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Attempt any five quastions. All questiuns carry equal marks.

10,8,73

1, Describe the International statistical st up dringing out the
role played by the Statistieel Office of the Unitecd Nations.

OR .
Describe the Statistical System 4{n India bringing out the
role played by the Central Statistlcel Organisation.

2, Describe the organisation ond activities of gither Directorate
of Economlcs and Statistics, Ministry of fgricultvre or Insti-
tute of Applied Maonpower cnd Fesecrch, Mention the brozd cen-
tents of onae of the importont publications of that organtisa-

ion, N

3. Descridbe the salient features of the 1971 Population Census.
How it has been an improverzent over 1961 census? Mention thre
various uses of the cenaus data,

4, Describe the coverage, coatent and methods of collcction of
Industrial statistics, How are the data utilized for policy
formulation and planning?

S. Describe briefly the method of collection and eox,..lation of
official statistics in sly.trroe of the following flelds: -
1) Foreign trede stztictics
1i) Health statiities
114) Road transport statisties
-iv) Educational statistics
v) Family plenaing statisties -
6, Describe the objectives and the procedures involvcd in con-
ducting a Family Living Survey with particular reference to
the working class fawily inceme and expenditure survey 1972-71.

7. Describe the various mcethods of cstimation of National ‘Incoma.
Bricfly indicate the method being adoptcd in India for one cr
the major sectors of econonmy.

OR
VWhat 18 Capital formation? Explein briefly methods of estima-
tion of Capital formation in Incdia,

8, 'Statistics has an important role to play in the formulation
and implemontation of national plans for cconomic and social
development'., Discuss.

9. Vrite notes on any two of the following:

a) National occurational classification
b) Eiployment/Uncmployment surveys
¢) Irdex numbers of wholesale pIlees.
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liote: Answer all the questions. Marks allotted for
each question are given in brackets {].

1.a) State and prove the Cramer-Rao inequality, (The regularity
concitions need be stated explll.cltly) .

b) A randcm semplc Xl..... Xn is availeble fro= a distribu-
tion with pdf. .

( y. = {ﬁ&lﬁ exp (=x/¢) + x >0, @ > 03
x .

s otherwise

Obtain an unbiased estimator of (5« 26)(2+ c)/(1+o) whose
variance attains the Cramer-Rao bound, {1542 J =125)

2,a) Let X be a Foisson (1) variable, A ¥ 0, Find the unique
unbiased estimator of exp, {=3A). Comment on your result,

b) In Q.2(a), £ind an.unbiascd estimator of 313+ 7a%+ oxel
whose variance attains some Bhattacheryya bound, {10+5)=[15])

3.,a) Show that a necessary and sufficient cordition for an esti-
mator T to be a uniformly minimr variance unbiased estima-
tor of an estimeble parameter h(@) is that for every g
satisfying _.o(g) =0 for ali &, covy(T, g) =0 for all

¢ where V‘.(g) ¢ o provided VG(T) < o,
b

~

Show that a polynomial estirator, E _arTr. where ai's are
r=0

¥nown constants is a uniformly minimum varjiance unbiased
estimator of its expestation,

c) Let T bdbe a uniformly minimum variance unbjased estimator
of &, Let T,, 42 be other unbiased” estimators of 6 with
wWm/v(r,) = e, (1 =1,2), Show thut the correlaticn coef-

ficient betwcen T.’l. and T2 lies in thc range .
/fog oy = [T-8))(3-6,) . " {1047+8)=[25]

4.,a) Defing 'sufficient statistics' end 'completeness', Illus-
trate thesc concepts with examples,

b) State the Factorization Thcercm of sufficiency and rrove it
in the discrets case,

c) Let Xy, Xz..... X, Genote a rancom sample of size n (n>3)
from a Ly, o ) distribuuon, where u and 0'2 are both unknown
Define X =nt 7 X, 8% = £ (x,-5)2, show that the wnique
uniformly mlnimu'n variance ufbiased estimator of u /o" is

X2 {6+9+10])=(25)
—_— o - +9+ =
(n-3)s® D

S. Homework. : {10)
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(23]

licte:, Answer sll the gque:cticns,
All questicns carry equnl mrrks.

l. ¥rite a short essay on thc ccncept of economic deve-
lorcent, distinguishing betwecn the different senses
in which the term can ba used,

2, EITHER
Briefly trecce the logical prerequisites fer the
occurrence cf significant innovatiocns in the field cf
preéuction in en economy in a susteined manner,
o

Givc a bricf account of thc develorment of markets
as an economic instituticn,
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1.

liotes The paper carries 120 marks, Answer as many
questicns as you ccn, Maxirmum you can score
i3 100, Marks allotted for each question are
given in brackets 1). .

lLet A be a o-ficld of subsets of a set X, Let f and g

be two measursbla functicns. Let h, for n = 1:2y...
be a sequence cf measurable functicns defined os follows.

hy, =8 for k=1,2,... ko py
Prove that.’{ x: h (x) ¢ocs not converge as n —>°°_:'
belorgs to. A :
Let “l and p, be two neasures on (X, A) such that
uy(A) 2 pp(R) for 211 A in A end py(X) = pp(N)=5.
Show that uy(8) = pyla)  for all & in 4.
ict S bea semifield of sets generating a o-field A of
subsefs of X, Let My and Mo be two measuvres on A
such that pl(-) = up(a) for 2ll A in S. Then show
that py(a) = pp(a) for 2112 4 in A

Let (X, Ki n) be a measure space. Llet A€ A for:
n=1,2,... be a sequéence of sets such that .

oo
: ulh) ¢ =, Prove that

8) u(ﬁ A) =0

o « !
b) (N 1 A)=0
n=l m=n ™
Y M
{Hint for part b: U A | I as ‘N —)w]
m=n m m-n m-nkm

Let (X, 4 p) be a measure space, Lefine the expectation
of a measurable function f when

a. it is an indicator functicn
b. it 1s a step functicn

c, 1t 1s a nonnegative function
d, it 1s an integrable function,

p.t.o,

=f for k =0,1,2,

115]

(10]

(20)

{20]

{15)
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1, 2y Syee. i
c-field generated bg dovbleton subsets of ¥,

a. that are tihc wmessurable functions of
(X, &)

b. If P 1s a probability on (7, &),
"define p, =F(inyp), Show that p, 26C
for all n and ¥ P = 1., Conversely
i Pn is a scquence of real numhers
such that p, 20 for all n and I p = l

then' show that there is a Trobabillt/ P
on (%, A) such that P({ny = Ppe hlso

show that sush a measure ig unigue.

¢, Let P be a probability cn (X, £). Let
P, =F (! ‘n}). For any nennegative
measurable function f on (X, £) prove
that -

(L) = ; f(n)p_.
¢ n=1 "'Pn

{40)
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Statistical Methogs. (Lheory ané Practicszl)
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lotes The raper carries 1i0 marks, Answer as many
questions as you con, Marimum you-can. score
is 100. PFarks allotted for earh question are
given in brackets .J.

1. State_ and prove lLapunov versicn of Cent.rul Lixit Theorenm. [20]

2, Let iTn‘( be a sequence of st:tisties such that /R £Ty- o)

is atstributcd asymptoticslly as K(C,.02(6)). Cbtain
the asymptotie di stribution of

/R Le(Ty) - 8(6)]/ ' (T,)e(T,)

where g is function of s singlae variable, snch that g'
axists, .

{20]

’

3. A senple (xgi yﬁ) J = liee s 30 of size 30 ylelded the
!'ollowix:g sunmary of data

% = 39,5 £ x° = 50252 T x,yy = 60225

]
7 = 49.5 zﬁ $1151

Another sample of size 40 ylelded

%=255 - T =405 Ixy =325

7 = 30.5 T y? = 42616

a) Can you say that the samples ere coming from two popula=-
ticns having the sam: correlation coefficient?

b) Can you say that tha first semplc is coming from a popu- ’
letion in which tha correlation ccefficient is 0,223°?
{20+10]=[30]

4, The following tablie gives the distribution of 353 indivi-
duals from a tribe I‘l end of 364 individuals from a

tribe T, 4n four blocd grour classes O, A, B, AB.

[9 3 B AB
T1 121 120 79 33
T2 118 . 95 121 50

Do the data suggest that the hypothaticai fu‘oportions of
the blood group classes in T, and T, ere same? f{15]

p.t.,0.
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Let Tyeesu Ty be k independent and consistent estima-
tors of parameters 01..... ¢, based on szmples of sizes
fyeeess nk' Cbtain thc esymptotie distribution of tha

statistic o
(z w,T,)
2 _ 14
.o HETwTy -

' 2 2
under ©; = ... = O, where w, = n,/si(T,), sy(T /My

being the estirated asymptotic.veriance of 1‘ It 1s
given that. /ny (T, - 6,) 1s asymrtotically normal
n(o, o’i“i)). b'entic‘x the assumptions (if any) which
you may need in deriving the ¢istributicn,

Thred independent sanples (xi ) I =2ieens n,

L2s}

= 1,2,5 cof slzas 30, 40 and 50 draw: frum the populntions

‘Whese mean and veriance exist, These samrles yleld

%= 9.5 2 =255
%, = 15,5 52 = 49.5
, .
%, m 4.5 s2 = 30.2
5] 3 ¢
2 ¢ 4th '
sy cing thc varilanec o 1 sample, Do the data

suggest that saxzples come from the porulations whose
mean are same, )

L]



Eccnoxetrics (Thecry and Fractisal)

fate: 10.12,73
I'ct~: Answer all the questions, larks allotted for

2,

3.5).

b)

5.

each nuestion aro given in brackets (],

INIlase STAYILELCAL LLETITITY
Research and Training Lohool
B, 3tat.(llons.) Part IV: 1973-74

PERIOTICAL EXAMINATION

baximun Mar'es: 10

lg8)

Time: 3' hours

Discuss the rroblcem of identifiecntion in the context of
demand gnalysis bagcd on time scrics merkct stnatistics of

pricc and quintity for a singlc item,

Suggest suitable

cenditions under which demund function could be cstimeted
in such a situnticn,

Uhat is o lorcnz curvc? Decrive the equation of the Lorenz
curve for a lognormal variate and find the expression for

the Llorenz ratlo,

Lorenz curve in this casc,

LCemonstrate tha mwoperties of the

Stat. thc iudcx number problcm and ¢iscuss its role in the
aggresttion af cecnomic relaticnships.

What arc the atomistle and funetional grproaches tc ‘tho

ccenstruction ¢f mwiec index numbers?

Derive the Laspayres,

Peesche and Fisher pricc indcx nuobers for binary compari-
sons and intcrprot them in the lizht of the above two

apprcachcs.,

The teblc below gives per capita oxpenditurc <n eiuthmg
fer different levels of per ecarits tetrl consumer cxpondi-
turc frcm a Femily budget survey,

eonthly por capita cstimstcd

per copits cxpenditurc cn

cxpenditure class /. ¢f -,
: (in Rs.) Bepuloticn all items clcthing
—_ _{) (2) o381 (4)
0- 8 25,03 5.86 C,19
8 - 11 20.63 9.48 0,56
1l - 13 11,33 11,98 0.77
13 - 15 8,57 14,00 1,14
15 - 18 9,34 16,50 1.48
18 5 21 6,71 19,46 2,06
21 - 24 4.09 22,57 2.29
24 - 28 3.63 25,82 3.72
28 - 34 4 od 50,30 3.27
S: - 43 2,68 57 .63 5,05
43 = 88 C,99 48,73 9.27
65 - 1.63 75 .49 12,75

1) Draw thc unsmcctiicd cngel curves for thesc data.
11) Fit & ccnstant olsstieity cngcl curva tc this deta

threvgh woighted leest squares preccdure

cemputc

alsc the cccfficicnt of dceterminaticn (R2)  an¢ the
standnrd crror cf the cstlantid engcl clasticity,

Clasz Fxercisce

Reeerds,

{20]

(20]

{6]

[14.

(2s]
(s]
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1,a)

b)

e)

2,n)

b)

3.

INDIAN STATISTICAL LuSTITUTZ 'S_Tl]
Research and Training School .
B, Stat,(Hons,) Fart IV: 1975-74
PEIILDIC.LL EXAMINATION
Crerations Research
17,12,73 Maximum Marks: S50 - Time:l% hours

Lote: hAnswer Groups A and B in separazte answerscripts.
Yarks allotted for ezch question orc giv.n in
breckets [ ], The maxicur marks you e2n seora is
S50 takirg Creups 4L end B togother,

. '

. Growp-it Linccr Prozrprsinz

In the siuplex zlgoritha for solving a LP problcm, wc
want to mak¢ a non-basie varisble X, basic, Dcrive the

rulc for Iinding thc variablc to bc removed fro: the besis.

Find the nct changc in th. objcetive function in (a) and
hcnes statc th: conditicn for optimelity. Vhen will the
rroblcm hnve unboundcd sclutien.

Explein briefly the M-ricthcd with artificirl variables

when an initinl basie foasiblo solution is not rerdily
availrbla, (849+8)=[20]
Vritc thc dual prcblcems of thc follewing: .

1) kex z =2x) + 5% + X5 11) Min z = -4x,- 3%,

subjcect to xls, 6
4x1+3x2+ x5=6 x258
xl+2x2+5x..= x1+x2$ 7

v le-'-xaslsz
-%x, < 1

' X1 Xp 2 0.
Censidor the' prizal preblem Max 2 = ex subjeet tc

Ix by x20 ecnd its dunl Min g = ub, subjcct to
wi.2Cy w 2 0. Prcve the following results, . .

1) If x isany fcasiblc solution te the pricrl snd w
1s eny fcasiblc scluticn to the duel, then cxg wb,

1) 'If % 1s & fersiblc scluticn tc the prical end W
15 & fonsible scluticn te the Qual such that ex = Wb,
then X and W arc cptizal soluticns te the rrimal
crd dunl respeetively.

114) If cithcr the primnl or dual has rn optimzl s{.luticn’
then the othir clsc hes nn optinal scluticn, .7+153)={20]

Griup Bt Inventory Contre

Yhot pre the 2inin predloms cf Inventory Control, Derive
the ilsin 8quarc rect feraule for  Z0QT {20]
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MID-YBAR TAAMINATICR
Statistlcs=-11: Inference
Dater 7.1.74 - . _ Kaximum MNprks: 16C - Time: 4 hours
kote: The paper carries 120 mar¥s, Answer as much
as you can, Maximw: you c¢an score is 1GO,

mar%s allotted for cach quection are given
. in brackets ).

Al.a) Give eoxsmples of (1) a sepguence of. unbiased inconsistent
estimstors &nd (11) a sequence of consistent biased estima-
tors, : ’ .

b) Let Ayr Xoreeer Xpp,y constitute a random sample of size
2n+l1 (n 2 1) from s germal (6, 1): distridution,
p‘.(A__.\’ . _T.‘i-. .'- v C 4 <N <'.». s v Q g
(2-(=- 37
ihou ghat the sample medien is unbiased end consistent
or .
¢) Let X, and X, have a trinomial distridbution with proba-
bility function - .

.

(x

Po 0, X1 = Xy Xo'= Xp). 7y T .r""( 1
1092 B S P'xl'XZ)'

. X ozl c-;'2 - e- c?_)n R
vhere X; = 0y lyeews i Xy =.0,1i...0 Ni X ¥%5 £ NG
4 0 < °l' 6, < 1.

. Find the Cramer-Reo lower bounds for variances of unbiased
estimators of 01 and 92. and ‘show that there exist
unbissed estirators of @, and 6, attaining these bounds,

{5+8+12]=[25
2.a) Define 'minimal sufficient stetisties', -
b) Let X31 Xpteean X, be i1d with paf

-1 a-1l
p, (%) = Er;%“;j— M- %)%, 0<¢x <1, ado.

Show that ﬂ' (2,(1-%,)) is minimal sufficient for a,
) 1=1

¢) Shew tnat if o sufficient stetistic is boundedly complete,
then it 1is minimally sufficient,

4) let X be a rectangular (6, 6+1) variable, © real. Show
that X 1s minimelly sufiicient for €, but that X is not
comrlete. (2+6+1349)=(3(

3,a) Statc and prove the lno-Blecrwell theorem.

b) Let X ond Y be 4id (0, o°) variables. uiven n yuirs
of irdeyendent observed valves (X0 YD) J =2 2yee v 0y
n 2> 2 with this distributien, firé¢ th: minimum varlance
unbiased estimator of the pcbabillty thrt the roint
(X,, ¥,) falls inside the. cirecle with centre {0, L) zma

radius R (R known).
) LU
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3,2) Let 71. ‘C,,..... Xn denote 2 randon sazrle of size n

frou » normal (u, a?) :O‘Llrtion. where p and o” ere
both unknown, Let ‘(1) L% -(2) ees £ A(n) denote the
L. -~ 0

» L}
Prd ared ”1

s .. Define 'i-; n~1 ixi' s2 = )i- (x,- 2.

show that ?Xﬁ and‘ (X(n)- x(l))/s sre independently
distributed,, 1104154+5]1=3
4.8) Let Xji Ypeeenn X, be 1id' vith rrobsbllity funotion
Po(Xy'x 7) =2 67/0(6), r =0, 1y 2rens

r 20 forell r=o, 1 2y...3 6 >0,

£(e) = 2 ay (3
r=o

Show that in thls czse the n_xinum likelihood estimetor of
(4 cgrees with Lhe estimant ott-ined bw the nethod of
rorents.

B) Let Zy¢ Tpieuns %, be 1id ith paf’

wha~e &

.

¢ po(X) = exp (6 - %), x 26,

where 66 () =00, 21y £ 2, .o, ' . Shew that the mexims
1izelihood estimitor of © Ais plven by the lrrgest integer

contrined in T, vhere 7T = rin Tyveons X ), Find the dis-

tribution of thnis estizator,

¢) Cive sn exsmple of a maximun livelihood estizstor which is
rot consisternt, .

d) Starting witn the consistency of e solvtion of the liveli-
hood equaticn as an estirator of the trve value of the
paraceter, prove its asymptotic normrlity, The re»uleritj o
cenditions need ba stetcd cerefuily. , 16+4846415])=(3



INDIAN STAZISTICAL ILKSTITUTT [ZEE]
Research and Trrining School
B, Stat,(Hons.) Tert IV: 1973-74.

MID-YZAt EXAFIEATICN. ).
. Statioti:s-12: Statizilesl Netheds (Theory snd
. et . Franrticrl
Cnte: 9,1.74 Yaxliwa imerks: 1CC Time: 3 hours

liota: The perper carries 110 marks, Answer as rany
’ questions az you eorrn, leximum yov csn gcore
ls 210G, iatks allotted for ocach question are
glven in brackats (!, ,
1,n)Dsfira the tercss o-der strtistics, enpirical distribution
funeticon, quantiles,

b)Cttain the asycriotic distribution_bf samrle modian men=-
tioring the essuuptions tazre in,

c)Let X te the mesn of a rendom scmple of size 50 trken
from g normal yropulation with its mesn p unknown, Yhat
sizec of s:smple would you need so that :he median b:;ed on
it may be equally efflclent,for estimating pu. as ]
snmxlz maenq x .y ! ! [5+20+8]=[20]

2.,n)Define Xolmogcrov-Smirnov stetistic 4, for testing the
goolress of fit based on a sample of size n.

b)Thirty rondom observations zre given below extracted from
ug trble, Examine whether these can be rogsrded as a ssmple
from g norma) populection with meen zero and varlance unity,
?gpggr* 8, o/, point for limiting distribution of 4, is ..J.
36,

- 0,54 Cu42 0.26 2,04 0.83 0,28
-1,02 =-1,08 0.58 0.02 -1.13 =-0,62
- 0,37 =-1.,23 0,3¢C 0,74 =-1.59 0.C6
-0.,19. 1.16 -0,60 137 =-1.08 1,30

0.22 -0,56 -0,00 =0,97 0,55 0.30

£5+25]=[301]

3.a)lct T, be e stztistic such that it is distrihuted asympto-
ticrlly norzelly arovnd € with verianer derending on 6, Obta-
in a.functicn g sv~h thet the asymptotic variance of -
transformed strtistie g(Tn) is indorendent of O,
b)Describe squore. root trensformation of Toisson variate and
hyperbolic tin inverse tr-aczformation of correlstion
coefficient, .+ i5+5)={10)

4.e)Teline Vileoxan stetistic. T rn¢ Menn-Vhitncy statistic U
for testing thet two samples came from tha semc pcpulation,
Cbtatn thc recleation hetween U end T,

b)Deseribe sign test for tosting the hypothcsis that popule-
ticen medirn is 2 glven velue MO, on the basis of a rendom
sample of size n, : 110+5]={15]

p.t.o,
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Bur) iet Tyieeur Dy bC kestatisties vith ET, = 9,

b)

(1 = lyeasy k), Find th oXpreasions for the asymrtotie
aricnel of a tr-onsforred siptistic 8(Tyveens Tk) and co-

v~t1~nnc between g(Tl..... 7Y end h(TyieeaTyda .
thticn tL: assuripticns nceded Ln derivntlon.

#ind th» asymctotic vari-rece of snmrle cocfricient of
varlaticn, o {10+10]={20)

"A'seeply cf sizo 10 frocm r eortinuove distributicn yields

the observatians 10, 11, 13, 2¢,,25, 11, 14, 15, 22, 18,
Anothor s-mple of 15 from o eontinucv* eistrlkuticn yields
the cbsc-vrtions 11, 12, 13, 1°¢, 2¢, 19, 77, 22, 13, 17,

19, 21, 23, 23, 28, ° Con ycu sav that these snmples are
cominb rrcm the sams ropuicticn, [15)



IITIzh STLTiSWIC)L ILSTITUTE [-——]
Rescerch and Toriuing ~chool 410,
B. Stat, (Hoas,) Tart IV: 1973-74

MID-YE 'R ELMINATION
Statistics-13: O, R, end S, Q. C

retet 11,1.74° ' Maximowm Mrrkss 100 ° Time: 3 hours

Mote: Jnswer Groups . and S in serarst-s snswerscrirnts,
rinrks a.lottecd for erch quéestion are given in
brackets | ). Lnawer eny tnree qrestious from
Group /. g¢nd all questions from Crovr B.

Gromp o

1.z) Consider the following LP oproblem: Max, z = eX, squect
t

b)

2,

3.a)

b)

o Ax=2b, x 20, let Xp be a basiec feasible solution
such that z, = ¢, 2 0 for sll non-basic variadbles,
Prose that this besic feasible solvtion is optimal,

Suprose it is ¥nown that thc édemend for an item i3 as

follows
ey, T Lage T,) oes (ape T,

where aQ, is.the quantity requircd at time T,. It is assu-
med thet the present stoeck 1s zero ane® {t is required to

work out a production schcdule to mcet this known pattern

of dcmand up to time point Th. It 1s given thet th: set

up st for the production run is 'C' an® the cost:of hol-
ding one unit of item for unit time 4is 'a', Using Dynemic
preremeding, derive the necessary recursion eantions to
obtain the optimum schcdulo. " 112+13)={25]

Su pose N Jobs are to be proccssed on two machincs ,oand
“the same order, Let a, and bj be the rroccssing
times for the § th Job on maznines L and B respectively.

a) Derive en expression for icle timc on machine B for eny
scquencc.

b) Shew thet {t is better “o nnvcf 3 preccdcz?j‘l when

- min (aJ. b,1+1) <min (ej 5. by)e

¢) Stato Johnson's ruic. for finéing an optimsl scquence, .tr
for minimising the totzl clesrsed time, Find an optimal
siquencs for the problan

i 1 2 . 3 4 s
ay 3 7 4 5 7
by 6 2. 7 3 4 1251

[8+7+10)=i25
Zxplain briefly the difforent tyves of riplecemsnt practices
comionly use¢ in industry,
sn equipment costs .4\ units of money end Cy 1is the cost
of meintenrnce for the L9 perted (§ > 1 => ¢y > ¢y

Let V be the discount rate, Thc following rule gives.:
ths optimal replsccmcnt policy.

v.t,o.



4.8)

b)

5.8)

b)

‘Po not replecse Af the naxt pcriod's cost 1s less then the
weighted averrge of previous costs; Replree Af the next
period's cost is grenter then the weighted average of
previcus costs',

Give a theoreticel Justil‘ic tion for this, 17418)={25)

Explein the meaning of diffcrent tyrnés of floant, their
calculetion and use,

The following i{s a network tor a proJoct of six activi-
ties and fivc events

(1)) lormel time Repid (or crash Cost ratc of
(days) tima)(drys) comrression per

_____ — —_qay

(1, 2) 15 .. 12 10

(1, 3 12 10 .28

(2, 3) 5 . 2 30

2, 4) y 10 10 -

(3, 4) 8 " 6 50

(a0 8) - 6 4 15

tmrt {3 the minimum timg in wvhich yob csn complcte the

project en¢ what is thc minirwm ccst, (8+17])={25)
Groun B

Diserss »nd derive the acoromic ordir quantity formula for

en inventory systcm when shortege is Pllovcd to occur, [15)

/n industriel concern nceds o metcrial at the rete of 250
tennes a month, Procurunment by the industry ern be madc
instentancously, The order cost por purchasc is Rs,55,

The storagg cost is Rs,10 per month per tonne storbd. It

has becen calculated thot thie shertege of the morterisl costs
83,100 pcr tonne shcert pecr month. Disecuss the purchasc

polley of the industry. . {10}



Cate:

2,

3 oa)

b)

4.a)

b)

IeDIAN STATLS:ICAL I.ETITIrTN 3]
Rusearca ani Trodning, Schecd A
B, Stat.(licns,) Part IV: 19753-74
NID=-VYZAR EXZMINATIOL.
Statistics-14: Eccnometries (Thccry and Frsctical)
14.1.74 Maximum korks: 100 Time: 4 hours

Ncte: . Answer Groups A an¢ X in seperete answerscriyts,
Marks allotted for each questicn are given in

brackets i).

Groun A

How would you analyse cross-section deta on consumer
benaviovr of households? ilow cen this investigeticn be R
used in demsnd analysis, 125)

The following teble gives the per capita decand for wheat,
per capita income at constant prices, and retasil price
index for wheat and for all commcdities during the period
192441936, : ’

er capita demand }ﬁﬁ: capita annual retsil price

ear TOT wheat (in income (Rs.) at ¥

¥y seers) 1931-32 prices alltcomp wheat

ments_.

)] — {2} - [63) ) 5
1924 33.21 61,38 176 196
1925 35,99 62,15 175 208
1926 36,96 . 62,46 165 198
1927 31,09 60,64 159 192
1928 34,95 63,75 159 190
1929 42,71 65,350 - 147 159
1930 37 .81 63,87 117 . 110
1931 36,56 . 62,21 100 100
1932 37,71 62,72 98 109
1933 36,98 63,24 94 104
1934 37.98 64,78 97 100
1935 36,54 65,61 99 106
1936 36,55 70.20 102 123

Estimate the constent elasticiiv demond function for wheat
taking its price and per caplta income as the explanatory

‘pariebles, Crlculate thce standrrd errors of the estimsted

price end inccme elasticity, #nd elso the coefficient of

"determinrtion, (25}

Define the Ceary-Fhamis system of index nurbers for multi-
lateral comperisons, Stat: the necesssry snd sufficient
conditicn for the existence of these index numbers and

interpret them,

CObt2in the generalized Lasveyres', Faasche end Fisher's

index numbers for multilaterel comperisons using the,

ccncepts of '‘exchange rate! cnd 'average price'. 158+ 10)=(25]

Stnte a few tests of consistency of index numhers rnd com-

ment on the usefulness tiese tcsts in the problem of cholee

an aprroprinte index number formula,

State and prove Leontief's theorem on the necessary end
suffizfent conditions for the functional separability of

uti1lity functions, 110+15)=[25)



INPIAN STATISTICAL IFSTITIME g
Research and Trrinlng School (2121
B.Stat,(.ions,) Fart IV: 1975-74

HID=-YEAR EXAMINATION
Yatheuatics=7: Veasure Theory
Date: 16,1,74 Maximun larks: 160 Time: 3 hovrs

-Jote: Tho peper carrles 120 marks, Ancwer as many as
yov can, Maximum you can scere is 100, Marks
ﬁlotted for each qucztion ere given in braskets

Throvghout 4 stands for a o-field of subsets of
a set X, ~ .

1. Let (X, A, p) be a measwre space, TFor measursble functions
£ and g wewrite o g Af w({x|f(x) #g(x)] )'=o0.
a) For measureble functioc:s “hy, h, and hy if hy—hy
and "2"""3 prove thet hy) «~ hs,

b) For a measursble function h if h- n2 prove that
there is a set” AC A such that h - X,. [15)

2, Let (X, & u) be a measure srace.

a) For e nomnegativc measurable function f on (X, A)
and a non-negative integer n prove that =

.{';fdu 2 nu(A) where A'= {xlr(x) > n} ..

'b) For an integrcble functica f on (X, £) prove that
u({xIf(x) >n}) —>0 as n-=>=. {15)

3. let (Y, Bi ) be the measure srace given by
¥ = (0, 2), B = Forel c-f1eld on ¥ snd \ = Lebergue messure

on B,
- Let £ be the measurable funetion defined on Y by f(y) = Y.,
. Prove that E(f) = 2, i30]

4,a) State Jordan-Hahn Decomposition theerem for a signed measure.
b) For o signcd measure u on (X, i) define its totel varia-
tion messwre |u| on L& by -
I (A = w*(A) + u™(R) for fe 4
Frove thet (1) |u(A)| < |H|(A)°.
(11) |ul€a) = sun T {u(e))]
1= 4
where sup is taken over all countsble partiticns .
syt lortees Of X where L,Eh for 4 =1,2,... '
1t "2 1= R
lHint: You may use Jordan-izhn Deccmposition Theorem]). {253

S.a) State Fubini's theorem for tliree measure spaces,
b) Let (¥, B, 1) be as in guesiicn 3, Let A x A x A be the
product measure on B (X 3 () 3.
Find X x A x \ (B) where 2 . {{yys ¥pr 7505 ¥ x ¥ £ Ylyo% y3}
{Hint: Use the résult of-quastten 31. (20
6, Let (X, A, u) ba a measure space and Jpemor 2., i

be a scquence of sets frem 4, If u(iin sup 2,) = . prove |
that 1im inf u(lp) = 0. = n {10)

?. issignment, i15]

)



Date:

1.

2,

ILDIAN STATISTICAL INSTITUTZ a3
Researeh and Training School
B. Stat.(Hons;) Part ‘IV: 1973-74

MID-YEAR EXAMINATION
Economies=3
18,1.74. Meximun Marks: 50 Times1% hovrs

Notet Angwer any two questicns out cf question los,
1-3 end question Mo,4,
Maximum allotted for eech questicr are given
in brackets {].

Give a cleer exposition of the Ricsrdian thecry of rent,

Prove that the amount of rent increrses as the size of

outout increrses, Can you sgy anything abovt the behavi-

our of the relative shere of rent as output grows? i
[124444])=10C7

¥hat are the basic assumptions of the classicel theory of
growth? Show how these assumpticns leat to the conclusion
trat there is a long-run tendcney of the eccnomy towards a
tStationary State's Kt}

Construct a simrle model to explein the division of total
labour force between agricultvre and industry on the

basis of Ricafdian assumptions, In what sense does the

rate of profit in agriculture govern the rate of profit

in industry in this model? 115+5])={201

Write a short note on any one of the following:

a) Tebleau Economique
b) The Reserve .rmy of Labour

c¢) The relstion between the i stribution of product
among different inccme-clesses and the grewth of
the product. (1c)



Date: 25,3,74

2,

3.

INDIAN STATISTICAL INSTITUTE syl
Résearch ond Training School 414
B,Stat,(llons,) Part IV: 1973-74
PERIODICLL EXZMIN..TION

Economics
 Maximum Marks: 50 Timell% hours

Note: ~Answer any three questions, /11 questions
carry equal markss,

What is an inter-industry transactions table? Show how it
can be used for the purpose of national income accounting,
Comment briefly on the valuation of product flows in the

tadble,

Give a'broad outline of the historical trends in the demo-
graphic patterns of developed as well as underdeveloped
countries, What, if any, are the significant differences
between the experience of underdeveloped countries in the
last few decades and the exyrience of the present-day
advanced g¢ountries durinc the early phase of their aeconomic
development in this regardf?

Describe the major facts regarding the share of agriculture
in the total labour force and the total product, as obsarved
from both timg-series data of individual countries agnd
international cross-section data, pointing out the areas of
both similarity gnd dissimilarity, if any,

Briefly review the major explanations cited for a secular
decline in the share of agriculture in the total product
of a country ower a lonz period of growth in per-capita
product,

e



Date:

2,a)

b)

4'.5)

b)

5.a)

b)

INDTAN STATISTICLL LiSTITUTS :Z——]
Research and Training School 410

B.State(Hons.,) Part IV: 1973-74
PEAIODICAL EXAMINATION )
‘Modern Algebra
8.,4.74 Maximuwn Marks: 100 . Time: 3 hours

Note: Answer all the questions, Marks allotted for
each question are given in dbrackets .],

LCefine a permutatioi, a cyelic permutation and a trahspos:.-
tion, Prove that every pernutation can be expressed as a
product of disjomt transpositions, Express the vermta-

tion (L 2 3 45 6 7 8 9 10
2 3 4 6 5§ 1 8 9 7 10
as a product of cyclic reTmutations, 20]
Give two examples of a set vith a non-associative composi- .
tion, 51
Show that the set of all trpasformations 9 defined bn
complex numbers, .y .
= AZXD
(z) = cz -+ 4
where a, b,'c, d are arbitrery complex numbers such that

ad - be # 0 forms a groud with function composition, 115)

For any group G, “show that

a) Right and left cancelletion laws are valid, 4
b) For any given pair of clements a, b, € G = unique ele-

ments X, ¥y € G such that ax = b, ya = b, 4]
c) a, b € Gy (ab)"1 = b1 g=1-, la]
d) The order of an element a€ G 13 same ss that of a™>, 1a!
@) The orders 3 of elements a and x “lax are same where B

a€ Gy x€ G. . [EY
Show that a sét G with a composition is a group if for
every pair a, b € G, = elcments x, y € G such that .
ax = b, ya =ub, - 1103
A group has the rroperty that for every a€ G, n2 e, e ’
being the identity, Prove that G 1s abelian, f102
Prove that every finite group G 4s isomorrhic to a per-
mutation group, Finad the pcrnrutation group isomorphic to
the mutj.pncauve group ol fourth roots 1, -1, {, -1 R
of unity, (0]

Prove that the order of each subgroup of a finite group t1su _
a divisor of the order of the group, 1102



TNDILN STLTISTIC.L INSTITUTE 1736)
Resoarch and Treining School 416
B, Stat.(Yons,) Part IV: 1975-74

PERIOCIC.L EXLHTIATION .
Infgerence .

Datct 16.4,74 " Maximum Marks: 100 ‘.H.mel 3 hoyrs

1.8)

b)

¢)

. 4a)

2,a)

b)

e)

a)

Ng‘tc! ‘nswer all the questiong, Marks nllottcd for
cach quost:.on arc given in brackota R

t+hat arc thc tuo typcs of crror in t\.sd.ng statistical-
hyrothcscs? How arc thcy controllcd undcr tho Neyman-
Pcarson rormulauon?

Show that a most powr.rl‘ﬁ). randomisc¢d lovcl a test always
oxists for tcsting a siuplc hypothcsis acainst a simplc
nltcrnative,

Let Xjyseeen X, constitutc a random saiplc of size n from

a population with unknown continuous disiribution function
F and pdf f, ©Show that a UMP level a tcst for testing
Ho st F=G against the alternatives . z Lo

Bt F=c"*d (a0, 0
specu'icd. bascd on Xj1es00X, 18 of tire form ﬁ a(x1)> ¢,
where ¢ 1s a suiteble coristant, Shov dlso thnt the. cons-
tant ¢ docs not doepend ‘on G,

Show that there docs not cxist & UMP lcvel . g test for
testing N 2 o = o, agoinst the altermatives H: o £ ooy

on the bssis of random sarcplcs from a 1{0, 0'2) population
-[5+12+8+8]={33)

thn 18 a real parometer family of dcnsities sald to havo
monotone likelihood ratio?

Let p,{x) be a family of densitics on the real 1ine with
monotoge likelihood ratio in x, If [/ is a non-dccrea-
sing function of x, show that Ey ¥/(X) 1s o non-dcerca-
sing function of 0.

Lat O be a rerl paremeter, and let thc rv X have r
x) with monotone likclihood ratio 11 T(x). Show thet

for -testing H.t [~} $0° against Hlt Q> oo‘ there oxists
a UMP test @ given by

I e (%) > c
glx) =¢ Y 1t ™x) =C -
o ir T(x) < c

where C end Y are determined by Ey #(X) = a. Show
also that the power function g(8) of Phas test is strictly
increasing for all © for which g(0) < 1.

Show that a necessery and sufficient conéition for densitics
Po(x) to have monotona likelihood ratfo in x, if the mixed

socond derivative
a% dog py(x)
8% ax .-
exists,is thatthis dorivative 20 for all @ and x, .
{3+6+16410])=1C5]
p.t.o.



-2-

3.a) Deseribe the methed of ‘least favoureblo distribution' for
tcsting a compositive hypothesis against a simple alterne-
tive, Prove a thoorem which states that, under some condi-
tions (to ba stated by you) a distribution on the set of
parsmater values spezified by the hypoticsis is a fleast
favcurablc! distributicn and provides a UNP lovel a tcst
of the giwen hypothusis, .

b) Let Xjreear Xoe oY .....Y be mdopmdont rv's.
xln.... H iid N %EI 1)1 and Yllnacl Yn 134 “(ﬂ. 1).
Find a UMF laevel a tast of H t ¥ =1 cgainst the’
slternative Hy t £ =Xy n = nl (ry <my).

{Hint: Try x:p(r~=n_-—1m)~1

m+n .
Is this a UMP level a test of Hy 1 £ =7 egainst
tr<n?
¢) Let fyie..s fp,; Do Teal-valued Labesgua fntegrable.
funetions, Lot C be the ¢lass of critical functions ¢g*
for which [ ¢° 1‘ dx = ¢, (1= l..... m), where
Cprecn c aro ngcn constents, ~.ssume ¢ to be non-

empty, Show that a sufficlent condition for a momber g
of C to maximtze [ g* f414% 1s the cxistenee of

constants "1""'1'1: such ‘that
. 11 £ 00> T T gty (x)
#(x) —5"
U A fpalx) < z i, £, (x)

[12+14;6]=[32]



INDIAY STATISTICAL INSTITCTE [¥5KA|
Regearch and Training Schosl
E.Stat.(Hons.) Fart IV.: 1973-74

PERIODICAL TXAMTUATION
Statistical Quality Control

Tate: 22.4.74 laximm Marks : 50 Tinme: 1% hours

Kote: Answer all the questions. larks allotted for
each question are civen in brackets .

1. a) Cxvlaln the meaning of statistical control.

b) How do ymu Justify the use of control charts

¢) Describe how to construct control charts for
1) number detectives
31) mean

when the subgroup sirze varies.
(10 x3] = [30]

2. For twenty days, 700 ltems of an electrical equipment are checked
every day and the data below gives the number of defectives.
Construct a p-chart. Is the manifacturing procegs ‘inder coatrol
with respect to its fraction defective.

Tate Defective Date Tefective _
1 161 11 54 .
2 118 12 64
3 220 13 53
4 67 14 52

.5 85 15 51
3 82 16 56
7 78 17 46
8 74 18 42
9 60 19 66
10 45 20 46

{20]



TiiDIAN STATISTICAL IKSTITUTE {218)
Research and Training School
B.Stat,(Hong,) Fart IV: 1973-74

PERIODICAL EXAMINATION
Statiztical Methods

Datat 29.,4,74 Maxinwa Markst 100 Times 3 hours

1.

second sample il = 20,4 X, = 7.5

{lotes The paper carries 110 marks, Answer as nany

questions as you can, The maximum you can .
score 1s 100, liarks allotted for each ques-
tion are given in brackets (. :

Prove or disprove tha_rollowihg statements, Mention the
needed assumptions in full while proving or disproving the
statements,

1) S has a Wishart aistribution V. _(m, £ ) if and only
it L'SL/L'TL has X2- alstribBtion with m degrees
of freedom, L

11) 'Let Sy¢ Syieeer § be the dispersion matrices of K
independent samples of sizes "1""; n respectively
from a multivariate normal populatlon, then the sum
of these matrices would follow Wishart distribution

k
with { n,- K degrecs of freedom, [

111) If R, 1s the sample multiple correlation ecoeff1i-

clent of - X; and (X,is..s X)) based on a random
. sample of size n from a p-dimensional normal popu~
1ation then B2 /(1 - R2) would be distributed as
central F with p-1 and n-p degrees of freedom. {
1v) Let X ba the mean of a random sample of size n

from Np (l-h T) then (X~ u)* £"1(X - u) would have
chi-square distribution with p a.f.
v) Multiple correlation coefficient is always non-

12]

10}

12]

{8}

negative, 8]

vi) The sample mean and sample variance covariance
matrix are unbiased estimstes of population mesn.

vector and dispersion matrix respectively. e)

Two random samples are drawn from trivariate normal popu-
lations for which it 4s lnown that

ey = ?.5 90 = 0,75
oy = 5.2 913 = 0,24

o5 = 40,1 9,5 = = 0.55

The samples yield the meang of the variates as
firat sample il = 14,5 Ez = 10,2 X, 8 23,1

X X5 ® 30,2
1) Can yocu say that both the samnles are cozing fro=
the same population?
11) Can you say that both the zamples are coming from i
a porulaticn with mean (15,5, 11,4, 30)? f10e1c]{

p.t o,

2J]



A random sample of 30 Tehsils was selected and number of
schools and colleges (x;) number of educate people

(xz). nuzber of .educated unemployed (x-) and population
(x4) were observed for these Tehsils, The sample yieldea
the mesns, 8.d. and corrclations as

40,5 . 1,208 1y, =03

% = 60 . 8y.m
%, = 15 thousand s, = 10.5 r)5 = 0.7 rz, = 0.4
)::3 = 5 thousand 33 = 30,2 1y, =0,5
x4'85thousand = 25,3 -OB

Assume that ( xz,x_.,x‘,) follow mﬁ%ivariatc normal dist.

1) Find the Dax‘tial correlation coefficlent T)3.08

11) Find the multiple correlation coefficient between
1 and (xsl 14
111) Test the hypothesis that x; 1s inderendent of
' X4 .
1v) Test the hypothesis that .x, and .x, are not
correlated,
S (8+8+8+8]}=32]



TUDI.N ST.TISTICLL INSTITUT? —
Researcin and Trasining School (219]
B.Stat,(dons,) Fart IV: 1973-74

PZRIODICLL FEXCMIKLTION
Econometrics

Date: 15,5,74 Maxj:.nu:n Marks: 100 Time:3 hours

liotes Answer all the quastions, Marks alletted for
sach Question are given in brackets J.

Examine the methodological rroblems involvad in estimti}\g
a production function fron
1) time series data
11) cross-saction data. . {12]

Give an account of Douglas' empirical studies of the
Froduction function and sore of the rajor criticisms

levelledq against them, l9+15])=(24)
Derive the cost and supply functions, Comsent on the
difference in the methods of their derivations, [12]

Discixss the properties of tho Cobb-Douglas production
functions. [12]

In the following table Q 4indicates the volume of produc-
tion, L the number of wage-earners and K tha.volure of
capital in some suitable uwnits in the z:anuracturing indus-
tries in U.S.i.

Bstimate the exponents of the production function

Q = 4L® kP, Give your comments on the further interpreta-
tions of these astil!-ates. agsuming commatitive rarket
conditions, . {«0]



TIDIAN STAZISTICAL ILSTITUT: [a20]

Tesearch £nd Trairing School
T.Stats(ilons.) IV ye2r. 1973-74

| PIRIODICAT DRAIINATION -
-, . Applicutfons ol Statistica to Sclences

rated: 3.6.74. . lazim'm iarks. 100 °°  Pime. 3 kours

- lote: snswer all quectionc., Question 1 gho 1@ ‘e answercd

1.a)

b)

2.

3.a)

b)

in u separ:te ancwerscript. liarks allottdd ror
each queotion asre ~iven in ULrackets ! ).

Leseribe one of the tecluijues commonly used “or-thg
measurement of ygrain sizec 0 pedinentnary particles.
State' thie statintical problemo involved in tlhe annlysis
and interrretation of jrain sizn data. -

A Jlaeaoe i determined Ly a recessive rens d of a palc
ot allelea” D, d 4 that ic, onlv en Irdividuul d4d io
affected by the diseaze.

Thy followins s a pedigree wrere the X aiym inside a
circle or a rectan;le denotes o' affected female or wule.

[_;j_:._.,.{..‘.. -9

;[‘-7‘ ! - | .
e I I =)

- e R N 4 . P ceep
A It Rl A B
10 -1 12 13 T 14 15 16

. ] .
a) “rite down the gerot;pes (or vossible genotypes) of ull

the individuals in tue pedigree.

[20])

(121

b) what is the protatility that individual S is homozygous® 4]

If tndividual 13 narrieo en affected female, whyt is
the probability for a child to be affected?

4) Assuming that the a priori probability for individual
¥ to be homozygons is 1/2, what is tho a posteriori
probability, given the observations in thg pedisroe
of the four c¢hildren 10, 11, 12, 13 ¢ ‘

e)

State the lardy-i'einbers law of gonotvple equilibrium and
prove this luw for an initial population with equal unlo
and female genotyvic proportious

AA:u, Aa: v, aa: w, u+v+wme
An initial population consicts ol the followins genotyple
proportions:

AN Aa aa
male uy vy Yy
female  u, vy viy

1) #hat are the cene frejuencies pyi9q ¢+ Pyr 2 for
rales nnd fomalos in this population ¢
/gpuning randon matiip betveon males and
fewalun,
p.t.o.

{1

[10)

(7]

(31



3.b)

2=
i11) Obtain the c‘onotyp:lc proportisng iu the offspring
generation in terma of p4s» Q4 ». Py 9 - (5]

111) Srow that the pene frejucncles for both rales and
females 1a the offeprinx gereratinsn are (3]

P= 5.(91 + Pple Q= z(q1 + Q)

iv) Show that pgenotypic equilibrinm i= estabuched
{from the F, generation onwards. 7]

¢) Two populations P, and P, are as follows:

4'5)

b)

- the relative sizes are n and 1 - n,
- P1 cousists of -AA individuazls only 3 - .
~ D, is the llardy-Veinberc equilidbriun with rcspect
to (A, a) with p, (= 1~=p) as the frequencies of
the A and a genes.
1f P, and P, arc now cixei and randon mating continues,
1) Obtain the 'gene frevencies in the mixed parental
population, (4]

11) Show that the Pronortion of heterozypotes in the
. offspring generation exceeds the proportion in the

mixed parental population by 2=(l - n)q . (3}
If gene A has a mutatioan xate of K per generation to a
mutant form a, and if the relative fifness val:es of the
genotypes AA, Aa and aa arec 1, 1 = ht and 1-t
respectively, show that under random mating

q, =31 = taspht)+ up (1-ght)
1T e e T AT e,
K 1 - 2htpq - tq

vhere Q4 . 18 the frequeicy of the rmtant gene in the
offspring generation and p, Q@ <the gene frequencies of
A, a in the parental generation. {10]

In the above, 1f A 48 dominant and only the recessive
cenotype aa has a reduced fitnes 1 - t, show that q

roaches an equilibrivm value /'1: (5]



I DIAN STATISTICAT INSTITUTE [:}D
'Reszarch chd Truinins Schosl -
B.3tat.(iens.) Fart IVi1973-74
AITUAL EXAMIMATION
Infercnce
pate: 04.6.74. . Maxisun Marlis: 100 Ti-at 4 hours
Joxc;. Answer any fiye questiocns, All Questions :
carry equal narka.

l.a) Let X(3) £ X(p) £ «+- £ X(p) denote the order statisties
in a random saarle of size n froa a rectansular (61. 02)
édistribution (92 > 91). Shov: thnat the statistics

n¥y). T X(m - ™Xpn ()
TR X A T T S e
are the uniquo uniformly minirun variance unblased estima-
tors of ©, and 8, respectively.

b} Show that the variance of every unbiascd estimator of ot
in ranccm sannles of siz¢ n from a normal (uy o2) diss
tributicn 1s at least 20%/n. Prove that this bound 1s not
attairnable, .

e¢) Given a randonm’ sample of size n -frco a normal distribution
with necan and variance both equal ‘to (> 0), obtain the
maxirtm 1ikelihood estimator (MLZ) of @. 7+46+045)=[20]
2,a) State and prove Basu's independcnce theorenm, .
b) Let Xjre..s X, constitute a rantoa sanple of size n
fron a population vith pdf :
. ' 9 {0'.'1 exp (~(x=u)/a)y x2py @20
x)= - :
Puso % L Lo s othervisc

Define T, = min (Xjr...» X Uy = pax (X39.0.0X,) ana

n
Xy = 07t ? Xy. Show that (U =T /(X -T,) is distributed

" independently of X .

¢) In Q.2(b), shov that the diffcrenccs of two consecuiive
order statistics are indtperndcntly distridbutec. Hence,
derive the distribution of Z,=T,. [24548+43+a)=[20]

3.a) Yhen is a test called bicsed? Vhat 43 moant by a uniformly
rnost poverful (UMP) level a« test ¢ On t?e basis of a ran-
dom samnle of size n fron a Poisson (8) aictribution,
find a UMP level « test for Ht © < O, againat H: @ 8,.

b) Let X = (Xy1...1X,) constitute a randoa sample of ‘size

n from a uniform distribution on (0, )., For testing
fat © = 8, against H: ® £ 6, shov that thera exicts

a unique UMP level a tcst ¢ given by
1, vhen nax (xin..;.xn) 28, or nnxi(xln....xn)i

ﬂ(x);.= . ) an‘

. o .=
O otherwisa

- B
In Q.3(aYy show that ther: does not exist a UNP level a
tost for testint H, t @ = 8, against i1 6 2 6,-

(1+245+8+¢1=[20)

—

c

p.t.o,
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4.a) uorino'w P unbiascd tosis' and'tests sinilar cn the boun=

dary of the hypothcsis and the altashative'.

b) Let (1D denotc the paramcter space, (H) the hypoticais

and & the conacn bowndary of (), and (ID-(X),. Assune
that tihc pover’function of aevery tecst is continuous for
all points of (}). Show that if a lcvcl a UilP sijdlar
test of & asainst ()= Q. 15 also lcvel a for (B))
against (DD~ ("z, tren 4t 1S UMP urbiasce for (‘) againad
(") (x), .

(]

c) Given a rancom sample frem e mormal (m, 02) ¢dstribution,

vhere both raranctcrs are unin®'n,shoy that the twvo-tailed
t-tcst 1s a UMP similar %est fer i) ¢ u = 0 acalnst

EtuAO. > {p+1+5+412)=[20)

5.a) Lot %yreeonipe Yoveo oY) ‘b6 in¢cpendent nori:zl variables

“4th knovn means € ané 1 cnd unknovn varlapees o ama
rospcetively, Show that for testing ¥t U < o arainst
ns: T>a t‘\crc czists a b‘dP test givcn by the rcjoction

region z (xy=n) 2/ ‘.( -£)22 c.

B).Let x bec a ranrcon va«iable with probability density

.Gt sonc mcasure u

relx) = K(8) exp (8 T(x))hix), & real. .
Daveclop a UMP unbiased tcst for testing. i, .:.06 = 6 .
against H: O £o,. Yo l9+411]=[20]

6.a) Describe the 1ilzelihood Tatio princisle for tusting

compositc hyrotheses against conposite altcrnatives,

b) Let RZqy (3= 1..... ngi 4 = 1., 1 €) he indercndent ran-

donr Yariables, X X494 1s (3 = 240.. ni) beinr 2144

Wy 62)4 1= 112400ut é The parazictess My eeoilge a2
are all assuncd to be unimown.  Obtain the 14kiclihooé ratlo
test for Y% Hy =... =y, against all possidble altcrna-

tivcs, and cetermine th: cistribution of the likclihzed
ratio test eriterionunder thg null hypothescs,

‘) Let Xy (§=2veens nit 1 =1,.. s ¢) bc indcpendent

"

‘randon va tablesy xij s (§J=1i...0 ng) being 11a vith

pafr

(exp ((x-Oi))- x 20,
) ¢ . otherwvisc

pg()

i= Leevio € 4 990000 040 arc all essuacd to be wknavn,
Obtain the 1ikclihool ratio testifor H, 1 ) =...= 6,
against nl’l. gossiblc alt:.rnatives, anc shor trat =2 log M\

(vhere A 1ikclihood ratio tcst eritcrion) has an
sxacs. chi-sq\nro distribution upder H,. - Lewasessa5]=l20)

7.a) Let X = (%31 Xoraaas Kn) ba a randon sammle of size n from

a.univariat. lormal dintribu'.:ion trith rican @, =2 ¢ B < ©,
and var%ancc \(m ty. btain a confidencc faterval of the
rorn (e(z), &(x)) ror 8 with co')rﬂ(‘cnco cccfficicnt 0,95
such that it minimisecs

0 O' TO THT I'ZIT PAGS



IIDIAL STATYSTICAL IISTITUTR [7"2‘]
fesearch ond Trainins Schocl 3
B.Stat.(i'ons,) Fart IVi 1975-74
AIYAL ZXAMITATION
Mathcmatics=7: Modern Altebra

Date: 25.6,74 Masxirmun Markst 109 Tine: 3 hours

lote;. Ansucr any five questions., All questions
carry equal narks,

1.a) Prove tihat every finite group G is isomorrhic to a perrmuta-
tiorn group, Find the pernu..ati:n egroun isomorphic to the
multiplicative groun of Fecurth roots of unity,

b) Split up tire perrmtation of P, as procucts of disjoint
cycles anc describe each as even or odé,

2.a) Let G be a groud and K a subgroup of G, Demorstrate
that the set of all riglt cosets of ! constitute a decon-
osition of G into mutually disjoint classes. Decouposge
Phe adaitive group J Of intepars into the cosets of the

subcrbup consistins of all rmultiplds of a given integer

> 1,
Stato end prove Lagrangae's theorem anéd hence sho: that the
order of aevery elencnt of a finite group is a divisor of
the order of the sroup.

~

b

3.a) Let G be a grour, Dafine
1) a conj rate element of G{41) a self conjusjate eleuent
of C "7 the normaliser of an elament of ¢ (iv) a
self co*xjugatc subgroup of G.

Let € be a group of order p being sone princ integer.
Erer that G has atleast p selr oonjug._te elenents.

b) Show that every self conjugate subhgroup of a groun G 1s theo
kernel of some hcmomorphic mapping of G.

4, Let ¥ bdbe any nortal subgroup of a group G, %Tet T denota
the set of all those subzroups of G wthich contain Ii as a
subgroup and let E' denote the set of all the subgrou;vs
of the quotient v-oun 5/1i which vz dsnote by CG'. Then
show that K= =K't k€ Ly K'€Z' is a one-ona mapping
of £ onto I,

Also if K 413 a normal sudbgroup of G, then K' 13 a
normal subgroup of G' and G/K is isonorphic to G'/k!'.

5.a) pefine (1) a ring (41) a commtative ring (111) a ring vith
or without zero divisor (iv) an intcgrel domain (v) a fiele .
(vl) a divison ring (vii) A tio $1d4d fdeal, Give two éistinet
examples oOf rings x:lth zero ¢ivisors,
D) Define the quotient field of an intezral domain enc¢ shov that
every riven integral cdomzain admits of a quotient field anc
that the sanme 1s unique,

6.a) Shor that eve"/ homomorphie iraze of a ring 1s isonorphic to
sone quitient ring thercof. Also conve“scly. every quotient
rinz of a ring 1.. a homomornhic image of the ring

b) Let R denote the field of rezl numhers, Shov t‘\at the pro-
duct set TR 13 a field for th: tro compositions defined as
follovs ia.b;'* c sl) = (a+c, b+)

2 ac-bd, ad+be)

Shos further that this field 13 isomornhic to the fleld € of

complez nwabers,



IEDTAIY STATTCLICAN IISTITUTS o]
. Resecrgh anc Tra‘ninr School . e
D.Stat.{¥ons,) Part IVi1573-74

- AINUAT TZAINTEATION © -
Application of Statisttes to Scicneces - s
Date: 27.6.74 raxfpun larka: 106 - Time:3 hours

Yote: 1. Anawer all questions.
2, Answver Question 3 4n o’ separale ensverscrint. |

5. Marks nuottc% for each questiicn are given
) + 4n brackets . - - :
1.a) At a tvo-a'lelo locus; A ic Zominant over a. A Yarve
numher of couples of both doz*nant parcnts wese jocatecy
. aach couple beint found tlrouzh one rececdjve chilg,
1mg]_¥4n" that_none of ihese connles 33 ehiléless a.nc the
hot cach coupla hac at leass one recesajve child,
If the probabilfty thot such a cou 16 has n chirdren
is ppt shor-thot the expected nuaker of recessive children

4n a family is
¥

Y]
=
.

e : {72

-) -

b) If poth parer'..s aré Mt\.nrmcns or tuo pa‘r'- of nor-
© homolozous 7zene ‘patrs (l.u‘, and (Dyb), here_A am! B are
dominant, what 4s the »rotabiliiy ol hawinn tvo doubla

£ p, —
n>1 nl(

recessive chilérer (nab%, In & fanily of 4 chflédren § el
¢) Tn the case (b)y darfve the 9 ¢ £ 3 3 : 1 oroportions L
for the phenotypes of the >ffznilaz. R - w72

2.a) usu.m'n:' randon matines, erd ihat tha geny L is doninani
over a, finc tre nronort'm of recess?’vae pheanotyres amon~
the offsprinz of metinzs ahleh arc

-1) dominant = domin.at i
11) dowuinant x receseiva: - (€Y}
b) For a sei-14fked loeus with tiro clleles (4:0), an¢ with
unequal .inttia) gecna rr-xcu cnedes In malas and famles of
. a random-matinn popul"tju. sher that - -
1) tho mile anC fenile zche frejucncies
reach an equal 1?74ting value uitin o
- the passagc-of rimcraticrsg {6}
14) with this 1Imgtiin aene frcquene¥s the
population g f-u')atyp‘c equi)ioriun .
both for males .and feonales,  _ {3}

3. Of a patr of allclea (A,a'y the zena a 1s lethat gnd the
¢ relative fitness of the +2netynes AA. A and aa aig 1:
1-s and 0O, the nequenw of this 3%ae 4n ghc Inftiad
ceporat’on beine aler r'-*: om .r._tm,. shov that
a) the senc 1ueﬁcv 11 the seneration is given
by the rolatjon . .

. .
(1-3) (1-s)? * q, °
Obtain an expression for (. ard shor thet when 25> 0
and q, small. appro:x 1nx'tuly o

ay = (2= 337 g

%;‘_ = i_:%s [1+1..}.s.+ e '““irr 1+

-
N
(o)

p-t.o.
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b) if s = 0, the prorertion of heterczygotes fn the
- nth generation 1z .
2q, (1 - (n - 1)q.]

B T i o (5],

(1 + ngp)

e¢) if the mutation rate from A to a 43 u per feneratior,
1, approxinately reachds an equilibrium value _p/s (el

4.,a) Under éo&'\plcteagositﬂvc phenotypic assortative mating

5.

“for a pair of
of-heterozygotes

1) has the-value 2pT, /(Zp+nH) 1n the nth

generation, p beinn the gene frequcney of A ané
Ho-the proportien of heterozygotcs jn the

.~ initial zeneration; S o - T3
13) decroases with every sugcessige_‘geperatiqn.‘ PR .3

leles (A, a), show that the propartion

b) An initially rindom-mating populaticn practises 3’d-mating

in all sucedssive generations. . Asswuatpp €03 re-uit that
tlis pronartdanof hatororymatss,, Pht savisfied the -
difference equalicn’ . B T T

LI ‘

Y AR S N
and statinz the appropriate initial conditicns, shor that

5 ~h 5-3 )5 1-
’IHr“i;bYE_( +8) + T (l-z:yf)n‘

o

and evaluate the ratio for. n =_2; 3i 4. - {101
A'large area of coconut plartation #n Kerala is 4nfestcd
yith an unimeun dfsease suspected to have been cauged by
deficiencies of one or more micro-nutrient elements._ As
is,knoun, tha perenntal crop of coccnut #s untque in
gegeial respects, ant Jncorvenient for resular mamerial
rials, -~ - . . =

in experiment is to be undértaken in a riven area of 20
haztares, each hectare having abovt 200 palms, of which
oge-th{rd erz healthy anC the rest diseased at.different
steges., - - PO

‘4) Sugsest a suftable dei!n of experiment to study
the effect_of 7 micro-nutrfents (A= G), each et tvo
levels, on the disease., Giva the complete layout plan
of the cesinn. '

o R - 7]
14) Tndfcate 'the statistical analysis appropriate for

‘the desicn you suggest. - 18]
111) Enumerate the problems_peculiar to thes percnnial

crog l4ke cocoanut for eonduet?n; manurfal experiments )
in the natural field conditions, {5
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IIDIAI" STATTSTYCAY, TUSTITUTS (221
Research and Traintng, School et
B.Stat.(¥ons.) Part IV7 1973-74

AITTCAY SZAMTIATION
. - Statisties-13: S.Q.C. -
29,6,73 raxiisum Marks: 100 Tine: 3 hovrs
Yote: The paper carrics 110 marke Ansver any part
of any_ question, Maximum m._n(s one can score

43 100, ‘tarks allo tud for cach questicn are
given in brackets_i

lain the role of'ratfonal subzroups' and 'control
1imits' in operatirt a control chart,

The followins tab'e gives tle averanes and rances in”

"sanples of size 4 of test records of copper cortent 4n

commercial brass sieels

aample"_"'z'""'""'""S'a'mbl'eu'"““'f“""n.'

JRED L P U S | - P
1 11.10 0.6 16 11.45 1.3
2 11.70 1.2 17 . 11.585 1.6
3 11.35 1.0 18 9.0 0.9
4 11.25 1.0 19 10.78 1.2
S 11.20 3.0 20 11.23 0.7
6. 11.00 0.6 21 10.93 1.7
7 11.20 1.0 22 *11.50 2.7
8 11.35 1.2 23 10.78 0.7°
9 11, .0 2 10.95 1.1

10 10,08 1.1 25 11.28 2.9
11 10,85 1.0 2¢ 10.€0 0.4
12 11,53 1.2 . = 10.20 - 2.0
13 11.15 0.5 oo 11.88 1.5
14 11.28 1.0 29 Y1.23 0.C
15 11.00 0.8 30 . 11.30 0.6

Test whetler The process is under statistical control.

A minimun of 9°/ in any shect 4s the market specification

fer this characterfstle, Excess of 0.1+/. on an avera~te
results in a loss of 19,2000 per annum $o the factory.

Estimate hoy much_savint can be affected by mairtainine
statistical control at a prorer level sO as to snt!.s(i'

market specification, 5+20)=(25]

that 4s averase run length of a control chart?

Eer've general exrression (1= ")'/\p (1= p) for ARL of
hart, vherc \ successive pojnts beyord a cortrol
1imit indicate lack of control and » 13 the nrobabil,t{
to obtain a point dboyond any ona contiol 1limit. 15+151=[20]

A stable groée&s'pro“.“c!lﬁ: t4' untts per unit of time, has
Ry as its initial setting. 7Tic averaze level ariftinz

%i_nearly at the rale of @ per unft time, has ona sidcd.
upper) spec!fication lia't at: Ho+-mo wvhere m 1s a cons-

tant an¢ o 4is thc standard dcv"at'on of the process,

Assuming that o remains unchanzed and tha chsmctor“t'e
follows normal distribution, shev that the optimun nreduee
tion run 'at vhich minimises thc oxpectecd total loss, is
given Ly the cquation.

p.t.o.



. 6'_ X
nr(m) + £(m) = ;:L\i"I +nF (T + ol TY)

where C, = resctting cost K -

u = 1loss incurrcd per -defective itcn -
a m = _z\?g_ . (20}

4,a) Explain thc fotlowing terms: -
(1) a0Q (12) ASU and (1#1) AOT

b) Obtain cxpression for average scmple nucber _(ASH) for-
single samnrlin” plan by attritutcs whon the Inspection
13 curtailed with rcsgecg to_rejection 4,0. inspection
1s stopped and thc lot is rcjocted as soon as Xk defac-
tives aro found on samplinz inspcction anc thc lot is
acecptcd if in a samplc of n 1items, k-1 .or less dcfee- .
tivcs_arc found. _ . _ {10415)={25]

5.8) Explain the mathcmatical basis ungerlyfnz the construc-
tion of Dodge and Romis's sinfle sampling "LTPD plan by

—~
n

attributces .

b) A lot contains larze nucsber of ftcms, Devisc a sinvlc ~.n
sampling attributc classification plan for it to mcct
the ;tip\u.a:iuns . .

AQL = 0.01 LTPD = 0,09
& = 0,05 B

0.10
[10+103=[20]



IIDTAL STATYSTYCANL THSTITUTE [y
Rescarch and Trajninc School o=
D.Stat.(Yons)Part IV @ 175-74
AVITAL SZANTTATION
statisties-14: Sconoretries -
pate: 1.7.74 : axtimn larks: 100 Tine: 3 hours

Yote: Ansuer Q,No,?7 arnd any rour or “tus rest,
TTT* Marks allott 5 for eacli question aro given
ir brackets

1. Explafn “hov the 4npit-outrut model can be related fo
statistical production furctior amalysts. Vo do fsoquants
ror-.the Jnput-output model anc those for “tha Cobh-Douglas
moée]_ daifrfer? . - - (15]

2, Supposc that the output of firms 4n an industry follous
the Cobb-Dovslas relatfon, Ko voule you use this rela- -
tion to estymate the ag-renete capital in this industry.
given t‘\c corresrom.in” a~zresates of employment ard out-
put? You may make ronsomblo assusptions regardinz the
sirze_distribution of the firms, - _ - [ws]

3. Exanine thc effect of ustiz movirs uverancs on the eyel!-
cal- and random comnonents_of a tinc serics, - - [15]

2, Discuss the methed of periodonram analysis for investdga- '|_
tirg cyelfeal caomponents of a time series, _ [15]

Discuss tha propertics of the CobS=Dourlas procuc't.ﬁon .
function, 'hy 1s this function widely used 7 (5]

(%]
.

6. 'rite short notes on any fi'0 .

a) Corielogram analysis -
b) Reasuring seasonal ﬂuetuations by movin‘
averasc methtx‘. -

c) trcnd mcacurcment fn tine series anmalysis [xs]

N

7o The r'.at"!“ of Input cooff4ctaents for a certath econol?-.r'
is given below:

produc‘ne
~-sector

sarﬂces (s)

0.1

agzricuiturc (4) 0,0 105
basic indu
trias_ ?n) 0.0 40

consumer goods
irdustrics (¢) 0.0

fecsMmes arvesvsesescsearansasea

Find out thc levels 6f nrccuction L. the four sectors
1l4sted above, {30]

Practicel Resords ’ [10]



IUDIAI! STATISTICAL IISTITHTS )
Research and’' Trainins School s
B.Stat.(Yona,)Part - Ivi 1975-74

! . “AITUAT, ZILMIVATICY
Statistics=1T: Stutistical llethocds

Patot 3,7.74 laximga larks: 1CO Time: 3 hoas

a)

b)

)

a)

e)

. 'l.‘hen s

1)

l'o%ed The paper carrics 110 maks, Ansver as many
questicrs as you ecan, lMaiimun you can scorc
is 100. iarl:s allot:ed _for each question .
are given in dbrackects .J,

Prove or Disprove t"\c rono'im statcnents. mentionins the
neaded assugpticias (i any

Let SAV® Ip(n-ln Z) be partit:onad X ’

S S . .
s -(sn 512) where 857 1s (r-1) x (r-1). An¢ 1o

21 So2 .
sy, S -
1 512 .
s = 8;1 3* vherc 57, 1s 1 x1, Then

s;.l - 5;‘_ SM S__l 43 distributed as chi-sjuare with

“(n=1-p*+ 1)’ dcc.eas of: freedan, (12]

Let ' 0(1)..... A(n) be a ranCon sn.-:mlc from I (uy E).

Then gencralized variance of the sanple is Qistributed as .
tie procuct of p Incepcndent ehi-square variates, 18}

Dis.,ribution of sample partial correlation coaffici
Tygia%lh.... basec. On n observations from a B n. )

P
43 same a3 tha% of totzl corrclation cozfficiz:nt r.j
bascg on n-(p- q) observations, . 0]

Let X and¢ § d{enotc the samolz mean ang d‘snorsion'
matrix bascc on n obsarvations froa Z‘u. )., .Let x

be an adcitioral ooaervation froa l‘(uu T) made indepen~

dently. Then (x - %)t 8 1 (x- %) hasiF 0fatrivution vith X
p and n-p <ezrecs of rreccom. L10

Let: 53 j ® = 14..., n be a ranon sample from l\'P(u. z).
E (I(u)-X)(A(a)-i)‘ can be u-itien as

!: Z Z' whese 2 are 1nde cncuntl distri‘:u..e(‘
asy (@) ('l) (a). ? y

as 1,0, ). . . . IS
ret r(n) ¢enote samnls corrclation coafficient basec on a
smg:)l.‘a of fiza n’'from a normal distribution vith correlation

S en

{r(n) = 2] VA-Y / (1 = 97) s asymptotically
¢istrivutcé as (0, 1), . (12)

p.t.o.
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4.

a)

b)
c)

-2
Lat At g und. %5 Le the amownts
the thwez Cirections
4:5 on a trce 18 ccolsid rad Qs
val date nor-mal <istritution,

Talr

any Civisor) as \

o= (o.Ce 4.50
128,72 21,41
S= .. 56.93

Is &t true ghat @y - 24, + Hz = O vhere
_lation mean of T

:11

240 & cork trec.:
¥ an obscrvaticn from a ti
%ty random ohNservaticrn
made yieldinn the sample mean and ¢izpersion matrii: (vagioet

of cork in a borinz frow
The emounts of doi-

e
ara

- 0,86 ..
-21.02

-23.50 :
. 63.53,
My is the popu-

~
«

1.4)

-13.1
=30.0

Can wa sev tiat p = (€ 5 1)
Anoticr inc:menteat sample of 25 ouservations ylelded

zt = (10.2 €.4

150.1 G0.4

-S - cae 53.3

Can you say that beth the samples
populationt °

\

In an 1: Custrial nlant 5 machin:s
type of it:xn3,
Tirey
maciines and
thrcg, four,
all cachines axc equally
dafectiv: 1tums

GO0

are comins from {he sama
) {12+0415)=.35]

arc ftvrniing out similar

Trdrty, thivrty-riv:, forty, foriy-five on’

tens respeetively, verc sclcee”eC ranfomly from tlesc
mmi2r Of Cetectlve 1%2us vere found to be t:o,

five anc¢ six respectively,

Can you say tiat

efficient 4n terms of %winin~ non-

A samplc of 13 observalions from a bivariaté norna), popula-

tion yie
divisor) as

¥ = (1ca5°
<11.2
S = )
San you say that wy = M. §

1¢2¢ ths sample mcan and dispersion mairix (“ithovt

ie)
7.45)
10,1
15,5
9.



II'DIAY STATISTICAL IISTITUTS e
Acscereh and Tiainin; Gchool Sia

B.Stat,.( lons,)Part IVv:i 1975-74
AITUAL ZCAMINATICE

Economice Development., Flanning
and Growih

Datec: 5,7.74 Fa:zimum Marliss 50 - Time: £ hours

Jokc: Answecr Q,Y0,.4 anc any to of the rest,
Marks uloﬁted for ‘cach qucstinon ere fiven in
brackets [J.

1. Critically ¢iscuss ih: spccific advantascs/04isadvaniazes
for the economic Gevclopmert of uncerdeveloped countries
bf the world to-cay tihwti follow from the fact that thesc
countries are 'late-comers! in thc process of incusiria- |
lization, J2CL

2, Zxplain the basic lozic of thc arsument that an uncer-
development country operating under market mechanism
will typecally suffer from lack of investment demand,
Can you cite any empirical evicdencc in support of the
arcunent? State briefly the policy-prescrinticns that

follor from thc arpument. [10+5+3)=.20]
S, Tiscuss the relation betveen the degree of capital-inten-

s8ity of en investment project and the rate of grovth of
output from it in a planned labour-surplus economy, B
clearly specifyin3 tae assumptions you naka, o)

o
a

4, write a notc on any one of the folloving concepts:

a) Lemonsiration Effect.
b) =:ternal Economics.
c) Primitive Socialism, 1102
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