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lote: iLttempt any five questions, L11 questions carry

equil marks, .
Descride the organisation an¢ activities of any one of the
statistical organisations which you have visited during your
stay at the C.S.0. Mention the broa¢ contents of one of the
1mportnnt publications of that organisation,

Describe the statisticel system of Indin or any other
country.,

Enumerate the improvemants mace in the colloction of data

during the 1971 gopulation census operations, Hov is the

Census data uvtiliscd by a stntisticfzn. politician and the
sociologist?

Describe briefly the naturc of officinrl statistics collee-

ted and compilod montioning inter-alie the ageney responsible

?s also the principal publicetion in gny two of the following
iclds: -

1) lLgricultural Statistics,(11) Forcign Tradc Stctisties,
111) Housing. and Construction Statistics.

Definc the Labour Foreccos [Lcseribe the purposc, mcthodology
and contcnt of Labour Forec Survcys.

virite short notcs on any_ two mcntioning the scops an¢ content
of data availablei-

1) Foad Tronsport Stetistics, (11) Rond Statisties,
111) Railway Statisties.

Writc short notcs on any twg mcntioning the scops and
contecnt of data availablo: -~

1; Incomc Tax Stetistics, (14) Fincneial Statistics,
111) Company financc statistics.

Givc &n account of 2ny ong of the following official index
numbcrs mcntioning the agency compiling thc indcx, thc base
period, item coverageo, wcighting diagram cte.
1) indcx numbcr of industrial procuction
11) consumer pricc indox numbcr for non-manual, non=
agricultural omploycos.

Lcseribe the methods of national income estimction-explaining
the methods acoptcd for prcparation of estimatcs of nationzl
produet in any onc Sccetor,

Deseribo the orinnisstion rasponsiblc, methods of data aollce=~
ting and ccntcnt of information colleetcd in the .Jnnual uurvcy
of In¢ustricse. How 1s thc data utilisca for olonninz purposcs?
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PERIODICAL EXAMINATIO‘I

Subjectx statistics-5: Statistical Methods {Theory
and Fractical)

Date: 11.12.78. Maximum Marks: 100 ‘Time: 3 hours

1.

»

2.a$
b)
e)

a)

3,.a)

b)’

4.

5.

e ot T Group A& e

Note: Answer W two fron Group A and al] the
questions frem Group B,
Marks allotted for ecach questicn are given
in brackets [J.

N

_.sﬁppoie‘ you ai;o glven two . rancom samples drawn indepen=-
.*.,dently frcm two nurmal populations, -Describe the ccmmon

small~-sample procedure for setting up confidence limits for

the difference betwcen the population means, State all

tha underlying assumptions carefully, and cbtain the neces-
sary sn.mpllm, distribution in any manner you like. 14+£+12])= [20]

State the Lindoberg-l.evy form or the multivariate central
1imit theorem. _
Hence show that tha Joint distributicn of aample raw moments

(m{, mé eae m;.) is asymptotically normal as n —> =,

How do you £ind from here the a.d. of the sample central
moment n. % (Prove the necessary theorem.

Obtain the following expression for asymptotic variance
a.v(my) = B2

vhore 4 denotas Sedey stating underlying assumptions.
[4«.49+3]_.2o]

Der.m.Afmctilas of a pop\untion (: ) and fractile statis-
tics (:p) of a samplc.

Shov that, undcr su.ltnblc ccnditions, the a.d. of ? is
normal, P

What do you know about tha a.d.ﬂor the sampla inter-decile

rangc Dg- Dl' whare and arc respcetively tha
first and thc ninth dccilcs of thc samplc? {4+10+6]=(20]
Group B

In gvery casc state the undorlving assumptions

Considcr thc following tcst prcecdure: Rejet the null ", -
hyputhesis that the mean of a Fcisson variable 1s A= 1 11'

thc sample mcan basecd on 100 obscrvations excceds 1.2 or

f211s short of 0.8. Find the levcl of significance .. the
test and alsv its power against an altcrnative hypothesis

By s A =141, {6+6]=(12]

If it costs a ruped to draw onc individual in a sample, how
much would it cost, in sampling from a populaticn with mcan
200 and s.d, 25, to take a sample largc cnough to ensure

that thc sample mean 1lics within 0,1¢/. of thc truc value

in 95s/. of the cascs? I8l

Plcasc Turn Ovcr
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7

‘of mcasurcments by means of sultnblc stnusticrl tcsts.

-2=

A random sample of 1000 men from the liorth of England

showcd their mean wage to bc % 2 7s per weck with a sS.d.

of b1 8s. &nother samplo of 1500 men from the South of
Englané gave a mean of E 2 938 and a s.d, of 'E 2.

Discuss thc suggestiun t.hac thc mecan ratc of wngcs was

higher in thc southern region, . {10}

EITHER

The following shows the wing length and tci\guo .].c‘ng'f.h. both
in m1llimcters, of 10 becs: .

ving: 9.7 9.8 9.6 9,7 9.8 9.6 9.6 9.6 9.2 9,1 2.7
Tonguc 3 6.5 64,7 6,7 6,7 6,7 6,6 6,6 6.6 6,4 6,2 6,6

Tcat whcther the two charactcristics arc significantly »i-
corrclatcd and sct up 954/ cunridcncc 1imits for thc truc
corralation cocfficicnt, | o 40-406] =[12]

OR L - R .. Co
Below arc given the corrolation cocfficicnts (r) bctwecen
intclligence test scorcs fceund in a study of the rclative®

importancc of hcreditary anc cnvironmental factors: o
rcarcé _apnrt .livtnp tcgother
sample sizc T, samplc sizc r
two brethers . 50 0.235 40 © 0,342
twins . 45 0,451 55 0.513

Comuuent on the figurcs using approprintc tests of signifi-
cancc. [14]
The following arc the ratcs of dil‘fusion of €O, through
scmplcs of two types cf soll of ‘diffcrent porosity

Through & finc soil (F) : 20, 351, 18, 23, 23, 28, 23, 26, 27,

26, 12, 17, 25; through a coarsc scil (c5 19, 30. 32,-28,°

15, 26, :5.), 18, 25, 27, 35, 34.

Comparc thc mcans and thc variabilitics of the two scries
(9+7]=[16]
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FERIODICAL EXAMINLTIG!

Statistics-7: Industrial Statistics (Thcory and
Fracticel)

403

Datc: 18.12.72 maximum Marks: 100 * Tizt: 3 hours

1.

2

3.

4o

hotc: The peper currics 110 marks. You may apswer

any purt of any Jucsticn. The maximum you can
secrc 1s 100, Marks allotted for cach quastion
arc given in brazkets LJ.

" A hous.wifu asks 2 butch.r to grind up scvcral‘ cuts of

bocf to form a blend of cqual parts of proteins and fats
(50¢/. of cach)« Thc butcher being conscicntions, wishcs
to do this at the lcast cost per pound of meat purchascd.

Chuck Flank Portcr- ndb  Round Fump Sir-

. housg = roast . loin
o/sprotuin  19.° 20 . 16 17 19 16 17
of. fat .. 16 18 25 25 11 28 20
cost 1 1b. C
_in (Rs.) " 15 16 2 . 3 7 10, 8

Formulztc the butcher's preblem as a lincar programming
preblem.

what 1s a convex set? Show thet the set of foasiblc solu-
tions, cnd tho sct cf optimal fcasiblc soluticn to n
lincar progrumming prcblem erce convex scts,

Solvc by simplex mothod:

3_\:1+4x2+ x, £ 7

6 + X *8% <3

4x1+5x2+2x4 = 8
xJ_>_O

maximum ‘1.=5:Ll+4x.2+ X5 .
Show thet Af a lincar progremming problcm has an optimal
soluticn, thcn the Gual preblem also has an optimal solu-
tion ané the optimal valucs cf thc cbjuctive functicn for
thoe primal and its Qual are the samc.
yirite duwn the cucl of preblem 3.
Duteruino if there core Xy 2 0 satisfying
e . =
14(1 + 5:.2 + xs =10
2x.‘l + 5%, - 4x3 7
xy + 4x2 - 2x:S 6

(Intrcduec artifiecial varicbles and uao Phasc I of L.P.)

pst.o.

[10]

(19]

(20}

[20!



6.

7.&)

b)

o)

a)

Show that 1f for somu ZJ - C

J

preblem, all ¥y = g1 a, £ 0

2 0, for n minimissticn

then the problcm has an

unboen@ed seluticn.(The symbols have thelr usual moanings.)

{10)

Vihen is a basle feasiblu solution tc a lincar programming
problem, said to be-degenernte?

‘\xp osc in an optimal soluticn tc the dunl progrrome,
g thrt enn we say cbout the optimal solution to ¢

thc primal?

Suppose the primnl prcblen has multiplc cptimr\l sclutions,

t/hat can we sty ~beut the dual problen?

anéd X 2 0,

Consider tha preblen l’.ll\XiL.iSC
If b =0 V, =1,2,c.0y n

', subjcet to AL (b

then show thrt

that if an optimal soluticn cxists, then thu optinrl

valuo of

c'X =

For the prublcu 1n (@) suppese rn optimal scluticen doca
Vhr.t cnn you say cbout the ¢dunl prublua?

nct cxisty

5 x4)=[20
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PERIODICAL EXAMINLTION
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Dates 1,1.1973 Maximum Marks: 100 . Time: 3 hours

1,

a)

b)

2,

e)

a)

b)

Note: Answsr all the questions, Marks allotted for
o2ch question are given in brackets (].

~ -
Solve the following linear programming problem by the

simplex mcthod A {8l
Maximisc Z = 4x1 + X, + st + 5x4
subjact to - 4x1 -+ 6x2 + 5x3 - 4x4 £ 20
3%, = 2x2 + 4x3 + x; €10

. ) 1
. Bxy = 3%y + 3x5 +2x, <20
x; 20, %20, x5 20, x, 20,

Vhilc solving thc abovc what characteristics of thc problem

do you obscrve? Bxplaln your answer, (2]
Show, ﬁsiﬁg the simplcx algebra, how and undcr what condi-
tions the optimel solution bceomes unbounded. 10]
Solve the following lincar programming prcblcem by the
simplcx mcthed - . [10]
’ Maximisc 2= 3xq + 2x2
subject to Bx, + 2x2 £18
xy £ 4
X £ 6

xy 20, x, 20 .

¥hat 1s thc simplcx critericn for the uniquencss of the
optimel sclmticn ¢ Is the optimal sclutien fcr the prebe-

lcm in 2(a) uniquc ? If not, find sncther solution. (8]
For thc lincar prcgramming problem cf a firm
Meximisc Z = ¢'x
subjact to X <b
. x20°

where X 4s an n-vccter of activity lcvels, AilsanmXn
matrix of tcchnolugical cocefficicnts, b 1s an m-vcetor of

thc cndowment of fixcd ros:urces and ¢ 1s an n-vcetor of
profit ccefficicnts, writc down tho dual &nd give cccnemic
intcrprctations cf thc dual cbjective function, variables

and ccnstraints. Statc propertics of optimal soluticns to

this ducl &né¢ its primal and givc ecccncmie intcrprctaticns

of theso propertics, {15 +10]=(25]

Givc a dcseription cf the Loon%icf static cpcn input-
output modcl stating clcarly thc techniloglcecl assumpticns
and thcir cecnemic implicaticns. {20l

Plcasc Turn Over



-2
S5.a) Write down the dual ¢f the follewing linear prcgramring

problen .
Minimise 2 = X)X Xy
subject to X - Sxp + éxs w5
X) - 2% £
2x2 - x5 24 .

xy 20, e 2 0.' xs unrestricted in sign.

b) Supposa that a manufzcturer has m factcries and stpplies
n 1lccalities. Suppose-also that the ccsts cn .

(£ = lieese M § = 1yeeay N) of Shipping a ten,of preduct
frcm factery 4 te-leecality § are given, that the
capacitics "k, (1 =1, m) cf the factorics are known

.and that.the minimym number of tcns ry (3 =100y 1) to

be supplicd td cach locality is fixcd., The preblem fer the
manufacturcr i1s te find a pattcrn of shipmcnts that invcl-
ves the lcast pessible totel transportation cost.

The lincer pregramning fermuloticn ef the abeve problem
is as fcllows

T n n
Minimisc : = I T ‘eqq X
. L 1=: sy WU
n
subjcet tc .151 X4y £ ki . 1 =1,e0e,m .

m
151 xiJ- lr" J 1.--'”11

X, 20 (1=1,..0,m;

13
J=1,0004m)

where © x4 denetes the number cf tons shipped frem factery

1 tc lceality J. .

Writc down thc guel c¢f the sbeve lincar pregramming preblem.

Suggcst cconemic interpretations of the variables, cens- .
traints &nd the ¢bjcetive functicn cf the dual, {5+7]=[12]

WISH YOU A HAPPY NEW YEAR
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PERIODICAL EXLMINATTON
Statistics-6; Sumplo Surveys (Theory and Practicual)

Date: B,1.73 ) " Maximum Marks: 100 Time: 3 hours

1.

2,

Note: Answer nll the questfons. &11 questions. carry

equcl marks. .

ETITHER
Vvnen a simple random somfle of size n is drawn wjthout
replacement from a populetion of size N, give an unbiased
estimctor of the.population mean of a charceteristic y ond
dorive its voricice ©néd an unbiased estimator for the vari-
ancc, Hence sug,cst mcthods of cstim~ting ¢ populetion pree
portion and a sub~population total. . :
OR | . c _— '
¥hen scmpling in all strete s simplce rendom sampling with-
out rc¢pleccment, prove that under Neyments optimum alloep-
tion of ¢ fixcd total sample sizc to the diffcrent strata
the varianee of the stratificd saomple estiactor of the popu-
1rtion matn of &~ character y is pever greater then the -
variance under proportion~l allocation of thc samplec sizc
which in turn &s, undcr cortein conditions, not grezter °°
than thc veriancc off oan’ungtratificd simplc random smmple
cstimator, Mcntion clcarly duc to what factors enc procce
durc gains preeision over cnother proceéure,
EITHZER . . .
Explain how to draw a saaple of size n from a population o
size N by (a) linecr systematic sapmpling and {b) eirculer
systematic sampling. Give unbiased estimators of the popu-
letion mean of a character y 4in both these sempling proce-
dures., State whether you con estimate unbifasedly the vari-
:nco of thesc estimators on the basis of the sample obsecrva-
ions, ’

If instead of & single systcmptic (1lincar or eircular)
samplc, wc drew m  indcpendent samplces cach of "sizc n,
gilvc an cstimatc of thc populction mcen bascé on £1) the
samples put together. Also dcrive an unbiased cstimctor
of th: verizncc of this poolcd cstimator.

o’

1) Obtain a comparison of the verisnccs of a samplc rean
bascC on & simplce random samplc without replacement and a
lincar systcuatic sample (osswiing populetion size N is
an 1ntcgra1 rultiple of ‘sample size n) of cqual sizc in ’
terms of the, 'intra-class corrclation'.bctween pairs of
snpple units. ’

11) 6how thzt in a population wherc for thc character y:
the valucs of thc units arc in arithmctical progrcssion,
the officicney of systematic sampling is approxinatcly n
timcs that of simplc rancom sempling without rcpleecment
in c¢stinmating thc population mcin 7 on the besis of a
samplc of sizc n.

Pst.o.



. charceter y

G

ETTUER o
Lescribe briefly the procedures.of selecting one unit with

robabf1ity provortional to.the size (x) of thc unit by
ri) cwrulative total mothod and (11) Tahiri's mcthod and
discuss thcir relative morits, R

Give an unbiascd cstimator for thc population total of a
character y on thc basis of a samplec of sizec n  Sclae-
tcd with nrobebilitics proportional to the sizcs (x) of tho
units with replaccament and dcrivc an unbiescd cstimetor ¢
the varicnee of thet estimntor, R

OR

Give an unblas:id ¢stinntor for the populetion totcl of a
.5 yproposcd by liorvitz and Thompson for a
general sampling scheme without replacemant and derive its
varianee tnd unbinscd cstinators of thc varisncg as proro-
scd by (1) Horvitz and Thompson and (11) Yotcs and Grundy.
Staty whether thesc variance estimntors may assumc negotive
valuas or not. PR

A populatien consisting of 112 villeges is strotificd (by
sizc of the agriculturcl arca of the villeges) into 3

stratz, as shewn in Col. (2) of the tcblc belows The -num-
ber I of villrgcs in diffcrent strata is given in Col.

(3): The numbcr of villages rng scmpled from the 1-th

stratum 4s given in Col. (4). The sampling Scheme used
within ‘ench stratum is specified in Col. (5). In Col. (6)
the yield of jute 1s°'given for the selected vilircges, and
in Col. (7) auxilinrry informction, wherc availcble, 1is

given,

Stra-
tum

~ Yicld
of
Jute
(in

Ho, of
vl%lcgoz Sampling
saelectc

Lron the seherc

wo, of

villeges
in cach
stretun

Size ol the
village (in
acres of ag-

|
Auxilic
informa
ticn on
cgricult

riculturcl
area) -

i-th
stratum

(m,) . (n,)

ton-
nes |
(yy4)

ral arce

(2)

(€] (4)

(5}

(6)

II

6 Probability

" preperticnatl to
agricultural )
aroa, with

] . . replaccnent

40 51 75
< : 101°
S
78
79
‘45
247
238
359
125

Simple renden
stmpling without
replaccment

40.- €0

23 v 6 cireular
. (3 in each  systcmntic
sub-sample)  sanmpling

> 80
: 427

326
481

Sub-somple 2
. 401
348 .

4908

Tt is nlso known that the toetzl sgricultural area for Stratun 1

13 1237: acros. o
§) Estinctc the totnl ylcld of jutc for thc population
41) obtcin an cstimate of thc varisnec of the cbove estimata.

Sub=sample 1



Date: 15.1.73

1.8)

b)

2.

4.

answer any three questions; Question No.4 is

compulsory, Marks allotted for each-question

INDIAN STATISTTCAL INSTITUTE
Rescarch cnd Treining School
B,Stat, Part IV: 1972-73

PERTODICAL EXAMINATTON
Statistics - 8 Demography {Theory and Practicnl)

Maximum Marks: 50 Time:

arc given in brackets tl].

(208]

2 hours

Enumercte tha basic reasons for tha deficlency in the
Indicn vitsl registreation deta,

Define 'underlying ccusae of death',

importence in public health administration.

Examine bricfly its

1046 ]= [15]

Explain why mortality situations of two placcs cannot usu-
ally be .compared un the basis of conventicnrl I.M.R.e

Dcscribe the construction of adjusted:T.M.R. for the pur-

Eos npproximutc matching of births and deaths anf also
mct 3

exact matehing.

+12])=[15]

Whot 48 called a rcplaccment index? Wheat dces it aim to
measurc? How is it rclated to H.R.R.?

Givc thc ccnecpt of Hyr S thc instantancous rorcc of

mortality.

N

Derive the mathematicel rolaticnship bctuccn a cumplotc
a curtatc cxpcctation of 1lifc.

{54545]= [15]

The teble below gives the age=-speeific fertility rates and

ngc-sp. mortality reotcs of the currcnt ane L.T. population

as also thec ngc-distributicn of the currcnt pepuletion and

a cclumn for 1ifc tablc populaticn Lyt taken as the
N\

Stendard populaticn,

Ccmputc tho values cof any three: (n) Nt reprcducticn rate,
(b) Stancardiscd mcrtrlity rata,

(4) vitel index, for the currcnt population.

e) rcpleeccment index ond

R -Izble NI
Sp.fort.rate Agc-sp. mcrt, Currcnt L., T, fcm.
* Agc-group (ccnsidering rotc/1000 fcm. fem. populzticn as
fcm. .childrcn popul. only popule. standere
L, T, Currcnt
Q) 2) (5) {4) {5) {6)
0~ 4 , 81.0 74,1 . 32656 410
5=~ 9 4.3 4,1 31557 378
10 - 14 3.1 2,7 22994 369
15 = 19 .128 4,0 - 4.2 17255 560
20 - 24 143 6,5 5.5 19085 350 R
25 - 29 #1229 6,8 71 18024 339
30 - 34 4097 7.1 6,4 14832 319
35 - 39 069 702 743 11841 291
L 40 .- 44 ,029 9,0 8.5 10754 260
45 = 49 . 009 10,8 11.0, 6307 229
50 + 67,1 60,9 25008 745
Tctel 210313 4050

{=0]
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. PERIODICAL EXAMYNATTON
Statistics-4: Probebility

Dates 22,1,73  Maximum Marks: 100 Time: 3. hours

* Note; answer g1l the questicns, Marks allotted for

1.a)

.. b)

2.a)

b)

3.a)

b)
e)

d)

each questiocn are given in breckets {J].

Prove that if 'T;¢Iy.1ee. are all intervals such that
(Il TI, U ees) is a Linu_q intcrval J, then

AMI) = }:x(I Yo o
Hera A stands for lcr];gth. . {10]
F(x) 1s a continuous functicn dcfincd on (e =, »), Tt is
striectly incroasing in tho scnsc thet xs >x2 implics

that F(x,l) > F(xz) e If T 1s sny finitc intcrval, put

u(r) = F(b) - F(a) 'whcra a and b arc respoetively the
lcft-hand &nd right-hand cnd-points of I, If I {s a
dogencreto intcrval, put u(I) = 0. -

Provc that 4f Ty:Ipsees arc all intervals such that
(1'1 U I, U,..) 1s o finite interval J, then

@ = ¢ u(In). [152
Detcrmine a complex number 2z = (a4 1b) such that
= (1 + 21). You must show how you get your answer, (12]

With the complex number 2z = (a+ 1b), we associate the matrix
L2 ) =ma.
1) Provc -that for nny two complcx numbers z; and zy,
M(z1 z5) = M(zl).M(r.z). ’ (5]
41) Show that fcr cvery complex number z, IzI2 = dcter-

minant of M(2z)e. Hnnco dc?uco using a thcorem from
matrix thcery, that . zl Zy 'zl z,} always. [12]

i.mou Jo we say that a sct of rocal numbors has Lcbasgue

moasurc zcro? Provc that the unicn of two sctas of Lcebesgue
moasuro zoro 1s a sct of Lobesgue monsurc zero, [10]
vhat 1s & prcbability distributicn P on (- =, «=)? {6]

Lot P.bo a prcbability distributicn on (- e, ..), Put
F(x) = P(- =, x]. Prove rigorously that F(x) =1 as
X =2 = {15]

let P bo a probebility distributicn on (= =, =), The
spgetrum S8 of P 1s dcfincd as folliws:

The number a« 43 put in the sct 8 if and only if for cvery
3>0, Pla- 3, a +23) >0,

Thc spoctrum 1s thus a sot of roal numbcers.

Prove thct the spuctrum {s a closod sat. [15)
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PERIODICAL EXAMINATION

Statistices-8:; Educational Statistics (Theory and
Practical)

Date: 29,1.73 Maximum Marks: 100 ‘Time: 3 hours

Note: Answer Q. 1 and Q. 2 and any three from the rest.
. Marks allotted for ecch question are given in
“brockets [J.

Writo short notes on any thrce of the following:

a) Test score as a function of adbility,

b Wrong Scoro and its usug,

c; Estimction of rcliability in ease of spoed test,
da) Errors of measurcment and crrors of prcdiction. [8*8‘83=[2;

EITH"R
Censider the casc in whlch the validities of tha two tests

- are different, Suppose test A has o validity coefficient of

’ - 0,66 and a ralinbility of 0.72 and test B has ;i\mvalidity of

3.a)

b)

4.a)

b)

0.70 cnd a religbility of 0.90, If each test

length, at.what length will the tests have equal validity?

what would validities of test 4 and test B Af both tests |
were inereansed ‘to infinite lecngth? [16(
OR

write bricf notes including cquation on thc estimation of
factor loadings by the Sontroid method., Show that tha num-.
ber of common factors is oqual to the rrnk of ‘the corrcla-

tion matrix.

Lot gx! be the validity of mcasurcment X with respect to
measurcment Y, and QXX' bec the rcliadbility of measurcment

X. Supposc that measurcment X 1s lengthcned and its ncw
(increascd) reliability is denotcd by 9jyy. The validity

of X with rospect to Y will’ nlso be increasad. Denote
this incrcascd valicity by 9 (Thus wo have 1o > ypr s

) 9XY)‘ Show thnt
Sy / Yy * /e 7 Ve
Further show that the rotio of the vnlidity cocffieicnt to

tho index of reliability does not change with the increcase
of test length.

Briefly describa Spearmants two-Lactor theory. [14+G]=[2C£

write short notcs on 'infcrcnec of true gain from the
obscrved gein in score'.
Show that the reliability of 9k of a test at length k
in terms of its reliab.tlltgy Den at lenmgth k' is
= Kk
% = T + (k= k) T

(12+8)=[2¢

P.t.0.
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5,a) Let &1 and ‘Y, be measurements with true scores T, and
T, and let X =Y, ¢+ ¥, be a conmposite measurement with
true score T. _Then prove that -

o . B
- Loy Ry
9)2(1‘ 2 2(1- —]‘—g—g)]
. L. 3 (x) .
where L
p = tha corrclation between X and T

o'(‘li) = the standard deviation of ¥, 1 = 1,2
(i) = tho standard deviation of X.

‘b) Discuss: Roliability of cssay typo of oxamination. [13#7:[21

6, Write short notcs on the following:

-a) Indcx of speededness of a test as svggehtod by Cromhach
and Warrington .

b) Item analysis
¢) Norms, {8+6+6]=(2]
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’ ractical)
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. Note: Answer all the queséions. Marks allotted for

1.a)

b)

c)

2.

3e

-

5.

oach question aro given in brackots (],

Solve tho following problc.m by the simplex mothod
Maximise 2= 2x1 + 3x2

subjoct to 2x) + x, <80

5+ % <50
:(102)(2 < 80
X 20, %20 (7]

H£1to down the dual of the problem in part (a) and obtain
tha optimal solution of this dual from your simplex compu-
tations of the primal, (5]

Show algcbxicnlli how thc optimal solution of tho dual for
tho kind of problem as in.(a) could be obtained from tho
gimplox computaotions of tho primal without actually sol-
ving tho dual problcm. (8]

Statc a linear programming prcblom with the opon static
input-output systcm as constraints. Using this linocar
programming formulation and its dual discuss tho difforecnt
propcrtics of the system and also give cecncmie intcrpre=~
taticns of.thc primal and dual problems. . - . [23]

'Sinto and prove thc non-substituticn theorcm for the open

Btatic Leonticf input-output systom, Give an intuitive
acencmic justificaticn of the rasult, (20}

Giva a doscription of tho Dorfman, Samuelscn and Solow

vorsicn of the open dynamic Leoontief systcm stating cloarly
tho difforent assumptions modos. For this systcm darive the
algebraic exprossicn of the officioncy locus and show the
naturc of thc locus grephically for the two-industry casec.

In what scnsc points cn this lccus are cfficient? [22])

Given bolow in (a) - (o) aro fivc simplex tableau (using
standard notaticn) for five lincar programming problems

whora the probloms in (a) and (b) arc maximisation and

thoso in (c¢) - (o) aro minimization problems. Examine
carofully and givc your obscrvations about what thoso

tabloalt tcll us, Justify your answor in oach casa. (5X3]=[15]

(a)

i) [0) 0 4]

. T 4 1
Basis o P,

0o PP, P, P, P, P, v,

P, 41 01 0 615 6/15 -1/5 " ©

P, 21 100 15 -1/5 3/5 0

Pa 1 1/20 0 1 9/60 -6/606 1/20 1/4

2j-c; %3 0 0 0 7/20 12/20 9/20 1/

N
PLEASE TURN OVER



.b)

e)

a)

Q) .

b

(ccntd.)
Z 1 5 5 0 0 _0
Basis ¢ P
0 Py P, P. P, Py Pg P,
Pg 0 20 -4 6 5 =4 1 0 O
Pg 0 10 3 -2 4 1 01 0
P, 0 20 8 =3 3 2 0 0.'1
Zy=Cy 0 =4 -1 =3 =5 0 0 0
Basis ¢ Py Q1 =3 0 2 .%L__
iy Py Ps P, Pg 6
P, 1 4 2/5 1 0 1/10 . 4/5 ©
P, -3 5§ 1/5 0 1 3/10 2/5 ©
Fg € 11 1 0 0 -1/ 0 1
z=¢y -11 -1/5 0 U -8/10 -12/5 ©
C_GC_C_ -28 -1 =2
Basis c P > ; " :
-6 Py T, F. F, I Fg -
Pg -2 7 3 ¢ L 1la 1 1
Ty v 19 6 1 U 44 5/2 o
Fy c ¢ ¢ ¢ 1 3 [4 4
24=cy -4 -6 ¢ 0 © =1 ©
G [ C 17 -1 -2
Basis c T - S
(7 P I, Po N Ts T
Py ¢ 7/3 1 v o 14/3 1/3 =-1/3
Py L. 5 L 1 C 16 /2 -2
Py ¢ ¢ 4 1 3 ¢ C
C < v C 107 1 2
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+ MID-YEAR EXAMINATION

Statistics-7t Industrial Statisties (Theory and
Proctical) .

20,273 - - © * Maximum Markss 100 °  Time: 4 hours

Note: The paper carries 110 markS. Answer as many
questions as you cdan. Maximum you ean scoro is
100, Marks allotted for each question are given
in brackets [].

Explain what 18 moant by the statement that a process is out

of statistical control.

Comment on tho statoment: 'If a process is undcr statistiesl
control thcn all itcms produced arc satisfactory.'

Comment on the statementt 'In the ideal situation spocifica-
tion ‘1imits and control limits should ba 1dcntical'. [3Xx4]=(12]

Explein tha'Justification'ror using in control charts tha
39-14mits without rogard to the actual probability distri-
bution of tha quality charactaoristic plotted.

What 138 tho statistical hypothcsis tested whon a p-chart

13 usod. Wnhat is tho tcsting proccdure? {4+4]=(8]

What 18 proccss qapability? Depending on how the procoss
capzbility is related to tho spacificcotion limits

what aro the various possibleo conclusions and actions one

can taka? : o {10]

The following data give the rcsults of inspection of enamel
plates of same 'sizo for spots,
Plate  Nuctor Plete Number Plate Number
Number of spots Number of spots Nurher of spots

1 8 9 10 1?7 - 35
2 7 10 10 18 10
3 9 11 18 19 23
4 11 12 19 20 11
S 12 . 13 10 21 13
6 8 pe 5 22 16
7 10 15 28 23 14
8 18 16 24 24 13

a) Examine whothor the process 1s undcr statistical control
and sot standards for thc avorage number of spots per plate
b) Obtain tha U.C.L. at 1%/, lavel of significance for
»further production.
¢) Supposc the average number of spots por plate jumps to 20.
What 1s tho probability that this shift will be dotoectcd
by the noxt two samplese. (A shift in thc avorage value
13 suspoctcd when an obsorvaticn falls ocutsido the con-
trol limits.) [124444]=(20]

PLEASE TURN OVER



5'.:\)

'g.u)
b)
c)

T

A samplc of

producing a fraction dof

computa the

2w

cctivo.

and Normal upproxlmations.

30 units solgcted at random from a procoss
'e05 ccntnins 4 dcfoctivos
axact probability of this ovent and its poisson

N

What is oporating characteristic curve of a sumpllng plan,

Explain the double’ scmpllng proccduro,

Explain how Dodga Romig's single sampling plans uiih given

values of AOQL arc constructed.

what Dodgc Romig 4aO0QL
tho following conditicns

K

b)

Singlc(noublo ﬁ?gdofcctivo gggo ﬁ:ggﬂég
" singlo 2,00/ 300 1,25 o
Doublo 1.5'%/, 850 5046 o/,
Singla 2,0 o/, 508 +83'v/s
Doublo 1.5/ 200 38/ .,

What are tho LTPD's of tho abovo plans,

Explain tho following torms @

1) AOQL
11) Producors' risk
111) Consumers' risk

l

1v) LAvoragc amount of'Inspoctlon (xo01)

.. V) LTPD .

446410])=[:

gampling plen would you uso undor

[2

(5 x2]=[1(
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Note: Lnsuer‘ any_five questions. Marks allotted for
oach question are given in brackets .

Lot mpefpreeer M bo tho probabilities of the k classes
of a multinomial distribution and Nyiflgreeeily ba the

observed froquonclies of these classgs in a sampleo of n = zni
obsgrvations. .

Starting from the basic results on the nsymptotic.distribu- .
tion of linear and quadratic functions of tha eless frequon-
cios, find thoe asymptotic distribution of

o » = £ (ny - nx) 2/ . . (0]

When doos tho conditional joint distribution of a set of
indopcndent Poisson variables have the pmultinomial form?
Starting from this rosult, obtain thc asymptotic distribu-
tion of thc chi-squarc mecasure of goodness of fit proposcd
in Q. 1 abovc, f6+141=[2o]

What is mcent by tha tcst of indcpcndenee in a contingeney
table? Dgscribe the chi-square tost of indepcndcnec and .
dcrive the asymptotic distribution of thc tast statistie.

(You nced not prove every result.) ) [3+¢3+414]=[20]
Obtain the z-transformation of the¢ correlation cocfficicnt

as a variance stabilizing transformation., What cro the other
advantages ‘of this transformation? Outlinec tho varjous usgs
of the z-tronsformation in statistical inference. [4+4+12]=(20]

Givec an account of the Kolmogorov (onc-sample) tcst of gopd-
ness of fity, montioning its advantages and dis-advantages
comparcd with the chi-squaro tost. Mcntion in particular

thc problem of constructing a confidenec rcgion for the

unknown aistribution functione (8+6+6]=[20]

You aro givon ny observations on a r,v, y corrcsponding
to the value xg c¢f a non-stochastic variable x(1 =1,2,.e4,k).

Stating all nocossary assumptions and thaorems, obtain the
test prcecduros for testing the under-menticned hypothcsos:
(o) Elylx = x’.) = constant, #,, (b) E(yfx = x)=a+Bxg,

1 = 1l4ee¢Ky where a ana g arc ccnstants, [6+6+8]=[20]
write short notos on any two:

(1) Tho 1r.po.ttr.nca of tho normal distribution in large
sample theory.

(14) The P, test for combination cf prcbabilities.

(111) Uses of crthcgonal polyncminls in curvilinear regres-
sicn analysis. (2 101=(20]



INDIAN STATISTICAL INSTITUTE
Research and Training School (212
B.Stat, Part-IV: 1972-73

MID-YEAR EXAMINATION
Statistica-5: Statistica_l ‘Mathods Practical

Date: 22.2,73° ¢ Maximum Marks: 100, Time: 3 hours

1.

2,

Se

&

Note: Answer pll the questions. Marks allotted for
each guastion are given in brackets .

In every cnsa, state your assumptions carofu"lly

-A statistician rojects thc hypothosis that the meen u of

a normal populstion (with variance = 4) is 1 if the moan of
a rendom sample of 25 observations docs not 1ie botween 0.2
and 1,8, Computc the power of tho test against the alterna-
tives u'= 0 and 1.5, and also tho lovel of significance of
the test. [

The additional hours of slooﬁ gainod by 8"paticnts after
using cach of 2 drugs arc shown balow:
patient no. 1 2 3 4 5.* 6 7 -8

addl,. hours: Lo
drug 1 2,1 0.2 0.9 3.8 3.5 =0.2 =1.3 0.3
arug 2 36 447 leB 55 4,6 <=0,3 -0.4 1.9

Tost whether the second drug gives, on the average, at least

-

15]

one hour more of slecep than the first drug. _ . [15]

Bolow 1s given the frequoncy distribution of 196 lots of
manufactured articles according to the number of dofectives
found in thcm. Tho expected frequencics are based on a
Poisson distribution fittcd to the data,

no. of -
dofcc=
tives: [} 1 2 3 4 ] 6 ?7 .8 -]

obs,
froqu-

oncy: 7 33 54 37 34 16 8 ) 1 1 0

6xPe - . .
froqu-

ency: 10.78 31428 45,35 45.84 31.78 18.43 8,91 3,69 1.34 0.43 0.17

Test the gocdnoss ol; f£it of the Poisson distribution to the =
data, N (12]
The rdllowing data wcre collecfod in an cxperiment on the
thorapoutic valuc of a drug on guinoa-pigs suffering from
cortain disoaso? .

no, o non- s
recovered dicd

treated 9 6

not treated 1 7

Test whothor the bencficial offects of the drug are signifi-

cant by using the Xz-tost end also the oxact probability .
tost. {7+8]1=[15)

PLRELSE TURN OVER
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The following shows the estimated varicrces of a certain
measurement taken on samples of individuals drawn from
fcur different caste-groups living in a regiont:
caste-group 1 2 3 4 4.

sample siza': 35 40 62 37

variance (cm®)t 9442 10,89 8,52 11.35

“" Tast whathor the truo varianccs are oqual, baking sultable

assumpticns . -

The following sums worg obtnined in an analysis of 1) pairs cf
obsorvations on.the noe of livensod vchiclos (x) and tho
number of road casualties (y): -
T x = 5711, Iy=2396, I x° = 3134543, © xy = 1206836
': 539512 .

1) Sct up 95¢/, conﬁ.donco 1imits for the corrolntion
coc!‘ficiont botwcen x and Y.

11) Assum.i.ng that tho rogrossim of y on x is lingar.
tost whcther tho intcrcopt is significantly diffofen
from.zoro. f 0+10] [2:

Pfactical Racords. {x
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lote: Answer any five queétions. A11 questions
carry equal marks.

A simple random sample of size 2 i1s drawn without replacement
from a poputlation (Y. .!é.Y_) of -3 units. Corresponding to the
three possib’o-samp1zs. sl°= (y1.y2), sp = (Y1'Y3) and
s5 = (¥p1¥3)+ let & linear estimator e(s) for estimating the
population mean be defined as follows:
e(sl) =5n +5 ¥
e d
Y1293
L 1
e(ss) =2y2+2y3 -

wp e

e(sa) =

a) Show that the estimator e(s) is unbiased for the population
mean for all values of !i.Yé and Ys. -

b) Find the variance of the estimator e(s) and its value when
Y, =1, ¥, =2, and ¥; = 3 and comment on the following .,

statement: -

'In simple random sampling without replacement the sample
mean is the uniformly minimum variance unbiased estimator
in the class of all linear unblased estimators of the
population mean'. -

1) A finite population of N units having -the values Y,

1 =1,2y.s+y N} arc presumod to be drawn at random from
a supecrpopulation in which

E(Y,) =u, V(Y,) =0f and Cov (¥, Y) =0, (1 4.

Obtain a comparison of the expected variances of the
sampl.e mean based on samples of size n selccted_from
this finite population (a) systematically (assume N is a
‘multiple of n), and (b) with simple random sampling
without replacement, and comment on your resukt,

11) 4 10°¢/. systematic sample is selected from a 1ist of
persons, in which families haye becn arranged by age.
Tha average size of a family may be taken as five
members. For which of the following characteristics do
you expect this sample to be more efficient than one
drawn with simple random sampling without replacement

and why ?

(a) proportion of persons belonging to different
religionss .

(b) average.age of males; and -

(c) proportion of children going to school.

A population of N units is divided at random into n groups and
one unit is selocted with probability proportional to size from
within each of the random groups. Give an unbiased estimator
for the. population total. (Y) of a character y under this scheme
for which

(a) the variance is minimum if the groups are of equal size, and

PTE.ST TUR OVER
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{b) the minimum variance is less than the variance of an urbia-
sed estimator of Y based on a,sample of size n drawn from
the entire porulation with probabiity.proportiona’ to size
and with replacement. -

Dasceribe the Midzuno-Sen sampling scheme using the information

on an auxiliary character x and show that with this scheme

(a) Yates-Grundy estimator for the variance of Horvitz-Thompéoﬁ
estiretor or the population total of a character .y never
admits negative values; and i

(b) tha ratio of sample totals of y and x Is an unbiased esti-

. mator for the ratio of population totals of y and x.

A popuiation consists of N primary units, each containing M
secondary wnits, To estimate tho popu’ation mean (Y) of a chaq
ter y the following three sampling schemes are considered:

1) n primary units to be selected with equa? probabiity and
without replacement; '

11) X 5.%% (assumed to be an_integer) primary units to be draw:
with equal probability and with replacement hnd. within ea:
selected primary unit, al) the M secondary units to be enw
rated; and : .- .

411) nm secondary units to be drawn directly from the LiM secon¢
units with equal probability and with replacement,

Give unbiased estimators of Y in thc three schemes and obtain :
comparison of their variances and comment on your results.’

A population consists of N primary units, and the ith primary .
contains H1 secondary units, (1 = 1,2,..., N). suppose a sample
n primary units is drawn with probabilities proportiocnal to siz
and with replacement, and in the ith gelected primary unit my
seccndary units are selectcd from the M, secondary units with
simple random sampling without replacement, (1 = 1,254¢¢y N)se

a) Under the akove set up, give &n unbjased estimator for the
‘population total of a character y, and derive its variance an
an unbiased estimator of the variance.

b) Keeping the selection of primary units as given above, whatev
be the sampling désign adopted for the selection of secondary
units within the selected primary units how do you estimate t
variance of an estimator of the population total without esti
mating the variation within primary units?

In a given two-stage sample desizn let n be the number of primnh
units selected out of N primary units, and~my be the number of
Secondary units selected within the 1th garacted primary unit's
(1. =1,2,e04y N)y and theé variance function of an estimator Y
of the population total of a character y be of the form:

N_R&
v =3 ey« 5B ek

whera AI'A21 and Ls _are population parameters independent of tH

sample sizes n and mye - - - -

a) Cbtain an optimum allocation of the total samp’e size in terns
of secondary units to the selected primary units such that the
average number of sample secondary units por selected primary
unit 1s a given number m. _

b) For the optimum allocation achieved at (a), assuming a suitab!
cost function and a fixed total cost, derive the optimum value
of m and n_.and tho corresponding optimum varience of the
estimator Y.

GO CN TO THI NEYT PAGT
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b)
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In a general stratified sampling design propose the tcombined!
and 'separate'’ ratio estimators for the ratio of population
totals of two characters y and x and discuss their relative
merits from the point of view of bias and precision.

Under what circumstances there is necd to use ratio estimators
which are less biased (than the usual ratio estimators) or
complotely free from blas? Vhen the tota! sample is drawn 4in
terms of i 4independent sub-samples ea~h of Sama sizZe and
selected according to the same sample design, which are the
possible biased ratle estimators that may be computed? Suggest
adjustments by which thoese biased ratio estimators may be mande
less biagsed or completely freed from bias,
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Given below-1is an artificial population of size 4 for which
the values (yi) of a variate y and the corresponding initial
probabilities of selection (Pi) are noted. By drawing all the

six possible samples of size two from this population, compute
the exact variances of the following unbiased estimators of
the population total of y 1in the specified sarpling schemes
and, coument on your results.

(a) varying probabilities of selection with replacement
and the usual unbiased estimator in the scheme.

(b) varying probabilities of selection without replacement
and

(1) Des Raj’s ordered unbiased estimator,
(11) Murty’s unordered unbiased estimator,
and (111) Hovitz-Thompson estirator.

Artificial population of size 4

Sl.no.ol - P Yy
the unit ‘ i i
1 0.1 - 0.8
2 0.2 . 1.4
3 0.3 1.8
4 0.4 2.0

[40]

From a population of 151 farms, a sample of 21 farms hasg *
been selected with equal probability and without replacement.
For each selected farm the total area under cropa.{x) and

the area under oats (y) have been recorded. The tptal area
under cropa for the 151 farms is 31197 acres.

p. t. o.
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(Contd...)

Samble data on total area under crops (x)_
and area under oats (y) for 21 farms.

Sl.nv.of sample Total area under Area under oats™

farm crops in acres(x) in acres (y)
[&D) 2) 3)
1. 218 22
2 ! 230 - 25
3 222 32
3 150 . 34
5 271 38
6 - 218 39
7 174 40
8 195 45
9 180 . 49
.10 208 51
1 238 52
12 228 56
13 . 255 56
14 216 61
15 270 62
16 197 67
17 235 71
18 155 76
19 . 281 76
20 243 92
21 276 9 .

(a) Compute estimates of total area under cats for the
-151 farms

(1) without using information on total area
under crops,

(11) wusing informatisn on tntal area under crops
and a rqtio estimator, and

{111) using information on tital aren under crops
and a regression cstimator.

(b) Obtain estimates of variance for the above estimates
and comment on your results.

{40]

A population ccnsists of 69 farms (N) and each farm hag
a number of ficlds (ML) grewing wheat, To estimate tho

total area under wheat in the population, a sample of
13 farms (n) has been chosen with equal probability and
without replacement, and within each selected farm a
number (m of fields growing wheat have been gelected
again witﬁ equal probability and without replacement,

" The data on this two-stage sample are presented in the

focllowing table.

p. t. o.



3. (Contd...)

' Area under wheat (y) for the B:u:pled
fields and other data.

s1. no. of Tcotal number of Number of Area under
4 fields growing selected wheat for the
5‘3}.;;;& wheat in the flelds growing selected flelds

selected farm wheat in acrea

(1) (my) (¥)

(1) [ 8] 3] {3)

1 2 2 17,20

2 2 2 14,26

. 3 2 2 13,59
‘4 4 2 14,14

5 4 2 18,20

6 4 2 20,21

7 4 2 16,25

8 4 2 ; 20,22

9 5 2 4,12

10 [ 2 13,16

11 6 2 12,27

12 7 3 16,17,23

13 7 3 16,20,25

(a) Obtain an unbiaged estimate for the t- -tal area under
wheat i{n the 69 farms.

(b) Compute em unbiaged estimite of the variance of the
estimate obtained abcve.

[40]

4. Practical Records

(20]
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Hote: Answer:Groups A and 3 in separate answerscripts.
. Marks allotted for each question cre given in
brackets (],

QLQA.E_A
Mavimum Marke: 25
hnswer all the questions.

Let A be a o-field of subsets of a set X' and let P

be a probability on A. n‘ ‘1"2""' is d sequence of

sets from - A’ .

a)- Prove tﬁat there exists a sequence Bl' 82. ess Of sets
from A sugh that B C Ayy By's are pe.lrwise dis-
Joint and U "1 T

1 1=1

Prove that P( v &) < T P(Ai)- {12}
1=1 1=1

Let 4L be a og-field of subsets of a set X  an!l let P be

a probability on he« Explain what is meant by evpectation
of a positive measurable function, (Give the full develop-
ment sterting from the evpectation of simple functions). (13]

Group B
Marimum Marks: 75
Answver all the questions.
¥Irite down the four conditions that the function F(x )

should satisfy in order to be the ¢istribution function of
a probability distribution. Is this set of conditions

1; necessary,
11) sufficient?

Proofsare not needed. . {4}
F(x) 4s the distribution function of a probability distri-
bution, We construct four new functions, as follows:

1) 6(x) = §F(x)§2 for a2 x;

11) 6, (x) =A/F(x) - for all xj

-111) Gy (x) = F(x+ 1) for allx j}

1v) 04(x) 1 {F(x+3) «F(x-2)} foranl x.

Yhich of the four functions 61, 02. G:5 and 04 are distri-
bution functions (of probability distributions)? Give
reasons. (28]

P is a probability distribution. B 4is the set of points
a such that P{a 3 > 0. Prove that E is finite or countably
infinite . [10]

PLELSE TURN OVER



5.b)

e)
6.a)

b)

-2

Construct a probability distribution Q which satisfies
the following conditions:

1; Its spectrum is an infinite 's'af, and at the same time.
11) Its distribution function F(x) takes only.rational (
values. 1c;

The distribution function F( x) of a probability distribu-
tion Q takes only the values O and 1. W%hat ecan _you
say about the nature of Q7 Prove your result rigofously,. [(10;

When do we say that a set F (of real numbers) has Jordan .
content zero % 30

£( x} is_a bounded function defined on the closed inter-
val [a, b]l. It is right-continuous at a snd left-continuocus
at b, The set D of points of discentinuity of f£(x)
has Jordan content zero. Prove directly from the definj-

n ofbt emann integral that f(x 1s R-integrable
on (e, bJe -

So you are pot allowed to use any of the standard theorems .
on R-integrability.. b
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MID-YEAR EXAMINATION
Statistics-8 : Demography (Theory and Practical)

Date: 27.2;1973 Maximum Marks: 50 Time: 2 hours

Note: Answer qQuestion no.4 and any two from the reat.
Marks allotﬁed for each question are given in
brackets [

Discuss briefly any thrce of the following :~

a) Errors in census age returns and how they arise.
b) Underlying cause of death,
¢) Secondary attack rate.

d) Broad ftems of information ugually collected 1n a
general health survey. (15
15

What 1e the basic difference between a logistic law of
population growth and an intrinsic rate of natural
increase in a stable population,

Derive Verhulst’s logistic equation and indicate some
of the important properties of the curve,
(15]

a) Define a cumulative fertility function. What are
the specific informations available from such a
curve

b) What are the methods available for estimating a
current population

Give a mathematical summary for a component mothed
of populantion projection.
c) If ‘!1 indicates the mean number of females 1-4 years
olad, d1. the number of females deccased at thoso ages

and 11. the number of fomales surviving first year of

age, then give the formula uged for estimating the
number of survivos nt age 5.

5+5+5 = [15)

The following table gives the number of population by age-
groups and also the number of deaths in the same age-groups.
In the same calander year, number of deaths under one yoar
against the number of births 1758, as rccorded in vital
reglstration department was found to be 347..

You are asked to compute the number of survivora 1,

.-at different ages for x = 0, 1, 5, 10 and 20.

. K&e— No. ol populatlon™ Ko, ol deatha
groups in the group in thce same group
1~ 4 3872 126
5-9 4571 69
10 - 19 7433 46
20 - 29 5894 63

[20)
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Lotc: Answer all the questions, -Marks allotted for

. ecch question arc given in brackets .

3. - {(xi'yi)' 1 = lyeeey “Z is & random sample of size n
from a Bivarjiate normal .popu].aticn Nz(ml.mz.cl.crz.Q).
- < myly <2 0 <3105 ¢ =1 <C8K 1. Obtain gither the

aistribution of s
v = (b’-p) /55,

: /(Saz‘siz/ 5yy)/n-2 .

(where the notations have usual significance) or the distri-
bution of tha sample corrclation coefficiecnt r (involving
integral tepresentation). .

[15]

2,.a) xl,..., x2m41 are L,4.d. r.v.S,;%0ach having the distribu-

tion N(6, 1), = = ¢ © < ., Show that thc sample median
Z(me1) 1 87 UE of 6. Is it consistent? “(4+1)=5]

b) M~ B(n, $.2 1s a (0, £1) r.v, such that - S s
Pr(z = 0] X =1) =a, Pr(z =+41llx=1) = (1- D(1-a),
Pr(z = -1X=1) = X1 -4), 0 ¢a <1 r=0,1su.., n. -

Prove that X' = X+Z~ B(n, £), (7]
c) Xyveoer %, arc L.i.d. rer.'s, each having the distribution
H{e, 1), 6 > 0. 2

=3 2
Show that /EE_I /2 4 /5 2 is an UE of%. (s]
h X

a) A statistic T, (bascd on n obscrvaticns) is consistent

for © and var (!n) => 0 as n =) =. Show that E(T_ )—>0
as n =) @, (5]

@) X is a discrete Tr.v. havin; a uniform distributicn over
1eeer N diay, Pr(X = i[8) =1/, 4 = 1,..., No Tha para-
metor set 1s () = Ml =1,2,0.0 "0 X%l X, are
n f.i.d. re.v.'s, cach having the samc distribution as X.
Consider X(py = max . (X,) as an estimatcr of N,
1 i< n .
Show that x(n) 15 complaeto suffieicnt, ccnsistcnt but biased.
: {2+2+4242])=(10]
3.,a) Define a sufficicnt statistic. Statc and prove the facteri-
zaticn thcorem in the discreta case. {3+7]=(10]

b) that do yuu mean by a statistic bein, ccmplete? Clearly
explain, y»ith an illustration, huw the cxistcnce of a com=
plotc sufficicnt statistic helps in dctermining ml.v.u,
ostimatcrs of estimable paramctrie funsticns, {3+7)=[10]

| P ) 2% -1
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3e¢) Xjveeer X wro k 1s1.ds B(n, p), variables, 0 ¢ p < 1.

a)

o)

obtain the m.,v,u.e. ©of pq. Is Lt consistent? (Prove
completeness of the relevant statistic,) (s ){r

XjiseeX, 8re n t.i.d. 10, ) variablas, 0 ¢ o € =,
Cbtaln the m,v,u.0s of o, Is’'it consistent? . {

In case (d), obtain the m,v,u.e. of the proportion

b = 202
Ple) = f 9—-:f—— dx where a and b
8 o /2% (=2 ¢a¢b<=)
are two fixed constants. l

In each of the following, give examplg of an eétimnte
satisfying thc stated requirecmecnts,

a) U but net € (b)) C byt not U (c) § but not:cC

d) s but not U (o) C but not § (f) Ubut neither C ne
g) S but ncither Unor € - (h) € but ncithor U nor S

1) none of the propertics (U, S, €) '

J)  all the propertics (U, S, €) {1

(U = unbiased, C = consistcnt, & = sufffeient]

Clerity and ncatncess - 4,
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' PIRIODIC,L EX/MIN.TION
Statistics-8: Complex-Variables

—
W
ad

14.5.73 Maximum Marks: 80 TLne:l% hours

Kcta: The paper carries £0 merks. Lnswer as meny
questicns as you. Maxdrum ycu can sccre is 5GC.
Marks allotted for each questicn are given in
brackets (1.

Suppose that a and b arc twoc vertices of a square. Find

the two other vertices in all pcssible cases,

Show that an anzlytic functicn cen nct have a constant
value without reducing to a constant,

Shuw that x2+-1y 1s nct an analytie functicn at eny
pcint in tho complcx plrna,

Frovc that the functicns £(2z) end (&) arc sirulta-
neously analytic. .

that Lszthc radius of ccnvergence of the series
T " 2 .

If £(z) =T a2® what is Enda 2" ?

VYhat 48 Euler's formula? Derive it . from the definitions
of the gine and coesine functicus,

Prove that (cos ¢ + 1 sin G)n = coes n@ +1s8inné s 2

Do ccs & and sin © have a pericd? If so, whet is it?
Prove your statcment.

{10]

(10]
[10]
(10]

{10]

[1c)

(10]

{1c]
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‘Date: 21,5.75 Yaximum ifarks: 100 . Time: 3 hours

1.

6.

Liota: 4inswer Q. 1 and Q.2 and any other two from the
rest, Marks allotted for each question are
glven in brackets (J. :

4 variatal trial with 13 varietics wss carried out in a

.balanced incompletc block design., Tkc plan an2 yields in

pounds per plot ara given bclow. Analyse the data and draw
your conclus%cn. (Treatment numbers are writtcn in

parontheses {«) ) - [(30]

1 (3) 25,3 (6) 19,9 (9) 29.0  (21) 24.6

2 (3) 23,0 (4) 19.8 (8) 33,3 (12) 22,7

3 (10) 16,2  (11) 29,3  (12) 31,7  (13) 26,6

4 (2) 27,3 (5) 27,0 “(8) 35.6 (11) 17.4

S (7) 23.4 (8) 50.5 (s) 30.8 (120) 32.4

6 (4) 30.6 (5) s2.4 (6) 27,2 (10) 32.8

7 (1) 34.7 (5) 51.1 (9) 25,7 (12) 50,5

8 (3) S4.4 (5) 52,4 (7) 55,3 (13) 36.9

9 (1) 38,2 (2) 2,9 (3) 57.3  (10) 31,3

10 (2) 28,7 (4) 30,7 (9) 26,9 (13) 55.3
2 (1) s6.6 ‘() 31,1 (7) 31.1 -(11) 28.4

12 (1) 51.8 (6) 33,7 (8) 27.8 (13) 41,1

13 (2) 50.3 (6) 31.5 (7) 39.3 (12) 26.7
Develop in detaills the intrzblock analysis of block designs.[_oj

. O

Define a latin squarc design and give its statistical
.analysis, [20]
Give the two definitions of tha conncctcdness of a block
design and establish their equivalonce. [20]
State and prove the necessary aod sufficiont condition in
torms of the latcnt roots ol the C - matrix for a block
dcsign to be balanced. 2ol

Doscribe = method of construction of balanccd lattico. .
Define a S.J.B.D. and devclop its intrablock analysis. {20}
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PERIODICAL EXAMIKLTION

Statistics-5: Statistical Methods (Theory and
Practical)

Da;‘.e: 28.5.73. Maximum arks: 100 Tlrne: 4 hours

1.

2,

30'

hote: Lnswer Q. 5 and any three quaestions from -

Qse 1 to 4. Marks allotted for each question

are given in brackets L],
Rc;;rossion equations of the form y = po-o- ﬂlxl‘ 32;:20- psx3
are proposed to be sct up on the basls of independently . .

.drawn samples from three different populat.tons. liow would

you test whether the coefficients 1B2 and By ore tho
same for all tho populations? Obtain tha procogure. sta- -
ting necessary assumptions. [20]

Give an aceounc of the S-method of multiple corrpnx:isons
proving the followin' theorens
It y~1\(x,3, 21 ) with X nonstochastic and rank (X)= r,

then the probability is l-a that simultaneously for all
estimable linear parametric functions Y 1in a g-dimensional
space L of astimablo functions

\?-So‘; gvgv+ScA:A,_'

wans S = (d Py («))1/2 SO e

Consider the, obscwatidns {}'1 k} in tho random effects’

(20}

"‘model ‘for the complete tw-\.w layout, -Assurie that

Yig = 8 +oay ¥ ‘bj + c“-+ e wvhere the {ai} {bj} {cij}
and’ {eijk} are indepenacntly normal, wjz.th zero means and
respective variandes 9 95 "AB and %e Now: Ju;tify the
procedures usually followed for tcsting (1) H, S nA = 0, (11)Hg:
of= 0 and .(111Y Hyy :oﬁs o,

(The symbols have thelr usual Jignificance) (20]

4, Write short notcs on the following o
(1) Partial corrclation - mca..urcmcnt and scatistical
significance j
(11) Forecasts from mult:l.plo rcgression equations and
their standard érrors, . (10+10)=[20]
5 E“’-hel‘ ¢ In a study of 89 firms the regross d was_total

~ cost (x;) ‘and the regressors, rate of output (x2 end
rate of obsenteedsm (xg). The means were § x1-5 s,

%y = 2,9, §3 = 3,9 and the matrix showing sums of squarecs
and products adjusted for moans is

Pleaso turn over
—_———



{2)

x *2 *3
x 1113,6 33,8 39,1
%g 50,5 66,2
x. ! £67.1
3 \

Estimate the rclationship between Xy snd tho other “two.
variahles : X) = B, + Po Xp * By x3). Test tho over-
all corrclation of the cquation and the partial effcct
of Xy, glven x,. Also sct up the AIOY A table to show
the effecet of adding the regressor Xq when X is
alrcady prescent,

<.
Obtain 99 pcrcent confidence linmits for ,rcgression
coofficient By, ’ A

[40)

The following data relate to an experitent on productivity

with three machines and two nethods of working §

.

machine no,

nethod T > K]
n=5 - . n=7 . n=12
1 Sx = 25,3 Ix= 39,8 Ix = 52,6
£x%= 145,0 % = 262,3 £x° = 105,6
ne= 8 . n=4 - ¢-- n =10,
11 Ix = 56,2 Ix = 32,8 Zx = 31,9

Ix® = 435,5 £x?= 280,4 Zx° = 120,3

Here x dcenotos outp;xt. and n the mumbor of obscrvations
‘taken for cach combination of nachine and method of working.

Analysc tho data and corment on your findings,

f40]
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Date: 4,6.73., » Maximum Marks: 75 T4{me: 3 hours

1.

2,

3.

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

Explain the two most important differcnces from gneticel

view point between MITOTIC and MEIGTIC cell dlvisions,

Explain what useful purpose is served by tHe REDUCTIOMN
DIVISION, Explain and derive Mendelian segregation ratios

for tvo pairs of alleles segregating independently at two

loci, Assume that one of the alleles at each locus is
complately dominant over tha other, {4+346])=[12]

Give your comments on Mendel's Laws of Inheritance in the
light of present knowledge in genotics. . .

Explain tha following terms with illustrations (any six
only): Alleles, Genotype, Phenotype, Heterozygote, Dominant
gene, linkage, Mutation and Selection, {6+6]1={12]

Give the genetics of M-N Blood groups system,

Prove that the Gene-counting methed and the Maximum Likeli-
hood Mathod give identical gcne frequency ostimates for this
system of blood groups. Derive variances of the geng fre-
quancy estimates, (3+8+2]={13]

Two populations Pl(O.S. 0,6, 0,1) and P2(0.1, 0,4, 0.5)

mix up in equal numbers., Find the genotyplce composition

of the mixturc. Vhat will be the gcnotypic composition
after ona generation of random mating? Give the gene -
frcquencies of the mixture before random mating and of the
population resulting after one gencration of random mating.
Lre they different? Givc your comments, Examine if the

two original populations Pl and P2 werd in Hardy-Weinberg

equilibrium, [24142424244]=(13]

Give in brief Bridge's chromosomc balance theory of Sex=-
dgeterminztion in Drosoyhila melsanogaster. What.will be sex
in onch casc of the chromosoma combinations, (24+ 2X),

(4l+ 4X), (3ia+ 2X), (24< 3X), (34+ X0), (3h+ XY), (3X+ XXY)
and {24+ XY), cond also give your romaiks on thoir fertility.

Both pan and Drosophila mclmn, follow in a goncral way the
XX - ZY formula for normel scx detcrmination, so far as
tho sux chromosomcs are concerned. 3But what ara the
important points of differcnce betwecn tho two spoeles?

How are the embryonic daveclopments of ‘tia gonads and the
Wolffian and the Mullerian Ducts controlled by the YX ana
the XY chromosome combinations in man? [4*4*8+9]-i§31
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Datg: 11.6,73 Maximum arks: 100 Timc: 3 hours
1

Fotc: Answsr Q.5 and any three of the rest.
Marks allottcd for cach qucsticn are given in

brackets [J.

1,a) 'Tho production function is a technical engineering
rclation betweecn inputs and output', Is tha purity of
this rolation always retaincd in the empirical astima-
tion of tha production function? Cive reasons for your

answer, \

b) Discuss the important properties of thc Cobb=Douglas
production function. - {20+10])=[20]

2.,a) How does economic theory suggcst the algebralc form of
demand rclationship to be dcrived from time serios
samples?

b) How do you propose to solve the problem of aggregatjon of
individual domands from time seriecs samples? 120+10]=[20]

Se Discuss the significance of the pooling of timc scrics and
cross-socction samples in dealing with the problems of
(1) multicollincarity, (ii) identificaticn and (1i1) least,
squares bias in demand analysis. , . 120]

a,/ Derive expressions for the lorenz conccntration coeffici-
ents for the Paroto and log-normal distributions, {2¢]

S5.a) The following gives the average expenditure on cigarettes
py families in four different levels of income:

Range of income ' (R3,.)$100-200 200-300 300-400 400~
Averages of income (Rs,): 140 245 547 502
Expenditure on olgarettes (Rs,): 2.2 5.8 8.3 12,3
Family size ¢ t 3.4 . 3.9 4.3 5.2

Find thc Engel elasticity of demand of cigarcttes,
assuming constant elasticity. (You may give equal waights
to the fcur income groups).

b) The following gives the labour input, tho capital input
and output in suitadble units of each of sven firms in an
industry: .

Labout sinput (L): $e2 6,8 9,2 3,4 12,6 15.8 5,7
Capital input (K): 12.7 15.8 20,7 10.5 &5 ,6 32,9 10.8
Output (Q): 2.4 3.4 4.9 2,1 6.8 8,6 3,2

Estimate the parameters of the c0bb-De§glns production
function a. g
Q = AL%xP, {0}
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INDIAN STATISTICAL IISTITUTE

Research and Training School (z23]
B,Stat. Part IV: 1972-73
PERIODICLL EXAMINAPION
Statistics=4: Prcbability ot
18.6,73. Maximum Marks: 100 " Time: 3 hours

Notes. Answer Groups 4L and B in separate answerseripts,
Marks allotted for each question are given in
brackets [J].

Groun At Maxirun Marks: S50

Nete: The paper carries 55 mnrks. Lrswer as many -.
questions as you can,’ Maximua you can score

is 50,
F(x) 4s the distribution function ﬁbability distri-
buticn P on (==, =), Show that 18 also a dis-
tribution function (of a prcbablilit, dis ribuuon Q. k

i3 a.positive integer. {91
let P and Q bo as above., lLat- F(x) < 1 for all x,

Prove that 00
lim g{f‘—;} exists,
X e=) oo * . .

What 43 the value of the limit? {9])

The distributicn function F(x) of a probability distridbu-

tion P takes gvery valuo an the open interval (O, 1). F(x)

may or may not take the values O and 1,

Prove that P is a continucus distribution. {9]

The distribution function F(x) takes every value on the .
closed interval [0, 1], Vhat can we say cbout the naturet .

of the distributicn? . €:)]
The answoer shaild consist of one sentence only,

. . /
If a ond b cre real numbers, how do you define e(”"b)? [4]

ENE 2y 2,
Prove that e =6 e 0%y .2y and 2, are arbitrary o

complex numbers. [6]
Prove that the chamcteristic function® of a poundgg distri-
buticn 13 uniformly continuous cn =« ¢
Grocup Br Maximum Marks: 50

Note: Throughout X, X;s Xpreus is a Markov Chain with

a countable state=-space and having stationary

transition probobilitics. T

lrswer all the Questions., o
For 8, s'c § , obtain the relaticn

p(k*[)(s.s|) a gﬁp(k)(s'r) p( ¥ 4 )(r,s')

T

Define period of a state, 8how that all states within-the
same class have a common period, s {5+47)=[12]

Petoc,



5,.2)

b)

6,

7.

-2a

Define an essentisl state, If s 4s an essential state
and s' 4s an inasscential state show that s
to s'.

Vhen is o State s and to be recurrent.
recurrent state is necessarily ossontial.
{You may assumo tho following result: -

g(s, st) = £ £*(s, s*) 4if s' is recurrent]
to otherwise

Show that a

Prove that if g(s, s') =1 and f*(s, s') > 0, then

cannot lead

(5+7])={12]

g{s, s') = 1, Hence s‘xow that a recurrcnt state can lend
only to recurrent states. {12}
In'an 1nstance if consists of 5 olements Syiee.s S5 2nd
the transition probabilit,/ matrix is \
S ] (o] o
/2 © o - 1/2
p= |0 0 2/35 0
0o 12 12 o
0 o 2/5 0
[The (k, /Egth entry in the matrix P is the probability
WSyt Sgled
(a) Dacomposa ¥ into classes.
(b) Fick out the essential classe$, if any. .
(c) Daeide which classes are recurrent, [444+6]=(24]
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ote: Tho paper carries 110 marks, Answoer‘as much as you
. ¢l .laxiTua you can scorc is 10C, Marks qnotted

ror cach question are givsn in brachts .
Stata and prove the Cramer-Ruo incquality, * {2+10] =[ 22]

o
XA~sP(A). Prove that for estirating ™ therc does not exist
any unblased estinator whosc variance attains the Cremer-Rao
lower bound but that tberc cxists one whcse variance attains
a Bhattacharya bound, licncc obtain the m.v.u.c, of A2, (8]

If T 1s the m,veu.a. of 0, I:r?}vo that any polynomial g(T) in

T 1s the m.v.u.0. of Eg ;glT {10]

nxl
X ~~ N(A'B, o In) » Considor an ostimable linear paramaetric
function A'g and let £'X bc the BLUE of it, Prove that g'X
1s the m,v,u,e. of A'8, B [s]

Prove dircetly that a complete sufficient stctistic has zero
covariznce with every unbiased estimator of zero, (s}

Consider a probability density func..ion ro(x) depe nding on
k parcmeters @ = (0;,44.16,)€ C)_,,C . Let XyeesesXy be
indcpendent replicates of X of which thc density is ro(x).
a) Cunsider the problem cf cstimating the parnnetric Vector
£(9) = (63(D1euer gg(@) s £ < K gy(9) 1+ RE=) R,
1 = lyeeey A« Dofine a rcgular unbiased estimator (rue)

of g(8), Provg that if a co'np’ct. sufficicnt statistic
T = (Tl'“"Tk) exists fcr 8.+%hcn there always exists a

unique rue for overy estimzble parametric vector g_(ﬁ: .8] (12)
=

Prove that 1f I i1s the most efficicht ostimator of @ (in the
sense of being regular unblesed), trcn Ty 1s thc m.v,u.e, of

Ol. 1 = X,e00r Ke
X ~ Ny &) and Xl.....)’ arc n indepcndent replicates of X.

Obtain ruestimator of (m2, ¢2). (s]
Prove:-tho;consistency ¢f a maximum livelihocd ostimator. [20]

(8]

Yiteser ¥p BTS indcpendent normal variates with E(y,) = ré,

var (yr) = r 0'2. r = 1y.ses Dy Show that thc mdl ostimator

of € 1s cxactly normally distributcd and is unbiascd, {10]
Conisider the discrcte probebility cistribution

Pr (N =n/a, &) = (2:1‘)1(“(1- )8, n = a, a+l, a%2, ess o
Assuaing a known, show that tgc mlc of » is blascd and that

its asymptotic variancc 1is -L-(-la;ﬂ)- . [10)

p.ti.o.
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e)

-2a

¥ = log X~ N(u, uz). Show thut the mle of

5(X) =exp§h +%dz} is exp%? +%‘-S§}where ¥ and 85

are the sgmple mean variance of y on the basis of n inde-
pendent observations yjiese Yne Prove that this estima=~

tor is biased upwards but-is asyﬁptotically unbiased.

Xyreearky are n independent observations on ¥ having
tha density f(x, ©) = &+ G <X £ 6,. 0 5,0, Prove
that the mle'of © 4is bicsed,
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A ALUAL EXAMILATION
Statistics=-8: Complex Variables
10,773 Masidmun Merhs: 100 Time: 3 hour

Ictes The paper carries 110 marys, inswer as much as
you can, ‘fazimum merks you nrcn score is 100,
Marks allotted for esz~h question are given in
brackats J. ¢

\that do you uncerstend by a line inteyral? Show that the
1line intcgral [;dx + qdy delined in a region {fl depends

only on the endy‘ nts of Y if ard only if there 13 a funce
ticen U(x, ¥y) in so trat

1 1
g_lx'=pl and %‘;=qo

State and prove Cauchy's theorem for a rectangle,

Prove that if the plecewisc differenticble closed curve Y
does not pass throuyh the point: a,thon

=t f Az

2ni y Y
is an intcger. hcnco dofinc winding numbers,
Stete wnd prove Horera's thcorcm,

Shqw that a polynomial wvith complex cocfficionts has a
root in £ , thc-comnlcx rlenc,

Lofino zcres end polcs of analytic functions, Dctermina
the 2cros ané polcs of thu enelytic function

.

zZ -1

Cexputc th: intcgrels [ =ds vhuere Y 1s the dircetod
Uno scgment from O to” l+va rnd tiac intcgrel

R € Y
2=z 2° -1

(20]
{25]

(15)
iloJ

(10}

[25]



Datao:

1.a)

b)

e)

b)

.c)

3 06)

b)

4a)

b)

c)

Se

INDILN STLTISTICAL IiiSTITUTZ lm]
Rosearch znd Training Schcol
BJ.3tat.(Hons,) Part IV: 197273
ANITUAL ZXAMINATION
Statistics-4: Probability .
12,7,73 liaximun Markss 100 Times 3 hours

jlote: The paper carries 110 murks, Answer as much as
you can., Maximum ong ccn score is 100, Marks
allottaed for cach qQuestion are given in braekets

vrite dovm tho four ncecessary nd sufficicnt conditicns

that a function F(x) shculd sutisry in order that it may de

tho distributicn fun~tichr of & probebility distribution, .
Proof s-are not nocded, 7}
Q 1s a ncnnegetive finitcly additive interval function such
that Q(=- o, ®») =1, Show that 1ts distridbution function

will satisfy onc cf the four conditicns menticncd above, {71
Givc anroxample of a nonncgative finitcly additiw interval

function P whosc distribution function fails to satisfy each
of thc rcmaining threc concéitions. {2c]

Prove that thc spoctium of cvery probability distribution is
nonempty. . : (1)
Tha probability distributions P, Q and D have distribution
functicns F(x), G(x) and F(x), &(x) respactively. Show N
that the spectrum of D is contained in Spec (P) U Spec (Q). {10°

In sonnection with the above question, give ann example ‘1a4
where spec (D) 1s a proper subset of spec (P) U Spec (Q)s 11Uy

vhat is meant by the oscillation of g bounded function at a

point? (6]
£(x) 1s a bounded function and 1s discontinuous at x = a,
P 1s a probability distribution such that P .a‘’ > 0,
Prove that the Riemann-Sticltjes intcgral e
L]
S f(x)aP docs not exist, {20]
- oo

Prove that if the characteristic funection of a probability
distribution is diffcrentiable ¢t t = O, then 2'(0) is O
or e purely imaginary number,. {10]
£(t) and § (t) are real-valucd char:cteristic functions,

#'(0) does not Quist. Provc that g(t).Y(t) 4s not differen-

ticblc at t = O, {10]
P is c probability distribution having a first moment, )
Prove that @'(t),tho derivativc of tha characteristic func-
tion, 1s uniform continuous on == t ¢ =, 10]
F (x) 4is the aistribution function of P e n = 1,2,3, and
F(x) 4s that of P, I-‘a(x) s F(x) on a dcnsc sct D of roal
numbers, Show that PP —>P weaikly. {202
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1.

S.a)

b)

4.

Lote: Answer Q.1 and gnv tiaece frem the rest, Marks
. - allotted for eazh questicn are given in

.brezekets [ .

A 5 X 5 latin squarc exreriment was carried out to
compare the effects of fivc differont monurial treatments
Ay By Cy Dy E on the'yicld of wheat, The erop on ong of
the plots was lost accicentally; ths plan end the yiclds
{(in cortain units) of thc other plots arc given below,
Analys: th: data and drav conclusions,

Y10lés in menuriel cxpirisent vith ors
. plot misein,

—— c———— . e —

B D ] A ¢
. 6.4 3.3 95 13 -
- c Iy B E D
. 9.3 4,0 6.2 5.1 8.4
D - ¢ A B E
7.6 15.4 6.5 6.0 4.6
. E B c LI 4
5.3 7.6 1.2 8.6 4.9
A E D ¢ B
9.3 6.3 1.8 15,9 7.6 (25

Show that a connected block dcsizn is b:.lcncc:d if ané only
if 1its C-matrix is of tnc fom alI, * aEv'v (e, 3 > 0) whera

I, 1s unit matrix of order v and :v.v is v X v all-ono

matrix, Hence or othcruwizc prove thot o proper, equi-rcpli-
catc, bincry blocle dcsign 48 brlonced if end only if cvery
pair of trectmernts occurs in ¢ censtont number of blocks
of thc dcsign, : {25]
Prove that for a rcsolveblc BIBD (v, b, r, ¥, \), we have

b 2 ver=l, Also show that ¢ resolvipls BIED is affine
rcsolvable 4f and only if b = varel, Give en examplc of

an offine rcsolveble BIBL.

Dcacribe a mothod of ecnstruction o & scrics of affine
resolveblc BIBD, {4410~:4+7)=(25)

4 randcmisod blcck Gcsich was ewndueted fer v troatments

in v blocks, Duc to somc rccidcnts, rfter the complotion

of thc cxperiment it wns fcund thet v cbscrvations could
nct be obteained for analysis., They werc fcund to corres-

pond to trcatment L4 in bioek 4, & = 1,25..., Ve Devalop,
frum £irst principles, suitcblce sérustic&i anclysis for

such inccmplcte dntas You arc tuv ccnsider the aspcets ef |
tosting end cstimating tha troatment e€Sfcets and connected-
ness and belcneiny ¢f the resulting design, (25]

' pet.o.
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S.) If = 1s ¢ pricitivs réot of GF(v). vhere v = 4643
(t >0) 4is n prize or priuec rowcr, then (1) shcw that the
initiel block .
(xol XZ. xl_.'--u x‘;t)

has symactriceliy Scpeatcd Gifferunces, and hcnec (11) it
givis o BIBZ, Obtzin the perancters cf the resulting-BIBD, .

b) Censider the folluwin, cufijuraticas

3
Show that whcn lines ar. treatcd as blocks end peints
(nunberce 1 to 10) as treetments, the sbuve configuraticn
ylclds o P3IDD(2), Obt-in the paremetcrs of the PBIBD(2)
{25410]=[25]
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1.

2,

S

6,2)
b)

e)

lsker Answer u;:ﬁs““ quostions, L1l qucstions carry
oqual merks,

Obtein the cxprescicn fer the ‘aspmptotic ecovarienca between
two ccntrel momcnts co:;tputé‘d frcm e rendca sample, Shew,in
pzrticulsr, tnat ccv (X, s2) = us/n. (Provc the nacessary

fcrmula for the asy=ptotic veriancc of & functicn of several
statistics,) :

OR

.

. Stztc and prove the theorem on the distribution of the goafinoss

of £it chi-squarc when the null hypcthcsis 18 ccmposite and the
peramcters have been cstimeted frem the sample,

Rogrecssions cqueticns of the ferm y = 5°+ alxlo 52’2 arc being
ostimatcd cn the basis of p indepcndcntly obteined sets of
obscrvaticng, Obtein thc prcecdures for tiest whether the
truo rcgressicn cquaticns ere (1) parallel, (41) tdcntical,

fer the diffcrent sets of obscrvaticns, Statc ycur assump=
tions carcfully,.

Define the multiple corrolaticn coefficient,

Suppose wa consicer familics each having (n+l) brothers,

Show that Af r be the corrcleticn coefficicnt between the
hcights of any pair of brethers snd Rn the multiple correlation
coofficicnt of thc hcight cf cnc brether on these of n other
brothers, then . E

Rp=r n=1)r
If the Joint distribut cn of Xytoees xp is multincrmal,’ what
is the conditicnal distributicn of X3 given Xpreeer X7

How 13 thc conditional variecnce rclated to the multiplo corre~
leticn ccafficicnt R1.23...p?

Prcve that £f S~Wp(n, £ ) and £ cxists, then

=1 -

Iiﬁi:il'""z(n’ p+ 1) for cvary fixcd vceter L,: Honco find the
L -

distridbution of thc gcnerelized Tz-staustl.c and show how it

czn help 4n irfercnccs about the meen veeter of a multinormal

populaticn, N

Dofing thc multivarirtc normal distributicn,

Cbtain the maximun likclihood cstimstors of the mcan vector 'u
a1d the' dispersicn matrix T,

Shov that the cstimetor of u is statistically indepecndent of the
cstimater of £. (You me:d nct prove cvery rosult that is ’
nocessary.)

PeteOo
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Answer *rz g 9 o!‘ tie follcwingx

1)

11)

1i1).

Vhat is the Simethod’ of multiplc compkrisons? :
What 13 Lts acdventage over the usual meth G-of pair-

wisc comparisgns( Give the undcrlying thcory ot the
S-methed, A

Mcntiin scmo cemmon tcst-prOCcLurhs.-1nc1ud1ng thc
Scheffd proccéurc, for the Fishcr-Behrens problcm.

n variatces erc such thet cach pair hns corrcletion %

~-Show that thc ke-th partinl ccrrclation between any

1v)

pair, 1.,c. tho ccrrelaticn whoen k other variates are
hclg ConStiﬂt. Qk' obcys the diffcrepee roleticn

¢ %l = = N0y
end hcnee that e
. 9 = —L
. 5 . k 14k, °
Let e and qu dencte thc Wchalancbxs distanoes .

bctwcvn two populations bascd @ p charecters end
a subsct of a characters r;spcctiy»ly. Show that

A 2 A a in genarol.
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‘1.

Se

Kotgs  inawer eny two questlcen from Q,.°Mogs 1 to 3 and
all the rest, Marks slloticd for cnch question
erc given in brackcts i1,

The following are thc samnlc monns eond thc poolcd cstimate
of thc cispersion mrtrix ir o study bascd on 50 cbscrva-
tions cn cach of two sypccizess

o WEoHs © " 1T T plsTirsicn matrl

Tacter ITis Vor- Iris I BN F

— Sieodar | ————- — —_—
Sepal lcnzth 8§94 0.,1953 0.0922 0,0996

Sapal width 2,77 0,1211 0,0472

Pctal longth 4,26 0,1258

Test the significencc of tho diffcrcnec between the true

mcen veeters. [30]

The following is the matrix of intcreorrclations, bascd on
a samplc of 140 students, between erithmctic specd (xl).

arithmetic powcr (x,), memory for words (x5) and memory
for moaningful symbols (x6):

1,00 0.42 0,04 0,02 °

i 1.00, 0.18  0.25 \
\ 200 o7 |
\. 1,00

I

1) Tcst whether tho metrix given is intcrnally consistent,

11) Find thc multiplc corsclaticn conifieicnt F2 132 and
tcst its stotistical significene. . * (30]

Tha coded deta belov are the rlow retzs of a fuel through

thrce typoes of nozzle as mcasurcd by four difforcnt opcra=-

tcu'ssi acch of whea made three dceterninnticns cn cech

nozzle, ' .

Nozzlc 1 . e 7y~ T

s

A 6, 6, =15 26, 12, 8§ 11, 4, 4 21, 14, 7
B 3,6, 13 4, 4, 11 17, 10, 17 -8, 2, =5
c 10, 10,-11 =35, O4=14 11,-10,-17 12, -2,-18

Analyzc the data accotding to the mixcd modcl, assuning that
tho opaerators werc drawn at rendom frem ¢ larger populaticn.

[30]
Peteo.



5.

-2a.
Suppcsc a“ isemple of ‘size 20 viclds ¢ corrclation coeffi-
eclent r = 0,65, Sct up 95 ¢/, oconfidcnec limits for
thy truc corrclaticn cocl‘ficicnt. (15)
A sompla of 47 female erts gaw the following results:
o R .
= 110.,9, Ty =432,5, I X =265,13, I y° = 4064,71

and T xy = 1029,62

Here x 1t body welght in kg, nn¢ y  the heart weight
in grms .

Test whcther tlo n,grcssif..\ 11")(: €. ¥ ou X passcs
threugh the oriin, {15]

Practicel Record ° {10]
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LUHULLVEXAMILLTIOK
Statisti1s=7: Sconumetrics (Theory and

Practical) ,
Dater 1£,7.¢3 Maximua Marks: 100 Time: 4 hours
Bote: 4Answer Q, 6 and pny thres from the rest.

1.

2.

Marks allotied for each question are given
in brackets L],

Assunin, the disturbancas to follow a first order autore-
gressive scheme, exzmine the probiean cf linear estimation

of paramnetors, Suggest ccne necificzticns in the procedure
that mcy make the application cf créirary least squarcs a

geod approeximation. Howv will sampling verianccs of the
parametaers be affccted if you make a dircet anpplicaticn of ,
ordinary lesst squarcs? 18]

Give an acccunt of the Parcte law of tnccme distributicn

and discuss thc argumcents for znd agrinst its usc., Derive

en cxyression for thae lorcnz rati'o when inceme distributicn
follows this law, {18]

Discuss hew the thoorcticsl prepertics cf Ccbb=Ccuglas prc-
ducticn function accord with Lovglas's findings from cmpl-
ricel) rescarch. What arc the main pednts of criticism rai-
scd egeinst Dougles's werk? (18]

Zxplain the cecnuemie sitvaticns thet rejuire the epplication

¢f gencraliscd lcest squarcst? Shoew thet it results in the

Best lincer wiblascd eStimutcs in such cases, Discuss how
hetercsccdestic disturbaness enn be “nckled znd indicate .
somc mcthed of detceting their prescrnec. {18]

Vhat should bc the dupenéent varizble and tha dctermining
varieble of the Bngcl curve? Giv: rcascns for your enswur,
Exemine the eritcrie for an nljebrois firmulation cf the

En;cl curve, (18]

Listributicn of asscssed ineume in Incis s givcn'bclow for
tn. ycers 1951 znd 1960, ZIzpidnc 1t the incquality cf dais-
tributicn c¢f inccizc has incrqsscd .

5 R . _A¥é0

Annual incomc nc,. of asscssed ne, of assasscd

£SSESScs  iheeme .n3scsscs | incoma

{theusend) (Ra., creres) (thovsend) (Rs. ecrcres)
bclew 1000¢ 371.2 174 ,2 643.0 358.7
10000 - 20CCO 61.8 8%,1 155 ,2 212,7
20000 - 70060 . 32,7 168,2 79,1 270.9
70006 -1C0000 - 2,5 20,5 6,5 53.9
100CL0 -200L00 2,4 53,3 4.6 61,3
ocves 200000 1.8 15.: 4 2,6 234,95

A Y
Practienl Rcecrds. L10]
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