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NONPARAMETRIC AND SEQUENTIAL KiTHODS
SEMESTRAL=II BACKPAPER A/ iIHATION

Date $4.7.86, Maximum Marks & 100 Time ¢ 3 Hours.

Note : Show all.your work. Attempt all questions.
22 marks have been allotted to each guestion.

1. Compute ARE (B,W") for Pitman alternatives, wheroB is the
sign-test and W', the W1lcoxon '~ signed rank test statistic,
in the one-sample location setting with one-sided alternative.

2.(ay Derive the asymptotic null distribution of the test-statistic
for the sign—test.
(b) write a note on the property of ' Robustness™ for the t-test,

3. Prove that the SPRT terminates with prob.l under Ho and H

(State and prove all resulis you neecd).

4, Show by using Stein's method, that an interval estimator of a

aiven length can be constructed for the mean of a normal dis-
tribution, even when the variance is unknown, by sampling in

two stages.

5. Assignments = 12 marks.
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ELECTIVE=-S 1 BIOLOGICAL SCIENCZS
SEMESTRAL=II SXAMINATION

Datc ¢t 16.5.86. Maximum Marks : 100 Tima: 3 Hours,

. Notoe t Answer {1vo'qucstlons.

l. (a) Construct a simplo deterministic model of DNA. RNA and
Protein Synthesis during cmbryogenasis using the principle
of latcral inhibition. Discuss the conditions of stability
of tho system.

(b) Find tho condition of tho existence of an oscillatory soluw
tion of the above system and deduce the explicit solution
(oscillatory) of RMA and Protein. - [104107n

2.(a) Construct the Goodwin = type model of =+~ *2vTeln and
Enzyme synthesis durinm ---rwvyenesis using the principle of

feedback inw3=2tlONe
(v) orscuss the stability properties of the above model,

(c) Sstallish the Griffith condition of oscillatory instability
. of the model at the equilibrium when P > 8, P being the Hill
Coefficient. [5+5+10 = 20]
3.(a) Construct a Stochastic model of the two sex population
process.
(b) Find out the probability distribution of the females in tne
~ population at any time t from the above model. [10+10=20)

4, \irite down the Lotka=Volterra pre-predator model,
Deduce the solution of the above system near equilibrium poiatl
and draw the trajectories. [5+15=20]
5. Construct thc deterministic model of genoral Epidemic.

Discuss the properties of the above modcl, considering 211 tho
threshold phenomena. ’ [5+15=23)

petio.
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vhat 15 Catastrophae ? Give tvo physical cxamples,

If the state of a physical systom can bo expressod in terms of

the variables X;sX,esesX, and some parameters X alppec ey, §

demonstrate when catastropho takes place in'tho system.
[5+13=20]

Give the axiomatic cefinition of mcasure of Information.

Stato the requirements to bo satlisfled by the logarithmic form '

for the Entropy. Prova that if the function H(pl.pQ......,p )

satisfies these requirements for any values of pk(k= 1 n

then

.2...-.,n

n
H (pyoPyseserPy) = A 1§1 Py 109 py

n
where A >_P- iﬁlpi =1

Establish the uniqueness of the Entropy function H, .
- [4+4+12 20)
(a) Explain the following with suitable diagrams.
(i) " Premitive Brain"
(11) " Self Ra=cxciting neural system'
(iii) " Delay Network'

(b) Suppose a cold object is held to the skin for a moment and
rernoved, a sensation of heat is felt; Af it is applied for
larger time, the sensation will be only of cold, with no
preliminary warmth at alls Dosign this behaviour by suitabl
neural notwork., [3+3+2+12 = 20])



IMDIAN STATISTICAL INSTITUTE
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ELECTIVE=S t PHYSICAL AND EANTH SCIENCES

SEMESTRAL-II EXAMINATION

Date & 16.5.86. Maximum Marks : 1CO Time: 3 Hours.

2.

Note : You can answer all the questions, but maximum
marks allotted 100. Each question carries 20
marks. ‘thenever necessary draw the circuit
diagram and related graphs.

J,_:——¢M/‘§—J_——T——‘l State Thevenin's theorem. Using
Zr [ = R this, find the current flowing
e Rzl K;I . through the resistance R, of the
. . E given circuit. "[10]
—E_,/wj‘.__,\a,—‘f‘-—.ﬂh——l_ Calculate the magnitude and
o vzf'-__ - L 4 ___'_ " direction of current flowing
T1z0' gn 65 10T  through 140 resistance of the
e "t circuit. [10]
A ‘coll, of self-inductance L and an appreciable resistance R, is

being put across a battery of V volts (dc). Derive an expression
for the growing current. -tiith time t, sketch the graph of poten-
tial difference across and the current flowing through the induc-
tance. . [10]

" After the inductive current reaches its maximum value, the coil

is short-circuited. Find out the nature of the decaying current.

"\hat will be the value of potential difference across L at time

t =0 and 5¢ ? TR - [10]
v

Using resistance R, and capacitance C, draw the diagram.of a
differentiating circuit. Mention the initial assumptions. Derive
an expression for current flowing through it. Give two applica-
tion of this circuit. [10]

t/hat is an integrating circuit ? Draw a circuit diagram of it
using R and C. What are the necessary initial assumptions to
derive output voltage of this circuit ? Find the output voltage.
(10]
peteos
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4. A coil, of appreciable resistance R and self-inductance L, is
joined along a capacitor C and is allowed to put across an alty
nating supply voltage V. After necessary deductions, draw the
‘impedance triangle.IVMat will be the magnitude of 1mpedance[3]

Clearly show the relation between the applied voltage V and ci:

culating current i, when the net reactance is 1) greater than,

i1) equal to,and 1ii) smaller than,zero. 7]

Under what condition this cirecuit is in resonance ? Derive an
expression for this resonant frequency. (=]

5., Across a capacitor C, a coil pf inductance L and resistance
R(in series) is joined. An alternating voltage V is applied 2z
them. Find the condition of electrical resonance and derive an
expression for the resonant frequency. ’ '

1 r,__ﬁmr————-QTL———l Mathematically show that this

R-64L L=25;El| parallel a.c..circuit is in elec-

‘ G =256, F i trical resonance., Find the overall

> d— 1ine(I) current and compare it wit

.T I v the two branch currents ILand IC'
V= 2007, sohz [ Given R = 60, L = 25,47 mH

@)‘ ' ! € =254.7 yF and V = 200 volt,

50 H’] [10]

6. How does a high vacuum thermoionic diode operate ? Explain

with suitable sketches. What is a rectifier 2 [8]

Starting from a single phase alternating current, how do yo:
obtain almost smooth direct current ? Explain with suitable
diagrams describing each stage. (12]
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DESIGN OF EXPERIMENTS
SEMESTRAL=II EXANMINATION

Dote & 14.5.86. Maximum Marks : 100 Timet 4 Hours.
Note : Answer all quostions, '

1. Consider the following dosign with 4 trcatments in 5 blocks @

41). trite down the incidence matrix M.

1) Computc the C matrix.

1i4)Is the dosign connected ? Yhy ?

{v) Is tha design balanced ? Give rocasons. [15]

24 Censtruct a BIBD with tho following parameters @
v =23 b = 30 r=6 ka5 A=l

Statg any theorem or rasult clearly that you are using to cons-
Truct tho design. (15}

3, Prove thoe following inequality for a resolvable BIBD :

b > v+ rel (15}
Construct two replicates of a 27 factorial experiment in 2
blocks, so that all the effccts arce estimable and all the main

offocts and first orcder intcractions are estimable with full
procision. . {

Thore are 7 kinds of sceds of paddy A,8,C,D,E,F,G. The sceds are
grown on 7 kinds of lands, each with 3 plots. The application of
sceds in plots and production { in tonnes) per acre are givon
below.

4

S

Kinds of londs Treatments and production

1 B c E
(3) (8) (3)
11 c D F
(4) (7 (4)

111 D E G ,
(s) (8) (2)
E F A
v @ ® 6
v F G B
(4) (3) (2)
Vi G A o]
Vit (f) (3) (g)
M e (@

Let Tk, Tb, cee Tb be the treatment effects.
(1) Test tha hypothesis : T, = Tp = e0n =T

(11) Estimate : ( Ty = Ty + (g = Tp ) and( T+ Ty = 2T¢ )e

6. Assignments.. [1248=20]
) [20]
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OPTIIZN\TION TECHNIQUES
SEMISTRAL=II EX/MIMATION

Dato &t 12.5.86. Maximum Marks t 100 ° Time: 4 louos.

Note ¢ At each step of any algorithm which ¥ou use, yst
have to describe the stop &n words. The paper
carries 115 marks. Tho maximum you can score is
100,

1. Using Max flow Min cut thcorum prove tho theorem on sysicr .

distinct roproscntativess {.

a, Pleycr I holds cards mariied 1,2 and 3 and player II holds ..
narkad 1 and 2. They play a ganmc as follows t Each player -
onc card from the sat of his/her caxds. If the sum  of thay -
valucs of the picked cards is even (odd) player XI(I) pays I
amount to player I(II).
Formulate tho pay off matrix, find tho optimal (mixod) stra’e .
gias for tha tvo playors ( describe them) and find the value =
the game. (CN
3. Show that for any matrix A and any vector b , either x1j = 5-
has a nonncogative solution or Ay 2 O, bTy €< 0 has a solutioa
and thzt oxactly one of these two holds. [203

4, Use Gomory's cutting planc algorithm to
Minimizo % - 2x2

5

3

Subject to 2x1 + X,

--4xl + 4x2

X;» X, 2 O and integrals 2o,

£
<

5. A factory manager has the following tablue which shows how ru.
profit is accomplishcd in an hour when each of five men
operate each of five machines. Find out vhich machinc tas be
operated by which man so that the total profit in an hour te
maximized

Men
1 2 3 4 5
1 2 4 6 3 5
Machines 2 5 2 Q 4 3
3 1 5 3 6 1
4 2 2 3 1 7
5 4 2 1 o] 3

N

-y

6. /ssignments

—— 4 —— o
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HOMPARANETRIC A!ID SEQUENTIAL METHODS
SCMESTRAL=II EXAMIMNATION -~

gata & 9.5.86, Maximum Marks t 100" Time: 3 Hours.

Mote ¢ Attempt ary two questions from Part A and any
: two qu:stion from Part B, 22 marks arec allotted
to cach guestion and 12 marks are allotted to
Assignments of Part C.
Show.all your work.

PART_A
1.(a) Define and gxplaln the concept of Asyuaptotic Rolative Effi-
ciency (ARE) of two sequencesof test statistics.
State Noether's Theorem on ARE, )

(p) Stating oxplicitly all assumptions you make, derive Pitmaa's
ARE of the W', Wilcoxon signed rank statistic relative to
the T+, Student®'s t-statistic in the one-samplo location
setting with onc~sided alternative.

2.(a) Deduce tho test statistic for the LMP rank test corresponding
to the two-sample location probleas
(b) Discuss the concept of permutation distribution. Give an exam-
ple, with nccessary derivations, to illustrate the adventage
of application of this concept.
3.(a) Lot Xy» i=l,..,n bc a random sample from a symnetric popula~

tion. Lot v(xl,..,xn) be¢ an odd translation statistic and
A(X,,ees X ) an even translation-invariant statistic. Then,

n
show that, if it exists, Cov[V,i]= 0.
(b) Derive the expression for the Hodges-Lehmann estimator tha* i:

associated with the signed-rank test statistic,
(¢) Bricfly discuss the concept of M-2stimaters.

PART B
3. Let X~ N(0,0%), o2 known. Let Hy : O = Oy, Hyt © = 0,> 9.

Considar the SPRT and following X-tcst, both of strength
(@ = .05, p = .05). X-tust based on fixed sample size M yives
neject Hy if VN(X-04) 2 d o
where P[Z > da] = .05, d_ = 1.6449, Z~N(0,1).
Show that the " saving! in tho obscervations by the soquenticl
mcthod is of the order of 50), under both HOCU Hy e

psteos
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6. show that, comparvd to any scquential test procodure which
tormirates vith probs 1, the AS.‘I(HO) for tho SPAT is(approxi-
mately) the leaste

6.(2) Prova th> Funadmzntal Identity of suruential onalysis,

(L) Computo the (approxzmato) 0.C. and ASN for the normal dige
tribution, N(9,02) for thc SPRT for testing Hlgt © =Gy,
against H,: 0=10p> Sor 62 knovm.

PART C

7. Assignments, {12]
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NONPARAMETRIC A!ID SEQUENTIAL METHOLS
SZMESTRAL-II EXAMINATION

Date : 9.5.86. Maximur: Marks : 100 Time: 3 ioues,

Mote : Attempt ary two questions from Part A and any
two quastion from Part B. 22 marks are allotted
to cach questicn and 12 marks are allotted to
Assignmeonts of Part C.

Show.all your work.

PART_A
t.(a) Define and uxplain the concept of Asymptotic Helative Effi-
ciency (AKE) of two scquencesof test statistics.
Stato Noether's Theorem on ARE.

(b) Stating oxplicitly all assumptions you make, derive Pitman's
ARE of_the W', Wilcokon signed rank statistic relative to
the TV, Student's t-statistic in the one-sample location
setting with onc-slided alternative.

2.(a) Doduce tho test statistic for the LMP rank test corresponding
to the two-sample location problem.
(b) Discuss the concapt of permutation distribution. Give an cxam-
ple, with nocessary derivations, to illustrate the advantage
_of application of this concept.
3.{a) Let Xi, i=1,.sp,n bo a random sanple from a symnetric populs=-

tion. Lot v(xl,..,xn) be an odd translation statistic and
(X, 560y X ) an even translation-invariant statistic. Then,

show that, if it exists, Cov[V,W]= 0.
(b) Derive the oxpression for the Hodges-Lehmann estimator that is

associated with the signad-rank test statistic.
(c) Bricfly discuss the concept of M->stimaters.

PART B
. Lot X~ N(0,0%), o known, Lat Hy : © = Oy, Hyt 0 = 9,> Gy,
Consider the SPRT and following iltcst, both of strength
(@ = 05, p = .05), X-tcst bascd on fixed sample size M gives,
heject Hy if VR(X-05) 2 d o
where P[2 > d ] = .05, d = 1.6449, Z~N(0,1).
Show that the " saving'' in tho observations by the sequential

method ie of the order of 507, under both Ho(b' Hl'
p.t.o,
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. .
5, hav, that, romparcd to any sorquential test procodure which

torminates ith probe 1, the ASH(Hy) for the SPRT is(approxi~
aately) the leaste.
6.(a) Prove tho Funadmental Identity of suruential analyeds,
(b) Computc the (opproximate) O.C. and ASH for the normal dise
trisution, t{a,a2) for t;e SPAT for testing ily: O = Oy,
against Hl: o= °l> GO' a” knovn.

PART C

7. Assignnents, [13]
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B.Stat. (Hons.) III Year : 1985-86"

MJLTIVARIATE DISTRISUTIONS AND_TéSTS
‘e SEMISTRAL-II EX/MINATION

Date : De5.86. Maximum Marks : 100 Time ¢t 3 Hours,

Note : Answer as many questions as possible. Submission
of your practical records is compulsory. This
question paper carries a total of 115 marks.
Marks allotited to individual question are shown
in . o g
X XX Xy
1. (a) Let (Yi> NI ( s ), [ %e gy 1), £ = 1,2 be independent.
Find the joint distribution of 4 variables. [7]
0 R SRS R
(b) Find the joint distribution of ( 5 3 ) [8]

2.(a) Let X ~N, ( pef)e Find the conditional distribution of “,
given X; and X,. (5]

A
(b) Let X, = Bl + sgzssxs ’ whetf 51' ey ﬂp ars such that

N
¥(x, - X)? is minimized. Show that

2 2 2
P = 0Oar / o
2400
1( p) xl Xl

where pl(2 vep) is the multiple corralation coefficient of

Xy on Xy eees x and a‘ = var (X). : [10]
3.(a) Prove-the following theorem 3

Let Y~ Li_ (0O,n), T being non—singular. Then Y P is

distributad as 3.

Give thc appropriate degrees of freedom, ° [5]

(b) Based on the theorem in (a) construct a test statistic for the
hypothesis H : p = pg ( given) for a knovn £ based on a random
sample ( xl, 0oy xn ) from Np (I-l.z). [5]

(c) Find the likelihood ratio test for the above hypothesis and
show that it is a function of the test statistic you pr0f083d.
1

4, Let A be o tMshart matrix of order p with degrees of freedom = k,
variance-covariance matrix = I and noncentrality parameter = O,
Prove the following propertics.

gPP 2 !
(a) pp"’x'k-p+l znd is indepondent of (alj), 1,3=1,000yp=1,
shoro T} = (o) and a”2= (1)), (7]
peteo.
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(= ) .
;':_ ; ~ 73k-p+1 for any vector /. {7]

(c) Let £=I, prove that,

5.(a)

(b

~

(c

~

6.(a)

(b)

(c)

2
(1) a4y ~7,
(11) zagy ~ ~2, and
2

(111) £ Za 7%,

134
Specify tho'degrees of freedom of the Chi-square variables
above. [2+2+2)

Define Hotelling's gencralized T2 and show that it is a cor
tant multiple of an appropriate F random variable. [2+4;

Give a test in the form of 12 based on a random sample
(Xys ooes X,) from Np ( p,Z) for the hypothasis h:p=p0(giv;

when I is unknown. [4)
Derive thoe likelihood ratio test of the hypothesis in (b) :
show that it is function of T2 you defined in (b). (5]

Describe the multivariate linear model and show that the
Les. estimators obtained from the component models are
b.f.u.ce [5]
Derive the likelihood ratio test for a general linear
hypothesis in the above model. Show that the test statistic
is a function of the roots of the equation .
IRy = AR, | =0, _
where the matrices Ro and Rl are appropriatcly defined,.

5
Let A"V, (n,1). Describe the rectangular coordinates of
A and find their distribution, [5]

7. Submit your practical records. 1=




Date ¢

1.(a)
(b)
2.(a)
(b)
3.{(a)

(v)

4.(a)

(b)

5.(a)
(b)
(c)

.(a)
(v)
.(a)

[I985ETH)

INDIAN STATISTICAL INSTITUTE
B.Stat.(Hons.) IXI Year: 1985-86
ELECTIVE - 5: BIOLOGICAL SCIENCES

PERIODICAL EXAMINATIOHN

5.3.86. Maximum harks : 100 Timet: 3 Hours

Note : Answer any five questions. All questions
carry equal marks,

Discuss Michaells - Menten Mechanism and construct the

mathematical Model of this mechanism.

Find out the Michaelis constant of the above system.
[10+10]

What is the pseudo-steady-state hypothesis of Briggs and

Haldane ? :

‘ihat is the trouble with the pseudo-steady-state hypothesis?
[4+16]

Express the Michaelis-Menten system in the non-dimensional

forme

Analyse the above non-dimensional form using the pseudo-

steady-state hypothesis and discuss the disadvantages of

this hypothesis. {10+10]

Construct a stochastic model of th2 uni-molecular irrever-

sible reaction A= B, treating this machanism as a Markov

Process.

Solva the above model to find out pik(t)' i.e., the probabi-

lity of transition from the state i to state k in time t,
[10+10]

Sxplain " intrinsic growth rate''.

Deduce Malthus Model for a single species populatisn,

#hat are the disadvantages of this model ? Draw the curve

when " intrinsic growth rate '', r, say, is less than,

equal to and greater than zero. [2+10+4+4]
tlhat is the Environmental Carrying Capacity ?
Deduce Pearl-Verhulst mocel. [4+16]

Describe a population model in which the number of males ang
females maintain a constant ratio, assuming that the number
of contact between males and females is proportional to the
product of their individual numbers and the rumber of births
during on2 contact may bt greater than one. [20]

— s
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B,Stat.(Hons.)III Year: 19€5-86 '

OPTIMIZATION TECHWIQUES
PERIODICAL EXAMINATION

Date ¢ 3.3.86. Maximum Marks : 100 Time: 3 Hours

tlote : The paper carries 107 marks. The maximum
you can score is 100. Answer as many ques-
tions as you can.

1. Use(the simplex algorithm to solve

. . minimize Xy + Xy +.*3
,_syhject to =%, + 2x2+ Xq L1
_xl + 2x3 24
X = x2 + 2x3 =4
Xy » %50 X5 2 0. f10]

2., An oil refinery uses three different processes to produce
petrol. Each process produces varying amounts of three grades
(I,II and III) of petrol. These amounts in thousands of liters
per ‘day of operation, and the cost of per day of oprration are
given in the following table.

grade 1 grade II grade III Cost*
process A 3 4 2 1600 Rs,
process B 6 6 8 4000
process C 6 . 3 4 3000

The refinery is expected to produce at least 3600 liters of
grade I, at most 2000 liters of grade II and at least 3000
liters of grade III per week. Using the simplex algorithm
determine the operation of the refinery that satisfies the con-
ditions of production and minimizes the cost. [20]

3. Use the Dua! Simplex algorithm ( and not by other methods)

and solve the LP
minimize 3x, + X
1 2
>

subject to x; + x. 1
2%, + 3x, 2 2
1 2
Xyr Xp 2 0. ["'OJ
1 2
. peteoe
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4, Solve the above problem (of(3)) geometrically. [10)
S.{a)show from the fundamentals that the dual of the LP

maximize ,gT’)_tl
subject to Ax= 20 @
T
is mininize ? @
'subject to Az 2 c,
(b) Assume the Duality theorem and prove the following result.

If x and y are feasible solutions of@ and@ respectively
then x and y are optimal iff x,= O whenever a,'y > ¢

X
2

b
~

X
~

(33

where E,T = (¢ +ee €, ) and a3, is the ithcalumn vector of. A.

(c) Use the result of (b) to show that (O, ; ’ i%, 0,0) is an

aptima) solution of
- - 7. - -
maximize X, 6x2 + Xy = %, 5x5
subject to 5x; - 4x2 + ].3x3 - 2x4 +Xg = 20
x1 - x2 + 5x3 - X4+ x5 =8
Xys Xpr Xqp Xg» Xg 2 0. .
[Hint: Construct the Dual and a feasible solution for the dual
given by the necessary conditions of (b)). [10+10+10]

6., Without using the simplex algorithm find the optimal value
(not the optimal vector) of the following LP if it exists.
minimize  2x; = X, = 2X3 + X,

subject *ro Xy + 2x2 + Xy - Xy = ]

2xl - Xy +3x3 --2x4 =0
Xy +4x2 = X3 +4x4 =0
Xps Xp0 Xge X4 2 0. (8]

7. Resilve the degeneracies by using the Lexicographic ordering and
solve by the simplex method the following LP

minimize 2xl - - 2x3l

2
Subject to -x; + 2x2 + Xy + X, = 0

'2x1 - 4x2 +3x3 + xg = 0
xl+ Xy = Xy rx6—0
X)r Xp» Xgp X4p XgyX 2 Oe [12]

8, Assignment..

I (2]



INDIAN STATISTICAL INSTITUTE
B.Stat.(Hons.) III Year: 1985-86

DESIGN OF EXPERIMENTS
PERIODICAL EXAMLIATION

Date : 28.2,86, Maximum larks : 100 Time: 3 Hours

1. Three treatments A,B,C are to be compared by a completely ran-
domized design where A is replicated a times, B b times and C
¢ times. The yields of the plots whera B or C is applied have
variance 6 whercas that, when A is zpplied, is 2a2, whore o2
is an unknown constant,

(1) ‘ork out th estinatos A - 3, A - c, ’(\: - ﬁ‘

(11) work out V(A =B ), v(B -2 ), v(’C-A)

() £ F [ VAR =B ) + v(B - 8+ VE-2) ] s to bo mini-
mized, then how would you choose a,b,c .given that a+b+c=ll,
a fixed number., [6+6+8 = 20]

2.(1) Define a BIBD with parameters ( v,b,r,k,\)
(i1) Prove Fishcr's inequality ’
(31) Construct an SBIBD with parameters (13,4,1).
[4+8+48=20]
3, Consider a latin square design where the latin square is in the
standard form. After the experiment was performed, it was found
that no yiold in the first row has boen reported. ihile anaij.
ing the data, the model is assumed to be '

yij(k) =.p +oag + Bj +'r; + eij(k)

1 =23, ... t

J =1,2, sea t
k =1,2, ses t
t t

t
with constraints [ ay = =0, £ '(1 = 0.
i=2 k=1

Ly
=]

B} a ] t ts.
Obtain the estimates for p, a;'sy ﬁj s and’(; s [20]
PeteOe
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4. An experimcent was conducted to test whother the average 1.q,
of 4 different human races (R ,"Ry, Ry, R ) diffors signify.
cantly. 2 pursons from cach raco were taken. There are two
diffcerent types of I.Q. tost, namely A aqd 8. The following
table gives tho data obtained from thoe experimont

Table
Tests .o
A B
Racas

Rl 105 95
R2 110 120
Ry 80 85
'R4 145 135

(1) Considering it to be a RBD, analyse the data to test
whether the effects of different races is significantly
different.

(i) Arrange the races in decrcasing order of effects on I.Q.
Also test whether I.Q's of races Ry and R2 differ signi-
ficantly, [16+10 = 20]

5. Assignments. (20;
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B.Stat. (Hons.) III Year: 1985-86

MULTIVAR1ATE DISTRISUTION AND TESTS ‘
PERIODICAL EXAAINATION

.

Date & 2642.36. Maximum Marks : 100 Times 3 Hours

Note : Attempt any four questions.
1.(a) Let X be a random vector. Define the dispersion matrix
H (%) of X, Show that
) =6 X)) -pw
~ Pt ~ A~
where = ). : . - (2+4)
.(b) Suppose .that the first p-1 components of X are independent,

each having the same variance and Xp = i}:l g Show that

B x) = o2 Iy tl,y

ll

Lo, & (p-1)

-where- 1 ~is identity matrix of order r and J. denotes a
column vector of unity of order r. s ,a’(x) nOn—singular 2
If not why not ? (3+4141)

‘(c) Let the joint density of X be given by
f(x) = (const) exp f_ 5 (x - b) A (x - b)}
where A is positive definite and’B is a nxed vector.

Show that N ‘
(1) G =p  and (1) Fx) = AL, ' (14)

~ |
2.(a) Let X ~N_ (o L ). Consider a nonsingular linear trans-
formation = Y = BX , (B 1s n.s.). Show that Y~ (au,aza).

~
(b) Decompose x into subvectors 2(’(1) and ,((2) X(l) having (6)
q conponents and X, 2 having (p~g) componont s. Decompose
band f cotreSpondingly. Prove in the case 212 =0, .
that X N(u ,:11).1-12. . (6)
. pet.o,.
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2.(c) Using (b) or otherwise show that even if ;5 + 0
3.‘,(” '\/N(b(i)' £40)- 5y

(d) Show that th: conditional distribution of '_)s(“')lx(z) a x(2)

~ ~
s Ny « Y Y E);,p) where

C= (1) -1 . (2) (2)
Dr=pl B B (7 -

~

-1
and L3y 5 = L)) = Ijp Ipp Ip° (s)

(e) Use (d) to show in the bivariate case that the conditiona)
distribution of X; given X, = x, is

o
N(weo_; ( x5 = Bp)» 92(1- €2)) vihere
By = E(xi), aiz = var (Xi:. and P = ceg (xl'xz)' (3)
3.(a) Define the partial correlation betwacn )(:'.,)(:j given

xr+1, asey Xp s 1,5 = 1,2f evsy Te Prove the following
formulae
Hae P P, P

(1) Py q= —2° 13 23
V- A2 va- pR)

Pi Aijer+2,...p Pi.r+1 .t+2...p'€,1~+1.:+2,,;

(11) A,
1jeT+l,000,p -
V(1= f’i,:+1.r+2.p) ‘/(I-P?,;‘+l.r+2-..p‘

(2+4+6)
(b) Define the multiple correlation coefficient of X, on
XpseeesXpe Show that if ’)ngp(& » L), then the multiple
correlatign coefficient defined above is the same as
cor (Xl, Xl) where
= (2) -1 (2) 2
=Ty X2y = ez, 250 (102 22D,
. (4+5)
4.(a) Supposeh)sl, ceey En ;&d. Np(E.’r‘)' Show that
y R 1 n _ _
Z, =z ij-:-lxi and .S = mi)-:-l(}"i-’)‘(') (‘)_('1-2(,) are unbiased
forb and T respectively. You may quote the univariate
‘rasults you are using, (4)
contdeass
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4.(b) Prove that X and f“;nll S are joint ilLE's of y and I respec-

tivelye. (12)
(c) Find the MLE of I when it is known that u = py ( given).
9)

5.(a) Lot Xp0 eees X, be independent random vectors such that
,.)55. ~ Np (,‘..‘,1' £). Then for orthogonal C = (CU). Prove
that ¥, = § Cyy Xy~ N( 2}, 2), )y = § Cyy Wys Xyreoo Xy
are indep. Als0o show that

DY = DX X (1045)
(b) Using the above theorem prove that
vy 1
(1) X, ~ Ny, Cyy £2)
(14) X and S are independent: (5+5)
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INDIAN STATISTICAL INSTITUTE
B.Stat, (Hons.) III Year:1985-86
NONPARAMETRIC AND SEQUENTIAL METHODS
PERIODICAL EXAIMINATION
Date t 24.,2.86. Maximum Marks t 75 Time: 3 Hours
Note ¢t Show all your work. Attempt questions
1 and 2 and any two from questions
3,4 and 5.
1. Stating explicitly the definitions and the results you need
to assume, prove 3
(a) If xl' sey X is a random sample from a population with a
distribution symmetric about p, then an odd translation
statistic is symmetrically distributed about p.
(b) If two random variables V and W satisfy

(Vo W) & (u=v,w)
for some constant p, then, if it exists, Cov (Vyi ) is zera

Give an example, each for (a) and (b), to illustrate the
corresponding result. (6+10+4)

2. Describe the 'Wilcoxon-Signed rank test. Derive the asymptotic
null distribution of the corresponding test statistic. (15)

State and prove the one-sample U-statistic theorem. (20)
Explain the notion of a LMP rank test. Deduce the test statse.
tic for the LMP rank test corrasponding to the two-samplc loca-
tion problem, (20)
(a) Briofly describe the onc and two sample non-parametric
tests for tho location parameter(s). Compute the expacta-

tions and variances, under Ho, for three of these test
statistics,

3.
4.

(b)

Describe and discuss a non-parametric test to detoct

whether two independent samples have been drawn from the
same population.

(10+10)
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INDIANL STATISTICAL Ii'STITUTE
D.Ctat. (Hons.) III Year: 1295-86

SEMESTRAL - I B/CKPACER EXAWIMATICH

Statistical Inference

Date: 31.12.1985 Maximua Morks: 100 Time: 3 hrg.

Note: Answer All quections. Question 8
has an alternative.

Show that, for O < p < 1, sample nth fractile i3 consistent

1.
estimatcr of population pth fractile when pepulation pth
fractile is uniquely defined.

[10]

2. Prove that an MLE 15 a function of sufficient statistic.

(101

3, Caow that when original dada ere rep;abed by sufficient
statistics, Fisher information remains unchanged.

(6]

4, GCive a consistent estimator of Fisher Information based
onn 4iid Eernoulli observations.

[5)

5. State Rao-Siackwell theorem. [3]

6. X5 = 2, Zp=1, X3= 2, i, =1, x5 = 1 are {1id
obzervations on the numter of cdeaths in one car accidents
with at least one death. Assume that the observations
are from a Poisson distribution with parameter A\ truncated

at zero.
Compute UMVJE of A.
g1
._-.)_'

7. Let the distribution of X belony to one parameter exponcn-
tial family with parameter 6. GShow that, for any test T
0, @nd 8, with 61 < 8y, there exists a test P* such that

¥
(a) Egi ? (X) = Egi ?(X), 1i=1, 2.
Also show that for any such tast ?* of (a) above,

(®) Fg §¥(x) < Eg pX), 6, <6 <0,
(16+8) = [24]

p.t.o.



de ither

Zhow that the usual t-tzst is UMP unuiuosed for testing

Hy ¢ wau | o< b, agatnst Hy : | won | >,

where uo ani 60 are given.

Oor

Thz followigg glves the weights ot the anterior muscles
of oboth hind legs of 15 ncrmal rabbits. Construct a
Ui unbiased size a = 0.05 test to test the null hypo-
thesis that the two legs differ atmost by 0.05 gns in
respect of the anterior muscle weight.

Muscle waights {grams)

Rabbit __Leeg 1 (rabnit . Les [
[number left right ’ number iE?Z"'“'FIEEEI
r1 5.0 4.9 1 9 5.3 5.2
L2 4.8 5.0 | 10 5.3 5.5
, 3 4.3 h3 1 5.3. " 5.5
4 5.1 5.% 12 5.9 5.9
,’ 5 4.1 s | 13 6.5 6.8 !
6 4.0 4.0 4 6.3 6.3 |
I. 7 7.1 6.9 15 6.6 6.6
| s 5.9 6.3 || 16 6.2 6.3

(17]
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n.otat. (Hons.) TII Year: 1985-86
SZMESTRAL = I TACKPAPER EXAMIFATION

Stochastic Processes = 2

Date: 31.12.1985 taxinum Merks: 100 Time: 3 noure

Yote: Maximum Marks you cau scor2 is

1.(a) Wnut is meant by a stopping tine for a scquence of
random variatles ?

(v) Suppese (X) 4 are i.1.d. with finite mean 4. Let !
ve a stopping time for this seguence. Show that

N .
E (i' X)) = wE@®).

(c) If (ﬁt) is a renewal proc=ss, then show that

E(N,) 1
—_— —> = as t ——> =,
t u

(5+7+13) = [25]

what is a Yonhcmogeneous Poisscen Process ?

N
.
—
1
N

Show that the output process of an M/G/= Cueue is a
nonhomogeneous Poisson Process.

~
o
~

(10+415) = [25°
%,(a) Consider a discrete time Markov Chaia with countable

state space. VWhen do you say that an initial distribu-
tion is stationary ?

(b) Consider & stationary Karkov Chain. When do you say
that it is reversitle ?

(c) Constder an irreducible stationary Markov Chain. Make
the following statement precise ani then prove it. The
chain is reversitle iff for any state i the probtatility
of any path fro. i to i is same as the proﬁabllity or

the reversed path.
{5+5+10) = [20)]

p.t.o.



Consider a continuous time Markov Chain with two states
0,1. %waiting timcs at the states O and 1 be assumed
expunential with paramcters N\ aaxd 4 respectively.

(a)

(b)

Let
(a)
(v
(c)

(d)

~

Write dov:i the Yolmogorcev'c forward cquations for
Pia‘t.) ..
Solve the diffecential equaticns ard explicitly

caleulzte p11(t) i, J=0,1.
' (10%10) = {a0)

(xt) be a standard Brownian motion. Let a > O.
T be the hitting time of a for the Erownian motion.

Define T mathematically.
Evaluate P(T < t).
Show that T 1s finite almost surely.

Shew that E(T) = =,
(3+7+¢3+7) = [20]
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. INDIAN STATISTICAL INSTITSTE
: BeStats (Hons.) III Year: 1935-86

DIFFERENCE AND DIFFERENTIAL EQUATIONS
SENESTRAL-I BACKPAPER EXAMINATION

Date & 30.12.85. Maximum Marks't 100 Time: 3 Mours

[y

Note t Answer as many questions as you can, Total
" marks of all questions is, 11 o You can score
a maximum of 100, ' .

1.(a) State and prove the nature of @ho Euler-Lagrange equations
satisfied by the extremal curves for the functional
Xy A
’y
v[yl(x), Y2(X)] =S F(X.YI:YZ:YL: ¥5) dx
x

You must explain your class of admissible curvas,(You nay

assume the fundamental lemia of the calculus oz variationg
but you must oxplain its statoment and application). (12)

(b) Find the extrewal curves for the functionals,
X

1 L
(1) vly(x)]'= f (x84 y) dx (6]
X0 -
X 2
" (11) vy(x)]= f J%L—- dx-
You must - Yo
/find the extremals pauSLng through (xo,yo) and (xl’yl)'
. . . . H [6]

2, State and prove a theorcm about real analytic solution %o the
initial value problem -
' 2% + P(x,y) Sf +Qlx,y) =0
,dx :
with y(0) =y’(0) =0

where P and Q are roal analytic functions of (x,y) in a roc~

tangle [x| < a, ly] & be You must uso the majorant mothod.
f1e]
Dateds
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3.(a) Prove that the Laplace transform of %(sinx-xcoax) is

1
——e Hence solve
(p<+1)~< - s 2
d d
-—x + 2—% +y=0
dx dx )
" .
giveny =0, y'=1, y’=0, y"=0 at x = 0. f1:

(b) Find the general solutions of
4 3, 2
d'x d>x d“x dx
(1) -2 -3 + 8 - 4x = O, "
atd ~ atd at2 ax (

(1) y”+ 4y = tan 2x. &

4., A spherical rzindrop of_ radius a falls from rest through a
vertical height h. Throughout motlon it accumulates condangag
vapour at the rate of k grammes per square contimeter per see
Show that at the end of its fall its recius is

kﬁ-ﬁ--[lﬂ/l +;ﬁ§ ] '

(Only gravity acise No air ;esistanca).- (1

5. Prove that ] ’
M(x,y) dx + N(x,y)dy
; A
is an oxact differontial if and only if %'y! = g_‘.;l, Here

M and M are ¢! functions on a disc i(x,y) t x2Hy2 ¢ R2}.
[

6.(a) Find ths gensral solution of

tps = Styyy = 6% =3 é.

(b) State and prove the Banach contraction principle for fies
points in complete metric spacos. rs
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INDIAN STATISTICAL iNSTITUTE
B.3tat. {Hons.) 1IT Year: 1985-86

SEMESTRAL = I BACKPAFER EXAMINATION
Flective - 4 : Physical ani Earth Sciences

Date: 20.12.1785 Maximum larks:s 10C Time: 3 hrs.

Note: Attempt any flve questions. Maximum score
.for each full Guestion is 20. Maximum score
for each subiivision in a full question is
indicated olong the right margin. Answers
should be brief and to the point. Draw
sketches wherever necessary.

1.(a) Give the main features of explosive volcaaism. Name
two volcanic rocks and indicate the structures associated

with them. (3*“) - [7]

(b) Describe the following textures: e
hypidiomorphic and porphyritic., . (3x2) = [6]

(¢) Arrange the following rocks in order of increasing
5102 content. .
indesite, Dunite, Granite, Granodlorite,
Gabdbro.

Give the essential mineral composition of one of the

above rocks.
: (5+2) = (7]

2.(a) lame three basic controlling factors of metamorphic
changes and elaborate on them. .

(3+6) = (9]
(b) VWhat aré the metamorphic equivalents of shale, limestone
and basalt ? [3]

{c) What is a metamorphic grade ? Arrange the following
index minerals in order of increasing metamor;hic
biotite, chlorite, garnet, sillimanite.

(2+2) - {h]

grade

(d) Mame onc typical metarorphic rock from Eastern Ghats
of India and indicate the condition of its formation.

(1+3) = [4]
p.t.o.



%.(a)

{b)

(c)
(d)

(e)

4.(a)

(n)

(c)

5.(a)

(b)

(c)

6.(a)

Distinguish between brittle and plastic deformation.
i3]
Draw a folded layer labelling the following features:
antiform, .synform, inflaction point, hinge,
1imb. [5]

Give the main features of shear folding. [5]

Define the following terms @ssociated with an inclined
fault plane:

strike, dip, netslip. [6]
Which of the following lies above the fault plane:

hanging wall, footwall ? [1)

What sort of tectonic province does the Indian peninsula
represent ? Give the main features of such a province.
(1+3) = [5]
What is an unstable region in th2 earth's crust 7
Name three types of unstahle regions and give their
characteristics.
(2+3+6) = [11]
What sort of lava does well up along the Mid-Atlantic
Ridg~ and how does the age of the lava flow charge as
one proceeds towards the African coast ? (2+2) = [4)

Give the geologic evidences in favour of Continental
Drift. Name the continental masses which constituted
the Gondwaaaland.

(5+2) = (7]
What is a magnetic anomaly on the ocean-floor ?
Indicate how the magnetic anomaly pattern on the ocean

floor can be used to suggest Sea-floor Spreading.
(2+1) = (8]

What is a subduction Zzone ? Give the geophysical
features associated with such a zone.

en) = [T
How would you graphically represent cdata on grain size

measurements and cross-vedding azimuth ? o
: (5+8) = (€]

Contd..uss /-
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Contd..... Q.No.6

(b) What is P - scale ? Cive the P values associated with
following gradecs:

pebbles, very fine sand.

(2+2) = [4]
Hint: Cobbles Fine sand
— B4 mm ~— —— 0.125 om —
Pebbles Very fine sand
—_ 4 mm — - 0.0625 mm —
Granules Silt.

(c) In an area successive beds are exposed in parallel
stream sections running transverse to bed strile.
Two fossils H and T occur together in 14 of the
observed stream sections. In 10 of these H continues
in beds occurring above those in which both H and T
are found. In the rest of the stream sesctions T
continues in beds occurring above those in which both
H and T are found. How would you procced to test the
null hypothesis that E and T heve equal range of
stratigrarchic occurrence in the arca.
[8]
Hint: Coin tossing experiment. One-tail critical
values of the test statistic R (binomial
distritution) is as follows:

: Size of
MNo. of trials Critical region
N a=0.05 a=0.01

14 R=3 R=2
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IMDIAN STATISTICAL INSTITUTE
B.Stat. (Hons.) III Year: 1385-86

SEMZSTRAL = I BACKPAFER EXAMINATION

Scmple Surveys

27.12.1385 Maxirum Marks: 100 Time: 4 hrs.

Define a 'sampling dezign'. What do you understand by

" the . terms 'inclusion probability of a unit' and 'joint

(b)

2.(a)

(v)

inclusion probability of a pair of units' for a sampling
design.
) (2+2+3) = (7]
For a probability propdrtional to size with replacement
sampling design of n draws write. down Ays the probability
of iuaclusion of a.unit Ui and “1 , the jJoint inclusion
probability of a pair of units (Ui' UJ)'
" . {2+3) = (5]

For stratified simple random sampling {(without replacement)
to estimate the population mean, write down the optimum
allocation of a fixed total sample size n to the strata,
explaining clearly your notations. How does one implement
this allocation in practice ?

(2+3) = [5)

In the above situation, suppose that the actual (a)

allocation in practice turns out to be nf for the ith
stratum while the optimum (C) alloca%ion is nf « Obtain
an expression for the relative loss/efficiency measured

by

N~ A
Var., (Yst) - var., (Yét) '
where the notation is self

a
Var. | (Yst)

explanatory and the stratum sizes are assumed large.
Further, derive a quiek upper bound to the above
expression in terms of &, the relative deviation of

. “f _ "f
sample allocations given by © =|‘1a1-‘—— \ B
L nf
(7+3) = [10]
Contdeeses 2/
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3.

(c)

(a)

(v)

Write down the 'combined and separate regression
estimators® in stratified random sampling. Which of
these do you recommend ? Give reasors.

(e

Define the term 'Intra Cluster Correlation Coefficient'.
For a population of 14 clusters each of size 6, find
the lower and upper bounds for the intra cluster correla-
tion coefficient amorng the elements of the cluster.
(32) = [6)
A population consists of N clusters of varying sizes
Mi' 1=1, 2, «e.y N. Suppose that n clusters are
selected with p¥dabfiities proportional to the cluster
size and with replacemant. Write down an unbiased
3./ N
M, Y M
171 421 1

- N
estimator for the population mean Y = 121

and an unbiased estimator of its variance, where 71 is
the ith cluster mean, i =1, 2, +.., N. On the other

n _ n
hand, if the estimator t = I M, Yi /z M; is useq,
i=1 i=1

suggest a sampling scheme that makes t unbiased for Y.
(3+4+4) = [11]

A sample survey was conducted to estimate the total
houschold expenditure in an urban area. The design
adopted was a stratified two-stage one with census enu-
meration blocks as first stage units and households
within them as second stage units. From eacnh stratum

4 blocks were selected with probability proportional to
population and with replacement and 4 households were
selected from each selected block with-equal protability
and without replacement. The data on household expendi-
ture for the sample houscholds together with information
on selection probabilities are given below:

Contd..... 3/~
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Contdeseas Q.No.4
Inverse Weekly household expen-
~ t Sample of proba- Total no., of diture of sample house-
Stratum pyoeck bility of households  holds
selection 1 2 3 h
I 1 67.68 189 110 281 120 114
2 338.12 40 80 60 122 125
3 101.50 135 122 210 171 105
4 69.03 160 24 115 32 128
II 1 113.34 73 35 359 160 117
2 444.00 26 97 179 144 85
3 31.50 240 100 115 52 172
4 661.57 1% 102 40 126 148
III 1 15.80 287 122 176 108 140
2 21.00 257 125 11¢ 1% 215
3 48.89 63 300 115 67 110
4 26.73 218 263 75 1462 54

Total no. of households in Stratum I, II, III are 12848, 8422,
6354 respectively.

(a) Obtain an unbjased estimate of the total weekly household
expenditure. [101

(b) Obtain an unbjased estimate of the sampling variance
of the above estinmate. [15]

(c) Compare the efficiercy of the above design with that of
unistage simple random sampling with replacement of house-
holds in each stratunm. [12]

5. For estimating the total Y of current population in a region,
two subsamples of 6 villages each are selected (circular
systematically) from each stratum with independent random
starts. Using the data given in the table, obttain a ratio
estimate for Y taking the previous census population (x) as
the auxiliary information. Also obt.in an unbiased estimate
of the sampling error of your above ostimate.

Total number of villages (N) and sample totals of x and y

Stratum No. of sub-sample 1 sub-sanple 2
Number  villages
N X y X y
1 2044 3722 3935 3456 3641
2 1304 3625 4033 4171 4649
3 1265 2769 3050 3746 LO43

(Total of x for th2 region = 3,155,680). (8+5) = [13]
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SL3CTIVE=4 ¢ PUYSICAL AND EARTH SCIEWCES
SEMESTRAL-I ZXAMIVATION

‘Zato ¢ 28.11,85, Maximum idarks ¢ 100 Times 3 louns

Mote t Attempt any five questions. Maximum score
for each full guestion is 20, laxinum scoro
for each subdivision in a full quastion is
incdicated in the right margin. Answers
should be brief and to the point. Uraw skot-
ches wherever necessary.

1, .'that 1s the most conmon oxide in thy chemical malie-up of
crustal rocks ? Name thrce bases of chemical clecsificotion
of igncous rocks. [zves

How vould you distinguish a plutonic roEk from 34s volganice
cquivalznt ? Name two familios of intermzclate plutonic rocks
and show how the broad distinction betweon thom and furthex
subdivision in each ¢f then can be effocted with the el of

minzrel compositions, £3,2,53
vlhat is the volcanic equovalgnt of Ziorite ? Mam2 two textur.s
cxpected in this volcenic rock and indicate its common geologic

53

2. §§S§}2i6 thoe processas from the products in the follow ﬁﬁzj‘{
sct; arrange %Hem In two colunns mafcaing 2ach procuct accins?

the reclevant processe.
Ach beds, Coesite, Comprossicn of laycrad plasiic matorial.

Contact auraole, Differentiation, rast cooling, Finc-azeln:d

igneous rocks, Folds, Igneous rocks of different miner:l
composition but common parentage,.Incongruant melting; MNacard: =,
Migmatites, Partial melting, Plutonic rocks, R2zction rimg,
Sandstone, Secinentation, Shock mctamorpnism, Thermal mutsr I-
phism, Volcanism. . {10+28°

~

3.(a) According to one theo£y Gondwanal and broke.up ia Cratis
ous. ihich of the following are necesscry corolliacize. .-
(1) Oldest sodiments of the Atlantic Ocean wra Cretac.L;
ous, T
(ii) Oldest lavas of the Atlantic floor sre Cretacecus.

(i) Oldost sadiments of the Tethys are Crctaceous.
peten.
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,.\a)(iv) Pre=Crotecnous szdiments of Puniasul:r Indie ane inty,
cratonic.
(v) Jurassic feuna of India. znd Africa azo likoly to be
simileor. ’
{vi) Post=Cratacoous polar-wnad.ring curves for Africa and
Australia ar2 similar, ’
(vii) Closing of the Tethys began in rertiary timus,.

o5) Indicate the geophysical rccord on the ocean £1lvor which la

to the hypothesis of Sra-floor Spraading, (4]
(c? "iat is a convergent plate bouncdary ? Doscribe tho toectoric
fratures associzted with such a boundary. [24¢>

4.1a) Jhat is plastic doformativn ? .Ihat sort of structure would
you cxpoct in case of plastic hetorogeneous dalormetion ?
[2+13
(b) Draw neat skotches to show synfor-mal anticline and zntifor-
- mal syncline} label hinae va th» first and cxial planc en
tho second. . [2+2+141 )

(e) whet is floxure=-slip folding ? Indicate the giometris form

. oi fold so prucucd, 2+1)
*(d) Draw a sketch to illustrate horst and creaben stcuctura.
‘hero‘in ..frica znd Europe do oxtenskve graben structuse

occur ? - ©o [443])

5. Yirite notes on ¢
(a) .i2in tactonic provinces of “he Indian subcontinené;
(b) Airy model of isostztic adjustment;
(¢) Sarth's ccre,
(d) Mid=Oceanic Ridges. [4x5 = =

5.{c) Mama two guologic paramotzrs, onc scslar and th. uther
vector, on which quantitative measuremants con bSe made.lr
(b) Describe how you would measure grain size in uncoasnlicst
sands. (55
(c) what typc of distribution i{s genorally obsezved in tha
qrain size anplysis of clastic suvdimentory rocks ?
(d) Discuss the applicability of skewncss, sortinc and 7 =-:
) tile measures in the discrimination of sedinents of Lﬂ'ff-
ent environmonts, .

S ——— . —
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. Doctermine the ABO blood groups of the given Hlood caaples b
slide technigue against

(1) EKnown anti eera
(i1) known red cells



INDLAN STATASTICAL LSTITUTE
B.5tat. (isons.) II Year : 1995-86

ELECTIVE-2 ¢t ECOMGAICS
SEMISTAAL-1 EXAMILUATIZN

3.i@ & 28.11.85. Maximum Marks: 100 Times 3 ilours.,

Note : Answer any four questions. All quastions
carry equal marks.

., Consider an individual living for two periods with given monu,
income Il and 12 in the two periods. There is a set of indiff-
erencae curves representing his preference oves Cl znd c2 vhaca
c and C, are consumption expenditures ( in terms of monay) in
the two periods. Assume that the incdividucl 15 frie to borrow:
or lend at a given market rate of intcrest yo.’

(1) ‘tirite down his budget constraint and repres:nt it in a
diagram. @“hat does the slope of the budget line ropresont?

(8]
($1) Yould the individual be worsc off if the ontion of Lorrous
ing or lending is taken away fron him ? Vny ? {s]

(iii) Suppose the ratec of interest rises. How would it aifzect
the welfare level of the indivicual ? (7}

(iv) hat would tha budget linc look like if (a) the borrowing
rato of interast is different from the londing rate of
interast ? (b) tho individual has the option of lancdin:
but not borrowing ? : 33

.. Zonsider a price taking firm producing a single outout ¢ with
>0 inputs Xy and x2. The production function is givcn by
3= Axla le-a wherc A > O and O € ¢ < 1 are given constantic,

“he price of the final output is given Ly p &nd the poices »f
the two inputs are given by Wy and v, .

(i) Dofining recturns to scale, sho§ that the productien
function exhibits constant returns to scalz. ra;

(i1) Find out the elasticity of substituiion hotwcen the %wo
inputs, 4]

Pete0oe
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2,(1i4) Can you dutermin: the pro’it maximizing cutout lovel a¢

the firm ? Cive rcasons o your answers [101

(iv) Docs your answer to (iii) ciancs if Zhe fizm is rot a

3.

4o

price tak.r in tho commodity neriet, l.ogo if instozd iy
faces an inverse demand curve for iis product ¢f th)
form p = f(a) ? . {3

4

Suppose thet a singlc-output producer sells his output ia ¢,
separate markats. In thr first market he 1s 2 price taken o
in the second market he acts as a monopolist. Discuss 4he
profit maximizing behaviour of the producer. In which ¢f n;
markets will the producer charge a hiogher price ? “!hy ? ey
is the cquilibrium of the producer affectiec If suddenly it
becomes possible for everybody to transport gocds costl:isly
from one market to the other ? ios

|._4

Consider an econony producing two goods (4, and X2) with 4
factors of procuction labour (L) anc land (V). 1o pzocuce on
unit of gecod 1 1t is necessary to employ L unit of L ant )
unit of V. To produce one unit of good 2 it is necossary to
employ 1 unit of L and 4 units of V. The total amount of L
and V available in the economy arz 10 units and 20 units ioe
pectively. Assume perfect competitisn and free mobility of
factors. Finally, the relative demand for the two outnuis i;

given by xl / x2 = 52 where @ > O is a constant and
1
Pl’ P2 are commodity prices.

(1) Hepresent diagramatically the production possibility

frontier of the economy. {5}
(1i) Find out the range of values of « for which beth L oud v
are fully employcd, 15"

(iii) If a = 1, determinc the factor prices.
( You can assume one of the goods to b the numsraire)

Discuss the role of income and substitution effccts in dotes-
mining the stability of a two=good, two-person cizchanga .-
ny. If incomo effects cancel out in the agoregate, would yeu
expect the equilibrium to b2 stable ? Bricfly indicate -y

the analysis cets complicated i therc are more than tue g0 !
in the ccenomy. )
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J.te : 28.11,85, liaximum Marks : 1CO Time: 3 Houss

Note 2 Answer 6 questions, at lecast 2 from
each group.

GROUP )

l. Yrite a note on DNA as the genetic material. Describe the
double helix and fundamental principles of the gonetic coda,

>, iHow can we determine the mode of inheritance of & Zominant,
rare, fully penztrant diallelic trait ?

3., Comparc and contrast the characturistics of scex-linked and

cex-limited traits, Illusirate your answer with suitable

examples.

4. trite short notes on any three of the fcllowing 3
(1) Down's syncrome,
(1i) Holandric inheritance,
(1i1) Co-dominant alleles,
(iv) Penetrance.

GROUP 2

5.(i) Write the genotypes against cach phenotype of the AlAZEO
blood group systems.
(ii) Winzt is the principle of blood grouping ?

you expect among children of the following razents @
(a) both parents of type I,

(b) both parents of type N,

(c) both parents of type IiN, and

(d) one parant of type M and the other of tyoe ..

Petede



6.(1)
(11)

7.(1)

{ii)

i)

(iv)

- 2 -

t!hat is Rhesus blood group ?

Describe what you know about the h‘nmolytic discase of
the new born.

‘hat are tne common abriormal haemoglobins present in
Indian populations ? Briefly discuss their distribution 1,
the Indian subcontinent. .

By what technique most of the abnormal haemoclobins can
be detected ? Give a brief descrliption of thz technique,
Which are the most frequent zbnormal haemoglobins proseat
in Africa and Southecast Asia ?

In case of haemophilia, if a carrier woman maxri~ss a nore:
man, what types of offspring would you 2xpect anZ in what

proportions ?

uve 'Irite short notes on any three of the following ¢

(1)

Polymorphism,

(1) Genetic drift,
(111) Backcross,
(iv) Hybrid vigour,
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STATISTICAL INFZERENCE ~ TiHEORY
SEHZSTRAL=I SCUAINATION

Time : 3 Hour-

Hote ¢ Ansveer question 1 and any five from the
rest,.

1. Discuss the following ¢ complate sufficient statistic, mi-l»
sufflicient statistic, Fisher information, near !LE, score in
methol of scoring, Type I and Type II errors, size :n¢ lev:’

of

a test, randomized and non~-randomized tests, UMP and Uil

a

unbiased tests, test having Neyman Structure. (loxl
2

2.(a)

(b)

3.(a)

..(b)

(b)

If T is minimal sufficient fer O in Ql' a subset of Q, c...
sufficient for @ in Q, then show that T is minimal sufficien

for @ in Q.
vence find a minimal sufficient statistic for O based on n
iid observations from Uniform ( @ - é y O+ i ) distribution,
(445 = 9)
Compute Chapman-Robbins lower bounc for the variance of an
estimator of 9 base¢ on X with Py[X=0]=1-9, pglx=1] =0,
c<o<1l,
Compute Cramcr-Rao lower bound for the variance of an esti--
mator for estimating 02 based-on n iid observation fronm
1{0,02). (544 = 9}
Darive UMVUE of the variance of UMWE of © based on n iid
observations from
<«
Pylx=x]= a(x)Ox/_(-%a(i)Oi), 050, alx) >0, x=9,1,2, ..
1

Find UMWE of the'power function of a size « UMP unbias-
test for Hyt A £ p against Hl: X > 3 based on X, which :
poisson (A}, and Y, which is Poissca ip). (643

pet.oe
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5. 3ased on n iid observations from ?I(p,a2), find
(a) an ancillary statistic
(b) XLE of p/a
(c) UMWE of p/o.
(1+4+4 a9 ,
6.(a) State znd prove Neyman-Pearson fundamental lemsa,

(b) State generalised Neyman-Pearson lcmma. (24542 = 2
‘ ’

7. Based on a 1i% obsorvations from M(u,1)
(a) Construct the iP test of size a for iy : g = By Acainst
Hl t R =y > Uy By and y, ara given,
(b) Show that the above test is UMP size a for Hy: p ¢ Mo
against Hy: p > Bge (544 =
8.(a) When co you say that a rv X has MIR in x ?
{b) Let X be uniform in (0, O+1). Does X have MLR in x 2
(¢) dhen X has MLR in x, show that the test @ given balow
non-decreasing power function.

¢(x) = 1 if x > X5 X given
Y if x = )
0 if x <« Xo

( 14147 = 9)
9. Suppose thet the cistribution of X is in one-paramecter expone:.
tial family with parameter ©. Then, given any test ¢, ©, and ¢.

with 0, < 02. show that there exists a two-sided test(v‘ for
which . »* ’
- 25, 00) = 5 ¢F(X), 1 = 1,2,

10, Based on n 1id observations from N(u,oz), deduce an explicit
form for a Uh® unblased test of size a for Ho: T84 1) against

By u > py e by given. _ (%)

——
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STATISTICAL IiFiRs: Cl = PﬂAtTICAL
SEMESTRAL=I EXAMINATION

Data ¢ 25.11.85, Maximum Marks & 50 Time: 3 Hour.

Nate : State your working formulze clearly and show
computational steps. There is no nzec to deriv:
working formulae and no credit will be given ..:x
derivation, Accuracy of computation is import. u-
Final answer should be clearly displayed.

Answer any three ol the first five questions.

1.(a) Probability function of a rv X is given Lolow.

!0\§|_5_4-_3 2 <1 0 1 2 3 a4
L°.° 40 .01 W14 .17 11 L0l .06 w02 05 .02

' Gl «28 L0l 05 439 01 0z .03 .C3 .01 .12 .C3
{

Obtain the most powerful test of size ¢ = 0.2 for testing
HO 19 = 00 against Hla o = Ol and compute the probability

of type II error of the test,

{b) A telephone sub-office has 2O cmployses. On a given day
only 8 employces were prresent in the sub-office, of which
5 employeas were femalec,

- Construct a UNMP test of size a = 0.1 to test the null hy
thesis that the sub-office has at most 10 female emplov
(74147 =

2. Let X and Y be independent Poisson random veriables with
A and p respectively. Compute the power, at N\ =1 and p =
of a UMP unbiased size ¢ = .2 test for Ho: p £ A asainst

le B> N,
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2. dascd on an observatlon from the density

f(x; 0) =Cox® 1, 0¢x<1,0650
0 . , elsewhere
construct a UMP unbiased size a = C.05 test for Ho: 0 =)
against Hl : 0# 1. (1
4. The breaking strength of a particular iype of string is
i(p,0% = 4.41), Breaking strengths (in 15s,) of 15 random',
cut pleces of the ‘strinj are : ’
15.9, 17.9, 21.0, 20.5, 16.8, 19.1, 17.5, 13.4,
16.9, 18.1, 19.7, 17.6, 21.8, 19.3, and 21.9.
Construct a U.P unblasad test of size a = 0.05 for tosti
TR 18 1lbs. against Hj: p #18 1lbs. and construct ¢
associated confidence interval for p. (124
5.(a) Dased on 25 observations from N(p,uz). foliowing wo

calculated @
25 25 2
L xi = 140, L xi = 900,
i=1 i=1

Find MLE of p and a2 when (1) == ¢ p € =, ¢ > O, and

(44) =0 ¢ p < =, O C 0 £ 4.

(b) Following 9 independent observations are from Poisson

vith expectation A @
0, 0,2,1,0, 2,1, 0, 1.

Compute UMVUE of e™™, (1+3+11:1

6. Practical records, (s}
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DIFFERENCE 'AND DIFFERENTIAL EQUATIONS
SEMESTRAL=I EXAMINATION
_.tar 22,11.85. Maximum Marks 3 100 Timet 3 lours, -
Note i Answer as many questions as you czn. Th?
total marks of all questions is 110 but
you can score a maximum of 100,

1.(a). State a theorem which guarantees tho existence and uni e
+ ness of a real-analytic solution to .

g¥ = x+e¥, y=¢c when x =0,

" (You must show how your thacrem applies to this n-obl»n).

o ]
(b) By actually substitutingy = ¢ + c % + c2x2+ cese
in the differantial equation above find the values of
¢ys¢, and ¢y in terms of c. . {r0]}

2. Let F(x,y,\) be a real-analytic function of =1 the thrac
variables in the recion x| ¢ ap ly]| < b, ]| ¢ c..

‘Con,ider the initial value problen

az = F(xy¥s\)y ¥y = O when x = 0

for each value of the parameoter A in ]\[ < c. Prove carcfulily,
using the majorant principle that the formal power-seri:s

solution ©

= I a__ xP9
p,q=0 Pq

must converge in some ractangle arcund origin in (% )=plaia
and will give the solution to th2 initiazl value prooleﬁ Pt

each A near zero. .
(You nust find a ‘dominating' systcm which you can explizizity
solve, and then apply the majorant method.) ri2j

2. Find the luler-Lagrange type of differontial equaticn i--0¢ I:
;atisfied by an admissible function y = y(x) whicih autrisic . :
Lnz functional .

.

X

1
viy(x)] = -£° Floyiyh v ) exe

DaeleOs
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wele cONtdesas
dere F is a C™ function of its four arguacnts. Adnisslole
furctions are C4 functicns on [xo, x1] with assiqned Lound;:Y
vzlues as shown @
vixg) =¥ » vlx) =y

’ ) ooy .
Yxg)= vy 5 vly) =y .
Jhat 15 the order of the diffcrentizl equation.yoh find fcry&b‘
(You neced not prove the fundamentaz) lemma of tha calculus of
variations but you must carefully state and explain its 4pplia
cation to your proof.) {15]
4.(a) A particle moves from (xo.yo) to (xl,yl) along a ¢2 path o
that its speed EE is always proportional to the orcdin.ts Y.
""Find the paths which extremise the time taZen to cxecute the

motion. [10]
{p) Find the two-parameter families of extremcls for ‘he functi-

ionals x
(1) viy(x)1 = 1 +¥ .
:0 ) '
1 2
(11) vix(t)] = S fg ( g% ) dt {645 ]
t
(o]

-) Using Laplace transforiys solva

935 + 4g¥ + 4y =

dx

aiven y = =1 ard y'= 0 at x =0, 3]
(.) Find the general solutions of the difference equations
- gk
(1) Xeip * 3x kit 5%, = 7
(11) yp,0 + .2y, = 3y, =c ( a constant). 15+6)

leia) A raindrop has its radius increasing at a unifoinm T2%e by
accumulation of moisture. If it is given an initial hovizart:)
velocity v, prove that ( under gravity) it describos nvoor-
bola with a vertical asymptotae. Assume itc initizl vacius wes
-ro. Find the position of the centro of the rainczop -7 a
function of time. (Megleet air reziztance).
() Solve by variation of prramoiors
a2 1 re

a2 T ¥ T st o
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STOCHASTIC PROCESSZ3-2
SEMESTAAL-I EAAIIATION

" Date ¢ 18,11.85. idaximum Larks : 1CO Time: 2 louzs

2.

Note : Maximum marks you can score is 1l0.
Let (X,) be the standard Jrownicn motion.

X
{a) Show that -%— —> O almost surely as n a> o

" (b) Fix O < s < t. Write the joint density of X, X. 2xpli~

citly. (Here explicitly means you have toanluzis 20nii-
citly the quadraticform involved ).

‘(¢) Define a process Y, as follows :

Yo =0, Yt = t~Xl/ for t > 0.
t

Show that this process is agaid-Gaussian with mean zero

and evaluate the covsriance kernel.
[5+5+10]

Consider a pure death process on %9,1,2, ...? with death
rates p. n 21 and py =0.

(a) Write down the forward equations.

(b) Solve for pij(t) in terms of py g (t).
(¢) Find pii(t)'

(d) Find Py, i_l(t).

(e) If p = np show that

Pij(t) = ( ; ) ( Ept)J ( 1~ 34 e 3L
[547+5+5+8]

peteoe



3. Consider a renewal process (Nt) criven DY Te A usual asSume
that F is not concentrated al ire o2 523, Tix x ¢ t. 3how wis
usual notation

. .
PUyiigyey S %) = {-,x [F(x) - F(t=y)) em(y). (o

4,(a) Explain what is a delayed.runcval procass (:-!t) with initi
distribution G and interarrival distribution F.

{v) Show that N, is finite almost surely.
(¢) Show that N, — = almost surely.

N, w
1 =
(d) Show that-}—) i where p = ,(l)' xdF(x).
As usual F and G are not concentrated at 0. 5+5+E5+10]

5, Consider two independent Poisson procosses (xt) and ('{t) Ml
intensities A and p respectively. Let 1‘5 and T6 He the tines
th 6th

of occurrences of the 5 and events of the (2’-t) procuss,

Put N =Yy = Yr o« Thus N 1s the number of events of the ¥
Te T

process during the interval ( '1‘5, 'l'6 ]. Calculate the diztri.
bution of N. [15]
6. State Blackwell's renewsl theorem and Feller's renewal thoor.

You must explain the tcrms involved in the statements.
fic;
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1.(a)

(b)

2,(a)

(b}

LHDIAN STATISTICAL ISTITUTS
B.Stat. (Honsas) III Yeer : 198986
SAWPLE SURVEYS
B3EMESTRAL-1 EXAMINATION

20.11.85. Maximum hiarks : 100 Time : 4 Hours,
Note : Answer all questions,
Define a ‘sampling design'. From a population of size t!,

one unit is drawn with probability of selection propor-
tional to its size measure x. The rest of {n=1) units ia
the sample are selected from the renainiﬁg (31=1) uniis of
the population by simple rzncdom sampling without replscire
ment. .rite down p(s), the probability of obtaining the

sample for this design. Hence show tnct the ratio estimator
il

n
R==: yil 2 x, is unbiased for R = Z Yy i 2 X4, the Ratlo
1 1

of population totals of thec .two variates y and x, for ilis
design, . [2+3+4] = [9]

For the above sampling design obtain the probadbility »f
inclusion of the ith unit. [2]

For stratified simple random sampling ( without replacoment)
to éstimate the population mean, write down the optimus
allocation of a fixéd total sample size n to the striia,
axplaining clearly your notations. How does onc 1mplLu aat
this allocation in practice ? {9+Q] =gl
In the above situation, suppose that th2 actusl (a) allue:-
tion in practice turns out to be nf for the ithstrater
while the optimun (O) allocation is ng. Obtain an 2ave-
ssion for the relative loss of efficiency mcesuvres Dy

o A
Var, ( Yoy ) - Vary, ( Y i )

o)
Var.g ( Ty )
where ihe symbols have the usual meaning and the strooun
sizes ar2 assumed large. Further, cesive @ quicl: upper
petao,



2.(h) contd....
bound to the above cxpression in terms of O, tho relatiy,
deviation of sample allocations given by

(] 2
n, = n -
o= i_.;.i. [ 7+2) <[y
™ .

{c) Indicate the situations when'you usé the 'combinad ard
separate ratio estimators' in stratified random samplin-,
justifying your answer with necessary formulae and assuoi.
tions, . ! e {s]

4

3.(a) Defina the term 'Intra class cqrrelation_coeffidient'.

. .population consists of 12 clusters cach of size S, Find |
bounds for the intra cluster correlation coefficient anmyp-
the elements of the clustcr, E [3+3]=k'

(b) A population consists of N clusters of vérying'sizos “1'
i=1,2, ¢sy No Suppose that n clusters ere selected at
random and without replacement. Lot Y1J be the value take:
by the study variate y on the jtn unit of“tﬁg ith cluster,
J = 1,250y M3 £ =1,2, oo, Mo Let ¥V, =% s .

) 1200y My3 » ’ 1 = i Yij / Hy be t
ith cluster meah. viite dovn the conventionzl unbiascd es.
- N - N
mator for themzan Y= £ M, Y,/ £ M,. Suggesta
j=) 1 1 i=1 1 A

method of estimating its sampnling error. Also comucent o5
any other suitable estimator in this case. . .
) : [2+5+3 ] =[1:
4+ A sample survey was conducted to ocstimate the total. yileld of
paddy in a district. A stratified two-stage samplinc Jhsign
was adopted with villages as first stage units’ oﬂﬁ plots
in them as second stage units, From cach stratum 4- villa"°'
wucre selected with probability proportional to areca and “wita
replacement and 4 plotis were selectod from each sele cted
village with equal probability and withecut replaceacnt. Thz
data on yield for the sample nlots togcther with informaticn
on seloction probabilitics ere ¢iven in the table below @

contCeces



101004 cONtCocen
Stratum Sarmple Inverse of Total no. Yiwld of sample plots

village probability of plots.
of scloection 1 2 3 4

1 1 440,21 28 104 182 148 87
2 660.43 14 108 64 132 156

3 31.50 240 100 115 50 172

4 113,38 76 346 350 157 119

I 1 21.C0 256 124 111 135 216
2 16,082 238 123 177 106 133

3 24,76 222 264 78 144 55

4 49.99 €9 300 114 68 111

111 1 67.68 185 110 281 120 114
2 339.14 42 80 61 118 124

3 100.00 134 121 212 174 106

4 68.07 161 243 115 314 127

Using the above data

(1) Obtain an unbiased estimate of the total yield of paddy
in the district.

(i4) Obtain an unbiased estimate of the variance ¢f the above

cstimate.
(111) what 2re the possible sources of nonwsampling errors in
the above study ? [10+15+8){33]

£. An expericnced teacher makes a guess of the scores x, in en
examination for each of the 200 students of his cléss-ba5ed n
rast performance. He obtains an averege score of X = 53, Fo-
a simnle random sample ( without replacement) of 10 stucients
the following results are obtained after the examination :

Student j _
1 2 3 4 S 6 4 3 5 T
Actual score
Yi 61 42 50 58 67 45 39 57 71 [
Guessed score .
Xy 59 47 52 60 67 A8 44 58 76 S

(i) Find the regression estimate ? of the averaaqe
for the class and estimate its sampling error.

{ii) Comment on the teachar's ability of predicting
of students. If, a2s an altcrnative, an estimate

A -
?’ =X + (¥ - X) is usced, obtain the gain in precision,

Ar o
if any of Y over Y. [1+6]=(7]
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STATISTICAL INFERENCE
SUPPLEMENTARY PERIODICAL EXAMINATION

Date : 18,10.85, Maximum Marks & 100 Time: 3 Kours

Note ¢ Answer all questions clearly justifying your
answers.

1., Parameter space consists of 3 points 01, 02, and 03.'Following
table gives the probability function f(x,0) of a random varist::

0 I Xy X5 X3 X4
. o

0.2 0.3 0.1 0.4

1
°, 0.5 0.1 0.2 0.2
0, 0.3 0.0 0.4 0.3

Find MLE of O, [1c]
2.(a) Obtain Fisher Information (matrix), in n iid observation:

from N(p, 02), about p and o,
(b) Hence show that the sample mean based on n iid pbservations

from N(u,1) is UNWE of p. T [7+5=12]
3, Let, for 0 p <1,
P[X=-1]=p, »
PIX=x1=(1-p)?p* x =0,1,2, areus
(a) Find the class of urbiased estimators of zero.
(b) Hence show that the statistic T given by
T(0) =1,
T(x) =0, x5 0O
is UMWE of ( 1 - p)2.
[8+5=13]
4. (a) State Factorization theorem.

(b) Show that an MLE is always a function of a sufficient

statistic. “
[3+2 =3]

p.teo,
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5.(a) State Rao-Blackwell thaeorem.
(b) Starting with the estimator 2X;» find UMWE of © based
on a sampla Xy Xyp eeeey X from U (0, ©).
[3+7 = 10]
6. Cbserved cell frequencies and c2ll probabilities are giver,

below for a coupling intercross, where O is the recombinz-
tion fraction of two linked genes.

Class Fregquency Probability

1 125 7(3-204+0%
1 2

2 18 z(zo-o)

3 20 1 (20-0%

4 34 2(1-24+62)

Find MLE of O, [45)

7. Practical records. ... sl

N



INDIAN STATISTICAL ILilsTITUTE [T SR i
B.Stat.{Hons.) IIl Yesr: 1925-86

ELECTIVE 4 ¢ PHYSICAL AND SARTH SCIZICES
PERIODICAL =XAMIMNATION

Cate 1 4.9.8BS, Maxinun Marke @ 1CO Time: 3 nao-

Note Attgmpt Question No,l und any fiva from thy
rest, .. . ., .
1.‘F111'up the blanks ( any 13). Only wTite down ore of tio vo.-
choices for each blanke.

(1) The Tidal Hypothesis was preposed by ___ (iours:,
Chamberlin/Kant~Laplace/Jears~Jef froys/RinguoodwAtf: .

(41) Quartz, the most abundant mineral available, has z o+ ..
cal composition (Fe304/5102/M95103/C3504).

(111) The overall density of the earih is (4.5/5.5/5 .-
7.5). .
(iv) uheh a sea invades the land, it iz czlled .\

(regression/transgression/onlap/ofilap).
(v) Fossils obtained over a leng distznce of wn expoiui.
a thick 8adimentary rock formed from tite meéendering
activity of river do not necessaxily mean that they
of the ( same/cifferent/preserved/graded} z ;.

(vi) The (eyes/musclns/blooo-cells/teeth) of ¢«
. vertcbrate animal are most likely to be preserved.
(vii) The o (colour/thicikness/xipple merk/checmicai

coaoosition) helps o coterrmine the top and the botiom
surfaces of a taed.
(viii) Tha Lower Jurassic ( 190 my ) uincsaur bones of the Indis
Statistical Institute have been obtained from
( mixed/continental/turbidite/marine) rocks of the
Godavari Valley. .
(ix) A rock composed of 407. by volume of pebbles 1s call .
(mudstone/phyllite/marble/conglonerate)..
(x) Petroleum is a/an (rocky/mineral/orzanic/inc: -
substance,
(xi) Sedimentary structures include
sorting/facies/stromatolite),
(xii) A bedding in which grain-size decreases upssrd is ¢-.
a (laminated/cross~ /trough/cradad) b2d.
(xiii) A horizontal sequence of beds lying over a tilted s::.
ce of Seds has afan _ ( unccr.formable/tectonic,
sedimentary/metamorphic) centact.

——-

(grain=ciz- '

——— e

petec.
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t.ixiv) In a fossiliferous horicontal scquence of beds conforin.
o1y lying over another fosslliferous horizontal sezuz::,
of beds, the evolutionary scquence snown by the orqzniins
suagests a blg time zap between the  two suquences) hency,
tha two sequznces are said tu have a/an ____;-_(tec tenie,
leminated/tilied/ uncénfarable)  zobationship,.
oo (Mud/Foldepar/Bacalt/Grenite) is a coarse-grainee
light-coloured plutonic ign:ous rock.

(va

2. ''ho is suid to be the pionecr in suggesting that the solar

* system hid a cold beginning ? who .odified his hypotaecis ere

aow did the nodifiu: explain the oricin of the solar syst:n?
[242+12]

3. Can a mincral be a crystal as well as a crystallire subs-

tance ?
Hovws does a mineral form ? ilame three rock-foraing minerale

along with their respective chemical compositipons. Give a-
example of an amorphous mineral and state its usefulness,

[5+4+4é+1§ ]
OoR

tihat is understood by the Moh's Scale of Hardness ? Dascrib.

how you would proceed ts determine the hardness of Magnetit.
[

(Fe203) which has a hardness ranging from 5.5 to 6'5'[6+10]

4, lhat arce the uses of the P~ and S~ wave study in an carthe
guzke ? that is thne Low Velocity 2cne ? Does it ogcur above
“he Mohorovicic discentinuity ?

Describe in shozt the physical chacacteristics of the earth's
core. [6+44+244 )

5« In a decp mine, it may bz obscrved that with every 30 meuc.
descent, thero is an increase in tenooracure through 1%, s
is then the temperzture of th2 carth's core ?

“liat is sial and sima ? “hat ic the reason for the higher hu
flow in tiie sia) ?

#hich hypothasis, hot carth or cold eartn, supports the k:r-
flow of the earth's interior ? iWhy ? [5+6+2 )

6. What is th2 Geological Time Scale ? ihat is m2ant b
'Precambrian' time ? What is the approximate age of fndia’-
Gondwana coals ? Vhen did the first birds appear in the e
and vhat is their nzme ? TO+6 + 2+ 7

contdeses
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7. tthat is the importance of free Oxygen in the atmosohere ? .hen
¢id it first form ? ‘that could b2 the reason for its origin ?
(2444102
OR
't In understanding the evolutior of hydrospherz, salinity 15’
trzen as @ foetoz ', - Clucidate,

vhet is the logic given when scientists say that a consluaz-bdle
pereion of all tha wate- iZn occeans n3s oppcazed since lats
liesozolc ( l44 ny - 66 ny ) ? [5+3)]

Y. Jhat is a 'easin' and what kind of sediisarntary processes co co
in a basin ? ’
“that is meant by "*sorting' of scdiments 7 In vhat ray the ;_
fabric of a sedinentary deposit help in understcniing the
sadimentary processes ? [4+4+444]

OR
tlhat is a cross-bedding and how does it form in . Jluviziils
environuent ? iHdow many kinds of crass-taddinas are there ? In
what way: cross-bedding stucy is usaful ? [2+6+4+4]

e Uhat are the different kinds of contlncnt2l enviroasent 7

Describe a kind of pdver environment and its scdimeatery fociae.

What are tha criteria that you voulc be looking for in a szci-
aentary gravel deposit to preove tha’t it is o gl2clal origin ?
"hat is the name of the deposit ? (6+9+2]
1C.Describe how the hard parts of &n osrcanica car be aliazca
while it is underyoing foscilization. Cive cn 2vannle to chew
how fessils can bo useful. {13+5°



Date ¢ 4.9.85.
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1IDIAN STATISTICAL INSTITUTE

Y P T S

3.State (Honmz.) IIXI V.-

-

ZLZCT1VE~-4 3 BIOLCGIZAL 3ZIZICES

PEAIODICAL EIAKLAATION ’ .
Mzximum Marks : 100 Tiro: 3 Fours,

sttempt any five quastions. All ruestions

Note @
varTy equal narks.

‘irite a short history of Genetics from iandel to CNA doubl.
helix.

Wirite what you know about transcription and translotion,
cmetic code, introns and exons.

Describe Mandel's laws of inheritenza,

List the criteria of inhertitance dus %o a sinjlz, coapletel-
dominant, rare, autosomal gena. Illustirate your zaswer with
the help of a pedigree.

Distinguish between sex ~ linked, czex limi%ed and sax
influenced nodes of inhezitance.

ilrite short nctes on cny three of the followirg :
1, Down Syndrome.

2. Penetrance.

3. Holandric inheritance.

4. Haemophilia,

5. Co~dominant inheritance.

Compara and contrast between multiple allelic and polygan’-

inheritance.

e

Jdrite short notes on any throe of the following :

l. Carrier

2+ Homozygous

3. Turner Syndrome

4. Autosomal recessive inheritance.

D ——— Y
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INDINY STATISTICoAL ZI0TneTs

B.Stat.{Hons,) III Yeor : 1685-£5

STATISTICAL ILFIRENZE - THEORY
* PERIODITAL EXAMIVATICH

Sate 1 2,9.85. aximun Marks : 50 “imes 3 Hours.

tiote : Ancuex any five guesticnse.

1.{a) Let £ ( uniquoly cefined ) be the p~tn fractile of =
distribution and Zp n be the somple p-th fractile basacd
on n iid observations from the distribution, O < n < L, -

Show that Zp o converdes to §p in crobability as n -~y o,
1]

(b) Lot Xl, xz, vecey Xn be iid uniform.distribuiion in
[0,0], © > O. Find the asymptotic distrivuticn of
n (0 -T)/ Q, as n => &, vhere T 15 the maximum of

Xy» Xgp seey Xpo [5+5 = 10]

2, Based on n iid observations from M( u, 92 ), fino
(a) MLE of . and 02,
(b) & statistic (may be vector valuad ) which i5 suificient
for the family of distributions, and
(¢) find UNMVUE of p aad a2, [6+242=10]
S. Let £(x} ©) Lo the probability (deasily) function of
X, T = T(X) be a statictic, and i(C; Y) be the Fisher
Iniormetion about O in Y. Shoew thst, for 211 6,
{s) under some regularity conditions {state them)
2 o i oy -
E 3% Inf{; Q) 1,

1002 X} = = E
! © 39

(b) 1(03 X) 2 1(0; T), and
{c) I(0; X) = I(0) T) iff T is sufficient.
- [4+3+3=l'.'j
4,(a) State and derive Chcpman Robbins lower bound for verians
ol an c¢stimator,
(b) Compute the lower bound ior 2stimating o based on X such
that PolX = 1] =0, Pyl =0] =1 -3, 0¢w <1,
(545 =11]

Cetata
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5.(a) State and prove Cramec-Rao incquallily,
(p) Honce show that the sanple nean of n iid obscrvations fron
i, 1) is UmVCC of u. - [644 = 10)
t
6.%a) State and prove Rao-3lackwell theodrom,

(b) Zased on n ild whservatlons from Poisson istribution vith
parameter A, find UMWE of e atartiny with T -uch that

T = g;l if %y =0
O clse. [5"'5:10]

7.{a) If X, and x2 are 1id, show that
Vo [ 22+ %%, 12 Vo [ % (%, +X, )2
o L 41 1% ot 3% +X, 1.

(6) Xy» Xgs +eer X are iid Bernoulli with probability of
success p. Find UMVUE of p(l-p). . [E43= 0]



ToTEm4TIY,
IMDIAN STATISTICAL 1iiSTITUTE
3.5tat. (Hons.) LIZ Year : 1755-86

,TAT!STICAL LiFzR 31 CE - PRACTICAL
PERIODICAL IZXANTIATION

Date 1 29435, Maximun taris ¢ O Timet 3 Hours.

Note : State your working formulae clearly end show
computational steps, There is no need to coxiva
the working formulae and no u&cdit will b2 ol

A

. for derivation. Accuracy of computation is iﬂ,awu
tant and the final answex sho :ld be cl-a:lv ig-
playeds

Answvier all questions.

1, Following is a sample of size 10 from N(p,az) H
14, 12, 7, 11, 27, 9, 13, 12, 13, ond &, )
Obtain (1) MLE, and (i1) UKWE of p and a° wien
(a) == ¢ p < &3 @ > 0O, and
{(b) 13 <¢ p < e, @ > 0. [5+7 = 12]

2. Following i5 a sample of size 10 from uaiform [0,6], @ > O :
1.4, 11,2, 10,7, 12,7, 11.1,10.9, 11.3, 11,2, 11l.3,and 10.8.
Estinate @ by the method of

() noments,
(b) raximum likelihood, and

(¢) minimum variance criterion. [34243 = &)

3. Observed cell frequenclas and cell probabilitics

are glzen
beloy: for a coupling intaercross, whore & i:s tho

Teconcination
fraction of two linked genas.
Cl Obsarverd freauency Srobebilite:
1 - 125 33 - 28 + &%)
2 18 liza - %)
z < > A
20 200 - o)
34 3 or- e &)
Find MLE of @, (i
4, Practical records. )

-3



I

41995~ 5 :5..1'..'—1

INDIAN STATISTICAL INSTITUTZE
B8.Stat.,(ifons.) 1I1 Year : 1935-86

DIZFZRENCE ALD DIFFIREITIAL ZQUATIONS

. PERIODICAL EXAAINATIC.! .
Date ¢ 30.8,55. hastaun ifarits ¢ 130 Times 3 Hours,

Note ¢ Answer as many quasticns as you can. Complete

and clz2ar answers will count nora tiwn parcial

* answers to many quustions. Workings and prools
must be shovm. The total marks ¢f all questions
is 110; You can get a maximum of 100.
1.(a) Find the second order diffecrential cquation whose general
solution is
y =Asinl x+8

A and B being arbitrary constents, (7)

(b) Obtain a differential eguation representing all tangent

lines to the parabola y. = 4x. Vhat cre all tht sclutlons
of your equation? (10)
2,(a) Find a second order particl differentizl equation
2 2 2 .
[ [ 0« 2 6z 02
(involving at most 2 3;5 ' 3%y * 3% ! 3y ) which

is satisfied by any z = z(x,y) of the form
z = xf(y +2x )+ oly + 2x ),

vhere f and g are two arbitrary smooth functions of one
variable. (3)

(b) Pruve that if the femily of integral curves of the linear
differantial zquation

dx

is cut by the vertical line x = ¢, then the t:ngentﬁ to

the solution curves at tha points of intersection all po..

through a fixed point. Find the coorciuates of ihis pol:

of concurrence .( in terms of P,Q an< ¢ ). {(13)
15.(a) Consider g¥ = f(x,y) } f continuous on a { x {b crnd

~o €y < e and f is Lipschitz in *the y-veriable on t.ls

strips Let (x5 Yo ) be a point of tho stniy. Delins

% 4 p(x).y = 0(x)

yo(x) = yg on fa,b],

x .
and yn(x) =yy * J f(t,yn_l(t)) dt, N = 1,2500es 00 L2, Lo
X
[s] netad,



Lar2) contdesae

Prove that yn(x) converges uniformly on all of [2,5) to a
continuous limit function y(x). (You aro not askad to shoy
that the limit function rolves the inltial viluo Jroilem),
2 (10)
(») If £(x,y) = x¥° then does thc hypothasls of part (a) apply ?
Prove yes or no. State carefully a fhnoren vhich will euaran.
tce come Ent teace and unigueness statcment for a solution
of y’ = xy? passing through sny given (xgevo) in ne, (8)
4, Solve the eguations @
2d b U
(1) vy a% -y tan x = sin x
(11) If (x2 + y2)® is an integrating factor for
(x+y) dx = {(x =y )dy =0
find a and solve the equation. {6)
(211) Using Laplace transforms solve
2
d d
-:i -3 + 2y = x
dx 3¥ .
aiven y(0) = 2 and y‘(0) = -1, (8)
(iv) Using the method of variation of parametars soive
vy '+2y’+y =e*1logx.
(You must find the complemaniacy funciion and then use
variation to obtain a particular integral ). 8)

5.(a) Let y(x) be some sclution of the aguation

2
x g;i + g¥ + xy = 07

d
You ara told that the Laplace traneform of y(x) exists. Find
the form of this Laplace transiorm. (10)
(b) Solve :
(1) (y4 - 2x3y ) dx + (x4_- 2y3x) dy =0, (c)
(18) gx = flax +by +¢c ) . ()

(c) Give an example of a continuous function f(x,y) on a recuvansl:
in R? such thet az f(x,/) has two Gistinct solutions pscca.
through some interior .point of your ractangle. (<)
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STOCHASTIC PROCZSSES - 2
PERIODICAL EXALLiATION

Date : 28.8,85. Maximum Marks : 100 Time: 3 Houxs

Note s Each quastion carries 20 merks. Maximum
you can score 1s 100,

I’

1. Consider a Poisson process (Nt) with intensity AFix 0 ¢ s ¢ %
and an intager n 2 1. Show that the conditional distributior ...

Hg given Ny = n is Binomial ( n, ‘f Yo What 4s the joint dist.:.
bution of (N Ny»Ng ) ?

The "number of accidents in Calcutta upto time. t be cenoted oy

C, and the corresponding number in Bombay be Bt' Vie assuume thot
(c,) is PP(A ) and (B ) is PP(A ) and that thﬂ two processes
are independent.

(a) Let T be the time of thc first accident in Bombay, What is

the distribution of T 2
(b) Let Z be the numbor of accidents in Calcutta upto ( and
including ) the time of the first azcident in Bonbay. In

other words 2 = CT' Show that

_ A, SIIRN
P (z=k) = W (W K =0,1,2, aven
s

3. Let (Ny) be PP(A). Let Xy be a random varisble incependent oIy
1) = p 1 P " 4
the process and P(Xy = 1) = P(Xy = -1) = 3« Put X, = t5.(-1)

(a

Show that for every t, the distribution of xt is samo a:z
that of Xo.

~

(b) Fix s < t, show that the joint distribution of (X_,<.)
is same as the joint distribution of

( xs+2' xt+2 )
pet.o.
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4, Consicer ¢ Poisson process (Nt) vith intensity 1. An event
occurind at time u has chance e U of being recorded -
independent of other cventse Lot Ry be tha rnumber of recorded
avenis upto ( and including) %ime t. 3Show that (Rt) i a
‘nonhomogencous Poisson Process 'vitl: intensity function e "o
That is ,show ”

(a) Ro =0
(b) Ry,s = Ry ~ Poisson (f e du)
(c) (Rt) process has independent increments,

5., Consider a renewal process ( Nt) driven by F, As usual F 1s
assumed to be not concentrated at O, Fix t. 3how thzt for x<%

t
Py(eyey £ X ) = {_x [F(x) =~ E(t~y)] dnly)

[ +]
Recall m = § Fo» and F 1s the c.d.f of X)+ oo + X where
Xyo eon X, are l.i.d with c.d.f F.

6., With t1lhe usual notation of rcnewal thzory, state which cf the
following statements are true and vhich are false. Give' jus=-
tifications,

(a) N(t) ¢ n if and only if S, > t.
(5) N(t) ¢ n if and only if S, 2t

(c) N(t) > n if and only if s, ¢t




INDIAN STATISTICAL INSTITUTE m
B.Stat.(Hons.) III Y2ar : 195385

SAMPLE SURVEYS . )
PERIODICAL SXAMINATIGH

Dataz 264S.3%5. Maximua Marks @ 100 ’ " Tima :2% Hours,

1,(2) Define the tcrus '3ampling Desien' and 'Samzling Schomal.
wWnat do you understanc by the'inclucion prodebility cf a
unit, ﬂi'and ‘joint inclusion probzbility of a pair of
units, Ty f. Calculate ny anc "13 for a S$imple Rarndom
Sampling With Replacemernt design of n draws.

: T (343+42424243)=(17}

i
]

(b) Lot the payulation size be 2 and the sample sizo be¢ 2 and
let s, = ; Uy, Uzi » 8o =3U1. Uai and s4 =5U2, Uai.
Undor the Simple Rando Sampling dosign let p(si) =1/3
for 1 = 1,2,3., Define the estimator t by

.tl = ( yl+y2)/ 2 if 5, occurs
£ = t, = ( yl/2) + (2y3/3) if 3, occuzs
F3 = (y2/2 )+ (y3/3) i{ s, occurs,

Show that t is unbiaszd for ¥ snd that there exist popula=
tions ( ¥;,Y,,¥3) for which V() b V(F), where ¥ is the
conventional sample mean. thet does tnis example show 7
. (3+5+2)=(10)
(¢) Cf 105 office~going commuters sampled using a SRSUOR design
from a population of 1241 commutors, 1l have ¢xpressed that
they did not prefer a S-day wecke. Estimate the proportion
of comauters in the population that do not prefer a S-day
weak and also obtaln an approximate 9%, confidence irterval
for the proportion. T (3+7) = (10)
2.(a) Explain how you would draw a sample of 3ize n from 3 popule-.
tion of N units with probability of selecticn Pi' proporticn-
al to a given size measure Xi( 1 =1,2,44, 1) with replsze H
using Lahiri's method of selection. Show that this procaud:
indced gives the sehection probabilily for the ith uni.
equal to Py =X, ii_llxi. (5+5)=(20)

©

Psts0a
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2.(h) A sample of 6 factoriés is dravn from a populaticn of 7.,
factorics with probability of sclecetion of o fe:slory puipesa
tional to the sizo x ( no. of workers) with replacement and
the number of absenteoes 13 obsurved : ’

“Sampled

factory size jxln '000s) __ro. o¥ absenteas
1 21 105

2 101 . 524

3 14 - 73

4 6 31

) 41 200

6 12 €4

It is 21so known that the total sizec of all the 74 factor:i:.s
74

isX = I X = 2,949,000,
i=1

(1) Estimate the averzae number of obsentcas in tha factooy,

(1i)Calculate an unbiasced cstimata of the sampling error of
your estimate in (1) above.

(i11)Estimate the gain in efficiency of using a FPSUR dasien
compared to a siinple random sampling with replacement

design. (6+12+12)=(30]

3.(a) What are the similaritiec and diff~zences between 'Linear

Systematic Sempling' and 'Circular Systomztic Sampling*?

(3)
(b) #When the values of the y -« characteristic are knovn to bu

of the form Yi = o +38i and when tho population size is a
rultiploe of tho sample size, wculd you prefer Systumatic
Sumpling to Simple Randor Sampling ? Give reasons, (%)
(c)On the basis of a single systematic sample, explain how you
would obtain an cstimate for the variance of the estimatad
population mean. Comment on this variance estimate. (4+2)={¢
(d) 3 systematic samples of size 4 cach were drawn from a pepuli
tion of size 28 independently. The data is given below :

y - values
sample 1 @ 104, 203, 178, 165
sample 2 : 206, 109, 167, 154
sample 3 : 416, 809, 683, 647
Obtain an unbiased estimate of the population mean and cn
unbiased estimate of its sampling error, £l1so comment cn th
non-sampling error, if any, (244+4)=(20)
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