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Note:~ Thn whole psver cerries 130 mar You may
attempt any-part of any qu st__

In a sequence of independent tosses of an unbiased coin,
let 8, be the total number of heads in n toasee minus

the totnl number of talls in-n, tosses for n 21 and
let S, = 0.

If u, = P(S =0),"n>1 and u, = 1, show that the
generating mnotion of u, i3 given by

- “0(0) = (1.- 0?)1/2
It r = p(s1 #0, 8, A04uee, 8,y £0, s = 0),
n 1 and 1‘ = 0, ehow trat tho gener ting function
of f is given by

n
PE) = "—({}H—l . (1s)

Lot v, = p(sl £o, Ss £ Oyaeey SpAC)y n > 1, end
voel, show that the generatinb furction of iv ’5 is
(1#-) U (8)e (10)
Let X > 1 and put tr(‘k) = the probebility that the
X-th equalisation (of heads and tails) occurs =t trial n
;\nd ut t k) o 0. Prove that the generating function of
$ gli), B =0, leees | 18 Fi(a). (20)
- -

Por n > 1, prove that the conditional probability
P(S) 20, 55 2 0yusiy Sppy 20 | Spp =2 0) = by« (20)

(120)

For X 20, lot viX) Do tne probability that cxactly k
emong the random variables 819 Sp9eeey 5, are zero

(here n > 1) and let vok) = 1. Show that thu gencra-

ting function of 4vi¥), n = 0,1,2,... § 13 F¥(1)T(s) (14e)
[Hint: vse (o) and (d)J. (15)
We shall say that Peter leeds at trial 41 (4 > 1) if

8 >0 or S; =0 end S5 > 0. Prove that tho

probability that Peter leads in 0xact1y 2}: out of
2n  triels is Uy ey, oy for 0 <k & and

nml,2,... (10)
Por n> 1, prove that

1
P(Sp, > 8gs Spp > Syseecy Son % Sopy) = 5 Vope

1
[Hint:= P(s) > 0, 85 > Oyersry Sp, > 0) = 7 up,Je (20)
e P.T.0.
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3.(8)

(v)

Stato clearly and nrove the - 3allot Theoreme [You may
agsune tha Reflection Frinciplel.

In a sequenco of independcnt doascs of a coin (probabi-
1lity of hoads = p, probability of tailn =.q = 1 - p),
let w, bo the probabdbility that the conbination

H? (H = heads, ' T = tails) occurz for tha firat time at
trials nunber n-1 and ne. Prove that the generating
funztion of - - . o

i“n‘j 1s pqo? / (1 - ps)(2 ='qa),,

Let a, bo the probability that in n tosscs an even
nuzber of hoads occurred, n > 1 and lct a, = 1.
Prove that 2a, =1 + (q-p)n, n =0, lye.s

(15)

(15)

(10)
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2.

3.(5)

(v)

4,(a)

(v)

Discuss briecfly the methol adopted Ly the census actuary
in calculating the survival probabilitirs 10%x and p,

in different age groups for tha Cenaus of India 1941-56
life Tables, (0]
7Ir1‘ta short notes on:

1; Porce of mortality
11) Complete oxpectation of life ot tge Xe [10]

Startirg with l._|_5 = 10,000 compute ahrid;ed life table
values of 120, 125, lagseses lgg feroa population of
females in the child bearing age range from the table
given below.
{ Fx = population enunerated in the age group x
to x + n.

an = nunber of deaths in the age grouz x to
x +n during a year )

Age group Population in the . Dcatha

x to x+5 aga group x to x+5 be

nPx

15 = 20 295,516 3390

0 - 25 278,235 342

25 - 30 251,724 3768

30 - 35 230,319 4216

35 = 40 191,285 4314

40 - 45 152,612 3677

45 - 50 127,422 4518 [20]

Given that the cormplete exneatavion cf 1ifn at azes
30 and 3 for a partisvlar .;roup erc 21.3Y and 20.91
years respectively and that the number living at age
30 1is 41,176 find the numbe- that attains the age 31. {rol

Briefly examine the chief defects in the Indian vital
registration data and the factors rcvaponsible for them.

Discuas briefly the causcs and trends in mortality
during the neo-natal and poat neo-natal periodae {501



Datet

1.(a)

(b

~

24(a)

(v)

3¢(a)

(b)

44(a)

(v)
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PERIODICAL EXAMINATION
Statistics-6: Sample Surveys Theory and Practical
104104660 Maximun marks: 100 Time: 3 hours
Answer Questions 1 and 5, and any two of the

remaining.
A1 quéstions ca-ry equal narks.

State the situations in which complote enumeration 1e
unavoidable, giving examples. Descrihc briefly the con-
ditiqns under which sasnle survay could be prefered to
complete cnumeration, indicating the edvantaaes of the
former,

Write short notes on any three of the 1ollowing H

Relative standard error of the ectimate.

1 Centrally located systematic sample. -

i1i1) Lahiri's method of probnbiltty proportionato to size
(pepes) selection.

iv) Use of sampling in censug,

For estimation of produc<ion of wheat in a region, a sample
of n fields is dra'm with replacement following pps
sanpling procedure, size being the arca under wheet in them
and yield per acre 1s det:rminoed for cach of the sample
fields. Suggeat an unbiased estimator of totel wheat pro-
duction in the region. Derive its sampling variance and also
obtain an unbiased estimator of this variance.

Explein briefly the concept of pps sampling. Takirz each

‘'unit as made of sub-units equal to its size, 3hcw that the

usual estimator of population total bascd on a simple ran-
dom sample of n smb~uUnits sclected with replaccment ie
the same as estimator in pps sampling with replacement end
find variance of this estimator using sub-unit concepte

Pind an unbiased estimator of the population variance az
both in case of sirple random sampling with and without
replacement,

In a finite bivariate population of N units, the meeps and
atandard deviations of the varisbles x and y are
and_c N “y respectively and correlation coefficient becween

x and y 4is 9. Doerive the corrolation coefficient 9(X,¥)
botweon the sampla moans X and ¥ based on tho osme sample
of n units selected with ainple random sampling without
replacemente .

In case of linear systematic sanpling, suggest en unbiased

eetlnator ® for the population Y when the somple oize is
not a sub-nultiple of thednumber of unita in the population

and hence prove that E( Y ) =

Suggeot two methods of eys;ematio szampling which make the
sanple mean unbiased for Y when the total number of popula
tion units 1s not a nultiple of the sanmple size.

GO ON TO THT NEXT PACE



4.(c) Derive the sampling variance of cample ncan in casc of
circular systematic sampling ond compare it withrthat of
simple randon sampling Wwithout replacement.

Se

For estimating tha total abscntecs in 325 factorics
situated in a district, a ppy scople 02 20 factorice was
drewn with replaccment. Utilizing the data given below eati-
nate the total absentecs and its releative standard error.
Total numbder of workers in the factorices ie 25,600.

Kunber of workers (%) ané nwiber of absentees
y) in 20 sanple factorics,

Sre

Sre

Mo x’ y Koo __ X y
1 95 9 11 148 16
2 79 7 12 89 ‘4
3 30 3 13 57 5
4 45 2 14 132, 13
5 28 3 15 a7 4
6 142 8 16 42 ?
7 ‘25 9 17 116 12
8 81 10 18 65 8
9 43 6 19 103 9
10 53 2 20 52 8
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PERIODICAL TRt INATICK
Statistics-7: Bconcmotrie: Theory and Practical

Datet 17.10.66¢ Yaximun marks: 100 Time: 3 howrs.

1.

2.

3e

4.

EITHER

ffcntlon the statistieal messurca commonly employcd for
studics on income distributiona, ‘Thnt is the most impor-
tant mathcmatical property of l) thesd measurcs?

ox

Derive the equation for the Lorenz curvd of the lognormal
distribution., Discuss the properties of the Lorznz curves
for the family of lognormal distributions, {15]

Give an outline of Champornownc's modcl lcadins %o tho
Pareto distribution of incomes 2Pring; ous the signi-
ficance of the main aasunptions as clearly as roasible. tes]

“rite short notcs on any throeo:

Engel curvos

two definitions of ivferior :oods,

Slutsky's rclaticn,

aubstitutes and comnlements,

uses of family budgzet Cuta. [3 > 52151

ORI

Below wo give the cstimated <iustribution of all percons
;..xt\ rural India by per capita montaly cxpenditure on all
cms, :

a) Find the Lororz ratic and the cieare of tho top

10¢/s 4in tho egzregate dsnmzstic censumor oxpendi-

turc of tho comnoditye [1sl
b) Test graphically whathor tha Pa»cto ocurve can fit

the distribution. (15}

c) Agsuming that the log=-logistic distrilntion ia
adcquate, find tho ostimates of th: parametcrs and
calculate the ‘cxipected’ frequercy for the inter-
val Rsell~13.

Per caplta monthly pPoreentags distri. —averprJ pOr céapita
expenditure (2s.) bution of persons monthly oxperditure
.or ald itons (Rn.)_

0- 8 1547 6420
8 - 11 17,60 2a63
11 - 13 12.04 11.92
13 = 15 1031 13,96
15 - 18 10.83 16.21
18 - 2% 8.75 19.06
21 - 24 694 22026
24 - 28 O5e77 26,06
28 - 34 4.82 30453
34 = 43 73 3Ge89
43 = 55 1,97 48,93
58 - 1,57 £3,05

all 100,00 1724

- [15]
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PERIODICAL EXAMIKATION
Statigtics-5t Statigticnl Mothods: Theory and Practical

Datex7.11.66; Maxinum marka:100 Timo: 3 hours.

1.(a) Define a genoralised inverse of*a matrix. (5]

{b) Show that 4f A~ bo a generalisad inversc of matrix A
and A"A = H, a general solution of tho consistcnt equa-
tions A g = is given by X = A"y +(id- 1) z wacre I
is the 1dent1tx matrix and 2z~ an arbitrary véator. [(25]

2, . Obsorvations on 12 indcpendent normal vxiablaa with
- expectations given as lincar func!.j.om o4 01, 02, 03,

-04 and a common vm‘ianco o lcd to th> follovinz
Tormal equatiom

291+02+03+04= 6.9
01 +56, +20, + 20, = 12.4
N +26, +1003+70, = 17.2
01 +20°_+ 793 4594 = 13,6
Sweepout operations on these equations gave the follow-
ing computed figurecs.
A A A A
A particular solutiont 91 = 2,0, 92 = 1.6, 93- 1.2, 9= 0

A generalised inverse of the matrix O of normel equation

1 46 -8 =3 0o

¢ = & -8 19 =3 0
-3 =3 9 (o}

(o} o] 0 o

Basis for the vocior spaco gencrated by rows of matrix C:
2
., 0,0, 9, (0,1,0, %, (0,0, 2,3

The sum of squares of the 12 observations was computed
as 54.44.

(a) Examine 1f the following lincar functions of
parameters arc estimable

(1) 0, +20, + 05 +0,; (11) 92 - 05: {6]
(b) Test the hypothcsis ©; = 9,. (14]

(¢) an indcpendent obse rv-xtic—\ on at another normal
variable )1(301 + 30, - 10 now obtainad
as 9.3, Computcd rcvxsod esti.mueo for ©0,- 9,

and 1t3 cstimated stenderd orror, showing each
atep of computation, [20]

LEAST TURN OVER
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3. To dotcrmine the effect of the dilution of the electro-
lyto on thu thickness of th.y coating on aluminuim foil
an experimant was conducted ucing oisht differcnt-dilu=
tions at a constant currcnt strength. In each cxperi-
mental sc¢t up the thickness of coati‘w on two aluminidn,
foils were recorded,

dilution thicknass dilution thicimess
of ol
coating . coating
X ' X Y
4,0 9.7 9.0 5.7
94 6.3
5.0 10.5 10,0 S.1
11.3 4,8
6.0 10,6 11.0 4,6
11,7 3.8
740 745 -
9.4
8.0 6,8

7.2

Obtain the polynomial regrcasion of y on x using
a table of orthogonal polznomials and dotermine the
value of x -at which 'y is maximum. [34 + 6)= 49
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PERIODICAL EXAMINATION

Statistica-4 1 Statintical Inference

Tate: 21.11.66. Maxinum aarks: 100 Time: 3 hourc.

2.

Sa

Answer Queations 1, 2, 4 wnd any two frem the rest.

Explain the following:

1) Simple hypothesis, (11) compocite hypothesis

114) rardomized test, Eiv non-randcmized test,
v) level of o tecot, (vi) size of a test,

vii) most powerful test, (viii) uniformly most powerful

test, (ix) unbiased teste (23]

Let X be a randonm variable having the yrobability
denoity functions ro and 1‘1 under th2 hypothesis N

and the alternativo hypothesis K, respectively,

1) Show thet for any given @ (0 < a < 1) there exists
a test ¢* such that

. {1,' 1f £(x) > o £,(x)
x) = .
¢ 0, 1t £ ¢ £,(0)

where ¢ > 0, ani

Ep 9° (x) = a (12]
11) Prove that the above test ¢° 42 a most powerful
level a« test-for tcsting 'H against Ka [8]

111) If () 10 a most powerful level a test for
tegtiny Il -azairat K, then show that for some

¢ 20,
. 1, £ (x

(+)(x) = 1f 50 > ¢ £,(x)

. .0. i£ fl(x) <o fo(x)

for (almoat) all =z, If
a'a ST fx)ax D e,
x: £{(x) >0
then show that
E, (D00 = a . (10]

iv) Let g(a) denotelr.he rower of ‘a MP lovel «a test
for the above testing problem. Show that

ay < ap = plgy) < 8lay),
end the equality holds only when Bla;) = 1. 8]
With referonco to the teating problem stated in Question
2, a test ¢, 13 s2id to be better than a tast Q,, 1f
EgPy (%) £ E9a(x),  Ep@y(x) 2 EjQp(x),
with at least onc strict inequality.
[ Please Turn Over]



“e{n)
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A

Let i' be tha class of all teote @ given by

(x) 1, ir tl(x) > ¢ £ (x)
= =
? {o. 1 fy(x) < e f,(x),

whero ¢ > Ce
Deduce the followiny from ther results stuted in Question 2.

1) For ery test @ not in i' there oxists a test ¢° in
*  whinh 13 bedtor then § .
11)I1f @y and §p sro in i‘, tren nei<her of these is

better than th: cther when (12)

£,(x) > 0 => tl(x) > 0.

Dafine a 'Ycnotone likelihood ratio! family of distridbu-
tiora. Givo axam%&ei. W1i§ cspecial reforcenca to on2-

ar zpater exwoncntial” family.
fct X be a random variablc having density f£(x; ©) which
has a monstone likelihood rutio in T(x) (6 is real).
Obtsin a uniformly mast nowrrful level a (O < a < 1) test
of ths hypothesis !i:® < O apainst K: 0 > 6. [10]

Let 11, xe,..., Xn b2 mutually indepenicnt and identi-

cally distributed rondom varimbles with the common den-
aity function f(. ; ©). In cach of the following cages
ptate vhether a UMP test, basod on thesar n obdscrvations,
for teating Hj againat if; at any leveol a(0 <« £ 1)

exists. If 1% exists, then state its form § otherwvise,
prove that it does not exist.

1 2
1) f(x; @) = exp [-(x- 0)%/2] (6]
’ /‘._—
Hyt © =05 Hyt @ 4 0.
11) £(x; 0} = =X~ 9), 3 o
=0, o
o7 e
Hot @ =037 It @ £ 0. 9
Define: Suffieidps statistice.ow (1l
Statc the 'fastofization criterion' for cufficiency. (2]

Show that tho 'factorjzation oriterion'is cquivalent to

the definition of a auffi#itnt statistic (prove only in (3]
the discrete case).

Consnider the threc-parameter fomily of dintributions

having densities -

n .
£, (’5 $ a, b, ¢) = 1=£ f(xg, @, b, c)

wherc
c-1 - X2
B e S TLR. ) b Y.
£{x;-e, b, ¢) = | (o) v
0, if v < a.

-—®<nce, 0<CbCow, 0<o <=, n 3,



7.

=3-

For cach onc of thu followins sub-furilies find suffi-
ciont etntigtic from the 1list civen below:

(A) nin (19 X0 aeey xn)

(» T
=] xi

(c) 2
i=1 5

(D) max (Xys000) xn).

The list of familios 4s srecified by th: following:
1) =1, ¢c=1

14) a=20, b=l

4ii) c =12, a =0,

Olass asaignments.
(. to bo submittad not later than 28 Novcrmber 192664)

[2]
(2]
(2]

[10]
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Statinticn-4: Probnbility
21012.66 i'aximwa marks: 100 Time: 3 hours
Tre_whele poner carriec 115 marks.

Attemnt any quectinmis, %y partd thereof,
carryina a maximum of 3170 _marks.

Let e be a persistent repetitive pattern. Suppose Nk
is thc number of occuryences of § 1in k trials,
Put qy = PQIk =n4. Prove that

(8) E(NL) = uy + upy + eo0 + u,e {s]
(b) ay,, 1o the coefficient of ¥ in
o) Bl (10)

(e) E(12) 1s tho coefrictient of &F in

_F2(a)_+ R(8) __ (203
(1-8) {_1-r(u)7, 2

In the Branching Procers, prove that
the probability of extinction is one if and only if

w
k= T k
ko1 TR

the expected nurber of direct descendants of a single
individual, i= less than or equal %o one. (20]

In X tosses of an unbiased coin, where N is a random
variable with e Poisson distridbution (with parameter
A > 0), prove that the nunlerc of heada and tails are
stochastically independent random variables. {15])

In a sequence of independent tosses of a coin with pro-

bability of heads = p, prove that the repititive patiern
'equalisation of heads and tails' is percistent or tran-
sient according as

p = % or p g % . [15)

In the Ballot Problem, suppose cundidate A gets p votes

and candidate B gets q votes, where p > q > O. Prove
that in a random counting of the votes, the probability

that at each stage A has at least as many votes as B

18 (p+1-a)/(p+1) (20)

In 2n tosses of an unbiased ccin, prove that the proba-
bility that there are exactly r egualisatione of heads
and tails (where r < n) 13
1 . 2n - T
pyied W/ teo)
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MID-YEA? EYANITARIOY
tatintine~-4: Statisvical Inference

2e12.66 Maximu:a marks: 100 Time: 3 hourn

Answer Queatirns 1 and 2 and nav s from tho
r.;li‘;. _—

Lot Xyveeey Xy ANd Yjyee.y Y, b2 indupendant eamples
from MN(r, 1) ond (m, 1), reepectively.

(a) Shov that tho mont pawerful levcl a test ¢ for

tasting tho oimle hypothesis ii: g=n =(mg, + nny)/(2en)

avainst the simple nl‘-erna_'aivo_ Kt L2835,
5. "1'(':1 < 1)1) ridonta I Aff Y - X D> €, whare
C 1a 30 clioson that.. ¢* 18 of sizo a.
(b) Show that *ho power of ¢ 12 en indreasing funce-
tion of (n- ). :

(¢) Deduce from tho ab:vo rosults Shat 9 1a-the: WP
levol « test for tusting s g L't ogainat
K* 2t 9> r. :

[Eint: Show that any levol a trst for MY is nlso of
lovel a for :i and us> ths fact that 9t 4s
indarendent of £y, fy.

Explain the followving conc:pts with illustrations:
1) A cemplate family of distrivutions.

i1) A _similar tunt,
111) A test having Yermsn sSrustura.

In cach of thoe four fullo rd.;ig cascs, a statiatic T i
dafincd. C~nsider tho femilice of distributions of T.

1) Zot Xyssees X, bz e random sarple from
¥(ae, 02), with *a' fixed, and 0 < @ < =.

2w (2 T %)
- (X 22 ).
FXy ZAg).

41) Lot T bo A randou veriable taking on tha valucs
=1, 0, 1, 2, «o- with probabilities givun by

PlT = -2] = 0 ; Rylr = t] = (1-0)%%

t=0,1, 2, ¢
0¢co <.
114) Lot Xy,eee, X, b 0 random sample . from N(0, o%),
n

0< 0o ¢, T-ZZ’..
1

iv) Lot T bo distributed aczording to binomial distri-
butivns B(n, 8), 0 @ (1. .

Clameify each of the ahovs families of Aistridutions of T

into one of the following and .juntify your anawor:

1) complete (II) Boundodly'eagndeto but not sohslote

fryy

[12)

(3]

(7]

(3]
(3]
31



2.(c)

3.(&)

(v)

n

Let X b a randon variable with distridbution chv ,

and 12¢ T ba a rufifcient e'atistie for % , Provo that

a nocegaary ani aufrieicrs erndition for all sinmilar tests

similar on. ) to have N.rman structuro with respect $n
2 4n that th2 fa=ily of dts®ributions of T (inducad by Y,)

be biundedly comnlaete.

L. X and Y bo the numhis of suscadsaa in two indzven-
dcnt 8ats of n Bornoulli trials with probubilitios 1Y
and Pp of nucscag. Counnlier the problenm of tobiing the
hypothesia Wi max (p;, py) £ C ageinct the altornative
K: max (py, py) > C, wh2rs C 18 .a specified constent,
0 < C <1, Shoy th:st for every unbiased oizc a tost ?

5p1’p2 {9 (£, ¥)) =0d, for py =C or r, =6,

On $h~ bnais of a rmdom eampl: ~f 6izc n fronm (x, ¢2)
cbtain (oxoncitly) tha U’P unbiascd lovel a teot for
tontin,; thy hypothesis i Pa ag azainat o2 4 c§ $

£ 10 unknewng o7 enoolU

4,(a) Lot X bo a random variable havingy dznsity f(x; e),

(»)

5.(a)
(v)

(c)

whora @ 1s a rcnl parsuctar, It i3 Jmovm that the
poweY funoticn of uvery t:et ig diffcrintiablu with
reapoet to 8. How de you obt dn a locally most povir-
ful level a tust £ testing O = 6, azainst
8>09,? e

Lot xl...., )Ln be indep:indond and idontically distri-
butud random variablic with thu common dunsity

f(x;o)u% —_—1 y = ®Lx (e,
1+ (x - 0)

Find th: locally MP lcvel o teot for testing € = O
againgst 6 > 0.

Show that thu pow:r of tnia tost tenda 0 O in @
conda tn = ( a < %-).

Dufindy ¢ likclihonderatio test.

Giv: @n oxamplce whure the lik:lihood-ratin test is
nsoless in th: scnee that ono can do botser vithout
mak{ng any nbservatisn,

Find th? 1likzlihondsretis teat for tho nroblem stated
in Quostion 3(b).

(13)

(3]

(14)

{7}

(7]

(€:}]
[2]

[10]

f10]



INDIAN STATISTICAL INSTITUTR
Reseorch and Training School
Bs State Part IV: 1966-67
ID-YEAR EXAMTMATICK
Statistics-5: 3%4%isticn) Mothode Thoory

Date: 23¢12,66 liaxizun rarkas 10 Tipo: 3 hours

Attemot any frur aucsticnas A1l questiona carry

(LY =

l.(a) Definu a p-varistc normal cistribution N _(u, L) and
darive 41ts characteristic function. P~

(v) Show that i€ X has a Ko £ ) alatribution and ¥ = AX
g -~ ~ .
defines a linvar transfermatior from ‘J‘("- (xl.xz,...,xp;
to now variablos Y' = "Y].',Y,{.--.Y ) then Y 1s
N (Auy ALA) ™ « 1 ~
(e) Show that.‘u' in add{ition, tn2 vactor X' be partitioncd
as o g .
. 2 - 2 .
L=0X 2@ porg =
and the mean voctor x' en? dicpersion matrix I bo cor-
respondingly partiticied as

B =Gy gy
n 133
’ px Y n,
£ - S 12 Py
R BT WA

then given X (1) * X (1) sh1 conditional distribution
of X () 42 My (u (o) + InInl X (1)~ ¥ 1))

Top - By Iy Do)-
2. Lot (x),0 Xpyseees xpx), A=1,2,..., n roprescnt a
sample of size n from !lp( u » L), Trite
n - -
S5 % 5 G = X xgy - %)
- 1 R - 1 1
where == ¥ x ant” Iy, =2 E X,
i T S TN 37,0
Show that 11 {stdy - {54} Y A
then oPP/SPP pag o chisquare Cistribution with (n-p)
degrene nf freedon.
3. Assuning thc result statud in Quectisn 2, or othsrwise,

derive the null diatribution o2 tho Hotellings T° sta-
tistic and dicuss snmc of ito applicationa to problema
in multivariate analysise

2lcasc¢ Turn Over

(7]

{8l

(10]



4.

5.

6e

e

Lot Yl’ Ye. doe Yn‘ raprunsent intepondont normally

diatributod random varinblog with a common unknown
varianco o< and meun valuen given by B(Y ) = A 9,
whore Y' = (Yl. Yoreens Yule A(n X m) a Khown patrix
of coofficivnta and 0! = (01, Oppeeny °m> a voctor of
unknovm pagnnators. Show that

2 ‘n?
(a) 4f REarmin (7 -48) Y~ A8)LRE /6° hana

chisquare Hiotr{Cuti n with (n-r) degrees of
freedom, whore r = R (A).

(10]
(b) If B milA, ronk B = r an! thu equatiomn B Q = b
are convisfont cno 1f Rﬁ = min ?Y - A Q)'(“X- K’g),

2 2 s nubjelt to B 9 = b
then (R" - Ro)/ o” 1n indemndcntly =
distributed of Rg an a chinquaro with a dogroon

of froodom, (15)

Consider a two-way oclasaificuti-n in m olaszus of A

and n e¢lasses of B with the pane number 1 of
obsarvati~ns in oach coll, It 1n knovn that vhila the

m clasaca of A arc fixcd the n  olassco of B are
dotorminad by random snmplins from a larger gollectisn,
Show that under certain ccnditiona (which you are

requires? to ntate in full) to teat tho hypothesis of

no main cffects of A, one cnn apply the variance ratio
teat to tho ratis of mean squarc:: dun to mein offects

of A an? the moan gquare duo t5 interetions AX B. ([25]

7ith tho pame sot-up as in Quuation §, compute tho
expectcd values of the various moan squnres occurring

in the usual analysis of variancu tablo, namoly those
attributablo to tha main offects of A and B,
interactions A X 3 and Error. §



INDIAN STATIS2ICL INSTITJTE
R2guprch and Trrininz School
B.Stat. Pari IV: 1966-67

NID-7EAR BAAUTIIATION
Statistirn-5: Statinticrl Methnin Practical

Datos23,12.66 Faximum parks: 100 Time: 3 hours

Answ:r any twe cuesticrz, All questions carry
equnl marks

1. The following table gives the yield (y) of tea plants
23 obsorved in a rnndomiged block exporimont carried
in four blocks of four plots cach. ghown in peronthesis
are the preliminary yiolds (x) roccrded on tho same

plents.
Bilock reatmonts
- — EBL g 132
o1 3
1 (s9) (81) (90) (93)
18 94 110 109
2 Qa2 (93) (206) (114)
3 109 105 115 94
(114). (106) (111) (93)
A 102 91 © 96 88
(107) (92) (102) (92)

Examine if the treatmant cffcetc are significantly
differcnt, correcting for differcnces in preliminary

yields. .
{.Total (corrected) sua of squares and products
* Syy = 1526,0 ' S = 2040,0
8, = 1612,00 J.

xy

Moasurcmonts worae taken cn 86 individuals on each gf
four difforent charceteristics (xo, Xy X5 ond Xq)e
The corracted sum of squaros and products matrix for
variadbles X;, X, and 5 WS camputad rs

/0.01875 0.00848 o.oosm)

2,

0402904 0.00878
(844) = oo 0.02886
nd a
end its inverse as 64,21 _18.57 210,49
51y - 41.71 - 9.00
39.88

Other figuros availnble 2re
Sp = 0.02781, Sy, = 0.03030, Sgp = 0.4410
835 = 0.03629
mann valuuss

% = 3.1635, X, = 2.2752, X, = 2,1523, %5 = 21128,

Plo2se Turn Over



-2~
using thesc tigurca

(a) Cemputo the multiple (lincnr) regression equatisn
of Xy on Xy Xz and xs.

(b) Test. if the three regrussion coofficicnts occurring
in this oxproosisn

1) aro gl gnifierntly different fron Oe
11) are signific~ntly differont from ona enothor.
111) oro significnntly difforent from l.
3. Yield of peddy (in tolrs) wure rouocorded for thres con-
contric circular cuts.of rniii 2 ft., 4 ft., md 5 ft.
8 in., 4in onch ¢f 15 difforent fiolds, The meen values

and corroated aums of squares and products  computed
from thosu d1tn were 2g follows:

2 fr, 4 ft. 5 ft. 8 in,
Uean Yioda :
29.0 202.9 202,7
Corroctod 82 matrix
430 : 223 ‘340
1561 2251
3707

Examino if th> mean yiold rates (that 15, yield per
unit area) obtnined from circles c¢f Aifferent sizos
ere significantly different f{rorm ono ancthers
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INDIAN STATISTICAL IMSTITUTE
Ragecrch end Training; Schorl
3, Stat. Part IVs 1965-67

MID-YE. R SXAIHATION
Statigtins-6: S~wnle Surveys Thesry

Dates26412.66 Maxinum narkss 100 Tinet 3 hours

1.(a)

(»)

26 (ﬂ)

(v)

(o)

3.(a)

()

Angway L11=quau:1«na

Describe bLricfly the stepe involved in planning a large
scnle shmple survey wlta specinl reference to measure-

ment nnd contvol of non-ssmuling errors. ' (15)
writo shert notes en (1) sclfe-wcighting design ond
(11) cluster oampling. {6 + 5)= 10
Discuss bricfly tho principie of stratification cnd
nentinn alsc the ndvantnges of stratified sampling. [s])

In cnsc of a stratificd uni-atage saopling desipgn,

where units in each stratum arv selectcd with prodbabi-
1lity proportional to a1 ;*iven maeasure cf size, and with
roplacement, derive tho ecptirmum 2llocatisn for a given
total sample sizc. {10]
Let there Le two strata with ilp an1 Il units in then.

Surpose one unit, say, thc jth unit in thu 1th agtratun
(U”) i3 selected with prooability proportimal to its

size x“ from the to%1l ponulation of “1"“2 units and
then one unit from thy rematining (H’_-l) units in the

ith stratum end two unita from thd nthor atratun aro
selectzd vith cgaal probability withaut replecement.
Show that tho estimator

. - N

AN Y v N Y 2 i

Y=:1—_1—_*'_—c X, (x=z & xij)’
M % o+, % i=1 =1

1a unbiosed for ths population total Y, ¥, and :'ci being
the sample mezns o1 th2 cheractoristics x and y

4 =1,2,). [10]
Under what circumstzoncee would you rosomoend tha uge

of o multisteoe sanpling desirn? [s)
In a two-stwie srmpling design, n  first staje units
(fou's) ani from eash sample fau (possidly of varying
sizes) m second stave units are sclécted using eimple
random sanpling without roplacoment at both the atages.
Obtnin an unbirsad cetinator of the populatisn total

of a given characteristic and dorive its sampling

variancc, Assuming the cost function tn be of the forn

C=C°+cln+cznn.

whera co is tha over-hend cost nnd cl end 02 are

the costs per fsu and ssu respectively, dotercine
the optimun values of n ~nd 2, when the total cost
is fixed at C', {20)

Plonas Turrn Over



4.(a)

(v)

(c)

-2

Statins clucrly the rscurmptinsna invalved, derive tho
avapling bins and vari~nce for the ratio ostinatar
of tho populatisn tatal tazid on a sample of n
unita geluctod frum a populati ™ of I unita with
oqual probebility cnd withoup replacenment.

Dorive tho conlition for tho ratis catimator to be
more officient than thc usual unbtinsed estinntor.

Yhat do you underast<nd tv ‘product mithad of estima-
tion'? Under what conditisn, if nny, would you
prefer 1t to tho usual unbizael estimator and the

ratio oestimator?

{10)

(sl

{10]



Date:

1.

2,
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IMDIAN STATISTICAL INSTITUTE
Rescerch and Trainins Schensl
B. Stat. Part TV: 1986-G7
MID-YEAR TAAIINATICN

1tic cg=6t Sannla Surveys Practical

ta

Statis

26412:66 lNMaxipum marks: 100 Time:3 h-urs

Answer any throo of th.  four qu:sti-ns, - . -
Quentinis T=4.A11 qus stions errry «-q_u'ﬂ."'m'xs.

The farms ~f a sarll esuntvy werc divided into 7 strata
based nn their arcas reporsed in tho last census. A
sanple of 3,000 farms was sclested from. the 100,000
farnd 1in that country using simple randon sanpli-u- with-
out replaccrent in cach siratum and adepting pr"nortinral
allccation. Usinaz the data slvon. in Tavle 1,
(a) obtain an unbiased cetimate of the averall mean yield
per farm and csatimate its raletivy atandard orror. (15)
(b) estimatc th: gain duc to otratificati~sn as compared
* to unstratified sioplc rn\don sampung of 30C0 farms
w:l.thou‘ replaccement. -

. Table 1
stratum  proporti-~n 2atinatad
nunber - of farmg meen  standurd leviation
1. 0.50 0.13 0+
2 0.23 C.72 1.7
3 0.20 234 )
4 0,053 18,03 35.0
S 0.015 G8,85 ©95.0
[] 0.0012 786 200,0
.7 - 0,0008 434 170.0

{10]

Raw wno) ccntains varying nnount of groase, dirt and
othor inmpuritics and its qu-lity 'is moassurcd by the per
centage of tha weight ~f clenn wool tc that of raw wool
termed clean contente To cstimate th: cloan centent,
an olcuctricnl esr> boring macthine 4s uscd, which takos
tha cores of absut 1/4 1. from a bale, which is then
subjected %5 labnratory annlycis. In an experiment §
balas weru sclected from a larze lot with equal proba-
bility and Trcm each bala 4 ¢~raa «ero token ot randonm
and c{e-m content wns dctermincd. Tha reoults of this
experiment arc given in Table 2. .

“ablo 2t The clezn content of weal l‘nr 20 corus,

core . - . j:aln. §
1 2 3 4 D
1 5463 57,0 54,2 *5642 '59,9
2 6662 674 65.5 ‘644 57.8
-3 88,3 58,5 15644 6061 60.3
4 53,2 576 57.2 5847 5743,

(8) Estimate the zverage clean conicnt of wool for the

lot, Alsp rktain an cstin~ty of it3 rolative

stoninrd errcre. f10]
(b) obtain the efiisieary 7 sanplin: 10 balca and 2

cores from onch bPnlu an 6 upra'zd tu that ~f the

abuw schenase (15)

Floasu Turn Over
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4.

—2-

From an urbnn aren ennsisting of 1840 hcuechnlds with 2
total prpulatisn nf 8346 yursons, a s-nplo of 10 por cent
of houschelds ia dravm with oquil probability without
replacenment for casim-iting~ the total income in that aroa.
Using the dnta given in Teblce 3,

(a) Obtrin a ratir estimate Cor the t~tal ingomo teking
number of personug ns thie supplemtntary variable and
estimate 1t3 rclative otandard error. [15)

(b) Als> cnleulate the efficioncy of this ratia estimn-
tor compeared t» that »f tho usual undbiesod estinmator. [10)

Tably 3: Distributisn of sraple housiholds by inrome
groups end housch~1d oizo.

Jhouse- inc-ac rroups (in rureasf
hold I-50 51-100 101-150 IB—"l-..SS‘zTo =300~ B0 N

cize __grovos
3 N ) M (> B € I )

) (2) (3)
1 2 6 1 1 - -~ 10
2 6 9 12 3 2 - 32
3 5 6 10 13 2 - BY ]
4 12 5 8 13 12 3 43
5 - 3 6 18 2 2 31
6 - 1 2 5. ?. 3 18
7 - - 1 2 P 2 9
8 . - - - 1 3 1.. 5

totrd | 15 30 10 56 . 32 11 184

To estimate the t1tal nunter cf perdons (P) and the ave-
rate houschold size (P/H) in an urban area, 24 blocks are
salected with probability proportionzl to oize with re-
placement, the gize teinyg previous cansus population, and
from esch soluctod bLlack a sampla’of hiuscholds is sclec-
ted lincar systciinticnlly with a rend-n start. The
sacpling interval to be used in eceh sample block for
selecting hnuschnlds 18 so spceified that the sampling
design beeomes salfeweirhfiing with a ¢ nateut inflatim
factor 480. Using the data given in Tadblo 4.

(r) estimate P unbinscdly and obtsin 1ts relative ston-
dard error by estimating 1t samplinz verionce un-

biascdly. : [10]
(b) Alss ostimato the ratio P/ and ita rolative
stondard error.. : (15]

Iable 4: Humber of o'eunplo housgcholdas and the number
«5 of persons in thom for 24 senple blacks,

Emilg no.of sanplo uuglc .nnmt"ang.lc nanple nn.of sanple

VAL e W1 e ville pm
usa- por- R utv- pore house= per
0899 hn1ds nena %690, yridy. sens  5°% halds asna

1 [} S0, .. 9 . 3 19 17 1 6

2 7 40, 0 . 9 . 35 +18 13 54

3 o . 22, 11 . 7 . 36 «19 0 0

4 6 32 12 6 32 20 6 18

5 5 16 13 b 26 2) 5, 27

6 6 28 14 10 33 2! 4 20

7 2 8 13 7 28 23 ° ) 21

8 Q 32 __15 A _ 29 24 11 47
Practicel Recerd [25]

(to b2 suLnittod t» ths Deen's Offfco Ly 26,12.1966)



IIDIAN STATISTICAL INSTITITE
Reszarch and Training School
R, Stats Fnrt IV: 1967-67

MID=YEAR EXALINATION
Statisties-7: TFecncnetries and Planning
Todmitnuess Théory

Datet27.12.66 Yaxinauw: marxas 129 Time: 3 hours
Angwer Groups A and © in ceparate anaverseripts.
Group A: Ezon:mctrinss Thecry Uaximum wmsrka: 50

Angwey any oro ouestion from Part T and any
Tvo_ques¥isre from Part IT

** part I

1.(a) Define the Lorenz Ratio, =md show hew it i3 related to
the Gini Mean Differencc.

(b) Show how the theory of proportionate effect leads to
the lognormal distridbuti-:n

2, Wirite short notca an any twos Tha univeraality of the
Pareto law, the grashical test of leg-norcality, the log-
logistic distribution, Lydall.'s model leading to tho

(€]

Pareto distritutiun. (18]
rert 1I
Se Write short notes on gny two:

(a) choico of a.gebraic form of the Sngel curve,
(b) uses of th: spucifie concentratisn curve,
(o) household atze and caapesiticn in Engel curve

16)

_analysis,
€2) demand prejocti mo hased on the Sngel curves [8+3]=(18]
4. .
Discuss fully the various difficultics in tha estimation
of demard futicti<ns from tinme-ceries cf market statis-
s tica.

Give an outline of'tho Cotwnab nndel of demand and supply.
What would he the method of estimating tho demand and

the supply functicns of such a medel? (18]

Please Turn Over
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Group R:: Pla.nninr "‘echn:LgLu"." Theory

Max. marks: 50

A1l ou_.stiona carry o1l marks.

1.(a) State the basic acsumptions of the statis input-output

(v)
-(e)

2.(8)

(v)

3a(a)

(v)

4.(a)

(v)

By3tems
Explain the economic zonsidarationa underlying the sct
of equaticia in th2 svati: Teontief system.

Show how the nat-output-ponrsibility cchedule can be
obtainad, siven 1abour oupply and egpacity restrietions
in differen% snctors of thc oconomy.

If thura arc alternative pracuzges “or the production
of a ziven commodity, how would you Jcfine the concept
of a tochnologically efficlent combination of inputs
requircd to produce a givern volure of output?
Illustrats graphically by a simnle eoxample.

Demonstrate the proposaiticn that if thero i3 one primary |
factory ‘then the exiatonce of tuchnolorical choice will
not affect the fixity of iiout-output cocfficionts,
irtespectiva of changes in th> final bill of goods.

State tha basic asaumpticna of %ho two-sestor Mahalanobis
mode)l and deduce 1t3 1mplicntio.\a rayrrding the alloca-
tion of invesiment for 1on z=run cconorie grom;h. .

Show that in the 'Iahnlanobla model, tle ratce o!‘ savim's
1a determined by thc allacasion paramntars and produo-
tivity coeffizie nt"-

Explain clearly the )"‘thnm vhich Leontief dyna:x:ic
system mecks Lo answire Set up the basie relations

of ,this eystem and derive the officicncy locus.

Show that thcr: may not b: 2 rioduction rrogramme
exhausting all stocks, 1f they arc given orbitrarily.



TEDIAN ETATISTICAL INSTITUTE
Rusgoarcnh and Trai.ing Schoel
B, Stats Fort IV:1966-G7

HID-YEAR EXANINATION
Statistica-7: Errncr2trica Tractical

Date127.12.66 Maximum marks: 100 © Timos 3 hours

10

2,

3.

The fellowins givos the siza diotridution of 1nccnas :
1iabla ¢0 surtax in UK during 1053-54:

Tncones 2000~  S5C0= 3000-. 4000=  6000= 10000- .
(%) 2493 2999 3¢99° £999 9999

DOTCONTAED 2845 - 1049 - P1a7 . 1648,  B.8-  442.

Estimate tho relative frcqucncy of rcturns in the range
b 2500-2999 on the besis o a fittcd -Parato dietribution.
that is tho Lorenz ratin ccn-;:pond1r~ ta thn. fitiead

distribution? . . - [1s)
The follow1n~ tnblo relatzs to all individual 1ncor°s 1n
India assoased for 1m_ me tax. | .,
1ncono - ?‘,m-\ul'-*lva p..rcenb. s of
(Rss) —_1950-%L T 196G-6
) A8ie830€8 inc,ymy ihcome assessees income incono
before aftqr beforc atfer
tax tnax tax tax
3500 1B.26 6316  £48° - " - -
6000 46424 18,09 20,14 37.49 16,16 18.35
7500 (7642 31e32 341,61 63.59 32,99 37.21
10000 7726 40467 44463  75.75 43499 49,35
15000 87,81 53404 B7.49 87.27 £8.75 65426
20000 * 91,98 6039 64480 2,20 67,68 74.58
30000 95490 70425 74.16 96,3% 79,18 - 84,91
50000 93.25 79,43 82.43 98.75 87.81 03.14
100000 99.47 83.00 89.85 99.98 98,43 909,59
200000 99,86 03,83 94.53 99.99 99,11 99,82
o 100,00 109,00 100.CO 100,00 100,00 100.00

By using suitable statistical ricth~ds oxamine how the cone
centratirn of incomcs changed Auring 1950-5) to 1960-61,
and bring out the role of taxatinn in this process. [25]

Estimato the demrnd funetion for butter and margarine in
Sweden on ths henis of th: date prascnted below. You
may assume the congtant clasticity form of the demend
function,

year ccnsumpsion rot-dl  ovcrall con- income per

in kg .per price sumor price  person (current

persnn index prices
+930 18.04 2413 164 860
1931 18444 199 159 816
1932 18,85 1.838 156 753
1933 18,77 . 1.94 152 726
1934 10.11. 2,16 154+ 782
1935 19,91 2409 156 853
1936 20438 206 158 907
1937 20444, 2430 162 904
1938 20.20 De2 . 166 1062
1939 20444 , - 2463 171 1114

- Plenae Turn Over



4.

Estinaty tho standerd errorc ol tha eclasticities you

gote Given that the ine:tv elasticity of demand 1s

Os4, ro-eastinito th: price elacticity nnd its standnrd

errors Compare the twr residual sums >f squarcs. {35]

The following data arec bassi en a family budgct enquiry
in rural Indin; L

total houschold
expendituro per
person (Rs.)

5-11 11-15 15-21 21-28 28-34 34-13 43-55 55-

average of
totad housa-
hold expondi-
ture por piraon

(Rs.) 749 12:D 17.6 2442 30.5 36,9 49.0 89.1
valud of ccreals -
oonsuued pur

peraon (Rs.) 405 6.8 7.9 8.8 9.0 .9.4 1:2.7 11.2

Estimate th: peremcters of semilgi;arithmic Engel Curve

by passins 2 otraickt lina Ly jud;ment thr2ush the

Zraph on arith-los ascrles Obtain the clssticity at the
average of totnl expenditurc, viz,, Ro 17,20, Uaoc any
nethod to csotimatc the agzruogats domand for cereals at

a futuro datc when populaticn would heve rigen by 10

forccnt, end total domsstic expunditurs- “y 20 pereont.

State. the assumptions you make). {25)



INDIAYM 87, TISTICLL INSTITUTE 171
Rese-xrch and Training School
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MID-YE'® EXAAINATION
Statistien-8t Demarravhy Theory and Practical

Date: 24,12.66 Maximum markst 100 Tine: 3 hours

1.

2. (ﬂ)

(n)

(o)

3.(a)

(v)

(o)

_Givon

Explain the terms (a) Total Fertility rate (b) Gen;rnlj
Fertility rate (¢) Net Reproduction rate, [3>¢ 5) =[15]

Explain clearly the different ctaces which led to the
formulation of tha law of population growtht

Ps L -
1+ o(B-0)/E

where 1, B, @, t have treir usual significance, (s).
Teanrtbe orné method of fitting the above growth curve
to the population data, {7]

Discues the law of growth of population with reference
to India, given the following table.

Year T54T TO0T YOTT T95T 1531 1941 1951 1961
Population of § N
Indian Union 236 235 239 248 2784 313 356 436
(in millions) ‘[8°

: Age 40 © 45 50 85 60
.Survival
probability .98206 .,97677 .97039 .96164 .95036
at are x
(p,)
using Gompertz Law, cstimate the survival probnbilitiea
at ages 70, 80, 90. (18]

Calculate the force of mortelity et age 42 (uq?_) from
the table given below.

Af Life table. survivers at
ngy X )

40 659368
41 58794
42 87679
43 565525
44 54110 [$1 )

The follo'ving toble gives the fomale populntion £n4 the
total children born to thim for different age Rroupa
in a certain year and nlsc the number o females in the
stationary populatisn. It is also given that male
births: female births = 51,3 t 48.7. Calculate the net
reproduction rate from the iata.

Plenoe 2urn Over



4.(a)

(v)
(c)

‘Age group Ro. of wimen Lo. of births rFemalos in the

stationary

populetion
15°= 19 226,927 25,074 28,949
20 - 24 £54,851 63,850 27,763
28 - 29 232,731 54,766 26,242
30 - 34 . 217,017 42,644 24,205
35 - 39 -172,273 25,858 21,818
40 - 44 170,932 12,004 19,331
45 - 49 127,761 2,727 16,855

f, = 10,000

Define 'underlying csuse of ceath' (7HC) and discuss
its importance in the £icld of public health-

Briefly discuse the waca of vit:l statistics,

It was stated in the Znnual Report (1829) of the
American Secretary of V:xr that the death rate from
disease among the. American eoldiers stationed in
Phillipines was 17,2 per 1270, A3 this death rate
vna more or leds sinmilar te the ore prevniling among

‘the populatisna of tha citics of Tashington nnd

Boston, it was orpued thet zortality w1s not excéssive
among the soldiers. .-

Comment on the esbove nrguaent.

(1s)

(s}
(7)

(10]
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1i(a)

()

?l(a)

(v)

;-(!i
(v)

Answer Quastion 1 and nnv five o0f the rest .

What do you mean Ly standard acore? Pg» what purnole

are raw sccras converted to stundard ? liow
would you calculete the nornalised score and stonine
grades? . [10]

The scorea of two students on five testn A, 5, 4, D
and E are presented bLelow, along withi tho means and
‘atandard deviatiorne of tho acovres on thege testa of
the group to which trcy dlang. :

~zest A B € D E
Stuident ~..
a - 28 26 30 17 35
b 15 2z .15 32 41
Meen €2 15 28 33 %6
‘Bede 4 G 8 5 ?

Give the rank order to eacih student in the five tests
first in terms of rawv score, then in terms of z-score.
Explain the discrepancies in rank order. Derive the

conversion equations for transformins scores in teet A
and test D into a acalas thet would give a mean of 100
and a standard deviation of 15. [10]

Whet are the diffsrent methods of estimating rellability
of a test? Discuno each methed briefly. [8]
Let x and y bYe the scores on two parallel tests and

v x-yg = 73.28

V(x+y) = 841.56. .
What 48 the reliability of (x+y) scora?
¥hat 18 the reliability of x or y score?. (8]

What are parallel Zests? Yhat bre ‘the hypotheses
Hmc' Hvo and Hp? .
A test consisting of 5 iteqps was adminiotered to a large
number of oubjeots. The followirg table gives the value

of Py = proportion of aubjects answering
the i1th item correctly.

{s]

p13 a proportion of subjecte answering the
ith and tho jth itens correctly.

Let X denote tho to%al number of items corvectly
m;mvered by a suhject, Compute the mcun and variance
of X,

viilu3 o1 pg4

Iten I T3 x 5 Py
T . o= - - - 0.80
2 0,68 - - - = 0,73
3 0,58 0448 - - = 0e65
4 0s40 0438 0.25 - -  0.44
5 0s42 0435 0,32 0.40 = 0.53

- - - [20]
Pleasc Tirn Over
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5.(&)

(v)

6.(a)

(v)

7.(a)

(v)

o

¥rito short notes on any four of th> follewing:

a) Intellifcn2? quoti: nt.

b) Corracticn for attonuaticn.

¢) Fuctor londings anl foctor ccorces,

d) Stondard error of mcasuromcnt .

e¢) Spcud ane power tect.

f) Ceefficiont of diazrinination of a teat. {4 %' 4]=16]

“hat do you mcar by 1%cm difficulty ond Ltem validity?
Bricfly describa the biscrial and point biserial cor-
relation coeffictenta, : , (2]
Show how you can estinute che »eliabiliily of a test from

the teat variance, the variances of the items and the
numbar of itemo in 4he test. Clcarly state the aspump-
tions involved, [8]

Doternina the reliability of the Aifference score
obtained from the follewins nair of tusts A and B whure
T21i8btlity of tcst A = .00
r2liability o7 teat 3 = .80
_ corxrelatisn botuwen teate A and B = .720.
Assunz that the vurianccs of tost A and B arc both
equal to 1. (8]
Lat Si and si be the variances of cxplicit variable X
in the exterded and ihe curtailad group reapactively.
vet 82 and u‘; be the variancws of incidéntal variablo
Y. in the extonded and tho curtailed froup roespectivelys

rxy = the-corrclaticn betweun X and Y calculated
on the basis of the curtailed group.
2

Shmthac(i‘z"—-n:rz ( sx-1)
o A=

x
after clcerly ptatinz th: assumpticns involved, {8)

Supposs a test containt p 14%:ma anl a sub-teat is
formed with q {q ¢ p) 1tema out ¢f this teets If r bo
the reliability of cach i%m show that

r - /ﬂ 1l + in-lgr
rq P + \q-L)r
vhero 1 19 tho acorrclation bitwaan tha test and the

Bub-teat, Assume itzms t. be parallvl to one another. {8]

A tost has n validity coefficient of 50 arnd reliability
coefficicnt of «90. The eritarion hns a roliability
cocfficiont-of 270. Esticate th) -salidity vhan thu test
length 49 doubled and the eriterion longth s inercaded
three timus. “hat {2 thc maximum amqunt of validity

that could cxigt in this situation? [8]
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Answer any throe guostiona.

le(a) Define Wilks A criterion,
(b) Show that the null aistriltution of Wilk's A 413 the namo

(e)

2,

3

as that of the rroduct of scveral independent Beta
variasbles,

Hence dorive the t-th rax mom:mnt of /\ and the moment
generating function of log A

Derive the density function of the YWishart distribution
for the ease where the populatisn dispersion matrix is
nonsirgular,

Shot that

(a) 1f the 2lements of a squarc matriz'S of order p have
a Wishart distribution W.(¥, Z, ») B be a fixed matrix
of ordor p then the elemerits of 358t also have a
Wishart distributicn;

{b) 1f tho elements of equere matrices S, end S, have
independent Wishart distributions Wy (Kyy Z,s) and
Y (KB' I,s) respectively then the distribution of
5, + Sp 1s also ‘ishert §

(e) 4f the clements of S have & Wishart distribution
WP(K, £,s) and L ba a fixed vcctor than L'SL/L'IL i3
dlstrivuted as X2 with K d.f, If W 4is central then

2 - P
Yo s X“ 3

(d) 1f V' be a matrix whose columns (K in number) arc
distributed as inderendcnt pevariate normal M (ui,z)
1=1,2,4s., ¥y then a n:ccasary and cufficient

condition for T=U'AU to have a Wishart distridution
Wp(K,'Z,.) is tha% for com: fixed vector I, L'TL/L'EL

O
is X with ¥ duf. -and that T 4s 7 (X,E), a central

Wishart if end only if fgr cach L (with L'EL>0),
L'TL/L'EL is a central X<,

511 S12y
{e) 1t L ) has a Wishart distribution
A 521 S22
) r
1,(K,) and = 1 (211 2:12) with £, |40
P2 \Z1 T2

then Sy, = 5,571 S,, has the Wishart distribution

’ -~ 1
"o (K= Pys Zpp = Zpy I ).

Pleans Turn Over



4.

o
-

Suppose a pglven sut of mearurcments ('Lgsbaented by the
vector U )~ be distrituted an W “1’

Hp( Hyy £) 10 %wo elternative “populationd.

(a)

(v)

(c)

Derive the exoreasion for the best linecar
diseriminant function-(BLDF) for discriminating
between thease two populationas

Show that 4f L be th: BLILF and T be a lincar
function of the measurem2nts which is nncorrlated
with L then the distribution of T ig identical in
both the populations.

Hence suggest a. teot procedure for testing if a
glven linear function provides the BLDF, on the
basis of samples dravn from these two population.
and derive the null distribution for the suggested
test criterion.
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PERIODICAL EXANINWATIONS
Statisticsl Inference

Date: 6.316‘7 Maximuna marks! 100 Time: 3 hours

1:(a) Let the family of densities f£(x}6), © ¢ _l. have

2,

34

(v

(e)

monotone likelinood ratio in ‘I‘(x), and suppose that the
cedefs of T(x) 1s a continuons function for each fixed
6. Obtein the UMP level™ a test for testing the hypo-
thesis H : 6 = 6, asainst the alternative K : 6 > 6. (5]

Show that there exists a uniformly most accurate lower
confidence bound © for A at each confidence level

l- a for the situation described in Question 1(a).

How do you obtain 6 given the value of a ? (9 + 3)=
State -the UMP unbiaead level a tesat for testing (1]
8 = 50 againat 0 £ 6 o On the basis of a random sample

of slze n from N(9, 1). .Uece this to obtain the
shortest (in lleyman's senue) unbiased confidence Yound
for ©. {3 + 9]=022]

EITHER
(a) State and prove the Cramer-Rao inequality mention-

ing the regularity conditions involved. Obtain the,
Thapman-Robtins lower bound for the vu‘iance of an

unbiased estimate. l12 + 8)=[20]
&’ - : '
(b) State and prove the’ Rao-Blac)cwen. theorem along wi

ita extension to multiparameier case.. (10 + 10]- [20]
EITHER )
(a) How do you detine a conoiptent scquence of_

eatimators ? {a])
(b) TLet §Tn} be a cequence of eatimators with

E(T,) = 8 4+ by, V(T,) =02,

Prove thatr‘l‘n tendo to © 1in probability as
n.=» =, given that bn -> 0 and 0"21 -> 0 as
n e =, (12]

(e) Lot E’S\} be a anquence of 1.i.4. rendom varia-d-n
the cormon demity bning e

g(x ; 8) = § exp (-x/e).-'it x>0

=0, Othcndso.

Obtain a consistent sequence of es \4 f
enotimating . . ‘1. tima ors for (5]

OR
() Show that a necesdarg ahd sufficient condition for
en estimator T to bc a best unbiased estimator
of a paremetric function 1s that the covariance
batween T and every unbiased estimator of zero
having finite variance is O. (21]
Please Turn Ovar



CR (contd,)
(e) considor a random variadle X with the following
probability diztribution: TFor O < 6 <1,
e X
Po(X = = 1) = 85 Pg(X =X) = (1 - 8)° &7,
K=0, 1, 2, eue
Find Ee(x), and show that all unbiaped egtimators
of O are of the form c¥. Using the rosult in
S(d}, prove that the following 1s tho best unbiased
estimate of (1 - 0)2 1
X)) =2, if X=0
=0, 1if X (0. [3 +4 + 3)=N19)
4, EITIER
(a) Give an exemple to show that the variance of the
beat unbiased estimator can be atrictly greater than
the corresponding Cramer-Reo lower bound. [10])
!’
(v) 1ot Xys Xgyeses X, be ieieds random variables,
vith the common density
g(x; 0) = exp (6 = x), 1f x i ]
= 0, otherviae. -
Let T(Xypeeey xn) = pin (xl,..., xn). Show that
the density of T 1s .
h(t; 8) = ne™®¥) 4r t 0
= 0, othervise.
Show that (nT-1)/n 18 an unbissed estimator of 6
but 1to variance is less than the corresponding
Cremer-Rao lower bounds [5+ + 7]=(16)
OR
(o)

(a)

On the basis of randon sanples of sizeo n and'n2

from N(6, af) and N(e, dg), respectively, obtain

the least-square estimate of € assuming that o, and

o, are nown. Is this the beat unbiased estimate

of 87 [7+7)= [14]

On the basis of a random sample Xy900ay Xy from tho

Polsson distribution with mean 6, it is desired to
estimate cxp (=8)s Show that the following estima~.
tor is unbiamsed for exp (-0) .

h(xlpuu-, Xn) =1, if 'xl a0
=0, 1f x £O.

Prove that the conditional probability distribution
of Xl, given x14...+ Xn = t, 13 the dbinomial distri-

bution B(t; 1/n)e Usc tho above results to show
that the best unbiased estimate of cxp (- @) 1a
1. Xy +rees + ’
(= *n (2 + 6+4)= (12]
For neatness and clarity t [4].
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Group 4
Angwer anv two queotions from
- . thiv group.
1.(a) Diséuss the different properties of the Cobb-Douglas form
of tho production function. [13]

(b) How arc the different variables in this production func-

tion measured in different tywee of applicationsa? [12]

2,(a) What are tho main criticisms of the cormon upplications
of the Cobb-Douglas production function? [15]
(b) #hat could be done to mcet these eriticisms? [10]

3.(a) Discuss the concep: of the elasticlty of substitution
between, factors usod in production. [15)

(b) Explain how the CES production function embraces, among
other things, the inpnt-outnut model and tho Cobb-Douglas
form of the rroduction function. [10]

4. Write short notés on any two:

a) The coat function

b The Supply Tunctien

c) Multicollinearity. [25]

Greuo B

5. The following shows the indices cf (1) volume of indus-
trial producticn (11) labour input in man-years and
(111) machine capacity uscd in industry in Finland
during 1943-1957:

Indices (basc: 1925)

year output Tabour input  machinc capacity
1943 2,030 1,383 20,936
1944 1.909 1,366 2.830
1948 1.987 1.624 2.871
1946 2,409 1.765 2,915
1947 2.686 1.875 2,953
1948 3,049 1,948 3,095
1949 34202 1,956 3.522
1950 3401 1,970 3.877
1951 - 3.947 2.136 ' 4.274
1952 3.788 2,053 4.402

Fit a Cobb-Douglas production function and test whether
returns to scale are constant. [35 + 15) = (50]
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1.(a) State thres targots of comparative oxperimento. (3]
(b) Explain 'Randomisation' stating two vurposes served by 1it,
vlth an exanplea [4]
(¢) "hat is sensitivity of en experiment ? ° Illuatratc vith

2.

3.

4.

Se

(a)

(v)

(e)

examples how 1t can be inercascd by
1) qualitative methods and
11) quantitative mothods. (5]
In a pgarden, r of thue N plants aro chosern at random
for which a treatmernt ‘I‘l is glven and for tho remain-
ing a different trcatment Ty ias givon. The yilelds are

observed after a period of two nonths. Obtain an unbia-
sed estimate of variance for estimating the diffcrence of
treatment offects by thoir obscrved mean yilelds. [20]

Discuss relative merits of faclorial experiments and one
factor at a time cxperimmts

1 when some cffects are confounded and

ii) when none is confounded. [8]
Obtain a plan for conducting a 25 experirent in blocks of
2% units cach so that no main effcct is confounded. [20)

Show that allovirg for a dlocl size of 16 unite, 15
factors each at two levels can be tested without confoun-
ding any interaction of less than three factors. 10]

Yhat design do you suggest and vhy, given the fcllowing
information? Eight roasts can be cut from each of 4
animals. The oxperimenter wishcc to study the offect of
freezing, length of frcezing, cstorage temperatures and
length of sterage upon tenderrness of roasts and to uso
the folloving in all combinations:

storage temperaturcs: 10% and 157¢
.lengtha of storage: 20 and 40 days
Fraeczing temperatures: 0% and -10%
length of froazing: 5 and 10 days.

Give the lay-out of tho design end breax down the total
dogrees of frecdoms [ +21 +10 + '8 J)=[20]

Practical Recordsa (10]
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1.(a)

(v)
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PERIODICAL EXAMTINATION
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and Practical

37:3.67. Maxizun merks: 100 ' .Time: 3 haurs

Explain what 18 meant by a production orocess being in
a state of statistical control? {a]

The following table provides the results on some measu-
rable characteristic for 15 samples of size 4, drawn in
order of production.

Sanmnle x R
1 0.7540 0.0011
2 0.7542 0.0014
3 0.7542 0.0009
4 0.7546 0.0010
5 0.7550 0.0008
6 0.7539 0.0009
7 0.7541 0.0012
8 0.7543 . 0,0011
9 0.7547 040007
20 C.7549 0.0015
11 ' 047541 0.0017
12 0.7542 0.0010
13 0.7545 0.0011
14 0.7549 0.0009
15 . 0.7551 . 0.0012

The specification was s 0s7524-0,7565.
(1) setup modified X chart and en Rechart. (12)

(11) Explein the advantajze of a modified X chart and
indicate alternative decisions which might be taken
to take advantage of the above situation. (5]

An item is inspected for visual defects.. The defects are
clagsified au minor and majaor. The -major &and minor defects
are distributed with mcan 0.5 and 1.5 respectively. The

item will 'be accepted if the number of major defects in 1t
does not exceed one or if the tntal number of defects does

not exceed 5. Calculate the probability of acceptance for

an itcm selccted 2t randon. [12]

Suggest a suitoble method to combine minor and major defects

and therefrom give a control procedurc for the total number
of defects obscrved per 1tem. - (s

1) Statc the conditions for tha applicability of group

control chart. (2]
14) How would you procced tocconstruct such a chart? (31
111) Yhat aro tke.advantages of'a group control chart? {21

A control chart analysis indicates that the standard devia-
tions of the distributions of dimensiona of two mating
parta, A and B, are 0.0008 inch and 0.0020 inch respectively.
It 1s desircd that the probadility of a emaller clearance
than 0.062 inch should be 0.005.

Please Turn Over.
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3.(b) contd.

1) What distance hetween the average dimensions of A
and B should bo specifizd by the designer? . [e)

11) With this distance opecificd, what is tho probabi-
1ity that two parts aserembled at random will have a
greater clearance than 0,012 inch? (5}

(Assumo normal distribution and random assembly).
4.(a) - Explain in dbricf the terms

1)o0,

11)AQL,
111)Producer's risk,
iv)LTPD,

v)consuner’s risk and |

vi)AOQL for a single sampling acceptance ractification

plan. ° L6]
(b) Write thé general matkematical expression for 0.C. of a

doudble sampling plan. . (4]

(c) Using Biometrika tables construct a single sampling plan
having operating characteristic curve passing through the .
points (0,020, 0.95) and (C.G61, 0.05). (10}

6.(a) Writo a brief note on published Standard for acceptance
pampling for attributes. - (8]

(b) Construct 'a suitable double sampling plan with AQL of 1.5
percent with nroducer's risk 5 percent,LTPD of 5 percent
with consumer’s risk of 10 percent under

1) Tightened inspection. (6
11) Reduced inapection. (6]

6e(a) Discuso briefly the advanteges and disadvantages of accep=-
tance sampling by variables. (2

(v) For an item, having upper specification U for & certain
characteristic, a one sided variable sampling plan is to be
usod, The standatd deviation is given to be . The plan
requirements are nuch thl_at a lot containing 100 Py percent

defective will be rejected with a small probability « and
a lot containing 100 pp percent defective will be accepted

with a small probability f. °

1) Dorive tho general expressicns required to (15)
congtruct the plan.

11) Evaluato the suitable plan for

Py = .03  a=0.05
Py = +08  § = 0.10. (3]
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2.

3e

4

Se

Atteopt ali questions.

Let (pgy), 1, 3 =1,2,... be the transition matrix

of a MNMarkov chain with stationary transition probabili-
ties. Prove that for all 1, J

we1
1! (n)

1inm z P

He>o ¥ nZp ‘13

exists, If the limit 1e denoted by IR show that
L] . oa oa
L Piy Mpy = Z My Py = L.omy, %y =X
koo 1k LS I koo 1X X3 1)

for all 1, J and that
o0
‘L w <1
Jmo M7

for all 1. (301

Let C be an essentisl class of period d. Show that
the only solutions of the system of equations

"J ’ iecC

u, = & p
17 jec ¥
such that £ |ui| ¢ = are of the form uy = eng, 1€C
ieC

for some constant e. [25]

Consider a Markov chain whoae atationary transition
probabilities are given by
Poo = To? Po1 = Po

pi,i-l = Qo pi,i =Ty, p1,1+1 = py for 1=1,2,...

where p +r =1, pyry+qy =1 for 4 = 1,2,... and
0 <pyy gs Ty <1 for all i,
Prove that the chain is positive recurrent if and only 1if
© P, eee Py
- ) =1
k:l 3 e, < o, [20]
Prove that, for any countable statec NMarkov ohain with

atationary transition probabilities, 1f 1 is recurrent
and 1 «+ 3, then 3 1is also recurrent. Nsl
-

Prove that a finite irreducible Markov chain with sta-
tionary transition probabilities is aperiodic if and only
if there exists a n > 0 such that

p£?)

for all 1, J.- [10]
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The numbor of marks allotted to each quostion
is given in brackets L .

Anewor Groups A and B in scparate rnswerscripts.
Groun A
Answer any tws questions,

l.(a) Dofine a two-dimensional Bynr.xctrlc randcm valk. Describo
clearly tho state space and -tho-l-stepn transition pro-

babilities, (3]
(b) Prove that every state of a-two-dimensional symuctric ran-
dom.walk is null reourrcnt. [10]
(¢) In a two-dimensional symmetric random walk statrting at
the otigin, let Dﬁ 5. 2
. =X +Yy

origin at time n. Prove that E( = N,
[Hint: Compute E(D2., - DR)J (7
nt: Compute nal I "
2.(a) Consider a Markoy chain with state space I =<0,1,2,... ¢

and ,stationary transition probabilitios siven by the
following l-step transition matrix:

be the"squa.ré of the distance ofDZ):- perticle from the
n

P, Py Pg ‘Pz e e
rpo ..Py Ty pz....-'
| © P Py Py« ey
.‘0 o . | Pl.'__'-" ;

© e e s 8 s s s e e s e sy

where: {p, 1 18 a probability distribution vith probcbility
goncra‘:hﬁg function P(s). Prove that thc chain is posi-

tion rocurrent-if and only if 2'(1) < 1. When tho chaim

is positive recurrent, find thc probability gcnerating
function of 1ts stationary "distribution. [14]

(v) Consider a 3-stato Markov chein vith siationary trensi-
tion probabilities given by tho l-step tfansitlion matrix

$ b 1\
A z Z
"1 L3
5 o ¥
1., 1.. /
\'E‘ z o’

Discuss the nature of tho states. Computo the stetionry
distribution, if any. Find the quaatities

n-1
Nt (k)
n,, = 1lim =
1 n => "...k:o P13
for each 1, J. {6}

Go on to th: noxt page
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Consider an irrcduciblo ibrkov_clu\in with statc space
= 0, l,4s« : and stationary transition probabilitics
(py4)s- Prove that tho chain 1s non-recurrent if and

only 1f tho system of oquations
oo

y1=j§1 Pyy yj,' 1 =21, 2, 40s

admits of a non-zero bounded soluticn. [1s)

In a finits state 'larkov chain with stationary transi-

tion probabilities, provo that a state is positive

rocurrent if and only if it 1s esacntial. (5)
Groun B

Angwer anv throe ouestions

_(__l atands for the wholo cpace, @ for the ehpdy sot.

Dafine a ficld of subscts of (7) « - (2]
Dofino a g-field of subsets of (7). [3]
Give an example of a fiold which is not a o-field, (}]
Give an examplé of a finitely additive set function on

A field vhich is not countably additive. (201
Define an outer measuro. . {2]

Given an outer measure y*, dofine a Lf-measurable sot. (2]

Por an outer measure u*, provo that /§%, tho class of
K*=mcasuyrable sets, is a ¢-fi21d end that pu* restric-

ted to gAY 1s a mcasurc, [10]
Givo an exarple of an outier measura. : [6]

Let @ be a v-ndditive sct function on a o-ficld ()4’

\rith? (#) = 0. Prove that 9 admits a decomposition of

the form: ¢ = ?4’_- Q", where - q'*' and ¢~ are ;;asuresl.
such

[You may assume thc existence of sects C, P €

that 9%) = sup ,P(A) and §(D) = inf §ra)s (121
A€ 71 . AC ¥

Prove that a finitely additive avt function @ on a

o=field ¢ with @ (") ) < = is countably additive

if und only if ¢ is continuous from above at #. (8]

Define tho Borel o-ficld of subsets of the rosl line. (&3}
Lot "?  denote the class of satn of the form [a, b)
with «= ¢ a ¢ b < + =, Define a sct function u on (],

by : u([a, b)) = b-a, Show that u is a measure on n, olt1]
Let Tx = x+¢ for all rcal x, where ¢ 1s a fixed roal
numbers Prove that 1f

1) E 4s a Borel set, so 1s 7E,

11) E ia Borel, then u(E) = p(TE), .where p 18 Lebesguce
measure on the Borol g-ficld, (6]



TIDIA STATISTICAL INSTITUTE |25 T
Rescarch and Training School —_—
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AUTUAL EXAMTHATION
Statistiecs-4: Inferenco
Date: 2445.67. Maxinpum narkd: 100 ‘Time: 3 hours
The number of mu-k.s allotted to each question
1s given in brackets  J.
Answer Groups A and B in oeparatc ensweracripts.

Groun A Lo

Answer any *two questicns.

1.(a) Define tho following ternms with illustrations:
1) Sufficient statiatic, < 7
11) Completo family of distridutiosns.

111) Teat cof Neyman structurc. {3 x2]=(6]
(b) Obtain a neéésbér% and sufficicnt condition for all
aimilar tests to be of Weyman structure, ' * (9]

(c) On tho basis of a random saxple of size n from H(Q’uz)
obtain the UIP ugbiased level a tost for testing o= 0
agAinst @ > 0, 0” being assumed to ba unknowne. [10]

2.(a) Explain how th: principlo of confidence region is con-
nected with testing of hypothesis. Define uniforaly
most -accurate confidencoe bournds and shortest unbiased
confidence region (in Xeyman's sense). . (12]

(v) Let x- and x, bE two indepcndent observations from”
the rectangular distribution:
£(x; ) =L, 1t 0cx<e
0, otherwise. -

Pind out the oconfidcnce interval ror © of confidonce
coefficiont.l-a from the following procedurcs of choosing
the critical region w(8,) of eize l-a, for testing

Hcle = 90. .

Procedure T . w(8,)) : |x; ¥'x, = 6,] > A

where /, 18 to be chosen so that w(® ) 1s of sizo «a
for Hye - . i .0

Proocodurc IT: w(6,) : g&,>L or L)>8,

where q 18 to bo chosen suitably so that w(8,) is of
8izo a for Ho L = max X9 Xp)e "

By computing Py [W(Oo)] in both tha cases, or otherwise,

show that Procedurc II provides:-a shorter (in Reyman's
scnae) confidence reglon for @ than Proccdurc I. (13]

3¢(a) Explain the 'maximum likelihood' mothod of point estimation

with 1{llustraticns,. . . L3]
(b) Under suitnblo rogularity conditions (to bo stated),

stato and grova the wcll-knovn asymptotic propertios of

a naximum Eikolihood estimaic bascd on sequence of i.i.d.

random variablcs, 16)

Go on to thc next pago
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Glve an examplo whero /K (.- ©) 18 not asymptoti-
dally normally distributed, when 8(n) 18 the maximum
1ikolihood cstimato of & bdased on a random sample of
sizo n, . . (6]
state and yrova Cromir-Rao inequality monttoning the
regularity conditions invslved. (8]
Lat Xy,ees, X, bo a ranlom sample from N(l:,dz) and
Yyseesy Y, bo a randon semple from 1z, 2
1) Show that tho bost unbimsed estimate of ,
when 02 and glarc ¥mowm, is
txyseees Xpo YyseessYpi 0'2;":2)
" m . no .
1 1 m n
a | E x +—5 I yl/¢ + == ). [8]
@ 4 22 a o T Re
11) Show that therc does not axist a uniformly minimum
varianco unbiased catiaate of ¢ when o2 and /7 Zare
not movn but such an catimate exiots 1f only the
retio 02/ A21is kmown. 13461=(9]
Grouv B
Answer eny two gueations,

1) Doscribo Wald's ocquentinl probability ratio test for
tosting a simple hypothesis against a simplo alterna- (4]
tivo. .

11)I1lustrats the method for testing 6 = 8, egainst

© = 8, based on random samples from H(e,1)e (5]
How are tho constants involved in SPRT relatcd with tho
probabilitics of tho two kinds of.error? (3]
Show that Wald's SPRT terminates with probability 1 under
both tho hypothesis ond tho altornatives (23]

Lot m(P) bo a mcdian of a distribution whose cedsf. 18 P.

(a) Obtain the UMP level a tost for testing m(F).= O-.
. against n(F) > O bascd on a random semple of size

n from ths distribution F. . {10]
(b) Is tho gbovoe tcet consistunt? S (5]
(c) Obtain on unbiased confidenco interval for m(F) with

confidence dovol 1= ge - - - (10)

Writo short notoa on any thrsa of the following:

a) Tolerance rcgion.
b) U statiatice

¢) Rank-sign teat.

dg Stein's two-samplo toste

©) Kolmogorov-distancn tost. (25)
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ATUAL_EXATINATION
Statistics-5: Stetistical Kethods Thoory and Practical

Date: 25.5467, Maxiowa carks: 100 Timo: 4 hours

The number of mrrks allettcd to each question
is given in brackets { Jo

Answer-Groups A and B in seperate’ anawcrecripts.
Uroun A

Answor any thrcc gqueations.

1.(a) Let tha n obsorvationa in a sampIs bu clasaifiod in X
classess Denote the ‘obscrved frdquency in class 1 by
01, .and the corresponding expected frequency by Ey
(=1, :2,¢.., k). Show that under certein conditions
which you are recquirsd to stato in full, the statistic

X
Ta i;‘:1('0,_-31)"3/21 4s; 1in the limit se n-> =, distribu-

ted as chisquare with k-1 daf. (20]
(b) Suppose some nf tha classca in (a) cbove are’ ner;ed

together to form a new systom involving fawer (k)

classess If-the obacrved and expacted fraquencics in

the 1th now class be denoted by 04 and L{ respectively

and 1if '

k! 2
. o -
e (0§ - =p)°/=;
show that as ne> o, T-T' 13 distributed in tho limit es

chisquarc with k-k! d.f. Sugzest somo practical applica-
tion of this result. (6]

2+(2) Explain the term 'standard crror or a stetistic’. (3]
(b) Obtain the expression for the standerd error of the
square root of samplo fye (8]

(0) The sample By w23 computed as 0.45 in a sample of size

150. Can this be e~nsiderod-es sufficient evidemce -of
non-normality of tho population sampled? (5]

3.(a) Show that under certain conditions the amiple quartile
Q; has asymptotically ~ univate nermnl Cistribution in

a sonse vhich you are requircd to explain in fulle [102

(b) How docs the average of first nnd third quertiles com-
pare with the sample mean as en estimator of the popu-
lation mcen, in samplos from a normal population? (6]

4e In many text books on 3ampla Surveys theory cnd methods -
the authors on lerge sample considerations make use of
the normal approximation to the sampling diatribution of
the nean even though it is computed from a sample drawm
without replacenent from a finitc population. Vhat ehould
be the nature of the populntion s that the approximation
could be appliecd with some degree of confidences -State
and prove any theorcm that ycu may need to defend your
statemont. [16]

Go on to the next page
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Anawer mny two qucstiong from Questisne'$’to 7,

Given below are tho menn volues of 3 chaofecters for 3 castes
of Uttar Pradesh. ..

Caste Samplo ocAan values
size head length head brez2dth bizyromatic
Xy X breadth x
1 2 3
Srahnin 86 191,92 . 139.88 133.36
Chhattri 139 192458 131.72° 131.7C
Bhil .187 .181.87 137.62 131.18

The within dieperaion matrix comnuted. from theso 412
observations ere

% 43.65 5.89 , Beid
%, 20,25 11,14
X3 . 20,98

Examinu 1f thesu tkreo castes differ sigmificantly rmong
themsolves in rospect of pocsurements Xy,X, and. Xz» {16]

The following tablo givcs the otserved frequmcy of .
different combinations of colour and pollen shape in
sweat pea In a cer*ein genetical experimente Given in
brackets arc tho relative frequencies, oxpected on the
basis of a certnin gencticnl thcory, expressed as func-
tions of an unimown parrmeter 9 0<6 <1,

- HoYour
Pc_)llen shape .'".-rn];z'-_ . Ked
Long - 206 (5 + 9 27 - )
Round - W3- 85 &
Test 1f:
Ea; the data arc in agreement with the theorye [B}
b) & = 0.80. (e

For a certain normpl porulation with urdmewn mean g and
uninoyn variance o2 tha proportion of obuervations grea-
ter then U is denotod by Pe Hotc that if tha upper

100P /s point of the standard '\cr'nal distx‘ibut on beAp,

wo have U = uy + xPc.
(a) If X end 8 be the monn and tho standard deviation
computcd from a semple of size n drevm from the abdbovo

population, using large sampl: approximations derfvg
an oxpresaion for the prcbebility np that x + ks would

_exceed .the velue U, [6]
(b) Hence detarmina numerically the valuecs of n and k
that would satisfy tho equationo
ﬂIOI = .05
g5 = 495 [4]
(¢) Obtain en excct expressicn for Tp in terma of the
concentral t prebebility integral. (6]
Viva Voce ' (x0]
Proctical Reeord f10)



INDIAYT STATISTICAL INSTITUTE
Rescarch and Training Schnol 208
BeStave Part IV: 1966-67

AMUAL XL INATION
Statietica-6: Design of Experiacnto Theory and Practical

Date: 2645467 Naxiwun marks: 100 Time: 4 hours

The number of marks.alloticd to each question
48 given in dbrackets [ Jo )

Angwer Groups A and 3 in scparate anazerscripts.
Grour A

1Ja) ‘'Randomisation is a method by which every experimental
unit has an equal charcc of receivins; a treatment‘'sDie-
cusa this atatement in the context of different designs. (6]

(b) "hat is sensitivity of cn experiment and how can it be
inereased .without ircroesing the size of tho exporimfntg] (3]
. 1+2]1=

2.{a) Explain 'total confounding' end ‘-artial’ confounding!, 2]

(v) FPour surfaco.treatmonts each at 2 different intensi-
ties of application aro to be studied in all corbina-
tions with respect to the durability of esurface of
motor car tyres. It is dc-ided to consider each tyre to
ba of h&mogencous material onl different tyres to be
petorogoneous.s On four cerngecutive perts on the surface
of a tyro any four of tho 2% trcatmen:i combinations can
be applieds You aro allowed to use a3 meny automobiles
.as you need. Intcreat 1lies in infirmaticn on all the
treatment combinetionse ‘irite down a plan for condueting
the experinent with the smallest nunber of cars which
cdnsists of drivingz the csvr for 100 milecs on a standard
road and notinz down tiie.differcnce in resistcnces of
the surface befor: and after the expériment. [1e0)

(¢) Present a mathematicni model for analysing tho above )
experiment stating the eszunptionn. (2
3¢(8) Discusa the techniquo of saslyoia of covariance,

(b) "Miesing plot tcchnique is a scientific way of getting (21
back the lost data'srriticize this statemecnt.

(¢) Discuss long terx axperimentse (2]

(a) gxplain the rolo of trarnformations on ¢xperimental 21
ata.

f1]

4¢(8) Dofine a balanced incompless block design.

(b) State and prove Ficher's inwrmuality for balanced incom- (el
plete block designs, '

{c¢) Dafine an agsociation schcme with m asgsociates. L2]

(4) Obtain en ostimatoe of troatmnent effoct in a balanced
inocomplete block dcaign stating yosur assumptions on
the mathamaticsl madel for tlhio ylelds, (8]

Gu on to tho next page
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Grouv B

Sceda of a variety arc stored at two different tempera-
tures namely 20° and 30% for a month beforo sawing.
Potash i1s applicvd at four difrforent levels in the field:

(a)
(v)
(¢)
(a)
(e)

0.26 1bs/plet 3 py 5 0.5C 1b./plot 3 p,
1.25 1ba./plot: p; ;200 lbu./plot: Dy

The plan.and yiclds ore given below:
Sceds trcated at 20%

Blocxk 1 Block 2 Block 3 ~ Block 4
318 p, . 265, 195. p, - 85 p,
265 p, 273 py 219 py 180 py.
252 p, 150 p, 205 p, =~ 19 p,
165 P3 215 De 305 D3 165 Py
Sceds ‘treated at 30% '
Block 5 Elock 6 Block 7 Block 8
195 Py 180 ps 175 Py 305 py
265 p, 175 py 180 p; 192 p,
150 Py 165 pgy 185 p, 250 'py
305 p, 260 p, 195 p, 295 py

Write down tho confounded effectns

Show the decomnosition 6.2 totcl degrees of freedom..

What storage temperature do you recommend to obtain
more yleld and give the precision of the estimate
of higher yileld,

Is there interaction botwecn stcrage temperatures
and levals of potash significant?

Test if the highest and lowest levels of potash.
have different effects on the yicld.

The following 4o a field plan for a 2° factorial

experiment,.
1 I I
ac c ab [ (1) be
(1) abe a (1) . ab’ a
be b - abe be . c b
ab a ac b abe ac

(a) What effects ere confounded?

(b) Write dovn tho analysis of variance table.
Viva Voee

Practical Receerd

(1]
{2]
[8]
{6]
(6]

(3]
[4]
[10]

[10]
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ANUAL EXANMITATION
Statistics-7: Industrial Statictics Thaory and Praotical
Date: 27:5.67. Naximua maria: 100 Time: :':-i- hourg
The number of marks allettad to cacn quostion

is given in brackets [-J.

Angwer Groups A and B in perarate answerscripta.
Mpta that you nay attenpt rRxeatiom carrying a total of 110 mark:.
Group A

Answor ony threo quoaticnm.
l.(a) In a simplex tablo¥r lat 4 b2 thy madrix clement

in the 1th row and ath column, Suppose the variable

in the ©”" column enters the basis and that in the kth
row departss D2noto by af4 an erdbitrary element in the

new natrixs Exprese a}'(:l and “:ij (4 £ k) in terms of
the 0l1d clements ay 4 (6]
(b) Maximise 5x = 3y + 2z
subject to

2x + 2y - 2 > 2
3x - 4y 23
y + 3z £ 5
ad x,y,z > O [9]

24(a) State and prove tho duality theorem in Linear Program-
ning. Explain cleorly the relationships between the
firal simplex tablcaux of the primal and dual problems. (8]
(®)  Pina tho mirtzua of . "
4x1 + 3x2 + 6x3 subjeet to
X3+ x5 2 2
Xy + 2%, > 5
X» Xpe %3 2 0
by solving ita dual probleme {71

3. A Turniture company manufactures four models of desks.
Each desk {8 firet conitructed in the carpm try shop and
18 noxt sent to finishing shop, where it is warhishead
waxed, and polishod. Tho rumber »f man-hours of labour
required in each 8hop 13 as follows. X
Doux 1l Desk 2 . Desk 3 Desk 4
Carpcntry shep 4 9 7 10
Firishing ehop 1 1 3 40

Bocaugo of limitations in capecity of thu plant, no more
than 6,000 men-hours con be cxpected in the carpentry
shop and 4,000 in the finiching shop in the next 6 montha.
The profit (in Rupcgs) from"the sele of cach item 15 a3
follows: N cre

Dosk B ) 2 -3 4

Profit (Rs.): 12 20 18 LU
Assuming that raw materiels and supplice aro availabdla
in adoquato supply end pll desks producod can bo nold,

G2 on to the noxt page
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determine thao optiual product r4x 1.c., the quantitics
of cach type of product to b2 mad9, which will maximisc

profite {15)
Dotorning Y' = [xy9 xz,...,_x_lgl
12
to maxicise Z = I o4x sutjcet to
‘ 3= 3

x1+x2+x3+:c4+ esa x104:f11+:r.12 5_ A’l

X XKy . HXGIXGIGE XXy gixyy 5 Ay

X, X4 +XgHXg +Xg+Xy g L

f ! . 5 +xg < Ay

%y 20 3 =1, ees 12
and °1'< °6.< c11 < ey ('c‘5 < eyg < e < eg Ceg < Cp
< e
N MO A2 a2 A, [15]
Grouvy 3
Answey_any trres oucati-ma from Questions 6-8

Show that in a transpo:'ta:ion'prcblem vecter pjy correa-
ponding t5 any non-basic veriable x’_J con be oxpressed
as I Pas vaere pa? i3 & veclor corresponding to a

a
basis variable Xq in tte bacir . and the summuation 13
extended over a1l af L. the bacis. ‘(5]

A manufacturer has dictributisn centroa located at
Atldnta, Chicazo, and lew York citye. Tresc centres have
available 40, 20 gnd 40 units of his product respoctively.
His rotail outlste reguire the following number of unita;
Oleveland 25; Louisville 105 Xemghis 205 Pittsburgh 30 and -
Richmond 15 The shipping ccst3 per unit in dollars
:cﬁwoen each centro enl outlet 13" ziven in the following
ablo¢ . .

floaveland Louisville lemnhis Plttshurch Richmond

Atlanta 55 30 40 50 .40
Chicago 35 30 100 45 - 60
Now York 410 60 5 35 30

. e
Pind an allocation of prodicts from cach distribution
centre to each ratail.outlet which nmininises shipping
costse Aro thorc other minimun fcasible solutinns? {10]

A lew firn has 3 law suits to handle in the near future

and 3 lawyer™ are available to taks cinarge of the suits
(cne to handle cach suit). For vach lawyer-suit combina-
tiom, thc firm's presiéd~on. has estimated the probability
of winning the suit in favour »f their client as follows:

Suit I II Il
1 3 o ol
Lasryer 2 o7 5 4
3 «8 'Y o4

(a) Wmat assisnnmont mnxiniscs th) o:cp«:éh:d number of
suits won? (8]

Go on to the noxt page
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(b) If tho fees collccted for cach suit are given by tha
following table, how should tho men be assigned to
naximise the oxpected feos collectede

i Fece (in thousands of Bs.)
Suis If wen If suit loat
I 2 1
II 4 2
II1 B8 4 {7]
Cuatorers errive at a public telephenc both in a Post
office in a Poivson fanhiuvn with mcan arrival rate A
per mindte. The call tlie of each customer is exponen-
tially distributed with pcan rate p per nminute. Shew
that the density function €(u) for the total time an
arrival spends in tho system (walting time plus service
timo) 1is given by .

o(u) = (u-2) e—(l-l-x)’u- (9]

If A =1/12 and u = 1/4 in the above problem, then

1) what is the probability that a fresh arrival will
not have to wait for tho phone?

11) for what fraction of the time 1s the phone buay?

111) what is the probability that an arrival who goes to
tho post office to make a phone call vil) take lees
than 15 minutes to coaplete his job? )]

A factory has got 4 machincs of a spacial type which ere
working all the time except when they are under broakdovm
and recpair. There are two machanics %o look after the
maintenance of these rachines, As soon es a machine broaks
dovm a mechanic atiends to its repair if he is free.

If soveral machincs break%ddmm simultoneously they are
taken up on the vasia of first-in-first-out for repair by
machanios.

The time interval between succesaive breskdowma of

each machine 1a distrituted negative exponontially with
an averagoe of 100 houra, Tius if r machines cre vorking
at any instant of time, the breckdom: rata at thet
instant is r(1/100) per hour. The time taken for
repair of a nachine by a mechonie followa the negative
exponential distribution with avernge of 10 hours.

(a) Find out th: stendy state prodabilitics P, that

thero aro r machines under repair at any instant
of timu, fcr ral0, lyee. 4o

(b) What is the percentage of machine tine spent on
repair on an avernge? {15

Viva Voce {10}
Practical Record {10}
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ANUAL EXAMINATION
Statistics~7: Econcmetrics Theory and Practical-

Date:29.5.67, ‘Waximim marks: 100. ' Time: 4 hours

l.{a)

(v)

24

3e

44

5.

6e

18

The number of marka ellottcd to ccch question
is given in brackats { J.

Answer Grou‘ps A and B in scparate enswerscripts.
Groun A

Anawer four questions chaanine one from Quea-
Tlons 1 and 2 ant _any three 0t th~ rewst.

Suppose you hava fitted the Cobb-Douglas preduction
function to data from a sanplo of firm: in an industry.
Assuming that size distributions of labcur, capital and
output are lognormal, how would you use the fitted func-
tion to eatimate total capital in tho industry from the
cdrreaponding totals of labour and output? .

¥hy and how 1s tipa introduced a3 an additional explana-
tory variable 4n the formulation of & production function?
What alternative approaches ara availahle for :8uch pur-
poses? (7}

Explain fully the concept of elanticity of substitution
between two factors used in Sroduction end discuss the
extraze cases where this elasticity is zero and infinity.[14]

(7]

Obtain the main rcaults on the generalized least scuares
method and show that thia method ir equivalent to thao
classical leant squarer .mathud applied to a transformed
problenm, (121

Explain clearly the problea of identification in a simul -
taneoud structural linea- equation medel and obtain the
order condition of identifiabiiity,. [12]

Give an account of the two-atago leant squercs method of
estimation of any idontified rcletion iz a simultaneous
structural lincer equstien modoel, (22)
Write short notes on any tvo of the following:

(a) Hotoroocedasticity and weighted least squares.

(b) Waldts and Bartlctt's mathode of grouping whon both
variables arc subject to error,

(¢) 1least squarcs bdias
(d) Xk-clase estimators. (2x61=112)
firoun B
Answer citbrr Questlien 7 or Question 8.

Utilising thc data giver below,
(@) f1t tho rogrosaion Y = « + fX by ordinary loast

squares and cxamine thoe autocorrelation of rosi-

duals. (10}

(b) estimate the same rogresecior. working vith appro-
priate autoreegrcssive tranaformations of both
variables. [10]

G> on to tho moxt pago
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(c) Comparc the stendard orrors of tho twd estimates
of B.

{10}

Year 1947 1940 1945 1500 1951 1952 1953 1954 1955

Y 156 163 177 201 16 218 227 238 248

X 352 373 411 441 462 490 529 577 641
Consider the following data on porsonal disposable

incomo and personal consumpticn in the US in billion

dollars at 1954 prices.

Yoar 1948 1949 1550 1951 1952 1953 1954 1903

Y = consumption 199 204 216 218 224 235 238 256
X = income 212 214 231 237 244 255 257 273

Assume the standard errors-in-variadlos model where tho
true values of X eand Y arc conn2cted by an exact lincar
relation. Estipate this underlying linear relation
:;sumi:g that tbe ratio of the two error variances, i.é.,

/ . (151
ey oy E v
Examine the identifiabllity of the relations in the
following simultmeous structural cquation model:

Fit + Biz Yot = Uy

BoaTagt Yor + V21 g * Yoz Xoy = ¥y
with the assumption that cov (uy4, “2t) =0 [%5]
viva Vace {10)

Practical Record [10)
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Reszarch and Trainirg School
B.Stat. Part IV: 1966-67

ANUAL EXAMINATION
Statistice-8: Genetics Theory and Practical

Dates 30.5.67. Haxioum morks: 100 Tine: 3 hours

The number of marks allotted to each questicn
is given in brackets [ J.

Angwer any three questions
0om.Quantiaty 1 tn- 4.

1. ¥hat 18 meant by Linkoge? [30]

Compare the informations on linkaga contained in
intercross data in coupling end repulsion phases.

2, Show that under random mating the frequancies of
0, A, B, AB blood group typves cttain stable equili-
briure How do you estimate G, 4, B gene frequencies
from observed data? {303

3, What 48 the purposc of inbreceding? Exanine the
consequencoa of sclfing and sibmating inbreeding
programs, [30]

4. Examinoe the following intercross dats regarding tho
sagregation of two factors and draw infercnces.

Flower colour

- g jurvle rod
52 Lomg 296 27
;5 “  Round 19 85

(Hint: Test forconsistency of eegregati~n with respect
to individual factors and indopendence of fac-
tora etc, Estimate linkage if teats show that [30]}
the factors are linked.)
Se Viva Vooco (10]



CIHTRAL STATISTICAL ORGANISATION
(TRAILING DIVISICN)

Training; Course in 'official statistics!
for B.Stat. an? U.Stat. otudents of the
Indian Statiotic~)l Inetitute, Calcutta (1966).

FINAL SXA'IMATION

August 12, 1966, Yaximum marks: 100 Time: 3 hours

1.

24

e

4e

Se

6e

7

8.

9.

Attompt any five queationa

Deacrtbe the Orgerisational set vp and the activitieo
of the Central Statistical Organisaticn. Name a few
importent publicatiora of tho Central Statistical
Organisation si{th. short notes thereon.

Digcuss the sallent features cf the 1961 Populaticn Census
of India.

Describe the asencies concerncd and the secope, content and
coverage of Labonr StatisiZes in India.

Discuss the recent imrrovements in Agricultural Statistics
E:r:icuiarly the Producticn Statistics or Land Utilisation
atigtics,

Explain the organisational oet¢ up for collection of

statistics of Nanuvfacturin: Industries (orgznised sector)

in India and also describe the coverage and content of

::atistics in this fiecld. Nane the statistical publica-
on.

Discuss the role of statistics in Planning with particular
reference to India,

Describe the nature of dato collected and published in the
Transport Sector by Official agencics in India.

Write notec on any two of the following iaantioning the
scope, content ana covernga of statistics available:-
1) Monetary cna Panking siatistics
1i) Unorganised manufacturing eector
111) Educational stetistics
iv) External Trade Statirtice.
Deseribe tho various methods of National Income Zstimation.

Explain the mcthod followed in India for estinating inoore
from tho Agriculture or Industry Sector.
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