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PSRIODICAL TXNIIVATION
Probability

2849470 Maxdimn Marks: 100 Tinc: 3 hours

ote: AL1 questicne may be attempted. UBarks ul]lo'ctcd
for oach questicn are given in bracketa [@R

Q %o .a nonnegative countably additivo intecrval functicn
on (=) and Q (- w, @) <o, f(x) is a bounded func-
ticn dcfincd 6n (= =, =),
(n) Dofine [f7d Q and J £dQ. ‘¥hen do.wo cay that f
ip integrablo werete Q 7 . (2]
(b) £(x) 4p boundcd and in continuous at all pointg

oxeept at the point x = as Aleo, Q (a) = 0. Prove
that Jf7dQ exiotoe [14]

Rocall that sincc Q 1a countably additive, thero
i an intorval J céontdining o« in its interior
ond such that Q(J) dis arbitrarily snmall.

(¢) Prove that if 2£(x) 1o integrable (w.r.t. § » then
j£(x)| 4o integrable. (2]

(d) Givo an cxazplc to show that the convergo of the
abeve statcnent 1o falsc. . [10]

(¢) B 4is a bounded sct of nonncgative real nuabers.
sup B =&, inf B=c, C 13 the nct of oquarcs cf
the nunbers in Be Show that (sup € - inf C) ¢ Ed(d-c}. )
10

?ﬁ_nt: Firct suppose that B is an 'interval.

(£) Show that if 2(x) 1o bounded, noénncgative and inte-
grable Werete Qo 00 1g {f(x)gi’- = gl{x). [14])

Show that 3f Y and arc any two real nunberp,
Hyl-lwllely-2l . (10]

Q 1o cuch that QE- w, =A) = Q[A, ©) = 0 for a suitable
finfte Ae Also Q [-A, A) ¢ =,

Put plt) = f -1715;—[ dQs Prove that A(t) 1o uniformly

continuous on == ¢ t ¢ «, Exprcon 3 as a specific func-
tion of €.

#(x) 1s complex-valucd, bounded and continucuse Prove
that

|f7eQ| < f 1#]aQ. Here Q 1s aain question 1,

You may asgume the corrcoponding inequality for real-
valucd functicnse (2]

~
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Hotc: Anawez oll qucotiona. NMacks ollotted for cach

queoticn arc given in bracketn [ 1.

A regrepsion of q (gumtity of a particular commodity

pold duiing the pcfio t) on Py (price of the comodity
during the soae poriod) is obtatned. Should the TCgreg-
oicn linc in gencra] be taken an the cotinated demand

cuiva? Give rcascns for your anower. (24

" How slhould the general forn of individual denmand function

be derived from the theory of concumer behaviour. How

would you go over to the narket demand curve from the
individual ? Discuss the piactical difficultics 4n this
connection. tod

Wiat is the naturc of cromn neetion data in relation to

tho theory of conoumer bdbehaviour? What fora of rclation-
aidp can bec studicd freo theoe erons scction dat?

Diocuos vith exaopleoss 24

Tihe table below gives the indices of price and quantity

of consumption (production)of an agricultuzal cormodity
for six conmcaxtive yearss Assuning tlhat a cobwod

pmedel of denand and supply kolds geed, plot the ocatters
Yor both the dcmand and oupply cuirves and then Pt otraight
lincg to theac scattera by inspection. Give cquilibriun
soluticno for priecc and qunntil’z}v.

Indices (basc 1949 = 100) of

Year price quantity
1951 150 100
1962 100 175
1953 135 125
1954 | 120 160
1955 140 130
1956 130 150

- ) (4c
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PERIODICAL EXAMINATION

Stz\tint* co-5: Statistical Mothodo Theory and
. Practical

‘19.10.70 Maximua Maska: 100 Tine: 3 hourg

I!ot-o': Angwor as nmany questions as you can. Fivo ‘quontione
caryy Yull narkos. Marko allotted for each question
are 51vcn in bracketn.[J.
Let X hnvo o, Poisgon diptribution
JP(X=x) =oH HT f0r X = 0,1,ees
=0 othervino,
Obtain the probability density of Y = X°u (8]
Lot Xl and x,, have the jcint probnb*l'ty denaity func-

tion
xl+ . 2a -Xn n
2x,x5) = () &) Ry

" for (\1.1:,) = (0,0, (0,1), (1 0) and (1,1) and zoxs -

c!.ncwhérc‘ X‘ind the Joint denoity i‘unct*on of

xl-r =X1- SRR [12]
Lot (xl;..,..xk) bo continuous randon variables witi' joint
probability donsity runction r(xl,...;xk). Indicate a

-nethod of obtaining the Jjoint probability density function

oi a function Y m u(xl. deey .Xk) of the randon variables

ek, (8]

Let- Xl ond X, be two 1ndopendcnt n(o,1) rm\on varin-

hleoe -Usoc the above nc'thed to chow that the dcnuit{ func-
tionof Y = xl/x" 1o the Cauckhy probability denoity

function given by .-

¥ a 1 - Y01 = o oo,
g(y) ;21———;}) 01 <y <

[12 ]

. I.ct X and Y Ybe two indcpendent randoa variablce Yollowe

ing X° dintributions with k; md k, dogrees of freedon
reapcetivoly, Obtain ‘the density function of the randon
vaziablo (x )

[20]

Lot Xjsee.,X; b0 n _ndcpcndcnt (0,1) randon variables.
Lot X' = (Xln-..,)g‘). Lot QseessQ bo p((n) quadra-

'tic 1o uu with a.anku "1'“"“1: mupcct*vcly puch that

v x = +...+ Q . Then chow that a neceosary and suiyi-

cicnt condition that Qi'a oo digtzibuted as ](“' with ny
dogroos ,0f Ireodon for .1 = 1,s0.,p and arc indcpendent,

10" n = Zng. (20]
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5ea) Sammloa of difforont pizeg:woro' oolectod from lots supplicd

b)

¢

by two monufacturcrs and the nunbor of defoctive articles
dotoctod are given dclowe Do you considor tho lots oupp-
1icd by both tho manufacturcrs to bo of the oono qunlity?

.Samplae pizo Dofectivdas .1
‘ A .. 120 . 20,
. B SR EDETREE- A [10)

The iollow'_n" tablo gives tho iquuenu ‘dist=ibution ol |
the Ted blood corpuscles per coll of n hacnocytonotcre N

mu:b_c"_ of rbe. Jhunber oX ccllo

b0 . 145 .
: 1 ) + 156
2 68 : '
3 27 o
4 5 -
5 . 1

abovo' 5 . L0

Asouning that a Poiunon diot:ibution 2its the-data cxonine.
whothor the data is consiptont with the hypothcn*u t)m.t
the mepn nuaber of rbe per coll o T 10}

Tho following table showm -the diotribution of 6800 pornonn R
dramm Zron a population by colour of hair and:colour of, - %
tho oycs Test wiethor there is any aoooctdtion Yetwoen

thoe two nttr*butou hadr colour c\nd cyc. colour.

- Eyo'. .. N H:L.r colour’. T .,
colour Fair - Browm Blnck Red B
Bluo 1768 807 189 47 °
Grey  '..946 " 1387 748" 53
“Browm 115 - 438 %88 - 16 * -

[20]
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.Mote: Anower any. 14vc_ qucst*oro. Mazka c\llottcd Tor

cach quertion ave given in brackots

Explain \r* th 111uutrnt41c ezammle the inportnncc ot
rational subsroup. in quality contzol.

I"ollovr'ng ‘table providoo tho summodped data on o ooamu.
rable ciaractoristic with opecification linitg 027528 to
047571, the samplo oizo beinz 4.

BT g T T s T e
o X B o me X B o mo X . E_

"1 0.7540 0.0011 6 0.7539. ,0009 11 : 0.7541  0.00L7
20,7548 0.0014 .7 0,7541 ,0012 0,7542 0,0010

3 07542 0.0009 '8.0,7543 L0011 13 0,7545 0.0011

4 CJ7546 0,0010 9 0.7547. 0007 14 0,7548 0,0009

5 0 7650 0.,0008 10 Ox7549 .«0015 15 -0.7551 0.0012
Bxanine tho data for eontrol, coopare the proccon capabl-
14t_,' with tiic spocification and henec give a control

—
14

.cmciome widch in you opin‘or, 10 nont advantageous.

Suppcac in (a) l\v’Cl‘n”c level of the proccos ip pet at the
nid point of tho upcc*f*cntﬁcn linfts and 1t 1o deoized

to cvolve an X~ciart, for walch tie average Fun length ip
1000 vith reapect to any ono linit when the process 1o at
the teiget levels Obtain the coatiol linits for such a
citart 1F the lack of cointrol is indicatcd by two succes-
pive points falling beyond.a control 1linit and proccea
vaciability renmdno stable. . [4+84+81={20]

Thoe lowcr and uppor specification linits for a ncasurn-
ble characteriptic (x) ave glven no L and U respeetively.
Tiie poccno e£.ds 1o in o biate of control, If €41 and

cz decnote the not profit in Rs. per unit product reapce-

tively when > U, L {x<U and x ¢I, deterninc nost
profitable level vor tno proccng.

In the above caso if ..tm s.d. renaing ptable and tie pro-
cooo averarse 1o subjeet to a lincar upward trend and cn

bo tho cont of reactting tiie procoer,formilate and
indicate how to obtain opt‘nnl resotting pe: "od 't‘
Aspunc no.'n'\l diotzitution fer x.

The tolbrance npoc*ficd for the outer diamoter of a shell
1a.14" + 0,067 The overpized ohells arc reworked while
the underoized ohcn are scrapped. The cost of rewosking
5 shells ig.cqual to the lona incurired by serapping ono
shéll. The proccon seds wan found to be 0.028%, Obtain

. the average level by nininizing the total cost of rework

and scrap. [6+8+6])=[20]

Dofine the following termad
(1) .AQu  (41) 20T " (4i3) aASN

Exnlain b:io"lv Tiow the oingle aamling LTPD Dlan of
Dodgo and Romig hao been constiucted.

Dorive an expression fo AOQL of ninglo sampling plan by
attributes. § r f15 '11 20]

GO ON 20 T!E !BXT PACD:
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Derdve general cxpt roaoion-fo 0.C. and ASK of a double
panling vlan b:/ attrivuten.

Conetruct a n*wlo samling blan for AW = 0.03
Producex'n Rigk = 0,05 LTPD = 0,08 -and Connuncr'u Riak
= 0,10. Plot tie LOQ curve of thls plan and read the

approvinate value of A0, ; [5415)=[20]

Tie ppocdficaticn 14aite on tx c r“ouu weight of an ink
bdttle dre 110 + 3 g30. It wan Yound that the weight of
an coptyr bottle har a dean of 5349 gaa. and a .np.de of

0.7 grnos  Eopty bottles are fed inte the iuling nachino
in a mm'om oxders Find out witat 1a the naximua allowarlo
geCe OF the weisht of ink f11led in a botile oo that the

- firal product ncot'\ thie apeciiicaticn linitn'on gross

weigints

Birdefly deperito hew to ccr!r'\_t'u'(':t

1) coptrol ciart for numbde: doxcct*veo
"41) contrel chnxt Tou defccts per unit
when'ihe saaple size varicss

Wiite pho=t noteo oi\_'iollo\-rlng :

a) Proccsn capability and mpeeification
b) -Screening under neceptanee/recl plan
¢) Siatictical Control.

d) 0.C. of a contzol cha~t. ) (5 x41-[c0]



Dato:

1,

Je

4o

INDIAY STATISTICAL INSTITUTE 750
Rescarch and Tmining School
B.Stats Past IV: 1970-71

PERIODICAL EXAMINATION
Statistico-81 Domography
011,70, Haximun Markae: 100 Tine: 3 hours

l-rotc: Anower all tho queotiona. All queotions caryy
equal narkse

Witat 1o tho index of Tertility you kmow that e¢an bo obtained
fron India population conous data? Ex -gln_n it indicating tho
ponu*blo drawbacks of ouchh an indox osuggesoting somc icno-

aioal pcasurons  Way ip 4% called an indircct indox and not
o monouto of fertility? Define a curulativo fertility mnc-
tion and cxprema it in  npatheoatical symbdols.

Wiy 1o mortality tavlo called a 1ife table? Waat opecinl
purposc docs it servo in population studics? Wiat 1o called
the ntz\tionm'y population of a lifc table? Wiy ism dcath rate
caleulatod fyon the utat*onc*y population of a lifc table
given a highor valuo than that calewlated fron cnuncrated
ation? How do you calculatc the mean after lifc in a
lirc table? What special moaning docs ouch an index convey?

Caléulate tho cumulativo fortili ty Tate of the following

digtribution and exprooe it graphically.

280 in'complcted  Total no, of Total nos of
yoqrn women _1livebirtha.
15 - 19 314056 LK)
20 -2 £69340 13930
25 -2 236187 1o7ee
30 - 34 203477 8374
35 - 39 176534 5630
40 - 44 145037 1450
45 - 49 120946 250

Caleulate tihe male and fenalc population at ages 0,1,2,3 and
4 last birth day in the year 1940 fron thie following datas

- Tunbex of repos rted birtis
Poriod in (000's)

Male Feoale

March 7, 1939 to March 6, 1940 446 (. 139 421 (<959)
Mazch 7, 1938 to March 6, 1939 430 (.8206 405 (.9679)
Mareh 7, 1937 to March 6, 1938 426 (.8436 402" (49054
Marcir 7, 1956 to March 6, 1957 408 (.8465 384 (.8807
Mazeh 7, 1935 to March 6, 1936 396 (.8233 373 (.8271

(The Liguica in drackets give tiie completencss of cnumoration)

Age Tant™ - Swivival rafo Iron ago O to nidpoint
birth day | of npceificd ago
Male Feagle
0 +88815 « 90163
1 «73581 +75595
4 «67303 69344
3 +64049 «65867
___4 62194 63885

Calcwlate the moan population fox the period Mareh 7, 1939 to
Mareh G, 1940 17 the érude birth rato is 40 per 1000 population.
Find the crudo death »ato if the population has incrcascd by
347625 and 1Y not migraticn rato fo - 0.5 per cente
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. - G e =

Mote: - Anowor Quention 5 and ao much an you can fron

. tjic reot. Marks allotted for cach queotion
.aye.given in brackoets, {Je - \

_ Show that, . . . .

C ) 'Por'mv'p.ouitiim'. intege: *n, tho nunter of mutually

o~thegonal Latin Squaxces (o, o, 1, 84) of odex n
«+  4g ¢n-l, . o
b)'"m-\y got of n~2 "me0e l. 0 of oxder n- con bo oxten-
. dod to a complete set of .n-1 meae le'se,
-¢) A complote pct of reos lea, of orxdor n ‘oxists, if

- n’is a prine powers . [
. Define n-Balmiced Incomplete Block Denign (BIBD). With
ugual neaning for v, b, iy, k, A phow that

(1') v = bk, '_(1i_) A (v=1) ='r(k-: 1), (111) b > v,

Whaen o a BIBD sald to be resolvable? Prove tiat for a
reaolvable 'BIBD, b > v + r-1.

Show that in a uyn:\ct':icn]: BIBD, the nunber of trcataents
common between.any pair of blocks is the paac. [848+9]=[2.‘i

Waat a-c the situations where ddjustment for concomitant
variation 13 called Yor? Block

Sketeh the statistical analysia of a Randoniscd [ Deoign
wiien onc obgervation on a conconitant variadble in availadle
on cvery Yht’ starting with the linca model and stating
tiie underlying aaspunptions yecu have to make.

Comcnt on the efficiency of the cxperiment in (b).
[4+2447]=[28

Lot v treataents be arranged in b blocks guch that

(1) i-th trecatment 1o rcplicated =, tizeco, (11) tie size

of j-th block 18 k, and (41%) i-th treatment occuza in
-tk Plock nyy timoa, 1=1,%,00., Vi § = 1,200, b

a) Obtadn O-natiix and indicate tho analysin of variance
. of thig deoign, naguning Rank (6)= v-1,

b) A Balanced Incompleto Block Design with parancters
v, b, v, ky, A 1o modificd to includc a new ticatment
increasing tho block nize to k+1 plotn, so that
tine new treatoent occurs once in cach of the b blocks.
Weite the O-matiix and the subscquent mothod of analygis
of this modificd exporinent. [14421)=[25

A panusial experinent with pugercane was conducted in a
5 X 6 Latin Squares Five troatoents were as follows:

At no nanuro

_ -, B on organic nanure .

Jy Dy - E ¢ tlroo lovoels of fazn-yard nanurc,

Tio plan and yicld figures (in ouitable unita) aro shiown
belovr, these being one minaing plot.

GO ON TO THE IEXT PAGE
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5 ' "B N AR : A D
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’ (a). Annlyn_o' lt‘uc above data to find out if thcrc_m‘c'
’ pignificant treatment eirfecto. | -

. _ o
L () - Conp;uﬁ the treatments €, D and E pativiac. (2446 1={30]
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‘Note: The paper carvies 115 matkn. You may attempt

any r8irt of any queut‘or. .
Marko ellotted Yo each quez-t1 on' are’ g*von in
bracketa (-

We define the dtnt: ﬂ\mt"on funct* on of a probability din-
tridution P by F(x) = P(-=, x]

Prove that 47 two Alptiibutionn have the pame Aiptribu-

tion function, the dlstributions arve tie name. ) (0]
Suppooe the dintrivution function 1n der‘ned (8a 1p done

by many autho~a) by P(x) = P(--=, x).

Prove tiat thin F(x) 1a lext-continuoun at every point. {10]

Prove that if. a .and b ave ':'eai nuzbero .

e |- 1Iofl & la-T0]. (4]
Q 1o a probability diot:ibution puch that
Q(==, ~A) = Q(A, =) = 0; heTe A 4a pome ponitive numbe:.

g% = f
-A /
Prove that @(t) 1o un‘fo“mly continuous on == ¢ t ¢ =, [10]
You mey use otendard theorems on characterigtic iunct'orn.
(a) a, b, e, d are real numbers, We know that

{a L0t , oo ddt

e 4+ e = + Ce” for a1l real’ t. Show

that a=c nnd b=d. (8]
(v). 8y 980sBsyes. ATH ell ponit‘ve real numbers ouch that

(~ ¢a..,+...) in conve:[rcnt. Then prove timt

1
e g(t) = 21 a eint

——aQ(x}’

i1g absolutely conveirgent for every real number t end that
g(t) ip uniYormly cont*nuoun on -0 (t (e, (10]

A 13 a bounded get oi‘ real numbers > 1y ita supremum g
as B 1g the set o? oquare -rootn of The numbern n 4.
Prove rigorously that sup B = /a. 8]

Q taa probebility dintribution on (=0, ®).7(x) 155 1
Yor all x and 1is *nteg"able Verets Q. Piove that
[Ilx) = g{x) 4o 4ntr~grable w...t. Qe (2]

A Tinite clooed intorval [a, al.1b dafiﬁdd mto eguntably
meny diajoint nubintervalo, 35‘9\7 thpk jGe oum of the
lengtl.n of tite subintexvalo 19 T (veh)ot & ¢ o . 9]

Statc Levy'n basic inveraion Tov ﬂu].auIi (a-h) -la {a+h)
ara continuity pointa of the dint-ilut¥epa:P3.then

Pla-it, a+h) = 1im J(T) where J(T)" 4u an exprersisan
T|= .
involving the charactesistic function of P. That cxaetl-
ig J(T)? [5)

Deduce that A7 two probabllity diatributiorns have the bnrmy
chairneterintic function, the diotiidution Tunctiong =2e
the ocme. faql



e) —l . 1n tho chavacteriptic function of a continuoua

1+t
- probability diotridbution P. Prove that fox 1 > O,
P(~- 1, B) < hJ

Doduca tiinp directly from Levy's formule, Even 4T you
heppen to know tho Irequency :‘unct'on oX P, do not uge it.
'Use tho inequnlity

ln*n Q \ ( 1

wilei 20lds for ull real B. - . [10]

) It Lo known that the frequemcy function of P above i
1ol
Show by di cet olcmcntorj computation that’ .
. fh 1

-0~

oIxlax < . [x0)
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" !lote. You mej attempt any patt of any queotion. ot
T -+ more tian 60 marko will be awarded Zor either
Groun. Marks allotted Yor each quention are
given in bracketo [J.

GROUP A

i.a) Let x,l,x‘ X denote a rendom pample Zrod the dutﬂ_uu-

tion having the dennity functisn f(x) .= e X Xor
0 < x (=™, and zero elpe wiere. Show that

. + X .
- - .'—-'—Yn = _x-l -Y = 7 +x,\§x3
q + X:._ ' 4o+ Xy + Yy 3T TR

- _.!.1

are mutually otocl: aut*cally _ndependent. (12]
b) lf 2(x) = 7 for ,—.. <¢x <L and 0 eloevhore in the
" dennity function of & rendom variable X find the denaity
iunct*on of Y = X'- (8]

£ Let” 1(1 (> 0), =200, k “be the p‘*obabil'ty of the

1t“ clasa in a multinomisl dfstritution with X clapaes.
Suppoge n independent - arentn are obsesvad :.e«ult'ng ny

th the 4* claas for 1 =1,u., ki Tet

fand ¢ /n;,.-., /1Tk) o
Show that a suificient condition for the anmptot1c diptri-
tution of tile quadratic form V' C V- to be X< 1p that
c" C and Ce Q= a° wiera .a _in a conotant in waizh
~ caps ‘the degreen of ITeedom 0'7 Xﬂ 0 R(C)IL a=0
end (R(Q) = 1) i a /0. .
(umt. 17 - 5 40 a. %X X (x-1) matfix such mat the mat: iy
.. (@ A) of oxder (kX k) -1in orthogonal, then tie
C R afymatotie diptribution of tie (k- 1tnear func-
i tiond G = A' ¥ 15 tihat of (k-1) independent normal
v&*azﬂ an eacn with mesn zero and variance unity.) ) [2o0]
3o | Conride- tnc Gauun-‘ia_kov petup 2 UL ) .
~(nx 1)°"° Mx (nx.m) & (mx1) I(nx n)’s ¥iATO

X (1 X m) ia a knovn mati -:'_x. Obta*n a necesnary and pufii-
c*e‘dt condition for tie ent*mab*l*ty of a linear function
B' g of the parameters.f . '* 10]

b).' Sn.ow that 17 P'g 1o ant‘mab‘l o P’ E where' 8 do a leest
squaves entimato of g hep minimum variance 3§ the clana

- a¥ all 1linear unbiase entimaton of "unl . 1c]
e Conriéo“ the Gaunn-Mnxov net.up < "
~ “(n° Xl),\ H\X (n ® n) & 8 (1’ Xl) l.' I) nle e’ ‘:,'

knovr: matMx of rani.Ta ..no\v that, Rv = "Ln, P

EN

(y -x 8 ) fcllow a: X' Ttk (ner) daareer of Seaarca.
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5.,a) Defining a genesalized inveras of A, an (n X m) matrix,

’ ag that matrix A" ouch tiat for any vector Y for wilch

AX =Y ina consiotent oquation, X = = Y "in a polutton,
Thow that A exots > AAA=A T T - (1]
Defining Il = A" A where A" in any g-inverse of A nhow
.tiat .a gencral oolution o tie homogeneoun equationn
AX=0 1o ("I -H) Z wierec Z dio an arbitrery vector.
~=

b)

10)
GRCUP B

- G The dist:ribution in Four blood group clasnen 0,4,3,A3 of
140 Cicigtiana who were ammy cadeta and 295 other ¢ |, ¢
Cimintiano are given below., Can thie two namplen be regac~
ded aa coming Yirom tite name population?

Samplen . Blood group

R 0 - A B A3
ivmy cadats . .56 60 8 . 6
Othern 120 oo 4 1 . [20]

7.,a) The Yollowing table givea the remult of an experiment to
compare thc effect of a newly diocovered dsug on a cer-
tain dipeasc witi that oY the prevailing treatment. Te
the data con?irm pupeirdority or the new modicine”

. Curcd " ot cured
Control 4 6 .
Nlew Medicina 4 < . (12

b) Two serics of measurcments on the plankton crgantiom in the
water of a lrko aré'made. The firot serien of mearurcmenta:
ia made in oucconaion at thre same point in the lake. Tha
pecond seiiea 1g mado at diffecrent pointa scattered over
tite lakes Do the observations ouggent that there in more
variability in the plankton content: at diiférent places
in tie lake? ° | : R .

Seiten I: &0, 96,. 102, 77, 97, 110, %3, 88,
. 103, 108. |

Sorica II: 74,122, 9, 81,104, 92, 119. [8.

8.a) The follovinz data wera collectod in en exporiment on Jute
in a villago of Woot Bengal in 1953 in wirich the woightn
of green plants and tiie diy juto Iidbe were reoorded.

Do the data show any corrclation between tho two characte-
.rioticna ntudied?

Plant Ic. 7ts in Tolao of ¥t, in Tolag oY
- o, - _GzeenPlant ' Dy fibre
1 -t .37 © 2.8
e 36 243
3 47 3.5
4 33, . 2,5,

5 . 105 . 7,0
6 . .17 1.3«

., 7 59 £4,5
8 87 640 .
9 <Y 2 . 42
0 B 39 2]

b) The corelation coeflicicnt between the ncores in two
ittlven of a peychiologieol tent applied on a nazple of 32
otudentn was 0.63. Oan you - corclude thrt tite zoviui-tise
cociriciont in tiic popul-~tion could b 0.67?




9.

-3

To determina the effgct of dflution of the electrolyto
and the otrength of tho current on tiio thicknens of tha
coating of aluminium Ioil in an electroplating oxperiment,
Touwr @irfexcnt dilutiona, and tirce dirfferent current
otrengtho wero useds In cach experimental set up tho
thicknean of the coating on two aluminium folls were
recorded. :

Aalyoce tha data and give yeur commento.

Dilution Current strenrth
1.0 1.5 ’ 2.0
5.0 10.5, 11.3 12,9, 11.2 5.9, 7.6
89 10.6, 11.6 2.5, 13.4 10.3, 7.6
7.0 745, 944 1046, 12.0 5.0, 5.6
8,0 648, 7.8 8.8, 8.0 3.2, "2

(=0]
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LiDIAY TLTS"'L (WESLE YRRENY W

Rene&:‘ch and Training School _u-/ U3
3. Stat. Pact FJ i‘i n*t II: 197071
D \rm ke
stat*nt‘cn-ﬁ Denipn q é‘( e?_mentn Theory
£3412.70 Maxirum Maﬂn. 100 Time: 3 lourn
lote: .\ou cu.n ang7er any pact “of any question. N

The paper carrieg 118 aarka. .
Harkn nllotted 104. eack “question ‘are 54ve_n *n
bracketo .

Nefine an m-ple Lattice Dea'g.n. .

Starting viti the no:mal equationa of general Incomplete
Block Design, wite dovm clearly the procedure Tor obtain-
ing the beat linear undlaned entimate of a treatment con-
trast from an m-ple Lattice Deatgn. (18]

wiat in a Youden Square? ) 3]

Suppone from a Latin Square of order v one column ip
omitteds Show that the remlting arrengement givep a
Youden Squere. Obtain the parametern of the resulting

deotgn. {61
Briefly indicate the method of anslyain o? a Youden Square
Deatgn. NG
Given a n_,'metrical BIBD with pazameters v =Y, » = k,),

deacribe the proceduites for obtaining BIBD'a rﬂtu the
following parametero: -
1) v =v-k, B =v-l, r*azr, ¥ =T-% A* =),

1) ve =X, B =vel, r* =r-1, k* =X, A-=2r-1, - [8]

Siow that for a pymmetrical 3IBD, (r- ) muat be a pe"fect
oquare 1 v %a even. s}

Prove the rollowing:
In a factorial experiment invol7ing n facters, each at
g levelg, the totality of (an- 1] degrees o? frcedom
belonging to oN obgervaticna can be oplit into

£-1

D =

orthogonal componentn, each carying (o-1) degreen of frao-
dom, provided 8 1ip a prime power.

Hence oz otherise, give a precoedwre Yor laying out an

"Experiment in 8 blocke, confounding only a component
of the iighest order intcraction. [20)

Deocribe eny sultabdble method for layirg out an o" facto-
rial experiment in a° Ylockn, accounting foo all the
confounded degreos of Trcedoms [Acnumo o to be a prime (14]
pover

A 33 Experiment 4g to be conducted in 9 blocks such tiat

no main efrfect is confounded. Give the layout of the
experimental plan. A (8]

Give a balanced gcireze of pawtitl corfountirg, o stadmas
Zive Tactors each at two 1Gvela, using five replicatliony
in blocko of eight nlota cacite It iz disired thad romer
eifcet or two-Tactor intcractionsa mou_d be confoundsd i
any rcplication.

[Give complete layout fo- one » rl‘-_cat'.o.\ an) princin:d
blocka Tox the :rer:uﬂnh'u> onoﬂrﬁ .

[ac”



G+d) Conptiuct a hadY ronlicatec of a 27 denign, latd out in
4 Ylockn 0o that all main effoctn and firat order intor-
actisno arc entimable. Widte down the {anco of main
of“cetne  Ancuming interastionn of 3 or mozo Factorn bo
bo negligible, give tire partiticning of tho total dogrocq
of Trcedom in tie analyale oX varianca tabla. -[{12]




INDIAN STATISTICAL INSTITUTE
Reperich and Tiaining Schiool Taizeoal
Ba State Port IV od M. Stat. Part IT: 1970-70
L . NID-YBAR BXAMINATION
Statintica-G: Denign of Experiments PractfcAl
‘Dote: £4,12.70 i . Maxfrum Mwke: 100 . .- Time: 3 hourn

']Zoéo_l Mowor all tie questicna. Marko all ated for’
"eachk quettion are given in Qbrackets % .

"1 -'i‘ha following deotgn wao uoed to teot 9 rotiona Yod to Tatn.
The gaina in woght of tie ratp after the fecding experiment
woro ag follown: (The ration numbezp are in brackets,)

Roplicotion 1 . Replicaticen I
Block 1: (1) 20 (4) 18 (7) 11 [Sp0ck 7: (1) 13 (9) 19.(5) 14-
o2 (3) 08 (6) 18 (9) 26| **  8: (8) 14 (4) 34 (3) o2
'15 (2) 18 (8) 16 (8) o] 't 9: (6) 14 (2) 20 (7) 24

w»

Replication Ry _R_e;pl._‘;_catioﬁ 4
Slock 41 (7) 08 (8) 12 {9) 16 |Rlock 10: (5) 19 (7) £3 (3) 06
o 5: (1) 20 (2) o2 (3) o2 'v 11: (1) 22 (6) 12 (8) oo
tr 6: (4) 2o (5) 06 (6) 02| '+ 12:.(9) 27 (2) 07 (4) 20

« Annlyoe the data ond compute the efficicney of tidn
decign rclative to randemiced block design, - (3¢

2. M exjpiment wan conducted to sotimate the optimum pooition
: of tio primazy Ynan in a furnace to enoure minimum irrecove-
rable lono, bclieved to bs due to senling. Pour pooiticno
of tiio primary Ifen were tried cnd thene were denoted an

Ay By C »nd D reopectivalys. The exmiment was carried out
in four dryn (columno) and at four intervnle on ench day
(vowa)s It wap Pelt neceannsy to conaider one more factor,
nemely, cidmney damper whiich might influence the scnling.
-Four levela of the clhimney damper wore chosen, denoted aan
ay By and 3« A Graoco-Latin Squnre arrangement of the
type given below was conoidered for tho purposes The per-
centege irrecoverablo loso iaa. been obtained Yor each of
tiie pixtecn ponitionn. Titese nre gilven in bracketn. :

Intewvalo iy .
in 2 dny 1 < 3 4
. Aa B . cY D3
1 . (o) ,(7.%) " (446) (340)
BY Aa . Da cB
2  (2.8) (3.0) (3.7 (4.6)
Ca DY Ap Ba
3 (3.9) (343) (10.4), (5.0)
- Dp Ca (] . A
4 (346) (346) (346) (5.?)
Mnalyse tho data nnd intorpret the rooulto. 301

GO Ol TO TIE NEXT PAGE
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3. Tho teble balow given tho yicldn (in some unit) along with
tho plan of a Pactorial oxperiment involving 3 factorn W,
P end K oncii At two lovelo, ccnducted in 2 replicotions.
Eacit roplication conniptn of two blockn of 4 plotna

- Elock 1 ’ ‘ Block ¢

, ' - ¢ Trentmont Yicld L Trentment Yicla
Replicntion 1: nk 159 ] p 153
. B ) . 179 i npk 200
! ko 139 n 153
" np - 130, _,- K )3 182

" Roek 3 © Block &
. . Irontment Yiodd Treatment Yield
Replication Z: npk . 155 n 19
N np . 129 .0 nk - 138
. "x . 15) B B 188
, () . 2159 - rk 210

‘-

[Standr=@ notation han becn uged fo tie treatment combi-
nntiono

geat for the prescnoe of different mein effocts ond .
‘4nteractions. . ) . L3¢
A A .

’

4. Practienl Note Bock  '* . o [0



TUDIAN STATISTICAL INSTITUTR
Reoeaxrch and Training School By
B.Stat. Part IV: 1970-71

MID-YZAR EXAMINATION
Statictico=7t Ecoromatiico Thea'y and Practical

Tate: 2541270 Maximum Marke: 100 Time: 3 hLourn

1.

.
i

b)

3e

Note: Answer all tiie questiona. Marka allotted for
each quasticn are given in brackets [].

Waat in an Engol curve? Give examples of alternative
Toimulation. of the Bngel cuive with ponnible economic
interprataticn, 20]

What ip the liomogeneity hypothesin in connection with the
Yormlation of BEngel cuzve? How doeo it affect the Yormu-
lation of tue Fngel curve?

Wiat ip'economien cf 0cale'in hounehold congumption?
How in'econonien of ocele' introduced in the formulation
of the Engel curve? . [20]

Aspuming that individual income in dlotributed log-nor-
mally, derive the equation for the lorenz curve as also
the exprenpion for tiie aspociated concentration coeifi-
clent, . ) : [z0]

The tabls below pliow poicentage d.otritution of pernsna
montily percapita total expenditure clansen along with

the average montlhly por capita total expenditure in each

claop For rural India for the periods 1961-6C and 1964-GS.

Examing 12’ tire *_neguality of & otribution of montlly per
capita total expenditure has changed; i no in what

dtrection?
HonEIy DO o e Wiy /s e e Bon ey
penciture tion of per- per capita bution of  per enpita
claggea in  Bong total expen- persons  tota) expen
. . . dituro dituze
Re. (0.00) Ra.{9.00)
0- 8 4,32 6452 3.18 . 6425
. 8-11 11,37 9.66 . 5.99 9.71
1 -13 9470 12,02 7.18 12,06
13 - 15 11,46 14,04 . 8468 13.97
15 - 18 1523 16.36 12,92 16,44
18 - ¢ T 1175 19.43 13,35 19.45
21 -2 9.93 22.45 11.06 oo,4
24 -2 e 25,90 10.96 £5.97
£8 - 34 7.49 30.59 10.27 30,51
34 - 43 5.76 37.83 .29 37-86
43 - 55 " 3.08 4839 . L 4dC 23,23
55 - 75 1.73 ' 63.29 ., C.09 83,25
75 - above 1.2 119.83 1.67 130,01




TUDIAN STAPISTICAL INSTIRJIN
Renoarch and Training School B31
‘BeState Part IV: 1970-71

MID-YEAR EXAMIIATION
Statipticn-8: Demogreply Thesiy and Practical

Mte:26410.70° Maximum Marko: 100 Timet 3 hourg

l.a)
b)
‘Caa)

b)

e)
"d)
3.-5)
b)

e)
d)

4,a)

. 1)

S.

MNote: Attcmpt Quention 5 and any tiwea of the rost.
Mazka ellottod for each quention are given in
vrackotn [ Je

Namo the importsnt oourcos of demographiic data, " 15]

Dorino vitnl ntatintico. Discuno the useo and valuo of
vital ntatiotico in genoral and to a health admintotrator
in particular. [20)

Diotinguioh botween Lertility rate and a reproduction
rate, (s]

Starting with age-op-Yertility rata how do you caleulate.

(1) T.F.R, (11) c.x.n.. and (444).-LRR. f12]

Explain the cenditions under whdch a population may remain
atationary mey be increaning or may be decreasing. sl
Indicate oome iclevent use of rcproduction rate in popula-
tion atudios. (3]
‘¥hat 1o tho usefulnean of ntandard.oation for studying
populetion ovents? (8]
What are tha dirferent mothodn of standardination you kmow

of - and ‘how arc their upes rcleted to actual data? [10])
Wiat ip ealled a otandard oillice? +° o - ¢ . - [3)
Define a otandardiccd mortality ratio (S.M.R,). . [a]

Dintinguish between oy g, and g, tho tiree functionn *

of mortality end de(‘ucc an expl‘c‘t ralaticn betwecn o,
end p e [18)

Show tnat a 1170 tablo mortality rate is the weigh ted

. average of thc npac*f‘o rates of mortality. (71

In dlatinguiching botweon the fertility differential in
oome of the Zagt, West and Northern dintrict of Indis,
the dat . aleablo Tiom 4 purvey aro represented below.

niin _ _ .. . Cutrcntly marcied

Aga.g:' n...'.}f.z‘.ﬁ. Popﬁ'la- F‘o Pe _population
on =ontly Apcrd .~ Bom-
mnrricd . bay

16-19 *"823.0 166845 - .06970 31389 30640 30974
CO-24 31042 145931 «9180 47275 3933C 45494
25-09 28043 1151 - .9400 48965 33186 46171
30-34 208, 100675 - 9145 3719C C7910 35174
35-39 158.7 83726 8703 6066 C0380 <£7822
40-44 69.0 68009 - 47767 0991 18442 20605
5=49 27.5 53800 «6972 10865 10554 15458

he reer tdo availabln for theor diot:ictnobcwing ti~t ths
Me?oRe 27udo) Zor thicse dlatrictoare in the order of
£97,5, { 35,0 and 212.,1. Tooo the fortility Aiifeoantind
computer from the two sourcco nhow tho pame oxder of afl.
Lerenti: L? IP not, draw your cenclunion ragwr"m tiin
actucl g leture,




Dat0:LB.12.70.

Illotes Anpwor nny five quoctizno.
aach qucotion are given in bracketo [

INDIAN STATISTICAL IUSTITUZE
Rencarch end Tratning School
BeStat. Part IV: 1970-71

) MID-YEAR EXAMINATION :
Stetintico-7: Induotriol Statiaticn Theory end Practical
Maxioum Maiko: 1Q0

Time: 3 bouzn
_Markn allqtted Yor

£14

1..a) Explein what 4o meant by a proccnn 'bo!.ng in a ntatn of
ptatintical controls . _ |

b) Tio Tollowing are tho X and' R valueu. io
»©"  of fivo obnervaticna.

c:luuctcﬂ otic 4o 0.40537 + 0.0010.

0 nub-g soupa
The apecification Lor this pioduct

Tho voluen given are
tiro 1ant two Iiguren of thio obocrved readings (1.0. 31.8
. moans the nuaber 0.40316)

-Cl . = Bub-gr =
SERW T F C m VREW L% w
.1 34,0 & 11 35.8 4
2 3146 4 L 35.8 | 4
3 50.8 2 13 34,0 | ‘14
4 33.0 3 14 3340 -. 4
5 350 5 15 33.8 K
e 5242 e 16 3146 5
7 33.0 5 17 33.0 5
8 L 46 13 18 33,2 3
9 33.8 19 19 31.8 9
10 35.8 6 C 35.6 6 .
1) Iraw nuitable control cha_t to Tind 2 tho procean ip
in gontxrol.
11) Undex cuitable nnuumpticnn (to be pteted) eatimate

the proporticn of 1te'na that will Leil.to mect tho
opecificationo.

3:&) Natinguinh between natural tolemncr Aimita, 'control

limits and coniidcnce lfmitn.

, In the following two cagon, ‘decive tha noconumy OXprog=
oiono to construct tolorance limitn ouch that 1t can bo

agacrted vAith 1008 percent confidence that they will
include at least 100a percent of the population.

. i) a normel parent population with kmowm morn

11) a pacent populntion \'r'_t‘tmown but continuous ped.?.
vitere o end f ore preassignod nunbors between O and 1.

b) Find oazple nizo n Zfor which it ¢nn bo ntnted with

95s/, cenficdenco that at leant 90s/. of tho itema in the
gopmqtion ‘of unknosm Yorm but wAth cont'nuoun Ped.2e o
clow the maxizuin in tho samples

Jer) Dorivo an oxpresoion for

rttriluteo.

t) A procduct in loto 1o submitted for inspoction nnd tho ol-

lowing deuble samwpling plan io used.

111=x50.

=0,

Ny = 69,

Go o ¢

Cn = 3
2

HEXT PLD

AOQL  of uinglo -u:\mplins plun by

‘ (4]

116

[1¢])

{6]
[a]



44n)

b)

Annun_ng thdt the lot 4o vory lrrge compared to the nampla
oizco computc L(p) the probability of accoptance fox
ouitable velues of p . and draw tho Oi'! curvo. , [16]

. Give oome of the advantages and digndvantngen oi accop~s

tenco pampling plon by cttributen and variables. - [&)

Obtain an unknoym n4gx:m ‘acceptance pampling plen, by

veriablea fo- tizo conc-ornc-nided opacification (uppo.)

l‘m*t v, uur-h that undex the plan, lots with 100p1

‘end 100p,, por cent defoct‘ven (po. > 7y) would be accepted -
vith probnb‘lit*en (L-a) nnd B renpectively.. Write

out the e‘cp'-‘eﬂoicn Zor tho 0.C. Tunction of tie plan. [16]

Obtatn grapideal iten by 1ten uequcnt*ql sempling plan
using 1nupoct1 on by ntt""butcu .

ve exprresaisna fox all tne terzs uned in denc*‘b‘ng
tuo O'unple plen Ziem tho following given parameters
AL =p - Ptoducer'u ok =«

LTPD = Pa - con{mmer'n ok = [15)

Dc:'v‘o.:\lno on exprennicn for the 0.C. .function of the
plan and hence obtain any five pointa on tio 0.C.:

curve. . 31
Fstto ohovt notea on Tollowing:

o) Greup control chazt. . . [(]]
b) "Mil-Std 105D.. ' . [20]

¢) Averago Run iongth of = control chart,. ; (4]

[

B il .-



IMDYAN STATISTICAL INSTITUTE 5
Recearch and Training School
B.State Part IV: 1970-71

- PERIODICAL EXAMINATION
Staticticc-7: Planning Techniquec

Tate: no.s.n . Moxtmn Marke: 80 Time: £ houre

-'.'lote: Ancwer .any three quer.t‘onc., A1 queptionc
coryy oqual m{wke, e

1. Concider a ﬂ m trying to maximice income Prom given
Tecourcass gocrenrec a.fixed oupply, b, of recourcec
and knowo cnl/ v wayc o! p“oduc!.ng goodn. Ay and &«

where 3 .
b={..,:sf-. éa” -,s...15}
The ratec of income u.ccoc‘atsd with | Y and . Y dare

recpectively 8 and 4. ,
1) write dovm the linear pmgrnmm*ng pmblem of
the above Zim,:
11) wWnat chould bde the pocgidle .interpretation of
the dusl to tlte ebove pioblem? Solve tie dual
problem graphically,

e Stote and prove the Iundamental dunlity theorem for ctan-
dard linear png‘mc.

3.a) Show (graphically) that tho following linear program ic
Toacible but has no’ opt.mal colution: Find £y 1800 20
cdch thaat - ~ =

§y +En 1o o maxioum -
'chb'ject to
. -5+l ¢ -2
, £ "8 &
b))’ Writo tihe dual to the above problems In view of tiie above
recult and the fundamental duality theorem what muct be

. .tiue of thip dual problem? Verirly thic grephically.

440) State and prove the _equilibriuz theorem for ctendard linear
: Programce

'B)  Concider.the Yollowing problem: ' ‘
' maximice ¥y + o + £3 + Ly .

cubject to . .
, By + & ¢ 3
L+ By $1

Ea + 83 $1

ST $1

G+ & 3

all ;J'.z 0.,

GO ON TO THR NEXT PAGE
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(contd,)

Show that th._u prlcm lu.\o tho optimal colution
(1 -1, [.. al, :3-0, 9 -1

by inding & colution o fhe dual p“oblem muking ung of
tite equilibrium thco:‘em. .

Concider a cyctam ot m ni:nultmcouc 1inear equqtlonc
"in

‘n unkmowng (n’ ) D)y Ax = b, with r(A) =m,
Prove that 42 there 1u a feacible colution, there ic a
bncic rourible colution. . -
801vu the i‘onowing n1mu1t'\neo\m eq\mtionn by
'repln.cemont oporation':

5% - f3 = 1’
'51 + 2(2 . - 8 .

%g - Eo + 3z =4



. 3e0)

b)
4,3)

b)

5.0)

TUDIAN STATISTICAL INBTITUIR
Recearch and Tiaining Sehool @
B.State Part IV: 1970-71

_PERIODICAL EXAMINATIOS - ..
Statictice-8: Edueational Statictico
.+ (Theory and Practical) .

'i{axgmu:n Marke: 100 Tine: 3 hours

Anc\‘lev' Qelinel and any 1"ve quectisno from .
tie rocts Markn nllott%d Tor eAch quection
S are givon in- bracketn

Write chort notos on any iour of the Ionowmg. .

e) Parallel- tocto ’

b Spexman's TroeFactor Theory

¢) Coefiicient of Discrimination of a tect

d) Tiurctone's metliod of attitude ucnlo corntmet‘on

@) Ronk-Order Correlaticn. +545)=(2]

What 4o a noimaliced cecre? lHow would you derlve nsima-
liced cecoret Trom raw ccperes? Compare normaliced ccore
with other ctamdard ceorec and diccuscc ite adventages
and 4t cndvantagoc- .

Deteimine the roliability of the differenca pcore obtal-
ned Z:om tho followinﬁ pair of tecto A and B, viiere the
reliabllity of tect n ¢90, the relicbility of tert

B = +80 the correlation between tects A and B = 30..
Accume that the variancec of tect A and tect B are

both equal to ones (8+81=[1,

Nluctrate gecmetrically the Yollowing:

1) the intercorrelationc among: the tectc
. 11; common Tactor loadings
11i) the concept of communality

(concidering the cace when tiore are three tegtc and two
comaon factors).

¥hat do you underctand by Speed ;md Power tects? Explain
why odd-evon roliadility chould not be uced in the cace oi’
cpeed tectce [9+8)=(1¢

what 410 'cor—ection for gueccing'? How io item diffi-
culty value corrected for gueccing? Diccuce tun commonly
uced fo:mulas giving the unde-lying accumptionc.

Toct X it veported aps having a menn of 68,1, a standard de-
viaticn of £4.8,2 reliability of 0.97 and a validity of
0475 viith tie ciiterions The mean value or the crite-
rion ccore 1o 117.8 and the correcponding ctandard devia-
tion 1c 20.1¢ I we ccreen a group ucing ccorec on tect
X and obtain a celected group with ctendard deviation
15.0 on tect X, what w11l the val*d'ty be Tor this tect
tido celected group? E [1(
What do you underctand by item dicerimination? Deccribve

tho item dicerimination indicec wvileh involve the clope

of the regrecrion of item on tect,

GO OV T0 TS IWXT PAGZ
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Gea)
b)

7s0)

b)

In a canple of 80 ceventeen-year-cld high ochool ctudents

of wiom 35 were male and 45 Ienale, the mean weiziutn 4in
k{logramc were 6848 end 56.8 raspectivelys The otandard
deviaticn of tlie weightn fer the combined group wmn 15.2.
Pind the point-bicerial eorcelntiocn between cex and body_ °*
weight Tor ceventeen-year-old cchool ctudentc. (asg]a[lq

Deccribe differant typeo ol validity of a tect. Derive
tie fcimula which chowo the Relotion among the reliadilis .
ticn of the toct ond the eriterion, the original validity
coeliicient ‘and the maximum vali.ditz that the tect can
attain viten both the criterion and the tact nre perfectly
relinbles :

v

Deceribo Low, you mould obtain the confidence interval
(at the ‘a ¢/s level) of thae tiue ccore correcponding to
a giver obcerved £cores . . f6+8]

=16

Write briel notec including equation sn the ectimatien of

, facter loadinge by tho Centrafd methad,

Prove that 4f a tect o n  itemc 4c a cudb-tect of &
tect with m items (n <m) the corrclaticn r, .tc

where © 1n the reliability of a unit toct. : [848]=i16



INDIAJ STATISTICAL IFSTITUTE

Recearch ~nd Treining School @'1
B.State Part IV: 1970-71
PERICDICAL EXMINATIONS
Statictico-7: Econcmetilics Theooy and
Practical
Tate: 1244470 Maxtmun Macke: 100 Ymo: 3 hourc

Note: Ancwor 21l the questisnce Marke allctted Yor
each quesiien ate given in bracketc | J.

1,a) Examine tle methodological probdlemc involved in fitting
a prodvctizn funeticn to X
1) time ceriec data,
11) cvecc-cecticn data.
v) Siow, cta*ing rececrary sccumpticnp, tint tie exponents -

of tite Cobb~Douglac vriducticn function ecual tie charec
of the Yacters of producticn. 11248])a

2. Outline come of the major criticirms againct the uce of

Cobb-Douglas producticn function. [e0]
3. Production funetion htor dtfZerent units of a certain
tnductry 4o given by Q = AL ¥P, where Q = output,
L = labor end K= capital, A, a and B being conctantc.
wiat will be tiie fomm of the aggregate production func-
ticn Yor the vlcle 1nduntrg. accuming that Q, L and K
are logncimally distributed?
Taceribe Low you would uce ruek production functions Tox
ectimating the total capitnl employed {n Indian monufac-
turing inductriec. {20]
4. The Iollowing giveo the indtcec (bace = 1899) of volume

of production (Q), average nuaber of wage earnerc (L),
and of phycical volume of capitzl (X), in menufacturing
industsiec in UsS.A. Tor ccae celected yesre:

Yeer. Q.. L. _RK..

1900 102 105 107

1903 124 23 131

1906 152 133 163

1909 155 140 198

1912 177 152 20

1915 18¢% 154 266

1918 o83 200 366
Ectinate o« and § of the prcéuction functicn
‘ a=A1% KR, {40l

(=0)



TIDIAY ST'A’EISTICAI. TUSTITUTS IR
Recearch and Training School (@8)
B.State Part IV: 1970-71

PERIODICAL EXAMINATION :
Statictice-5: Statictical Methodc (Tiieory and Practicsl)

Tate: 19.4e70° ' Madimum Maikc: 100 Ttme: 3 hourc

1.a)-

b)
o)
)

3.5)"

. b)
c)

e

Se

rlcit;: Anrver an many quecticne ac you can. Pive gquectionc

onrsy full markre, ALl quscticnc cerry equal meike.
Let X, Y,°Z be three rapdom variablec:. Define clearly tie
partial correlaticn Tyy » between X and Y with recpeet to
2 O‘ntain" explicit éxpreccion for "'XY.Z in teime of the
coefiicientsc ol correlatione »r,. between the variadles X,Y
end 2 . . - S,
If ryy ,'=0 chow that /T

Tyv.z ™ chow that ry, v = Ty, —: .

. e ¢ GEE
Let XppeserXy be & random cemple ‘of cize n Zrom & conti-
nuouc aigctritution with dif. F(x). Tet 2, denote tie Pt
quantileé of the camples Show that- zp 10 acymptotically
normal and obtain the perameterc. . :
Obtain 'as a particular cace, the acymptotic dict:idution of

the median of a cample of cizg n from the nommwal dictitbution
with mean g "end variance o,

Define precicely when a-random voctor L of p conponente ic
ceid to-have a multivariate ncrmal dtctritution.

Tcing the definiticn . you give chow tiat Y=DX where D

ic any r© X p matrix, alco hac a multivariate nermal dictri-
bution, N

Show thiat any cudbcet of the ccmponents of” X - has a multiva-
riate ncimal dictributicn and obtain itc pavemeterc,

Let X Yollow a multivariato no:mal dict:ituticn, Show that
every linear combination of the ccmponente ¢f X Tollowe &
univariate noimal dirtritution. Convercdly, cfx:w that 4iY
every linear combination ¢f the compcnents of a randem vector
X followr: a univariate nommal dictiibution, X bapg 8 nulti-
variate ne:mal dictribution.

‘Let 2(_‘1‘.... »X, bea random cample from a multivariate

normal dictribution. Let _2(: denote tiie cemple mean;deduce
Trom above that’ X Yollowe 8 multivariate normal dictribution.

Each ol three different camplec of eartiworm casting wan divi-
ded into a number of portionc. Each portion wac given to one
of two mnalycto for detemmination of percentage ach-content.
The reculte are given belows' Analyzo the data to detect
dirrferancee, 12 any, between camplec and between analycto .

GO ONl TO THY NEXT PAGE
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O

Analycte Sanples s

1 < . .3
1 57.30 - 58,19 "  56.C1
57,65 - 56,59 . 5645
‘57,70 57,57 < ¢ 56403 '
: i 57.08
2 56481 88,78 57.52
58444 . 56465 56440
58,00 ° 57,88 . 57445 -
58,31 57,16
66,52

Tio componentn of X ccrrecpond to cccrer on tects in
aritimetic cpood X, » avitimetic pover Xgs melmory for words
X5 6nd memory for meaningful  cymbole Xy . Tho obcerved
eorrelaticno in a cample of 140 are
1.0000°  0.4248  0.0420  0.0215

. PN . LA ‘01487 0.7489

. - 0.6693
a) Find the partial correlation betwoen X and X

lelding X3 . and x4 Tixed.

b)* Tgst viether thic partial correlaticn coeffictent ic O. -

o) Toit wheticr tie correlaticn between X, .and Xo 1o 0.5.



INDIAN STATISTICAL INSTITUTZ
Recearcit and Traini Scllzocl
3,Stat. Part IV: 1970-71 .

PERIODICAL EXAMINATICU
Statipticc-4t Probability

Date: CGe4e71 . Maxioum Marke: 100 Time: 3 hourc

l!ﬂte. The quertion paper cariiec 119 markc. You may
attempt any part of eny quectizn, Tihe maximum
you ean ceore ic 100. Markp allgtted 1’3“ eacl
questisn ave given in bracketo []. .

Procin are to be givon only viren the m‘e cpecif'cally acked
for« IZ a quection ie rollowed by ! zl :alY a page)', Ior
exmplo, your ancwol chould not take mora then hall a page..

Rough work pupt be clearly ceg regated Irem material moant
Yoir the examiner.

l.a) P 1c a probability dlctwlbu'thn . a 1ig a real numbar,

- Prove. that we can conctruct a cequence 1‘1 > ha > )\3 > e
“of pocitive numbe:r cuch that

1) limlxn = 0, . ' .

and  41) (a+B.) and (a-h ) are continuity points
. ﬂf Py x’or n= 1,..,3, eee C R
: (hal? a pat'e) 5 ' (15)

b) IZ Q ic any pmbah'l*ty dictsitutisn cymmetiie Werete

A

2053, ite ci a:nctor!:t!c functicn g(t) ic given by

a : f Aty x) aQ
vhere A(t, x! ic a cpec#i‘*c '"cal-valued functisn. What 1o
A(t, N2 . ) sl

(> preaf hoedéd.” One l'ne)

o) Twite dc\-m I,evy c funda.-.uent&l invereizn the*rcm (Z page), (3}

a) Prove that 1z tl:c cl.aracter‘ ctic Tunction ¢(t) dc cuch

")

that.. N

f IMt)ldt <
then the dictributi:n ouct be continuouc.
Start ap £ollcwe: Let P be.tho dictﬁbution. Let a be
eny points Ve chall prove that P(a) = 0. In fact, take
any € > 0, we chall prove tiat Ior a cu‘ tadble Lk > 0,
¥(a - b, a+h) €.
Hint: |-’$2—°| <1 forall @ £0. Uce tiio result tn (a).

(% poge altogether). [

Drove that 1f the characterictic function. #(t) ic cuch that
f |¢(t) |a% ¢ =, thon @G(t) -=>0 ac t -=> w,
Jcc uniizim continuity. The inversicn theorrm ic not nee-

dnd. .
(% page). (15

GO O TO TI® NEXT PAGE



:-0)

b)

3.&)

-

(XTI T
i~ 2 O
- ©

Yere © = }( 47.your pell nuaber 45 a u'\ultiple of 33 = ‘g

a
i yeur mll nuubar 1z of tho fr1m 3n+1 ‘= % i? ysur roll
numbor ig ¢f°'tha femn 3n+...

frite dswn tho matzix 1lim ™. Bri_efly oxplain the mothcd.

n
Caleulatisng nood not bo chown. ( %— page) .

61
F4nQ- the greatest woighted average ¢ 8,9,12 ,and 15 17 the
welghte ave roquired to catiely the fsllcwing conditionc:
* 1) The woipht of 9 15 > %—6.

11) (The greatect wolght MINUS the r.mall.cct weight) < n.
Briefly explain lhow yocu get ysui ancver (Z page) . [10“
In a Markov chain with 8 ctatec, the trancitizn matix P

hag p~r1tivc entriec in tho f:1lowing placec and O elce-
wheres

ey La) 2d (200, (21, Gh 63 )

- For exampley pyg= g, ‘Pra > 0.

Deaw tie correcponding netwsrk. Wiat ave the trancient
ptatec? Vihat are tiwe ¢rgsdic clacres? How many orgodic
claccec aro there? ( 1 pozo) .: [1q

.In the abzve notwazk, add B3 many nev arscwn as y:u pleaco

fc ac to maximize tiie number of trancioent ctatec (the given
arrcwe muct all be retatned). Angwer ac fcllows: Tie new
arrcwc are.fne transicnt ctatec are....(4 linee). [1d

Vhat ic t‘e leaﬂ: pooitive integer M euoh that overy
integer “> M- can be oxprecced an 8x + 108 + 15Y + 10003

'm*e.n the Greck lotters rap-ecent non-negative integers?

zicfly explain _;ou-‘ method.
( pace) {2



INDIAT STATISTICAL INSTITUTR
Recoweir 1né Tratning School
Ba State Part IV ond M. Stat. Port I

PERIODICAL EXAMIUATION
Inforonce

Dato: 34570 Moaximun Mnrke: 100 Time: 3 hourg

l.2)

o

b)

n.,;\)

b)

c)

}roio: Quecticns 1 nnd 5 are compulcc\"y. Attempt nny tem of
the remaining tiree quectionn, Markn allottod Yor
ecch quoction ors given in bm"etu {1

X ip n Poiccon varinble with an unknowm parwmeter (D 0)

truncatod at zero, 1'.9-.
(e o XN

P, (X=x)=s =" - Xx=1,2,3, e

N (2-% )X: [CXTX) .

Show tint on the bacte cf a cingle observation X.l on X, tie
only unhiaced ectimator of 1= & 1c given by

, 1 ic odd’y
a(x1)={/ wanxl co‘d‘.

s  when X, ioeven. .
Comment on tho sbove ectimators ’ [64.2]:(6“

Vhen ic = cequence of ectimatorc enld to be 'conristent'?
Docs the cequence of maximum 1ikelihocd ectimrtors alwayc
Torm o cencictent coquenca of estimatore? Let ‘{.l.X,\....

be & cequence of independent m\d "dont'cr\lly atetrifited
condom verieblec with finite ki moment By = E()q Yo

Showr t) b theze exdctc a cequence of conn*_ctent ect*.’nnto"u

Tor llk - -.(Il) R . . - 114]=l7|
Prove the Cremdr-Reo irequality cinting carefully the regu-
larity conditions undor wilch it o valid. | 12
X'.l."“’xn are independent cnd identically distributcd ran-

dom voriables with n._com.dcn probability dencity function

po(x) -—a 5; e >0, 6'(:(».

S.\ow that there e):!ctc on unbicced cctimator of 6 based
on xl,... 'xn' tia variance of vidch attaing tie Cr'xmc"-R:\o

lower bound. 7]
Give an exampla or-a uniformly min*uum variance unbincr-d
estimator of a paramcter © (6¢ , the varioance of wiich

ic strictly greater than tni Cramér-Rao lower bound.:

Jugtify ycur concluzionc. . (You mny uge here any recultc

pioved in tio clacs o) 244)=(6]
Let (X,l xﬂ) have n joint dencity pg 0 (\-1,:;.), viere 6;

rd 6, 0ra unknowa paraxatesce Del ne”

- (1= J:,C,).

1 .
Meo, et A = (()‘43)) (( Cov (S,,SJ))) denate the
vasianco-covariance metrix of (Sl Sn). Accume A to be poci-

tive dcfinites Let T = (% X.) Yo tny unbiased octimator
of 6. Show that h

CO ON T0 TH™ NEXT PAGS



Varg o (D) 2 —FFm e
172 M1dee " Ne
(You moy azcuce eny‘rogulnrit:/ conditicnn needed,) [1&]

5.b) Take thie cace wiien (7.1.)(2) Iiac o tifneminl ‘dictribution
v th unknorm paccmoterc ("1’ )y Lecey

pul.nc("l’"::) = Pn]_.nc(xl =1y Xy = ng) =

' ) n,
= ey u:]' LINCER IER )

L ooy
"'i"‘::-(“"_‘l' ny)e !

N (0 ¢ my5 Mo Wy Mg < 1)s Uce () to obtatn lower boundes
for thc verdinnce of unbiaced ortimators of =y and .

Show that thore exict unbiaced ectimntore of nd  ®,,
t;:a variencec of widci attain thoce boundc. ! [1233)29
4en) Deline Tgufricient ctaticticc's State carefully (witheut
= proof) the Pactorizatlon Thecrem. (2+3)=(4
b) Siow that 1% o completa culficicnt cintietic exicte, theve
oxicte n unique (2sce) minimum va~ience unbiaced ectimator
Tor nn ectimable parrmetric function.
¢) Let XpreensXy e n(22<) oboervationt on n Poigcon varinble

with Smrruneto:' A (X > 0). Show tknt tiere exicte n unique

(2ecs) unirormly minimum varinnce unbiazed ectimator for e"[\. ,
. 1C
Se Lat xl,...,xn be n independent observotionc on a rondom
variable X with e dencity .
5% , 0 & x(to
pglx) = .
LO ,  otiervice.
Deftno T, = mex (XpreeesX )y Uy = min (Xh000,X)e
a) siow tizt (T,,'U)) ic jointly cuffictent for o, el
b), Writo down the Joint dencity of (T, U), and rlco tiro
- marginal doncitiac of each of T, nd Upe i1
. onsel n+2
c) Siow timt E(T,) = “LAr 0, B(U) = 135 o,
’ : . .- 2 .
. Vax(T) = Vnr(Un) - —29 , Cov (I‘n,Un)=L—R.
n (n+2) (ns1)” (n+2) (ne)"
: {10
d) Show tint for ony conctwntc a ~nd b, E(n'}!n+ bUn) =
n—i—\.l[(-'!ml)u + (ne2)ble  Monca, clhow thnt “‘h'un) ic
not ccunlety end any unbiaced cctimetar of tite Yorm
R, + W, Yor © nust ceticfy (Cnel)a + (n48)b = nel,
. : [2ec41)sL
8y Sicw tint tho naximum 1fkelihood cotimater for €
. " t
te §7,. : : s

GO ON T0 ?I% NEXT PASS
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~

e

h)

=3a

Siow that tho masimum likeliined ectfmator given in
(c) ic bincod, cnd an undinced ectimator of O baced
on

T, only ic Y, =E§—1I L3 ) 1
Siow that 2 = Fit1(2T 4 U ) 1o another unbiaced

Zn Bn + & < n n ip anoviier unbiace
octimator of @ ond e A . :

of
var (z,) W EN T [143)=(40d
v Var ( '

Sliow that Tl‘:—‘-'(‘-,n.)- £1 Yor n >, the inequality
being ctxiet for n > . e T
Comacnt on the recult (h). ’[:s]a/



I!DIAY STATISTICAL INSTITUTS =
Research and Training School . &
-B.Stat. Part IV: 1970-71 -

" ANUAL EXRATDATION |
‘Stafipticcost Probability’

Date: 7+6471 Maxtmum Marke: 100 . Time: 3 hourc

1.a)

b)

¢)

d)

o)

1)

8)

h)

_Iote: The paper enrrien’lld mavkc, Attcupt ac meny

questionc ac you like. .Tiie maximwm -you can
cecoro is 100. Madke allotted for cach quention
are givon in brackets LJ.

Tha meaximun peimitted lengti: of the ancwer ip indicatoed
after each quoctions Rouzh work muct be clearly pegicgated
Z:om material meant Tfor tho examinoer.

Statn Lov‘,{-'_u barie invercion To:mula Toiw the characterietic
Tunction of o probability dictiibution on tho real line.
. B R . .

) (3 rego) . (3}
Givo a cpacific countdr-oxample which chowe that 17 at
1pact one ol the and-points of a fintta open intoival 4g a
ddccontinuity point (of the probability digtribution Fune-
tion), then Levy'c foimula may 10T give tho probvability
pituated on that open interval. -

. (10}
Coleulations munt bo chown. (15 pgo)

yunt ic the cpectiwm ol a probability distiibution (or; the
real 1ine)? Stato a bagtc property of tite cpectium. :

(5 1inec) - [5)

" Completo 'tie centence: The cpectmum of 8 piobadbility dig-
-+t pution concictr of oxactly one point iY and only 4f - -
. 4

- (3.14nec) . o . [32
X and Y erc-indapendent,-identically digt:ibuted 1andom -
variables. (X~ Y): takec the valug O with probability
ong. Prove rigoroucly that X takesc a cingle value with »
probability one. ..

(D not use characterintic_functi_orm) (% page) (12]

The characterictic Tunction @(t) of a probabllity ate-
tribution P caticficc thie condition: |#(t)] =1 for
evory (rexd)t, Provo that the wiole probability ig con-
contirated at a girgle point,
‘fou may uco the recult of tie provious question.

_ (/2 page) . f12)
tmat 18 the charactorictic function of the rocta}v;ular

that 1¢, unifoim) diptridution on (<1, +1)? Siow your '
calculaticng, ’

(1/3 page) - : -{5)

Uco tho above rocult, togetiter with Levy'r formula, to cal-
culato .

I - r.in:t dte
0 t*
(1/5 pago) (8}

GO OW T0 THY NEXT PAGT,



v)

e)

‘0

~

In o Markov chain with 9 ctater, the tiruncition mat:ix hag

K

positive clomontc in tie Yollewirg ccllc and zowo ¢

in the
other colic. 1]32._2119)1 é2’4;o :’5;; 3|131 543
’

(4,8), (5,4), (5, GvB),_ N
For oxamplo, Py = 0 and Py > 0.

7,9}, (8,2

, (8,5

F4nd out tio trancient ctatecs. Divida the montrnncient

ctetes into eipodic clascecs Divido ench orzodic clacs into

cyclically moving rub-clagsers

(1 page)
0 % 0 1
.3 : 1
Z 0 3 0.
Pa 1 1
0 b 0 2
o 1
” 0 - 0
2 3

What 4c tiic loact pocitive integer Xk ruch tiat
1n P exctc? Give roacors,

n=>en . (1/2 page)

Calculate any ono olcment in . lim P)m. (P ir the

Ne=d o
P above) I .
Briefly explain how you get tite ancwer.

“(1/2 pago)

Wiat ic tiie greatost wolghted average of 6, 8 and 12 pub-

jeet to tiic condition: *

Groatact weilgint MINUS lemct wolgit ic < =

.
N

(2/5 page)

{z0]

10}

{10]



IIOIAN STATISTICAL INSTITUTS
Recearch and Training Sciwol .
R,Stat, Part IV: 1970-71 [E22]

AMUAL F.‘(MIHATIO'I
Staticticn—4: Inie. ence

" M, Stat, Part I:1970-70 (5351
: Inference-l ’
Lot ‘846071 Ma\.mum Karkg: 100 Time- 3 hourg

)bto:“ Ancwor Groups A and B 4n cepamte anrwerrcr pte.

1, Leat

Markr ellettod for each quectisn are given in
; beackete [Js o
Gioun A
Ancwer as much ac you car, You can ccoro & maximum
of 35 maikee

X Xoyaery X e n(3 %) 1ndependent and 1dantically

tat ctrj.butod random noismal vaiciables with mean u and vari-
ance ¢© (> 0)s .Define

8)

®)

e)
a)
.e)/

£)

Ce Lot

]

X, = o7t g)&. o = ()2 ):(x,-xn) SN D

[ 7 Iz |x-x|
20T g Cyegen T

o a .o
Show that B(c;) = 6"« I you require tiwe normality

a-c\mpt*on for proving tiie recult? Juctify your ancwer.
[2e142)=[5)

E‘ind[oxprecn‘cn for E(c,)s Show that thero extcts
come conctant a, (depc'lding' 01 n) ruch that anrn ic
tile m'n_nuzn vzu"anco unb"t\"ed ectimator of o".  ([3+3)=[6]

Uce (2) to prove that &n ) 1. A [4]

Show that G, "ic an unbiaced ectinator oi o [4)

Tadko tho pnrt* cular cace.n = 2o Find Ver (G ) an

Var (821‘2 . +..] (4]
Var(a,;c,,) ~ B Pt ot

Compute _ﬁr—w"’-)-“— and comacnt on the result, (142)=[5]

Xl,xc,... be & coquence of indepondent and {denti-

cally dict:ibuied random variableg sith a common dencity
function

Lot
on
c)
b)

=(x- 8) Y
polx) = f° L1 X286
. 0 y otiorulce. |

2, demote titc maximum lilzelihood cctimator of © baged
X1’x270 'l ,Xn.
Find an.czpréscien Isr «T. [3)

Siow that the sequenca “n' n> 1] o octimators is

biaced but concictent foxr O, [245)=[9]

GO ON ™ THR MNEXT PAG®



3.a)

b)

R.2)

b)

5.4)

b)

c)

a)

-

Do

¢) Weito down tho oxpreccion for the minimum variance

unbiacod ectimator of © bancd on X yXayes. .
JuptiYy your ancwors xl ~ ’ x" -(143].[4}]
growp 3 Max, Harke: 65

. Bhow thnt & moot powe;'iui randomired levol a tect always

oxicta for & cimplo hypotheric againct a cimple adltornative.

Conctruct tho mepe randominod level « tect for © = 8,

ogaingt © = @) > O, whero € ic the parsmotor of a

Poircon dictiibutiorns Examing 17 thiec tect ig w.m.p. Tor
teoting © = 6, againct 8 > 0. [e)

Doreriba tio mathod of "19&:& favourable diptibution' for
tocting a compocite hypotherin agrinct a simple alternative.

.Piove & thoorem widch ctates that, undev ctated conditions,

a digtribution on tho cat of paramoter values cpocified by

the hypotiozic (1) 1o a 'leact favourable' distribution,
and-(11) piovidec 0 meps ciZe a tect of tha hypothesin. (10}
Fiom o rnndon pomple of n obrervations from N(e,1),

obtain a tect Yor

0 6 <-86, or 20, 6 >0
At: 6= 0. :
{Try tio dictribution P(0 = - oo) =20 =6) =1/2.] (8)

Prove tiiat the level a meps tect of a pimplo hypothesie
againct a cimple alternative g nocecpartily unblaceds - [4)

Lot !) denote ti.o parameterr rpace, @/o the hypotite-

cin ard /4 ‘tho common boundary of (W), ama (i - (), .

“Prove tiat 4F 2 level a.mepe cimilar tact of /y againct

@ - (), 1colco unbtaced for ({), sgatnct () - (B, ,

" then 1t ic necessarily a mepe unbiaced tost for

againot @ - ®, . (8]

Show that tho right=tail t tect of lovel ¢ 18 8.B4pPe
cimilar test for € =0 ongalnct 6 > 0 for .

o o,
u(e, o°), wiore ¢~ ic unlmowm, [10]

Examtne 1i tho crame tect 1o alco undlageds . ' (7)



TIDIAY STATISTICAL TUSTITUTS . 3
ceaicih and Training School =1
BsStat, Part IV: 1970-71 .

. AIMUAL EXAAITATION - ©

Staticticr-5: Staticticel Kethndc Theory .

Dato: 10.6.71 .« ., Maxtmum Marke: 100 Tme: .3 housc

1.0,

0]

b}

200)

1 =2,4s.y B, Ao all zoiocre

Hote. Five quect‘ onc ca"rj 2ull mazke. You may nttempt
any 6 quactionc,but the marimum you can ccore ic i
100. A11 quo-tionr carry equal markr. »
Let xl"‘."xn' be a randon cample 62 n obcervaticnec from a
continuouc dictribution ° with dictributien "unction P(x).
Lot xu)...x( ) aomto tho ordered pamples
a) Obtain 4ite camnl‘rég d' otz '1butlom: of the St value from
the bottom and” v'“ value from tie top in the camples
b) Let g = n(l - B(x ); 6= nF(xey_ 9,y))e Shew that
[ 4 and 7 are, in tholimit, ac n ->=°, irdependent.

Lot Xpsesey xm be ‘m random varlublec. Define precicely tix
multiple corrolation coelficient of x,‘_ on the Temaining varia-

blege - Show that tiie ic tho maximum of the co“'wlation betwac
X on tiie one hand and a lincar combination of Xaseoey Xps on

the othor,
Biiew tiat thtc multinle cor“olltion coefx“icwnt ic zers 4T and
cnly 12 tho correletion coofficients 6f X) with X,,for

Lot X' = (X,Xeees X)) hievo & p-variato norsal distribition
v th mean veotor O, end corrclaticn matrix ((9 )). Let
{1....,,\51‘ Lo a mndom r,anpla Zrom the pcpulat"on. Siow that
i? the digtribdution of tio camplo corirclation coefficiont r“
botwoen Xy. and X; baced on 2 random sample of iz n is
denoted by F(z|n, 9“), tien tio dictridution ¢f tho camplo
rertial corrclation coeffigicnt r” sl ' betwoen tho s
rgres D

couponent and tho J™ component, 1 ¢ 1, '< q  oliminating the
the cffoctc of tihe componcnts Yq' 1r0e N 5 bacod on a cample

of n ig F(rin-(p- q), ®14uqH,00p ) whowo %) §,q41,p denotes
tho partial corrclaticn co»ixic*cnt betwoon Xy and X; elimina-~

ting tho cifect of qu,..., )S) in the populatizn,

Slew tmt the mean of a rnm-)la xl...., of gize i Irom

M, £) ic aloteibuted according to N u, F ) and to
4ndependcrt of A= 2( x, - XX X, - Xy
a=.

where ). = -7 L X A‘Lco ciow that A 1o dict:dbduted ac

N A s L N
o ! whero z' ¢ are independent and each,ga‘Aictribute
-~

4

Z 4
q=l G~
seecording to M( 0, T).

GO CN T0 Til™ NEXT PAGR
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b)

!C)

Gua)

e

8,'

n

bt}

Defino ‘I(ptellirg—'-c o and nho\'l i1tc rolatidn with Mahalanobip!
a . .
. ) :

Obtain T -ptatictic oo B function of the 1likelilood ratis
criterion of the tect of the hypothecin p=p,oon the bacin

of o random pesple from I( », Z)e ¢ ¢ '- .

~
Show that the 1% ctatiectic ic invarinnt under .8 non-ringular
trancfoimation of the random vectors

Let x(i) fo“' @ Lyeeey ni. ia 1,..., k, be rnndom coamples

Trom T 1y 2)y 1 =100k, recpecﬂvcly. Obtain a
- 'test ptatictic Tor the h_/pothan‘n
. );: ﬁ (i) =M| \‘11’101‘0 8 ,u-,ﬁ
" 1el i k

nre given ccalars and g in o given vector. !

.

'_I..ct X 1,‘..., X, be a random cample from H.{ p, ), where

= ....,ﬂ ). Obtatn a tect ptatictic for.the hypothecic

‘ylannn l=’.lp|

suppocc 7._'_..., 2z, ®re indopendent -Np( 0, I) and

LA=12 z 2. Show that A can bo expreccea ac the product

of & lowe » triangulor matiix B with 4t trancpoco where the
d!ngom\l clemente of B_ are independent X-varinblec nnd the

remaining p(p=1)/2 non-dis omﬂ. clements of B_ ore indepen-
dent N(0, 1) va=iabler. | P pen

"Define’ Ficiier's linenr di ccr‘m*mmt Tunction ‘witich provider
.maximun diceidmination detwcen two popn,!lt"onc donoted I and
: 11. Show that tidc maximizeg

o LB ) B8 a)F

for all vactorc .d.
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AINMUAL BXUMINATION
gtatipiicr~5: Stattctienl lethsde Practicrd

N
3|
U
('

£

Dato: 1146471 Madmum Macke: 100 Timo: 3 hourp

1.0)

Y

-~

Note: Four quectionc carey Tull marksy You may attempt
any part of any queeticn.’ The maxirum you ean searo
* 4r Quoctiornc 1 to 5 ic 80. Maorkg allotted for each
quortion are given in brackets { 1.

The following roculte wore obtained at’Syracuce University
in an invectigation of tio Iactorn influcncing acadenic
ruoceccs  The ormple concicted of 450 ctudenta and the
variatec were X, {lonor pointe), q (genoral intelligence)

end (X, (lours of study pexr vook), -t

. Vo # 060 © Yoo e 032 Viu = -0.35
wiere )’13 donotes the corvelation cocfficient betweon
X, and XJ‘. ’ ’
FMrnd to wiiat extent honor pointg,, wero related to ganeral
intelligence, when tho effcct of varying study poriode weg
clininated, . [20]
I{\\ the Yiveriato cnno, chow that the dictance Tunction '

I” reducec to the nguare of the geomotrical Alctance botnueri
tho two complo meanc in tho x-y plone, whon the comple
corrclation coofiiciont 1o zoic,

Henee tort the hywothocic 02 cquality of menn veetore of -
the two groupe Yor tio followirg data:

tatxdx of pooled variances and covariences’

) JRSSU. S
x 0 :
y . 01431
Scaple  Size | Valueg of Menng ,
. = vy
1 2 -£5,80 7,81 .
2 £0 28435 7.4

Ao toct whother inclupion cf ¥y in nddition to x

incroncos thie dictance between tihe groupe, - [10]

Two populntions of ctudcnto taking university physiee are

- atetingutened nc (1) thoee toking the ptandard elementary

courco and (2) thoco t~king a ecmevihiet moro advanced cource ,
intonded Tor better-preparcd ctudentes. Mecidimination 1o

_ made o2 tho bneie of three meagurcmente, x.l (mathematies

tert ccoro), x:(tho AsC.B test ccove) nnd™ X (the ctudenty’

honor=point yatio).: For 111 ctudentr in tho firet cource
and 257 ctudentn in tho cocond, tho following rocults were
racordedi

GO O¥ 20 THF MNEXT PAGE



. guiching totwaon tho courcor.

0
-l

e — T ) O €]
T ekt ML
. % 87,620 2.397
- Sy 31,001 56,074 -
I 11586 +2689
stx, = %), 53136 194356 .
8(xy = Xp) 11616 *16804
Slxg = %5)° B85 120,39
8 -5 ) (xa-X,) 4863 17878
8(x) =% ) (5= %3) 48545 1844.0
8(xa= Xp)(x3= X5) 24348 . 83646

——e Mse Sem . cwas

crleulate tho boct 1inear drorinintat function for dictina
I2 a now student comec nlong
with tho ccorec = 80, Xq = 40 anmd Xy m 1,5, to wid

cource ciculd ho bo accigned? . [20]
S.'er'i‘onbwim date give the obgorvations x’m tiro 3-variate
nomal dictritutions with mean veetorn # end Mo and
covarinnce mat:ices }:_L and 22 recpectivolye Uce Scheffe's .
solution to test tho Lypothocis thnat py= g

ilidnt:  Uga the teancfommaticn

: W /A g, e (2 1 & 4
Y“= xu \/n: xa ,.+JDIB:|:' Br-lxp--_ Pcf:l.xv ’

wiore m rend n, aro tho' pamplo cizes nnd m < n:]

. o n n
O YA, O SO
70 247 22 64l 1.4 2,5
G4 12  Du2 . 49 1.4 2,0,
6.9 2 2 . 4?7 1.3 2.8
505 1.3 2. 446 1.5 2,
6e5 1.8 Sal 5.0 1.4 £.6
5,7 1.8 " 540 Sed 1.7 2,9’
Be3 D03 C» 4.6 1.4 3.l
49 19 2 S¢0 1.6 3e4
444 1.5 1.9
JSSUROTOPRUURVEY 11 B 0Y- B X (0]
‘Laet the compononts of X coriecpond to scores om torto in
arttimotic l:pood,(xl), aritimatic power (Xe), menory for
worda (¥;) And memozy for monning?ul oyavole (X,)e The
atpcrved corvelntionp in a geoplo of nize 140 arot
1.00600 0.4248 0.0420 0,008
1.0000 . 0.1487 0,2489
.o 1,0000 0.6915
B 1.0000
Cot~an tho boet pot of regreceor variables for regreccion of
X on tw of Xp Xz ond Xy : {20]

GO 0if 70 2% IRYN pane
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Tho following give thio motn v2luec of mencurcments on 100
pamplec of four morphologicsl oharnctern of a rcpeelcc of
plant, and nlco tho matrix of covariancoc:

; x1 X;‘ X.;! ‘)(4 Heang

b<Y 13.86 6,97 1.08 T,32 36.58
Xy 4474 0.56 1.46 40,00

o

014 0.22 7.E1
O AP

Toct whothoz tho cub-vectors X\1) m ();13) and

@ .
X\~ w (x") have oqual meancs
4

Practical Rocord
Vive Veee

{20]

(10]
[10]



IIDIAN STATISTICAL INSTITUTR [4';5‘
Regoarch and Traininy School =
B.Stat, Part IV: 1070-71

) . _ AMTUAL EXALINATION
X 77 - gtatictice=7: Econouotrico Thoory and Practieal

]

Dato: L4eGa7l o Moxtme Markes 100 Timo: 3 hours

jlcte: Ancver Q.6 and any thiroo of tho rect.
Marko allotfod for eacit quection are given in
beeckets [Jo 7 - . )

1,a) !'The production function is n technical engineering rela-
’ ticn got\wen inpute and output's In the purity of thip .
relntfon alvays rotained in.tho empirtical ectimation of the
production function? Give reacone for -your anmzer,

b) " How do you propoco to folve tl:e problem of aggrogation of
. the Cobb=Douglas functfon ih ordor to arrive at A relation
. between aggregato irputc and aggregate output? Can you
‘+ uge thdp relntion to ertinnto the value of capital Yor all
. inductrioc? What are the nccuiptionc ynderlying your
... .method? , - , R T 1s)
24+, "Mocuse hew you would fInd tiio bect linear unbiaccd ectima-

teoc of the parnmeterc in o rogreccion nmodel in the preconce

* of autowcorrolated dicturbwncec, Fxplain a practical pro-

+ - cedure in.widcihh gimple leact cqurrers motlod may be applied
when the disturbancec follow A Zirct-order auto-rcgrescive

-+ ctructuso. 4 - :

3, ' Wiy dooo the log-nommel -dictribution ucually f1t tho dic-
+ trdbution of perconal income botter thien tie noimel dictri-
tution? . .. .

"Indicate a method of tocting whethor a given grouped cmpi-
iderl dncome dlgtridbution oteyc the log-noimal law, How
will you proceod with the bucinecc of Titting tle log-nommal
diptribution to the empirical dictribution if your tect ig
caticlied? .

. »
4s Explain tiie problem of multi-collinearity arc it appearc in
econometiic analycice What arc the dififcultiec created by
. itc procence end how do you propoce to rcmove them?

] o o o

Se Vi=ite a noto?j:he problen of heteroccedacticity, mention~
ing situctidng viiore ‘the problem ic met and tiie ctepe
which may be tcken to overcomo this problem,

Ge Draw the concentration curves of per capita montily total
- expenditure and per capita montily expondituse on milk and
milk products and aleo compute the related concentration
ration Irom tho following data:

GO O¥ 70 TR IEXT PAGR
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Tablo: Avorago concuaption axponditura in Ros per 49
percon per 30 dayn on a1l itemo (X ) and on milk

and milk products (¥,) by percons in differont
clacces of per percon totnl expenditure per ¢

59 dayes “
"—expendL e CLBGS T PeReCRE of " T T T
+ . (Rae), ] pogulation v Xy LYy
A p,) A N
. 0= 8 0 803" 638 . 0,00
B a1l . 147 9.40 .0,
f1-13 11,33 12,01 - 0.46
13 ~ 15 779487 Y 15,98 0,54
15 =18 . 13,05 16,44 0.95
18 - 21 " 9.48 19.53 1.32
LD a4 . - 849, 20,46 1.7
04t 08 - . 696 . 05,66 2,03 o
LB =34 < sar .130.3¢ | £.56
: : 5,34 58426 ‘4,04
275, 48.85 5.5
2,80 -89.45 700 °

“T300.,00

et a2 = e [55)
_Practical Rocord - - ' B 6 1)
" Viva Yoce i . . . o o o " [10)

. - oot



Pate: 1546471

1,a)

340)

b)

IIDIAN, STATISTICAL IISTITUTE

Rogearch and Tratning School (3z6)
) .. BeStat, PM‘t IV: 1970-71
e - AMUAL EXA{INATION . '
Staticticc-7s Planrdng Teockniques
Muimum Magks: 100 Time: 3 hourp

Hote: Ancver Qi) And any tn.me of tiie rect.
Mazkc allgtfod for each queotion ave given in
bracketo {Je .

Solve tho follo-m_r(: linens proyYm by eitier Charnes'= M

technique, or, two-phare metlod:

maximice ..xl + X, 4+ 4x3
.nubjectto : x1+3x2+..x3< 20
. ..x1 +1Gx,, v X5 2 4 . .
- 3x1 - 5x3 )—10

. u1 Ty 20 o
In the optimal colution of (a) un.quo? . . [4
Find tho optimal colut'on of the dual to (a) end explain

the rpectal featuvo of thir dual rolut"on. N (¢

Concider a cyctem of m cimul tancous nne&r aquationc in
n winows {n 3 m), Ax.= Db, with =(A) am, x 2 0.

a) Define a bm:.‘c ieac' ble nolut!%n of the nyrtem. [

b) %hat i¢ the connection betwoenfonctc feacible rcolutions
of the cyotem and tho extreme pointe of tiin cet of ito
feazible rolutiors? o

Conctder tio following ctandard maximum problem:
naximice =X

cubject to -2:«'1 + X4 £

W
+
(5]
ot el
AlA
-U'I" [ 4]
—

"Siow that thic problem haz the optimel colution

xl n4 xX,ul
by 2inding a rolution of the dunl problem naking ure of the

" equilibrium theorom,

Lot x =§ ‘ be a.xnon-negative colution of Ax = b and
let y y,) be n colution of yA ) o

Prove that x maximices cx and y minimincu yb 12
and only if .
j = 0 wienever yad > cj '

vhere oy ie the j~th column of A and ] io the j=th.’
component of co . [

GO ON TO Ti% NERT PAGR
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Solva the Tollowinz canonical maximum problem by computing
all of 1tz bacic (not necencarily nqn—negntive) colutions:
: EE \

maxinice "...‘x.l + 3xq '
cubject to 4% + Ex‘rl + Xy =4
. ’ 0+ ch woea B
check by colving the dual. {9l

Congidox a Leontivf system: (I - A)x = ¢ . .

viiero A inp an nX n non-negative matyix, x‘and ¢ aro
n-component vectorce Prove that foxr a given c¢ > 0, the

above cyotem hnc a non-negntive polution if and onmly if the
Hawkine=Simon condition ic naticiied, namely that the matrix

(I = A) has the n pocitive upper leift-hand corner princi-
pal minoice - [25]
Give a lincar progromming inteipratation of the Leontier

Static Open Modols . - [25]

'It 1¢ a remarkabdle implication of the Leontiefd cyct'cm thet
oven 1f theire were available cevernl difrerent procescen for

" onch industry, only one or them would °Ver be obecerved!.

Eluoidata, [25]



TEDIAN @TATISTICAL I'STITUTZ

R o AL R THARTO N, 2
-B.Stat, Part Iz 1970-7 '
Statictiec-3: Genetice .,

. Mo Stat, Pavt I1 1970-71 - -

Applied Statictice-T: Bigotatistics .
. Theory and Practical

ﬁaéa:lc.c.’n . Maximum Marke: 100 .. , Time: 3'_):0\1:0

1,

Note: Tio papes corrfon 114 maske. ' You may,ancwer any

art ol any quoction, Tho maximum you c¢An ncoro
ip 100, PMatko allottcd Tor oach quection are
given in dbrackete (Jo. . -

Bach of tie followirg ctatements fo either true or falco,
Indicato, without reaconc, which is true and =hich 1o Yalre.

a) Mendol'o lowe of he'rodity aro not at all applicable to
hdgher animale 1iko man. :

b) Lamask's theory of evolution wac bagced upon inheritance
of acquired charncterc.:

¢) A population attaine equilibiium with rocpoct to any
autocomal character in one generntion of random mating.

d) The frequency of a doainant gene gradually increaces
at tio cost of itc rceozcize amllele just by virtue of
{tn dominance,

o) A defect widch 40 contiolled by a recossivo geno on
tho X~-clhuvmocome oceurs equally frequently in males
and femalocs

I) If both the perentc hava tie blood gioup 'A' (referring
to ABO blood gioup eycton), their childron may have
tiie Ylood groups 'A' or '0',

g) All blood group ecyctome cuch ac A30, MY ete, are
contivlled by the cane locur, . ‘

i) The rolativo Trequencioec of different allolec at a
locus noed not ncececarily add to ono.

1) Hacmophilia ic an'autocomal charactor, .
3) Random mating means no inbreoding, . [1c

Wilte chort notee on nny throe of the following:
a) Hardy-fcinberg law Yor autocomal charactorc.
b) Bernstein's mothod of ectimating ABO gono roquenciec.

¢) Rifect of a mixture of random mating comsunitioc on
renotyple frequenclccs

d) Onc=ray recurient mutation,
¢) Mendol's lowp of heredity, (8 x3)={24

Dircucs tho equilibitum for an X-linked character undor .
fiardy=voinbory 1ove (15

Deceribe,. in detadl , the maxinum likelilwod metiwd of
octinatirg ABO gono Yroquencies undor random mating. [15

GO Ol 0 THR NEXT PACR
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Show thet colfing eventually lendn to completo )u)mozygonn:,_[m
) N L i . . » .

sn nutocomal locuc with two nllcloc, derive tho gono-
:;;iic'nfmquonc*_an under Waight's oqus.niwi\n law, ctarting
“from rirct principloce lcnoc writo down tho phenoty 12
froquoncice Ior ABO™ blcod group cyctem. 12+3)=(1¢

Conridor two amoton A ond o with rolative fitnocc
coefficiontn %1- §) end (1-6) rorpoctively, whero
g > Se ' ; : n

a) ‘Siow that tio gomote a ovontunlly bocomoc oxtinet
in the abconco of mutation, ) [10]
b) Introducing mutation fiom A =—=>a at a constant rate
-of u per goneration, dcrive the ntable equilibrium
gemetic froquenciecs (You may accuno that o in
muci: lexger than 8.) s



1 TAD o N L d —
Tyt el
.B.Stat, Part IV: 1970-71
ANUTAL BXAMINATION
Semple Swiveyo (Theory and Practical)
Data: 17.6e7L Maxtmum Marke: 100 M™mot 3 hours

Noto: Ancwor all the quectionc, Marko allotted for
-7 oach question nro given in brackets ?]. .

1. Prom tito Tollowing lict of villagec in a tohnil, dravw

5 yillsgac,ono by ono with roplacemont, the probabdbility of
pcelecting a particular villago in any one draw being propor-
tional to tho numbor of houcaeholds in the villege ac obtained
from dictrict concuc handbooke.

{You chowld uco tho tablo of random sampling mmbars cupplied
to you and procent tho _detailp of tie procedurc uced by you
in a neat tabwlar way,

Villane-ice data Yor a toheil

8, " Mou o "7 T BT, You of 81, To.of
Yo.  hougoiwlds __ Yoo louschodds . No. households
1 -957 84 004 16 ns

2 278 9 523 17 1334

3 .i548 10 1197 18 812 -

4 1064 n 455 19 472

5 873 < 993 & . 030

6 763 13 758

7 541 14 "168

N 1 SIOIOL - S {30

Ca The crmple of Iive villagec dravm above ic to boe used for
ectimating the Iollowing parameteres:

1; the total population of tie tekril,
2) tho total oxpcnditure on Yood in A month
. in tio tchei) and
3) tho per capita montily expendituo on food.

It ic not pocoible to invectigata all tho houceholds in cach
of tho Tive gelected villagec and cecond ctago campling of
houccholds ic to be undértakon, ueing the method of cimplo
random nampling vith replacement. For thip purpoce, a lict
ic to bo prepared of all tho houcciwlde 1n onch of the five
galoctod villagec. lote tiat the actual mumber of houcoholde
in these villageo 1¢ 1likely to bo differont from the numbor
obtained Yrom @ictrict ccncuc handbookc which are gonerally
out of date,

a) It har boon docidod to draw a totad of 500 households
T=on theeco £ive cclocted villagoc. How will you detor-
mino tiia mmber of houccholds to be drnvm Irom oach of
tho peleeted villngec?

Dicecuce in thdsp connection tie advantages and dipadvan-
teges of (1) celecting equal numbor of houncholds from
oach villago 211) ogual proportion of houccholde fiom
oach village (111) choocing tho numbor to enzurc a polf-

weighting decisn. [2s1
%) How will you ostimato tho tiwoe parnmctors? Are thoco

c¢climnten unblacred? Work out the campling variance of .

those estimatore. [25])
¢) 7 vAll you entimate tho pampling yariance.f tho ecti- :

matod totsl population? [20]
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