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IIDIAIN STARISTICAL ILSRITULD L‘T
Rcson:eh md Training School

B.State Part. IVt 1960-70

PERIQODICAL EXAMIITATION

Statistico=4s Probability
2249469 Hoxioun Narks: 100 Time: 3 houro

Notc: Tho wholo p gor oarrios about 130 narke. You may
attonpt any bit of any questions Marks nllotted
for oach question arc givcn in bracketn [ 1.

I.ot(_(_.)_.a' H) be A nonourc o co and £, £ rend
valuod noan\u'nbla functiono on’ DofinB the follow-
ing typcs of convergence of L, to Lo - [3X4]={27]

(1) almost uniformly
(14) almoot cverywhoro .es .
i1, 4in neoasure
iv) in digtribution -t
.{(v) in neon .

Provt the tollowing :u:plicationn aacng thooe typou ot
convergoncce

(1) <> (1)  1r u({D) <= (1)
(11) — (112) 1r w(()) ¢ = 8]
(v) —>(111) = o ) {6]
(111) —> (iv) if. p(_C)_) < o : (8]
Give oxanplen to shcw thc :ulait of the followin
ioplications when w(() ) <= ¥ &

1) —> ) ) [3 %x5]=(15]
(111) —> (11)
(v —> (114)
Dofine tho pvoduct spaco of a sequence - ‘of p*obubnity
spaccs (X, 8 19 By)e . (6]
Dofine a tadl so% in tho product npaco- . (4]

Show that 1f P 1o tho product moasure and E 48 a

_tadl sot, thon P(E) = 0 or 1. {1c]

a)

3en)

b)

Indiente how you doduce from the rosult in (c) tlmt if
f,,. io a scquence of independent randon variables, the

o

- o
convorgence sot ox 51 £, hao probability O or1: (6]
n ’ -

Provo that if A, is a sequence of cvonts ouch that

’.z': é(/\n) < o, thon.-P(lin oup A,) =0 (3]

Prove that if A, aro indem.ndont end z P(a) =

©then P(lin owp A)) = 1. ' {s)

c)

Show.that tho hypothoois of maopcndcneo cannot be
aropped 1n (b : (4]



den)

b)

If Xy Xaseeey Xn arc indopondont ranidon variablop

wlth finlto oxpootlatinn, provoe thut

n & !
r L J¢ . 10
¢ I ¢

. -
P loy = m3,l 2 ¢l g -ch;

J

Doduoo thnt if Xy, Xareee 40 n noquenoe of indopondent

idontloally dintributod rundenm variablos with finito

8, => B(X;) 1n probabilitys (o]

varinnoo tlion ;;



INDIAN QTATISTICAL ILiISTITUTS —
Rononrch and Trainisrs 8chool 1
DeBtnte Part IV: 1069=70
PERIODIOAL EXAMIMATION
Statintico~i: Btntiontical Inforonco

Dntos 20.9,09 Unxioun Markne: 100 Timot 3 hourg

Itoiox Anovor aa nany quontions ao you oans. All quonticno
oarry oqual nwnxlise

1. Explain cloarly viiat in o otutiotical Qocinion prablon
and diocuon tho varioub conponuntn that cntor into tho
docioion procoduroas

2. Dloouag tho conocpto of ndninoibility and unbianodneso in
rolation to a docisicn problons Aloo dincuso briofly the
Bnyoo and ninianx procoduron of sclocting nn optinum doci-
nion procodurces

3. How do you viow tlio problou of ontination ap ono of docinicn
thicory? IllustratosWhat in tho dofinition of unbinnednr . aa
omployed in tho theory of ontinmation? Aloo dofino connin-
toncy of an ootinntos Givo nomo oxaaplos to ohow that un-

. binocdnonns nnd oconsiotency 4o not imply onch othore

4e what 1o noant by TPighor'a information'
a) in a nooploy  (b) 4in a otatiotic?
that 4o tho rolation botwecn the two?
Pofino a pufficiont otatiotic for a fanily of doninatecd
probability nonourco and prove a nocosoory and pufficiont
condition for a otatintio to bo oufficicut for a fanily of
probability noansures dofined on a oonplo opnaco with finito
nunbor of pointo.’

B.n) Lot T(x) Yo a roal valuod nuffioiont otatistic for n
foanily of doninatod probability moasurcs

Pou{r e Q3 a0,
whoro () 40 an intorval of R's Obtain oxplicitly the fom

of tho froquonéy function otating cloarly tho aonunptiona
involved. ' .

b) What 10 o pininal ouffiofont atatistic for a femily of
probability noacuros? Doaocrilo n mothod of obtaining the
pininal ocufficiont ntatistio.
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LIDIAN STATISTICAL INSTINUZE
Rcucnrcl. and Training School
BeState Part IV: 1469270

PERIODICAL EXJ\HI}TA\TIO!I .
Statistico-8: Educational Statinstics Thosry and Practionl.
13610669 Haxinun llarke: 100 Tiac: 3 lours

404]

Hotes Anaver Qo1 and any five from.the rcste
Writo short notcu' on any four of tho rollovd.ng:

n) Sunnation Scoro; (b) Factorinl Validity

c¢) Rolinbility of tho 1inoar conbination of ocoros

@) Group hetcrogeneity and validity

o) Teot divcrimination coofficicnt. [5-0-5-05+5]-[20]

Doscribo tho orrorn of measurcnent, uubutitution and pro-

die tion in poychologicnl tentsy defino them and their
standard deviaticnse State tho cquationg and explain the
noaning of oymboln uged in the equntionr. [16]

Doseribo tho co:muta.tionnl proccuuro. of obtaining T-ocore
fron the raw scoro, ‘
Supposo a to'-t ia compouod of itecnso \r.lth un’\l d..f"iculw
Show that . X
M . Tie
) rtc = o e
x':'_t .
where* Teo = corrolntion bct\/eon tcat nccm and criterion

va .

¥, = avarage corrclaticn botwoon items ond eriterion
fxqt = average corrclntion between itcnu t\nd total
scoroe [8+8])=[1¢)

Show how the method of analyoio of variance cnn be used to
ostinato tho rclianvility of a teote

In a test of 55 1tcns, the standerd deviation cf the total
score was 75 Tho gun of the varinnces of the 1tens waa

9.8327. Eutinatc the rcliadbility of the total scorce
S (e+8]=(16]

In a u(\nplc of G fifteen-ycnr-old hig‘l acliool studenta,
of whon 26 wore nale rnd 35 weroe fenmale, the nmean weights
in Kilogram wero 678 and 5646 rospoctivelys. Tho stendard
doviation of the weights for the combinod group wan 13.2.
Find tho point bisorial corrclation bdbotween scx and body
weolght for fiftoon-yoar-old high aschool atudentas

Bricfly okotch tho proof of the following proposition
'In order to incronge the reliability of o teost
from r to R, the nunber of itens ohould be

multiplicd by o :
{11—2}34 . fee8]={16]

Deacribo in brief Speorman! o two~factor thoory and
Thurgtone'a nul uiplc-fnctm- theory.

Write o short note on *co*rocticn for gucasing'e . [8+48)=[16]
Doascribe different typen of vnlidit:/ of a teots Vrite

a short note on. the offect of toct length on validity
of the tests



-2a,

7.b) Lot x and y bo tho pcorcs on two parallcl testo and

V(x-y) @ 750, V(x+y) = 800.0
what 1a tho roliability of lx+3) scorce . ; {’0%]-[16]
8en) A test conploting 4 iteno wan adniniptored’ on o 1nred
nunber of studcntne Tho following tablo gives the valuos

of Py = proportion of utudcnts anowering the ith itenm
_corrootly. .

pu p"oportion of .astudonts z\nnwcring tho 1 md
-9 ! {ten correctlye

TSN

Lot X dcnoto the total numbor of 1tons corv-octl,/ mnwm-cd
by a students * Conpute mean and.varianco of X

¢ Valuc of Py for 1tcn Pj

L ten 1 2 3 4|
1 - - R - | oe80]|
2 0468 - - - | o3
3 0s5C 0448 - - | 0«68
4 0420 0438 " 0425 - | 0.4

‘b) A tost in Geomotry has a "oliability o" «80 and a toat in
Algobra has relianbility of .90.. Tho corrclation botween
tostg 18 460.. Estinato tho degree of correlation if

1) tho Algobra teat alono Ao nndo perfoctly rcliadble
21) the Gconctr.\' tont ulono in nm\o porfoctly v-clinblc.
{1046 3=[26]
9.a) VWhat 1s peant by itco analysis of a test?,
Discuss the two indices (1) difficulty (ii) discrininaticn
that could be obtained for cach itonme .

b) Show that togt validity nuet always bo logs than tho indes
of roliability.. Wuat 1o neant by tcorrection for attcnun-
tion'? {10+6]=[2¢]



INDIAM STATISTICAL INSTITUTE
Rouonrch ond Training School l@
BeState Part IV: 1969-70

Statistics-6: Samplo Surveys

Datos: Jell.69 Uaxioun Markss 100 Timo: 3 hours

1..

26

3.

4.

Notet Anowor u.11 q\.\onticna. . d ot

B

A population of 12 units 4s dividod 1nto 2 strata thus:
Stratun I,, 019 30“90“10'
Stratun IY. "z"’4'"5'“c'"'r'“a’“11-"1a-"13 .

A sinplo randon sanplo wvithout roplaconmont of sizo 2 4o
toakon fron Stratun I and a snoplo of sizo 3 10 taken fron
Stratun II with probabilitics proportional to tho sorial
nunbors of tho units and with replacoment,

a) Charactorice’ tho sanpling dooign fully,
b) Mto dowvn cxproacicns for tho convontional oetin:\tor.

¥, on» of tho population totnl, Vg, ) na¥ (Y en) e

¢) Write down 9

eon con

~
] V(Ym) and GHT (&}m).
Provo that for any gonorol stratifiod. sanpling strategy
X (1)
Y = T Y .

) H "4 .
whoro X is tho nunbor of strata ond Y(A) demotos tho
HeTe 0gtinator of tho total for tho i~th “stratun.
For quontion (1) sbove dorivo an unbinssod ostinator, bancd
on tho saopling given in that quostion, of tho varianco of
Y’Eon' tho conventional eatinmator that wo would uge had we

tokon a simple random sample of sizo 5 without replacenent
fron- tho over all populatione

For a goneral sappling dosign, vrite dovm (a) a sot of

nocessary and sufficiont cgnditions (noc) for tho existanco
of an unbiagod ostinmater of the total Y and

{(b) o sct of nesecs for tho oxistenco of an unbiasoed

estinator of V (Q), and
(¢) writo down ?G(Ym) - tho Grundy's ogtimator of

V(Yy) ond prove that it-ie-unbiancd for V().



INDIAN OTATIBTICAL INUTITUTB |
Roncnroh and Training Doliool (IEE
Daftate Part IVi 1060-70

TBRIODICAL EXAMINATION
Btatintion=7t Eoonomaotrieon

Datot 1011409 Maxitun Markni1100 Tinoi1 3 hourn

1.

Y

Je

4o

(A1l quontionn oarry oqunl nnrkn.)

Dinounn tho idonttfiontion prodlon in tho oont:xt of
ontinating a donand ourvo from tima omorios Antn on
pricos and quantition.

Hlow do you go ovor to a narket domand funotion fron tho
{individunl donnnd or to tho donmand for n group of oormo-
ditien from tho danand funotionn of tho individual oonmo-
ditioo? Disounn tho limitationn of your mothdd, if nny.

Why 1o it gonornlly nooonnary to uno oronn sooticn dantn
nlong with timo porion datn whilo ootinnting a domand
funotion®

Donoribo tho Cobwob modol of domand and nupp1¥ of n
commodity and find out tho timo path of tho prieoc of
tho oomnoditys '



INDIA! OTATIZTIOAL INITITUTE
Ronoraehh and Training Oolicol (332)
DeBtints Part IV: 1069=70

PERIODICAL EXALINATION
Btatintico~81 Otatistioal lothods, Thoory nnd Practienl

Datos 17.11409 Maximun Markos 100 Tino: 3 liouros
Notot Ansyor gny fonr quostions.

1. A natzix . G(n X m) 15 onid to Y0 a gerornmlisod invorpo of
An X n) 4f AGA = A.
Show that if 0 1o a g-invorac; of A, then
(a) 0A 10 idonmpotont, R(OA) = R(A),
(b).a gonornl polution of n consistont cquation AL AL
xm0y+ (I-Ga) 2°
whoro z 1o arbdbitrarys
(o) q"' .las a uniquo vnluo for all X, oboying AX =y 1f
und onl[ ir q'OA =a.
(a) tho moot gonox'nl tom of n c-inverpo of A ia
G + U = GAUAG
vhoro U(n Xnm) 48 on arbitrary patrix,
(o) ohow that tho converse of {(a) 16 aloo truo,

Lo Lot Ej bo tho vootor opaco of roal n-tuplos with tho usual

innor produot dofinition and A(n X m) bo a matrix with clo-
pmonto fron tho roal numbor fioldes Show that for a matrix I
to bo a pro?oction oporator projocting arbitrary voctors in
B, - onto JAL(A) 1t 1o nocossary and psufficiont that tho

following four oon*itionn holdi

(n) P' =P (b) =P (o) P bo of 4ho form P = AD
for gome D (a) R(P) = R(A). ,

Honoo or athorwioo olow that P = A(A'A) A whoro (A'A)"
donoton a g-invorso of A'As-

S Tot X~MN (0, E). Show that for XA X ond X'DYX to’

bo aistributod aas indopondont olidsquaro variablos it io
nocoooary and cufficiont that

(d) EALAZL « EAZ (V) EBZBE = T3BE
() TAZBZ= O .
obtain tho dogroon of froodom of tho two ohisquare vayiabloa.

4e A otool dbar 18 inchoo long io oubjoctod to a carofully rogu-
latod hardoning }roconu. Tho hardoning 1o dotornminod at tho
oxtromitioos of tho bar, and at nino pooitiono 1n botwoon.
Tho following rooulte, aro obtainod. .

Diatanco from o 1.8 3.6 Bed 7e2 940 10.8 1246 14.4 16.2 18.0

ono ond of tho

var (4,1in inchoan)

Vickor's hardon- . : .
ing nunvor (h) £60 276 £98 3353 374 414 454 503 558 604 ‘671

It 40 roquirod to dotormino a mathomatical funotion to graduato e
tho chango in hprdnoss along tho bare Fit tho function

h e A+ Bd + 0 4* and asouning tho true 1olation to bo quadra=-
tio in 4 tho otandard orrorn of tho ootimatod oco-officionto.



A, 35 D, B aro four pointo in order on a straight lino,
The following tablo givos tho avorages of a nuobor of.
noasurcments of the length of tho ocgmonta. Find loant
squarcoa ogstinatou of tho longtha and obtain their standarad
orrorns Cloarly nmention the anourmptionns

Longthn of tho aognmentn in cno.

pogmont Tlée of monouroments avs longth

AC 3 . 43410
AD 2 77.95
CcD 2 32,95
CcB 3 68436
DB 4 65,55
AB 2 141.03




THDLIAN BTATTUTIOAL i rITUT Y
logoavel and Training fohool
Netibnte Parb IVI 106070

MID=YITAR BXANMINATION
Otatintionedt I'robabllfty
Datol 1010600 Maxfmnm Bovkesy 100 Tinot 3 hwurp
Notot Mavor nn riany quoationa or partn thoreof na you
onle  Markn n Souod for onoh quontion aro glvon
in Lrnckotn .
1.n) Olnto Kolmogorov'a tnoqualition, {11
b) Dvduee that 1€ Xy Xpsees - aroe dndopondont, NX,» 0 and
-y

kfl aﬁ <= thon 1 = Xj4eees X, convorgon nene . (1]

- o N
o) I'rovo that if nf\ —"y [4 .T' thon a “u => 0 qene.
(You nmny anpurmo tho lormnn of Onuchy nnd Kronockor). {c]

fen) ‘Dofino tho oquivalonee (Khintohinu) of two moquoneen of
randon varvinblon, m..nto and provo Lho oquivalongo lewmins (0]

D) If Xy aXgeees'aro dededsy prove that =3 o aens dr
ond only 4f B|X;| ¢ = Alno thon ahow that o w E(X;)s (17])

o) dtato Koltiogorov'n' throo morion thooron. {s)

Jen) Formulato the contvral 1limit groblom in tho onno of randon
variablon eontrod at oxpoatationn and linving boundvd vart=
moone  Onll thono oonditionn (1), (<

Trovo that if (+) (u) = folu,x)AK(x) with upual notation
thon o ia n 1init oharnotorintio funation undor (0).

)

~

Toduco tho uniquonann 10mine {12)
o) Otato tho aompariaon lownn and tho oonveorgone¢e lorsa
oloarlys . ]
A) fitato tho oontral 1inli thoorom undor eonditionn (Q). .
Frovo 4t nnsuning tho wonulta of (L) and (o). [ro?
a) Daduae from (&) that N(0,1) in a 1inlt law under (C€) am
provo tho Lindoborg=¥ollor theoron, (1)
£) Yrove Linpounov'a theoron, (GR}

#) Otato tho oontrnl 1inmit thoorvon in tho onno of boundod
varinnoon whon tho varfablon havo nonegoro oxpootuticna. [-lJ

ds0a) {itato and prove tho Dantol=Kolmogorev connistoney thoorom.[12)

b) What &8 n ntoohnntio prooconn? Whnt 1n tho aignifionnco
of tho thooron of (a) in thln oonnootion® {6]

Ben) Otato and provo Markov'a inoqunlity Iodueo Tohoblohov'a
tnoqualitys , {n)

V) Btato and provo loldor'n inoquality. (0]

Nontnoan and olarity. (sl
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Roooprcis aad Aegining Senos (@)
Be.Stats Part IV: 1969-70
KID-YEAR EXMITUATION )
Statioticn~4: Statistical Inforcnce
LJelle69 Maxirnun Marke: 100 Timo: 3 hours

Note: Yoy may attempt any 6 quentionn: Fivo quoaticns
carry full narko. All quonticno carry oqual narlc.

Dioccuns briofly tho genoral ntatictical dceioion prsbdlon
bringing out clearly tho yarioun factosrs that onter into
it.- Also oxplain how tho problons of point catination
and tosts or hypothoseca can be vievwod ao decision
problonge:

Lot P(.; 0), 6 ¢ ) be a fanily of dominated meanurco
on (X, & )e Give a ccnutruction through which yeu ean
obtain tho minimal sufficicnt statintic for tho Ffapily.
Show oxplicitly that the sntatistic you obtain ia x:\in!.-
nal sufficiont. R

Lot P(.; @) e¢ be a fanily cf dominated proba-
bility mcaourca cn (X, 7x'). Obtain a sct of sufficicnt
conditions for tho oxistenco of rinimun variance unbiased
oatinatoo of cntimblo functiona of ©. Is such an cati-
nata unique?

Explain tho concept of a lowor bound for tho variancoe of
an cotinator of a function of tho paranmctor.

Lot Ple; ©), 06 () where () ie an open interval of
tho real. 1ing, be a fanily oi‘ doninated pv‘obnbility
measurco on ' ) and le¥ f(x, ©) -be a dcto*'nint\-
tion of thc donsity functionce.

Let A(0, Q) = Var [%&:—-9-)- ] e]<¢=» foral e, ¢e )
(6 £9)s Let T( x,) bE an unbiascd ostinmate of a
function g(0), bnnod on a randon sanple of sizo n.
Obtain a lower bound for the variance of T( x, )e

nder any roquircd additicnal conditions o‘otnin the Cranlr-
Rao lewer dbound for tho variance of T xn).

Charactorizoe the £ 1y of distributions for which the .
varionco of . T( x,) 4is ocqual to the Cramér-Rads lowor bouna.

with the sane prob-\bilit" sct up aec in Questicn 4 dorive
the Bhattacharya bounds for tho variance of T( x ) atating

tho rogularity conditicns you noed for tho doriv:\tion. How
do you doducc Crcnor-m\o inequnlity fron this?

Lot N(u,o ), - &y <o, 0K o' <o bo a fnnilx of nornal
diotribuhonu vith un.knorm pn.mnotcrs g and o<, Obtain
a lowor bound for tho variance of any ostimate of u bascd
on a randen sanplo of nizo ne .

Dofine asynptotic cfficioncy of an ostimatc. Show that the
nothod of naxirun likelihood gives asynmptotically efficient
ostinatoo (state tho rogularity conditiono cloarly).

Doseribe the nethed of scoring for tho naxioun likelihocd

ontination,

What 18 mecant by infornation matrix corrcsponding to a !

oinglo obscrvation and corresponding to & randoa am:\plc of
slzo n? VYhat 1o tho rolation tetween thon?



I!MDIAN STATISTICAL IISTITUTE 1T*]
Rescarch and Training School 410
B.State Part: IV: 1969-70
MID-YEAR EXAMINATION
Statiotica-5: Statintical Methods (Thocry)
Dato: 22612469, © <« .. Maximun Markn: 100 Tino: 3 houra

!roto: Annwar all questicno. Allkquouticna cnrwy cqual
— o narkge

E'cplnin thie concept of teptinablo pnx‘n::\otrio funecticn!

tvost linoar unbiaanod gotinato! in tho contoxt cf tho

upunl Gauso-larkoff. (G-lf) lincar oot upe. i

b) What aro 'normal oquations'? Show that the oun of squarca
of deviationa of obsorvations from thoir cxpcctations
under tho G-M sct up is nininised when ono substitutce
for the unknovm parnnctors :\ny golution of tho normnl
oquations.

¢) Show that'if a lincar functicn L of the paranctors

assune a uniquo valuo Ior all goluticno of the nowmal.

cquaticna, then L ia oontinablo. . .

d). If the randonm vcctor Y has o'cpcctation

l.a)

~
I:(Y ) = X8
and. . . - -
2 l .1
1 -1
X={31 2 9
3 2 3
arc a1l lincar funct.ions of tho paramectors in cstioa-
ble? If not, give an exanplo of a non-cotipadbl?d linoar
runcticn ahd cotnbliah 1t to bo go. Lo

24a) Il‘ X zmd H' cu:o natrices of ov-dor n)(n and "k X m

ronpoctivcly ond (H')Y 10 a natrix of Doaximun rank such
that H(H')d 20, thom® :
RUX(GHD '] = R () - RUW).
b) If A ond B are natricos of order n X P and nX g

rcopoctively and the matrix € 18 guch that

M(C) = M (M)A _M (B), thon show that C can bo
oxpreosascd as .

C = AP
\av)(xoro F=wl and w=apd vith { )< no dofinecd in
Qe

e) Lot Y, X, g, H, @ bo natricos of ordor nX 1, n X n,
1, kX n and .k X 1 recopectivelys Show that if

J’l (1) C M(X') and tho cquationa HB = o aro constant
then
nén (Y- xp) (Y- XB) - min (Y- X)' (Y- Xg)
8 .

sud) to HB = ¢
= (HB- o) [H(X'X)™ H')™ (H B- o)



3.!\)

b)

4o

—r-
Lot Y ~~ I (xp, o fr ). whote X' 40 n knovm matrix of
ordor n X n oanad N\nk re Lot zl z,,..... 2, bo
1inoar . funotiona of tho t;,:po Zi ™ 041 nuch tht\t
E(2,) @0 ond D(Z) = "I, thon ohew that' °
) ]

2 . " nor g
- - ' - ol .
Bo(my =mgn (L= X Q)N XX ) = T 2y
Lot Y' .nnd, X' Yo pn:tit!.ono_-(l LU S (x]'., x‘,:)' and
Xt {X] | x:l,'), whore both Y{ and X{ ?.mvo no
colunnn. *

1t °("1’  on ( Yl xlg)7( n-%8 -

obtain tho digtrituticn cof Ro(n) - Ro(nl) .

Tvio objéotu Wl and W, waro ropoatodly woighod on two
opring balancos and tho ropults aro rocosrdod bolow.

Spring DBalanco 1 8pring Balanco 2
Woight of Gronn .. ¥eight of Grann
W. . 210 V. 200

1 N . 1
Wa 485 : Wn 480
WJ. and wz_ . 710 W1 Azmd' ‘Wa 690

Aoouning that tho balanceo may havo unoqual bias obtain

the boat lincar ostimatos of tho individual veightn cf
"1’ Viny. tho total wveight of ‘Vl and W,, tho bias of
balanco 1 and balanco £ nOpnrutoly ,and nluo tho gtandard
orrors of thooo ontinmaton.



THDIA'T OTATIOTICAL IIMTITUTT
Itoponroh and Trainin, flohrol LZII]
Belitate I'nrt IVE 106070
HIDP=YLAl EXNIINATION
Statiation=81 Jtatletical Mothodn Prastical

Datol 2! ¢17e3D - L Mazinun Mnxknx 100 Timot u; hourn

Jlatos  Annvor pll quonticnne Mnxkn allqtted for onoh
quontion aru plven in Lrnckota (. ]
BITIM
1en) nox?bo n procoduro of drawing n randen oanplo fron n
bivarinto norial populaticn vith known parmmoteras

%) DBriofly indicato tho nathnA of Fraotilo Grnphionl Annl stn
(o]

to ocompara two bivariato populaticnn, [GPSES
of
Computo tho Moore-Ponrnne invorno of tho following natrix
‘ 17 . £1 13
? 11 9 ’
. . o3 =1 -5 .. (=0}
o, Oboorvationn ¢n 1“ indopondont nornnl varinblon with

oxlnotntionn ¢iven an linonr funotionh of ol.oﬂ.03.04
and o oormon varinnce a’ 104 to tho folloving nomnl

aquationn .
: cél + 85 404 40, w G
01 + 503+ 203+204 m 1264 .
to e 2021-1093#94_ " 17.2
13.6

gwoopout oporationn on thono oquntlonn gnvo tho following
oonputod Liguront .

A particular nolutiont 31 « 2.0, ’u‘c = 1.d4 93 - 1.2, 94.. 0.
A g=invorno of tho matrix O of nornal oquaticnn

) 46 - 8 -3, 0
-g&'“ 190 -3 [}

.o 3 9 0

0 0 0

Dnain for tho vootor apaco genaratod by rowa of natrix Ct
"

1, 0, 0, §, (0, 1, 0, F), (0, 0, 1, ).

T™ho num of gquaron of tho 1 oboorvatizno wan oonputod an

B4a.44.

n) Txanino 12 tho following linoar funoticno of paramo-,
toro aro ontinable

1) 6 +CQ;‘_ + 8y + 041 (11) 0, = 65, [c)
b) Tont tho hypothonin @) w €5 & . : [10]

o) An 1ndopondont obaurvation on yot anothor nornal
VarinBlo N(38, + 384= 64, o) 10 now obtainod aa
I.3. Conputo.rovinod ootimaton for- A =6, nnd ito

oatimntod ntandard orror, showing oach ntop of
conputations {z0)



Se

a
Threo ioportant mohnuroncnte frca which tho eranial cnpa-
city (c¢) nny bo prodictod ¢ tho glabolln - occigitz\'l.
longth (L), tho naximun Pnriotnl broadth {B) and tho balac-
:rcgmntic holght (H), Tho prodicticn Iormula nuggontod

3] : o B

By o B T
Cuall B- H3

Thooo can be writton an
Xo = A + plxl + pa¥s [53)(3

whoro X, = 108y g Oy Xy = 1083 Ly, X; = log)g B and
xa a 10[{10 He .

Tho noan valuoa and the correctoed oun of oquaren and the
productn of theoc trancformod chnracteristico computed cn
tho bacin of noaouronmontn on the 86 nale okulln froa the
Farrington Streot norics aro givon bolow.

Charactorn Moan Corructod gumn of nquarca and
. _productns (S.S.8.P.

Lo . Xq Xy, X X

X, 341685 412692 L03030 04410 .03629
X 242752 ) .01875 .00848 .00684
Xy 2.1523 . - - .02904 ,00878
X5 2.1128 T : 02886

Tho inverge of tito 5.5.8.P. natrix for variabloa Xy 0 Xg,
and Xq io ccoputoed ao

64.21 - 15.57 -~ 10.49
L7 o amm . - Tew0
39.88

Using thesc figuros

a) Cecopute the multiplo (lincar) rdgrossion oquation of
xo' cn Xy Xo and Xs. : i

b) Toﬁt if tho throo rogroonion co-officientn occurring
in this oxproosion

© 1) aro pignificantly.diffaront fronm zero,
11) aro oignificantly difforont f{ron ono),
111) aro oignificantly difforent from ono anothor.

Practien) Reeordn,

{10

(23]
[2¢c]



INDIAN STATISTICAL INSTITUTE [

Ronoarch and Tz-nining School
B.8tat, Part IV: 3069-70

MID-YEAR EXAMINATION
Statinticn~61 8anplo Jarvoys

Datos L4e12.69 Uoxirun U rkot 100 Tinmos 3 hours.

1.

2o

3e

Notes Annwvor all quoptiono. Marks allotted for oach
- quontion aro givon 1in Ybrackots {]. 40 nnrks aro
rogorvod for ansignrmonto.

A oanplo oizo n 1o dravm fronm a population of oizo N
ao followns Ono unit 1 noloctod with probabilitice
roportional to tho¥ .=valuon of the unita, (n-1) units
y oiople randon onnpling without roplacemont. LotY
bo tho variate under otudye.

a) Provo that tho ostinmator
» bd .
Y = N, J_L- « X .
%
10 unbiaonod for Y = }?Yi .

b) Oharactdrico tho nnnpling do'oign gonoratod.
¢) Find oxprosoiona for Ypm, V(Y;p) and Y(Ypn) 1.0.

tho Horvitz-Theopson ostimator, its variancoe and
Grundy's ostimator of thio varianco. [6+646 )=
4) Provo that VG(Ym.) i8 non-nogativo for thio ne

sampling nothod.

Suppogo that tho knovm valuca of the non-nogativo auxis
liary variato ) and tho unknovn valuco of tho nain
variablo ":l/nro conncctod in a supor-populaticn sot-up
thuo: .

Eg(Y, IX)) = aXy .
Vo(Y1|]‘1) =Xy for 1 <145
and  Covg(Y,, lexi.xj) =0)

whoro tho puffix © donotoa that tho oxpoctations ote.,
aro takon ovor tho gupor=population, and a and o2 are
unknown pooitive conotanto.

Provo that in tho claos FI(+)) of al) sampling strato-
gios H(P,T) which oatinfy

1) IP) =,
and 11)  Te Ly(P)
tho pub=clasa that furthor natisfy

X, .
) my(P) w Vegh
b) 2 0) = 7, , nes(P) .
and  0) Ta Yip (P)

aro 6-optinun in tho oonso that EOV(H) 18 minininod
for thio sub=claoo.

Write ohort notoas on

a) tho unifiod framowork for samplo surveyn
b) ppo oonpling
o) oystonatio sampling.

(el
(51

(17]

Ls.)



INDIAL STATISTICAL INSTITUTE
Roncarch nnd Truining Sohool
BeBtats Part IV: 1969-70

MID-YEAR LAAMINATION
Statintico~7: Eccnorotricn Thoory and Praotical

[513]

Datos 20e1C669 Maxinun Marke: 100 Time: 4 hours

1.

e

4e

(-

Hotoe: Anowor nll quootionns Markse allottod for oach
quontion aro givon in brackets [).

¥hat do you undoratond by the torm 'Engel curvot. What ayo

tho pointo that havo to bo takon inta conpidoration in tho
algobraie foroulation of an Engol curvo. Givo oxamplos

of dAifforont typoo of forrmulaticn with thoir occondnmic
proportiog. . . (co0l

what 10 quality olasticity of domand? low do you meaaure
1it? Vhat 10 tho rolation botwoon value, quantity and
quality olaaticitioon? ) {15]

How do you tako into nccount tho offoct of houscliold con-
position in tho formulation of tho Engel.curvo? Give a
mothod of cotination of tho curve in this cano. {15]

Tho indicos of Erico and quantity of an agricul tural
cornodity pold in difforont yoars aro given bolowe Ploi
ouitablo soattor diagrama rovoaling denand and eupply
ourvos for tho conmodity undor tho assumption that a
Cobwob modol would apply and that ovory yoar the markot
ig cloarod but for randon fluctuationo. Fit tho domand
and oupply curvea to thomo ooattoro by inopoction.

Yoar . 0 1 2 .3 4 5 6
Indox of prico 102 13 112 125 116 121 118
Indeox of quantity: 124 93 ‘106 98 104 1100 10C (20}

Tho follewing tablo giveo tho ostimatod porcontago of
populaticn along with ostinatod poreoapita mnontihly total
oxpenditurde and oxgonditurc on ceroala for urban arcas

of India during 1957-58 by por capita monthly totnl cxpen-
dituro claaocoe.

Fit o conatont olaaticity Enéol curvo to tho data mnd
£ind out wvhothor coroal is a luxury or nocossary iten of
oxpondituroc.

Hontldy por PeCe of Por capita y Por capita

capita Expe. popula- nonthly nonthly Exp.
elnoseo (dn = tion totnl Exp. on cercals
Rupoon ) (Rn,) (Ra.)
0) (1) (2) (3]
0- 8 2.09 . 637 . - 3467
8 =~ 11 5456 | YR Y- 4.68
1l - 13 «L26 11,95 . S5.17
13 - 156 711 13496 5472
16 - 18 10,42 16,52 . G430
18 = 2 11438 19441 G.49
21l - 2 9479 22935 7437
,24 - B8 11,09 £256.94 7 .46
88 ~ 34 927 30474 7«79
34 - 43 - ' 9,31 37.91 7467
43 - BS P27 48,65 770
65 and adove 9.45 86454 8.47




INDIAN STATISICAL INSTITUTS —
Roncarch and Training Schasl L"'1—41
B.3tate Part IVt 1965-70

MID=-YEAR EXAMINATION

Statiotico-8: Donography = Theery and Practical

Datot 2£7.1Z.69 Maxirum Marks: 100 Tinot 3 houra

1.

-

4-&)

b)

Notot Annwor nll quocticnas Marks allotted for each
quostion aro given in brackotn .

Tiocuca briofly tho mothcd adoptod by the conous Actuary
for tho conatruction of Indian 1ifo tablco (1941-50) bnaged
on two oucconaivo conous ccunts. [23]
Writo short notoo ont
1) orude dcath rato
11) forco of nmortmlity
111) infant nortmlity rato and ito adjustmont
iv) conploto oxpoctation of 1ifo. {z5)
Tho following tadle nhchu tho growth of a bactorinl

colony an_obsorvod in a cortain locality in square conti-
notorse Fit a logintic curvo to tho dada.

ffo of colcny Aroa in squaro conti-
in_dayn) netorn

0 : _0.24
2.78
13.53
36,30
47.50
49.50

[ 2 I I

Dofine "ital Statintico and briofly discucs tho usca of
vital atatiotico to a public honlth ndninistgator.

Stato nomd of tho rocormondations of tho oxport bodios

sot up in rocent Yonru to oxanmino tho quoation of

inproving the collection, rogistration nnd compilation .

of vital otatiotion. (10+151=°51
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INOLui¢ STATISTICAL INSTITUTB
Research nnd Training School
3-State Part IV: 1969-70

PERIOPICAL EXAMINATIONS
Statistice 42 Probadbility
Date: 23+2.70 Maxirum marks 3 100 Time: 3 hours

Note : The whole paper carries 110 markse Answer as many
questions as you cane Marks allotted for queation
are given in brackets ( ).
(n) Define a Uarkov chain and the n-etep transition probabdbilities
associated with it. . (8)

() State and prove the Chapmnan-Kolmogorov aquntion- 8)

(c) What fa tho relation between the matrices P'((PL )) and
-(( p'.l 1) +when the transition probabilities are

ltnuonnry? (1)
2. () It (s) and Fi.'l (s) are the generating faunctions of the
lequenccs p';j G ‘n then prove that
Pyy6) =P (). PyyCe) + a4 (2)
. where ¢ 18 the kronecker deltm o
(b) Prove umf if stato L; is traosient, then I Pyg <=t (6)
n
() Prove that I £, =1 if ond only if I p:i -x )
n n

() 1r B‘ is recurrent and E; is nccossiblo from E; then prove

that By and EJ cormute and that Ey is recurrent. (10)
(b) Also thea show that z ‘1 =1 and Q“ = 1 where q“
P(EJ occurs 1.0+ /E; Bccurs at time 0). (1¢)

4e (a) Dotfine the period of a state E; Show that if E; and E;
commute then their periods are equale . (10)

M) 1¢ Ei and E, comrmte show that there exists an intéger
ry such that p';J > 0 ioplies n.= ry (mod dm‘))- Further
there exists an N(§) euch that n > N(j) implies that

o dCE ).+
Py j> Ue (12)

) 1t E; 1is recurrent and ! > 0, thon DYOVe that
o 1
lim pf = —1— (18)

£n
n il



THDIAN ODTATIOTLIOAL TILY LT L5
Rusonrol and Pealalne Sahaod ahed

Jietitnte Part IVs 106070
TERLODICAL BXAMIUATION
tntintlon=41 Infuronso .

Dintol £3,%0 Mrxdun Markas 100 Tinws 3 hours

1,

Se

4.1\)

v)

n)

dabar Annee o Sl quontdonne A1 quontionn onrry

oquul rievlen.

tob {1 0 6@ b n fantly of dontnnted probubility

monouron on (x , O anda (D) bo n nubint of a k=dlmonalonal

Luellduiwm ITMU. Lot {lx, Q) arn (n)‘k bo A dotorninntion

of thn donnity funotionh.

1) Dorfino. tho 11\{0 sinbion valrix (n) due to a ainzlo
ohntyvation, b; duo Lo n randon nnrplo of aize n.
llow nrv thoy rolntod?

11) vhnt 10 noant by o pindnal not of ruffioiont ntatine
tion for tho nbovo fwanily of nonusuroa?

111) Wint 40 tho rolation botwoan tho informntion mntrix
Mo Lo a ntntined sot of nuffiolont ntautintion banod
on o rrdon nnn\:lo of adlgo 1 and thnt duo to tho
1andon arviplo 4inelfs

with (ho peo aot up an dn quontion )(. uppono it i)n roquirod
to ontlunto purmiotrio funotionn 3 [ S‘...., [ [

1) obinin n lowor hound for tho po Oy‘“md varinnoo
of ontimntora of (8" yees,1(8) btnting olomily
tho rogulnrity conditionn.

11) Ohow that tho Eonzr isod varinnoo of unbloand
suntinntorn of N Qreeny g,l0 banod on guffiociont

| ~
ntatiotion 10 not grontor dlv\)l tho gonorm izod vnrianco
of any ontinntorn of tho nano bnannA on tho owaplos

[ad
Lot x bo a nmamnl variato with mean g and varianeo o
oplakn tho lowox Lound for tho gonorallcod vorinnco of ontis
matort of ¥ and  of bunod on n nanple of alwo ne Con you
obtndn ontinator of u  whono varfnnao in oqunl t5 Lho lower
bound you oblain nbove? Whnt vill bo tho oorrglntion of your
ontinntor withYpivon ontinntsr, nay B85 of o“? How do you

oxplnin tho obumorvod oorrolntion?

Lot £(%,0), oc @ Vo a foilly of donnity funotionn of
probabllity mennuron Igy OC @ on (x,Ou)s Oltnin a not of
nooononry and nufrlolong oondlitionn that a tost 'P(xl.u..xn)
for tho aninplo hypothooin Ilol 0w 00 wgninat tho olnplo
nltormativo 141 6 % bnpod on n randen nwaplu of nlzo n
Vo n NPT of nino as '

A nmaplo of obanorvationn in dravm from a nornal dlntribution
with ndan & and unknown varinnco ~0“e Dorive tho MPT of
algo ¢ for tho hypothonio "o' o @ aznlnat tho altor=

nativo 141 o‘Q- 16, bnanod on o narplo of ndmo 10 Lrou tho
populnlions

Morlno a twhotono Y1leliliood ratio fnnilx of dlntritutionn
with a vinglo rond valuod pnrmmotox Q. btnin tho UMDY of
pluo ¢ for tho hypothouln ll0 1@< e, agndnnt tho

ultornativo 9 > @,



Deh)

LN

alle

A rinolitno in known to producordafostiva {tonn, Pron o lot
of nuffiolontly largo nigo I, n parmlu of nimo n  {n driwm
wmd onoly 1tair 1a dnapootod nnd 1 ttonn aro dotnotod to ha
dafootivos Wurivo n tont Cor tho hypothoain that tho numbor
of dafeativon in tho lob 4n £ D, npninat, the altornative

that 46 1o > Dye  In your tont UMP?

fho probability of ounconn in mn oytovinﬁnt {ia nn unknown
oonu‘.unl. pe Thu oxportmont in continuod until n npooifiod
mbor n  of nusoconnon have boon obtninode Dnnod on thin
14 in donlrod to tonb tho lypothunis that p { p or

P 2 rg wninnt tho nltm-lr'muyo' M <P ¢ py whora p; and
Pp 0o knowt valuons Dorivo an optimun nigo a toat for
thin hypothonia and dinounn 2ta optirun proportios,



THPTAY YAANTSCTTO L, THNTITUIM .,
Ilononreh nid Troining Rohool Lﬁ'—’-‘\
Dolltnts Fart 1IVs 10G0=70

PERTODICAL EXAMINATION
Ctatiation-8t Utatintienl Mothodn
Dntos 063670 Maxinum Barkas 100 Tinot 3 hourn

Motas Annvor nll quontionns Marlka al o&tod for onoh
quontion aro givan in braake tu

.
1en) Dofino a contyal Winhart dintribtation le(n. ).

L) Bhow that if 0y~ ¥ ("1' ), nn,..wp(n;... T) nana ty in
1ndopondont1.‘( Mntrt\u‘tod of ) thon
By+ 8y ~ Wing+mgy X))o
0) Bliow that if .
B2 Bye (B Bz,
8y Oap pean, By T
wvhore EInn 4n Dede of ordor gq, thon

Yo W

-1 . el
Byy= Oyp Ozp Oy~ Wpln = q, Ty = Do g™ ).

A4) ObLtain tho oharnctorintio funetion of tho Winlinrt dintri-
bution W,(n, Z). (€3]
fen) Obtain tho null dintribution of Mnlmlz\nobln“ l:(e.
b) Dinouno nomo npplicationna of Bahalanobin D” 41n multiva-
riato analynin, . £5]

Je Tho moann nnd tho Adinpornion matrix. banod on moanurononta
of throo biomotiioal charactora (Yy, Yp, Ys) of n =112

nalo donort locuntn in nn intormudiato phano aro given

bolows :

Dinpornion natrix
. noan Yl Yo Ya
Yl L4402 2460060 «20000 0.66748
Yo 3460 . 'o.}nsuo 0,10013
Ys 0,70 0432400

In thoro any ovidonco to oconcludo that tho populn-
tion moann of tho threa chavaotorintien Yy,¥,.¥g aro

28, 8, and 10 ronpoctivoly? (38)

4e Tho oorrolation ccoffiociontn botwoon tho ncoronm in two
halvos of pngoholop,lonl tont appliod on throo groupa of
30, 80 and © atudonto wore 0,63, 0,48 and 0.71
roapootivolys Exanino {f the proupn are difforont in |
ronpoct of tho eorrolation cocoffioclont. (18]



INDIAN OTATIOTICAL INJTITUTH m)
Jwnoaroh nnd Training fohood
NeBtnte I'nrt IVE 1000-70

PLERIODIOAL EXAMINATION
Btatintion=?

Datot 1043470 Maxioun Mroknt 100 Tiot 3 hours

1,

Je

b Y

Lo

Markn allgtiod for onoh quontion aro givon in

ol Annwor amugn A nnd D in nopnrato anowornoripta
bronokotn | .

Oroup A Ronnanntriog

Naxioun Marke: 60 Buggoated timos T houra
Annwu_r all quontionn

Dorivo a gonoral formilation of cont funotion of a pnrti-
oular firn, atarting frog the firot prinoiplos Wiat would
bo tho gonoral nhapo of thia ocurvo? In our roal 1lifo
oboorvation whioh part of tho ourvo gonornlly obaorvod?

Roonnt tho intor=indunt flow rolatiomsin torna of pro=-
duotion funotion tornminolopy. DBring out tho difforoncon
of' thio produotion funotion with tho Cabb=Douglan produc=
tion funotione R

Iraw tho oonoontration curvo of por ocapita monthly total
oxpondituro and poyr onpitn monthly oxpondituro on nilk and
nilk gmduotn and compulo tho rolatod oconcentration ration

fron tho following dntae
Oonae Byxpe in Rn,/poraon/30 dnyn on

-all 1couu'(:JY.nnd AR CI R g,
oxp olaon Dy ;1 $4
0 -0 0,03 8,18 0408
8 -1} 14,73 0,49 0471
11 « 13 11.33 C.01 0.40
13 =18 007 13.98 0.84
10 =10 13,08 16.44 0,93
18, - L1 9.40 10,83 132
L1 =04 8,49 Ce40 1,73
o - £0 0600 £8.66 L3
L0 « 34 617 30434 C.06
34 « 43 Be3A 38.20 o4
43 = 065 Ce78 490.23 © Bl6S
o0 - £.80 00,45 7,01
all olnan 100400 £0,13 1,43

th

(15]

- 18]

(30}

1’3 10 tho poroontngze af porfons f£nlling in thoe J group,

. Oronp Nt nning Toohniguon

Maximun Markot 40 Bugeontod timot: 1 hour
" Attonpt any two quontiona.

Exanino nono nooonnary nnd nuffiofont econditionn for a bidl
of goodn boing producod in otntio input -ocutput analyolan.

1on in tho oonatralntn oan bo eonvortod into ono invole
ving only ogquadlitioo no that thoro in n ono=to=ono oorroa=-
pondonoa botwoon tho fonnlbla aolutions of tho original
problom and thoso of tho rofqrmilatod probloms Murthor
ohow that tho optimal nolutionn in tho two onnoa aro tho
aarno e

g‘%xtlt\in low a 11nonr'&>rogrnmalna prohlon involving inoqun-
1t

{co)

[20)



ofa

e Bolvo thn following linoar prograrming probdblonmn graphioallys

(a) % + x5 21 (b) v xS
X =0xy £ O = 040xp = Bxy £ - 10
bxy = 3 2 0 "Gy X 2 0
= X 2-1 Maxe Z w = Bxg
pex 50 "
‘x <3
% 20
Maxe 2 m 3x) + Ox, {20?

{araph Papor to bo puppliod)



INDIAN STATISTICAL INSTITUTE (35)
Ropoareh and Training School
_B.State Part IV: 1969-70

PERIODICAL EXAMINATIONS |

Bubjoott stntintieu-'h Statinticad Qunlity Control
Thoory and Practical -

Datot 30.3.?0 . Maxdinum Marks: 100 3 'Mno: 3 hourp

1.

2e¢0)

b)

T C\)

b)

noto: Anowor Qe No«dl and my othor four "quostions’

fron tho roste Marko tlljottod for onch quentien
aro givon in brackato

Following tablo givoo tho avoragos and rengoo in oomplo
of oiza 4 of toot rocords of coppor oontont in connoroial
braso ohootoe - )

Sanplo X R Sanplo X R
1 11.10. 0.6 16 11.46 1.3

2 11.70 1.2 17 11,38 1.6

3 11,35 1,0 . 18 N 9,98 0.4

4 11.2 1.0 19 10.78 1.2

] 11,40 240 £0 11.23 [7Y4

6 11,00 0.6 2 10.93 1.7

7 11,20 1.0 22 11,60 2.7

8 11.35 1.2 2 10.78 0.7

9 11.50 20 24 10.95 1.1
10 10.88 1.1 25 11.48 29
11. 10.85 1.0 26 11.80 0.4
12 11,53 1.2 .27 12,20 2,0
13 11,15 0.8 28 11,88 1.5
14 .28 1,0 - 29 11,23 0.8
16 11.00 0.8 30 11.30 . 0.6

a) ' Draw a control chart and-ostablioh standards.

b) A ninioun of 8 por cont coppor in-any olherot 1o tho
oarkot opocification. Exooos of 0.2 por cont on en
avorngo rorultp in' n loos of R8.17000 por annun to tho
factory. Eotinnto how puch saving can bo affoctod by

' naintaining ptatistical control at-a propor lovol so
a0 to patisfy tho markot opocification. (15 +20)=[25]

m.stinguioh botwoon opocifioation linmito and control limita.
Doseribe difforont situations for a procoss undor control
with roforonco to the corronponding wo oidod spcoification
linitos .

Tho toloranco opocifiod for tho insddo diamotor of a con-
ponont 10 0,005'" 1+ 0.001™, Tho componcnts bolow lowor
opocification would bo roworkod at tho coot of Ro.C oach
ond thooso abovoe uppor spooification would bo uornppod incur-
ring a lons of RoebC onch. Tho procoan oede is given to

006" o+ Whoro ohould procoos bo contorod so that th
total cont or rowork nnd oerap 1o uminuu? 14 +6+83-[18]

what io o group oontrol chart? Explain how would you oonag~-
truct a group control chart for a moasurablo characteriotio
of nn itom boing producod on a group of 5 machinop.. Indi-
oato your assunptions. |

Briofly docseribo. how to.conatruct (i) control ohart-for
nunbor dofootives and (11) oontrol ohart for dofoct por
unit whon sample aizo varioss ' Givo a briof intorprota-
tion for thoso ohartoe [6+22)a[28]



4e

5.&)

b)

Ge

whnt 18 avorago run longth (ARL) of an X -chart? Dorivo
tho gonoral oxprogsion (1 - px)/Pg(l P) for. ARL of v

x-olmrt 'whore A ocuccossive points boyond any ono: control
1init indicato lack of control and p 40 tho probnbility
of a point falling boyond a control limit. . [3a8)s[18)

Explain tho following torms ..
1)  AQu  (11) ASN  (444) AOQL.

Dorivo gonoral oxprossion for OC and i AOI of a double
saapling planes Construct a ninglo am:lpling plz\n !or
AQL = 0.03 » Producor's R:l.nk a 0,05

: LTPD - = 0,08
‘Cénounora’. Riok . -~ 0.10 [6+412])=[18)]

aeoee

Writo short notos on following. -.

1) Rational subdgrouping

“11) Modificd control linits .
111) Group control charts .
v) Proccon in a otato of otatinticnl ‘control. [18]

)}ontnona ,:f 3.
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PERIODICAL LXAMIIATION
Statictico-8: Gonoticn

Datos Geds?0 Maxinum Marks: 100 Time: 3 hours

l-(\)
b)

o)

a)

200)

)
c)

a)

3_.(\)

b)

¢)

4.&)

b)

Distinguish botwoon o recossivo geno and a hypootatic
o ’

llotot Anowor any four quootisnas Marko nllqttod for
onch quooticn are given in brackoto .

Stato and oxplain tho Mondolian Thoory of, Inhoi'itnn_co,

bringing out tho important featuroo in 1t 8)
What conanidorations lod lMondel to ooloct Pipum sativunm
for hin fanouo oxporimento on horeditys [a]

Do you coo pono opocinl rencona for Mondol's puccess in
diccovoring tho lawo of inhoritanco which ogcapod tho
notico of gonoraticna of broodero? Give your critiocal .

coononta.

On tho tanis of tondol's hypothoois, work -out tho rosultn -
of tho fcllowing oxperimonto: (1) Yollow-wrinkloed (GGvar) X
grocn-round (ggWw); (i1) The progonies of (1) oelfegd;

(111) Progenios of (1) oromnod with tho original Yollow-
vrinklod. In oach crosg, chow tho ganotoo produced, the
goenotypoo and phonotypos of the offaprings and their

rolativo proporticna. (24343]a(8]

{51

What 18 Epiotnain? Two locl aro guch that honozygous
rocosolvo b) at ono locus supprosaocs tho oxpreseicn of

tho genotypos AA, ‘An or aa at ancthor locus nat on the
pamo_chromononos If AaBb X AnBb matings aro eficcted

in this organion, how nmany phcnotypos will bo expected

and in what proportions? (A and B are donminant over thoir
rogpoctivo rocogsaivo alloloa a and b). Illustrate your
anowor by a diagram. [4+6])=[10]
gone ? . (2]
In ono of Batooon and Punnct's oxporimonts with opweet peas,
they crosscd 'vhito flower! planto of two varietics. Now
both thoso 'whito' dbrocds woro purc and in oach varioty,

the vhito was rocopoive to rod. But the progenicos produ=-

cod by tho mating woro all with red flowers (tho dominant
type)es The latter 'red flower!' plants produced both red

ond vhito types in the ratio (9 red : 7 whito). Explain

theoo obacrvations. . {10]
Why thopo obgorvations are rogarded ao a landuark in the
dovolopmont of Genotica? [3]
Explain G*mggdronom. hinn and its occurrcnco in Drosophila
molanogaators Con this phenomencn occur in = '

Mon? Give roagona. 16+4J=[10]

Explain Bridgo's concopt of 'Balanced oex dotormination’
in Droosophila molanognotor. VWhat will bo the sox in |
(X4 3A), (XXX+ 2A), (XO+ 3A)e (XX+ 2A) and (XY+ 2A).

Wiat 1o tho function of tho Y-chromosome in malo Drognphila?

[5+5]a{10]
How 1o an Interpox difforcntiatod from a truo lermaphro-
dito? Givo an oxample of onch kind. (5]
Givo’ Bornotoin"n thoory of inhoritanco of ABO blood
groupgde How many gono loci are involved? 7]
In an Iowa study tho following typo froquoncica wore

obtainod:
0 A ] AB Total
743 672 .. 147 61 1623



e

44 (continuca)

e)

a)

50&)

b)

Ge)

)

)

)

Estimnte the geno-froquoncies in tho populaticn (Bornatein'y
inproved formulao), ‘calculato thoe cxpcetod phenotyne nun-
bors, and toat if the samplo indicated Hardy-woingberg
oquilibriun in tho population.’ [11)
In tho ABO sysoteo of blood groups, d&o you know tho
genotypo of an individual from hip phenotypo? If not,

why? Vhat other information nay bo of ugo in agcortaining
the genotypes when they nre not obvious from tho respective
phonotypos? Illustrate by cxamplos. 2+3)a[5)
Do you think the discovery ¢f an ndditional antisorun
night be helpful in the mattor? What should be tho charac-
terictie of that oorum? (=]
Stato Hardy-Woinborg Rulo of cquilibrium. Starting with

a popwlation vith tho genotype proportions,- AA (x), Aa

(29) and an (z), which is randon mating, cotadblioh tho

rule for an autogonal locuae nn]
Show how in the oquilibriun cotadblished in a population

for a complctoly mox=-linked locus (alleles A and a),
starting with tho nmalo population gecno froquency (reccos-
sive, qx) and tho fonalo populaticn gono froquency
(tocossivo, gquy)s Vhat will be tho oquilibriun geno
froquoncy in malcs and fenalos? -(24]

What do you kncw about tho genotics of ABH sccerction
in sadiva in man? How many loci and alloloa thore aro

involvoed? - - ) 7]
Is thorc nny interaction betwocn tho Scerotor locua and .
the ABO blood group locus? - 11

In a pogulntion panplo of 400, thore wero 280 socrctorge
Find out tho.soerctor/non-sccrotor gent-frequoncics in tho
saDploe Y
In thoe M=N oystem of blocd groups, prove that a popula-
tion in Hardy-Woinborg cquilibrium cannot posscos noro

that 50e/s of tho phonotypes as NN theoretically. [4]

A woman, vwheso mothor was group 0, hersclf belonged to

group B in the ABO blood group systems She was of

group MU in the b-N systen, and she narricd a man of
grou AB, M, Vhat 15 the chanco that thc{r firat

child would bo (i) B, M; 211) AB, MI;  (111) A, H?  [6]

Givo tho generaliscd forn of Hardy-wWeinborg Rule for n
alloleo at an autosonmal locus. (3]
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AMUAL EXAMIINATION
Statiotica-4¢ Probability.

Datot 1845470 : Maximum Marks: 100 Tinos 3 hourn

1,

2-!!:

b)

3e0t)

b)

o)
a)

o)

4e

Hotc: Answer as much aa you cane .. Marks allottod
for oach quostisn aro givon in brackoto [J.
Stato cleoarly tho rosults you uso without -
proving. In queationa 3,6,6 tho transition
probadbiliticas aroc stationary. The naximn narks
You can scorc in oach group 1a 50. ]

Group A . :
Stato and provo Minkowsky's inoquality. I (sl

Stato Kolmogorov's inoquality. - Doduco that 1f

1X59e0. QTO md(:pongont with E(xk)‘- 0 for all k
and I Var ()g‘) € o, t}mn Sy @ X 4eeut X, convergos
aloost suroly. State the vorsion of strong law of largo

nunbors that followa from this. - {24]
Stato a'noccsoary and sufficicnt condition for almosnt

psure convorgence of Sn/n wion xl,xz.... .arc 1.1.(1_. (4]
Whon 1o a stato of a Markov Chain called transiont,

positivo or null? . {e]

Show that 1f two states mtuhly cemunicate then both are
sirmltancounly transiont or simultancously positivo or

sirmltancously nulle (6]
Show that if 41 4is a rocurront statc and 3§ is accos=-
giblo from 4 then 1 d4s acoossible froa J. {6l
State the fundanontal limit theoren (on tho limit of

n N
P/,") for a1l pairs of atates. 6l
13 . .
Show that in a finite Markov Chain thoro is no null state
and not all statos aro transicnt. : (3]

Show that in a finito Markov Chain, a state § 1s tran-
plent 1f and only if thore oxista a gtate Xk ouch that
k 18 acconoidblo from J but J 1a nct accesosible from
k. (Hint: Use (¢) and tho last part of (a).) (6]

If P 1s tho transition probability matrix of a finite
irroducillo aporiodic Markov Chain, show. that for somo n,
all olomenta of PR arc positivo. [4)

Groun B

Stato tho Lindoeberg-Follor ccontral limit thoorem and deduce
fronuig tho Do Moivre-Laplace theorenm. Can tho condition

Dax == => 0 bo droppod fronm the former? (Hint: ccnaidor
0 . .
n .
Yatriuticn with moean 0 and varianco
[4+6461=(261]

Suppé::o that in a Markcv Chain, =, dcnctos the probatility
¢l atcerptien into tho rocuricnt glt\sa C whon tho initial
abtaty § 1a tr»anaicnt. Show that

xy =K€ o Py 4 x!(+ kgc Py eea (1)
vhora T d4a tho mot of transicnt statos. (6]

the

a(s”




Ge

b)

c)

)

L2

-3

If vy dcnotes tho probabllity of ataying for over in 7
whon tho inftinl stato is -3, show that

yJ.=X62T pd/( y,( see (2) [5]

Show that (1) has a unique solution if and only 1f the
only bounded (non ncgativo) aoluticn of (2) is yy= 0

for all J in T. Show that this is the caaso vhen the
Markov Chain 1s finilte. . : - [6+61=[12]

" Fna the probability of ruin of A whon the initial fortunc

of A is J units, the fortunc of B ia infinito and A, B

play a scriea of games ao followa. At time n if A 1is.
not alroady ruincd then A and B play a ganoe in which A

gaina unit ncnoy with probability p and losco unit

poney with probability - q =-1-p. Assume q > Pe (6]

For a Markov chain with state-spaco 0,1,2,e.s .ond
transition probabilitiecs given by Pyo =y .and

Py, 441 = 1l - ay» 0 < a ¢<l, 1 =0,1,ec., show that the
states arc trancicnt if and only if £ gy < (6]
If ‘a4 = q for all i, chow that the Uarkov Chain is
positive and.find the stationary distribution. [446]=[20]
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AIMMUAL EXAMINATIONS
Btatinticn=41 Inforonoco

Datost 198670 Moxinum Marko: 100 - Tinot 3 hourn

10(\)

b)

Qo!\)

e

1.

b)

a)
b)

a)
b)

Lo,

Hotot Anawor ‘eroupn A and B in goparato anovoroncripto.
Marko all ﬁtod for oach quantion aro givon in
brackotn ? .

Group A ‘. ;
Answor ao many quontions or parto thoroof ao you cane  Tho
daximun you oan sooro in thin group 1o 50.

what aro ninilar tontn? What aro toats having NHoynmon
atruoture? llow aro thoy both rolatod? [8]

In a mltignrmotor fanily of oxponontinl Aiotrivutions
with donnity function

k
£(X, 9, n) = C(3 n) oxp o U(X) + JEanT-'(X)

Obtain tho uniformly mont poworful nimilar toot for
Hyt © = @, againot tho altornativo © > 6,, with ¢

unopocifiod. _ (10]
Doneribo locally mont poworful tostn and looally nont

poworful unbinnod toagtn. Givo mothodn of obtaining ouoh
tonto. . [12]

Obtain a loonll{ nont povorful unbianod tont for tonting
in N(u,1). How doos thiso ocomparo with tho UNPU

H o=

toot for tho namo hypothonis? Why? . [a]
Explain ocloarly tho placo of OC and ASN functions in
poquontinl tooting. {10)

Dofino SPRT of otrongth (a,p) for toating a oimplo hypo-
thonis ngninst o nimplo al‘:ornativo and indicato how you

dotornino tho Loundariocne Algo Aiocuna bdroadly tho oonso- -
quoncon of tho approximationa you moko. (8}
Group B

Annvor ao nany quontions or parta thercof an you cane Tho
Daxinun you oan ncoro in 60

Dlsouaa tho placa of bounded complotonona in toating compo-
eito lypothosoas (9]

Show that tho umugl t-tont omployod for tonting tho hypo=-
thonio ¢ = O 1in a normal dintritution with unknown moan
£ and wiknovm varianco o~ ig a uniformly noet poworful
unbiaaed tont againot tho altornative [ > 0. {91

Lot f£(X, ) Vo tho froquonoy function of a randonm vari-
ablo X ond lot 9! = Ol.u..ek) bo tha unknown paranotor

ranging ovor IR". Dorive a lorgo samplo toot for tho
oinplo lypothonin 6' w 6! = (ef..... 60)« Stato oloarly

the annuaptiona nd th1o judn re ulto ycu nake uago ofe [18‘J



3e

4de

In an accoptance sampling inspoction of manufactured gooda,

it is required to tont tho lypothonis that tho fraction of

dofootives in tho nanufacturoed goodr ia smallor than a

preaasignoed quantity, cay p.e Doviso a suitable soquen-

tial tont for this purpooo ofld dorivo 1ta OC ana ASW [18)
18

functions.
Viva Vocos {10}
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¢ ANNUAL EXAMINATIONS
Statistics-5: Statinticnl lothodn Thoory
Dato:2165.70 . Haximun Marks: 100 " T4ino: 3 hours
MNotc: Answor groupa A and B in aopn:t\to (\nnwerncripta.

Marks nllotted for cach quostion aro given in
brackots {Je Anower all tho quontiong.

Grou
1, 'g' - (xl,x?_....,xp) 18 paid to follow a nonmingular

p-variatc nomal dintribution np( 4, T) 4f it hap tho
tollowin(; density functizn in E (R)

T, a1, = .-
oxp (X=p) (X -n
(2n)p/§| |I7E TRl Lot B X a0
whoroe £ 16 a Pede Datrix. ;
(a) Show that X' has a X ( Hy L) distribution 1ff

A'X 1ip univariate no:mal B ,(' grLr L ) tor
Tvery vector A .

(b) Give an example to shcw that any ardbitrary but
fixecd finite nunber of linoar functiona of
Xl.b,,.. ,xp could havo univariato normal distri-
bution though tho distritution of X' = (X, xz....xp)
nced not bo p-variato nornal e

(c) Show that 1f X has a Np( 4, T) diptributicn then
X and I arc tho mean vector and disperaion matrix
Tf X . {2s5]

n
.248) Dofino a natrix variate beta distribution B (Z}. 22-)

+,
b) Show that if Uy~ B) (-’}, ;2—) and U, ~ B (—2—, ;3—

whoro U; and U, arc independontly diatributcd, thon

1/2 ° 1/2 . o
(Tvy) / uy [,y / J'~Bp(;1—. -n—“;,k).

c) Show that if pNBP(;_l, ;2-) thon for cach fixed vector

o such that a'a=1l, a'la ~B (;—1-. 22)- {es)

Group B

le Lot U' = (u“) bo a pXn mnatrix of randon variables,

tho columns of which arc indopendontly distributod an
p-variate nornal with tho sano dispcrsion matrix X
furtlor

E(U) = X6
wiere X 1o ¢ ¥ncwn oatrix of ordor n X n and & 1s n
aatrix of unlmewn paranctorn of order n X p.



-

Conpider tho hypothoois HA =.0 (a null nmatrix of ordor
k X p) whoro W (H') C JL(X')e Dorivo n toating .
procoduro for tonting tho abovo hypothosis Juotifying
tho atepo involved in tho dorivation.

-— a A
Lot U!' = (uid)P xpn PO @ natrix the columna of which

aro indopondontly and idontically distrituted ae
"p( E y )o

(a) Ioodribe tho Hotolling '1‘2 tost for tho hypotheais
K = O. .
(b) Show how one eculd improve upon thins tecat if -

La (0'13) i0 knovm to havo tho following structuro
oy4 = a2 for oach i, oy5 = 9 & for oach
1,3, 14 3.

(¢) Doocribo a practical situation whoere tho nodoel of
4(b) would be appropriato.

o

{25)

[25]
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ARNUAL EXAMINATIONS B
Statistico=-5: Statiatical Mothods Practical

Dato: 2245.70 * Maximun Uarkot 100 Timo: 3 hours

Noto: MUarks nllo&tod for oach quostion aro given in
= brackots {Je

. Grecup A
Uaximum Marka: 80
Anasver any part of any quostion.

An objoctivé of tho Sciontific Carcor Study 1s tho dotor-
nination of porsonality dimension associated with difforont
ggst oollcgo caroor docisionn of collogo acionce majorse

or 200 froshmen woro soloctod fron 6 difforcnt collogos
in castorn Massachusotts and worc adninistorod tho study
.of valuos tost and othor porsonnlity inatrunonts.

Aftor 3-yoarn of followup throo intoroating group'a wOoTro
found whon the post collogo plans of a sample of soniors

wore oxaninods Tho groups are as follows: e .
(1) .Roscarch Group; (2) “Appliod Scionco Group;
¥ . " (3)- MNonacionao Group. : =+ & ..

Tho mean n'oorou.'of tho‘.thrco.groupo in t‘ho_tcuta!hooroti-

cal (X)), Eccnomit (Xp). Aosthatic (X;) _ond Soetal (X,)
and ostinatos of dispersion patri_con arc given beclowe

Tnblo 1le1: Study of Valuos: Moans.

Valuocs Resoarch . Appliod lon-pcicnco Total

’ Group Seicnce  Group Sample
Groug .

nl|= 33 n,= 25 Nga 38 nna 9

1. Thoto\ioti 56473 51456 48,95 52430
[

26 Econonic 83424 41,52 38421 37.36
3, Acsthotic 41455 38460 34,95 38417

4. Social 34.58 29.84 36458 34014

Tablo 1.2: Estinated Disporsion Matrix
bascd ecn the total samplo.

X £ %3 Xy
x 36403 - 3,65 10.54 - 9.7
% 54,800  -24.50 -27.22
Xq 86.02 -12.14
X, 56.37




2,

3e.

4e

o
-le

1).a) Aro tho seoros in tho difforcnt tosts usoful
in distinguishing tho thrco gmupo? (35])

b) Is thoro an%r ovidcenco to conclude that the
pair (X;,X;) im dintributod mdcpondontlj of

tho pair (X5,X)? . )

11).a) Find tho boot linoar discrinminant function
botwoen the Resoarch group and Applied
Scicned group. [15)
b) Can wo horo rogard 2X) = Xp+ X4 2X, 0a tho
truo dincrininant function botuccn tho Resecarch
group and Appliod Scicnco group? [15])

c¢) To which of tho two grcupn Rescarch c\nd Appliocd
Scicnce will you clasnify a studont with scorean
52, 35,43 and 36 in Thoorotical, Econonmic,
Acnthotic and Socinl tosta roupoctivoly. . [10)

The folloving givos tho hoart woight 1n grons of 12
fonnlo.;and 15 nnlo catoe

Zal, 742, a3, Zet, 7s6, 746, a.o, 8.3, 847, 9.0, 9.1,943

Oe¥y 945, 95, 946, 10,], lL y 1067, —
11.2, 1147, 12,7, 12,8, 13.5,‘-14.9, 15.6

whero the figures for fomalo catso aro underlincd. Io
thore any ovidence to regard tho samplos as coning

fron tho sano population? [15]
.Greup B

Practical Records {10]
' Groun C

Viva Voco - f10]
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AMNUAL EXAMINATIONS
Statistice-7: Planning Tochniquoa

Dato:2365.70 Hoxioun Marks: 50 Tinc: 2 houras

1.

2

3e

4o

Se

Notc: Anowor any threo quontionns 1larks allotted for
oach quéntion aro given in trackots (J.

Exanine the nocossary and sufficicnt conditiona fer a bill
of gooda being producibtle in Loonticf'o Static systom. (161

Uso the tanic anonunptions of the Loontiof dynanmic aysten
to obtain the achecdule of not cutput posoitilition for a
two-cormodity cconomy with a eno=periocd production plon
and given initial stocks. Explain in this conncction
tho concopt of officicncy locun and show how tho deriva-
tion of ouch a locus can bo viowed as a problen in lincar

programing. ] 161
Briofly explain tho sibplox mothod for solving lincar
programming problonae [161]

If X 1o o foasiblo soluticn of tho primpl and W ia
a foaaiblo nolution of tho dual problen such that tho
valucs of the objectivo functicns in the two canos aro

oqual, prove that X and VW afe optinal polutions to
to their respoctive protlenss

If a grlnnl linoar progranning problen has an optinmal
solution, show that tho dual also has an optinmal solution

and the corroaponding valuca of tho objective functions

to tho two problems aro oqual. (126]

Solvo the followving problem by tho Simplox method:
Moxinizo 2 = GO gq + 60Ly + 90gs + 90F,

osubjoct to
100%, + 100g, + 100g; + 200g, <
63gy + 45§, + 27gz+ 18g, < 900
3¢y - 5[, - 10gz - 15¢, 2 -100

B9 Ko K30 542. Y

1500

Algo formlate its dual and give its solutions. {161

Iwo narks aro resorved for noatneos.



Dato:

10!\)

h)

2e

300)
b)

ec)

4.0)

b)

Se

TIDIAT STATISYICAL INSTITUTE 256
Ropcarch and Training School =
B.Stat. Part IV: 1969-70
AIMIUAL EXAMINATIONS
Statiatica-6: Donien of Experincnta Theory
and Prncticﬂ ‘ °

2565470 Haxioun Marka: 100 Tino: 3 hours

Mote: Anawer Groupo A and B in scparato answeracripto.
— Uarks nllottod for cnch queation arc given in
bracketa [ e .

Group A

Anower quostion No,1 and any two quoations
fron tho rcste

'Rnndonioation ig o nothod by which ovory oxperioental
unit has an oqual chanco of rcceiving a troatment'.
Discuss thin stntcnont in tho contoxt of differcnt ¢

dosignas {6]

Cloarly stato tho rostrictionas which arc boing imposed

on tho nunbor of trcatmonts and tho nunbor of rcplicas
tiona‘'of a trontncnt as we paas from a conplotely rando-
nisod doaipn to a randomisod btlock dcoign and then to a
latin squarc dcsipgne Alno otato how at the sacrifico of
flexibility groater control ovor orror 1o achicved in the
abovo designse.

In q gardon, r of tho N plants wero chonen at randon
for which a trcatnent '1‘1 ia given and for tho romaining

o different treatment T, 1s givon. Tho yiclds arc obacr-

ved aftor a poriod of two montks. Obtain on unbiased
cotinate of varianco for ootinating tho difference of tho
troatment cffocts by tholr’ obsorved moan yioldu asouning

(8]

a suitablo randomisation nodol. [13]

Define a balanced incompleto block dcoign (BIBD).
For a BIBD, provo that b > t  whoro tho symbola arc
ugoed.in their usual scnace

Whon 1g a BIB donign callod rcaovable? Can you improve
upon tho inoqualdty in b above when tho dosign is
rosolvablo? .

Dlacuss relative morits of factorial oxperimonta and
ong-factor-at-n-tino oxpcrinmonts.
Show that for conducting a 2 oxperinent in block of

2° ‘units oach, thoro cannot be any design such that no
pain offccts and no two factor intoracticno are confounded.

‘Answer gny two:
a) 'Minﬂing plot.techniquo 1s° a helentific way of gotting

(2]
(8]

(1]
(6]

(71

back tho lost observation'. Comment on this statcment:

b) What 1a tho p*'inciplo of analyeis of covaripnce? What
aro the conditiono on the choice of conconitnnt
variablos?

c) :qélnin the role of transformations on oxperinmental

Ty o ta opooplliteplot denign? Wy 1:1 it gaid that thin
deelin confounds nain offecta?

[27)
-

(ekec}I=l15]
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Group B
Answor any %70 quostions.

l.a) TVhat dopign do you nuggent and why, givon tho following
infornation? Eight roanto can bo cut from onch of 4 ani-
nalse Tho oxporimonter wishos to study tho offoct of
frozing, lcngth of froozing, storago tonporaturoa ana
length of stornge ubon tcndorncas of roasts and to wao
tho following in all combinationst

storago temperatures : 10*c and 15e¢¢
lengths of atorage s 20 and 40 days
frcozing tomperaturos: [oLY.] and =10ec
longtha of froozing -5 and 10 days

Givo a plon of the genign and the appropriato drecak down
of tho total dogrcos of froodon. . [2,2,5+3)_[12]

) ,

v) Four surfaco trcatments each at 2 difforent intenaitiosn
of application aro to bo studiod in all combinationa with
reppect to tho durability of surfaco of motor ear tyroo.
1t"¥a dccidod to considor oach tyro to bo of honogenoous
natorial and difforent tyros to bo hetorogenoous. On
four congecutive parts on tho surface of a tyro any four

of tho 27 troatooent combinations can be applieds You aro
allowed to uso as nany automobllea as you neede. All nmain
offoota nnd interactions of all types are of intorest.

Write down ony plan for conducting tho experiment with tho
smallont nunbor of cara which consicts of driving tho car

for 100 milos on a standard road and noting down tho diffo-
renco in rosiotoncos of tho surfaco boforo and aftor tho
oxporincnte (8]

2, The following tablo glves tho yicld (Y) of tea planta as
obsorvod in a randooised dlock oxperiment carricd in four
blocks of four pldts oachs Shown in parcnthescs aro the
prelininary yields (X) rocordod on tho samo plonts.

Brock Troatnenta
A B c D
1 .9 88 .88 . 102
(85) (81) - (90) (93)
2 118 94 110 109
(121) (93) .- (106) (114)
109 , 105 115 94
(114) (106) . (111) (93)
4 102 9 96 - 88
(107) (92) (102) (92)

Exanino if tho troatment offccts arc significantly diffo-
rent, corrocting for difforcnco in preliminary yioldse
[(Total (corrected) sunm of squparos and products:

Syy = 1526400, Syy = 2040.09, Syy = 1612,00] {201
3e The following is a 5 X 5 Latin aquaro for data taken

from a manurial oxporimont with sugarcano., Tho fivo troat-
nonts woro as followa:

At No nanuro,
Rt an inorgenic manure,
Cy Drnd E : throo lovels of a fara-yard nanurc.



3=

Pan nnd Yicld of sugarcano (in a ouitablo unit).por plot.

Row T I o E— v Total
I A 52¢5 E 46,3, D 44¢1 C 4842 B 40.9 231.9
II D 4442 B 4269 A 51e3° R 49,3 C 32.6 2043

IXI B 491 A 473 C 38,1 D 41.0 E 47.2 222,7
v O 4342 D 4245 E 672 B 55,1 A 45.3 25343
\'2 E 47,0 C 4362 B 467 A 46,0 D 43.2 22641

Totol 23Ge0 22202 24704 239.5 209.2 1184.3

Total (crudo) S.S. = 54273.51

Estinatc tho treatment offcets and thoir standarad

(442]al6]

Exaninoe whother thono offeoets diffor significantly
fron ono ancthors

a)

orrorse
b)
Viva Voco

Practical Rocord Noto
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Practical
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. Noto. Annvier r:rougu Aand B in scparato anavorseripts.
- Narks: nllot cd for cach queantion arc given in
brackota {Je

Group :A: Haxinua Marka: 40

Angwor quoation 1 and any two of tho rcnaining
quogtions fren this group.

l.n) What 18 an oxtroro point of a convex set? Show that tho
objoctive function of a linoar programing prodlen attaina
tho optimanl valuo, 1f it exigsts, at an oxtrenmo point of
the convex set of itn feasiblo solutions.

b) Show that by cvory 1torntion of the simplex procoduro the
nct doercaso in tho value L obj ctive function is
Zk ck) whore 2, = CpB  ay « Hapce derive the condi-

tion for optinality. VWhat conclusicn will you draw if all

Yy £ 07
¢) Statc the rulecs of trnnafo*-mtion to got tho ncxt sinplex
tadloaus [7+6+3]=[16]

2oa) Explain tho noaning of tho’ following terng:

(1) Artificial variableos, (1i) Optimal basic feasiblo
folution, (11ii) Non-decgonoraic basic foanible solution.

b) -Show that 1f an optimal solution to a lincar programing
rbblen cxistn, such a anolution containsg at most o pool-
ive variableos where mn  denotes *tho numbor of basic

variablcoe . [3+9)=(12]

3e0) Show thmt if tho primal, problea has an optinal aolution
then the dual aleo haa nn optimal solution. Explain
clearly how you would obtain a soluticn to tho dual 4if
the prinmal is solved by the revich slnplox nothod
fornm I

b) Considor thc folloving lincar prograrming. problon:
naxiniso Z = 3x; + 2%

subjeect to X+ X 21
X + 2x2 £ 7
X o+ 2x2 .2 10
e Xy 20
1) vrite the dual problen,
i1) Solve the dual and hence solvo tho primal. "[248)=[12])
44 A con'pany' has two typce of ni*.'cruftu X and Y with oqual
loading capacitico and tho following oporating costa when
loadod
E:_cha ol alrcraft [cont pcr nile (m.no.)
’ 2400

X .
Y L 5.00




8.a)

b)

c) -

Q)

Go

Tho proscnt locntion of tho four adrerafts 1s no followa:

Tour

Locntion IXEO of aircraft
J X
K Y
L Y
N X

cuatoncra of tho company located at A,B,C and D want

to tranaport about the same aizo of loand to thoir finaml

dostinationa at a distancc ef G600, 300, 1000 and SO0 niles
reapoctively.
fron the location
points (A,B,C and

The total coats of nying crpty aircrafto
B ointas (J,K,L and M) to the loading
) aro an follows.

. Location Loading point
A . B C D '
J 300 <200 400 100 :
K . 450 .150 450, 300
. L - 600 150 150 750
14 200 200 400 200

Doterninoe the allocation which nininizcs the total cosnt
of transportation.

Groun B: Maximun Marks: 40
Anover Qe5 and nny othov two fron tho rest.

Virite dovm clecarly any five practical nituntiona vhexye

‘waiting lino probleng-ariscs

Under Polsaon proccas, show that the gcnornting function

of pn(t)

A(z-1)t

is given by - P(Z,‘t) = e whero-

$Re prodbability of occurronco of n ovents in a tinc

intorval of length
ronce of tho cventse

Henece show that |

=-%’F-)—r O.__At o
. .

pp(t)

If the customers arrive in Poioson fashion at an averago

of A

custoncrs per unit of time and the bervice time

follows the negative oxponential distribution with moan

l/“v

obtain tho digtribution of V, tho total time spont

An the systen by a randon arrival m«xuning statistical
oquilibriua.

Hence obtain L(V).

At a public telephone booth, arrivals are conoidorcd to
follow the Poisason law with an avorage intor-arrival tineo

of 15 ninuteca.

Tho length of a tolophone eall is assuncd

to be distrituted nogative oxponontinlly with an avorage

of 5
1)

11)
111)

In tho casc of _the MAI/C.

ninutes.

Vhat porccntaoo of arrivala.will haveo to wait for
scrvico?

Yhat is tho avorage waiting tinmo? -

What 1s tho average waiting timo for an individual
given-that ono hao to walt beforo gotting tho phono?

waiting 1lino model with an avo-

rage of A arrivals pexr unit time and average scrvice time
of

a)
b)

/e
Morice tixe O\praﬂricna ¥or :the ntqto probadbilitica Ppe
Shew that tho averaje queud iength ia

wndor ntcrr‘_,r atato:

Pp (t) 1s

{12]

t and X 1a the average rato of oceu-

[26]

fe+4)={12]



7e

840)

1)

=-3=

For a quouing modol with randon input and gonoral oor-
vico timo datritution (1/G/1) ohow that when tho oyotenm
is in a ntate of atatiantical oquilidriun tho avorago
nunbor of cuatomors in the nynl:on is
' 9% + A%,
E(n) = ¢ + B3 o e
Z{1l-
’ o ) 92422 03

ond tho avorage walting timo is E(w) = AE-9 whera
9 = A\/u, A = moan orrival rato, gt moan numbor of cuoto-
rors sorvicod in unit time and ’3 is tho vartance of
tho gorvico timo of a cuatomore-

Thore aro N idontical machinos in a workehop. An avorago
of A nachinoa broak dovn por unit of tino and a broakdown
roquiros on an avorage 1/u tino units for its ropair by
a porvico onginocores A crow of C < N porvice onginoors
in omployed for.tho ghope Aasunoc Poloson input and noga-
tivo oxponentinl scrvico timo distribution and ohow that

ander stoady stato
n, I <
Pp=P,9 () ~ 1<&n<o

fn o (w Pn ¢
= P, et () egnen

whero ¢ = Mu. . .
For a group of 7 identical nmachines 1t was found that the
nachinos will oporato for an average of 60 hours and then
roquiro an avorngoe of 40 hours ropair, If tho profit per
running nachdne hour is Roel5/- and the cost por sorvice-
pan por hour is Rae.4/- how nmany sorvicenan should bo
ongangod to maxinizo tho not profit?

Group d
Practical rocords.

Group D

Viva Voco.

(12]

{12]

[10]

{10]



INDIAN STATISTICAL IRSTITUTE

Ronoarch and Training School 428
BeState Part IV: 1969-70
utntioticn-'?. Economotrics Theoory and
Practicad
Dato: 295470 . Moodnun Marko: 100 Timo: 3 hours’

HNoto: Ansvor grougn A and B in poparate nnaworacriptoe.
Marke allottod for cach question aro given in
"brackota [(Je Tho maxinunm you can score in groups
A and B is 80. .

Group A: Maxinmun Markas: S8 .
Angvor quostion 4 nnd any othor two of tho rost.

1. . Assunming that X 0 A (u, az) derivo the oxprnsaion for
for Loronz concontration coofficicent = L.. If .y = 3 0.
and o = 560 £ind out tho valuc of L. (12]
2e Discuss tho concopt of tho production functicn. - Spoeify

tho nathenatical form of tho Cobb=Douglas production func-
tion. What was tho striking foature in tho ontinaton

obtainod by Cobb and Douglas? X [12]
3¢ What ‘18 a concontration curve? Discuas ita poaniblo uges

in oconomotricsa. . 12]
46 Tho Engol curve for ceoroals was ogtimated to bo

v = 0.44::0'53. whero Yy = per capita monthly expenditure
. on coroals
X = por capita monthly total oxpon-
dituro

in tho yoar 1956-57 in Ir/iq.

The following table givos tho porcontage distribution of
porsons by per capita monthly total oxpcndituroc classes
as also averago por capita monthly total oxpenditure in
oach clasae

Porcontago of porsona and per capita

nonthly total oxpcnditure por capita.

‘oxpenditure class, 1956-57, India

oxpenditure PeCo OY por capita to
clana ]an) ]gcrﬂonﬂ Eonditum gnn.o.o )
0 -11 23.76 3.23
11 -« 15 21.20 12,93
15 - 21 22,53 17.74
21 - 28 15445 23490
23 - 43 1.51 34,01
43 - - 5455 69.03

Assuning that during tho 1957-58 the Engol curve renmains

psamo and that evorago totnl por capita oxpendituroc risos

by 10 pece ovor 1956-57 lcvol as also concontration of

total por capita oxponditurc dcclines by 10 pe.ce. over

tho lovol of 1956-57 and that tho distribution of total
oxponditurc waa log-normal in 1956-57 and .renain

of the samc form in 1957-58. optionte tho change in total
domand for coroalse (32



1.

2e

Se

-2a

Group B: " Maxinum Marka: 24
Answer any $wo quontiono.

Vhat ascupptions aro nado about tho orror term in fitting

a lincar rogronaion by loant squaros method? Arc thone
aasunptiona justified in tho cnso of ocononic data?

What procodurc do you ado

t in fitding o linoar regrog-

olon when the' orror torm gn autocorrelated?

¥hot do you moan by multicollinoarity in regression

annlynia? VWhat difficultion dooca 1t croatc in osptima-
ting the paranotera and their variancos? How will you
renovo theono difficulition?

Fomu‘).ntfa ‘a twomo
identifinbility o

gu

! .
- P

aticn lincar modol, and-tost for tho

tho oquaticnoe.

Show that 1f tho

paranocters of ono of tho rolationships is ostimatod .

loast squarcs nothod (disrcgarding the other relation),,

tho cotipatos will not bo conoistent. What mothod will
you adopt for gotting a consistent cptimato?

Practical Rocord

Viva-Voco

Group C

Group D

(12)

{12)

{10]

{10]
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Dato: 3045.70 " Maxinun Mr.u‘ks:' 100 Timo: 3 houirs

1.

Z,

Se

46

a)

b)

Notc. Anowor groupe A and B in soparate answoracripts.
Marka nllottod for oach qucotion aro given in
brackots [ Je

' Grdun At Maxioun Marks: ' EO
Angwor quontion 4 and any other two of .tho rent.

Explain with illustrations,- ono for ouch, what’ you undor-

stand by .
éa} Sox-1inkod, (b) Sox-linitod, and :
¢) Sox-influoncod charactors. ** [54748]=[20]

A rt\ndou nating populz\tion is initinlly

p2M + 2pq’ An + qzna : ' ot
and tho rolative 'i‘itnosu' of AAy An and an avo..
roepoctivoly (1- "J. ’ 1, and (1-'8,). -

(a) Provo: thnt' an cquilibriun ia rcached whon

8, a 'sl
'B p 2 05Q P =g an - —
B S 8, + 8, - 4 .8, % By

(b) In a population with hotorozygote advantago ., with
soloction coofficionts, 005 and <01 against tho
honozygous doainants and tho rcceseives roapecc- .
tivoly, -find out tho geno fmqucncicn aftor the -
polynorphisn is balancods [154+5])=[20]

Tho populntio_n, (rAA + 28An + taa), ntnrta pructicins con-
plote positivo acsortative mating. (A is complctoly donmi -
nent over a)e Provo that, .

2p H . N ™~

Hy, = p.,.,c: gl whoro H, = Initial hoterozygoto

froquoncy, Hn hotorozykoto rrOQuBncy aftor “n gﬁnora-

tions of tho uuaortutivo nating.

Givon a popu.lntion, (e 10. 40, .50). calculato tho hotoro-
zZygoto frog uencios for the noxt three genorations on con=
ploto posoitivo nasortative nmating. [14+6]=[20]

Eatinate tho gono froquencica and tecat 1f tho given data
indicate. Hardy~Woinborg oquilibriun at tho ABO blood group
locus: -

Blood groups -> O A B AB , Tatal :

v

obse no. 59 64 74 28 226
oba. /. 26622 28445 32,89 12,44 100.00 [10]
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Group B: Maxinun Marks: 50
Annwor Q.4 and any othor two of tho reoot.

len) Proveo thc\t nolfing in a pOpulm:ion doon not uftoct tho
gono froquoncics, and that an

ne>e, - n->(%+§lgh_ma Ry => (Rg+ i H,),

whore n = tho nunvor of gonorationn of polfing, tho ini-
tinl population boing (D,s 1l s R, ) and tho population

aftor n gonorations of uolfing boing (D o By Ph)'

[D-homozygous doninanta, -R-lhoriozygoun ,roccunivcu,' e
H-hotorozygotonle

b) Provo that in succosaivo. genorntions of sib-nating tho
 hotorozygoto froquoncy (H doclincs nccording to thoe rola-
“tion, l _',

= + (n., n+l, n+2 roprcsont numbers o
ez 2 P 7[ Hn 'gonorntionn) ] [6+14] [20]
2.2;) Explnin clcnrly tho ‘difforconce. betwoen the .two typos of
twing and Justify. tho adjucts *Idontical! and'Fratornalt
for themes What arc 'Siancso' or conjoinod twins?

bv) How can you intorprot tho obaerved ratios, 1:1:1 in tho
. cnucasnold and 2:1:2 in tho mongoloid for MI:MF:FF_ pox-
conbinationa in tho twin birth statioticse. [10+410])=(20]

3.'a) . In tho U.Se 'colourod! population, tho following birth
:; statigtica wore noted in a certain gensus poriod:

Single births (thougand) - Twina (thounand)
Malo = 1,803 A M = 16e3
Fonnlo =1, 709 . HF = 17.9
.. r . PP = 1641
Eotim\to tho munbors of nonozygotic and dizygotic twin
paira.

v fonalos and in 424,96 °* of tho males in a population in
hardy-Woinborg oquilibriun. Estinatc tho froquencics of
tho two alloloso controlling oz\rly baldnossae - [10+10])=[20

b) Early baldnope (56—40{0@0) wan obgorved in 7.75¢/4 of tho

44 Thoe following W=N " blood g"qupu datr.\ wore obtained in a
genotic ourvey of the Bado Gadaba tribo. Estinato the
gecno frcz:cncioo and tost if tho data aro conniatcnt with
Hardy-Woinborg oquilibriun: .

2 "M=N blood groups in Bado-Gadaba
u MN N * " Total

Obos no. 122  ws 12 - 212

{101
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