gives
*%> tiriags ( in minutes) for loarning a particulor
sxilful job.

1 2 4 4 5 6 7 8 9

Hushand 20 25 23 24 22 21 1§ 25 22

wife 22 23 16 18 20 25 24 20 24.
. [444+1=12]

Carry out znalysis for zny onc of the problzms of question 1.
{ Tako « = .C5 and do not usc nornal approximations). [al

If Fo is ¢ continuous d.f, end if Dn is tho Kolmogorov
statistic based on a sample of size n for tosting
H ¢ F = ﬂ) V3. Hy = F ¥ Fy , show that

I . _@§
’n 12;211 hx}“ fo (xm‘? ol (i?? n (4]

With notations as in clasz notes show th»t 4f F is centinuous
30 that tics may b2 ignored, then

4 = £ L I [zi+z > 0]

o 11 ¢4 ¢ h 3

lence or Gtherwise get By (Ws). {4+1 = 5]
1 .

Obtnin the cistributisn of the Kolmogorov=Smirncv stotistic

Dy ( in notations of ¢lass notes) under the null hypothesis
L

thaot both the somples come from the same continuous d.f,.
Compute the power of ti test with critical region D,y 1'2 éh
»

at the following alternative

Hl 8t XAF , N F3, F has density f.

[8+7=15]

(a) Statc the optimum proporty of cn SPRT,
(b) Do you know of any scquential test which minimiscs the
randoa samplo size cmong all tests with same or lowor

orror probabilities ? Is it an SPRT 2
’ (contd,3)
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€,(c) Dcfino a GSPRT, Give rufficicnt cond:tions for & GSPAT to

* hav> monotone OC functica (IO proof ncoded),
[3+5+3. =12]

7. In th: sccretory problem consider the rule @ Pass tic first

8

9. fAssignaonts.

[ g ] canzidates and thea chocse tac first candidate with
relative ank ono,ygégre is only thy 12st candidate you rust
choose him.)ifrite down probability of sclecting tho best
candidote and find its limit as Y —> =, Compore this limit
with the limiting probability for the optimal rule which
( in the 14mit) passcs by N @ candidates and thon picks the
condidate with relative rank one

or

Lot Xi's be i.i.d N (4, 02).-Let ¢ (Xyr eoey Xn) bo a tos

: ) g
letE 0,0 (¢) = a \fo. Prove that 13:‘ E“.a 4) = ¢ N BEo,

[ If you uce any result proved in class, give a proof.)

cflb t p =0 Vs, H, : p> 0, based on n observations 3

[10]
A munlcipality has to provide light daily for ten hours =t
400 situs. The life { in hours) of a bulb may b2 assumed to
have cxponential distribution © 9% with T* = 120. Determine
Cezih L the municipality will not nzod more than N bulbs
with probability approximately equal to 495.
[ Hint ¢ Use Wald's first and sccond cquation and the con-
tral limit tncorem]. [24])

[10]
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Design of Experiments
SEMESTRAL-II EXANINATION

Date: 23.5.23, Maximum Marks : 100 Time: 3 hours,

Note : Answer any FOUR qucstions. Each question
carries 21 marks, Submit your Fractieal
Records 2longwith the answer books. Marks
allotted to Practicals are 16.

1, Let M be the incidenco matrix of a block design D, Defina the
dual dasign D* of D whlch h2s the incidence matrix N'= 117
(transpose of ). Prove that D™ is connceted if and enly if D
15 so ( proving the intermodiate results used), Show also that
if D is a balanced incomplete block design (BIBD) with para-
meters ( v,b,r,k,\) then D¥ is also a BIBD if and only if
v = b, ‘ . [10+11=21]

2, In en cxporimont with a randomized block design for v treat-
ments in v + t blocks , v obscrvations got lost affecting all
tho v trcatments with a block having at most one observation
missing. Is the resulting desion :

(a) cunnceted ? why 2
(b) orthogznil ? why ?
(¢) balanced ? why ?
Solve for CE = Q and obtain an expression for V ( ;"‘5 ) where
Y% 1s the BJL.LULE. of an ostimable treatment contrast 1y .
. [3x4+(6+3)=21]
3.(a) Describe a method of construction ( proving that the mcthod

* works in general) of the following serics of BIBD 1

v=b= 52+s+1; r=k-= 52, A .= s (s-1), where

s is a prime or power of a prima,
(b) Prcve the non-cxistence of the following BI3D's
(1) veb =22, r=%k=17, A=23

(i) v=b =67, r=k=12, A =2,
[15+2x3=21])

Pete0.
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4, Derive the expressions for (i) '! estimates't of missing volues
used in the missina plot tochnique, and (ii) varfance of the
best ecstinmator of cstimebla function bascd on the inconmplete
data. Suppose in a randonized block design two observations
are lost in tho same block ( v > 2) affccting the trcatments
{fand 17 (£ A L°). Obtoin the 't ostimates*® of the missing
valucs, ¢nd the variancos of the cstimated olementary troat-

nent contrasts basod cn the incomplete data,
' [(7+5)+(4+5)=21]

5.(a) Doscribe with an illustration the method of construction of
a replication of a confoundod design for 2n factorinl expc=
riment in blocks of size 2K, Indicate the analysis of
variance of the above design i{n r randomizod blocks.

Let A,8,C,D,5,F and G stand for scven factors of 27 experi-
ment. The following treatment combinations form a block of
a replication of a confounded design for this oxperimenti

( bedefg, abed, cdg, bdf, bece, acdef, abdeg, abefg, de, cf,
bg, -dfg, aceg, abef, a, efg). Determinc all the confounded
effects in this replication,

(b

A~

[(8+7)+6=21]
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lMultivariate Distributions and Tests
SEMESTRAL-I1 EXAMINATION

Time: 3 hours.

tet X and S be respectively the mean vector and covariance
matrix formed from a random sample of size n¥l from a nan-~
singular Np(p,E). Find the joint distribution of

=V =
nX S X .
X and ——= , 10
. X's X . (o]

Show that based on a random sample from a nonsingular M _(u,I),
the san-.ple' mean vector and sample dispersion matrix are jointly
sufficient for u,E, [10]
Consider t\;lo. populations N _( u, af I ) and Np(p, 622 I). Fir-
the Union-Intersection criterion for testing the equality of
the two dis_tr;butior.%.Further,‘assuminq the two types of losi.:
to be the sdme, find the discriminant function between the tuo

populations, . {25]
Consider the linear rodel

E(Y) =X B

n x1nxm mxl
where D(Y)=E ( a positive definite matrix).
Show: that a value of 3 ninimising
’  v-xp)* £~lv-xp)

’ {1z]

A .
is g = (T xrrly,

peteoe
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5. A rescarches at -a school! for the deaf geve several motor

o
.

~
.

tests 1o the resident students, and also tested a group of
hearing children, pairced child for child on the basis of sux,
age and height with the deaf children. Scores for 10 deaf arn.
their hearing counterparts on a test of grip (X ) and a tect
of balance (X2) are shovn below. Examine if the deaf and
hearing children are different in grip and‘ba]__.ar'mce.

Pair No. Xy Xo
Deaf Hearing Deaf . Hearing

1 25 26 2.0 2,3

2 22 22 2,0 1.0
3 28 27 2.7 3.7

4 35 39 2,7 3.3

5 37 34 3.0 10.0
6 48 51 1.7 4.3

7 49 52 2,0 a,7
8 54 54 2,0 7.0
9 65 77 2.7 3.3
10 57 68 1.0 1.7 \

(20]

Mecasurements on the lengths of humerus, ulna, femur and ticia
bones of 276 leghorn fowl gave the following correlaticn

ratrix, . .
0.94 0.94 0.94

1
1 0.94 0,94
1 0.94

’ 1
cach of the variancesbeing 16 cm.2

Carry out a principal componcnt analysis and interpret your
analysis, [10]

Showr that in a stepwise regression problem, the following two

criteria for the addition of a predictor arc oquivalént H

{2) partial correlation of the predictor with the dependent
variable given the previously sclected predictors is
maximum §

(b) the inerease in the multiple correlation between the
© dependent variable and the predictor is greatest. [10]
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Nonparemctric and SeqQuential Methods
SFIESTRAL-IT BACKPAPER EXANINAT ION

Date: 15.7.83. Maxfmm Marks:100 Times 3 hourse

1

5e.

Note 3 Znswer all questionso.,

Explain how ona can get a confidence interval for the shift
parame ter in a two gample shift prodblem. (20)

Show that

fm.p, (/ED A) ) n.(‘”m -12,2
1im- n = 2z (- ]
n—>= Hg n 1=1

where IJn 18 the Kolmagoro?¥ -Smirnov statistic with nqny=n and

under Ho the underlying cormon distribution function of X’e and

Y's is contimuouss, (20)

. Under suitable asgumptions lerive lawcr founda for the ASH of a

sequential test undcr__Ho and H'i‘ Henee show the approximate
optinality of an SPRT. (25)

. Explain how Stdéin’c two stage sampling leads to fcunded length

coufidence intervsls for the mean u of N(a, 6‘2). Show that
this i{s inpossible to achicve with fixed sample piza. (25)

Assignments., (10)
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