INDIAN STATISTICAL INSTITUTE
Resecarch and Training School 1224
DeState Part IV:1968-69

PERIODICAL EXALINIATIONS
Statiotice-4: Inf‘crcneo '

Datet 14.10.68 Maxioun Marks: S0 . Tipme: 1% hours

1.

2.

3e

4.

5.

Notcs Anpgwer gny thrce questionses IMarks allottead
for cach questisn arec given in brackets [ Jlao

Por a monotono likelihood ratio family show that ono

oidod most povwerful tcasta exist for all slzos a. State
your argumcnts carofullye. (You may usc the Noyman-

Poarson Lemmes) {16]

Lot X bo a fcnl valucd rondon veriable with density
£,(x) or £,(x) where
: 1
-5 X
1 ] z Te®@x (o
i - .

£,(x) =

.. 1 2 o1 2

0 oq-- = 3(x-1) = 5(x+1)
IS -1 1 2 1 2 }
1(x) =7 {-—/ﬁ_ ) iy — °

Find tho U,P. test of “o(fn £,) vo. Hl(t- 1)) of size
a = 05, . [16]
Let X have tho Cruchy dcnoity

1 2

£ (X)) m3 ——F @ lx (@, w0 (wm,
o T oae(x- 0)° | ! .
Find the locally no_stA powerful test of - Ho'(o = 1)
ve. Hy(8 > 2) and show its power => 0 as O => =, {16]

Identify the ninimal sufficient ptatistic in tho follow-
ing casost

a) Xjsee.y X, ore 1eied. with common density
: fo(r) w8y if rml, 1el,e., ks
hore © = (Oyyeeas®) and (D= {o; ?913 1,02 o}.

b) " XjreesyX, are _as in (a) but () contains only two’
1 1 1 1 1
points (Freee, E') and (g- 08 3 + —t-z- 'kL'""T:?‘

For noatness ]

-
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PIRIODICAL EXANDMATIOUS
Statistics~G: Demography Theory and Practical

Datc:il4,10.68 yarimmn Marks: 50 Tin0: 13 hours

1l

24

3¢

Note: Answsr all quceticna. Marke allotted to cach
question are glven in bLre:vets .

fhat arc- the diffcrcnt colunns in an abridged 1life table?
How are they ~* .€*3d7 Dcduce the relationship betwcen n9-:
and .o - 8:a%irp clearly the assunmption invclved. {18)

You are given the followirg data taken from occupational
nortality investigotion. i

Age Stancard Ozccupnticn X Occunation s+
group ___ ve-nlatian  bepulation™ . population q
population Qi ” .
at risk ——- .
15-24 270,C00 - «CCL 4,000 +005 13,000 .OC.
25-34 310,C00 . 002 16,000 «002 25,000 .00L
35-44 350,000 +003 23,000 .002 33,000 .002
45-54 320,000 «003 33,000 «007 29,000 .0C8
55-64 250,000 ~ .022 23,200 -C21 23,000 .025

The nortality ¢:~-riciaces >f occupations X and Y. may be
comparcd by corpewing the standardised death rates by

1) diroct method (2) by indirecct method. Calculate the

death rates by each ¢l theae methods and state with reasons

to what extent you think a rcliablo comparison between the
occupations ip obtaired. f172

Brio’ﬂ.y discuss wny throe of the following:
a) 'de facto' an® 'da jure' populaticn cnumeration,

b) mnethods of 1dontifying menbers of ccononically active
population,

¢) doficicncies in Indian vital registration statistica
and suggestions for improving then,

d) ecrrors in census data. [15)
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PERIODICAL EXAITI'TATIONS

Statistice~7: Economotrics Theory and Practical

Dato: 21.10.68 Haximum Maxko: 50 Time: 1} houra

1.

2.

3.

Note:t Answer all quostions. MNarks allotted for cach
question are civen in brackets { Jo .

\
llow and when the quoption of nulti-collinoarity bocomecs
important in connection with tho cstimation of a demand
function. . Suggept a mothod to get over this difficult
eituations [10]

Give a statement of the Cob=Web modzl of demand and
supply, of ono cormodity only. Ixamine tho idcentifia-
bility of the equationo of the models Derive the timo

path of the equilibrium prico and give your comments.  (15)

Prom the following data draw tho concentration curve
for tho total per capita consunmer oxpenditure, and com~
pute the Lorenz ratio from the same.data. i

Table (1): Per capita monthly total consunmer .
oxpenditure (Rse) by classes of expendi~
turo levol, with percent of persons in
ocach class, all-India, Urban, 1953-54,

por capita montlly peércontage per capita monthly total
oxpondi turc claas of peraons consumer expenditure in

RS,e) .. (Ra,

[€D) _(2) (3)
0- 8 . 7.52 . 6e24
8 ~11 12,09 . 9436
11 - 13 . 8,56 T 11.92
13 - 15 9.29 14.01
15 - 18 11.36 16427
18 - 21 10444 18,98
21 - 24 7479 22,59
24 - 28 8.32 25,64
28 = 34 . 5.41 30467
34 = 43 7.85 . 38,15
43 - 55 . 4.86 . 48,70
55 and above . 6451 . 80,33

(25]




Date:

l.a)

b)

2e

3e

TUDIAN STATISTICAL INSTITUTS
Ropearch and Training School, azss]
DeStnte Port IV: 1968=6G9

PERIODICAL EXAUINATION
Statistics=7t Planning Technigues

21.10.68 Moximun Marke: 50 Time: 1} hours

Notec: Answer tws quootisnas. Marke allotted for
each question are zlven in brackots . .

Explain tho construction of .intor-industry tabdbles
and show how they can bo used to donmonstrate the
equivalence of the threo concepts of national i{ncome.

State tho basic assunmrtions of input-output
analyeis. . [1847)a[25)

Discuas tho nccessary and sufficicnt conditions for
a bill of goods being-producible dnder the Leontief
statio systeme . ’ {25]

Solve the following linear programming px:oblcns
graphically and shade the region representing the
fecasible solutions:

(a) 2x + 3x, < 6 (b)  5x; +10x, < 50
5 et <4 M+ % 22

Xy X3 2 0 x, £ 4
o 20

maxe 2 ax + g X5 )
Min. 2 = 2%+ X {25}
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PERIODICAL EXANINATIONS
Statistios—-£: Probability

Dato: 28,10.68 oxinum Marke: 60 Timo:ld hour

l.8)
b)

o)

a)

2‘.‘5)

b)

Notot Answer all -quoestionse !Marke allotted for cach
quostion are given in trackote [ J.

What 1s a otochastio matrix"? (4]

Provo that 1f A 18 o gtochastic matrix, A° 1o sloo
ono. ° (s}

1 A% 10 a stochastic matrix, doos 1t follow that A 1s
a stochastio matrix? Givo a proof or a.countor-oxamplo,
whichever may be relevant, [8]
A 18 a matrix in wiich

4) overy entry i 20 , and

11) tho oun of tho olements in oach row 18’ < 1. 22
is a stochedtic matrire .
Prove that A 15 aleo o rtochastic matrix. 8]

P 1s o stochastic matrix such that PO has only posi=
tivo ontries in the last colunn. Provoe that

11m " = @
. n
oxigts and has idontical rowss Steto and prove the
noeded lerma on woighted evernges. {10441=(14)

Give a stochastic nmatrix P such that every column
in overy power of P contains at least ono zoro and
ch that [PR] converges to a 1imit matrix as
as n —> = ), [s)
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PERIODICAL EXAMINATIONS

S"a*ir%ics~4: Sample Surveys Theory
and Prectical

Datet 28.10.68 Yaxicun Marks: ) ‘ Time: 1]2'- hourp

l.8)

b)

¢)

2,a)

b)

c)

3e

Yote: Answer nl]: quenticnu-, Marks allottod for each
qicstion are glven in dbrackets [ 1.

Provo that tho probability of selcotion of a specificd
vnit at a specifled drav 1o oqual to 1/Y for ger.s.
without replacerent whero I is the population size.

Prove that t+ho sarple moan i1s tho boast lincer unbiascad
estimator o tho popaleticn rieun in the oubclass

n .
L ap y§ whore o (r «1,250eey n) 18 *he coofficient te
1l

bo attached to the variate value of the unit appearing at
tho r-th drew and yf 1s tho value of tho univ drawn at
tho r-th draw, for mrs vithcut “eplacemeant,

Aesuning that the finite population is a randcm sanmple
from an infinit¢, normel super—-populaticn, derive exact
confidence limits for the population meidm, [5+745)=[17)

Derive an-cxa2t urper bound for the bias of tho classical
ratio ostimatcr.

Terive an app-‘oximately unblasod ratio ostimator whsse
asymptotic bies doos not ocontain tarms of ordor n-l grd

N7l for era without replaconents
Supporn therc re~ 11 (9maZha in tho poplatior. Dorivé the

estimator of & '(J j‘? end derivo its variance for ser.re
=1 .
th

domain population ncan. [5+2+51=(181

From a population cf pize 120 a sample of 10 is dramm with
gers8s without replacenent, The vilves ¢f y and x of
two characteristicea mcasured on cach of thenm ero as
followa:

UnitNo. 1 2 3 4°6° 6 '7 8 .910
y 2 4 2 43 6 7 5 41
x 65 125 54 120 95 ..73 230 150 118 40

Tho iaopulation 1s divided into 4 domains. The renplo
units in thosc 4 domains aro as given belows

without replacoment wheroe .:}L:,(J =0 and ji" 18 tho j

Domains 1 2 3 4
Unit No. (1,3,10) (2,5) (4,6,3,9) ()

Given that tho porulation meen of x for domain 3 is

153 estimate by ratio method the population noan of y

for that domain. Esgtimate itg eofficioncy ovgr the usval
unbiasod ostinntce Give rationale for uoing ratio methed
hero. L]

Asalgrmertoe (s}
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MID=-YEAR EXAIIATIONS
Statisticn-4: Probabllity

Dato: 18.12.68 Maximun Uarkss 100 Timo: 3 hours

Note: Angwer as ruch as you cane Marks allottod for
cach quosticn are givon in brackots .

1.a) Thore are 12 statos in a Markov chaine In tho stochastic

®)

20&)

b)

c)

3,; a)
b)
c)

a)

4"‘0 n)
b)

matrix, there are positive entrics in tho tollowinf ocella
and zoro in overy other celles Dotormino the tranasion
states, orgodic classos and cyclically moving sub-olaaaoa
in oach ergodic classe.

1,4 51 sg ,1). 23 2; é ; 54 6) (8,3), (6,1),
6,7 ’10 (9 11),

11). u.12). (l..., - (12]
samo as abovo but (1,8) and (9,3) alro contain positivo
ontrics (in addition to the 17 colle of tho provious prob-
lem)s You are adviscd to draw a comrletoly new notwork
for this socond probleny o*hcnrj.no trore may bo confusion, [12]

o€ o3 ol
Pe 42 0 .8 )
0 . o6 o4 .
obtain 1im P". Deseribe your mothod; proofs (for the
thoorems Used) nocd no* be siven. [12]
Dotormine any nonsingular stochaatic matrix P such that
. o5, a2 [ o3
1im P 18 Q= o5, o2, o3
n Ce5 42 W3 {12]
Detormine a nonsingular stochastic metrix P auch that
1) 11m P" 18 tho Q above, and

11) tha ontry in the (1,1)=coll is 3. . 8]
Prove that overy rcal eigen valuo of a stochastic matrix
11es on tho interval (-1, +l). [101
Show that no stochastic matrix of order 2 X 2 can have
tho oigen values: =1, =1, [12]
Givo an oxample of a stochastic matrix whose oigen values
are

1) 41, 41,

i1) 2, -2, [545])=[10]
Forn the maximum weighted averazo of 1, 6 and 4 satisfy-

ing tho following csnditionst
:I.) As usual, the welghts Wyy Woy Wz are all nonnogativo
and "'l"‘ Vot W5 = 13

and (ii) Wy 2 Wo, W XWse .0 P

You must prove conoluaivoly that your. avorage is the

groatost pesaibdle, . ) f10]
What 18 a tranaicnt state? ’ (21
Provo that 4f ] 1s a cornscquent of 1 and k is a conso-
quont of j, thon X is a congequont of ? (7]

o) Provo jthat overy consocquont of a nontranpicnt stato 1s
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" NID-YEAR BEXAMINATIONS

. Statistico=-4: Ipferonco

Dato: 19.12.68 Ma:dmum Itarko: 200 * Timo: 3 hours

1.

2.

3s

4.

Se

6s8)
b)

7

Notet Anawer quoutions ? und 8 and any ‘.thro,o ot.hci'
quontionse Marka allottod for oach questicn
are given‘in brackets .

Dorive the UNP unbiased tost of sizo a for independonco
in‘a 2 X 2 contingency tablos . (16]

Lot xil"?"xi.ni' 4 =1,2 %Yo independent normal with
moen My and varianco cr"“. Find the MP sinilar test of
eizo a- of llo(u1= u2) against !{1(u1< Hole [16]
Lot X ,eessX, bo indogendent, H(u,o‘z). Show that a MP
tost of stzo a oxista for "o( a oﬁ) v3e ﬂl(cres 0']2.) if

a‘i > tf":’ but no such test axista 1if 6'21 < cﬁ. Does a MP
similar tost of size « oxigt fer tho latter caso? [16]
Dofine Frascr=-sufficicney. Show how it can bo used to

got a MP similar tost of aizo a in the following problen.
x'.l.’""xn are 1.1.d with a continuoug distribution func-

tion F(x)e Tost Il (Kcalan = 0) vo. I (median > 0). ")
Let xl....,xn be 1.i.d4 vdAdth cormon density

£o(x) = k(o)oex W(x)s Doseribe the Baycs solutions in a
two action probhlen if
1) tho loss-difforcnce has ono sign-change -
11) the loss-differcrce has two sign-changes
(You have to prove all the rosulta you need). ([8481=[16]

Discuss briefly the uso of bounded complotoness in testing.

Show that a sufficient staiistic with boundedly completo
fanily of distridutions 1s minimal sufficient. (You may
assumo tho set-up of discrote distributions.) [6+10])=[161]

In the follewing X 1s a randem variadleo, roal or vcetor
valued, with density fg(x) a < @ < b. Tho statcmonts
Yolow are either true or falsce DProve the truc statements
and provide counter cxamples in other casecs.

a) If T(X) is suffigiont for tho fanily of distribu-
tiona of X and (T(X)) is sufficicnt for tho fanily
of distributions of I(X) then @(T(%)) is sufficient
for the family of distributions of X,

b) If Tl is oufficicent for 6 and T2 is indepondent
of '.l‘l under ¢ach 6, then tae distribution of T2 is

fros of €. (4]
e¢) Theo likelilkeoé reotio tost dependa on the sufficicnt
statiatic only. (4]

d) The likolihoud retic %ont 4s unbiascd. [4]



-lla

1 2

. . e E(x-0)

o) If fe(x)'=:--——4} 0 2 © and
S ¢

¢°'.d(x) m 1 4f x>4 or <e¢
=0 otherwino

1s an unbiased .a tost of H (O = 0) ve, Hy(¢ £0) tken
¢ a=d, ~ R . (4]
]
£) If for some a, end O, thoro oxists a H.I. toat ol .
H (8 =8.) vs. H (3> ° o) then tho tauily I ro} is ,
an!ﬂ.kfanil_;in Xe . . - (5]

g) A nceessary and sulfioient coi\dition for donaitics
ro(x) to have nonotcno likelihood ratio, 1f the mixed

socend -dcrivative

32 Tog £ ()
dwix .
oxists,, 1e that this derivative bo > 0 for ali &
and xe ’ - €Y

Find the minimal sufficiont statistic in oach of tho
l‘ollcwing casos and cxaatno ‘vhether it 1s comploto .

a) xl....,xn aro ieZed and Po{xl }’F RO

- Yy ..__ . n = J.,..--., 0 vave

=1,2,3,0087 %
.

®) X 4is a rendeo variable and tho para::otcr space 1o
the fanily ox all symnetric diotributiors

Py {' X = m} = r.e.{x = - m} » W= 0,1,2,4..
e) X)reees X, are 1eded,
folxy) = 0 Tif xy =1
. =1-061if x;, =0
and- (). consiats of threo poin?;s o= %, % or %.
(7+6+6]=019]
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MID-YEAR EXAMINATIONS
Statistice~5: Statintical Mothods Thoory and
Practical
Dato: 20.12.68. . Maximum Morks: 100 . Time: 3 hours
Hote: Answer Group A and Group B in acpprate answer-
scripts. Marks allotted for oach quostion aro
given in brackets [ 1,
, Group A
Theodry 1 A
Maximum Marks: 50 Sugzeatod timo: '112 houra*

Anowor pd1 quostions.

1.a) Defino 'tolerance 1imitst,
v) If (xl xz.....xn) roproson* a sanplo of.aize n from

R(i,oo), % _=,—1- Zx, s° T—I Z(xi- b ) and

pGes) = S -{x-u) 2/26° 4
J-(-ka /2nc L

show how a valuc of k could bo doterminod such that the
actod ‘coveragc by the tolerance linmits Ex-ks, %+ks),
BPXI(’R,S) 1s oqual to a, preassigned value « (0 ¢ a < 1).

2. COnaidor randon variables (Yl REYTIIIE & ) = Y' ;and a
linocar model under which B(Y) =xp , dispcraion natrix

D(Y ) = 0°I. Tho matrix X is Jmoym and B - 45 & vector
of unknovm paranotcrg, . Agsuzdo further that the variables
arc normally distributcds Show that

a) If nz'; nin(Y~X p )'(L-XB) show that,na/az, hap a‘'chis-

squaroc distribution w:l.f.h ne=r d.f, whoro
r = rank of X. EEN

b) Consider a hypothcsioz H_s_ 2 h and lot
RS e min (LX) (X-xp)
BtHB=h = =

Show that 11’ oach componont of Ha 1a 1nd1vidua11y
estimable -

nﬁ -RS & (HE= 1) * (1(X*X) “iry= (Hs- n .

What can you say about tho digtribution of (R

)/c
1f no component of l!p is indiviGually ontinaglo.

3. Obtain the analynis of covariance for a two-way classi-

(3]

i2)

(8]

f101

L2

fiod data with oqual nunmber of obgorvaticns per coll taking

into account a singlo concemitant variable which has boen
obgerved along with the primary variable of fntereost,

(151



2.

4.

Sroun B
Practical
Maxirun larke: 50 Suggrested tima:'l% houra.
. Answer A1) questions.

In potting confidence intervals for .the median of h Conti-
nuous distributicn using “he¢ symmotrically cpacod order-

statistics X(r) and X(p-ps1) O tho pasia.of a gsanplo of

slzo n = 28, find the largest values of T yieclding a con-
fidence co-officicnt not less than

u; 0.95 ' '
b) Cae99 .(10]

The measurcments of Nasal Length of individuels, belonging
to 4 differcnt cotimic grours, as obtained in an Anthropo-
notric study are given bolowe

Apply a non-paremotric tesi’to cxanine whether Nasal Length
is useful in diotinguishing among tkeso groups.

Group Lieasurcnenta in nno. Sample

N : sizo
KURULBA 46,51 ,48,53,44,45,49,42 ‘8
HAKKIPIKKI 40,46,48,45,47,48 . 6
MUSLIM 48,44,55,49,54,50,56,47,59 9
SOLIGA 54,50,58,44,49,40,47 ”

B - [20]

Thirty persons.in the incoac group Roe1000-R5,1500 were
asked to supply returns of their monthly inecmes for
purpobcs of taxation,, But only 20 rcturns were received
t111l tho spocified last date, and it has to be docided
whether theso can be acceptod as reproscntative of the
30. Therc arc prior rcasong to believe that those vith
larger incomes have natural reluctanco sto supply the
figures and moy dclay morc than the others. )
Tho following arc. tho figurcs in the 20 roturns roceived,
in that ordor:- . ° : . .
1220,1290,1180,1270,1460;1Q90.1190,1250,1110,1300,1310,
1280,1350,1320,1380,1420,1390,1470,1360,1460.
Examine whether there aro-oufficicnt cvidences for the
above claim. [10]
Practical rocords. [10]

——————
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LID-YEAR EXAIUATIONS
Statiotice=7: Plarning Techniques

Datc: 21,12.68 Maxioua Marks: 100 Timot & hours

Note: Attompt any turg quostiox:m. Farka allottcd for
cach queaticn aro given in brackoto .

2.a) Explain how a lincar progranning problem involving linoar
inoquality constraints can bo convortced into one involving
constraints in the foern'of a g¢% of similtancous lincar
cquations oo thnt there will bc a ono=te-ono corrcgpondence
between tho feasiblo:goluticna to tho formor aend those of
tho lattor. How can you cngure that the optimal valuos of
the objectivo funciiors, 1f thecre aro any, will also be
tho samo in both cases?

b) Explain the proceduro for the reduction of any feoesible
golution to a lincar programming problen to a basic fea-
aible aolution.

¢) Consider the sct of cquationat

Sgy = 4o + 3gz + K42 3
2y + gp + 563 = 5Ky = O
[.'1'-0-6[2 -4(3+2{4=15
A foasiblo goluticn 1o gy =1y £p =2, £z =1, £y = 4
Reduce the solution to a basie feasiblo solution.
) ) [(R0426416]=[50]

2, Given a basic foasible solution Xp = B b to tho sct of
conatraints AX = b for a linoar Erogrmming oblen,
with tho valuo of the otjoctivo function for thio solu-
tion being 2 = CpXpe If for any colum ay in A but not

in B, the condition ZJ- )’j < 0 holdg, and if at lcaat
one tii > 0, show that 1t is possidle t9 obtain a new

basic feasiblo sclutica by replacing ono of tho columns of
B by 84y and tho new valuo of the objective funotion

7 satisfios 2 > 2., If, hewever, 2.~ Yj > 0 for overy
columm a, in A, show that tho corrosponding value of the
objective function will be tho maximun that it can attain,

3.a) Explain how you would find en initial basic feasiblo
solution to a lincar prograrming problenm.

b) Solve tho follo\'rlrig linecar pz"ogramning problem by the
sinplox mothod:

£y + 3(2 + K, w4y
26 + Ep £ 3

(2+4(3+ {4_{3,
Eys Eo9 E3y 4 2 o
Dax 2 = 2(1 + 4n + Kz + Ege [25425)=[50]



Datot

e

200)

3.(!)

b)

4.

ILDIAL STATTSTICAL INSTITUTE 1)
Roconreht and Training Johool
TeState Part IVt 196:«6H
" MID=YEAR EXAIINATIONS

Jtatiotion=7t Iqoonomntrion Thoory and Prootical
£3.,12.68 Hovimum Hoarta: 100 Timot 3 hours

Hotot Anowor nll quontionnes Marks al ojtod for oach
quootion aro given in brackotn 0

Dioouns, how you vwould forpulato the acrrogato donand funa-
tion for a partioculor ocommodity stnrting from the thoory
of connunor bohuvioure Oonsidor both linenr and nonelincar
formulations for thia purpono.

Ir xl.x'c....,::n nro indopcndently and.idontically diotrie
butod ns A (g, o~) thon, givo tho distribution funotion
n

of TT X : (6]
1=l

D ywivo tho oquation of tho Lorong curva for a random variahle
alsorivuted as A (H,0") nnd oxnmine the propertien of [14]
wnin LOTON: CUrVO,.

What are family budget data? "Mat arce tho major usns of theoo
data? Briofly doseribo tho nothod of collootion and tho
pourco of ouch duta in Indin. (15

Examino tho rolo of hougschold size in tho formulation of tha
Engol ourvo. [10

Tho followlng tablo givos the diotribution of Incomo an
ebtainod from tho Indian incomo Tax Roturns (1955). Fit
a Poroto dintribution to tho upproprianto numbor of incomo
clangos, by ocotimating tho prramoter from tho Loronze
ratio of tho disctribution.

Tablot Statinticon of Individunl Snlarion aseossod, 1955.

Tugo ol Income {n — nmumbor of Incomos ~ total INcono

rupoep  (nnnual) nanonnod ansonnod (Rne)
€9) (€ E——— ) —
bolow = 4200 16361 42266049
4201 <~ 5000 . 43498 204483698
5001 « 8400 * 60032 303320767
8401 = 10000 19035 179451901
10001 = 15000 17563 217018779
16001 = 25000 8550 161809868
25001 = 40000 . 3779 117902100
40001 = 55000 1178 542943421
85001 =~ 70000 312 19250598
70001 = 85000 12 9767201
85001 =100000 1} 5423397
100001 ~150000 N 89 10623869
150001 ~=C00000 34 63235021
200001 and above " 2009444

40]



LIDTA STARISTICAL INSRITUTE ——
Roucarch and Training School
BeStat. Part IV: 1968-GS

IID-YEAR IXAINATIONS
Statiotico=-6: Sonple Surveys Thocry
Dato: 25.12.68 Maximn Markn: 100 Tine: 3 hours

(¥
[
Ol

Notc: ,' Answer all quectionae Iarks allctted for cach
; quoation are given in brackets [ J.

l.a) Give a general unbiansed linear ostinatér of the popula-
tion total Y for rultiotacs dosigna and dorive its vari-
anco in termg of tho primary variancos Vi' bacod on
socond and highor stego unitse

b) Dorivo a genoral rule for unbiasod veriance ootimation in
multi-stago dosigns using (a)e

¢) Consider a stratified two-stago dosign where both prima-
rios and socondaricn within each stratum aro drasn by srs
without roplaccment (srswor)e. Spell out'the formulae for
variance of tho ostinator and unbiasod cstimator of vari=-
ance using cithor (b) othorwise. ’ (5+8+7])=[20)

2Ja) Suppoad'thcrb aré two strata. Fron stratun 1 a samplo of
) ny; units is sclected from the N; units in that -stratun

by srswcre In stratum 2 there are lly primarics with M,
socondarios in oach primarys A_samplo of n, primaries
and m, .secondarios fron oach sclocted primary is selec-

tod by srawor. - Suppoge tho cost function is
C = nC) + NyCy + NoMyCay  where ¢ = cost pernunit in

stratun 1, ¢, = cost per primary in stratum 2 and ¢y =

.cost per socondary in stratum 2. Derive an unbiased osti-
mator of the populatiscn total Y and tlien derive the
optirum value of which ninimises the variance of tho

ostimator for fixed & . !

b) Consider a four stage dooign in which n> 1 priparies
arc drawn with srs with replacement (srswr). . Each timo
a primary is solcctocd, a ganple of secondaries 1o drawn
with unoqual probabilitics without replaccment. Within
ocach solcctod soccndary, a'sample of third stago units
i18: selectod by arswor and {inally from cach sclocted
third stago unit a systematic owmple is sclectod circular
systomatically. Suppose wc-have unbiascd ostimators of
tho primary totals sclected in the pample. .Darive. an
unbiascd ostimator of Y and its unbinsod varianco ocsti-
mator using the unbiasocd estinators of sanpled prinary .
totalae [(13+7]=(20]

3.a) Prove that for Lahiri's mothod tho probability of sclec-
tion of i-th unit io proportional to its size Xj.

'b) Supposc that in a pample of n unito the first unit is
sclcctod with pepess of Xy's and the renaining (n-1)
units with srswor from tho remaining (N-l1) units in the
population. Dorive the probability of inclusion of i-th
unit in tho sample in tornn of Xy and prove that tho
probability of seclection of tho sample, P(s), is propor-
tional to Z ¥Xj of tho units in tho canplo.

¢) Suppcec thore are N clustors in tho populatisn and the
aiza of 1-th cluntor is 'yo Suppose n  clustors aro
sclectod witl probabilitlos proportional to “i and vith

replacemont, Doerive an unbiansod cstimator of Y, ita
variance and unbinned varirneo cstinator. [5+7+8)=[20]



4.0)

b)

)

8sn)

b)

c)

Durivo the cptimum allceontion ter stratified orsvor using
tho crst funotion O = o, + I oy n’_.

Suppooo thoro aro M. donnino in tho population and tho
abavq atratifiod srswor owmmplo 1s dravme Dorivo an unbiae
ood catimator of i=th domnin total and itn variancc
oxplicitly.

Suppugo a srawor namplo of n unltu is drnvm and tho
poot-stratifiod cutiuntnr
Ve
Y =ZU oy /N
18 unad, whero yi w moan of tho "1 > 0 units frdling in

atratum 1 md y1 =0 .1if n, = 0. Dorivo the oxact
blao of Y- (7+6+7)a(20)

Doseribo oirauliu- oyutomatic ur\mgnng of n unito and
prove that the onmplo mean io unbinsod for thin achome,

Aoouning Il = nk, n unitn aro soloctea nyntonntically
aftor a random ntart x‘rom 1 to k.« Provo that
n

V(F) = _;To"‘ L+« (n=1)9 ) where P

populatien varianco and % = intraolass corrolation- betwoon
pairs of samplo unito,

Fron a pcpulation.of U units, a srowor oanmple of n'
units io golootod and tholr X = valuos moaourcd, Thon a
srowor of oamplo n.unitoc from these n' unito 1o neluctod
and their y-vnluca nouuurod. Provo thnt .

Y-y+k(x'-§)

10 an unbianod ontimator of Y, vhoro ¥ and X aro
sanple moana ¢f n unitu, X' 1o pamplo moan of n' a
unito and k 40 a constant, Dorive tho varlanco of Y.

15+6+49]={20]
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Notot Anowor nll qientienss Morke nllo
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Haxim

EAR EXAMINATIONS

um Marka: 10Q. .

'T.xmon 3 hiouro

itod for onoh

A‘ourvey 1o 1o be onnductod for ontimnting tho totual

numbor of literaten in n tewn having throo communitios,
nomo particularn of whioh arc given th tadblo 1 banod on
tho ronulto of n pilot atudy,

Tablo 1.

A rough {dva of tho totnl nunbor of
iornonn and proportionn of literatoo
n 3 ocmaunition.

Tolnl numbor Toroontnge of
Comaunt ty of parosnn literaton
1 60,000 . 40
2 10,000 €0
3 30,000 GO

1) Troating tho commnition an stratn and anouning orowr
in oach stratum, nllocato a total ovamplo eizo of 2000
poranns to tho strata in nn cptimun mannor for opti-
.mating tho ovorall propertion of lituraton in the
town,using tha dnta in Tablo 1.

i11) Eotimnte tho offioioncy of otratification an

to unatratifiocd nonpling.

coaparod
. n

(z0)

For atudying tho 1iving conditionn of tho working‘olnnn
opulation roasiding..in-an induatrinl aron, a strabificd
wo=-obngo nampling doaiym io propraod, in which frpm oach
stratum a ounplo of Tnotorira 1n tp bo drawn oyntchatical-
1y with ppo®, sizo being tho numbor of workors in mn
oarlior poriod (x), and a oa.'nrlo of workern ia to bo goloe=

tod from onch nmmplo faotory
random atart unsing tho ourrent pay-roll,

data aro givon in Inble Z. R
1) Dotormino tho ocnatunt \voii-,ht to bo usod tn a v2lf-

woighting donign for onaur

about 1000 workora.

.41) 8pooify tho pampling intorval to bo uosod in each
samplo factory for aoliloeving a oolf woighting dooiem,
uoing tho conotmnt wolght dotorminod in (1).

114) Aloo find tho approxinate numboer of workora oxpocted

to bo polootod from ench nna

tormining npproximntqly tllo-gottﬂ. onmplo oizoe

inoar ayntemntionlly with a
The rolevant

ng a total namplo.oizo of

luo factory, thorby do-

Tablo 2. Numbor of workoro in samplo factorios.
Saunplo  Jhumbey of werliorn _Jample Nunbor of
Stratum ‘rootory * pant  Ourrent iﬁ;“ fno~ workern
) B €. s S 0§ SO 6 I € i 03
L) o R Ay . __ 'x?(:' D
T 1 0y 16 LT! VY S VIRY
2 523 465 < 4667 6CLS
3 110 64 3 1423 1158
a - 741, B2 1 *1064 1100
2 1 4200 3504 4 1 90 0
2 3187 o202 £ 6la 116
3 2216 £166° 3 1560 131
4 H3el BRBs 4 o606 U2




T YT TNATITU
Konoareh and Tr.adning Balinal m
Helibnts Part LV linjuay
MID=YEAR EXAMTITATIONY

Ve
gtntivtion=it Srmplo {lurveyn l‘rn’ctlonl

Dntot 84,10.60 Mnxtmun Markes 100 ™ot 3 hourn

Hoter Anovor nll guentionne  Marky nllottod for onoh
quontion arv wiven {n braokotn .

1. A nurvoy }u to bo osnduatod for ontitmting tho totnl
nunbor nf'litornlon in n towm hnving throo oomaunition,
noma partioularn of whioh m givon {n tablo 1 baned on
the ronulta of n pllot otuily, i .

Tablo 1a A roupgh {doa of tho total nunbor of
pornonn and proportiona of litorntoo
in 3 ocmmunitinug,

— o lid nunbor Turoontnge of

Comaunity 0% porn g J{tevnton
1 0,000 40
o 10,000 130 '
3 30,000 ¢ GO

1) Troating tho commnitlons nn ptratn nnd ropuming arnwre
in onch ntratuz, nlloonte a total wvumploe nizo of 2000
pornons to tho antrata in mn optimun mnnnor for ontie
mating thio overall propertion of lituraton in tho
towrr,uning tho data in Tablo 1.

11) Entimnte the officlonny of atratification an ocomparod
to unatrntifiod nampling. .

{28)

Co For studying, the living ocouditionn of the working olpno
opulation rosiding in an induntrinl -aron, a ntratified ,
swo-ntnp,o anmpling dosign 1u proponod, in which from oooh
atratum a sanplo of fnotorir~rn in tn bo drnwvn oyotomntionl-
1y with ppo®, siz0 boing iho number ol workoro in an .
onrlior poriad (x), «nd a Awmpla of workern in to be nuloo=
tod from onch nmmplo fanaolory Einonr ayotanntiondly with a
random atart uning tho ourront pnyerolley Tho rolovmnt

datn aro givon in Tablo 2.

1) Dotormino tho oonntant woisht te Lo unod in a nolf=
woirhting donlgn Lor onvuring a totnl onamplo airo of
about 1000 workorons .

11) Opooify tho pampling intorval to bo uncd in oach
‘onmplo faotory for aohloving a oolfl woighting doolgm,
using tho conntont woiiub dotorminod in (1).
111) Alno find tho approximnte numbor of werkora oxpoatod
to bo nolectod from onch muatlo faotory, thorby do-
tormining approximntoly tho totnml pamplo ofzoe
Tabla 2. Mumbor of workora in damplo faotorioa.
Trnplo  |[uiber of vewiorg WaipTo Jaulor ol
Stratun o ee bkt 114 JIT
faatory wn b oursront fno=  workorn
g Stum ey Iont - ourrant,

B

o LB c 48087 (351 ]
3 110 g4 3 142 1168
4 741 uilp 4 1004 1150
£ b3 4200 304 4 1 [te] 91
2 sy ) el ] 5 a1y 414
3 £21D 2114 3. ino - 131
4 HL3NN Hen 4 266 cun

- -—— 0w - - s am—a oo - c—
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Tablo 4: Sizo of 49 Large United States cities
(in 1000's) in, 1920 (xi) and 1930 (yi).

O X 2 ) Vi
76 80 2 50 242 291
138 143 507 634 87 105
67 67 179 260 30 110
29 50 121 113 mn 79
381 464 50 64 256 288
23 48 44 58 43 61
37 . 63 7 89 25 57
120 115 . 64 63 94 85
61 " 69 64 - 77 43 50
387 459 56 142 298 317
93 104 40 60 38 46
172 - 183 40 64 161 232
78 106 38 52 74 93
66 86 136 . 139 45 53
60 57 116 130 36 54
46 65 46 53 40 58
48 75

Noatnoss and clarity. (5]
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INDIA! STATISTICAL INSTIT™I{E =)
Rosoarch and Training Schonl oot
DeState Pars IV: 1968=GY

MID-YEAR EXANTUATIONS ©
Statiotics~8: Domography (Thoory and Proctical)

28.12.68 Naxiounm liarkoss 100 Timos 3 holrs

Note: Angwor nll quostiono. larke allotted for oach
quostion urc givon in bracketa [ Je

Dincugss dbriofly the mothod ndopted by tho eonsus Actuary

for tho construction of Indian Lifo Tabloa from Conous
roturns (1941-60) with ppceial reforenco te tho ago

groups O=5 and GO+ o (25)

Explain oloarly tho difforcnt ptagos which lod to the
formulation of tho law of populntion growth

I' - -
' w0
whoro Py, Ly 8y « and ¢ hnvo thoir unual sipgnificancos

Discuss tho law of growth of population with referrnce
to India:fron the following data.

Yonr TUTT 1901 YOIY_ X971 1931 194% 1951 1661

Population in
milliona 236 235 249 248 276 313 357 436

[20])

Tho proporticn of ovor-narricd vomon obsorved in puccce=-
sive 5 yoar ngo groups aruv shovm in the table bolowe The
averagoe number of femalo childron born on complotion of
reproductive poriods to woron (including thoso who wore
widowod or diverced boforo tho ond of tacir reproductivo
poriods) narried at varicun qreq aro also chown in the
sano tablo. Calculato tho Grenon Roprcoduction rate for tho
population. Explain cloarly tho asounptiona you mako.

7go group  Porcentago ol AVOTm e noe of fonalo childron
in

yoars ovor marriod bern to over marriod women
wenen (ermnletod fertildty)

16 - 19 4 1.868

20 - 24~ 43 1,297

25 - 29 73 0,933

30 - 34 80 0,633

35 - 39 81 0,300

40 - 44 - 2 06069

45 - 49 83 0.002 '

—_— [2s]

Briofly discuss any throo of the following:

a) Hoopital rceords an & sourco of morbidity data:
b) Incidonce and provalence ratoa.
¢) Uson of vital statistico.
d) Undorlying causo of doath and tho procodure for
1to solootion, [10+10+10Jn‘[30]



TIIDIAY STATISTICAL INSTITUTE {133
Research and Training School . E:Z]
B.Stat. Part IV: 1968-G69

UID-YEAR . EXA'TATICNS

Statistics-8: Educational Statistics Thcory
-and Practical

Date:- 30.12.68 Maximun Marka: 100 © ° Time: 3 hours

Note: Answer question 8 and any fivo from the reste
Marks allgtted for onch question are givcn in
brnckota % :

1. Briefly doacribo the - computational procedure and propor=
. ties of any ‘two of tho following methods of standardising
the raw scorcse:

a) Porcentilo acores _.(b) Stenine grades (c) z-ncoros.
e +8)=[16]
2.a) fhat do you understand by 'biserial corrclation coeffi- -
cicnt? Dorive the formula with the holp of which you can
oatimate 'normal' the corrclation cocZficicnt using the .
biscrial corrolation confﬂcient. . CL

b) Test. X 1is reportcd aa haV1ng a noan 01‘ 68.1, a astandard
.deviation 24.8, a rclinbility of 0.97 and a validity of
0.75 with the ceriterion. “Tlié mean value of the eriterion
scoros 18 117.8 and the corrisponding standard deviation
‘18 20.1. If wo screcn a group using scorecs on test X
and obtaln a sclected subgroup viith standard ddviation
15.0° on test X, what wilrl- the valiadity bo for this
test on, this. scloctcd group? [10+6]=[16]

3. ‘Doscribo what you understana by (a) factor loadi s L
(b) factor scores {c; communality (d) uniqueness,
tetrad differcnco (f multiplo-!nctor thcory .
[3+3+242+5¢3]- 216)

4.9 Disoiss the otfects of tho following on tle varianco of
the total score.
~1) item difficulty (ii) item varianco
111) item validity (iv). item inter-corrclation.
b) Determine the rcliability of tho differenco score obtainod
from the following pair of tests X and Y where

roliability of test Y = .95
roliability of teat Y = .85 :
correlation between teat X and Y = 440

Asgumc that tho variances of tests X and Y are both fqo
to 10+6 H16)

S.a) Show, aftor atatine tho undo—lying asaunptions, that the
rol:labllity of a test 1

. 1“1"1“1
T 'rF-T (1 - -—=—n ) vhereo
. - 8o
. x
n a tho numbor of itcms in tho test. .

Py= tho difficulty valuo o the 1-th 1itcms q = l-pi‘
ai— the varlance of “the totul ocores

b) M\{ should tho sdd=cven methed of ostimating tost rolia-
1ty bo usod for 'power testa' only? &% 0’6]-'16]



6.a)

b)

7e 3)

8.

b)

-2

“Miat do you understond bty litem:validity'? What are the
item validity indicos which involve tho slopo of tne
regresesion of itom on togt?

From the oquations showing tho relaéionnhipn of toot longth
to valddity and to rcliability, dotornine the rolationship
botween test roliability ond validity ee the longth of the
tcat is incroasod while tho criterion renains unchangea
i.ce write . . .
t f(rxx" Tyt Ry Rky’_“ 0 vhere
T the reliability of tho original test.
Tyy = tho validity of the original teat. . .
'Rkk' a the roliability of the test when the teot length is

. increasod k  times. e
R, .= tho validity of tho tecat when the test longth is
ky incroased k timesa. (8+81={16]

wWhat ar¢ parallel tcots? What arc the hypothoscs H_ s,
Heo and In? . TR : mve

Prove that if a tost 6f n items is a sub-test of a
tost with m itema (n ¢ m) the correlation Ty 18

n T e is th
r:'a 1ere 1 a8 e .
na AL,y A
n
rcliability of a wnit teat. . ‘[6410]="16]

wri'to short notes on any faur of tho fallowing:e
a) Group hotorogeneity and Reliability of a test

.b) Correctlon for guessing

‘¢) Coefficicnt of discrimination of a tost
d) g-coofficient
o) Rank corrclatione [5+5+45+5)=[20]



INDIAN STATISTICAL INSTITUTL [X33!
Rogoarch and Training School
.BaStatds Part 1V: 1968=69

PERIODICAL EXAMINATIONS
Statisticn=4

Dato: 24.2469 Maximum NMarks: 100 Tino: 3 hourg

Noto: Answor Groups A and B in scperato .imuwcrucripto. .
Marko ellottod for each question aro given in-
brackote { Jo :

GROUP A .
. Probability

Maxipum Marka: 50 Sugpgostod tim. 12 heurs
. Anawer gu,_ quootions :

l.a) S is the smalleat sot, of positive intoge satxn
w2) tho following oon(utions: s ij.ng

1) B 18 olosod undor addition, s R
and 11).S containa 20, 24, 2 o B

Find the smallost poaitive 1ntoger' X suoh that 4k, 4(k+1)
4(k+2), sso all belong to S. CY]

b) and f aro.positive’ 1ntogers such that their G.C.Ts 1o
1. Is thp following statoment true? .

tThore is a positive intoger m and a nogativo Mtegor n
3 (na + ng) = 11, - If your anewer is YES, prove 1t.
If your enswer ie HO, givo a countoroxanplo. [9]

:|I-

¢) a, § aro positive intogors with G. C. F.I. Prové that thcro
aro -intogers m, n such that na + nf =

2. In a finito Warkove chain, -onch state 15 a conaoqucnt of
ovory stato. S is the sat of pouitivo mtegora n such

thatp{l) > 0. 4 m GeCuF.Se ST e
a) Proyo that if, p“o > 0, pi’a‘) > o then (X-n) 1u a mul-

tiplo of ' de e (sl

b) Hqw aro tho eyclicelly moving subclaason cl,cn,...,cd

defined? . (8]

¢) Prove that if etatos x and y lie in the asmo
pubclass,

pi’;")”} 0" for ﬁli,’lm‘gc X "

(s}



l.a)

b)

2.31

b)

308)

b)

c)

-Ce

. GROUP B
ini‘crcqcc
Haxdnun Marks: 50 Suggentecd tioo: 1% hours
. Answor all questions.

Show that 1f a complote sufficicnt statintic ekibts then
ovory estimable paranetric function has a bost unbiascd

cstimator. - fe]
Lot X;,X, be 1ndcpondont N(M,_a“z. Let . :

VW (1,®) = B, 2.(X >0)e Find tho best unbiascd
ostimator of Y o . . {10]
xl,...,xn ;Yl,...,‘[ .aro g..i‘d., nornal with mgan He
Vorienco.of, X; = '* o5 .and that of Y, 1a oe If ..

0 < gy,0, < =, dhow that no bost unbiased estimator

for u oxietss Deternine the minimal uurficiont statin-

tic and show that 1t is not complote. f12]
Assuming above that Gy =0 = 1, find the b.u.o. of

;."‘ e Calculate its variancc and ohow 1t is’ strictly

_greator then tho Cramcr-Rao lowor’ bounde : {6]

Let X be N(u,1)e Let Ho(p = 1) te tested o.sainst
Hl(u'= -1)e Let gx = =xo Docs .g *lcavo the model inva-
riant? -Docs g loave the testing problem invariant? [2]

Let Pg{X= r,} =n, oF (1~ 0)"T, e=2or Fori
. bl .

r = 0,1, 2...., n. e .
Lot H, (o= E) bo tcsoted against Hl(o £ —). Let &x= n-x.
Does 'g leave the testing ‘problcm invariant? [2]

Lot X,,X, bo fefede HN(uyo%), == < p <=, 0 <0 <o

Lot Ho(u = 0) be testod egainst
R iy (.L%l.,l).
Lot gx=;a.x. Doco G-{gn;-u'«(a(ﬂ,a;éo}

loave the testing problen invariant? Find a nmaximal
invariant statistice [10]



INDIAT BTATISTICAL IN3TITITE )
Ronoarch and Training 3ohool —
NeJtate Mart IV: 1960~09

PERIODIOAL EXAMIMATIONS

atntiutlon-bl Gtatintlonl Mothodn
Thoory and Praocttonl

Datol 3¢3.1069 Maximum Markns 100 ‘Timos 3 houra

l.8)

b)
n ol)

b)
3.0)
)

o)

4.

Notot Ancwor an rnug quonttonu. ALl quontirna aarry
oqunl markoe

Show that undor oortain oconditions to bo ntatod in full

tho sample third ocntral momeont has nn nnymgtotic nornni

distribution in a oconoo- to bo mado prooino youes 8tnto

:}thoub proof, all rosults you mny nood in this conneo=-
One

CGomputo tho atandard orror of tho oamplo third oontfhl'momcnt.

Show that 1if Ol.OA.....Ok aro tho obeorved froqucncios in

tho k olnssoe of a multinominl diantribution with renpootivo
olaos probabllition o .yeesy

Klﬂlg.con.ﬂk (i‘: 7‘1 - 1).
thon tho varinnco of a linonr function I nio1 1a'31von by
tho oxpronsion
n
V(s aioi)-- n{ & uixi - (Z ailt)“lu

Obtain the limiting dlotribution of Poaraon's goodnosa of fit
ochisquare atatistio, aos oomputod from a singlo samplo of olze
n drevn from a multlnomiul diatribution,

What is a 'U=-statiotiot?

Stato tho oconditiona undor whioh a U=atntintio 10 aoymptotie-
cally normally distributod.

Oomputo tho atandard orror of Spoarman's rank ocorrolation
ocooffioiont whon tho variatoa ooncornod aro indopondontly
diatributod.

Connidor an in Qe&, a oamplo of oizo n from a multinonial
distribution and lot tho olaoa probadilitions bo known func=
tions of a singlo unlmovn paramotor ©, Write
k 2
o(9) » 1f1(01- nn, (0))/nny (4)

Show thn{ if © 18 a root of tho equation
a3 Lo,
thon, undor ocortanin oconditiona,
(a) S 410 Fiohor oonolotont for 0.
(b) /nI(5°) (3 - oo) ia anymptotionlly a standard normal

variablo, whoro 00 in tho truo valuo of 6 and

' k 41l (9) o
1(6,) .if:l( SRR . (0,)

(6) o(8) 1o in tho 1imit dtntridutod as X° on kel d.f.



-

Bun) Ohow that to tewms of order O(R), the varfance of tan W) p

b)

4n indopendent of the \m slation paramotors whore r» 10 tho
anaplo ovrvolatlon cvolflodont in a numplo of vize n  from
tho bivariato normal populations Ve 1-

Oorr'olnuonn botwoon two variablen X and Y wore computed
from throo diffoyront anmnplon ne.followo

anmp 0 M].L‘J."._":L'l'.'l Yale al x

1 £18 . 0,416
c 137 0.0
N . 3 O .- . OadIT

. v Voo
. Ve

)!.:xnmp).o 1€ thoro nre pipnifioant differencoco in valuos of r,
If not, oomputo tho poolod ootimato of xa



INDIAN STATISTICAL INSTITUTE
Rescareh and Training Schnol
Be.Stats Part IV: 1968=69

'PERIODICAL EXAMINATIONS
Deaign of Expcrinents (Theory and Practicall

|

—
1

o

[

Date: 10.3.69 Waxioum Marko: 100 Time: 3 houras

2e

Se

4.

tho: Angvier an many qucstionﬁ-os you cane Marks
allotted for cach quention arc given in brackots

®
Describe the layout and- the modcl of a Randomised 3lock
dcsigne K R

Exﬁlain how you would obtain the analysis of variance
table and .nmakec uge of it to test:

1) oquality of.all” tho trecatment effccts,
11) oquality of two opecified tropoiment cffecto.
dbtain the expression for tho efficicnecy of the randomisecd

block deaign conmparcd with that of Completecly randonmised
design. (5+20451=(30}

‘Explein with illustration tho role of randomisation in tho

conduct of experimentase "YWhy an experinmcnter introduces
replication while conducting oxperinents? {16+9])={251]

Describo the use of Analyols of Covariance in incrcesing
tho precision of an cxperinents. - Give the model and the
mothod of analysis when a single concomitant variablo is
uged on a Randomised Tlock design.

a) Cam you teast the usefulness of the concomitant variable
on tho basis of the analysis of coveriance table obtai-
ncd abovo?

b) How will you use the analysis of covariance table obtai-
nod aboVO{ to test the oquality of all the trcataent
effects when the introduction of the_concomitant varia-
blo has been found to be uscful in (a)? [3+10412)=[25)

Considor the rosults given in the following table for an
exporiment involving nix trecatments in 4 randomised blocks.
Supposc that tho yiecld for treatnent 1 in block 1 1s
nissing. Analyso tho datae

Pind an eotimate of the varianco of the differcnce tetween
tho mcan of the trecatment with a missing veluo and that of
any other treatment,

Tablo

Yicld for a Randomiscd-blocks Experiment.
(The troatments arc indicatcd ty numbers within parcntheses)

Block Treatrent and yield

1 - (1) (3) (2) (4) (5) (6)
- 2747 2C4G 16.2 1642 24,9

2 (3) (2) (1) (9) (6) (5)
D247 28,8 2743 1550 2245 17,0

3 (6) (4) (1) (3) =), (5
2643 19.6 3865 2648 395 15,4

4 ~(8) (2) ) (4) (3) (c)
17.7 3140 28,5 1441 3449 2246

f2545)2(30])



-0

6ea) DIraw up a randomivod blocke lmyout'‘for nn oxperiment invole
ving 6 troatmcnts Ay B, C, D, E, P 1in 5 blockee

») Ten toot animale wore divided at random into two groups
of fivo oache Ono group was given a particulur'typo of
food A, and tho othor group a difforent focd B. “Tablo
bolow givos tho incroaso in woight in pounds of tho enimalsp
in a six-wook pcriod, - .

Tablo showing the incroaso in woight of ahimalp glvon two.
ﬁiffcront types of fcod .

Typo of food Incroaso in weight"(lb.)
A 1,2 2.4 13 1437 0.0
B 1.0 1.8 0.8 246" 144

Exanino whothore 'thorc is imy difforonco in the offects
?!’ tho two typon of foed (1) by uso of the t-test,

11) by usc of tho P-tont.
[6+7+71=(20]



THDCAN OTAM JTUCAL 1 I3PIT00
Ronovron md Training Bohool ﬂl”]
Helttnte I'axrt IVE LUCHAAD

PERTODICAL  EXAMIUATTOND
gtatintion=?s Induatrinl Otatiotion Thoory
ftooetionl , '

tol 174309 . Maxipum Marknt 100 Timot 3 hvvira,

1.

3en)

Potnt Anewor any four quentionas 'Marka ul} ttod for
onoh quontion aro given in broaokots (i.

Explntn thu role of rationsl imbegrouping tn controlling
tho qQuality during = mddantion | rooonn,

¥ollowing nro tha pumnacinod datn on n moanuradbloe ohnrno=
toplntloe, r———— -

finmple X R fampla X R famplo % n

0 °%40 ,0011 4 »7070 40000 1) 047841 40017
'O iR L0014 % 7841 L0010 11 047842 L0011
0 ' %47 U000 B JUBAS 40011, LU 0,7348 L0011
0 ‘" 0010 D 7847 40007 , 14 0478408 40030
0. "0 L0000 10 7840 400106 1L 00,7051 (00L2

[« F-7 8 20

Plot i X = R chart and oxamina tha dutn for control

using namplo aigo an 4a  Usw would you modify €'y acnteol
ohnrt 1f the nponlfiod limitn Cor Lnns phovo woanucndble
oharaatorinstio are 047070-0.75717 YTlot tho modifiea

PRSIV , (5+20)-[28)

Givoe 2.0 oxammplon of induntriol mituntisna whoro l'olonon
1aw 10 npplicubloe . Co
Followin;; dntn wro oollootod to ontoblinh ntandnrd for
tho d1footn on nn nlootronio oomponont, “, .

gamplo oe inn= Totnl Ho.  Oomplo MNo. inn=  Total Mo,
_No. __pagted ___of Anfantn 7 pogled | of dafnotq

1 4 17 11 0N 31
2 4 . 03 o 1] 19
3 s .*" 2 13 3 £o
4 K 4 ' 14 0 30
0 7 3z 1c [1] '8l
6 ? 33 . 10 6 £1
7 a 16 17 i} £a
0 ? en 10 7 o
9 7 o 10 3 £4
410 a 31 0 ¢ [

AMnlyso by menna of onontrol ehart tooliniquo and roogmmon
ptandurd for avornge numbor of Gofootn pos itom, B+209-[25]

Tho opor'filoation limita on tho yrona woight of nn ink
bottlo nro 110+ 3 ana It wan found that the woight of an
ompty bottle hnn n noan of B3eD #une nnd n aeds of 047 gumn,
Fmpty bottlon aro fod into tha filling maoclitne in a ran-
dom ordore. Find out what in waxinum mllowallo olendard
dovintion at tha £11)ing streo (140, ned, of tho wolpht of
in k f1°lvd in a \mctlus no that tho final produst meoto
tho ppouifiontlon Limitn ~v . prowy wol;ht,



3eb)

448)

Using Dodgc-Ronig sampling 1nnpoction .tablos solcet plan
to satisfy the following:

1) Single and double sampling plans for lot oizé
5000, LTPD = 3¢5 por ccnt, proccos averago 1,10
what aro AOQL for thcso plana.
i1) Singlo sanpling plan for lot sizo 1200 LTPD = 340
per cent, proccss average 0.5 per cente Find out
A0QL - for thia plan. {10+41045)=({25]

Explain tho following terns

(1) A0I, (41) A0Q (111) A0QL

and also derive nathematical expressicn for AOQL of a
eingle sanpling and O0.C - of a doublo oampling plens by
attridutcs. .

b) ~ For following double sampling plan

De

N -’sooo;' ny = 100, e = 0, ny; =100, ¢, =1.
1) Compate the probability of acceptance of 2 per cent
" defebtivo lotse .

11) Wnat will be the AOQ 1f the lots submitted contain
2 per cont defective items and the rejected lots-are

sorocncd, .
111) What would be the avorage nunber of articles inspccted
per lot in (ii). . (1 0415] [25]

writc short notes on following:
a) A proccss in a state of 'Statistical Quality Contral!
b) Procosas capability end speeification

¢) Group.control charts

d) Scrocning under sampling plans by attributes

¢) 3-signa limits and Probability limitse
(zs]
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PERIODICAL IXANIXATIONS

Statistics-7
Dato: 24.3.69 Maximua Merks: 100 Time: 3 houra
Note: Answer Group A and Group B in geparate anowerseripto.
Marks allotted for each question aro given in
brackotas { Jla
GROVUP_A
Econonotrics

Maximum Marks: 70 Suggested tine: 2 houras
Angwer all quostionse

1. Explain the concept of *Economies of scale! in tho context
of family budgot analysis,.

While eostirpating an Engel Curve from family budget data
how would you take into account the possible effcct of
this phenomenas [20]

26 Describe a method of estimating Engel olasticitics from
tho concontration curves, giving the noecessary proofs. {20]

3e Derive the general form of the total cost functior under
a givon production function. How do you think the sbape
of total cost curve would look like? Give rcasons for
your anewers - L20]

4. Writo short note on any one of the following:
a) Cobb-Douglas Production function

b) Unit consumer scale. [10]
' GROUP B
Planning Tcchniques
Maxinum Marke: 30 -Suggested time: 1 ‘hour
\
EITHER
1. Explain Charnes' perturbdation nothod for resolving the
degencracy probleme [30]
OR

Solve by the simplex method:
Maxdmizo: 2 = 60 gy+ 60 Lo+ 90 £+ 90 [,
subjecct to

100 gl+1ob ;2;100 g3 + 100 £, <1500
Tg + S5Ey+ Brz+ 2%y < 100
3g + 5gy+ 10Ez+ 155, £ 100

Zyr Epr E3r 54 L0 *

Also formulate its dual and giyo its polutionse {301

<
<
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PERIODICAL EXAMINATIONS
Statistico~8: Gonotlos Thoory and
Practical

Dato: 3le3469 Uaximun Marke: 100 Time: 3 hours

1lea)

2.

3e

)

a)

b)

e)

Note: Angwer my‘m‘i!i quostions,: larks allotted for
oach question are given in’ brackots [ Je

What 1e genotical 11i\kngo? Dofino crone over ratio.
Briofly doscribo tho constructicn of e chromosomo mape

In corn, whito endosperm (w) is rocoasive to purple (W)

and Shrunken endospern (8) 1s rccegsivo to ml‘frfs). A

pure purple shrunkon is crossed to a purc white fulle The
" 18 then crossed to a white shrunken, and the offapring

aro as follows:

Purple shrunken 3149
° Purplo full 120
o Vhite ghrunken 115
#hito full 3334

Test for the presencoe of linkagoe Eai:inatc.rcconbination
fraction and tho varimnce of the ostinate, if linkage is
proscnt. . L 110+415])=(25)

What is moant by sox linked inheritanco? Doscribe with
suitablo oxanplese Lt : . ’

In IDrosophila, the mutant gene for light oye colour knovn
as 'vernmillion' (v) is in the X chromosonme and is roccs-
sive to rod (V)e A vernmillion fenale ia crossed to a red-
eyed nale. Givo the cyo colour of the Fl (together with

their sox) and of the Fy (vhen the b3 1aro intervred).
. 3

In humans, réd-green’ coldur blindness/controlled by a sox-
1inked recessive geno (¢)e Thalassemia is a typo of
ancoia compon in leditorrancan populations, but is rela-
tivoly raro in other pcoplegse <+his anenia is inherited
autosonally and is exprogsed in two degrees, govero oases
that are usually fatal in childkood (callecd thalassebdo’
major) eand mild cases (called thalassimia ninor)e Uso
synbols T T for thalassenmia major, Tt for thalassomia
ninor, end tt for normal individualse

A wonan who is red=green colour blind and afflictéd with
thalassenia ninor narrios a man with normal vieion but
who 18 afflicted with thalassenia minor,

1) Show tho genotypos of theso two individualse

11) Show the possible gonotynoo and phenotypes end the
proportion of each for all children fron this marriagce
Dosignato the sons and daughtorse

11i) What proportion of the children would bo expected

_¥o succumb to thalasscmia? xf'?+8-a-10]=[25]
Calculato the amount of information per individual provi-
ded by Fp coupling and repulsion data regarding linkago
between two factors A~a ond B=Db whon
1) classification is complote and
11) both tho factors show complato dominanco., -
Conpare tho diffecrent rosulvis, [25]



4e

Sen)

b)

For two factors which are individually liendelian and show
dominance,

a) Write down tho expocted frequencios for the phenotypic
classes of Foe

b) Doseribe the procedure for the dotection of linkage
in this cago, cleearly * stating tho algebraic oxprossions
to bo usocde

¢) Find the variance of the naxdimunm likelihood estinator
of cross over ratio, ascuning this to be samc for both
the parcnta.

d) Comment on tho efficiency of the estimator obtained bf
oquating the linkage function to its oxpection.
[4+7+747]1=[25)

Dencribo any proccdure for detoction of linkage from F,
data when single factor sogrecgations arc disturbede

When singlo factor segregaticns are subject to viability
disturbances, suppooso backecross data on both coupling and
repulsion are availables - Give a suitable nethod for csti-

nation of recombination fraction and find the large sanmpl
variance of the ostinator. [10+15] [25]



INDIAN STATISTICAL INSTITUTE m]
Rosoarch and Training School
BeState Part IV: 1968-69

‘ANNUAL EXAMINATIONS
8tatistico-4t Probability
Dato: 1945469.° ‘ Waximm Marks: 100~ Timo: 3 hours
Noto: Anawor groups A and B in scparato answerscripte.

Marks all tsod for ocach guostion aroc given in
brackota

Tho whole paper oarr:lon 110 markse You nay attompt
all questionse The maximum you can ascoro is 100

WE OONSIDERIMARKOV CHAINS WITH A FINITE NUMBER OF STATES.
P -{p”} 8 TH‘B IRN!SITION MATRIX.
Groug A. '

1.8) 1 and J 110 in tho same ergodic class, .
_ BaE{n. p(“)>o} ,T.E{m p(“)>o}

Prove that’ S and T have tho samo groatost common divi-
sor de - [Do not aspumo the oxietence of cyclically moving
subclassecge ¢, If you require any lenma from clementary
numbor theory, - stato ite)]

b) If thero aro no transient states and only one ergodic
class, and d =1 for thie claas, provo that
p(j) >0 for sll large n. (8]

o) P 4o such that Q = 1im P" oxiatss Prove ‘that if thero

(8]

is only ono ergodic olaas, the rowa of ' Q are all tho
samos (There mw bo tronsient statos). [12]

2.a) P 1is such that Q = 11m_1> exiats. Writo down two pro-

poerties of Q and proeo thoma {71
b) Prove that thore is no stochastie matrix P such-that
lim PR ig . . —_
EREE
Y . % 0 [10]
S S
o) P s a atochaagc matrix end lim "
1 i °
= % % o
i ‘. b |

J .
Show that a« &and P aro uniquoly dotomj.md. What are
thoir veluoa? [0]



3.&)

b)

o)

d)

[0 0 1. o (o) [o) o
0 i 1 0 0 0 o
2
£ - 0 clx g 0 0
P = o] 0 (¢] z o o} 0
0 0 ° 1 0 0 o
o o  F 0 o 0
o o. o0 % ) I i
Dotermino tho matrix -

2 3
Q"]',’{m P +P +nP -o-...+Pn

Hint: First obtain tho lipit of a convergont subsoquence
of tho soquenco {PR} .

Consider a Markov chain whosc transition matrix is P.
abovo,Datormine the abaorgtion probabilities (into orgo-
dic olaesos) by solving tho usual lincar equations and
also by considering the various paths from the transeicnt
atatos and into the orgodic classose. Show that the
answers you got by tho two mothods agrecoe

Tho transition matrix of a Markov chain is P and that
of another Markov chain is PK, k being a positive into-
gers Provo that a state is transiont in the second
chain if and only if it is transient in tho firet chain.
If 1im P" 18 tho identity matrix, prove that the

n

Markov chain has no transicnt statess
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ANNUAL EXAMINATIONS
Statistica-4: Inforonco *

Datet 2145069 Maximum Morko: 100 - Tido: 3 hours

1,&)

b)

2.a)

b)

3.2)

b)

Marks allottod !‘or oach quoation aro givon in
vrackots [ Jo e,

Group A v
Maximum Marks: 50
Answor any two quostions.

Notet Answor grou§s A and B in eopa.rato answeroeripto.

Dofine Frascr and Hajoo su.tficioncy. Explain thoir use in
tosting hypothoasos. . (13)

Lot X bo a discrote random variablo with fo(")"l’o{x""}
ec (). Bupposing cach fo(x) “18 eymnmotrical about tho

orizin show that |X| 1s. suﬁ.‘i ent for ©. Genoralising
this rosult ehow that if G gl,-.-.gn) 18 a finite group

such that !‘o(gx) = fo(x) v 9,3.!, then tho maximal inva- .
riant undor G dis oufficiont tor - L [12]
Stato and prove Btein's thoorom on 1nvariancc and suffi-

cioncy and discuss ‘oriony Ats rolo in roducing data .
$hrough inverianco and sufficicncy. . (10+3]=(13)

Obtain tho ono~gidod student's t-tost as a M.P. invariant
teats (You have to provo tha MLR proporty of t-distridu-
tions.) (12]
Lot xl....,% bo rundom variubloe with jJoint dcnsity
fe(xl.-.. ,&) = fo(xl- 9,...,xn— ) -® {9 {» Lot

Eg(%) < = Find tho bost translation invarisnt ostimator
under tho squared error 1osse Show it 1s unbinseds [12+31=[15]
X; and X, aro 1elede with common density .

£o(x) = fo(x-0) spocified bolowe Find tho boat trensla-

tion invarient estimator. oo v

1) folx) =1 1f 0<x<1
= 0 otherwisoe
S .
11) £4(x) = /é-%ﬂ 52 amx <o * (6+41=[10)



lea)

b)

2.6)

b)

3ea)

b)

o

-0
Group B

Maximum Marke: 50
Answer any two questions.

Derive Barankin's lower bound %6 tho variance of an
unblascd ostimator and show how tho Cramor-Rao bound cen

bo obtainod from 1it. Vo (15)
Lot Bo{x=-1}=-e, 2 {x- n}= @ -6 o
‘N o= 0y1y2,00a, 0<¢6 <1,

Find tho locally bost unbiased estimators of O.

Prove the Fundamental Identity for a SPRT assuming
E(z3) > 0. C e © ()

Lot ' Xy ' bo 1sleds with common dox\sity L

2o(x) = —-2—- oxp (~|x|. +6x) & = 2 2- . Conotruct: tho SPRT

‘of Hy (0 = -3) va. Ko = %) with boundarics B < 1°< A

and find 1ts orror of.firat kind exactly, ) {15]

Disouss briefly tho céndept of Pitman effiticncys

Lot {3‘1 ‘bo 1423, normal with mean © and variance

unt bo a test of size a«, of HB(G = 0) ves .
[2) > 0), wh:Lch rojects HO for lerge valtics of

-

X, = ::xil o e

‘Yot 4&1 bo o tost of slzo « which rojocts Hy for large

values of Median (Xyseeey’ X,)e Calculato tho- Pitman
efficiengy of qln “WeTete -0 @5t 4 .% [9;3] [12]
consider two :Lndopondont sanplos of sizon = m fronm

continuous populations P:and 6 where G(x) = F(x-a)
A 20 and F, has a denpitye  You have to toat

Hy(F = 6) vse. HJ_(G(x) F(x=-4A), Db >0). Obdtain t_l:xe

lowcr bound to tho Pltman effieiency of tho two samplo
Fisher-Yatos tcst with respect to thg usual t-tost. - (23]
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AMNUAL EXAKINATIONS .. " ..
8tatiatico=~5t stntistioal ldthods Tho&r'y

Dato: 23.5.69 . Maxinun Murku.loo - . ‘I!imo' 3 hours

Notes Answor groups A nnd B in nopurato answorscripts
Marks allotted for each quootidn 2 qivon in ¢
trackets [ Jo -

EEPRRS .Groun' A
. .. Maxinun Marks: 50
Anewer any tvo questicns.
l.a) Obtain tho standard error of tho' eacplo corrolntion coof-

ficiont r, in a-.samplo of size n. Irom- a uvariato
normal population, . . o [l

b) Dorive tho tanh™> tranoformation as a arfanco mtadili-
sing transformation of x. -8

2.8) Lot (Ypy» Yporeees Ypp ) bo a rendon pcrn'tation °§ into-

gors 1,2,e00y 1, nnd o (1,3). 1,§ = 2(1)n bo, n° real
numbora. Ccmsidot R . L :

'sn :: ° (:.,‘ ,,1). _
Stato sufficient cond‘ tions on a anu'“ncc {o }, n 31,2,..
for .the asynptot:l.c nornall®y of §»' - [r]

b) Lot . 01. 02..1., Ok and Bl Ez,na-, Bk bo .the obsorved
and tho corresponding oxpoctod froquoncing in X~ mutually
oxclusive and oxhaustive classos, as rocorded in a sample
of sizo n dravmn without ropley-cment from a finite popu~
lation of sizo N. Use 2(a} to  obtain snﬂiciont condi~
tions undorwhich x

2
2r}-'-T }:(01-1-:1)/:':1. .

is asymptotically dintribu od as ch‘tsqu'\.ro on k=1 d.f., [17]

3en) Show that tho null diutribution of tho Wilk's A erftorinn
ig the same as that of- tho product of scveral indepandent

beta variabless _ L0)
b)  Henco compute tho t-th mox:ont ot A . R 1)
o) Stato without proof - largo sanplo approximation for tho
null distribution of Wilk's A. (51
. groug B

Maximum .".:"1--' i
Ansvmr oy t quoetiono.

l.a) Show that if tho variablos Yl,Ya...'.. Yp kavo mean zoro
and a finite dieporsion matrix X mmd if Y'= (Yl,Ya....Y )

then with préobability ono ¥ e}‘i( '2)3  that 15. tho oqua-
tionse Y =z x aro conaigsSi or X' that 18 -

‘(_‘- L=0 =>'/,__-.g_'=o. (5]



1.3)

a)

24a)
b)

e)

a)

e

P

is said to havo a p=variato normal distribution if for
avery [, 1is wnivariate normal (with onaibl
zoro var.lunoo). Usc this dofinition to ostablinh

following propositions

1) If ‘X 1s p=variatc normal, then Y, has finito moan
vootor M enda finjte dispersion matrix {s]

11) The charactoristic fimction of Y, is given by
Eol B Yool B p-tez /2 )
"(Wo donoto tho diotribution of Y by N ( 8y Z)). "

5]

Suppoao Rank I = 101:— B (p X r) bo such that

£ = BB's ¥Writo c = (B'B)" and obsorvo CB = I(r).

Dofine G = O Y, Thon show that if Y <N (0, T )..then

(1) G =N, (0, I); (41) With probubility ono, Y = B G, o]

Dofino a contral Wishart distribution wp(n, e (3]

Show that 1f 8~W(n, £), and £ 15 a fixed veotor such
that f' £ =0, then ('S =0 with probability ono,

e [ }:L=1 then [ sx.-;(ﬁ - o [(2+51=(7]

m
If amatrix T is such that £'5/ =0 prodadbility 1
and [':,(=1 => ,('T ,(ﬂ;ﬁ whore % 13 somo fixod non-noga-

tive dctinito nntrix is 1t nocossarily true that
T ~W. (n, )2 If not, give a counter-oxamplo. o (B+7)=k9)

Obtain the characteristic function of W (n, Z) wvhon %
is posaibly gingulare

Lot .

(61
Y= ( )
- ~ . -
have a P+ q variato nornal digtribution
-((‘—“1) (zll zl2))
1 K2 T3
and let %, (p X p) bo nonsingulare
Considor n mdopende:nt obscrvations ‘on Y and lot

T§+ and bo the Hotolling's T2 bnaod on obsorvations
on all the p+ q variables and tho firat variablos

respeetivoly for tosting tho hypothesis that tho moan
veluos aro all oqual to zeros 8how that 1if
=1
K2 =% Dy gy thon
. . TZ - TZ '
M(_M_ZE) ’
% na 4 Lt )

has a varimco rntio diatribution on defe q for numorator
and nepe-q for dcnominatore - [25)
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ANNUAL EXAMINATIONS
Statiotico=5: 3tatistical Mothods .Practical
Dato: 2445.69 Maximm Marke: 100 _Timo: 3 hours

Note: Answor any two questions from quostions 1 to 3.
. Marke allptjod for oach question aro givcn in
* brackoto |

1l,a) Tho quartiloa in‘a sanplo of sizo 401 trom a cortain popu=-
lation, wero computod as

Q = 3415, Q3 = 730, Q3 = 14,56
Examino if this could bo considered as sufficiont ovidenee

to discard tho hypothecsis that tho population distribut‘on
13 oxponential with density’

1'6'0 x/'lO’ (0] 2 X o=,
Tho populution quartiles for this diatribution aro

2488, 6693 and 1386«

b) Aspuming that tho populaticn distribution to bo oxpoann=
tial wi.th donsity

00X, o0<¢x<ceo (0<0),
uso the sample quartiles to estimato 6. f40]
2¢ A study was made of the relationship betwoen oxygen ten-

sion end respiratory rate of bacteriae Throe Y mnoasure-
nents wore obtainod for oach velue of X

Oxygen teneion in mm Hg(X) Rospiratory rate (YY)

1 9 11 8
3 58 57 64
S 76 76" z8
7 82 84 82
9 - 88 86 20
11 9l 89 o1
13 93 92 92
15 95 96 95

(a) Fit a linoar ogquation to tho regression of Y on X
and tost for tho adequacy of a linocar fite

(b) If tho linoar fit is inadoquato, use a table of
orthogonal polynomials to determino tho degroec and
the oquation of tho bost fitting polynomial rogrossi_ontm]

3e ‘In an oxperimont on tho offect of radiation on weight loss,
total weight lossos (in gns.) of a sorios of twenty four
rate woreo rocorded at 1, 3, 6 and 7 days aftor radiation,
Twelve of tho rats had boen subjocted “o 500r wholo body
radiation whilo twolvo others had boon subjocted to 600re
Givon bolow are tho pooled disporsion matrix bascd on
22 de.f, and tho difforonces in the average weight loas
(*higher! minus 'lowor' levcls of radiation)



4e
5.

-2-

Wolght loss to i-th day

R T 3 6 7
1 6,00 3e7L 333 3408
3 25,71 74357 3460
6 21442 17.27
? A . 24,08

Dpifforenco

in avoragoe ’

weight

losat 0450 2492 =2458 ~3450

Examine if thore 1s significant diffcrence between levels
of radiation with respect to woight loas of rats.

Viva Vocoe © -

Practical Rocords

[40]
[x0]
[10]
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ANIIU{\I. EXAMINATIONS *°
Statistice~G: Dopign of Exporinmeonto

Datos 2645469 .- Naxioum Marks: 100 Timo: 3 hours

1.&)

b)

)

2e

3é

4e

l.

Notot Answer groups A and B in pgoparato answorsoripto.
Marks allottod for cach question are given in
trackots [ Je

Groun- A
Maximun Marks: 50

Answer any two ghicstions from Qnae 1 to 3

Doscribo a balanced incompleto block dcoign (BIBD) with

paranotera b, v, r, k, A, 2]
Eatablish the following rolations among tho paramotors
of a BIBD. , - ° :
1) t¥ a rv
11) AMv=l) = r(ke1)
111) by v . . [24347)=12]

In usual notationa write down the oxprcssion for the

ogtinato of a trecatment offoct in angB oxpceriment in

terma of tho Q'se (No dcrivation 1a neccssary)s Show

that tho cstimates of tho troatment comparisons of the

form T, =Ty (1£ 3) have tho samo varlante and ghow' that
thip variando is higher then tho variance of the cpiinate of
‘6.; ¢y (1£3) in a randomised block exporinent with tho samo
ndnbes of roplicates, assuming o2 %J bo same in both cagoay
. 112 =
Explain tho rolecs of rcndonization and locul control in 3 =le]
in planned oxperinontase Illustrate theso by discusgins BQN0
oxamplode 5 . 11248 5=.20]
Obtain a plsn for conducting a 2 Factorial experiment in
blocks of 2° units cach without confounding eny nedd offcet

or 2-factor intcraction. - (20]

Viva Vocoe ', - (203

Group B
Maxioun Marks: 50
Mnswoer nll quostions

EITHER

a) Explain the lay=-out for an experiment to comparo S
troatments uesing a Latin Square dosigne .

b) When 18 a pair of Latin Squarcs of order s Said to
be nutually orthogonal?
Writo dovm FOUR mutually orthogonel Latin Squarcs of
_ order 5. [3+3414)=[20]
a) Writo 'truet' or 'falso' to oach of the following state-
monts (Noed not give roasons)
1) 'Randomisation is a method by which every experimen-
tal \'mit has an equal chance of recoiving a troat-
mont'e



=2

11) In a particular oxporimental dcoign ouppo .
e ta""'tm dcnoto the treatment eftocta. Two con~
trasts

St o s Z %ty (1.0., £ ainO- T b’_)

and gaid to bo mutually orthogonu. 1:_ 1':‘1 u1b1 =1,

111) In a rendomised block oxperiment with r dblocks and
t troatments whero ono cld 1s missing, tho variance
ot tho usual ostimato of tho troatment offect with
tho ‘missing valuo io givcn by

o ﬁm—r)]
whore . 0‘2 dcnotos the varianco ot ‘tho oxporinontol
orxrore
iv) Suppose Z, = {0,1,..., m-l} 1s tho rosidue class
modulo m. Z, is, under usual-optations modudo m,
a fiold if and only 4f m 1s a primo number,

'v) If P 4is a ficld with characteristic zero, it must
have.finito number of cloments.

vi) Por every integer n > 1. there oxists a zoly‘nomﬁl
of degree n irreducible over tho Galois fiold G¥(p)
whero p is a prime numbere

vii) Thero oxists a Gracco-Latin Squere (a pa:u: ot mutually
orthogonal Latin Squaros) of ordor 6

viii) There doca not exiet a Graeco-Latin pquare of ordor
N 10.

ix) In a 24l Factorial oxporincnt conductod with 4 plotn
in-a block 1f the pencils (1,1,1,0) and (0,1,1,1) -
aro confounded then so also tho poncil (1,1,1,1).

x) In a Pactorial experimont conduéted in randonmised
blocks an effoct or interaction is said to bo confo-
. unded when tho offoct or intoraction gots inozxtrie
cably mixed up with block differcnce. {10}

®) Tho following tablo givos tho plen of a 28 Factorim
oxperiment in blocks or sizo 4.

Block
1 (1) abedo abo - ae-
2 a bodo Yo ado
3 b acdo ~ao - bde
4 c abdo ab . ede
5 a abco abod . ©
6 ad beo becd . a6
7 abd ce cd " abe
8 acd o " . ba’ . aco
Identify tho confoundcd offocts and interactionse - [10]

.Tho following table gives the yiold of wheat por plot in
a manurial oxporimont carried out in a 4 X 4 Latin
Squarce The four manurial treatments are donoted by the
numbors 1,2,3,4 in paronthoscse
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Yiclds in a 4 X 4 Latin Squaro Exparincnt.

Column

Row 2 3 4 Tptal

1 : (2) (3) (4) )
T 425 442 540 340 1747

2 (4) (1) (2) (3)
384 612 490 408 1794

3 (3) (4) (1) (2)
506 508 536 600 2150

4 (1) (2) (3) (4)
451 -568 499 347 1865
¢ D - - -
Total 1766 2030 2065 1695 7556

Total 8s Se (correctod) = 87,863
Tost whother tho troatments are significantly difforent,
Writo dowmm tho ostimatos of oach of tho treatment cffocts

in tho dosconding ordere Find the varipnce of tho
estimatoss : (14+442]=[20]

Practical Records (10]
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AITNUAL EXAAINATIONS
Statistics~7: Planning Tochniques
27454696 Kaximum Marks: 100 + Timo: ® hours

Notet Answor any threo quostionse Marks allotted for
oach question are given in drackets [ J.

Formulato tho opon statio inpute—output nodel in torms of
linoar programming and givo an interpretation of its dual.
Show that tho Leonticf solutions for quantitiecs and prices
aro the optimal solutions of -the programing probleme (33])

tTho Dynamic Leonticf syetom (with zoro final demand)has

a uniquo positive rate of balanced growth with no oxccos
capacity and positivo initial stocks's Discuss thc stato-
mente . N

Prove that in tho sot of all balanced growth paths in the
Loontiof dynomic systom (with or without oxcess capacity),

one with no oxcoss capacity is maximale (33]

Uso tho basic assunptions of tho Leontief dynamic system
to obtain the schcdulo of net output possidilities for a
two-commodity oconomy with a ono-period production plan
and given initia) stocks. Explain in this connection the
concept of efficioncy locus and show bow tho dorivation
of such a locus can bo viewcd as a problem in linoar

programminge (331
Show that if tho prinal has an optimal solution, 1ts dual

elso has an optimal solutione Prove that the corrospon-
ding values of the objective functions of the two problcmu[ )
33

aro cquale ) )
Solve tho following problem by the simplex mothod:
Haximizo 2 =86 +19 + 7Ly
subjoet to -
3y + 4, + 3 £ 25
£ + 3o + 33 < 50
Formulate tho dual of this problem and golve ite (33]

Ono mark 1s allottod for noatnoss in the enswers.
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ANNUAL EXAMINATIONS
Statistiocs-7: Beonometrics

Date: 2845469, Maxioun Marke: 100 Time: -3 hours

1.

24

3e

4,

1.

‘Noto: Answor groups A and B in scparato answerscriptsoe
Marks allotted for ‘each quostion arc given in
brackots { Je .

Grc;(x'nh-A
Maxinum Marks: 50

Angwer any throo quostionse 2 marks are allotecd for noats®2c

in tho answerse

Would you suggeat least squaro ostimation if both the
dopondont and indopendont variablos aro nubjoect to orrora
of observatione Justify your answcre Give without proof
Wald's and Bartlots mothods of ostimation in this connecc-
tion, . .

Show how a lagged dopendont variablo can appoer as an
oxplanatory variablo with reference to the following:
1) Koyck's modol of distributed lag
11) Expoctational and Adjuatmont models.

State with proof tho identifiability conditions in a
gimultaneous oconomotrioc models .

Write short notes on any two of the following:

1) Dummy variablog,
11) Measurcment of quelity variation from tho family
budgot data,
111) Supply function.
Grt;t;g. -B-
Maxioum Marks: 50

The following table gives the pcrcentage distribution of
persons b{ monthly per capita total expenditure classes
along with avorage monthly per. capita total expenditurc aa
glso averago per capita expenditure on corecals and Aoreal
subatitutes for rural India during July 1959-June 1960.

OXPe . Pece OF per capita
class population oxpe on cercal and total expe
coreal substitutes (Rge) (Ra.)
(1) (2) (& 4
0~ 8 7415 4410 6458
8 =11 13.83 5468 9.95
1l =13 1l.14 . Ge72 12,15
13 = 15. 10.45 7436 : 13459
15 - 18 14.04 8e48 16446
18 - 21 11.24 9400 . 19468
21 - 24 7466 : 9434 . 21.74
24 - 28 6465 10.44 25,52
28 - 34 8407 11.01 . 31626
34 - 43 4487 7 11.68 37490
43 = 55 2460 13478 48,456

above 2,30 16040 86401

(26)

[16)
{16)

(163




2.

Se

-

Draw tho concontration curve for por capita total oxpondi-
ture and tho opocific concentration curve for tho oxpgndi-
ture on.corcals and coroal substitutose Olassify this
group of cormoditice as noccosary or luxzy by a vipual
inspoction of tho curycse :

Assuming that tho Engol Curvo (againet total oxpendituro)
for coroals and ccreal. substitutos is of constant olasti-
city form end that gor capita total expenditure follows a
log-normal distribution, find the constant cxpendituro
olasticity of ocoreals and cecroal pubstitutose Comment if
this ostimate of olasticity corroboratos your oarlier
classification of this group of commodition.

Practicsl Records.
Viva Voce.

(0]
[20)

{101
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Statistics=7: Industrigl Statistics Thoory ecnd
Practical N

Datot 29.5.69 . Maximum Marke: 100 Timo: 3 hours

1.3)

b)

o)

2.5)

b)

3.8)

Noto: Answer groups A and B in oeparata answorncriptise
Marks allottcd for ocach quostion aro given in
brackots (E 1. . :

Grc;un A
Haxinum Marks: 50
Answor queetion 1 and any othor two quostions from 2 to 4
in this groupe . ° . :
Explain tho meaning of the following tocrms

(1) artificial variablos (ii) extremo goints (111) basio
feasidle golution (iv) non-dogcnerate bascic foasidle
solution. -

Stato and provo the optinal‘.tx condition to obtain the
solution for a maximization lincar programing prodblem using
simplox mothode

Show that an optimal solution to a lincar progremning

problem oceura at an oxtreme point of, tho convox sot of

its feasiblo solutionse Dorive the rules for transforming
tho simplex tabloan to improve basic fcesible eolution

whilo trying to rench the above extreme point at which tho
optimal solution occurse . .. [4+44+8]=[16)

Show that 1f &)s855ees, 8, 18 2 basie of tho voctor space
V end ) . g e :

L ;
where o,'s aro scalars such that °'m A0 then
8)s8pr0eey am_luﬂ form a now basis of Ve State the gene=
ralised form of tho above thcorcem and indicate 1ts role in
golving a linecar programming problem. i .
If the vector  ay which 1s not in thq‘buuin natrix B
of a lincer programming replaces tho voctor- a, (r ¢<m) in

tho basis matrix, show that tho not docrease nﬂ‘octcg in
the objcctive function is 6(z ¢y ) where 1z, = Cg B-lo .
What would you concludo whon all yyy £ O0? [9+3)=[12]

If you are using tvo phaso nmothod, vhat conclusions can

you draw under the followlng situations at tho end of

phase 17 . ' .

. 1) Max 2*¢ O; ono or more ertificisl vectors appoar in
the basis at positivo level e . .

11) Max 2* = 0; no artificial voctors appoar in the basis

111) Max 2* = 0; ono or morc artificial vectors appear in
the basis at a zoro level . .
whore 2* . denotos tho objoctive function of phaso I.



3eb)

4.

Se

1.8)

b)

.

Show that if the primal problom has an optimal solution
then the dual problem also has an Optimal solutions
Obtain solution to tho following probdlem by solving its
dual problem .o i

. Max 2= X + 2%y

- . subjoct to | 3Ix) + 2x 2 6

X +6x 23 L
9% 20 - e[349)=[12]

A company has four torritorics and- four salosmon available
for assignmonte It is opgtimated that a typical salcsman

oporating in cach territory would dring in the following
annual sales. . . .

Territory ~___Annual galog

I 60,000
T 50,000
1Ir - ) 40,000
v 30,000

The four palesmen arce considerad to differ in ability. ™
It is ostimated that working under the samc conditions,
their yearly soleg would be proportionatcly as 7:5:5:4 for
tho salosmon A,B,0 and D rospoctivelye If tho critoria is
tho maximum oxpocted total sales, obtain an optimal .
assignment. . o v [12)

Practical Rocords and Viva Voce. - R [20)

Group B N
Maximum Marksi “50
Angwor Quostion 1 and any other two from 2 to 4 in this
gronx_i. )

Obtain the stecady state probabilitios for an unlimited
ucue gorved in order of arrival and a single service
3 ol, assuming Polsson arrivale and oxponential services
Find also: :

1) avorago number of porsons in the queue ’ S
11) probability distribution for the waiting time of

arrival - ) .

111) avorage walting time of an arrivale - . [4+2+442])=[12]

‘At what averago rato must a clerk.at a nuporm.arkct counter

work inorder to insure a probability of 0,90 that a custo-
mor will not have to wait longer than 12 minutogs? it is
assumod that thero is only one counter, to which cuetomcrs
arrivo in a poisson fashion at an average rato of 15 per
hours Tho length of the service by clork has an cxponon-
tial distributions ;o . (sl
In a machino shop there are N machinos and stoppages

occur complotoly randomly in running time,  at tho sanc

rate A for all machines, and indopendently for all
machinos. Thore is one operator slweys available for
rostarting stoppod machincas The frequency distribution

of sorvice’timo is oxponontial with mcan 1/ue

Show that tho number of machincs running follows a trunca=-
tod Poisson distribution ef paramoter ¢-1, whero ¢ the
gorvicing factor = A/u «» Dorive oxprossionos for operative -
utilication and machine availabilitye [15]



3.8)

4e

b)

-3=

Considor a machino shop whoro thoro are 8 automatic machines
in oporatione From past exporionce it is ¥nown that cach
machino will operatc for an averago period of 60 hours

and then roquire en averago of 40 houras of maintcnancce.
Machino stoppagos aro known to ooccur in a poisson fashion
and sorvico ia oxponontiaele Ono hour's work on tho

maching produces a profit of Roel0/-s If a soervico cngi-
neor is omploycd ho should b0 paid woges of Rse3/~, per
houre -‘Find out how many scrvice ongincors should to
omployed? .

Suppose it ie possiblo to introducc somo sort of proventive
maintenanco at a £ixod cost of Rsel0/~, per hour for all
machinose The effcot of preventive maintonance is to
incroaso tho averago rumiing tino of machine to 80 hours
and decreapgo tho ropair timo to 20 hourse In thip situa-
tion how many .scrvico cngincors aro to bo appointed?
Decidd whothor it in worthwhileo to havo preventiwo (9+6)=[15]
maintenancee .
For a queuecing model with random input ond goneral service
time, show that when the system is in a otato of statis-
tical equilibdbrium

92+ xz 63‘
Averago quouo length E(n)=9¢ + = and

924 2202
v
Aversge walting time E(w)= T whore

9 = A/ 3 X\ = mean arrival rate; g = moan nunbor of cus-

tomers sorvicod in unit timo and 0'3 " 43 variance Tt ‘the
servico time of a ocustomer. 10+51a(15)
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Statisticn-8: Genetico
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Notec: Answer groups A and B in peparate answersceripts.
' Marks ollottcd for ocach question aro given in
vrackets [ Je

Group A-
Maxirun Marka: 26
‘Answer any two questions.

l.a) Doscribe with oxamplos Mendel's firest and socond princi-
: plos in the thecory of Genctics and cooment.on their usen
and applicebilitys ’ ) )
b) In an equilibrium population vith regard to blood groups
in 0-A-B perics, lot the froquencies of genes 0,A,B be
- reepectively 06725 0.25.and4 0403, What is the probadbility
.that an individual kmown to bao.of type A 1o hormozygoug?
What 18 the probability that an offspring resulting fron
tho mating of two typec A individuals-iae homozygous?
- (12+411]=[23
2.,a) Show that under random mating any population will attain
equilibrium with regard to onc autosonmal Yocus with two. -
allcles in ono gencrations '

b) Provo that for an outosomal locus with m allolecs
Al.Az,..., Ay a population with the following genotypic

distribution o .
- - 2 .
Zp +2 ¥ pp is in
Forr Ay PR My

squilibrium under randon mating. [12421]=(23]

3.8) Dofino 'Mendelian Population] and givo a briof outline of
. tho genetic theory of organic cvolution.

b) Consider tho case of a aimplo=Mondclian character in which
tho genotypic array in the preeent generetion is

p°AL + 2pqha + otaa, P+aq=l.

Suppose that tho roccssives aa arc complctely climinated
or sterilisod, the mating being random otherwise in the
present and all subgoquent generationss Find the frequency
of'a'gono after’ n gonerations i .

¢) Supposoc a rocessive trait occurs in 1 in 1000 of a randor
mating population. How many gencrations of complote
golection againat the recessive individuals would be
necegsary to reduce tho proportion to 1 im 1,000,000? R
o : Ve la+12451=25)

R .
s



Qe

Group B
Maxirmun Market: 44
Note: Answor quostion 2 and gny ono from tho rost.

l.a) Writo ‘down the gonotypcs, phcnotypos and phenotypleo fro.
ucncios in torma of tho gono froquencien for 0-A-B
%lood, group systcn undor random matinge Lo

b) Show that undor ropoatod sib-mating the hotorozygotio
. froquency in a populntion with two autosomal alloles 'A'
and 'a' at one,locus gooo to zoro at tho rate

(plHy™ L @)™, lan18)a(22)

. .
2,a) For M=N- blood group systom write down tho differont
© genotypic mating types, their froquencies under random
mating and their sogrogation ratios (1.0., probabili--
tios of producing difforent types of offsprings)e
%) Tho following arc tho rosults of I <tosting for two !
populations, Brahmin and Kaystha. Estinmato-tho geno
froquencics and test whother the two populations-are
homogenaous with rospect to: M=N ° blood ‘groups

- Opscrved FPreguenc K
Genotypes Brahmin Kaystha

M ‘ [T) N " a9
. MW . 10_9 CRCE 67

NN . : . 42 . 34
Total 230 . 140 -

L - (6+16]1=(22]
3.8) State end prove the goneral oquilibrium law in a popula=-
" tion with two autosomal- alloles ‘A' and 'a' at ono locus.
®) .Bhow that ' ) L

n o+ (n-.é)!-‘;- o .
where m denotes the correlation coefficiont botwoen the

two parents and F, tho ovorall inbroeding coefficient
of tho populations .

@) Outline a fow major factors duo to which the original -

distributions arée not reproduced in gonotio surveyse
) (11+744)=[22]

Viva Voce. T10]
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