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Research pnd Training School (501
B. State Paxt III: 1069-70
PERIODICAL EXAIUATION
Hathenatlos=3: Ancdysis
1569469 ilaxiow Ilarka: 100 Tinec: 3 hevoa

Instructiong: 1le Ansver all gucstions.
. 2e Be clear nnd precisc,

Marks alloted for cach questisn arc given in brackets 1.
Delino a ficld.
Let = [(«y B) ¢ a, B ratisnail
Define (a. B) + (&, n) = (e +2, B + 1)

(ay B) « (&, n) = (ag - 2875 an+ BE)
Show that Q 1ig a field with thesc operaticns.  [5+10])=[15]
Lot F be an ordercd ficld, Dofine the concepto
‘interval' and 'tounded sct'. .. p" ain carcfully the
ncaning of the two statenents: 'I satiafics the supremun
principle' and *'F is complete'.
Show in detail that T satisfies the sunrenun principle

iff 1t is Archinedean ond complctc. [5+5+25+25)={60]

Let R be a complete Archimedéan Ordered ficlde Given
X >0; n >0 anatursl number; both in R then show tha
that tlxc"c 1s a unique y in R cuch that

¥>0 amd y' ==
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LiDIAT STATISTICAL TUS?ITUIE —
Rosearch and Praining Scrool E1
3s Stats Part III: 1960-70
PSRICDICAL EXMIINARION
Bconsnies-3

2949469 . liaxipun farka: 100 Tine: 3 hours

Toter- Anowor Groupg 4 gna b 1n ocparate ancwerserints.

Group A: Econonic

Maxinun larke: 70 Sugeestnd tinme: 2 hours
Msover any Tour questisnag,

Al questionz carry cqual aarks.

uention seme important characteristics of poor naticns,
nnd deseribe how soze of theace dre interrelateds

Explain the idea of 'VWicicus cirelez' in thia context.
Sketeh briefly the available statisticAl informaticn on
the international dictrivutiorn of natisnal incones

Beserive fully a wigorous proaccdure Lor comparing the
purchasing powers of currcncics of two countries,

How can onc study the contribution of Lactor inputs to the
growth of naticnal proluct?

Deserive Abranevitz's analysis of the long period grewtir?
of the UesSsccononye
Yhat arc the prinecipal structural changes in the industrial
distribution of lahour force and nasional product accompanying
crowth of per capita ircone? Can eross secticn data be uged
in thia context?

How con onc ncasurc the intersecterel disparity of averasc
income per worker? Does a change in intersector diecparity
throw any light on thc change in size Jistriouticn?

Virite bricf notes cn pny turco of the fcllowina:
i) Hagen's adjustacnt of internaticrnal income distzituticn,
11) The ahare of incone from assets in naticnal income is
independent of the level of per capita inconcs
1ii) Norgenstern's observation orf the error of thic rates of
growthe
iv) The share of food in emmsiwapticn cxpenditure vo. the
ghare of agricuiture in national incomec.
v) Long perisd rates of growih of advanced countricss
vi) The differcnce between GNP and nabicnal inconde”

Groun B: Excnenic Theors: - Growth Uodels

Haxinwa Marks: 30 Suggested time: .1l licur.

M1 questions corry cqual navlese Answer pll
BITHER qucstions.
Sliow that the capital-output ratic in Marrod's growth model iz
a constant not because he has assumcd it to be so but beeause
it follows fron his other assunptionss
or :
Define the warranted ratc of growth in Haryod's modcl, Show
that thero cxista a warranted rate of growth of tihe Harrodian
cconony e
Prove that the warrantcd ratc of growth is unstabice
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General Scicrec-4: 3iochenictry Theory
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lletes Angwer 21l guestisnae. lavla allotted for cach

queaticn arc given in orackets [ Je
Give on cxanple £or cach ¢f the fellowing:
Pclypeptide, Deliydroscnanc, Dioaccharide, Fentosc,

Kotoncide {10]

Wiat arc the different netheods of quantitative ectinaticn

of anino acidse 101
Deseride the anacrobic glycelycis in yoant.. (~0]
Teserite the classilicaticn of preoteins. [20]

Give an outlinc of proparatisn <f enzyme frem natural
gources How can ycu catinate the activity of an
enzyne preparation? Give exonplce {0l

Deacrite the quantitative estinaticn of protein, [~0]



Dates

lea)

b)

:o(\)

b)

3-0)
b)

401\)

b)

13+10,69
Note: Angwer a1l aueantizhas ilarka allot 2
cath quéaiicn e riven in brachot: (1]
)
Tefine the teras:

Phasc ospace, mierostats, nmnerontate, thermodynanic
probabilitye (e x5]1=[26]

Prove that: 1n (%) = x1n x-x

33y =7
(%!;)T =P

where p = preasurs, T = abastenn, S = entropy,
F = froo cnercy, U = internad cnergy aud ¥V = volunc,

(6+3+31=(17)
.
Assuming the nuacer of pointe fa the 1°% cell iy
ans given bty
' v Aerm
"1 =7 eXp (- ":/""I)
vd th usual meaninrgs of the cuynbale, show that
o "
U = W %-(‘1-—1"
EN
where U is the internal cnergy of the systens {71

Apply the Beltzaorn statistiecs to derive the velceity
distributicn law fcr o ncroatonic idead gas. [5]

Explain: Pauli's c:2lusicn principle, lieisenberg's

uncertainty principies . [2 xa]=[r])
Derive Bosc-Einr.tcin"s or Perni-Dirac's distrinuticn
functions [1e]
What ia blask-body rodiaticn? Apply Zose's statistics to

derive Planck's rodiaticn formuiae [3415]=(27]

Comparc and contrast the three statisticszie M-B, B-D
and PF-D. [2]
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PERIODICAL ERAIINATION
Statictica-3: Probability g

Datc: 3411469 Haxinua Markes: 100 Time: 3 hcurg

Hste: The whole paper carries 105 markse. Answer as nany
quecstiona or parts thercofs The maxinua nunber cf
narlza you can get isc 85, 15 narks arg. fdlotted for
n«qigrmcnto. :
Marks allotted for each qucqtion arc given in
brackets [ ]

1, 1f £ 1s a countablc collection of subscts of a sct (),
show that the onallest algebra containing L‘ is adso -
countablee: : [15]
24 For any set B (C ﬂ » Ip .denotes the characteristic
function or indicator function ¢f E. Prove the following:

1) Ip < Iy 11f B C P
1) R R e 1)
=Ip VI

(Note: If* £ and g _are two read valued functions defi-
ned on a get (), fV g denotes naxinun of £ and
g, and f A g denotcs nininum of £ and g).

111) Ipgp = Ipip=Ip A Iy
. 1v) I.. =1 -1Ig
{1z -
v) Ip p = Ig1-Ip)
vii) Tpr = |1p - Ipl

vi11) Lot {En, n> 1} %o n scquence of ubsets of (.
Then

a) T4n 4nf I, = lin inf IEn
b) in oup B, = lin sup IEn. .
(142424241424(343) 1={15]

3s A calicction I5 of subsets of () 1a sald to be a lattice

1) ge &b
11) EeB,Peckh =>EUF¢ b
1i1) Be L, Fe Ll <=>ENFe L
a) Show that every ring ia a latticc.

b) Givo an cxoaple of a latticce which Js not a '[‘ingj (10
248

In what follows -- ( D @, P) stands for a -

propability spacc. [iech, b, is a s-algebra of aub-

sctoof (), md P isa probability neasurc on @ J.

GO 0 70 TIE IBXT PAIE
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Show that 1f Ee @, FeQ and
PEAF) =0
then P(E) = P(F) L4+C]=l1:_
s the converse true?
Let { in> 1} to n scquence of scta in @_ o~ Show that
P(1ia inf B ) < lin inf P(E)) é;m sup P(B,)
P (1in sup ‘.’.n) L
Let R denote tho real line, @ Borcl cr-algcbm on R.
and N Lebecogue measurc on & o
If B 19 any Borcl sct, ghow that
2B + x) = A(3)
for overy real nunter x, whero
. B+\_‘)-:;*)', JCB} )
Let ((),Q) be a Borcl structurce Lot £ and g to two
real valued neasurable functiona on ()

a) Show that
1) f4 g ia ncasurable

11) f. g 13 neasuraole

111)  |f] is measurable [5+5451=(15.
b) h is a real valucd function such that |h| is measu-

rablce Is it truc that N is mecasurable? 5,
Let £ be a bounded non-ncgative neasuradle functicn on
().« Show that there exists a scquence of simple functicns
converginrg to f unifornmly. (20}
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Statistiecc-3: Statistics {(Theory and Practical)
10411469 Maximun tarks: 100 Tine: 3 heurs
Mrter Answer Qe 4 and any two othdér queaticna from tho

rent, - Harke allotted for cach queaticn are given
in brackets.[ J»

Qel.a) A niople randcn sample cf size n 15 dravm fronm o popu-

b)

Qc2¢t\)

b)

c

laticn censisting of W units without replacenment. How
will you estinate the pepulaticn mean of a nuderical
charncteriatic 'y' of thc units cn the basis of thia
sanplc? Find the sampling variance and an unbiagsed coti-
patc of this variance of this ostimator. (5+9+10])=[24]

A simplc ranéen gample of size 3 is drawm from a popula-
ticn of size il with replacements Find out the prebabi-
litica that the seaple contains 1,2 and 3 diastinct units.,

In a stratified siople randon sampling gchemo (with
replacenent) ottain the ontimun allocation of sample sizes,
nytsy, 1 = 1,2,6444 K, to the diffcrent otrata nininiaing

the variance of the cstinate of the population mean gub-
jeet to fixed tctal sample size n, : {10}

with ¢ strata a sanpler, using a atratificd sinople randen
(with replaccment) sclene, would like to have ny = np

fcr adninistrative conveniences IF Ve uol and vopt dencte

the variances of the usual unbiased catimate of the popula-
tion mean given by (1) n=n, and (11) lleyoon's alloca-

tion respeetively ahow that the fracticnal inereasc in
variance 1s given by .

T~ Topt _ (21y®
= \rT

A Opt

n, A~ ;
whero r ==, N, ny being the valucs of ny and ny

3 2 1

2
as given by the leynan's allocaticn. [r10]

)The following data has becn obtaincd from a partly con-
plcte ocnsus of all 460 villages in a district. The
villages were divided into 5 strata by size. For the
i-th stratun Iy denctea the nunmber of villages, oy t}-xo

standard deviaticn ¢f the arcas under wheat in a village.
Obtain the optinmua values of n's, 1 =1,2,.., 5,(the

sanple sizes to be allocated to the 5 strata) nininising
the variance of the catimate of the population mean
(arcas under wheat) subject to the fixed total sample size
n = 46 (the samples in oach stratun is to be drawn with

cqual probabilitics and vAith replacenment). .
Stratun 1o, N i '__ K

1 63 56.1

g 119 11644,

3 53 18640

4 75 361.3

. 5 150 401.2

(20]

GO ON TO THS IZXT PAGE



Cels Suppaec that a two stage canpling design is adopted to
cstinate the populaticn meen of a certain characteristic.
Let 1 e the nunter of first stage units, Mi be the

nuneer of accend staze units in the 1-th  firat,stago unit,
n the nunber of first stase units ts be drasm at the pri-
nary stage of pmanling and oy the_ruabdber of second stage

units to be dravm fron the i-th first otage unit 1if the
i-th firast stage unithappens to be scleeted at the primary
atase ¢f samplinge At both stages saples are dravm by
einyle randca saapling withicut replaccnent. ‘

o
a) Obtain an unbiascd catinmate Y-of the population cean
Y n

Y . ) A
b) Obtain the campling varience of the cstimate Yo

¢) TFind cut an unbianed cstinate of the variance of Y,
[5+10+415])=(30]
Qed The fcllowing table gives the gecgraphical arca and the

arca cult&v:\tcd under paddy in GO villages in a édistrict.

a) Sclcet/sample of 2 villageg with probability propsrticnal
to gecgranhical arca vithout replacement.

b) Egtinate the tetal ssiedx: arca under paddy in the dis-
trict by using (1) Desraj's cstinmator (11) Horvitz-
Thenpsenta cstinatcr,

¢) Pind cut unbiased cstinates cf the sanpling variance
of the catlnates. obtained in (1) and (ii). ,
. [6+12+2C)={cc!

Table

Village-vise Geographical arca and arca
under paddy in a dlctricte

Goographical Arca under Gocgraphical Arca under
Village "7 A rice  Village B rea rice
No. (acres) __(neres) o, (acres) (neres)
1 151 81 31 716 305
2 542 297 32 230 127
3 562 275 33 349 245
4 410 . 118 34 379 270
5 249 L4 35 135 6<
[ 121 56 26 873 5
7 106 33 37 248 69
8 - 397 147 38 1034 401
9 £53 194 39 503 164
10 710 282 40 206 46
11 . 176 65 41 682 166
2 730 288 2 653 129
13 327 115 43 166 41
14 280 161 44 4s5 116
15 287 179 45 1495 164
16 404 273 46 501 9
17 124 53 47 1475 373
18 | 244 58 i 1117 cer
19 ¢ 370 93 49 389 79
2 541 155 50 716 ‘el
21 153 41 51 272 51
22 658" 230 2 570 100
2 805- 239 53 251 86
° 435 158 4 69N 3
25 41g: 130 55 147 13
26 235 114 56 864 - 148
2 564 170 57 803 242
28 515 o 58 924 340
z 586 218 59 601 189
30 246 a7 60 395 9)
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1711469 Maxinun Marks: 100 . Time: 3 hours

Note: Ancwer all queaticnse Marks allotted far each
queation arc given in brackets [,

Explain tho meaning of Modulua ond Mantissa? Assuning
standard Modulus and lantissa, how are the fcllowing
valucs stored in intcermal nscde? e

a) 573 ¢) 3640

,b; ~10000 ) 4 5443

c) £932C963,1046 g) 1

d) ~0.00037418 _ D) 10.328987869 {101

Following Fortran statements forn o scgnent of a progran.
Explain and correct the nistakos, if my.

D6 1 I =11,100
- pnwmusienr 4(10,10), B(10)

B(I) = 040
DS J =1,U

1 B(J) = B(J) + A(I,I) * *2
PRIIT 3, B(J) .

IF (B(J) - 0.,0005) 4,2,2
6o 16 '5

D9 6 K =11

FORIAT (10X, 3F.G.4)
K = K- 2
I? (B(K)*-*# 2 - B(1)) 6, 1, 6

6  COITIIVE ) {10]

4

(SR ¢ -]

Givon the valuea fer a,b,e and & punched on a card and
a aet of valucg fcr the variable x punched onc value per
oard, write a fortran program to evaluato the functicn
definod by

ax™+ bx+ ¢ it x ¢ad
f(x) = 0 L 4f x =8
o
-ax” + bxe~cC if x> 4
for ‘cach valuec of x ond print the valued ¢f X and,
e . L {15]
Write a FPRIRAN Progran to cvaluate the function
. 3 5 ' gr-1
SN (x) == %= Fp 48y - oon (D™ Ty
2r4l
vhere X < 04000005 (251
(2r+1)

GO 0! 70 THE NEXT PAG2
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1 romAT (5 X, S7HINDIATUSTATISTICALD THSTITUTZ//
16i1969-70, STSSIEN //
READ 2, iF
roriat (15)
DIMEXNGI&!N A(s,n)
a6 J = 1,1
IZAD 3, (AiI,J), I=1,4)
3 FORIAT (uOBLm&\S 4F 10.8)
D 4 I=
A(5,J) = A(I J) + A(5,0)

(&}

4 Al(I) A (1) + AT, J)
5 PRIIT 6, (A(I,J), T =1,5)
6 FORMAT (10X, 40H BLAIES, 5F 10.2/)

D6 7I ='1,5
7 (D) = Al( }/!

PRINT 6, ((Al(I), I=1 5))

STeP .

The abeve pregran is written to Tabulate the marks obtained

by studcnts in 4 cubjecta, The average number of marks
cbtained by cach student and the average marks in cach
sudbjcct is alss required to be printeds Lock for any pos-
sible crrors and rc-wvritc the pregram corrcetly. The nun-
ber of students 15 rcad frcm the 1st data carde (Assune
that the nunber of students is at the asst cqual to 100). (25]
. 25

There are 73 departnents, abcut 17000 werkers and 27
different sceles ¢f pay, in an crganisation. The follow-
ing particulars arc naintaincd fcv cach worker in the
organisation,

1 Eaployee naie (maxe 30 characters 1cng)
P> Enployce nuaber
3 Sex
4 Marital statug
5 Date of Birth (assume that all are born in 20th
century)
6 Date of appcintment
7 Datc =nd nonth of inercocnt ¢ pay
8 Departacnt
9 Scﬂeofpu
10)  Pay (Rse 2c.) -
12; Mlowances (RasPs.)
PTctal Boolunents (Rse Pss)  [12 = 10 + 11]

Suggest a suitadblc card design and explain any coding
schene that you adepte (15]
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Dote: 24411469 Maxinun farks: 100 Tine: 3 hours

Mote: IMaxks allotted for cach guesticn arce given in
brackets ¢ Je  Answer groups A and B in geparate
anoweracripto.

Group A: Jlathenmntfcal Anolwvaig

taximun larke: 50
Mngswer a1l quecticns.
1, When do ycu say that an ordered Tield paticfics the
! Suprenua principle’, L
Show that an ordered field satisfying the supreoun prin- X
ciple is Archimcécans [243)=17]
2¢ Let A bo a gubsct of the real line. Exnlain. what i3
necant by 'A is closed' 'A is bounded' and 'A i3 compact'.
Show that a subsct ¢f the real linc 15 ccapact 1ff 1t 1s |
closcd and bounded. ) {6+20)=i76]

=\

Sea) Lot (,\-_n) (:;n) bo two acquonces of real numbers comvers-
ging to «e Definc the soquence (2.) as follows:

¥ if n 1s cven
n if n is odd
Show that (Zn) also converges to6 « o

b) If a subscquence cf a Cauchy scquence converges then shew
that the Cauchy scquence itcelf cenverges.

c) Let (x,) be a sequence of real numbers where x, A0 for
all ne If (x) -> 0 egHow that the scquence (}t}) dcea

2, =

not convergc. a
a) I « 15 linit point of/ascquence (xn) then shew that there
is a subscquence of (xn) which converges to a.
. {5+444+2)=(171
Groun B: Lincar Algcbra
Uaxioun Marka: 50

llote: Mnsver Qs Hoe 1 And as many questicns as you van
+ fron tho rcot.

1, Dofinc the following terns:

(a) Eigen value (b) Geomctrie multiplicity Ecg Algerradc
multiplicity (d) Characteristic Pelyncmial (¢) Algedrai-
cally closcd ficdd (f) Hlpotent transformaticn. 1
(6 x, ox]=[15]

2¢  Showy, by means ¢ an cxample, that a lincar trancfeormaticn
necd not have any cigen valucse .

Se  Show, by moans of an cxample, that the alpgebraic rmltinli-
clty of an cigen volue nced net be cqual to its goemetrice
multiplicity. (5]

GO O 20 71T :BXT PASE
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Lat P be a prcjectizn en a veetsr gpace Voand N be
its cipen valuce Then show that elther N =0 or A = 1.

(2]

Give en cxprecaicn for the doterzinant -2 a lincar trana-
fernaticn on a Anite dinencional veetor space in teros

clermente of 1to patrix with respeet te a bacis

(Zo preof needed),

Let A b2 a lincar tranalaraaticn on an n-dimenciznal
veectar space ¥V over a Tficdld Fe Let the matrix of A
with rc:*-pcgt t¢ a basis for Vo obe ((“ij))nx n®
‘Surposoe n"-n+ 1 of the sealers n“ arc zercs Then
shew that determinant ¢f A 13 zero. (543]={a]

Let T be a lincar tronsfzriaticn’ en a vecter spaco W
over a ficld Fe Suppssc W ig n-dincnaicrol then shew
that there oxist n+l subapaces 50,51...., S, such

that

da () =1 , 's; s dnvariant under A (0 < 1 < n)
and s, Cg C wes C-gf\ . (12]

If A is a nilpotent tronsforamaticy/index q on a

finite dloenaicnal vectesr space V, chew that there

oxistan pair ¢ subspacea (H, K) which rcduce A

such that din (H) = q. fzc]
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Inctructisng

1. Al questicns carry cqual narks. Answer toen out of
the thirteen unuti ng given telews . Marks allotted .
fop each question arc given in brackets [ s

24 Virite /:ur anovierg in o briof;ncat.rashion'nnd in a
lepteal "ordore R

3, Be carcful in justifying ysur stepse Conclusicns
without preper judtificatirns cexry no weights

4, I ysu want to nake usc of any theerenm.preved in
tlc claas, state thc rcault carcfully and then use it.

Ye.n) Shew that between nn two distinct real nunbers. there 1s n
. raticnal nunbor. g
b) Answer with justification whether /IT ia a raticnal
nuzbere . * [5.51={107
24a) Dafinc the tern 'Qaucly scquecnce'.

b) Verify by us ing the definiticn, but nost any thecrena,
vlicther the fellewing arc Cauchy sequences.

1) xn=-(i)-_- ; )  x =%
111)  x, =nS. : [3424243)={10]

3ea) Explain the two statcuents :
A scouence (xn) cenverges to a point xe
A cequence (xn) doca not converge to  x.

b) Lot (x,) and (y,) bo two scquences of rcal numbers can-
verging to.100 ond 10 rcgpcetively. Put

2y = X, 1£ n ig cad

A
y;' 1f n 1a cven.

Verify, \dthout u**nﬁ ﬂnv thcovem« \nmghcr‘(zn)‘c:nvergce~

PR .

4.0) Dofinc tlio torn 'subscquence’s

b) Cerment on the followipg: The sequence 1,1 1,.... is a
subscquence of  13271,2, eev 6 . .

¢) If a sequence (x,) dces nct converge to:a point x then
chow that there in an c) 0 anda uubscqucncc (x, ) =

(x,) such that lhnk— x| } ¢ for all k. [3+~+5]=[1OJ

5sa) Defino the tcrns‘ropbn sct! and'closed set' on the réal
linc, -

b) Coment on the following:'Every subsct of tfe real linc is
cither open or closed's -

¢) Is the sot of raticnalam in the real linc an open set cr a
closed note Give rcasens. [24343

J=(102
GO 0N 70 THE IZXT PAGE



Gad)
b)

c)

Tea)

b)

8

9.q)

b)

-
I x, = " n°  and Yn —n" and-:z. = n

10.q)
b))’

_-T-

Wien Qe yeu say that a poin% ig a lialt psint of a sct 1n
the 1¢ad linc.
Find the set ¢X 1init poinis of '8

{ A1, r'\ti"n-\l
nunvera]
(M1 trratiznal
" nunbers ]
(343+2)= 20}

Find the sct b‘" 1init pointa of S

Stnate yd tlwuf rroef the Neine-Borel theoren on the real

linc,
'bu)wrc % 1a afixed pfint .md Bl, UNEEY is a dcc-casinv
acquence of clesed Boxes in R carh containing x°.
Supposc that length ef cach side of B, 1is 1—’—1. Suppzac

. . o
£> 0. Shew that there iq an n cuch that B C s(z%e¢).
Reendl that s(x%,¢) = 3 1x-x°| < ¢ 7. "[4+6])=[10]
Given.a real nu.-.{hor x> 0 o Ollow that there i1s a unique
¥ > 0 auch that 32 = x.. : ' [10]

Lot ix,),{y,) be two ccquences of real numbers,
Explain the Londa S'ub"1~ (\n} = oly,) and (x) = oly,
Verify the fcllo\rmg:

3
n

then (:»:n)_ = O(n“') nnd (, ) = o(n ). . (eee)=(10]

¥hat is meant by 'Cesaro linit of a scqucnces '

five an cxanple cf a scquence which has a 'Cosaro linmit
but nct a Cauchy linit. Ycu have to work out all the

" Qctailss [547)=02 1

11.a)

b)

12.

13, a)
b)

c)

Explain the concepta 'Dﬂublc scquence' 'Double linit!
and 'repeated linita’
Find the double linit and repeated limits of the double
sCquence (\n) where

'\:Dn = E—-—;E . [4-043 ]:['.'.C..
Verify the econvergence or othorwiso of the. following scqu-
cnceg. 1

Zn4l

1) xﬂ=n:n 3 1) Kn=2n; 4-::1—-'-...4»‘11 .
‘ . [5+5] (1c)

E\'plnin the c'\ncOpf-rbf 'pointwisc convc'gcncc' and
funiforn cenvergenee® for a scquence cf functions.

Lot rn(x) = ;—1 on the real linc. Doea (fn) cenverge
uniforaly? Give rcascnse

Let £, (x) =-';—' en the interval [0, 11. Dees (f,) - .
cenverge unifornly? Give roasong.. [44+343]= 1]
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1iDIAYT STATISCT
Reacarin and T ng Scnostl
B, State Tavt 166Yy-70
PID=Y3AR BXASIIATION
“aticnatics-G: Lincar Algebra
20417,.69 Fa

Tinc: 3 hsura

Nstet fnswer Qel and as aany questicre

an you can freon

the remaining,  Uarke alietted urocach questiin

arc given in oracketa {J. .
Carciully explain ths Z¢llewing terms:
ﬁz\ AMternating multilincar feorn
b) Deterninant
(¢) Algerroically closcd Sicld
(d): Mgobrate multiplicity ¢f an clgen value. [exsl=(17]

Shew that the vecter zpace of all alternating n-lincar
£2rns en an n-dimensicna) veetor space is ene dinenciznel,[15)

Let V' boe en n-dimennimnnal veeter spact and T be o linenr
transfornaticn en V inte V. Lot ((:\11) dnxp be the

\
natrix of T with respeet t5 nene basis for YV and let
)‘1')‘2"””\11 be the cigen values ¢f T Derive an cxpres-

olon for the deterninant ¢f T in terma ¢f ay 's. Alse

derive an cxpressicn for the determinant ¢f T in teras of
A 's. . (151
vhen Go you aay that a lincar transfcraaticn cn o veetor
apace W Into ¥ ir the direct cunm of two lincar trans-
fcrmaticns?

Shew that any lincar trnﬁs';‘zrnntion cn a finite diocnsio-
nal vector space is the direct cunm ¢f a nilpotent tranc- .
formatizn and an invertible trancicraaticne (151

Let V be a Yinite dimcnsicnal veet:sr space cver an alge’:
braieally closed ficid F ond let A be a lincar tranc-
fornaticn cn V intc Ve Explein what is mecant by the
Jordan cancnical fcrn ¢f A, stating clcarly any tlicercas
you may use in its ccnstructizn and indicating how you
uasc theme 112 procfa are necdeds

Give an cxample ¢f a nilpotent transformaticn of index 3. (7]

Concider the real veeter space Rs and the lincar trencs-
fermation B on ' R0 into R0 defincd ty

B((x) 930 ¥30 %40 %5)) = (3 =xa, Xgy X Xgo 0)

Express B an the dirveet sua of a nilpstent transforan- .
ticn and an invertidle transisraaticn. fccl

F%nd a lincar t -ansfzrnaticn cn the real veetsr space

- A

R” into R such that its characteriatic polyncaitnl is
n

a(d) = 3 4+ 2 + A%, (=]
Let A and B be two lincar transfermaticns ¢n a Tinite
di::\cnsiom\il1 veetor gpace. W inte W, IT A and B awe
ainilar} gshow that tlie characteristic polynonials of A

and B arc the sance ()

GO 0f 7O T3 IEXT FAGES



0. IX A, ic on cigen value c¢f a'lincar transformation 7
€1 a veelcr apace V ints V, then show that

c n ey o gl
g+ MA + @k + ewew N is an eigen valuc oxntnc
lincar transfornation ad + &7 + 0oI” # see 4+ T
(Here agy Byysees @ arc pealarn)s 6]

11. Yet A be the lincar tramsformaticn on the recal veeter

apaze Rs into R° acfinad by

,A((xl, Xpr X5)) = (g + 2x5, 0, -xs).

(a) Writc.dowm the characterictic pelynsminl of A..
(b) Fina the cizen valucs of As

(¢) Find the Jordan cancnical fora of Aa..
[4+8+14]=(20)
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IZDIAY STATISTICAL INSTITUTE
Rescaren znd Training Sch,c‘l
Be State Part II1:.1969-70

MID=YZAR SYATUARICH
Statinrtics-3:. Provability
STe1Z.69 . Maxinun Marke: 100 T-nc: 3 hzura

ilzte:  This weper carries 115.navke.  Answer as many
questizna or parta tlercef as yiu can.  The
Aaxitui nuaber of narks ycu can reere by ancyerdhe
this papcr is 20. 10 x‘r\*}'c are *c'-cv-vcd for acsicn-

nentse  Marks cdlettedl fer cach questizn are given
«in brackets (] .

Let () be any set, QU an alpcora of subsets of (), ¢ a
nenencgative real-valucd finftely acditive sct functi-n
defined ¢cn G}_ catisfying the !“lls.dng property,

Ir {An sy n2l is a deercaning ocqucncc ¢ gets in (&
converging to cmpty act, n(A)) => 0. ) o
Show that p 1s countably adlitive. ’ [zc]

Derine convergence in probabllity cf a scquence of rands r
variablese oo ..
Let ﬂ:{_,s,s,...} , Q. the ccllcctisn of all suebacts
ue O) and P a probability measure cn . (Q such that

ko) —_— 0 o — Y A 3 . '\
p(2,) = i uhere Ej = {n]. Shew that {Ip sn21}
ccnverges in probability teo the randcn variable identic'\_'l : )
ZCTrCe [JO

Let (), @, P) be a provadbility spacc,{f, fn3 1> 1_)\'

a scquence of randsn variables, ond
5, (e) ={\- [£,00) = 2CN ] 2 c} € being pesitive.

Shew that £ «> T aece 1fT

n
P( 1in sup B (€)) =
for cvery € > 0. [‘;CJ
lience or otherwisc ghew that i z‘n => f a.ce then
f, => I in probabdility. ) (2]
If £, -> £ in probtability, show that therc cxists a
subscquence fn.y of f, eonverging to L aic, © [18)
Tefine distributizn functions’ ]
Let (R, B, P) bc a probability spacc. Dofine .
F(x) = P[(%=, x) ] forevery x rcal nmumder. Shew tiat
F is left ccntinucus_. . W
L‘-‘t’% )' l} be an cnuneraticn of ratiznal rumwers in
Re Dol inc
.
Flx) = & —~—.
. an
Yolx o )
Show that P d1s a dlstributicn functisn and deterzine s
the set cf 1ts centinuity pointsa, [n.:

GO O.i TC THE ilXT TASS
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E awm thio poineipal etops inveolved in ehowing that
ﬁ':;é.&g ‘1‘5”?\ 1-11: ontcrc:r:'c:\pcn\mnco between tho collec=
tion of a1l prcbability coasurcs cn (R,1B) and the csllec-
ti:n ¢f a1l distritutizn functisna ¢n Re o+ v

[ ™ tp the Borel o-nlgedra cn Re Mo procfa arc neecasaryl
' ' {ze)
Let f, to a scqueneq, of rondon variablea cenverging
to £ 4n prebability, and F, dnd F .be the dlstrivu-
tisn functicns ¢ f ‘e £* reopectivolye
Chew that .
P (x) => F(x) for cvery centinuity

\

rcint x of F. : {15)
. - .

Tofine wenk ecnvergense of a sequence of distributicn

funstizna TFy tc a dlotributisn functicn P . (8)

Shew that the linmiting distributizn fNunctisn in alunys
uniques (5]



INDIAY STAYISYTICAL INSTIRUTZ

Researsh and Training Schanl (75
Ba Stote 'axt IIT: 1069-70
MID-YZAR EXAUINATION )
Statisticn=3: Statistice - Theory
Date: 234128469 Maxizuna liarks: 100 Tac: 3 houra
ata: Ancwer o)1) questiznse larks ﬂ’ct! d for cach
questi:n are g' JEm in bracto a [ J.
1.  EITER ’

A populaticn centaining M uniis is atvided int> k-atrata.
From the ith stratua which centalna I.Ii -units. a siaple
randen sanmplic ¢f ny units is dravm with replacement,

1= l,/.,-o., e

a)  ilew vAll ycou eatinate unbiasedly the population mean

Y of a characteristic 'y' oI the unita on the basis

of y-valucs of the sanpled unite? (5]
b) What is the variance of the estimate of ¥2 Find an
unbinsed estinate o this variance. (5+5)=[12]

€) Aasune a sinmple cost function of the type | -
X

C=c,+ I nyey fer the sampling przject

° 121,
where
C = totnl cost to bo incurred
°o~ I cvertend edat

’ 0y = coat of sampling cnc unit from the 1th stratun,
1=1, 2, seuy ks

Obtain the cptimuo values of ni's vhich oininise the

variance c¢f the cstimate of Y asubject to the conditien
that the totml ccst for the preject is fixeds fan]

. R

ls a)Deoeribe Lahiri's cethed of drawing a saaple c¢f cne unit
frem a population containing I units with probabilitics
prevorticnal to the sizes Xi, 2= 1,2,8.., i of the
unites

b) To cbttain an cstimate of the pepulaticn total of a

characteristic 'y' c¢f the units, o sample cf gize £ with
pretability proportiznal to sice vithcut replacenent 1s
éravm Iren tie populaticne Give the exprescions for the o
fcllowing estimnten of the pepulaticn total and shew th-\t
they arc unbiascd:

1; eoraj's cstimater; (1i1) Yorvitz-Thompson's
i1) Das' estimater catinator [6+46+10)=(22

¢) Find an unbinsed estinate of the variance of DNesraj's
cstinaters (7]

(61

Zea) Statc the Meyman-Pearson's lemia giving a sufficient con-
diticn for a teat te.be nzst powerful of level «a,
(0 <@ <1) for testing a simple null hypcthesis again'-t .
a sImplc alternative hypothesis. sy

b) Give a preot of the lerma when the distriduticn specificd
by the null and the alternative lypethosés aee bsth dia-
cretes (12])

0 QU 70 TE LIXT FASD
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1ot X te a Polescn randenm vardable arith ‘paramcter e
Cetatn tiic mont poweriul test of level a, (0¢a<l),
for tosting Byt M= X, azainst the alternative

ot N =N where )’l <N, :{10]

Henso ovtain tiic uniferaly nost powerful rteat of level «a,
(0 ¢ a ¢1) fer testing It A = A againat tlxc alter-

native K@ X <. o +{5]

Let Xy X,,..., X, be independently and idcnticnlly

diqt**butcd randen variables, cacll being diatributed
nzroolly vith unknoem mean g ond standard deviatien 2.
Obtain the mest pewerful level a (0 < o < 1)--test for
testing Ho M=, againot the :\_tcrn:\tivc :

e op =gy whcrc My > Rge {10]

Hence obtain the uniformly most pewerful test of level a,
(0 <a<1l) fortesting Ht u = #, ngainst K u>ug [5]

Whiat 1a th_o at:mdl’wd teat uscd fer testing Ht o= M,

against K! ? Obtain an cxpresaion fer the power
functicn of thin £8:t in tovnma of the distribution func-

tion $(x) of the standard noral variable. Is this tegt
WP for festing H_ ngainst K!'2? (34542 )=[10]

Assignoents. (10}



INDIAN STARISTICAL INSTITUTE
Rescareh -ané™ Training Sehool
3.8tats Part III: 1969-70
MID=YEAR. RXASTUATION
Statigtica-3: Statlstica - Practical
Datc: 24412469 Maximun Xarka: 100 Time: 3 hours ,

Hite: Ancwer nll questions. larks allgtted for cach
queatizn arc.piven in brackets [J.

1. EITi®R. . ‘

The data given in the table below are the numbcv- of socd-
linga for cach foot in a bed 60 ft. lonz.

Yumber-of seccdlinas in the bed

ole no. OX ale nce or [ noe oy
noe. sccdlings nes ocedlinga  no, scedlings
(£t4) . (fte): (ft.)
1 8 21 - o AN 2
2 .6 oL 19 42 26
3 6 23 25 43 10
4 Z 24 11 th . 41
5 2 25 31 45 30
G 16 2 26 46 55
7 28, 2 29 47 34
8 ‘2 2 19 £8 56
9 2 29 17 49 39
10 18 30 28 50 41
11 2 31 16 51 27
2 2 M 9 52 2
13 11 33 i 53 <
14 16 34 2 54 39
15 7 35 17 55 <
16 22 36 32 56 25
17 LL 37 2 57 18
18 2 38 14 58 244
19 31 39 40 59 55
20 26 40 30 60 39

Find the variance eof the nmean of a syastenmatic sample cen-
siating of cvery tenth foots Compare thlas varimnecc with
the variance of a pimple randon sanple of slze 6 witiout
replacenent, {15+20]= [oSJ

OR

The Yollowing table gives the tctal arca under cultivaticn
‘X' and the yicld of paddy 'Y'! fer 20 ccuntics in a

state. .
Arca and Yicld of Paddy ficlds
County — J’rca Yicld orf County Arca Yicld ot
sle (acres)  Paddy sl. aeras) Paddy
no. : (100"1b.) ns. i (1oo 1)
X Y X
1 870 8521 11 1089 9562
2 883 8554 12 1111 10512
3 894 8783 13 1177 11560
4 201 e 62 14 1203 1165
5 914 Q025 15 1204 11913
6 973 8837 16 1182 11517
7 995 9569 17 1260 11955
8 1031 9593 18 1260 11639
9 1043 10516 19 1302 12428
10 °1054 10874 2 1319 12126

GO CI! 70 T NEXT TAGS
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o varianee ¢f the cstinator.

rag o s lc of size 6 vith replacenent with probabili-
¢ proporticnal t5 arcas, Obtain an unbiascd estimate
the total Jicld of paddy and an unbiascd cotinatc cf

t X denste tho nuaber of heads obtained in 1.. toaceo
a coin where the p"obnbilit,; or getting a head in a
sincle tora with the candé coin 43 pe Obtain the uni-
raly meost: nmx"‘(\ll to 't of level o = 0.05 for testing

the Lypothesis Hyt =1/2 against the n:Ltanauvc

g

S p D> 1" Conputc thc pever of thia test for the fol-

loving valuca of “p @ = 0.6(0.1)1.0.. . [10415]=(25?

ti
~nc

)

b)

c)

3« Suppone that ¥, x,.,'..., Xy Arc independent and iden-

c:\li:,' ‘aistrituted ncroal randéoa variablea cach wth
an u (urﬂmcm) ond standard deviaticn 1. s,

llow will you test the hypothcols HO: u = 0 oagainst
the altcrnative Hy: g A 0 at level of significance
x = 0,05 cn the basia of the obscrvations

xlo xg:n., Xlo? 10

If the observed valuc of is:lxi ig ~20.35 which
hypothesia will ycu mccPt?-

Computc the power of the test for pu = -2.0(0.2)2.0.
{5+5+20]1={32]

Practical rccords. [1c]



IIDIAN STATISTICAL IUSTITSTS
Regearch ané Training Scloel
5o State Taxt III: 19569-70

MID-YEAR EXALINATION
General Scicnce-5t Socislegy

Date: Z741C.69 Maxiouwn Macka: 100 Time: 3 hours

Mote:

Ans: JCT all querticns. A1 questions carry cqual

1. Formulate a dcaipn cf aample survey for studying atond.d
ol 1iving cf different fanailicn of rural and urban Voot
Bengals Speeif Ty elearly your unit of cnquiry and unit of
saapling Tor t]c said :.urw.:,'.

2. EITIER

What 1c soclology? Hew is it different from ccononmica
history and pelitical scicnee?

QB ~

What 1s the ugefulness of astudying sociology, in particular
to atudents of statistics? .

3. ELIDER
Define unilateral groupe Gilve at least five Indian Bxarples.
OR A
Wiat 1s comaunity? Discuss its varicus types. |

4, -EITHER

What is kinship? Conparc its importance in siople and ociern
socictics.

OR

'The tera famdly is uscd to ccnnote \{nriction of groupinga
in secicty' - Illustratc the statement.

5, EITIER

How can the tvio distinet approachesz of scciclogy and history
to socinl problenms be complementary to ench other? Ig there
any differcnce between the two subjects regarding ncthcd ar”
data collection?

OR .

Elaborate on a centenporary social p**blc:\ which han its
roots in the 19th Century Indian socicty
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LIDIAN STATIOCTICAL ILSTITUZE (3771
Research and Training tichool osn
B, State Part III: 1969-70
NID-YEAR EXAIIHATION
Beonnnico-3
£0.12462 . faxinua Marka: 100 Tine: 3 hours
liote: Answer Group A and Group B in separate answer-
scripts,
Group : Deonsmic Pevelepmont
Maxioun Marks: 60O Sugrested tine 2 hours

Angwer any three queatiznne ALl questicn earry cqual narks
Given c =fu = aw
¥ = k fl
.
G = w

viiere ¢, u ond w denote, respeectively, saving, income
and wealth, a dct denctes the first dorivative with respect.
ts tine (@) of the varinble it surmounts and ¢, f§ and k
denote pesitive esnstants, shew that

Ho= gy = ku) + ?%(B“o' av)e?®
‘W o= -g-?{—(wo- kug + -;=-(ﬂu° - kwo)c-90

g = (ﬁ My = a\'lo)cgq

o
©=20, and 9 AB/K)=as
Obtain valuco of %?, % -g—g.% and %%% and.usc thenm ts.

shew how the above model can be used diffcrcﬁtiy by planaers
and forccasterg. .

where w_  and Hy donote respectively the values at time

Tegeribe ‘the general featurca of the clasaical theory of
growth following Baumol's synthesis. R

Indicate scoe major differcncos between Marx's model and
the elassical ncdels .

Sumxiarizo the main points of Rostcw's thecry of stages of
grovithe Criticisec nspects of the theory which you
cenaider to be inapprepriatcs

Deaserite briefly any two of the following theories of grevth.

1) sociologisal dualisa,
iig n— Achicvenent, and
111 geographical determinisn.

Wirite notes on any two of the fellowing:

1) Schunpeter's idcas on growth,
ii; ANfred Marshall's ideas on grewth,
ii4) Simple ncc-classical growth model.

GO O¥ TC TS IBXT PAGS
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-

Gvzun B: Growth Madclh

Maxisun Marvka: 40 Surgested timo: 1 heur

ALl qucctiona carry oqual narkos Ann'.ver any tws. qucmt'icn.n.

Ccmaent en the preblena cf existence of nw‘\rr(\ntod rate
cf grovth in a Harrcdion- cc\.n':::,'.

\"I-\L"

wheat 15 the lengerun preblen in Harrcd's growth model?
If yzu are a typiead ncocl'\o'vicibt, hew vill you aolve
thin preblen?

OR

Derive the neoclansical cencluaizns about the greowth
(vithout teelmical progress) of an ecsneny when it pesseascs
a Cobb=Dcuglas production function.

BITI3R

What are the definiticns of noutral, capital-saving and
capital-using tecknical pregreas accerding to Hicks and
also accsrdirg to Harrcd? Compart the definiticns of theae
two nuthcra wien the olasticity of oubstitution between
oapital and labour assunes difiercnt values.

f

Provo that ato:\dj-utc\tc growth in a nec-classieal econcay
(in whiich disembodicd technical progress is going on at an
externally given rate) is pes nible gf and znly 1f technical

Supposc, the ceencoy has only tv:o-scctc:‘_n consunpticn-gocds
acctor and investnent-gocds scctor - and it berrows a given
fund of investible rescurccs frem outside. Suppesc, the
Chadrnan of thie Planning Comissicn asks ysu t5 allocate
the fund between two acctora in such a way that the econcay
achicves highent peooitlo inccme at the end of a given
planning horizone How would you preceed to ecnstruct a
ncdel in crder tc aolve this p'-chlon”
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IEDIAN STATICTICAL INSTICUTY fon]

Rercarck and Trasning Schosd
Be Stnte. Part IIIt 1969-70
HID-YSAR BXAIUATION
General Scicnee=4: Bischenistry  Theory

3Cel6C9 Uaximn larks: 100 Tine: 3 hours

U=te: Mnuwcr o2l questicra. Marka alletted for cach
questicn are given in trackets (J.

Degerite Lew fat 1o netabclised in the bedy.

Give an cxaaple for cach of the fecllewirng:

Nuclcotide, Mceneglyceride, Stercidal hermone,
Purine, Polynuclccticde.

How can ycu cotinate Vitaain € in lemen Jutce.

Degerivo the different hormcnes preacnt in pituitary
glande

What arc the dafficiency symptons and acurces of the
folloving vitanina.
Vitamin A, Vitanin Bl, Vitaain B.‘._,, Vitanin " D.

Discuss the origin cf Kctcne bodies in urine.

fer



TIDIAL STATISTISAL INSTITLTS
Serearch and Training School
Bs State Fart III
CLASS EXAGTUATION- 1

Date: 1741.70 ’ Tize: 50 pinute.:

Answer 221 quecstizna,

1, There aro two boxca. In the Iirat box, there are 5 white
and 5 blacic *allge In the azesnd boy, there are 2 white
and 6 tlack balis. Gne oall in taken at randon fren the
firnt box and placcd in tle geesrnds  Then onc ball 1o
dramm at rancéea frea tie sczend Bexe

a) What 19 thie predbability that the ball last dravm
ia white?

b) Given that the tall laat drawm 1s white, what in the

conditicnal prebatility that the tall, transferred
fron the Tirat box te¢ the scesnd was white?

2« A random sample ¢f oize n  is dravn frem on infinite
: pcpuiaticn in which +he iniividualo fall into onc or thi:
other of tiie two categorica with probabllity 6 and
(1= 8). 7The nuaters of saanle Talling intd the two
categerica at¢ my end ng (ny +ny = n)s Obtain the
varianee c¢f the difference in thie proportizns

. n N

1 T
F -7

3¢ Bring out the fallacy, 17 any, in the following statencint::

a) Thec nmean of a Bincnial disiritution i3 4 ond its
g«de is 2,

i

b) Two normally distrituted rondoa variables X and Y
arc indepcndent 1if

Cove (X, Y) = 0.
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STATIGTICAL INSTITITD TR
Traini

'{e;c"n"c N 5
Bs Stoate Part ITI: 1962-70
PLRICDICAL, DXAMIMATION
“athenatics-3 liatheaatical Analyais,

23542470 Maxioun Marks: 100 Tinec:3 hoursn

ilstn: Attenpt Questicna 5 and 8 and ¢ny five of the

renainings  Marka alletted for each question

arc given in brrekets [ ).
Lot fl.f:.fs,... be a scquence of real-valucd functions
on an interval [a,b)dn R cueh that Ty (x') ¢ £ e
whenever a ¢ x' & x" £ b, Show that, 1T f = 11n i‘ cxintn

n

and 1s continuous on [a,b], the corvergence is unifora. [15]

Show that 1F £ 1ga bounded on [0,1] and continuous at a

point x  in [0,1], and B;,B,,... avc the Serastein

polynonmials for f, then "lin Bn(xo) = £{x.). {15]
n > °

If £ 1s a onc=to-on¢ continuous rcal-valucd function on a
compact sct 2 (C RY, prove that f£-1 1p continuous on

£(2). [15]
I7 £ 1g any real-vaued function on the set I of all
integera, show that £ 43 uniformly centinuoug on I, (5]
Give an example of a real-valued i‘unctﬁon on [0,1] whick )
15 discontinucus at each point of {102
Prove that the only connccted subscts of Rl arc inter- )
valoe 151
If f: Z => Rl Z ig coopact and £ 1s lower scni-conti-
nuous on Z, p"OVO that £ assunmes 1ts ninioun (Give a }
detailed proci). {15]
Write dovm clearly in Dathcnatic:\l language the nmeonings of
the following cxprcasions
a) A Tunction f£: 2 -> R)' i6 not lower scmi-continueus on (5]
Ze 51
b) A function f: 2 -> R 1a not uniforaly continuous en 5]
Ze

¢) A scquence of functions £t 2 -> R, n =1,2,,.., d0C3 -

: (5]

not converge uniformly to a function T Z -> R on Z.

Prove that a_contimuous real-valucd function on a compact
subset of Rl is unifornmly continuous, {10]
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PERIODICAL EXAMII‘TATIQN
Statistics-3: Probability
Date: 243670 Moximun. Marks: 100 Tine: 3 hours.

1.’

2,

Noto: Mnswer all questions. Marks allotted for cach

question arc given in brackets [ J. .

X and Y are indepemdent randon variableg. X ‘has a
discrete distrioution and takes the values 2 and 3 with
probabilities 1/3 and 2/3 recapcctively. Y hae

‘frequency function 2x on the interval (0,1) and 0 -

outside. Obtain the following:
() B(x+Y), (b) =(x v9), (¢) E [(x-7Y) x¥ I,

(d) range and frequency function of (X+ Y),
(e) range and frequency function of XY.
e ' (54545412412 ]al59]

In the Joint distribution of X and - Y, the frequency
function is kxy inside the triangle whose vertices are
(0,0), (2,0) and (2,1) and O outside this trianglc.
(a) Dotermine the value of the constant k.

(b) Arc. X and Y indepcndent? Give reasons.

(¢) . What are the range and frequency function of Y?

(d) Determine the rango and frequency function of (X+ Y).

[5+5+6415)=[51]

In the joint dlstribution of X 'and Y, the frequency
function is £ inside the triangle whose vertices arc B
(0,0), (1,0) and (1,1) and O outside. Obtain the corrclation

‘cosfficient of X and Y. (151

. ) o
The randon variable X haa frequency function Kx™ on
{-1, 2] and 0 outside. Determinc the value of the

constgnt K. Obtain the range and frequency function
of X~, . ) {151
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SRIODICAL EXNAITIATION

Staticticn=3: Statistics (Theory and Practical)

Nato: 9¢3470 taxiruh Marks: 100 Tinc: 3 houra

1.

2.

Note: Answer as nuch as you cane *llarks adlqtted for
i cach questizn aro given in tracketa [ol. .

Under tho following sct up
N
E(Y) = A9 ; D(Y)=o"1
i1a vector of randoa rariablc.

natrix of ¥nowm ccnstanta.
veeter of unknovn parmacier.

-
where nxn

nxn
2x1l
a) Under what conditicn iz [' & estin able? Define

a beat lincar unbiancd cotimator of a given paramc-
terie functicn.

Let T =¢'y . Statc and preve the ne o,
cendition for B to bo BLCE rer [f' @ . [5+5415)=("7]

D < id

v) Show that Ax = b Lkaas a pcolutien iff

R(A) = R(A | Db).

Henee or otliervdse show that

A'A @ =A'Y Alwas adnite a noluticen. £

¢) Define zero functicn. Show that asct of a1 zoro func-
tion foros a vector cutsbaccs Shew that 3LUS is unerw-
related with all zero functicn. (4+447)=1250

d) Let I o= (Y- A9)'(Y- AC). Show thot
Logn, = (- A (Y- A§) where § 1n the.leaat aquare
Q
cotimate of O and Ly, = Y'Y= Q' wiere Q= A'Y
Show that E[an] = (n-r)o"
vhere R(A) = r. {c5]
o) Consider the medel
"i='9'ci for 1 =1,eee, N

'
Siow that % Iy, 1o tic BLUE for @. . (5]

The following is the result of woighing four otgcets A,
B,C an@ D 1in a ccmmon balance in differert sonbinaticn and

putting standard weisnhta so as to odtain cquilibrium.

Estinate the individual weightc of the cbjects and their
standard error assuaing the pogsioility of error in the
balance.

Ydrht pan Left pan Richt pan  Left non
,5,C,D veseeess  E0.2
D AC 8.l e °
B c)D 947
AD B o 1.9
e 4yReCyD 19,9 csses
A,C B3D eses 843
.AB D 10.2
B!C A,D 1.8 sesrs (:5]




IUDIAN STATISRICAL INSTITUTE

. 331
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Be Stat. Part III: 1969-70
PERIODICAL EXANMIUATION
Genoral Scienco-5: Psychology:
Datc: 1663670 Maxioun Larks: 100 Tine: 3 hours

Lo .

3e

4o

Se

Motet Answer oll of the following quosticnss If there

are two anltcrnatives to a question, angwer only
onc. Marks allotted for cach queation aro given
in brackets [].
EITHER
Iraw a diagram of the cyo and cxplain the tranafornation
of light to noural impulocs by the cyce i2s)

OR

Draw a diagran of tho oar and cxplain tho transformation
of gound waves to ncural impulacs by the car.

Draw graphs or histograns to cxplain the following
relationships: (25]

a) Distribution of rods and coneg froa tho center to
the poriphery of the rctinas

b) Activation of rods and cones as a function of the
intengity of light.

c) Scnsitivity of the scnsory apparatus as a function
of survival valucs

d) Distribution of thair cecllp' in the cochlea according
to intensity threshold and frequency threoholde

Explain how 1ight of diffcrent wavelengthg is transformcd

by throc types of concs to yield colours differing in

quality. . 20]
Defino psaychology and discuss its relaticnship to

physics, physiology, sociology and anthropologys (15]

Explain bricfly how modern paychology rcproscnts the
convergence of several Motorically diffcrent diseiplines. [15]



INDIAN STATISTICAL INSTITUTE [3—24]'
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PERIODICAL EXAMIN_ATION
‘Gonoral Scionco-5: Engincoring’

Dato: 303470 © Moximun Marke: 100 ' Timo:' 3-hours

1.

2e

3e

Noto: Answor all quostionsi Marks allotted for cach
quostion arc givon in- brackets [J..

© BITHER

Writo short notes on the. following: -

a) .Mox‘:\cm: -of rosistance
b) Bonding moment
¢) Cantilovors --

d) Pactor of satefy. {20]
E_f M
. Dorive tho formula E=§F=71° Stato clearly the

assunptions made by you. [20]

A sioply supportod beam of offective span of 20, ft.

carriog a uniformly digtributod load of 1 ton ‘por foot
through out tho span and carrios 10 tons at a distanco
of 5 feet from ono support. .

a) Draw tho Bonding Moment and Shoar forco diagrang. [30]
b) Calculatd tho dofloction at the nid-span in terms of

Ee.I. Dorive tho formulao usod by youe [307 .

A 15 foot long and 6'" dlamoter stcol boam ia supported on

a contral column situatod at its mid point. A woight of

1l ten 1s nng at onch of the freoo onds of the beanm. .
Galculato’ tho maximun floxural stross. . [20]

- mEmesem-———-



Dato:

1.

IBDIALN STATISTICAL INSTIRUTS

Rescarch and Training School (Ze5]

Be. State Part ITI: 1969-70
PZRIODISAYL EXAMIUATION
Bcononles-3: Indian Floanning

6ede70 Maximun Herks: 50 Mne: 1} houra

lNote: Answer all questions. Narkas allotted for oach
question aro given in brackots [,

write ghort notos on any five of the following. In onch
case illustrate with figurcs from Indian plana.

a) draft on privato savingo and public pavings.
b) sizo of a plan

¢) forcign exchange requircnent of a plan and 1to
relation witl balance of paynents

d) allocaticn of plan outlay
¢) decficit financing

f) XMarxian socialirm.

EBIT:ER

Bistuss the vicw that the sccond five year plan was
qualitatively different fron the first five yoar plon,
but realisation of sccond plan objcetiven wng far fron
gatisfactory.

OR
Digcuse tho argumonts for and againat planning, and

state how the State in India try to regulate the
econenye

6]
6]

6]
{6)
(6]
(6]

{20]

[20]



Date: 1364470 Haxioun darks: 50

3e

IEDIAN STATISTICAL INSTITUTE
Research and Training School [3%6]
B. Stat. Part III: 1969-70

PERICDICAL EXAUIIIATION

Indinn Seconcuicn

Tines 1]-5 hours

Nete: Anawer ony two of the follewing,
Al quosticns carry cqual narkse

What d5 you undcrotand by thoe tera 'Porcign Trado'?
How would ycu distinguish it froa 'Internal Trade' ?
What 19 the significance of forcign trade in the
oceononie grewth of a developing ccuntry?

'Thio problcos of India's forcign trade are the refloction
of the poor performance of Indian econony, spcelnlly on
the ngricultural frontt.

Do ycu ngrec? Give roasons for your view.

"Tho rate and pattorn cf tho growth of the fereign trade
of ony country is a fair indicator of tho paco and pattorn
of the grewth of 1ta national cconenmy's

Exaaine this statcaent with the caso of India in vicw,



IINIAT STATISTICAL IISTITUEE &)
Rescareh and Training Schodl =
8. State Part III: 1969=70

ATUAL EXALINATION

Vathicoaticn=3: ¥atheaatieal Analyoila
Datc: 184541970 Haxiomun Xarkat 100 Tino: 3 hicurs

nAtis  In Croup A, atteopt queoticn X and any two cf tho
scanininge Atteapt queatisn 6 and nny two of tho
reacining frem Greup Be  larks allottod for oach
‘arc givon in breckets {J.

Grcun A

1len) Statc and provo Rollo's theercds  In 4t poscible to relax
any cno.of the hypctheaca of Rolle'a theercn? Justify
ycur arasor, (9]

b)  Prove tiat the function £ of tho real 1ino defined by
f(x) @0X =0x -b, wlicro a and b aro renl rustors,
vanishop at ot noet two pointao, (6)

2,a) Statc and prove tho Mean Valuo Theoren {(cf aiffercntinl

calculus). (sl
b) Estahlish the inoquality: .
a*1"% ¢ aa 4 (1-a)b
where 0<ad)l and a, b > Os Show that aquality holdoe
wvlicn and cnly when as b (ilint: Conaider the functicn
glx) = ax - x% x ) 0). O

3e0) Defino the cencept of equicentinuity fcr a fanily of roal-
valued functicns dcfincd zn a oudsct ¢f the real line. (5]
b) It (£, nll } 1a a scquenco of uniferaly beundod,

ow;icmtinucuu functisna cn [n.b]. prevo that thero s a
putocquenco { t'"kl whlech ccnverges uniferaly oa [a,b)e  (15)

4e0) If £ 4p a onc=cnc continusus rcal-valuod funeticn cn a

coapact puboct % cf the rend lino, ohow that £°4 1o
. continucuas on £(2). . (8]
b)  Show that the innge of an interval under a centinuocus roal-
valucd functicn is agaln an intcrvale [?]

Group R

Sea) If f 4a a functicn of boundod varisticn on [a,b], ohow
. that f 48 a difforcnce of two ncne-dcorcasing functiona
en {a,b]. _ {10]
b) Shew tlat function £ dofired by

n
£(x) = x” nm% , xe[-1,1) and x£o0, ,

0 » x=0"
1o ¢? bcurnded variations [59.
€e0) Tot £ bo a centinucun real-valuod function ond lot- g
bo a fun~dticn cf bermdng variaticn an in,b).  Shew tint
&4z, Reopeui-Oidortjon antegrable with reapeet to g

wver " Engble. (15,

GC CN TO THE IEXT PAGT



Geb)

70(\)

b)

c)

b)

cive aa cxample ¢ a tounded real-valucd functicn on
(0, 1] vidch ic Ricnann intcgradle and whose sct of
direcntiruitica 1o countebly infinite. . (s)

Define the teraa (1) o subset ¢f the linc has content

zero (11) a rubset of the line haa Letosgue measure

zeros - (3)
State (withzut procf) ncceasary and sufficicent conditicng
for a bzunded real=valucd functicn £ on [a,b] to be

Ricnann intcgradle over [a,ble (s)
Let £ te a beunded real-valucd functicn on [a,b] ana °*
let g bte a nenede@reasing function on [a,ble Foraulate -
recisely (without preoof) ncecasary and cufficient condi-
ifona for f to tc Ricnonn Sticltjes intcarable with
respeet to g over [a,bl. oo v
{7arning: Tho ncceasary "and sufficicnt conditiona acked

fer 1n (b) and (¢) tust nat be the same aa the defini-
tizna of Ricognn integrability and Ricmann-Sticltjea
intcgravility .

Let g te a nonedcercasing functien on [a,b) and let
ff,. be a cequence of beunded functicna which are
Ricoann-Sticltjcs intcgrable with rcapect to g over
[a, bJs Suppose tiat the scquenco ‘lfn y ccnverges

unifornly on [a,b) to a functicn f. Prove that £ 1s
Riemann-Sticltjea 1ntccrablobvr1th respeet to g ond

J fdg=1ln [ 1 dg (10]
a n a

Do the conclusicna of (a) still hold in case we assunc
only that the functions ® f,1 ccnverge to £ on
- /e
{a, b], the other hypotheses remaining thc//'aano?
Give reasonse : {s]
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ATTIAL EXAMIBATIONS
Econonica-3

Dato: £0.5470 Faxinun Harke: 100 Tizo: 3 houra

1.

3e

1,

2

Note: Answer Grouns A and B in acparete anewerecripts.
Hoarka nll?'ttcd for erch quoesticn are given in
tracketalle

Groun At Indian Ecensnicq
Maximun Marke: 50  Suggeeted tine: 1% hourg
Ancvor any two quentiens.

Critically ovaluate the Indian Fincal policy aince
1950-51 in tho centext of the najor cccnomic aseinl
objectiven cf the Ploanncrae

Illustrate your anawor with relevant datae (53]

The growing chare of fercign loana and deficit finaneing

in the Indinn budgetary reeources reflects tho failure on

the part of the Governaent to mobiline adequate investible
rogourcos. Cormente 25]

Bxanine the bdudgetary pcliey of the State Govornnents in
India, since 14550-51. Do you agrec vith the ceritician

that thoir rcfusal to tax agricultural inccnmes is nmainly
reaponaibvle for thelr incrcaning dependence on loans and
pubsidiens from tlio Unicn Governnent? 25)

Greup B Indion and Sceinlist Planning
Uavimun Uarka: 50  Suggzested time: 1% houra
Answer any two questiona.

what waro tho rajor cleacnts in the oconomdc policy purmuecd
during the period of War.Comminisn in USSR? How for were

they communistic in terms of Marxian concepta? Why were

theoe policico chanzed in the sutocquent perind? {25]

Discusa the nmajer issues 1nv‘olvcd in the detato on.indus-
trializaticn on thoe cve of the first Five Year Plan in
tho UsSeSeRe? f2s5]

Give a bricef outlino of the firet five ycar plan of the .
USSRe Diacusa thc probleus faced and the soluticns atten~
pted in the course of tho implcmentation of the plane |, [25)

Why was the price policy which had been pursued in the

USSR from 1928 to 1955 soucht to bo changed in the

sixtica? Discuss, also, the rationalc behind the

carlier policys (25]
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ANTUAL DXAMINATIONS
Statiotico-3: Statistien Theory
Datc: £2e5.70 Htaxinun arks: 100 Tine: 3 houra

R Y

4o,

Mote: Annwer groupa A on? B in scparate anaweraeripts.
° Marko allettod for cach question arc given in
bracketa [ Jo Answes ol queaticno,

Greous A

Degerite carcfully the roled of randcniaation, roplicaw
ticn and crrcr control in planning of experincenta. [15]

Dogeribo a rondonmincd block dcaicon and give the atructuro
of tho analycia of variapnce tatle for such a deoign.

Assuning only the foct ¢f randeminaticn and additivity of
plot and treatment offccta, werk out the variance of the
usual cstinater fcr a contrast of treatment effecta and
obtain an unbiaged catinmatcr of thia variance. 'Work out

tho expocted valuer of the components (nean-sguarcs) in

the annlysis of variances {301

Greun: 3

Mescrite o Latin Square design, and give the structure

of tho analyois of variance table for such a design.

In a Latin Squarc cxporinmcnt with v treatoents, the

yield from one plet {oay the plot in the lat row, lst

colum gotting tho 1lst treatment) woas lost. How would

you analysc tho resulta of tho cxperiment? {30]
Iet x4 1 =1,es., n be independent randon variablea

cach distributed normally with ocan 0 and variance 1.
Let  pyseey py, bo glven constanta; r < ne Werk cut

the nrobability dintritution of the statistic

Degeribe how this digtribution is ugeful in prodlems of
analysis of variancce (25]
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ALUAL BXLIINATIONS
Statistica=-3: Statiaticn Practicel

235470 Naxipua larks: 100 -Tine: 3 houra

lctet  Anawer all quentionae liarks allotted for cach
questicn are given in tracketa [

Groun: A

Throe objecto A,3,and C wero weiglicd ton times in a conmon
balarce bty putt{n_r.; aone objecta cn left pan and somc on the

right pan, and taloncing asainst standard weighta put on
the panae -

objecectn on

8tondard weisht in pma.

Tight van ___lcit nwon . rirht van cft pan
A C 14415
A c 4465 TETYS
A, B c 3415
Ay C B tesaaes 8447
B, C A D e, 11.87
cecnva A,B,C 15.41 cssane
B, C A 12,10
creees AB 8451
B C Oe2 catans
c 3 aesans 3095

Asasuning tlhiat therc ia sonc tias in tho inatrunent.

(a) Estinate soparately the weighta of tho otjocts nnd
the instruncntal bias.

(b) Find out the standard ozrer of theae catimates. (so]
EITHER

The following tatle gives the yiclds in a comparative
trial of 6 trcatrents in a rondoniscd tlock exporiment.
{The numbor in the parenthesis denote tlie treatnents and
Iiguro telow it the yicld corrcsponding to that trcatment)

Tatle 1
Yiclds for Rondenised Block design.

ook Yroatments aid yioldn
1 ) BB ) B 3 Wt ) s () vy

1 247 277 2046 16.2 16.2 2449

0 . @ @ (9 6 (s
2267 2848 2743 150 2245 1740

3 U PN € R « D U ¢:D BN € N €

S6e3 1946 3845 368 3945 1544
(1) (4) (:s) (a)

1701 ¢

() Let T, aencto t-.-) ath trontngnt cr!‘oct.
for tie lwpaticais

ity Vg = 5 agatnat s T3> Tg (30
60 Ol 20 TE IEZXT PACS

Then tcst



oR

Tho follewlng table gives the yiclds of wheat per plot in
a amurial oxperinent carriod cut dnn 4 X 4 1latin o

Zho four nanurial ‘troatnento are densted by 1,2,3 and ?:nre.
in tic parantheonise :
Yiclda in a 4 X 4 Latin Square Experiment.
Tlun
Rewr 1 ~ 3 4
1 (2) (3) (4) (1)
AC5 44T 540 340
2 (4) . (1) (2) (3)
384 512 490 408
3 (3) (4) (1) (2)
506 608 336 600
4. (1) (2) & (4)
451 568 499 347
(a) Analyac the Adatae .
(t) Verify whother thore 1s any offcct of column
*  elascificaticn on the inforenco abomt the
differontial offecto cf treatoentas {30]
Grcup B
Practical Records [10]
Greun C

Viva voce

{20]



Date:

1.
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4.

5.3)

b)

Gen)
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Be State Paxt III: 19C9-70

AILIUAL EXANMIHATION
Statiaticn=3: Prcbadility

2545470 Naxioun Marks: 100 Tinc: 3 hourp

Nectc: Answer Groups A and B in separate anawerseripts,
Marks adletted fcr cach question are gilven in
trackets [ 1.

Greup A
laxe Marke: S0. Answer all queations,

In tho joint distritution of X and Y, the whole proba-
bility 1o situated inpido the triangle whese verticon are
(0,0), f1,0) and (1,1). Tho joint frogquoncy functicn

is & iraide thia triangle.

a) Find tho joint frequency function of g = ()fe-b Y) and
n =Y. {10]
b) Vhat 4o thc ronge of valucs of g? On the inverval
(0,1), complctecly evaluate the frequency function of
2. On the renmaining interval (or gntcrvals). expreos
he frequency function ¢f £ an a definite integral
(cr integrals)e l12]
¢) Calculate Pr (X2+ ¥) < ¢ for 0 <c <1l withcut
using the frequency functicn in (b). Hence by diffe-
rernxtintion obtain the frequency function of

(X"+Y) cn (0,1) and verify that ycu got the same ans-
wer an in (t) abeves {12]

X has frequeney function 2x on (0,1) and Y hao frequency
function 1 cn (0,1). The corrclation cocfficicnt of X and

Y is + %. Vhat in the correlaticn coofficient of (X-Y)
and (2X+ Y)? {161
Group B
Answer as nany as you Cane Maxitun you can
sccre is 50,

X takea the values 1,2,3 with probabilitics ¥, 3, 3 rca-
o
poctivoly, Y takea the values 1,2 with probabilitics %‘-, §

regpectivelys What is the greatest possidble valuce of the
corrclation cocfiicient of X and Y? Obtain the correspon-
ding jeint distribution. {10)

?nat ia the spoctrun of a probability diatrituticn on
-, )3 Provo that the spcctrun in alvnys a closcd sete {12]

P, 1o a ocquonce of probability distritutions on

(-, «©)e Vhen do we say that tho scquence converges voakly
to a probability distrituticn 92 [10]
X 1ouniformly distributed on lo,1]. Prove rigorougly
tiiat the scquerce of diatritutions of XM cconverges
i sAvution {n o= 1,2,5,e0.). et 12 this

(cp]

Prove that 17 thie dlairiruticn function F(x) 1a continu-
cus nt Xx= @, 2:{c) = Ce {101
¥ are indenerdent randoa variabica, a belonga to the
1 oY the distriluticn of X and B bolenga to the
e distrituticon of Y. Preve that §a+ 6; bel
apectrun of the distritution of (X+ Y). {15]
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ALUAL EXAUTNATIONS
General Scicnec-4: Biolegy
«5e70 Maximua Marka: 100 Tinc: 3 lwourn
II2te: Anaswer groupn A and B in ascparate anawcroeripts.

Marke cdlotted for cach queatisn arc given in
tracketa [Je

Group A o
" Anawer Qel and any othor tws from tip
rest .,

Give thc statintica on the arca under and production of
rico (Oryza gatwa ) 4in tho varicus agricultural regiloms
of the \lovld. + iention tho respective figurea for India
[7+3 =[10]

What ave the difficultica in the genctie improvement of
tho ccconut paln? Discuso the ponnibiliticn of effceting
clonal prcpagation in tho csconut. [10410])=[20]

Ao State the origin and hdntory of wheat (Tritjcup S )]
Give botanical namcs of the Yxcxnploid wheats [545)=(10]

B. Conmparc the opikclet of Orvza psatva nnd that of any
Triticun Spe {10]

Writoe a dctailcd nccount of the morphology of the cocomut
paln including tho nignificance of its foliar nprinle [20]

Groun 3

Mngwer Qel and any other enc
fron tho reat.

Give an outline scheme ¢f the brccding nethods for pro-
dueing new improved varictics of self-fertilizing plant
specicse {25]

hat 15 the purpose of inbrecding?
vy sclecticn for vigour nay delay the attainment of
honozygoaity?

firite oeme of the important clmrnctcri'xticu of lmnan
pepulation living in inolaten. [5+10+1oJ-~[25]

Writc short noteco on any five of the follovdng:

FALREREL AY

1) Hetorosia
11) Polyploidy
111) Chronmogomal abboraticns
iv) Back-orocs mathod
v) Induccd mutation
v1i) Genotypo and phenotype
vii) Crossing over
' [8 x5)=(25)
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Noto: Ancvor greups A and B in acparatc ancweracripta.
NMarka allottod for ocach queation arc given in

bracketa .
Greup A: Uaxinua Markst 50
Xnower all quostiona.
1, what are the fundancntal prcblens of teat conatruction?

How ia probit analysis uscful in golving them? 1-.

24 Define (a) roliability and (b) validity of a test.
Explain how the reliability of a given tost can be

ogtinateds [
3e The ncorcn of 10 atudents on cach of the 8 questions in
a tont arc givon an followse
.- . Quepticna
STUETTS T ® 3 ) 5 5 7 )
1 8 6 0 0 2 [ 0 4
2 1 S 8 9 6 K 8 7
3 0 1 6 6 0 8 3 2
4 3 4 2 7 9 2 4 9
5 ) 8 5 3 1 8 9 4
6 5 6 7 0 4 5 8 9
7 1 0 9 6 5 5 7 4
8 3 8 2 3 5 4 6 9
9 8 9 1 7 6 4 7 2
10 0o 9 7 1 1 3 5 9

Obtain (1) roliability of tho above teat
and  (1i) 4itea difficulty ond iten diseriminaticn for
oach qucotion. e
Groun B: Maximun Marks: 50
' Mawer all quegtions.
1. Write short notes on
(a) Human abilitios
(b) Inteliigenee .
(¢) Moasuromont in Bducaticn and Psychology. {25’

2e Practical Record work [25.
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.2,

1.

2,

Hote: Anowor groups b o B R tion are given ih
trackcts [5.
Group A: Maxinunm Harkae: 50

Angmer all quontionae
writo short noten on the following: -
ta) Enlor's formula for long colurma.
(v) Diffcront typcs of beans.
(¢) Gontrc of Pressurcs
(a) Mcasuronment of ddochargo of quantity wator per

sooond through a rivere [20]
o T s__¢C
Stato and prove tho fornula T; =z= ye (20)

Tho difforence of head registercd in two linbs of a mor-

cury gango, with wator above the* mercury, conncctod to

a venturc-poter wan 12'' Tho diamoter of the pipe and

the throat of tho meter arc 12'' and 6" rcanoctivoly.

Tho coofficient of tho moter is 0498, Find the &ocharge
through the meter, Prevo the formula you uses (30]

Group B: Maximm Marks: 50
fngwer all gquestiona.

A horizental bean £0' spon, einply supported at ite cndse,
carricno a load, which varico unifornly 1 ton por foot at

one ¢nd to 3 tons per foot at the other onds Draw Bending
d2hgrone Calculate Bending moront and dcflection (in term

of E and I) at the nid span, {25

EITHER

Working conditiona to bo satinficd by a shaft transmitting

powor aro (a) that tho shaft must not twist morc than'l

degroo in a lcngth of 15 dianmotor , (b) the shoar strcss

must not excced 545 tons./sgeins If C =12 X 106 1bo.!-

a8qe in, what is tho actual working stross mad the diamoter

02 tho shaft to tranomit 1200 horso power at 240 repe.me?  [25)

R

(a) Writc short notes on Profcpzor Rankino's formula for
struts,

(b) 10"X 6'"X 40 1bs ReSeds 18 uscd as a stanchion,
length 15 fte, both cnds fixecd. Find the safo axial
load for the stanchion. Arca of gcction = 11.77 inl

T, = 20480 0%, Iy = 22476 tn®. Rankinots
constant for nild stocl stanchions with both ends
hingod = V}To" « Make your owm assumpticnse (25)
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