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B.Stat. (Hons.) III Year : 1989-90
BACYPAPER EYAMIMNATION
Multivariate Distributions and Tests

Date: 6.7.19%0 Maximum Marks: 100 Time} 315 hours

GROUP = A

Note: Answer any THREE questions.

1.(a) Let X ~o Np(y,, £). S positive definite

(1) Obtain the characteristic function of the distribution.
(11) Find the conditional distribution X'’ = (%,,..., %o,)

given ,_).(_(2)' = (Xp..”,‘ csey )(p).

(b) Let X ~ N3(0, £), where

1 » o]
2 = ] 1 9
P 1/.

Is there a value of P for which x1 + x2 + X; and x1--x2-x_7,
are independent ?
[(7+7) +8] = [22]

2, Let X o~ Np(’us, ), £, positive definite, @ = 1 ...N(>p).

P
1 N N < _
Define X = T a:1 Xqgr» A= u:1(),(_a-)j,) (Xq - x) .
Prove that

(a) X and A are independently distributed.
(v Tret A e~ xP(p(n-1).
(c) Klal (vhere K is some constant to be determined) is

distributed as product of p independert chi-square

variables.
(8+6+8) = [22]

3. Vork out the p.d.f. of the central wishart distribution.

(221
p.t.oe.
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et X4~ Np( Ko £), 1 =1,2,3 a=1,2, ..., Ny
Suggest a suitable test for testing the hypothesis
Ho[z.‘h = U, i 5] and hence derive the distribution of

the test statistic under Ho.
(8+14) = [22]

Let X~ Hp( r,E), a =1, .oy, N(>p). Derive the

likelihood ratio test fcr testinc the population multiple

L}
correlation of X, cn 2(_'(?') - (Xz, aesy X ) to be zero.
Hence derive the distribution of the sample multiple

correlation under Ho.
(10+12) = [22]

Note: Answer ALL thce questions.

In a certain examination each student has to answer three
essay-type Questions which were valued independently by the
two examiners A and B. The difference between the scores
given by the two examiners (A minus B) for the i-th question
was denoted by Xi, i =1, 2, 3. The mean vector and disper-
sion matrix of X..I ’ X./, x_-1 based on 50 observations are given
below.

Di spersion matrix

Mean L X x?. X3
X 2.54 16.%  22.01 12.35
X,  =1.72 51.72  19.46
X5 0.9 28.73

Examine simultaneously whether the average difference betweer
the two examiners for each question is zero at 5% level.

(8]
In an investigation of the relation of the VYechsler Adult
Intelligence Scale to are, following matrix of correlations

was obtained from the measurements: digit span (X1) and

Contdeasee 3/~



vocabulary (X,) subfests, chronological age (X3) and years
of formal education (X,):

/

1 45 =19 WD

R = 1 -.02 62
1 =.29
1

(a) Test the hypothesis of independence of the subtests
(x1,x2) and age and education (X3. X,) .

(b) Compute the partial correlation between Xy and X,
helding X3 and X, constant and test the hypothesis of
zero population partial correlation.

(8+8) = [16]

8. Practical Note Book. [10]

ibces
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INDIAN STATISTICAL INSTITUTE

B.Stat. (Hons.) III Year : 1989-90
BACKPAPER EXAMINATION
Non-parametric and Séquential Methuds

Date: 3.7.19% ~ Maximum Marks: 100 Time: & hours

Notes Use separate answerscripts for
Groups A and B.

Max. Marks: 80

Note: Answer as much as you can.

1.(a) Let Xy, «-.y X, and Y4, ..., Y, be rendom samplés from F(x)
and G(x) respectively, which are assumed to be continuous.
Derive a suitable test using empirical distributions for
Ho 1 F2G agalnst Hy : F is stochastically larger than G.
Snow that the sampling distribution of the test statistic
is distribution free under H

(b) Samples of 12 children each are drawn from two social groups
and their 'IQ was recorded. Examine whether the distribu~
tions of IQ can be regarded as the same for both social
groups.

Group 1 1 89, %%, 82, 101, 9, 85, 9%, 93,
86, 99, 9, 8h.

Group 2 : 103, 97, 100, &8, 86, 97, 105, 81,

86, 110, 99, 8&7.
(8-0-8) = [1 6]

2.(a) A random sample (Xy, Y4), <., (X,s Y,) is drawn from a
bivariate population where the measurement is at least
ordinal. - -Describe how youwould get Spearman's rank corre-
lation coefficient R for this data. Show that the coeffi-
cient satisfies all the desirable properties of 'a measure
of assoclation. Show further that i X and Y are independent,
the distribution of R is symmetric about O.

(b) The following data give the scores on two psychological
characteristics of 12 patients. Examine whether the asso-
ciation between the two characteristics (as measured the
arade by Spearman's correlation coefficient) can be regarded

Contdesese 2/-



3.(a)

(v)

4.(a)

(v)

~

as 0.5. (You can use the large sample approximation of
the sampling distributions you need).

X 25 14 26 21 20 12 19 29 31 22 16 W
Y 1% 12 13 12 15 12 11 11 10 13 12 12,
(8+8) = [16]

Let Xy, <oy )g,l and Yy, eeey Y, be random samples from
two independent populations with distributions F(x) and
G(x) respectively. Describe the use of general linear
rank order statistics for testing L F(x) = C(x) against
Hy : F and G differ in their location parameter. (Discuss
the case of finite sample sizes and large samples).

Examine in detail the exact and asymptotic distribution
of the test statis%ic under Ho if expectations of order
statistics from N(0,1) are taken as scores.

(10+6) = [16]

Three treatments are studiced each in 6 blocks and the
results are as given bclow. If the observations cannot
be assumed to follow nermal distribution, examine whether
there is any difference in the treatments (Assume that
there is no block-treatment interaction).

Treatment
R i s
A 28 34 51
B 33 k1) 72
(o4 14 20 21
D 6 18 13
E o 15 53
F 14 22 40

Tne SAT scoras of 10 students in region 1 and 8 students
in region 2 are given below. Assuming the average scores
are the same in the two regions examine whether there is
more variability in region 1 than in region 2.

Region 1 : 510, 513, 618, 679, 710, 581, 635,
575, 700, 688

Region 2 : 710, 518, 634, 656, 547, 593,

632, 678.
(9+7) = [16]



5.(a)

(v)

1.(a)

(v)

-3 .

A random sample of n pairs of observations (X;,Yq), ...,
(xn.Yn) is observed from a bivariate population. Under
suitable assumptions to be stated by you, devise a test
for testing whether the means of the two random variables

are the same against E(X) > E(Y).

An operator at a machine gave the following sequence of
the results of the 1tems produced at the end of the shift.
Do you consider that the defective items are produced at
random in the production line.

NNNNDDNNNNNDNDNNNDDDNNNND
NNNNNDNDNNNNN D,

Where N stands for a nondefective item and D for a
defective item produced by the machine.

(10+6) = [16]
GROUP_ =~ B
Sequencial Analysis Max.Marks; 20

Note: Answer ALL the questions.

3rofly describe Stien's twn stzge procedure for deter-
mining an interval estimate of a given length for the
mean of a normal distribution when variance is unknown.
let 2 be a random variable such that
(1) P(2>0) >0 and P(2 <0) >0,
(11) 4\(1:) = E(etz) exists for any real value t, and
(i11) E(2) + 0.
Then show that there exists a 9’ # 0 such that ¢ (r)=1.
(s+8) = [12]

If for the boundary points (A,B) with
1-8 A

== BTz

the SPRT terminates with probability one and is of
strength (a',B') then show that

et <qls, B <Py and (arepn) < (asp).
Explain its implications. 81



INDIAN STATISTICAL INSTITUTE
B.Stat. (Hons.) III Year ; 1989-%0

BACKPAPER EXAMINATION
Optimization Techniques

Date: 28.6.19%0 Maximum Marks: 100 Times 3 hours

1.

Find $4, 65, $3 3 O such that 854 + 195, + 783 is maximum

subject to
25

50. [151

IR

A DA

51 + 352 + 353

Does the following problem have an optimal solution ?
Give reasons for your answer.
Find &4, §, 3 O such that 25, + 352 is maximum subject to:
=35 + 27;2 o
81 - £ £ 2 (151

oA

Let X = (§4, ..., E) be an optimal solution to the general
linear programming problem of maximizing cx subject to
arbitrary linear constraints. Let c' = (fy + 6, Joiees, 7m)
where ¢ = (71, e, Xm) and & > 0 and let x' =(§] ,..s, §n;)
be an optimal solution to the problem of maximizing c'x
subject to the same constraints. Show that 51' 2 51.

(151

let (A, b, c) stand for the problem;
Find x > O such that ¢x is maximum subject to xA = b.

Suppose {ckl is a sequence of vectors with limit ¢ and Wy
is the value of (A, b, ck) for k =1, 2, s o If wis the

value of (A, b, ¢) then show that w = lim w,.
Ka> o k
[20]

Let (N, k) be a capacitated network. Let f be a flow from
s to s' and (S, S') be a cut with respect to s and s'.

(1) Prove that f(x,y) = k(x,y) for all xeS and yeS' if and
only if £ is a maximal flow and (S, S!') a minimal cut.

Contdecees 2/=
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(11) Prove that if (S,S5') and (R,R') are minimal cuts
with respect to 3 and s', then so is (SR, S'UR!).

{201
6. Find the strategies and the pay off function for the
following infinite game:

P, draws one of two cards marked 'H' and 'L' at random.
He then bets an amount x, 1 ¢ x ¢ 2.

P, hears P,'s bet end then either 'folds' or ‘'calls'.
If he folds, he pays Py an amount 1. If he calls, Py
shows his card. P, then wins or loses an amount x
according as his card {8 marked H or L.

("5

sbee:



INDIAN STATISTICAL INSTITUTE
B.Stat. (Hons.) III Year s 1989 -9
SUFPLENENTARY EXAINATION
Statistical Inference
Cote: 18.6.19%0 - Mlaximum Markss 65 Tire: 3 hours

1., GCive a formal staterent of._f.—r;e. following model identifying
the nrobablility law of the data and the parameter space,
Write down the likelihood and obtain a set of (non-trivial)
sufficient statistics.

The number of ezes laid by an insect follows a Poisson
distribution with unknown mean A. Once laid, each egg has an
unknown chance p of hatching and the hatching of one egg is
independent of the hatching of the others. An entomologist
studies the set of n such insects observing both the number
of eggs laid and the ..umber of eggs hatching for each ncst.

(101

2, Let X have a Poisson distribution with mean 6.
Let T(x) =1, if x =0
= 0, otherwise.
Calculate the Cramer-Rao bound for T and show that it is
strictly less than the variance - of T. Is T an UMVU estimate
of its expectation ? Give reasons.
— e (8+4) = [12]

3. sState and prove the Rao-Blackwell Theorem. (101

“s Suppose that X, ..., &n are independently and identically
distributed accordins to the uniferm distribution U(0,6).
Let M = max(x1,..., xn), and let

o= § 1 A M2
0, otherwise.

(a) Compute the power function of 6. and show that it is
monotone increasing in 6.
(b) In testing H : @ < -;- versess K: © > 15, what choice
of ¢ would make 6. have size exactly 0.05 ?
(c) How large should n be s% that 6. as determined in (b)
has power 0.93 for 6 = -,: ?
(L+lset) = [12]

— p.t.o.



Let X4, -+, X denote the times in days to failure of n
similar pieces of equipment. Assume that the failure time
X has the density

£(x,0) = ee'ex , X >0

= 0, otherwise.

Derive explicitly the UiP level v test for testing 6 > 90
anainst 8 < eo based on Xy, «say )g,‘

(121

A gambler observing a gam2 in which a single die is tossed
repeatedly gets the impression that 6 comes up about 18%
of the time, 5 about 14°%. of time, while the otner four
numbers are equally likely to occur. Upon being asked to
play, the gambler asks that he first be allowed tc test
his hypothesis by ti.ssing the die N times.

(a) Wnat test statistic should he use if the only alter-
native he considers is that the die is fair ?

(b) Show that if N = 2 the MP level 0.0324 test rejects his
hypothesis if, and only if, two 6's are obtained.

(645) = [9]

— — s e

sbee



IKDIAN STATISTICAL INSTITUTE
B.Stat. (Hons.) III Year : 1985-90

SE'ESTRAL~TII EXAMINATION

Elective-5 : Econonics

Date: 10.5.199% Maximum Marks: 100 Times 3 hours

Notes Answer Q.ho.1 and any TVO from the rest.
The questions (including Practical Exercise)
carries 110 marks but the maximum you can
score is 100.

1. The table below gives the family-budget data for a few
sample households belonging to four low=income classes in a
country during a particular year.

Yearly income per consumer unit
in Rs.

below 600 600~ 750- 1050-

No. of sample
households 136 179 11 22
Average no. of ~cnsumer 2.60 2.57 2.50 2.48

units per houscholds

Average income per .
consumer unit 543.1 681.3 £61.9 1232.0

Average expenditure on P
food per consumer unit 2018  331.6  374.4 407

Calculate the income elasticity of demand for food, assuming

the demand function to be of the constant elasticity form.
(28]

2.(a) Define the 'Specific Concentration Curve' (SCC) for an
item of consumer expcnditure.

(b) How is the SCC of (i) an inferior, (1i) a nccessary and
(iii) a luxury item related to the lorenz curve and the
egalitarcan line ? UDlerive these relationships.

(c) Assuming that income x ~u A(H, 0®) and the Engel curve
for an item is of the constant elasticity form, describe
the alternative methods of ¢stimation of Engel elasticity

for the itfem using the SCC. (5+21+7) = [33]
p.teos



3.(n)

(v)

4.(a)

(v)

(c)

(d)

-2 -

Discuss the problems of 'Identification' and *‘least Squares
bias' likely to arise in the estimation of demand function
from time series data. How does one overcome these probler

Show that in a regression model
Yy =By * B2 * By X3t osee By Xy,

with neat-exact multicollinearity, variance of the least
squares estimator ’Bd tends to = as R;j 12, 3=1, 30 e 0k
N sesyd-1, .e

approaches 1, where “2.12,...,3-1. 39,000k is the

coefficient of determination of the linear regression of

x, on the other regressors.
3 (18+15) = (33]

Dufine constant, increasing and decreasing returns to
scale for a homogen2ous production function.

Define the elasticity of substitution for a production
function with two inputs-capital (K) end labour (L).
Also, draw the isoguants corresponding to the cases where
the elasticity of substitution between the inputs is

(1) zero, (ii) infinity and (ii1) positive and finite.

Using a Cobb-Douglas production functicn show that
constant and increasing returns to scale are inccmpatible
with a determinate solution of the problem of profit
maximisaticn under perfect competition.

Obtain the elasticity of substitution for the CES produc=-
tion function. In what sense is it a generallsation of
the Cobb=-Douglas production function ?

(6+10+10+7) = [33]

Practical Exercise. (161

tbees



INDIAN STATISTICAL INSTITUTE
B.Stat. (dcns.) III Year : 1685-%0

SEMESTRAL-II EXAMINATION
Elective~5: Physical and Earth Sciences
Dates 10.5.19%0 Maxioum Marka: 100 Time: 3 hours

Note: You can answer ALL questions. Maximum
score that you can obtain is 10Q.
Draw neat diagrem whenever necessary.

Assignments (Sessional). 151
1.(a) Fill up the blanks; . (10]
(1) In si, barrier potential is nearly volt.

(11) ¥hen a pentavalent material is added to a pure
Ge crystal, we get type seniccnductor.

(111) A zener diode operatersin the region.

(iv) In a transisto., the collector-~base junction is
always biased.

(v) A transistor is said to be in saturation when
vCE equals nearly volts.

(vi) faed back is used in oscillator circuits
whereas _  _ feed back i3 employcd in amplifier

circuits.

(vil) A trensformer works on the principle of .

(viil) Hysterisis loss in a magnetic metorial is due to
its and .

(ix) The main purpose of lainmating the armature core
of a d.c. generator is to recduce losS.

(x) The Hysteresis loss in a_mngnetic material is
converted into .

(b) Tick the answer which you think most appropriate: (0]
(1) Feed back in an amplificr helps to

(a) control its output

(b) increase its gain

(¢) deereasz its iaput impedanme

(d) stabilize its gnin.

p-tcO-
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(i1) Improper biasing of a transistoer circuit leads to:
(2) excessive heat production in collector.
(b) distortion in output signal.
(c) faultly location of load line.
(d) heavy loading of emitter terminal.

(111) In case of a bipolar junction transistor o is
(a) positive and greater than 1.
(b) positive and less than 1.
(c) negative and greater than 1.
(d) negative and less than 1.

(iv) Leakage current Icg of 8 transistor is due to

(o) reverse biasing of collectcs base junction.
(b) minority carriers.

(¢) majority carricrs.

(d) increase in temperature.

(v) A P-N Junction diode is mainly applied as

(a) an amplifier.

(b) an oscillator.

(c) a rcctifier.

(d) a frequency generator.

(vi) The d.c. output voltage of a fullwave rectifier
having a totnhl secondary peak voltage of 100v is
volt.

(a) 63.6 (v) 31.8 (¢) (d) 70.7

(vii) The depletion ragion around a p-N Junction

(a) is quite wide

(b) contains mobile ions

(c) has no free charge carriers
(d) has a constant width.

(viii) You have to replace a 1500 &~ resistor by scveral
100C - resistors. You would connect

(a) three in parallel

(b) three in series

(c) two in parallel ond one in scries
(d) two in parallel.



w

(ix) A 3uF capacitor is serics connectud with a parallcl
combination of 2MF and 48 F capnciteors, total capa=~

citance is

(a) 3uF (v) 13/3uF

(¢) 2uF (d) 9/11uF.

(x) Currcnt changing at the rate of .5 Amp./scc. induces

an e.kof of 2v in 9 coil.

the coil is

(a) 4H (b) 21

2. (_a)

15a

1oV

(v) A

Oq

Fig. 3
3. R
TI \ra
@
\Y%
Fig. &4 .

Tne self inductance of

(da) 1H.

Find I in fig.1.

[s]

Find the equivalont
resistance betweeh
A nnd B. (Simplification
in different steps should
be clear)

(5]

Calculcte Vo in
fig. 3.

(3]

State thu condition at
which the circuit of
fig.4 1is in resonance.
Henee deduce the current
at resonance and reso-
nant frequency in terms
of the circuit ccmponoents.

Why such a circuit is somc times called rejecter circuit ?

(2+3+341) = (9]
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In fig. 4, lot R = 30N., L =20 mH and V 18 25V wity
frequency 1000/n Kze If the copacitor € 18 varicd unti)
th. currcnt token from tho supply is minimum, fird

(2) the capncitance of the circuit at that condition.
{(t) the value of the currunt. 71

Deduce the cem.f. equation of a d.c. gencrator. Name the
classcs of generntors classified according to the way in
which their ficelds arc excited.

- (3+3) = (6]
A 4 pole, lapwcund d.c. shunt generator has o useful
flux/pole of 0.07 Wb . The armatuie winding ccensists of
220 turns each of 0.004 -+ resistance. Calculate the
terminal veltage whoen running at 900 r.p.m if the armnture
current is SO A.

&1

The no-lcad ratio of a 50Hz, single phase tronsformer
is 6000/250V. Estimate the number of turms in cach winding
if the maximum flux is 0.06wb in the core. (]

£

Describc the operation of a full wavc rcctifier using
Junction dicde with neat dingram and deduca the output d.c.
voltage, output r.m.s. voltagd, ripple_factor and rectifica-
ticn cfficiency.

Mame the diffcrent applications of Jjunction disde. How
zener diode is uncd ©os 3 voltage regulator ? VWhat is LED ?

(6+1+1+1+1+24242) = [16]

Give thce nnme of the various methods used for biasing
transistor circuita. Draw thce diagram of any two biasing
circuits. Explain the operntion of a CE amplificr and
mention its characteristics. What is a feed back amplifier’
Daduce the gain of the amplifier with fzed back in toerms
of feed back factecr and the gain without feed back. State
the condition for cscillaticn.

(2+4+3+3414241) = [16]

sbece
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1.(a)

(v)

2.(a)

(v)

(c)

3.(a)

(v)

INDIAN STATIS.;I'ICAL INSTITUTE
B.3tat. (Hons.) III Year : 198%-%0

SEMESTRAL~II EXAMINATION
Elective~5: Biolozical Sciences

10.5.199% Maximum Marks: 100 Time: 3 hours
Note: Answer any FIVE ques:tions.
Applying linearization theorem analyse the Volterra-

system and discuss its stability properties. Is the
Volterra system structurally stable 7

f10]
Define a 1limit cycle. Give an example of ‘a dynamical
system with this limit cycle behaviour and discuss the
nature of the trajectories in this case. [o]

State the Bendixon's negative criterion for a closed
trajectory of the dynamical system

E = gx,y)

dy

at = w (x,y) [51
Verify that thc following systems satisfy Bendixon's
criterion:

(1) The undamped harmonic oscillator,
(11) The Volterra system in the first quadrant.

{51
State and discuss the Rashevsky -~ Turing theory of mor-
phogenesis and explain by a simple mathematical model
the development of polarity of a type typical in develop-
ing Biological systems.

(10]

Define discontinuous Markov Process. Write down the
forward and backward system of Kolmogorov differential
equations. [5]

Derive the differential-difference equation for a Pure

Birth Process. Find out the Yule-Furry distribution

using the method of generating function. [ ]
15

pe.tio.



4.(a)

(v)

5.(a)

(b)

6.(a)

(b)

7.(8)

(b)

tbees
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Give a simple formulation of a deterministic epidemic
nodel which explains the characteristic maximum in the
epidemic curve. [101

Derive the differential equation for the stochastic
nodel of sicple epidemics. Does this model yleld the
solution as that of the dcterministic model ?

(10

Prove that if xo < P, y deccreases monotonically to zero
and no epidemic occurs. If Xy > P, y incrcases first and
then decreases monotonically to zero.

(Hints: Lt x(t) = x, exists and i1s the unique root of
te>m
the threshold equation
*o exp(m;n) ~m=0
where
= nunber of susceptibles at t=0
= number of infectives
total population

= removal rate
= the unique root of the threshold equation).

(1o}
Examine the stability of the equilibrium state in the
basic deterministic model of recurrvnt epidemics.

ox

B viw
[

[10]
tate Rene Thom's theorem on generic properties on a
class of potential functions. (51
Dafine gradient system in R™. Determine clementary

catastrophe sct for the following system in X = plane
X = = U' (xo a, B)
4 2

where U(x,a,B) ="xT - axT - BXx. (151

Explain entropy of a finite probability distribution.

Show that under suitable assumptions the entropy functicn
n

H(p1. Pos vy pn) can only be represented by -C 21p1 loip
i=

C being arbitrary positive constant. (101

Snow that the joint entropy H(X,Y) con ncver be greater
than H(X) + H(Y). [10]



Dates

1.(a)

(v)

(c)

INDIAN STATISTICAL INSTITUTE
B.Stat. (llons.:) III Year : 198%=%0

SEMESTRAL-II EXAMINATION
Multivariate Distridbutions and Tests

7+5.19% Maximum Markss 100 Time: &4 hours
GROUP - A
Notu: Answer ~ny THREE questions.
Let X, ey Xy be a random sample from Np().l. » S)

£>0, N> ps Fir' the maximun likclihood estimate of

M end L. Honce show that the sample multiple-corre-

lation coefficient Ry 2 P is the m.l.0. of the
12,008, .

corresponding population multiple corrclation.

Without deriving the distribution explicitly, show that

the distributicn of Ry , p involves & and Xonly
: 2,000, e

through the population multiple correlation coefficient.

What are canonical correlations and variates between two

sets of variat:s- X(1) and X(z) ? Su-»pos» K(1)

x(® are jointly distributed as tae normal distribution.

2.(a)

Obtain the likelihocd-ratio test for the independence
betwcen 3 (1) ond x(” based on a randon sample of obsers

=
vaticns on x(” and x(z) Show that the likelihocd-
ratio stat.lstic is a Iunctiﬂn of the sample canonical

correlaticns.
(6+6+10) = [22]

let A —~ Wp(n » 2, £> 0. Consider the partiticn of
r
M1 M2
A = A21' A22 K]
r s

and « similar partitioning of £+ Frove thnt Apy=Ay ,-;} I
is distributed =s the wishnart distributicn

Contdesees 2/-



(v)

a (px1),
/u/

-2 -

Wy (ner, 5y = 25 :‘.1'1 342), ond is independent of A4
and .“12.

i3 £ /
Lot "SN Alp(y’,;_)', vhere ,i = (Ryy Xpp eney xp)-
Derive the distributicn of the sarple partinl correlaticn

cucfficicnt T42.34, vee,p based on a randem sarple of

size N from the above distributi~n.
(12+10) = [22]

Let X and A be the mean vecter end S.S. and S.P. matrix
respectively in a reniom sample of size N{>p) from
"p( H, E), Z » 0. Show that for a non-null vcctor

N2 X)? 2

Max Ty

a 2 Aa
where T2 is the Hotelling's Tz-statistic for testing

Hol =0 ] against H{ n# 0 ].

Derive the distribution of T2 under Ho.

Hence work out the distribution of the statistic
2

2 o NX'(A+nXT)
N-1 ~ - -

-1

1=l

[6+10+6) = [22]

Let Y and ¥y, s, xp follow jointly a(p+1) -variate

normal distrihution and by, ..., bp be the sample partial
regression coefficients of Y on X1, ceny based on a
random sarmple from this population. Derive the Joint

distribution of b,| ) seay bp.

If By =oey Bp be the corresponding population partial
regression coefficients, suggest a suitable test for
testing HO[B1 = ees + B = 0]. Also give an outline of
the derivation of the distribution of the test statistic

under H..
Y (12+5+5) = [22]



5

7 .

-3 a
GROUP = B
Note: Answer ALL questions.
A researcher considered three indices (X,‘, xz, X3) measur=
ing the severity of hecart attacks. The valucs of thesc

indices for N = 30 heart attack paticnts arriving at a
hospital emergency room produced summary statistics:

46.1 101.3 63.0 7.0
X = 57.3 S = 80.2 55.6
50 .4 974 _"

Asaume that all thrue indiccs are ¢valuated for cach patient
and they Jointly follow a trivariatc normal distribution.

(a) Test the hypothesis of equality of mcans of the three
indices.

(b) Judgc the differences in pairs of mean indices using
9%%. simultaneous confideace intervals.

(¢) Test the hypothesis of cquality of the variances of
X, and X3, when the populaticn correlation Pz3 = 0.75.

(6+6+6) = [18]

In a reaction - time study 32 male and 32 foemale young normal
subjucts reancted to visual stimuli pre-ceded by warning
intervals of different lungths. The sarple covariance
matrices of reacticn timcs with preparatory intervals of
0.5 and 15 secs were

(u.32 1.88 2,52 1.9

Sp
1.88  9.18 1.0 10.06

where the clements are in units of 10~ sec.

Test the hypothesis of a common covariance matrix in both
the sexes. (61

Practical Note Book. [10]

ibees
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SEIESTPAL-IT EZAMINATION
Nea-parametric «nd Secquential lethods

Date: 4.5.1990 Maximwr Marks: 100 Tire: 4 hours

Note: Use ceparate answerscript for
each group. Answer az many Questions
as you can.

GROUP =~ %

Non-parametric Max.Marks: 80

1.(a) Let X4, <., X, and Yq, eosy Y, be random sarples from F(x)
and G(x) which are assumed to be independent and continuous.
Derive a suitable test using cmpirical distributions of the
samples for Hj : F(x) = G(x) against il : F# G. Show that
the sampling distribution of the test statistic is distribu-
tion free under Ho and indicate how you would obtain the
samling distribution of the test statistic.

(b) e heart deats of samples of 8 males and 8 females are
recorded as follows. Can you conclude that the distribu-
tions of heart beats are the same for males and females ?

Males & se, 76, &2, 74, 79, 65, T4, 86
Females @ 66, T7Th, 69, 75, 72, 73, 175, 67.
(1046) = [16]

2.(a) A batch of n students were given a written test and an oral
interview. The scores in the test zre marked in an interval
scale from O to 100 and the rank in the interview is marked
as an integer from 1 to n. Show hew you can odbtain an
estimate of Kenall's measure of associaticn in thls situation.
Show that the measure satisfies the desiradle properties of a
measure of association. Obtain eXpressions for the mean and
varionce or the estimate when the {wo characteristics cre
independent.

(b) Indicate how the estimate ic altered if there are ties in

either sct of obzervaticis.
(12+4) = [16]

pe.teo.



3e(a) Let Xqy onn, X, and g, ees, Y, be random samples from twe

(v)

4.(a)

()

(v)

independent populations with continuous distribution func-
tions F and G respectively. Describe the use of general
lirear rar): order statistics feor testing H, : F = G against
suitable alternatives by showirg them how you would use
them in the case of finite samles and in the case when tre
samples are large.

Examine in detail the exact and asymptotic disiributions
of the test statistic 1f Normal Scores mre taken.

(10+6) = [1¢6)

Let Xyqs «ves X0 1=, «or, k randon samples from k

independent populations, the ith population having distri-
bution l-‘i(x), { =1, ..., k, assumed to be continuous.
Describe a test hased on suitable scores for testing

Ho $Fy = o00'= F. against the alttrnative that the distri-
butions may differ in their location paramcter. Describe
briefly how you would obtain the large sample distribution

of the test statistic under "0'

Indicate briefly how you would adopt the above test when
the data are on an ordinzl scale, all the k populations
having the socme number of classes and the same type of
orderirg. (Members of different populations belonging to
the same class are treated as ejuivalent).

(11+5) = [16]

A random sample of n independent bivariate random variabla:
(X;,Yy), £ =1, ..., n where the measurement scales for
X's and Y are nominal with two catcgories O and 1 is drawr.
Derive a test for Hy : P(X=0, Y=1) =P(X =1, Y =0)
egainst Hy : P(X =0, Y = 1) #£P(X=1, Y =0).

Tvo packaging machines are calibrated to pack 50 gms. of
a procduct. A random sazple of n units Irom the first
machine gave weights Xy, «.., Xn and a raondom sample of n
units.from the second machine gave weights Y4, ««sp Y.
Describe a test to test whether both machines have the
same variability (No derivation of any sampling distritu-

tion is required). .-
(6+8) = 1<



6.

1.(2)

(b)

H TN

Records. (103

CROUP - 8

Sequential Analysis
Mar. Marks: 20

Note: Answer ALL questicns.

Fxplein the Iollowing terms:

(1) SPRT (11) ASN (114) 0.C. function

Consider a sequence of i{.i.d. observations X1s X5 seeas

on a random variable x and a sequencial decision procedure

with a given stopping rule. Let n be the number of obsar-

vations necded to come to a decision, z(x) bte a function of
x and H be some hypothesis specifying the probability
distribution of x. Then show that
E(1z(x)IH) <» and E(niH) <«
=> E(S,1H) = E(z1H) E(alH).

n
(Here S, = L5 Z(x)) (3x2+4) = [10]

State the SPRT for testing Hy :p =py Vs Hyt p =pqs
P > Po for point binomial varialles witsn probability of
success p. Apply this test for testing Ho : p= .3 vs.
Hy : p= .5 with a =g = ,05 to the following sequence of

observationss
ol 1' ol 1l ol 1' 1' 1l
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Optimization Techniques
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2

Note: The paper carries 110 marks. The
maximum you cen score is 100.

1. Consider a diet problem in which the nutrient requirerents are

to be satisfied exactly (i.e., as equations). Suppose there
is an optimal diet using only the foods Fpe oos Fk. let the
requirements be now changed so that in the new situation there
is a feasible diet using the same foods Fy, ... Fk. Show that
this diet is optimal. [15]

In a certain plant there are n jobs Jy, +.., J, and m workers
I3s oo Im. To each i, J is associated a number ai 20
which is the 'rating' of Ii for the Job JJ. Virite dovn a
prograr for finding out what fraction of the total time Ii
should work at J, so that the total 'rating' is a maximum.
(Assume that at any given time-a person can work at only one
Job and only one person cen work at a Jjob.)

Show that this problem always has an optimal solution.
(5+10) = [15]

(a) Fina §,, £, 2 0 such that §; - §, is maxinum subject to
-2 + 585
By - 25¢2
£, + 5555
(15
(b) Using the simplex method, show that there does rot exist
§1' 52. gj _g 0 such that
§1 +352-5§3= 2
§, =48, - 783 = 3. [15]

peteos



4. Solve the 2 by 3 transportation problem whose cost matrix
1s [ 2 3), the supplies are 0y =4, 0,7 and
2 4 6
the demands are 64 = 2, 685, =3, &3 =5.

(151

5. Llet [ be an nxn matrix game whose pay off matrix contains
n distinct nun>rs 4, ..., T ench a; occuring in every row
and in evuery column. Find a solution for the game.

(151

6. Solve the following games

There are three cards A, B, C in the deck. Each of two players
Py ond P, is dealt a card at random. P4 looks at his own card
and makes a guess as to which card is left in the deck. P?_
looks at his own card, hears P1's guess and then nmalles a guess
as to wiich card is left. If only one player guesses correctly,
he wins an amount 1 from his opponent.

[20]

ibces
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SEMESTRAL-II EXAIINATION
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Note: .nswer any THREE questions. Zach question
carries 30 Tinrks, the break-up being given
in brackéts | | nt the end. SUBMIT YOUR
PRICTICAL RECORDS To-day. THEY C/RRY 20 marks. -
18’1".1':2 that the n’x‘dr)L.m at you can scorv is
0.

1.(a) Define a balanced incomplete block design (BIBD) with para-
meters v, b, r, k, A\, and show that any two blocks of such
a design intersect in A common trcatments if and only if
b= v.

(b) Describe a method of construction of the following series
of BIBD, proving that the method works in general:
v=b=52+s+1, r=k=sz, A = s(s=1),
where s is z prime or power of a prime.

(c) Let N be the incidence matrix cf D, a 3IBD (v,b,r,k,\).
Consider the following block design D¥ with the incidence
matrix

.',( _ -

N = [N $ v - N]vx2b

where J 1s a vXb matrix of a11 unities. Solve the

reduced nomal equations for i'Z’ § 1n terms of Q

i=1, 2, ¢, v, for the design D¥*. ilso give the

mal)?sis of variance for D¥.
(10+10+10) = {?0]

2.(a) Snow that under a missing plot situation

(1) SSE_(f = SSE  , where w¥X is any solution of

(¥
* ~ A A
WY =20 qF( "y, end that (11) By u*y =8 o
vhere the symbols have their usual significances.

Contdeease 2/-



(b)

(c)

3.(a)

(v)

(c)

4.(a)

(b)

()

sbees

Hence obtain the ''estimates' for the missing values in
cells (1,3) and (1',3'), 1 # 1 ¢ {1, 2, ..., vy

3 3t e { 1, 2, «sey, T} in a randomised block design for
v t{eamen}:s in r blocks. Cive also the expressions for
T, - ’z‘d), 14 3¢ {1, 2, een, v} for the resulting
incomplete block design.

Describe your concemitant variables and study variable to
obtain the above "estimates' by using covariance with dumr,

variables. )
(10+41545) = [

Develop the analysis of covariance under the usual fixed
effects model

~

L2 y=X8 +Hr +e etc, stating all the assum
tions clearly.

Apply the annlysis to a latin square design for v treatrer:
with one concomitant variable x, and give the ,NOVACOV of

this design.

. v v —~
Mso obtain V( £ L, 4 £ [;=0) under LT for a laty
i=1 i=1

square design.
e (15+1045) = [%

Give a balanced confounding scheme for a 2 factorial expe:.
ment in blocks of 23 plots. Construct the key blocks for
each of the replications of the suggested design.

Give the analysis of variance of the confounded design at
(a), indicating clearly how the various sum of squares of
the effects can be computed.

Identify all the confounded effects in one replication of
a 28 expt. in blocks of size 2%, of which the following
constitute a block: '
[efg, bgh, abefnh, cth, bdf, bce, a, bcdefgh, acegh, deh,
cdg, adfgh, abcfg, abcch, abdeg, acdef].

(10+12+8) = [X
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Mote: Ansver emy FIVE CQuesticns. Draw the
circuit dingrom or ony figure whencver
necessary.

1. VWhat are the basic components used in elcctrenic circuits ?
Name different practical forms of passive compcnents and
the range of values in which they are normally available.

What is colour coding ?
(2+843) = [13]

A capacitor is charged from a d.c. s&:rce through a resistor
of .5 meg ohm. If the p.d. across it reaches 75% of its
initial value in half a second, find its capacitance.

(6]
2, State and explain Kirchoff's laws epplicable to an electrical
net vork.
° (h+4) = [8)
| ; B
B < eV
A e "<.T."(r‘ ’ W
T . y ;
f“:— AR U I Dotermine I.
v Jene -
! o~ 4
Bl N T U (8]
4V
Fig. 1

Contdssses 2/-



Contdesess QuNO.2

How a voltage source can be corverted into a current source
in solving nctwork problems and vice versn. Indicate its
application in thc sbove network (Fig.1).

8]
State and explain Thevenin's theerem as espplicable to d.c.
circuits. .
pe L e (3+43) = [6)
B N A e N N
vl Yo L i
\1(1 5 B N ' T 00V

.._’-"'{\

’\

'
3
.

Fig. 2

Calculate the magnitude and direction of flow of current
through 12+ resistance of Fig. 2. (Using Thevenin's

theoren) [7]
A
w0 . .
| 7
. -

VAN

[1}"‘—"—-- ANV AN

N C

Fig. 3

Find equivalent resistence between the points AB of Fig. 3.

(7]

State and explain Faraday's laws of electromagneétic induc-
tion.
(3+3) = [6]

Contdesess 3/=



Contd.esss Q.Noo&

Fig. &

Discuss the phenomenon thzt takes place when the switch 'S!
of fig. '4' is suddenly thrown to the nosition *a' and hencc
deduce the expression for current in the circuit. Vhat
happens when the switch 'S* 4is put to the position 'b'«
What is meant by time constant of n circuit ?

(7+2) = [9]
A relay has a resistance of 300-w and {s switched on to
a 100 V d.c. supply. If the current resches 63.27 of its
final steady state value in 0.002 sccond, determine

(a) the time constant of the circuit.
(b) the inductance of the circuit. (5]

Obtain th: expression of current in the following electrical

circuits when an alte:nating voltage v = VmSin wt. is

epplied in each of thums

(a) circuit containing tue voltage source and a resis-
tance (pure).

(b) circuit containing the voltage source snd a pure

inductance.

(c) circuit containing the voltage source and a pure
capaci tance.
(3+3+3) = [9]
An alternating current 1S represented by J = 70.7
Sin 520 t. Calculate its (a) frequency, (b) r.mes value,
(c) average value. [3)

Contdesves 4/-



Contdeee.« Q.}0.5

A voltage v = 100 S8in 314t is cppli=2d to a circuit
consisting of a 25 . resistor ~nd a 80 MF capaciter

in series. Detircine (i) a1 cxpression for the current
flowing ~%t ~ny inctant, {11) vowar factor, (iit) the
power ccnemed ~nd {iv) he p.d. acress the capacitor at
the instant whon the current is 1/2 of {ts maximum value.

(8]

Discuss the phenomenon of resonance in a series L-C-R
circuit. Find the exyression for the resonant frequency.
¥hy such a circuit is called an accoptor circuit ? hat
are Q-factor and bandwidth of a series circuit ? Find
the expressions for cach of them.

(5+2+1+2+2) = [12]
A series circuit consists of R = 10-- , L = 100/n oH ;
C =500/n UF. Find

(a) the current flowing w#hen thc applied voltage is
100 Vat S50 Hz.

(b) the power factor of the circuit.

(c) what value of supply froquency would produce
series resonance ? {s]

sbee:
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fote; Angwer any THREE questiosns.

1.(a) State Pareto's law ani obtain tihe density function of
the Pareto distribution. Also obtain the mean of tne
distribution stating the necessary parametric restric-

tion. (8]

(b) Let X ~ A(#,09”). Show thst the nedion cf the
distribution is given by ‘exp(u). (s]
9

(¢) Define lorenz curve, area of coucentration and Lorenz
ratio. %Yhat does a typical point (F, Fy) on a Lorenz
curve indicate ? (8]

(d) Obtain the Lerenz curve in the form 4 = h(x), where h
p ]
1s some function, !l "7 (F-5), and = = ,E_(F:"‘F")'

(6]

2.(a) Derive *he lLorenz curve and Lurenz »atio for ihe Lognormal
distributicn. [12]

(t) For the following Jdata on the distribution oI assets per
household in India for 1971-72, test whether Pareto's
law holds. Alse, obtain a suitably truncated distribu-
tion which is Faretean and estimate the Paretc coeffi-
cient and hence the Gini coefficient of inequality.

hAsset group Fercentage of
Se houszerolds

100 - 500 11.38

500 - 1000 8.36
1000 - 2500 15.49
2560 - 5000 16.09
5000 - 10000 18.31
10000 - 2000C 15.40
20000 = 20000 6.2%
30000 = $9C00 4.83
5C000 - Y]

(18]

pP.t.os



3.(a)

(v)

(c)

4,(a)

(v)

and

(c)

(a)

P
sbees

-2 -

What are the desirable properties that a measure of
inequality should possess ?

[10]
Show thet the Tind creificient satisfics the Pigou-
Dalton princinle ol tr-.sfers, but does rnot satisfy
the principle of dininishine iransfers. [101

Shov that Zon's revirty measure cain be alternatively
written as ng(‘l + G,), where H's read count ratio,

Ig ¢ income ¢ap rati;, and ':"5 s Ginil coefficient of

the distribution of poverty gaps.

f10]
State Engel's law. Define '£ngel elasticity' and discuss

the types cf commodity~classification that can be made en
the basis of Engel elasticity. [
10]

Show that the average elasticity, i, of a comnodity
for a heterogenaous group of population can be obtained
as
£ B, af
nM - _h“—. N where
...h Eh
M : total expenditure,

E, 1 aggregate consurpticr. of tne commodity in
the h-th homogerecus grouo,

h Engel elasticity of the comnocdity ior the
!
h-th group. (6]

Describe the statistical criteria for the choice of

an algebraic form of Engel curve. 6]
Given the following data, ovlot the Engel curve for
cereals assuming a double logarithmic form. Estimate
the Erzel elasticity from the graph.

Per capita expenditure pzr X days (Rs.)

Ali items Cereals
5.61 3.36
9.09 4.92
11 .44 6.3,
13.41 6.42
16.10 8.2%
18.7C 533
21,57 9.9€
25.57 19.';1
28'37 17.89
306. 15.9)
45, 15,87
77.89 17.01 [£)
ractical hKucerds. [1c]
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Note: Ench qu2stion carries 15 (Sixteen)
narks, 4 (four) morks for neatness.

/newer any 31X questions.

Define a dynamical system. Draw geometrically, in the
XY ~plane, the systcm trajectery of a two-dimonsional
dynamical system given by

. .
T T HoLy
[s§

E% = fz(xoY)-

Define open and closed systems. Determine ti:e Hamiltonian
of the closed systun

dx - .
3t £ {x,p)

dn .

at g (x,0) .

Prove explicitly that the demped harmonic oscillator is not
2 conservative systom and ihe widamcd harmonic oscillaticn
is not a limit cycle oscillation.

State the Lectka ~Volrerra pradator-prey model. Study the
stabjlity proverties cf the system by constructirg a suitable
Lyzpunov function. Is the systom structurally stable 7

State th2 theorem regarding stability of the linanr homo-
geneous sysicm given by

dx1 n

Cotttdeeess 2/-
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5.

Vhere Ay are the eigenvalues of the matrix ("13)' Hence
discuss the stohility properties of the systens

- ax +.by

= cx + dy .

S

Défine the following:

(a) Stability of a dynomical system.

(b) Nodes, Centre, Vortex point, Spiral point,
Saddle point, Structural stability end Linit
cycle.

(¢) Bendixon's necgative criterion.

(d) Enzymo-cubstrate Kinctic model.

State and discuss the Rashevsky - Turing theory of morpho-
genesis. Establish by this theory the develorment of
polarity typical of developing biological systems.

Construct a predator-prey riodel with ircresasing and
diminishing returns.

Investigate the siability of this system by constructing
a suitadble Lyapunov “unction.

Construct the seneralized Gouse model with the predator
response function p(x).

Discuss the conditions for persistence of both the species
and investigate the stability proparties of the equilibrius:
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1.

ote; The rmer carries 55 marks. The
maximun you coan scere is 50.

Let Po, P4y «ss, P, be a sot of geogrephical points. A good
is produced at Py and desircd at P,. For each pair of points
Pi and PJ. there is a ncnnegative nunmter yi vhich is the
maximum amount that can be shipped from Py to Pd in a ye=zr.
Formulate a linear program for maximizing the zmount that can
be received at P, in a year. [10]

Let th2 following problem have a feasible scluticn:
Find x such that xc is a moximun subject to xA = b.

Show 1t has an optimal solution if #nd only if ¢ is a linear
ccizbinatisn of the colums ol A.
[10]

Let (1) bc the standard oHredlems

Maximize cx subjzet o x 2 O and xA € b.
Let (I*) be the dual of (I).

0. Show that ¢(x,¥) g

Let @(x,y) = Xc + yb = XAY, X, ¥y
are optimal solutions of

@g(X,¥) S@(X,y) if and enly X,
(1) and (1%) respectively,

<tav

[15]

Find a nonnegative solution to the equations:

[15]

p.teoe.



5, Find a basls for the row spnle of the following matrixs

-

/7 ~
1 0 3 -2 N
2 2 [¢] \\
[¢] 1 <4 4 l
1 1 1 2 J
1 0 1 2/
s
(15]

sbeces
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Date: 23.2.19%0 tiexinun Marks: 100 Times 3 hours

Notes Answer any FOUR questions.

1.(a) A random sample Xq, sss, ¥, .is idrawn from a continuous
distribution. To test whether Fo(x) 1s the c.d.f. of the
populaticn define the Kolmozorov-Smirnos statistics D ,
Dn' and Dn and indicete how you would use them. Chow that

the sampling distributions of these statictics are distri-

bution free under the null hypothesis, D, end D have
the same distribution and obtain an expression for tae
c.qa f. : ’

(b) The following measurerents (in cms.) are the head circum-
' ference (X) of 12 beys at the g22 of 15 weeks. Do 'an
appropriate nonparzmetric test tc see ivheihner the distri-
buticn of X can be regarded as (41, 4).
41.7, 41.8, 40.2, 41.1, 41.8, 42.5, 42.2, 41.6, 41.0,
42.8, 42.3, 40.6. (15+10) = [25]

2.(a) A random sample X4y “"-xn is drewn frou a population
with a continuouz distribution. Derive a suitable test
for tecting H) : X, is the p= quantile of the distribu-
tion against Hy 1 the poth quantile is larger than X, .
Describe how you would ottain a confidence inrterval of a
given confidunce ccefficient for the p_th quzntile.

\ v . are expected to obtain the sampling distns. of the
test statistic).

(%) To determine the smocthress of paper manufactured by a
process, the smoothness of a sarple cf 15 measurements are
reccrded a3 follows:

173, 135, 165, 185, 103, 120, 125, 135, 98, 150, 126, 104,
127, 120, 125.

Can you concluce th=t 75% of tre production has the smooth-
ness at leaat 110 7 Contdessss 2/=



Contdessss Qo2

(c) If the above mezsur2merts are pert of a 100 observations,
43 of wiich are smallar than S5 and the rest larger than
185, can yeu cenelude that the smootimess 1s at least
11075

‘ (134745) = [25]

3.(a) A rancon samle %y, s.e, %, cf cbservatinns is drawn
from a symretric distribution. LCerivc a sultable iest
for Hy ¢ The median of the distribitisn ic a speclfied
value nm, ageirst Hy : it is > ng. (Obtain the exact and
asynptotic null distrlbutions of the texzt statistic).

(b) The IQo0f 3¢ children arv recorded as follows:
118, 116, 98, 1co, 103, 109, 112, 141, 114, 93, 121,
124, 132, 118, 116, 110, 118, 9e, 11, 113, 98, 110,
95, 110, 101, 116, 128, 151, 135, 134,
Can you concludc that the mediun IQ scere is 110 ?
(1Q is messur:d on a continucus scale). (13412) = [25]

4.(a) Random samples X4,  +.., X; and Yq, ..., Y are drawn
from two indepandent populatisns with distributions F
end G respectively. Derive a test, stating your assump-
tions cleerly, for K, : F(x) = G(x) ezefnst Hy : F(x) =
G(x + c) for some consTan* €, rLerive th2 exact distribu-
tion of tha tacst statistic and give its large sample
approximation, under ‘he null hypothesis.

(b) To see wnether tezviscd lectures are more helpflul as a
'teac'ning method, a batch of 12 students w2re given coa-
ching by television r~nd another batch of 10 students were
taught in a cless rocm. The scores of ihe twc batches of
studrnts in the final assesanent are as follo'ws:

[ 1 Method : 58, 54.5, 53.5, 52.5, 73, 7h, 71, 67,
28.5, 59.5, 24, 49

Class ~ - .
potnod o™ s 77, 84, 70.5, 45.5, 48.5, 34.5, 02, 76,

61, €
Vhat can you concludc avout the eificizncy of tescning

by television ¢ .
(15+10) = |25,
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5.(a) Show that, if Kolmogorov = Smirncv tes:i for goodness of
fit i< used whon the data are frcm o discrete disgiribu-
Tien, the test wouldl be more connurvative than the test,

had the sanple come *‘recm a continucus distribution.

(b) Let Xqy ooey &, d Yy, eeey Y be randca soiples from
tvo indupendent distributions ¥ ond G respectively. For
testing H_ 3 F(x) = c(x), snhow that the Yilcoxon form
of test statistic and Mann-='kiitney form of test statistic
give equivalent tests. ‘siiich form would yvou prefer ?

Justify.

(c) Obtain the corruction for the variance of the Viilcoxcn-
Marn=thitney tes:t when there are ties in the observations.

(e+5+8) = [25]
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PERIODIC.L EZ HINATIC
Design of Ex: srinents

Date: 21.2.19%0 tlaxinun Marks: 100 2tnes 3 hours

Moti: .nSWOr s meny s you ¢an. BEach quesiion
earrize 20 werks. Ghe maxioun th-t rcu
¢an ssore is 100.

1.(n) State and uxplain the threc fundauental principles ef

(v)

2.(a)

(v)

3.

(a)

(b)

experimental designs, explaining with examples all the
objectives behind each of these princirles.

What is a rondomised black design ? Under the usual
linear model for such a desj.g:i. indentify the .c_la‘ss of
all cstinnble functions, and develop the nnalysis ol
variance apnropriate for such a design.

(E+14) =%20]

Define mutually orthcgonal latin sjuares (MOLS) of orler
v, and show that the-maximum number of MOLS of order ¢
is less *han or equ 1 to (v=1).

Describe, with an example, a method of censtruction of
a complete set of MOLS of order s, where s is a primesr
power of a prime, preving that the methcd works in
general,  Whet 13 Euler's conjectura about MOLS and
what is its current status ?

(5+12+43) = [20]

Give the two dcfinitions of connectedness of a block
design and show that they are equivalent.

Suppose k observations of a block of a balanced incem-
plete block design (BIBD) gzot lost. Is the resulting
design still connected ? Prove your answer.

(1545) = [20]

In connection with the analysis of a genera) block cdesign,
prove the following results:

Contdesses 2/-
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Conitdeseass QN0

(a)

(v)
(c)

(a)

5.(a)

(c)

A A
Reduced normal equaticns for T are fiven by C¥ = Q
whire € o r®-mi®N’ nd G =183,

1'Y is estinable 1£ and only if 1€ Col. 3prce of C.

Sum of squarcs due to e hynotiwesis HO: CZ’ =0 is given

v

A
by 7; Ql rnd 1ts degrucs of fr vdom ajuals rank C.

4
1m1
S.S. due to 3locks {unadj.) + S.3. due to Treatmcnts
(.d3j.) = S.S. duc to Blocks (.\dJ.) + S.S. due to
Treatments (unadg.) .

(4x5) = [20]

Dcfine a connected variance belanced block design, nnd
prove thzt a connuctcd nlock dosigrn 1s variance balanced
1f and only if all the off=-dinronal clements of its C
natrix are cqual.

Prove that a binary block design is ortnogonal if and
only if
N=rk'/n.

Consider the following bleck design for 3 treatments in
5 blocks:

-

Is this design connected, orthogonal, variance balenced ?

Wh
v (1045+5) = [20]

Submit your PRICTIC..L RECORDS to the coursc Instructor
on or before the last day of your Periodical Exams.

(0]
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Multivaricte Listributions asd Tosts

Date: 19.2.19%0 Iaxirun arks: 100 Tires 3 heurs

Notes Answer ns mony questicns as you can.
Te+zl marks in o2 mearzin is 108 but
glnaximu:: morks that you can score is
00.

1.(a) Prove that the dispersion motrix of a p-dimensional random

vector is at least non-negative definite.
(b) Define a non-singular multinormal T.isti.tbutlon. Let X be
non=singZular

distributed as a p-dimensiona nomai distribtution and
2 = PX, where P is a Kxp (K < p) matrix.
Show that Z is distributed as a K-dimensional non-singular
normal distribution.

(¢) Let © bte the positive definite disperson nmatrix of a
p-dimeiisional rsndom vecicr. Ghow that

1Sl < ? c
TTan U
where 09, seey opp are the diazecnal elements of £

(5+46+8) = [19]

2. Let X~ M (&, Z), 2 >0, Express the rultiple correla-
tion of X; on X% = (%, ..., X)' in terms of tue clements
of E, Hence show thzt this is the maximun correlaticn
between X; and a linear combination 51 X 4), vhere & is a

(p-i) x1 rzal vector.
(6+12) = [18)

samples from Np(m, s ) end .\'p(uz, 2), S > 0 rospectively.

3.(a) Let Xy aeey X:1 @d Y, ees, ‘{A;z be two irdapendent

Cbtain the maximuwn likcliloed estimates of ¥y, M, and .

Contdegese 2/=
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(b) Let X;, «-., X be o rondom scmple from :Jp(u. 3, 2>o0.

5-(0)

(v)

sbeces

N - -~
(1) Erove that i = as1(xa = X%y =7)' 18 positive dofingy,
-
with probability one if ond cnly £f N > p.
-
(ii) Let A pr(n, 3)s n > p. Derive the c.f. of Ir AL

Hence show tiwat Ir £ i is distributed as a chi-square
with np G.f.
[12+ (7+9)] = [28)

Let X s Ny(, %), £ >0, where b = (B, «eey B y'. on tn
basis of a random semple of size N(>p) from this populetion
suggest an appropriate test for testing Ho[wy = cou = up]
against H[not all u-i's are equal]. Hence derive the aistri
bution of the test statistic under Hy and &.

[20]

The scores of students in three subjects A, B, C are .
supposad to be Jjointly normally distributed with means

By = 52,2, I, =57.6, Ky =435
variances 012 = 77, 022- 8.3, Of = (6.2, and total corre-
lations Py, = 26, P43 = .57, Doz = JA8.-
Vhat percentage of students in a large zroup is expected
to have a total score tetween 100 and 200 ?

Suppose that 11 and 12 observaticns are made on two random
variables X; and X5, where X, ond X, =re assumed to have

No(ky , E) and Ny(B,, B) respectively. Sarpla mean vectors
and pooled sample covarisnce matrix are

L=l h Bl

o 73 -1.1
spooled ( =11 ¥Y:] 1.

Test the hypothisis M [uy = u,] agninst H[; # 1,).
(10+15) = [23]
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STATISTICAL INFER
SEMISTRAL-1 BACKPAPER ZXAaliATION

Date : 2.1.1989 Maximum 1arks & 100 Time : 3 ilburs,
1.(a) Let xl"'f'xn be a random sample fiom U(0,0), G>0. Show that

K{g) = max (Xl""'xn) is sufficient (directly from the defi-
nition).

(b) Show that the order statistics are ainiral sufficient for the
Cauchy distribution with median @, —xKJ<e,

(¢) Suppose taat the distribution or a rancor variable X can be
any on2 of the following :

P(x=1)=Y3 3 i = 0,1,2 Pli=1]) = V55 i=1,2,3.

Is there any sufficient statistic >.her than X ? [6+747]

2. Spposae £ assumes values ~1,0,1,.... :ith prebabllities
P(x= -1) = 8, P(X=k) = (1- 0)4 &%, k = 0,1,2,...,

where 0<e<1,

(a) Show that U is an unbias=d estimator of zero if and only if
U(k) = ak, k = =1,0,1,... for some a.

(b) Deterinine the class of all unkias:=d estimators of €, znd
find the estimator in this class waich has the smallest
variance at © = 00.

(c) Doos there exist a UMW estirator of © ? [6+12+2]

3. Consider the problem of estimating ¢(0) based on a random samnle
of size n from N(G,o2) where q is the cof of N(O,1) distribution,

Determine "the UMVC estimator, and compere its variance with the

corresnoncing Cramer-Rao lower bound when a2 is known, Would you

get the same UMWE vhan o2 is unknown ? [10+10]
4, Let X be a random variable having donsity fl and f, under the
hypothcses HO and Hl' For a test function q;, the probability of
rejecting Hy given X=x is given by G (%), Lat G'* be given by
(P*(x) - ;, if £5(X) > kf,(X)
Yo 1f £,00) = kf(X)
0, if f,(X) ¢ k£ 5(X)

vhere E[(*(X) |Hg) = «, and OCk<e

(2) Show that ¢* minimizes E[ ¢/«)|Hy) among all tests ¢ satis-
fying E[ £ (x)H;1 > E[ ¢*(x) i, 1.

(b) Show that the above test(-* miniamizes poe[§~(x)|uol +

p E[1-¢ (X)|H,], (Py>0, P)>0, Pg+P)=1l) vhen k = Po/Py+
: {10+10)

PetaOe



5.(a) Dofine uniformly most accurate lovier confidence limit for 3
pnram-tcr ©., How would you obtain such a confidence limit
<«d on a random sample of “3ize n from N(9,1) ?

(b) Lot X be dxstributcd as N(eo, 1). It is des ired to test Het
against Il :08=1 with the roquircment tnat the probability of
type I error £ .05, and the prooablility of type 1I error
£ .05, Show that the above requiremént can be met by taking
n rancom observations on X with appropria*e n. [1247)



INDIAN STATISTICAL INSTITUTZ
B.Stat.(Hons.,) III Year : 1%39-90
DIFFEREICE , Mo DIFF.URNIIAL ZQUATIONS
SEMESTRAL-I BACKPLY::R E{AmIIATION

Date : 1.1.1%%0 Eaxiaum M-sis @ 100 Time : 3 Hours.
Hote : Answer all th~ urctisns,
1.(a) Find the cuneral solution cl »>» :cilffzrence equation
a
Yne2 * Ypey — 12y, = 3 4+ 10,
1
(b) 1f I, = £(109 )" x¥ dx, = >V, n a non-negative integer,

show -that
(a+l)I + n Incy =0 N =1,250000

Hence evaluate I . [8+&8 = 16]

+.tle) Flnd the general solution of the Bernoulli's equation

x g¥ +y= x"y3

(b) Solve the differential equation
xy =1 + (x2 - xy) g¥ =0
by finding an integrating factor, [c+3 = 16]
3.(a) Given that y = &* is a solution of the cifferential cquatioa
(x2 +x)y" + (" = x2) y'-(2+x)y=0

find the general solution of

(x2 + x) y'' +(2 - x2) vtia (2 +x)y = x(x + 1)2.

(b) Find the generzl solutlon of
y'" = 3y' + 2y = 14 sin 2x - 18 cos 2x. [12+8 = 20]

4. Let f(x,y) be continuous on th2 sirip agx<b, —ofy<w, and let
f(x,y) satisfy the following Lipschitz condition :

3K > O such that
[£(x,y)) = £(x,y5) | £ K ly;=y,| ¥x € [a,b]
and ¥y, y, € (mmy) o

Show that, given x, € (a,b) and y, € (=w=,®), there is a unique
funciion y = y(x) cefined on [a,b] which 1is a soluticn of the
diiferential equation 9y _ f(x,y) on (a,b) and which suzisfies

. ?X
th: initial condition y xo) = ¥y [20]

PeteCe
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5. Show that x = 1 and x = =1 are regular singular points of tha

Legendre c¢quation
2 - L
2y d . dy ¥,
(1-x<) ;;% - ?x 8% +;$(a+l) y=0
Find its indicial eguation at x = 1.

Show that infinity is a r.gular sincular point-of the above

ejuation. Find its indicial couvation at x = e,

6, Show that the equation

2 2
__é - 8x< 3¥ + (1x%+1)y = 0

[10)

has only one Frobenius series solution valid on (O,=). Find the

jencral sclution of the above =juatiosn valid on (0,=).

7. Solve th> gystem of differential ecuations
dy
LD N -
at Sypmvypte

dy, t
SE =¥y =%y + e’

f10;

(8]
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Note : Answer all the quesi’ons. Figures in [ ]
indicate morks allott-o,

1.(a) Consider an 3RSWA(N,n) scmplo s having 3(s) distinct units.
Show that E( w(e)) = N[1-(%1)"], (3]
(b) Compare the performance of the scmple mean y baszed on
¢istinct units with that of tha sample mean ¥ basod on

all units (including repetitions). [7]
{¢) Compare the better of th2 two in (b) with the sample mean
based on an SRSWOR(N,n) sample data. [s]

2, For ppswor sample data,

(i) ‘write down the expression of the Des Raj estimator of the
population mean, and derive its variance and an unbiased
variance estimator. [2+4+4=10]

(11) Obtain Murthy's estimator of the same in an explicit form
for the case when the sample size is n=2 and derive an
expression for its variance.

[5+20=15]
3. Suppose for estimating the population mean stratifiod srswor
sampling has been adopt~d with a sample size 22 froa 2very
stratum, Obtain an estimate of the gain in precision cuc to
adopticn of stratification =zs agoinst the use of unsiratified

srswor procedure. [15]
4,{a) Suggest a method of sampling which would make tho usual
ratio estimator unbiuased. [5]

(b) Under an SRSWOR(N,n) sampling, compare the perforiances of
the ratio and the reorcssion estimators of the population
m2an with that of the ordinary sample mean (in large
samples), [15]

5.(a) Formulate the " matching™ and "unmatching® problem in
sampling a population on two succcssive occasions and find
the optimum '*matching” nroportion. [10]

(b) Show that in repeated sampling of a population on successive
occasions, the optimum 'hmatching® proportion assumes the
linitting valuo of L* (15
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1, Let Xyjye00yX, De a sample from z population with density

p(x,08) given by

(a)

()
(c) =
(4)

(e)
(£)

(a)
(h)

()

p(x,0) = % oxp.i - (5§B)S y A x 2 p

= 0, otherwise.

P O
Show that min (xl,...,x ) is sufficient for y when g is
fixed by applying the defini.lon of sufficiency ciructly,
as well as by using the factorization criterion,

(dint : Use the joint densily of the order statistics
X € ees ¢ XK and the density of X, y)s

(1) (n) 2 ensity (1) [2+7]
Find a one-dimansional sufficient statistic for o vhen
p is fixed.

2
Zxhibit a two—dzmensional sufficicnt statistic for 6. Ezj
Is X(l) minimal sufficicnt when o is fixed ? (4]
Defive the maximum likelihood estimates of p‘and Ue (5]
Obtain the UMVQ estimator of p vh;n.c is’ known. Jill
this estimator be UMW when o is unkpown ?° (5]

! .
Compare’ the Medn-square <rrors-of -the-myl.e. and WiVE

of pe. [6]

Obtain the UMV estimator of g when p is known. Dot
will ba the UMVL. cstlmuto' of <] nﬁen p is unkrown ? (5]
5

Suppose now n = 2, ¢g=1. Show that a test @ is UMP 1 .val
a for testing Hqt = g against Hl tp <y if

E [ ¢(x)|H0]
and @(g) =1, if x ¢ so,
where 8y = {(xl,xz) tpg < %y Sy =1 2} [8]

p.t.o.
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1.(3) Obtain a non-trivial upper confidence limit for u at a
confidunce level l=a.

{4

2, Let xl,...,xn be a random sampla from N(©,1), Obtain the :
Cram.r-Rao lower bound for cstimating ¢(0) = Py(x>0); whare
9 is the c.d.f of N(0,1), Is this bound attained ?.Give
rcasons. (Hint : Obtain th: UwAJSE of ¢(8)).

[12)

SIHER

3, ..t xl,..,x be a random samply {rom N(O ©). Show that the
following test 1s UMP unbiascd size « for testing © =1 agairey
6 #£1.

¢(x). - 1, if T<clor 'l'>c2
~ 0, otherwise

where T ): xi,
1
€2
J g (t)at = 1-q,
[+
L
Ineafer) = 9hea(cy)s

S being the p.d.f of the . .i=square distribution with n d.f,

[13)

© I
»

.(a) Give a family of distributions of a random variable X for
which T(X) O is sufficient. )

3
(b) Let X be cistributed eithcr as uniform U(0,1) or as unifor
u(3, %). Derive a minimal sufficient statistie, »

Al 5

(c) Prove or disprove : If '["1 and 'l‘2 are UMW estin.tors of

4’1(9) and p 2(0-). respactively, then T, + T, is UMW

estimator of ¥, (6) + Vv ,(e). (5]

Contdseaas



4, Let X be a random variable having donsity fo and fl under the
hypotheszas H0 and Hl' respoctively. For a test function ¢, the

probability of rejecting Hy given X = x is given by $Ix].
Consider the following tust @

x 1, if £,(x) > k £5(x)

¢ (x) = P, af £,(x) =k £5(x)

0, 4f f3(x) <k fo(x)

where O € k € oo
(a) Show tnat

E[O(x) 1,1 2 E[¢” (x) ;] => ELO(x) [Hy] = ELQ™(x) My 1.
(b) Show that ¢® minimizes

Po E[O(x) [Hy] + p; E[1- ¢(x)[H,],
where O ¢ Pos Py €1, Pq +Py =1, for k = po/pl.

(c) Suppose B(a) be the power of a LP level-a test for testing
Ho against Hl' Show that ﬁ(a) is a nondecreasing function

of a.
[5+5+5])
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Date : 27.,12,1989 Maximum Marks : 100 Time ¢ 3 Hours.

Note : Answer all the questions,

1. Consider a 2 state Markov chain with states O and 1, waiting
times being Exp(A), Exp(n) respectively
(1) ‘irite down Kolmogorov's Equations for piJ(t).

(11) 3Solve them explicitly and write down the matrix P(t).
(111) Calculate Lt P(t).
t.

=D o

(iv) Show how we could have thought of tha process as an
On-off system and derived the limit in (11d), [20]

2.(a) Dcfine Brownlan Bridge.
(b) Let z, 0Lt&l be a Brownian Bridge. Define

= (t+1) Zt 0$t<w.
t+l

Show that xt is Brownian Motion,
(¢) If (B,;)OSt< is a Brownian motion and Y, = f B, ds

show that Y 0s a Gaussian process. Calculate E(Yt) and
COV(Y WYy ). [5+10+10]
3.{a) Deflne an On-off system.
(b) Calculate P(t) the probability that the system is on at timet.
(c) State the Key Renewal theorem, explaining the notation
involved. .

(d) Calculate Lt P(t) assuming that the cycle distribution
t-de
is non lattice.

(e) Expleining clearly how you bring in On-off system, evaluate
tLt P(A, € x) where A, is the age at time t in a ronewal

process [5+10+5+10+10]
4, Consider a Yule process (xt) starting with one individual, that
is, 0-1. Given that xa-a show that the times of Births of the

two individuals is like that of an orcer statistic from an
appropriate distribution, [22]
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Note t Angwer all the questions, Figures in
{ i indicate marks allotteds

1, It is desired to estimate a population proportion x using the
sample oroportion p based on an SRGIOR(!,n) sample data in
such a way that the margin of error (|rn-p|) does not exceced
G.05 with confidence coefficient 0.95. Using normal anhroxi-
mation, show that the sample size needed to ensure this is at
the most 285 for: large N. Show further that vhen N=500, the
above can be achieved for a sample of size 1R2, {7+3=10]

2.{a) Describe ppswr and ppswor mcthods of sampling. [3]
(b) Consider a ppswor sample of n units from a population of
size N, Denote by ny the inclusion probability and dy py

the normed size measure of unit i, 1<igN.

(i) Prove that for n=2, pi'.apj ¢=> ®, =

1 Tye
vWihat happens for n>2 ? [3q1=3]
(ii) wWrite down the expression of the Symmetrized Dos Raj
estinator of the population m2an. Show that it roduces
to the sample n.an vhen X) = Xz = ... = X [3+2=5]

(iii) Show that for an or?ered sample s = (i,3), each of
1 -

Y ’ Py
t] = == and t/, = —J—-Tq—ry is an unbiased estimztor of
1 Py 2 pipj a=

the population total. Are tl and té uncorrelated ?
oot [3+3=8]
(iv) Taking t'= "li_z , derive the symmetrized form of t/

£3]

3.(a) EZxplain the ratio method of estimation of a finite
population mean. (3]
(b) Jrite down the expression of the Haortley-Ross estimator
of the population mean and show that it is unbiased.
[2+5=7]
(¢) Describe the Jack-=knife techniaue for reducing bias of the
ratio estimator. (5]

pst.o.
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4.(a) Describe briefly the method of stratified sampling. ,
(5]
(b) Basod on stratified sréwor. sample data, suggest an
unbiased estimator of the overall population mean and
derive an expression for its variance. For large stratum
Eizes, compare the nerformance of the suggested estimator
with that of the mean based on unstratified srswor sample
data, [2+4+4=10]
(c) wWhat is Neyman's optimum allocation ? Under what conditions
would optimum allocation sujgest the sample sizes balng
proportional to the respective stratum totals ? [5+5=10]

5.(a) Explain double .sampling technique in the context of regre-
ssion method of estimation. [5]
(b) Suggest an estimator of the population mean of the study
variable using double sampling data.
Derive large sample expression for the variance of %he
estimator proposed by you. [4+6=10]}

6, Practical Assignments. .[10]
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*>te ¢ This paper corrins 110 marks. You may
ansvier all the cuestions. But the maximum
you can score is 100.

1.(a) Find the general solution of the difference cguation

_ ,3n/2
Yne2 = Ji-yn+l + ¥y =2 .

Xy
10
Uppp + Uy = Uy s N = 0,1,2:... .

Hence evaluate upne

‘R
€CS nx
() If vy = J 53 cosx @
t

show tha

{10+10=20]
2, Let f(x,y) be continuous on the strip a ¢ x'{ b, — &y $my
and let f(x,y) satisfy the following condition 3
3 K > 0 such that ’

[£0x,v)) = £06y,) | S K | vy=7,] ¥x € [a,b) and

: - ”eryz € (‘“'“)
Show that, given xq € {a,b) and Yo € (-eoy), there is a unique
function y = y(x) defined on [a,b] vhich is a solution of the

differential equation FL = f(x,y) on (a,b) and which satisfies
the initial condition y{x,) = yn.
(o] [o] [2°]

3.(a) Find the general solution of the Bernoulli's cquation

xy2 dx + y3 ='x cos x.

(b) Find the orthogonal trajectories of the family of curves

2
X Y. =
= +L&=c (c>0). [10+10220]
4.(a) Given that y(x) = x is a solution of

2
2 d d
(x“~1) ;—% - 2xa¥ +2y =0
b3
find the general solution of
2
(x2-1) §—£ - 2x§¥ + 2y = (x3-1)2,
X

(b) Find the general solution of the differential equation
v+ oy"r 3y'+ y = xe™X,

[12+8=20]

p.t.o..



5.(a) Consider the Bessel's‘gduation
B D
I .
x2y A xy'+ (xz—nz)y= O, vhere n is a non-neaative
integer. Show that the above equation_has’only ona
(except for constant multiples) Frobenius serics solution
J(x). Get a series expression for I (x),

(b) Show that

n
Jn(x) = c.l  feos(ne - x sin ©) ¢, for some
* 0

constant c.
[12+8=20]

6. Solve the system of differcntial equations

dy, .

—d% = 4yl +-y2
dy, « . t
=-2y1+y2-2e .

. (10)
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STOGHASTIC PROCELSES=2
SEMESTRAL=-X EXAMINATION

Date @ 23,11,1989 Maximum Marks : 100 Time : 3 Hours,
Note : Answer all the questions,

1.05) Let Nt be a Nonhomogeneous Poisson process with intensity
function A(t). Given that Ng=3 show that the times of occu~
rrence of the three events are distributed like order sta-
tistics from an appropriate distiribution.

(b)Show thzt the output process of an M|G|l Queue is a nonhomo=
gencous Poisson process. .hat is its intcnsity functior 2
<.(a)Let Nt be a renewal process with lifetime having meaklg+1°]
and variance 020 Show that Ny is - asymptotically normsal with

mean 5 and variance @ Vt/pa.

(b) State and prove the inspection paradox.
[10+10]

3.(a imat is Equilibrium Renewal process ?

(b) Given >0 calculate distribution of Yt the residual lifetime

at t for an Equilibrium Renewi2z)l process.
[5+10]

4.(a)For a continuous time Markov chain, assuming that
Lt Eéﬁl = Q, derive the Kolmogorov's Sackward Equations.

t->0
(b) Wirite.covn the Backward Equations for a Birth and Death
chain,
[10+10])

S5.(a) Let (Bt)tzo be Brownian Motion stariting from O. Caleulate the

concitional distribution of 82 given Bl=5 and 33=9'

(b)Let 23>0 and T(w) = inf {s:Bs=a}. Show that T is finite almost

surely but E(T) = w.
{10=10]

6. Explain the followihg briefly :
(a) Brownian Bridge.
(b) Age at t in a Renewal process,
(¢) Continuous time Markov chain.

[15]



INDIAN STATISTICAL LilsTITUTZ
B.Stat.(Hoas,) III Year : 1989-90

ELECTIVE-4: BIOLOGICAL SCIZICLS
SEMESTRAL=1 E(AWIGATICIS

Date 2 20.11,1989 Haximun .arks 2 100 Time ¢ 3 :ours.

Note : Theory : Answer any three cuestions, Tim2 lé hours.
Taeory : Full raciis %0, wach question has equal
value.
Practical : Answzr thz given question. Tiwe 12
hours,

Practical ¢ Full rsris S0,

Theory
l. Doscribe the criteria of irheritance cue to a single, completely

rec.ssive, rare autosomal allele. Illustrate your znzwar with
diagrams. Cite an example.

' 4 population in which two alleles A and A' occur in fraquen-
cles p and g respectively will consist, after ona gencration cof
rancom mating of the three genotyp-s AA, AA'and A'A' in the
equilibrium proportiens p°, 2pq and g ", ‘hat is this Law
call~d ? Under what condition(s) do(ues) this Law ideally operate”’
Anplying this Law, c¢stimate the allcle proportions in a popula-
tion having the following il blood group phenotype freruencies:

o= 29.167% NN = 49,587 ; 0= 21,267,

3.1, .Mmat is the principle f blood c¢rouping ? ¥Write names of any

five blood group systems.

3.2. In case of colour blindnass if a carrier voman marries a

normal man, then what types of offspring and in what piopor=-
tisns would you expect ?

3.3. Czan blood group O children come from parents phenotypically

A x A and AB x A3 ?

4 (hat are the genotypas against nhenotypes of the AjA,30 blood

group system ?

4.1. Give a brief idea about th> distribution of haptoglobin allele«

in India in the world perspective.

4.2, 5tote briefly the gonetic control of Lactate Dehvdroginase

(LtH) and describethe specifie Irdian variants of LDH.

Practical
l. Determine the ABO subtypes of tho blood specimens providad

against known anti-sera.
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G UP A

Hoto ¢ Ansuer any tyo quostions,

1, Consider a static Leontizf input—output model wherc two goods

2%

are produced with goods and a single primary factor labour.
Technology is given by the following matrix

0.5 0.5 - -
A (0.5 o) and g5) =1, a5, =2

where 3y and agy have their usual meaning. Assume further thez:

12 units of labour are available and consumers spend half of

their income on good 1 and the remaining half on good 2.

(g) Determine the relative price, the levels of consumption
and the levels of output,

(b) If another technique A’ becomes available where

A = [0.4 0,5 , ,
0.6 o with ag = 1, 3gy = 2
determine which of the two techniques will be actually

used,
(18+7)

In a von-Neumann growth model show that the interest factor-
cannot exceed the technological growth factor, Also, show that
the price of a particular good is zero if the good grows by
more than the technologiczl gfowth rate and if a particular
activity earns negative profits, its level of intensity is
zZQro, (13+12\
Show that in a two-sector, single primary factor Neo-Austrian
mocel of production, the ‘relative price is uniquely determined
by the rate of interest provided there is no 'factor intensity
reversal', How will the instantencous production possibility
frontier Ehange in such a model if there is an increcase in “nhe
rate of growth ? ' (1510

psten,



2
GHUUP B

Note : This part contains.cuaestions.carrying 75 marks,
You may answer any part and any question (and
.2s many-questions) as you like. But th. maximum

you may score;isid0.'"

1. A motor car company manufactures for the home market and for
export. Company policy is to cxport at least 60 p~rcent of itg
carse, Not more than 150 cars czn be produced each week. The
delivery cost payable by %he ranufacturer are .5 and 20
respectively, for cars for the home market anz for export, but
the delivery firm specify that the total delivery costs must
not be less than 1600 par wezk., Each car for the homo market
requires 120 man-hours to be spent on body work, 35 man=hours
on the engine, and 10 man-hours on checking and testing, The
coiresponding figuras for cars for oxport are 150, 40 and
15 man=hours respesctively. Thoe Lotal number of man-hours
2vailable per weck is 25000 for body work, 5500 for engine
viork, and 2000 for checking and testing. Tha net profit cr
car for export is K times that on a car for the homo market,
vhere K may lie between 2 and O. Give a lincar prograrming
formulation of the problem if it is required to cdoeicrmine the
number of cars of cach king if thc company wishes to (1)
naximise its not profit (2) minimiso the excess of cars for

export over those for the homc markct, (10)

2. {(a) Find all the basic solution of the simultancous cquations
4xl + 5x2 + 8x3 + 7x4 = 10

3x1 + 2x2 + 6x3 + 9x4 =11

(b) Let AX = b be a s:t of m simultan2ous equation in N
variables, with m¢N and rank(A)=m. Then prove, if the
equatlons have a feasible solution (X > O), thcy have a

basic feasible solution, (3+9)
3. Zxplain in detail a single iteration of the simplex metho?;)
. - 1C

4.(a) For the maximising L.P, -problem in the standard form,
suppose that in the current basic feasible solution,
25 - ¢ > 0 for every column vector a; of A whichh does not
belong to B. Then prove that the current basic feasible
:solution is optimals .

(b) In the general linear programming problem the sct of point
representing all the feasible solutions is a closac convex
set, (8+3)

Contdeesss
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5. In the imathur-Hashim location mddel om defining the'transport

6.

7.

coefficients' what are the specizl ol,scrvations mentioned ?
VWhy has it baren considared nacessary o firmulate a revised
model for treating the 'Transport! sector as endogenous ? hy
in th> revised formulation do we notice abscenco of *h~ radue=
tion balange constraints ?

(4+4+4)

Find th: optimal solution for iho transportation problem fozr
wvhich the initial basic feasible solution is given as follows 3

—;11=6T I xy2=8 T
[ % 5 *_4

A S

X30=2| | Xp3=4 ‘

The basic cells
8 * 9 * 2 7 haze bgen inii-
_ 4! _ cated by %«
*3=-4 |¥3a=9
4 3 * 6 2
.. (5)

State vhether the following statecments are 'True! or 'False!
(vith bricf roasons)

(a) Thc existence of sccondary products in many economic acti-
vitizs results in the so called ‘Aggregation problem' in
the construction cf Input Output tablces,

(b) The informations contained in the 'Commodity x Industry
input-Output table are derived from the 'Make Matrix!,

(¢) Corrcct informations in respoct of market prices solves
the valuation problem in any excercise of Cost Benefit
analysis for any situation,

(d) Mahalenobis Foursector Planning modol is essentially an
optimising model whiletthe two scctor mocel is a consistenc
typo planning model,

(e) Fully centrally controlled cconomies are perfectly compa—
tible with the process of allocation of resources through
existence of markets. (3x5)
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Note : Attmpt guostion no,l0 and any five from
thu ro qt.
Th> carth had cither a hot or a culd beginning. Descrive the
on2 vhich you believe to ba tho best hypothasis, [16]
Mhat is 'fold axis' ? what is ri.ant by the ‘dip' and ithe

2.

3.

4,

5.

~
.

'strike' of a bad ? .

Suppose you are visiting an arca where brevious vor¥cys have
described a 'syneline' to occur. You find that &t is aclually

an 'anticline'. Descr;bo th+ reasons for your finding .
[4+6+6]

Si-O tetrahedron plays a significant.role iR ths fornation of
silicate mincrals. Descride its role in thc formatien of
diffcront kinds of ignoous rocks, -{16]
Jhot 1s the importance of free Oxygen in the atmosphﬂre ? ihen

did it first form ? 'Mhat: could be the reason for: its or 1gin ?
: . = [2+4+10]

In 'plate tectonics', what is uncerstood by 'plate' >nd
Y tectonics’ ?.Describe in short the usefulness of the plate
toctonics to the earth scieatists, {o+10]
OR
Describe the role of rock magnetism in the understanging of
th2 Plate Tectonies model.
cxplain in brief how magma/lava is gnnerated in the subduction
(convergent) zone,
ilhhat is the role of.asthenosphere in plate tectonics ?
: (3+4+4]
“lhat do you understanc by the terms 'bedding', 'bed' and
‘lamination' ? In what ways cross-becdding-and graded bdﬁding
aro useful ? ,[10+6]
Describe the major factors™and thﬂir cff ct, in metomo*uhism.

Jhst 1s the difference -between schlstose structurc‘ant ;olia—
tion ? Name one typigal metamurphic ;qck from the ZS:st:rn Ghate
cnd describe its minuralogical composition, [8+4;1+3]

:p,t.o.
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8. D:gcribe the principal difforoances between an acid lava and a

basie lava.
Mhat 15 a 'primary' magma ? To which vicw about tho nature of
primary magmas do you agrce - single or two ? ‘hy 2 [ 6]

94 Dofine a sedimontary ro- s Suscrivo how sediments arc transpor-

toc from ona place to another placa.

Suppose you are visiting an ar-a where 2 deposit of glacial

orioin cccurs, hat are the criteria you wculd look for to
that the ]

prove t the deposit is indecd of glacial origin ? (4+6+6]

OR
what is a 'basin' 2nd what kind of sedimentary procasses go on
in a basin ? .
/nat is meant by 'sorting' of sediments ? In what way the fabric
of a sedimentary deposit help in uncerstanding the sedimentary
lptocesses ? [4+4+4+4]

10.Fill up the blanks (any ten). .rite down only one of Lh: four

choices for each blank, (Please bo careful not to aticmpt mor2

than ten blanks; with each axira atteupt one mark will be

deducted,)

(1) Sedimentary structurcs incluce _
sorting/stromatolite).

(11) The term 'texture' includes _____ (grain-size/structure/
cross=bedding/viscosity). ’

(1ii) Presence of plant-.cating four-lcgged animal remains in a
sedimentary rock inlicates that the environment of deposi-
tion of tha2 rock was most probably (mixed/continental

marine/lagoon),
(iv) Asteroicds ara the product of (satellita/planct/

(20]
(grain-size/facles;

meteor/comat). .
(v) A marine sedimentary rock is bost differcntiatcd from a

nonmarince one with the halp of _ (sxoz/ctoss-
badding/iron-oxide content/fossils).
(vi) In mctamorphism, a partial or wholesals changc in mineral
types takes placo in ___ __ (gascous/liquid/solic/biologic!
(vii) Shalec is a (sedimentary/motasomatic/motanorphic/

ignoous) rock.
(viii)Ignecous rocks have a/an ____ (underlocking/crystallinc/
framework/matrix) toxturys,
(ix) Tho Tidal Hypothesis was proposcd by (Moulion=
Chamborlin/Kant=Laplace/Jcans=Jeffrays/Ringwoni=Camaron),
(x) Lavas erupted by volcano:s are (basaltgc/p_ri¢ct1t1c/
varied/granitic) in composition,
(x1) Magma?bin arcas of mountain~building activity arc nostly
n

asaltic/granitic/andesitic/porphyritic) in compo-

Sition.
(xi1) Destructions in carthquak.ss are mzinly causod By . _
(P waves/S waves/L waves).
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Note : Use separate answerscripts for each group.

GROUP A
Note ¢ Answer any Ty» questions,

l. (a) Consider a simple Leuntief system producing two goods with

2,

3.

(b)

a sxngle primary factor of production, Assuming that there
is no joint production write down the Hawkins-Simon condi-
tion and interpret it economlcally. If instead, there were
L%:goduction, 1.e.~thete were two activities where each acti-
vity produces boﬁh thq goods (with bij > O as the amount
of the ith good produced by the Jth activity if run at the
unit ;evel), find out a condition which will guarantee that

the system is viable,

input-output matrix is less than unity. Interpret the
result, (15+10)

Consider an economy producing two goods with two factors of
production, Technology is given by aj; =1y a5 =1y ap = 1,
az, = 2 vwhere ay s is the amount of the ith factor required to
produce one unit of the jth good. Assume further that the
consumers spend 2/5th of their income on good 1 and 34 th on
good 2, Finally, let the endowments of the first and the second

factors be 10 and 15 iespectively.

(a) Determine the levels of output, the commodity prices and
the factor prices.

(b) If the endowment of the first'factor increases to 15,
determine the commodity prices, the factor prices and the
levels of output, (12+13)

State and prove the Non-Substitution Theorem for a Leontief,

economy, wWhat are the economic implications of the theorem ?
(25)
petasOe

Prove that a-Leontief sysiem is viable if each row sum of the
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GROUP B

Note : Answer any two Questions.

1.(a) Define and illustrate 'Make Matrix', Distinguish between
'Commodity Technology' and 'Industry Technology' assump-
tion in the context of the construction of input output
tables when there are secondary products along with
principal products in many economic activities in the
economy,

(o) Obtain the 'Commodity -x Commodity' Input-ocutput Table given
in the 'Make Matrix' and the 'Commodity x Industry'! table

below.
Make Matrix Commodity x Industry I-O Table
Industry Industry Final

Commodity 1 2 3 Total Commodity 1 2 3 Demand Total
1 100 0 O 1100 *° 1 20 30 [o} . %0 100
2 10 100 O, 110 2 30 20 20 40 110
3 O 0 % 50 3 10 20 10 10 0
| e, w0 0 2 -

Total 110 100 50 260 Total 110 100 SO

(10+15)

2.(a) Derive the growth equations for the 'consumer goods' soctor
and 'capital goods' scctor in the Mahalanobis two scctor
model of planninge -

(b) How does the original four sector model of Mahalanobis look
if wo incorporate the following in the above ?
(Discuss also thc consequences) .

(1) Demand equations linking the increase in income and
employment with demand for various consumer good
sectors. , *

(2) The possibility of variation in the techniques of
production, '

(3) Controlling consumption through rationing ox fiscal
policies. - : (10+15)

3. Write short notes on any one of the following ¢

(a) (1) Shadow prices and the evaluation of public projects
(2) Private Profitability and Social Velfare. '
(b) Decision tree analysis.
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Note : Please attempt Question No.l and any.five
from the rest,

1. Fill up.the blanks (any 10). Only write down one of thé four
choices for each blank. (10x2)=20
(1) o (stlicates/Oxides/Carbonates/Sulphides) are

-

‘he”most common minerals,

(41) Emerald is the gemstone variety of ______ (topaz/
quartz/corundum/garnet).

(14) The (blood=cells/muscles/teeth/eyes) of a
vertebrate animal are most likely to be preserved.

(iv) ‘The (thickness/;hemfcal compositién/ripple
-mark/colour) helps to detérmine the top surface of a
sedimentary 1ayer. .

(v) A rock composed of 40/’by volume of angular pebbles is
_called (breccia/mudstone/eclogite/conglomerate).

(vi) A horizontal sequence of sedimentary layers lying over a
tilted sequence of sedimentary layers has a/an-__
(tectonic/unconformable/sedinentary/metamorphic) contact.

(vii) (Feldspar/Basalt/Peridotite/Granit=) is a
coarse grained light coloured plutonic rock.

(vﬁi)Pyrite is a/an (Precious/rock=~forming/
economic/ordinary) mineral.

(ix) Matble is a {bed/mineral/rock/clast).

(x) The Gondwana rocks of the Godavari Valley that arc being
_ mapped by the ISI geologists are: (continental/
marine/mixed/igueous) rockss
(xi) A palaeontologist analyzes.fossils to trace their
(morpholoqgy/stratigraphy/evolution/importance).

(xi1) A crystal form which does not have its faces developed
1
is' called (subhedral/arihedral/hypidimorphic/

enhedral).

peteo.



2. Define a mineral. wWhat are its different modes of origin ?

=3

4.

5.

4dhat is a ctystalline'substanc% ? Describe the method you
vould adopt to identify quartz in_hand specimen.
(4+4+4+4)=16.

Wmhat is a rock ? 'A rock has got metamorphosed' -= What does
this mean ? What kinds of physical changes are noted in a
metamorphosed rock ?

Wirite down the sequence of rocks that are formed when a
mudstone is subjected to unidirectional stress over a long
period of time. ’ '
(3+3+3+7)=16
Describe the various processes involved when- the: hard pﬁrts of
an organism get altered while it undergoes. fossilization,

'Fossils are useful as economié tools' ~ clucidate,

(lob__ﬁ)=16
A violent earthquake takes place at a' certain time in a remote
place, Describe the process you vould follow to determine the
time and location of the earthquake site..In what vay the
earthquakes are useful to the scientists ? (8+8)=16

‘Wthat is meant by irocks of Proterozoic age' ? Do you expeci to
find coal in such rocks ?

tihy is the study of the Cretacious —-Tertiary boundary so

important to the geoscientists ?

'The Archaean rocks contaln graphite and thick layers of

limestone : - What does this statcment signify ? .
(6+2+4+4)=16

tthich one is saild to be the'most veisag}lo among the various
radiometric methods of age deiermination of rocks ? Describe
it. Which rocks are said to give the best results in this
method ? . .

'There are some problems associated with this method! =

What aro those ?
3t ato those (2+8+2+4)=16

_vWrite short notes on (any four) 3

Texture of plutonic rocks; Texture of clastic sedimentary
rocks; Magma; Low velocity zonej;<Shocked quartz; Appearance of
first birds in geological time-=scale.

g (4x4)=16
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Note ¢ This paper carrics 110 marks. You may
answer all the questions, But the maxi-
mum you car sScere is 100,

1. Find all the solutions of the differontial equation
d =2y/x
X a¥ =y+xe v/ . [10]

2, Find the equation of the famlly of curves which are orthogonal
to the family of curves .
."5+Y3.=c. c >0, [15])

3. Given that the differential equation

.Y Y Yy d
(e¢¥ + xe’) + xe a¥ a0

has an integrating factor which is a function of x only, find
_its general solution, [15]

4, Find the general solution of the dif ferential equation
2
g—i +y = eX Cos 2x
dx .
by the annihilator methed,. [15]

5. Find the general solution of the dif ferential equation

2 - g
3—& + 2 g§ +y =¢e¢%log x. {15])
x

6. Show that x = 1 and x = =1 are recgular singular points of the
Legendre equation

2
(1 - x2) g—£ -2x g¥ +a (arl) y = O,
X
Find its indicial equation at x =1,
Show that infinity is a regular singular point of the above
equation, Find its indicial equation at x = w, [20]
7. Show that the equation
2 gf; _g2d 2 -
4x 8x a¥+(4x+1)y_o

dx
has only one Frobenius sorics solution valid in (0y). Find the

general solution of the above cquation valid in (O,e).  [20)

————




INDIAN STATISTICAL INSTITUTE
B.Stat,(Hons.) III‘Year : 1989290

Statistical Inference
Periodical hxanination
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1.

3.

4.

“Which of the following family of distributions are exponential

families ? (Prove or disprove).

(a) The uniform "LL (0, ©) family

(b)) P(x,o)= §exce iOla-O, ...,o9+c}

(c¢) N(O, 6?) family
() p(x,0) =2848) L 0 ¢x <1, 050, (16]

Let xl, seey X denote a sample from a population with one of
the following densities. Find a non-trivial sufflc‘ent statis~
tics and the MLE of © in each. case.

(a) P(x,0) = C o° x'(c+l).-x 26, C constant > O,
. @ > 0.
(b) P(x,0) = @ x‘/a‘f.ogxgl,o>o. [12)

Let (Xl,..., Xm), (Yl' ciep Yn) be independently distributed

according to N(E, ¢2) and N(n, T ), respectively. Find minimal
sufficient statistics for the following three cases ¢

(1) &, my oy T are arbitrary, = < £, 1 < =,

(i1) o =T, and &, n, o are arbitrary <ol

(111) ¢ =n and £, o, T arc arbitrary

(iv) £ =nn=0, 0 and T arbitrary > O

(v) 0={=1, =w<t n<o {20}

Let (X4 oesy X,) be n i,i,d. Bernoulli random variables with
probability of success baing cqual to © {0 < © < 1).
(a) Find an unbiased estigator of ©(1 = ©) based on thc suffie
clent statistic T= I Xy..
l .
(b) Show that therc does not cxist any unbiasad estimator of
6/(1 « ©) ‘whatever may be n. [5+8]
p.t.o.



5.(a) Let X have the distribution P, © € C) . Let 7L cenote
the class of all unbiased ‘estimators of O which have finite
variance for all ©. Let T be an unbiased estimator of
Y (Q) with Varg (T) <'w for all.®. Show that T is thd~ "
UMW estimator of \J () if, and only if, Covg (T, U) =0

for all u € Ul and al1 0 € () .
[20]

(b) Suppose T, and T, are two UMW estimators of © with finite

vatiance._§h0w that Tl = T2. 3

6. Let Xyy «ney X, ba a random sample from N(6,1). Prove directly

n
that T Xi is sufficient for 6 € R,
1 [10]

For clarity  [3]
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1.(a) Keeping part (b) below in mind define what is meant by a
Poisson process with parameter A.
(b) Let (Nt)t‘20 be a PP(A). Using your definition of Poisson
process above, evaluate @
(1) P(Ng =2, Ng=3, Ny=4),
(i1) P(N; =2, Ng=1).
(i1i) The conditional distribution of N, given that N8
[5+10]
2, The number of accidents upto time t in the four cities Bombay,
Calcutta, Delhi, Madras be denoted by Nt R N%_, Ni . Ng res-
pectively. Assume that they are independent - and Nt'is PP(r;)

for i =1,2,3,4, Denote by Nt the total number of accidents.
upto t in these four cities,

(i) Show that N, is a Polsson processe What is its parameter ?
(11) Given that Nt = 10 show that the conditional distribution

of the 4~tuple (Nl Nt' Nt' N4 ) is multinomial, ithat are
the parameters of this multinomial ? [7+8]

3. Let N(t) be a nonhomogeneous Poisson process with mean function
m(t) =
(1) uhat is the intensity function A(t) ?
(i1) what is the distribution of Ny = Ny 2

(11i) Given that N, =1, what is the conditional probability
that the event occurred between t = 1 and t = .6 ?
(iv) Define N*(t) = N( /T ). Show that N* is PP(1),

[5+5+5+5]
p.teo.



“4,(4) Explaining clearly the rioctation and-hypotheses, state the —
Key Renewal Theorem. .
. . - associated
(1i) hat is an On~off system ? .hat is the renewal orocess/with
. an On-off system ?
(111) Suppose we have a usual renewal process N(t) with a nonla-
ttice renewal distribution F haviqg mean peo Show that

1~
. F[X = = dF
e . Dngeynn €% B g'y )
for any x > O. [10+10+10]

5.,(1) For a renewal process, prove with usual notation,

t
m(t) = F(t) + J m(t=x) dF(x).
(o]

(ii) Define the terms 'age at t' 'Residual life time at t!
for a renewal process. Denote them by A(t) and Y(t)

respectively.
(11i) F111 in the missing terms
" (a) A(t) >'x iff O events in the .interval —

(b)'Y('t) > x iff O events in the interval
(c) P(Y(t) > x} = P(A(L) > = ). [15+5+10]
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Note @ Attempt all questions. larks allotted to
each guestion are givan in brackets ( ).

l1.(a) Define the terms 'Sampling Ocsign' and 'Sampling Scheme!.
What do you understand by the ‘inclusion probability of a
unit, ni' and 'joint inclusion probability of a pair of
units m,,'. Calculate n, and Ty for a Simple Random
Sampling (SHS) with Replacement design of n draws.
(3+3+2+42+42+3) = (15)

(b) Let the population size be 3 and the sample size be 2 and
let s, = ipl, UZ} y Sy = {Ul,U3B and s3 = {uz, UyY . Under
the SRS design let p(s;) = 1/37for i =1,2,3. Define the
estimator t by

(y1+y2)/2 if s, occurs

]

(Yl/2) + (2y3/3) if s, occurs
t, =.(v2/2) + (Vs/a) if e, occurs.

Shovr that t is unbiased for Y and that there exist popu-
lations (Y),Y,,Y;) for which V(t) } V(Y), where ¥ is the
conventional. sample mean, ./hat coes this example show ?
. (3+5+2) = (10)
(¢) Out of 105 students sampled using a SRSYWOR ‘design from a
«cheol of 1241 science students, 72 expressed that they would
like to study computer science. Estimate the proportion of
students preferring computer science and also obtain an.
approxomate 95/ confidence interval for- the proiortion.
h (3+7) =(10)
2.(a) How do you select a 'linear systematic sample of size n'
from a population of size N ?
(b) Suggest an unbiased estimator for the population mean Yy
of a characteristic y based on the above design. Describe
a modification of the above design which makes the sample
mean an unbiased estimator of ¥ when N iIs not aivisible by

n.

(c) hen the values of prygy-characteristic are known to be of
the form Y;= a + Bl and when the population size is a multi-
ple size, would you prefer systematic sampling to simple

random sampling ? Give reasons, (2+6+10) = (20)
peteos



3.(a)

(b}

(¢)

tthen do you use a probability proportional to sizo sampling

technique ? (4)
Show that tha sclection of units by 'Lahiri's Method' does
indced give the probability of scolection for a unit Uy equa‘
to xilx whore Xi is.th- size mcasure of the unit U, and

X = L X, b
1=1"1 : ™

A samplo of 6 hospitals is drawn from a population of 74
hospitals with probability of sclection proportional to
the size (x, the no. of beds) with replacement and the
number of discharges is observed @

sampled x Yy
hospital no. of beds no. of discharges

21 21 105

32 101 524

43 14 73

54 6 31

25 41 200

26 12 64

It is also known that the total number of beds in the 74

hospitals is 2949,
(i) Estimate the gverage number of discharges in the

population, (11)
(1i) Calculate an estimate of the coefficient of variation
of the above estimate, (14)

(1i1) If, by mistake, a sampler treats the samplc as a
without replacement sample obtained in the zbove
order, what would be his estimate of the average
number of discharges ? Comment on that.

(7+2) = (9)
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