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1.

[§]

Hotas All Mackev Choins considaced heive ~re
discrete time —parameter and have
stationary transition probabilities.

Ansuer ell quastions,

Prove that there is no stationary initlal distribution for a
Mzrkov Chaln for which
M 33450
Py 5 = . cmenmen ),
1,3 (J—i)' ’ .
= 0 otherwise [10]

Consider a jarkov Chzin, the first column of whose one~step
transition matrix is I Qr iy eee s with Py,i41 = 1-q4.
1 > 0. iMhen is this Chain irreducible ? Show tiat if the
Chain is irreduciblz, the states are transient iff Eq. < = .
Find qut vhen the states ore null rucurrent and wien they are
positifo recurrent ? [20]
: walk , . .
Consicer a simple randoméon i 0, 1, «oe, @ ? s vhere O and a
are ghsotbin; stotes, pi,1+1 =P, pi,i-l =q=1-p, i=1, 2,
veey 2=l and p # ; . Find the probability of absorption
in O civen that the randoa walk staris in i. Also compute the
axpected time until absorption (in O or a) givea %hst the
Chain sterts in i. -
(10+10) = [20]
, .
Let ¢ (xn. Yn), nyo 3 be a synmetric random walk oa the
lattice points of 13™ .,

{a) Prove that all strtes awe recurrent.
(5) Let D:? = Xz + ‘13 and suppose thut the random walk
starts at the orisin. Compute E(Di ).

(10+10) = [20]

P.to.



$. Lot P be the ono~step transition matrix of an irraducible
o AarkoY ch?in‘ ) .
finita all ol "winose siates are aperiodic. Prove that
there 1s n 2 1 such all entrins in the powar ~Bn are positive.

[10]
6. (a) Defince the period of aa essential state.

(b) If ¢ 4s tha period of an essential state i, prove that

7 (n) >
d = g.c.ds { nxlaua fii >0 [

(c) 3nhow that all states in an essantial class have the
same poriod.

(d) Describe the decomposition of an essential class into
cyclic subclasses.

(5+5+5+5) = [20]

e et sl
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Sample Surveys
PERIODICAL EXAJINATION

29.8.84. Maximum Marks : 100 Time: 3 hours.

Note : Questions 1 te 4 earry a total of 110 marks.
Answer as much as you cariy’ The maximum you can
score 1s 90. Marks allotted to each question
are given in brackets [ J.

that do you understand by the terms.'inclusion probability’

.“i of 'a unit U; and fjoint inclusion probability! rij of a

(b)

(c)

2,(a)

(b)
(c)

(d)

pair of units U; and UJ , L 43, for a sampling design(? +8)<[5]
For a Probability Proportional to Size V/ith Replacement

(PPSYR) design of sample size n from a population of size N,
write down the values of W, and ﬁi « Hence or otherwiso obtain
the Tys Wy .values for a Simple Random Sampling Vith Replacement
design of size n. . . (3+4+142)=[10]

In a recent survey of 205 households in an area selected by SRS

without replacement it was found that in 124 households
'Olympics' were watched on the T.V. sets for more than 30 hours.
Egtimate the proportion of households that watched the programme
for this duration in the population and obtain an estimate of its

‘sampling error. Comment on the sampling technique used in this

survey, (44543) = [12]
How do you select a linear systematic sample of size n from a
population of size N 2, : . [4]

Suggest an unbiased estimator for the population total of a
characteristic y based on the above design. h [6]
‘hen the values of the y-characteristic are known to be of the
form Y1 = a + B4 and when the population size is a multiple of
the sample size, would you prefer systematic sampling to simple
random sampling ? Give reasons. [10]
On the basis of a single systematic sampling it is knovm that
‘the variance of the estimator of the population mean is not
estimable unbiasedly., Suggest any two methods of obtaining
approximate variance estimators. (6+6)=[12]

peteo.
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Z.(2) .ien do you use Probability Proportional to Size (PPS)

sampling technique ? s,

(b) A sample of 7 square plates is to be drawn from a factory
that produced 73 such plates whose areas are¢ all known. It
is felt by the quality control cngineer that the sample of
‘plates should 'be selected_witp probability of selectionof a

,plate.ﬁrpportiona;:to the lengtii of the edge of the plate ax
+ - with replacement.. Suggest a simple method of selection. [6

The ‘data éi&eﬁ‘bbléw refers tota sample of-7 plates selected
from the 78 plates by the PPS VR design, size(x) being the
length of the edge-of the plate. Column (3) refers to the

. strength of the plates in suitable units.

(1) 7 o (3)
‘e sampled plate length of the edge’ strength of the plat

X .Y

1 21 B ,105,2

R 2 1o} . '524,3

‘ 3 14~ ’ 73.1

4 6" ) T 31.2

5 41 G 200,9

6 12 . 64,3 '
"7 6 31.2

It is also known that'the total of areas of all thé plates i
72049 units and the total of circumfrances of all the plate~
1s 9624 units,

(1) Estimate the gvergge strength of thé plates in the

population. ' 1
(11) Calculate an unbiased estimate of the sampling error.o
your estimate in (i) above, . [1

4.(a) A simple random sample of size 3 is dravn from a population
the sample contains i dist:nct units 1 =1,2,3 are Pl— 1/16,
P, = 9/16 and Py= 3/8 respectively. Show that the variance
yr is equal’to(7/32)52 vhere y' 1s the sample mean over

(contdessanas
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4

distinct units and §2 =§ 1!1( Yy - 2)2 and compare this vith

¥, the conventional estimator for ¥, the population mean.
(3+543)=[11]

(b) 2 circular systematic samples of size 4 each are drawn as follows:

Y=values

Sample 1 3 104, 203, 178, 165
Sample 2 ¢ 206, 109, 167, 154

Obtain an unbiased estimate for the population mean and an unbiasec

estimate of the sampling error.
(3s) = [7]

5. Practical records ( to be submitted to the Dean's Office by
29.8.84, [10]
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Difference and Differcntial Cquations o
PERIODICAL EXAMINATION

Jate: 31.8.84. Maximum Marks : 100 Time: 3 hours.

Note : This paper carries a total of 112 marks. You

may answer any number of questions or parts
thereof. -

1, Solve 1t
(1) (2x+3y+l) dx + (2y-3x+5) dy

(13) (v XY + cos x ) dx + ( e"y +xy ) dy =0

(1i4) g! +ycosxs= é ein 2 x
(iv) 3x+xy=xy ‘ S ’
(v) d—§ (g Y - , - [6x5 = 30)

2.[(4) Obtain the differential equation of the path ‘*brachistochrofe’.

(i1) Show that the speed v of a planct at any point of its orbit
around the sum is given by
2.y (2-1)
v =k ( 3 )
ymere r 1s tpe distance of the planct from (the centre of) the
sum and a is the semi—major axis of the orbit.
. [12+12=24]

3. A steel ball is projected verticallf upwards frpm the earth's
surface with an initial velocity vy ¢ {Assume that the acceleration
due to gravity (g) is constant, that the air is still, and that the
retarding force of air friction is propdrfional to the velocity of
the ball). Show that the ball takes longer to fall back to the
earth from its maximum height than to reach that height.

(18]
pet.o.
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4. (1) State and prove Picard's thcorem for existence and uniquenc
of solution to a'differential equation.
(11) Stating necessary results, prove that the equation
y” + P(x) y’+ Q(x) = R(x) (P,Q,R cont.on an interval
has -a unique solution on I satisfying any given initial ve
Xor Yor Yo o T
(111) Show fihat t;\e equation

dy _. 2
a’%“.]‘;%:y! (Xiy)cm

has a unique soln. on IR through any given ("o' yo)'.

[1248+6=26)
5.(1) Find a solution of the equation
v/ - ay’+ 4y =33 + 262 + sint °
(11) A solution of the equation
v
y-ZX_;J:y/_+&:—ly=0 x € (0,), yER
is the function e, Find the general solution.

[8+8=16]
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Datet 3.9.84, Maximum Marks 3 100 Timex 3 hours.

le Let Xl, ceny X and Yl' “euy- Y be two independent samples
from N(pl, 02) and N(pz, 02). respectively. -
(a) Show that

- n . B =, N =2
(X = -fxi' y.=ﬁ IJ}: Yy S= z(xi-x) + x(v -¥))
is suificlent, when pl.p and 52 are unknown.
Aro the above statistics minimal sufficient 2 -
(b) Show that the MLE of ), B, and o®.are glven by X,Y
and S/(m#n), respectively,

(&) Obtain the UNVUE of Hys by and a2

-(d) Can you £ind an estimate of the Form C.S. for
estimating 02 vhich will have smaller M.S.E, than
i that of the corresponding UMVUE’ [6+8+5+51

1

2. Let Xl, seey X be 1ndependent1y and 1dent1cally distri-
buted with density

f(x°)=—exp( X—-EZ).xzp
= o,otherwisa.

Whers — < 4 < oy O € 0, © (p. o). , .
(a) Obtain a non~-trivial sufficient statistic for (p,oz).

(b)Find the M.L.E. of Py [ X, 2 t ] for t 3 p.
(<] .‘.Z [5+8)
3. Suppose that T, and T, are two UMV estimators of g(e) with
finite variances. Show that T1 = T with probability .
(el
petoo.
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4. Suppose that xl, seey X 1s a sample from a population
with density
fx,=sex®= 1 oc¢xcy, 0 >‘o.

. n . v .
Consider T(X) = - % 5 o X, for'estiniting ¥ . Use

Cramer-Rao inequality to show that T is the UMWE of ;6.
. T [10]

5. Let X;; L =1, sy N, be independently distributed as
N(a+ﬁti, 02), where a,f and 0% are Ynknown and the fi's
are known constants that are not all equal, -

(2) show that the Joint density of x1 s belong to the
‘exponential family. : e
(b) Use the factorization theorem to show
» E x t E X
the 1 1,
are sufficient. i
(o) Obtain the UMUE of ayp and 2. [5+3+7]

6. Lot Xy, oeay X b0 LLug ruv.'s with the common distri-

bution U(® =Y, 0 + %)

(a) Use Lehmann Scheffe method to show that (x(l) Xn)) 18

~ minimal sufficient. ° e .

(b) Is the family of distributions of (X(l)' X( »E;:Z;ete ?

7.(a) Deftne (1) a sufficient statistic for a family of

distributionse
(11) a complete family of distributiors.
(b) State Cramer-Rao inequality. " [2#243]

8. Practical Vork. ' [22]
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Eiective—4 t Economics
PERIODICAL EXANINATION,

Date: 5.9.84, Maximum Marks ¢ 100 . Time: 2 hours.

Note : Answer.any four questions|,

1, Do you think that theoretically or in practice, the
econohic_planning for a nation ( Socialist or Capitalist)
1s just an extension of the exercise of economic planning

_ for a business firm, Justify youxr view.

2, Ind%;ate-whether the following are true or false with

brief clarification.,

(a)

It is not necessary -to convert an 1/0 table in
physical terms.to an I/O table in value terms for the

- purpose of the..etical «nalysis or any empirical use.

(b)

"(c

~—

"The assumption of 'Fixed coefficients of production'

is not an essential but just a simplifying assumption
used in Input output analysis.
Generally in Input:ﬁytput analysls by 'aggregation'

we‘mea_n"clubing‘itprimary and secondary products of
"an'}ndustrm into a single sector. .

(d)

(e)

To construct a commodity X commodity I/O table from a
given 'Make Matrj,; tnd a glven' ob,sorbtion' matrix, it
is necessary to start with commodity technology
assumption.

In the dynamic Input-output model the capital
coefficient matrix is tr?ated as exogenous,

3. Consider a three order hierarchy of regions, National,
State and Local. There are three state regions under
each nation and.two local regions under each state
region. ‘We have only three commodities (1) National

(2)

State (3) Local. The distribution of final demand

among the regions is as follows.
pst.o,
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ieglons .

Yadustry 1-1 1-2 1 2-1 2-2 2 3=1 3=2 3 Mation
1 _ . 500
2 "100 | . 710 200 400
3 50 150.4200 120 60 180 100 120 220 600
The I/0 matrix is given as _ PO

g . W W W2
: R S S
d 0 1 W2
The distribution ! .
o oa | =, 5
da =3 =4 A 0070
dy,p =8 4 =6 dyy5=05
dha =2 Yot g, , =6
d e3 =4
1.2-2 = dp pup =
d =24
1,3=1 ¢ dy 3.1 =-'7
d),3.2 76 dy,gp =3

4, Assume a two region, three commodity world. The same I/O matrix
applicable to both the regions Assume fixed trading pattern betw:
the regions. Develop an interiegional I/0 model to facilitate
.interregional impact analysis.

5. Consider the following Make Matrix and the Absorbtion Matrix.

Make Matrix Absorbtion Matrix
Industry ~Industry Industry
Commodity 1 2 3 Total Commodity 1 2 3 Tc
1 100 30 0 130 1 20 30 =50 20
2 20 100 0 120 T2 30 2020 40 1]
3 0 25 60 85 3 10 2010 10 £
Total 120 155 60 275 50 30 20
Value
added 50 30 20

Total 110 100 S50 100
Construct the commodity by commodity I/O table on the basis of
commodity technology assumption and industry technology assumpti
Explain the stepse.
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. PERIODICAL EXAMINATION
Date: 7.9.84. Maximum Marks ¢ 100 Time: 3 hours.
Note : Attempt question no.l0 and any five of the rest.

1., It i{s believed that the earth had either a hot or a cold
beginning. Describe thea one which you believe to be the best

hypothesis. [16]
OR '

Discuss briefly the origin of the earth on the basis of any

one of the following hypotheses - [16]

(a) Velzsacker's Nebular Hypothesis,
(b) Kniper's Nebular Hypothesis,
(c) Urey's Geochemical Hypothesis,

2. -What is a mineral and what 1s the difference between a
pyramid and a prdsm ? In what crystallographic class does
the mineral bery) fall ? Describe the characteristic o the
class with the help of a sketch, - [8+246]

¥hat is a plutonic rock ? that are its choracteristics ?
Give one example of a plutonic rock and describe its major
mineral csnstitdents, [6+6+1+43]

3

4. that is a primary magma ? In Bowen's Reaction Series, there
are two serles of reaction = continuous and discontinuous,
Descrlbe.the discontinyous series of reaction. [6+10]

. T OR
vhich of these are igneous rocks = basalt, coal, chert,
+ water, petroleum, limestone, marble and granite ?

Describe the formation and the characteristicg of an
_igneous rock. - [4+8+4]
5. Define a sedimentary rock. Describe how sediments are
. transported from one pléco'to another. What is a non=
", clastic rock 2 Give an _example each of a q;astic'and a non-
clastic rock. " [446+4+2]
h petso.
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6. You perhaps know that sedimentatfon takes place on
. _continent ( non=-marine). add in’ ‘$ca.-What are the
different kinds of environment ‘of deposition in a
i continent ?

i Suppose you are visiting an area where others say that
a deposit occurs which is of glacial origin. VYhat are
..the criteria you would be looking for in such a deposit
. to prove thet it is indeed of glacial origin ? [8+8]
LR L S : [
.7, Discuss the various criteria that may be used to
differentiate a- marine sediment from a non-marine,
. sediment. co - {16]

8. Describe what you know about the folds. What is a
geosyncline ? V¥hat kind of rocks would you expect: to

find in geosynclinal troughs ? - [8+4+4]
oR . .
Describe what you know about faults. How do you think
- the great Himalayan mountain has formed ? [8+8]

9. Write short noies on the following ( any. four) : =
Si - O tetrahedron ; Seismic waves ; Uiscordant rocks }
'Charaeteristics of a magma '} Volcano § Heat Flow of the
earth s Earth's magnetism ; Primitive atmosphere ;
o Primit:.ve hydrosphere. [4x4=16]

10. Fill up the blanks ( any 13). You need only to write
down- one of the four choices for each blank.

(13x1§ 1954%:2(:)

(1) Asteroids are the product of (Statellite/planet/
. . meteor/cowet).
(1i) Jovian planets ere ( inner/outer/extra-

terrestrial /continental)
planets of the solar sys-
tem.

(iiij‘The exact central position of the earth is
(hot, solid/ cold solid/ hot liquid/cold liquid).

(iv) Quartz possesees a silicate structure which is
( Simple/3-D cha1n/2-D single chain/
2-D double chain).

(v) K- feldspar is an important ( precious/
economic/rock~forming/ crystalline) mineral. a)
contdeses
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10,{vi) The most important element that occurs next to 02 in the
earth's crust is ( Fe/Mg/S1/Ca).

(vii) Basalt is a ( plutonic/hypabyssal/volcanic/
metamorphic )rock.
(viii) The Tidal Hypothesis was proposed by ( Moulton=

Chamberlin/ Kant-Laplace/ Jeans=Jeffreys/Ringwood-Alfven)

(ix) The dinosaur bones of the Indion Statistical Institute
hawebeen obtained from ( non-marine/marine/mixed/
turbidite) rocks in the Godavari Valley,

(x) The upper surface of a bedding can be determined from

( texture/cross-bedding/fossil/mineral composition).

(x1) The presence of clay-galls in a sedimentary rock indicates
its ____( glacial/fluviatile/marine/lacustrine) origin,

(x41) The dark colour of an igneous rock is due to the presence
of ( Fe-Mg/Si~0/Ca~Na/K=cl) elements in relatively
large amount.

.

(x411) A marine sedimentary rock can be best differentiated
from a non-marine one with the help of (si 02/
Cross=bedding/Fe-content/Fossil).

(xiv) A pure sandstone ( orthoquartZite) contains mineral
constituents which are almost all =— ( feldspar/quartz/
quartzuto ,/ chert),

(xv) The Gondwana rocks which are now being mapped by the
geologists of the Indian Statistical Institute are .
(terrestrial/extraterrestrial/marine/mixed) sediments,
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Note 3 Attempt Question no.l and any g
. of the rest.

1. Fi11 up the blanks ( any 13). You need only. to write down
one of the'four choices for each blank.

N £ & x11+2-191+§

(1) The first catastrophlc hypothesis about the origin of
the earth goes to the credit of ( Weizsacker/
" Spitzer ;/Buffon/Laplace). .
(11) Ca 1s an important element in
chaléopyrlte/dolomite/tourmaline).
(111) The sand grains in a sea-beach are - " ( well/poorly/
moderately/somewhat) Sorted.

(iv) The bottom surface of a bedding can be determined from
{cross-bedding/texture/fossil/concretion),’
(v) Mountain-building activity 1s deeply associated with-
' ( Syncline/ anticline/fault/geosyncline),
(vi) The most important element that occurs in the earth's
. -crust is (Fe/Mg/ O / s1 ).
(vii) The term texture includes : - (- grain—size/structure/‘
. .“Z chs;-bedding/ viscosity)a : ¢ . - ;U R
(viil) A crystal form which has all its faces well-developed
. 1is called . ( anhedral/hypidiomorphic/subhedral/
_ "euhedral).
(1x) First addition of free oxygen in the primitive atmospherc
is by means of (volcanic activity/ water vapour/
photochemical dissociation/ photosynthesis).

P

(magnetite/

(x) Conglomerate 1s a sedimentary rock vhich qonsxsté_of_
. ( pebbles only/ pebbles and matrix/ matrix only/

——

cement only). pPsteOs
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(x4) A plutonic rock is made up of ( fine~grained/
coarse-grained/both coarse and 'fine-gtained/clastic)
"minerals. C . .

(xid) A pearl is _° ( minefai/rock/ér@anism/organic)
substance.

(x111) Pyrite is ( precious/rock—fotming/economic /
ordinary) minerald

(xiv) Presence of planteeating four-legged animal remains

2.

3.

4.

S

in a sedimentary rock indicates that the environment
of deposition of the rocks was most probably
(marine/mixed/non-marine/non~terrestrial).

(xv) . Quartzite is a ( rock/mineral/clast/bedding).

write in short your views about the origin of the earth

oR (16]
831-0 tetrahedron plays a-signiflcant role in the formation
of the silicate minerals, Can you describe how it plays its
role in the formation of different kinds of igneous rock ?

[16]

vhat is the difference between a crystal and a crystalline
substance ? Name a mineral and its crystallographic class.
in which two axes of symmetry are at right angles and the
third axis is at an angle with them.

¥hat is meant by texture ? What is a hypidiomorphic texture .?
Name a‘rock or a mineral which shows hypidiomorphic texture,

. IR . [6+3+442+1=16]
Vhich of these are non-clastic sedimentary rocks - chért,
water, petroleum, limestone, granite, chalcopyrite, turbidite.
quartzite ?

Describe where and how weathering and erosion take place.
' [4+12=16]

What is meant by fold axis ? Vhat are dip and strike ?

Suppose you are visiting an area where others say that a

" syncline occurs. What are the criteria you vould look for to

establish that it is not a syncline but an anticline ?
[4+646=16]

(contds.s..3)
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6+ What do you understand by the terms bedding and lamination ?
In what way cross-baedding and graded bedding are useful ?
[8+8=16]

7. 'hat 1s the density of the eaxth as a whole ? Does it mean
that the density in the interior of the earth is different ?
1f not, why ? If there 4s any diffexence, how can you explain
that ? . [2+21448=16]

8; A violent earthquake tekes place at a certain time in a
ramote place. Describe how would you proceed to determine th-
time and the location where the earthquake takes place.

In what way earthquakes are useful to the sclentists 2
[1244=16]

9. Dosgribe in shopt the pyolution of the earth's atmosphere.
[16]

OR .

Describe in short the evolution of the seas.

10.%rite short notes ( any four) 1 =

Continuous series of reaction; Clastic Tock j Glacier '
deposits } the Himalayas; Crystal form) Red sediments}
Character{stics of the Solar System. [16)
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Note & ,uiswer as many questions or parts thereof as
you cens The paper carries 110 marks.

1. Let § Xp o £ 2 O} be standard Brownian motion,
[%4 - . -
(a) Find, the distribution of X; + X, + s + X

(b) Find the mean and covariance functions of the process
) 2
f_vt 1ty o}, whero Yy = X4, t 3 0, f10+10 = 20]

2. Let %_Xt, t 2. 0:} be standard Brownian’ notion, and let
M, = max. Xs t>O0,

t s g t.
(a) Prove that, for 0 ¢ § > x,
P (M, <& Xy £'x) =P (X, < x) = PX, & x =~ 28)

(b) Hence, or otherwise, write down the joint density
function of Mt and Xt.

2 .
- ¢
[:e;t-xt=0)= e /2t.§>0.

(c) Prove taat P (g > ¢
[9+8+8=25]

3, Consider a Yule process {Xt 1t O},i.c. a pure birth
process with birth rates Ai = I\, where A 1s a positive
constant. Assume that X, = 1.

(a) Let Sis Sy ees be the successive times of birth. Given
that Xt = n+l, find the conditional joint density func~
tion of Sl’ 52, seny Sn‘

(b) Suppose that an sndividual born at time s is robust
with probability p(s). Compute i1 distritution of robust
individualg born in (0,t). [10410=20]

patso.
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4, Each incividual in a biological population is assumed to
give birth at an exponential rate A and to die at an
exponential rate p. In addition there is an exponential rate
of increase O cue to immigration.

-(a) Set up a birth and death model by specif&ing the birth
.and death rates.

(b) Write'down the forvard differential equations for the
corro,ponding birth and death procass.

(c) 1f X is the number of individuals alive at time t and

mi (t) = E(xt]X = 1), compute mi(t) [7+5+8-20]

5. Let X, be the number of persons being served at time t in
a M|M|~ queue, t > O. Let Y, be the number of customers
arriving in (0,t] who are still in the process of being
served at time t Zt vill denote the number of those
customers present at time O who are still being served
at time t. Let the number of customers present at time O
follow th2 Poisson distribution with parameter ) .

(1) Find the distribution.of zZ,.

(1) Find the Gistribution of X¢o

(iii) Show that Xt and Xo have the same distribution iff =
.49 = arrival rate =—theo—soroitrTrato.

. & (8+9+8 = 25]
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SEMESTRAL~I. EXAMIMATION
21.11.84, = Maximum Marks: 100 Time: 3 hours,
Note : Answer as much as you con. The paper carrics a
totzl of 110 marks. The maximum you can score
is 10C. Marks allotted to cach quostion are given
in brackets [ J. '
Define'inglusion probability’ of a unit U; for a sampling

design. Describe a sampling schemoe for which the ratie
estimator_ﬁ.= y/% is unbiased for the population ratio
R= /X, where ¥ (¥) and X (X) aro the sample (population)
means_of the y and x characteristics respectively. Also
find the probability of inclusion of the unit Ui under

this schemo.” [14+4+5]=[10]

A survey was conducted in a village consisting of 625 --
households by coverlng a sample of 59 houscholds selected
using a simple random'sémpling vithout replacémcnt scheme
to estimate the average &eekly expaenditure on toilet goodé
The estimete was found to. ba Rs,4,20 with a standard error

" of 0.47, Using this infofmation, dotermine the sample size

nceded to cstimate the same charccteristic in a neighbou-
ring village on the basls of a sample to be sclected by

__sihp;e random-sampling with replacement schéme such that

2.(a)

(b)

tha length of the coafidence interval at 95Y. confidence
level is 204 of the true value. Sgate clearly the assump-—
tions invclvod in fingding out the sample size. ’
[9+2])=[11]
that do you understand by the term 'intraclass correlation
coefficient'? A pobulation consists of 12 clusters each of
size 5. Find the bounds for the intraclass correlation
coefficient among the elemants of the cluster,
' : [3+3)=[6]
Show that the relative efficiency of sempling a cluster
of M units, compared to dircct sampling is given by
1/(1+(M-1)p ), vhere the intra-class correlation coeffici-
ent, p =1 -z'm o2 / (ML) 62},' 62 and o? denoting the
within and total variances respcctively,’ [7]
PetsOe
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2.(c) For examining tho efficiency of sampling households(clusters

3.(a)

(b)

of persons) instead’of persons‘for cdtimating'the proportion
of males in a given arca, .the following simplifying assump=-
tions are made: (1) cach houschold consists of 4 persons
( husband, wifo and 2 children) and (i1i) the sex of a child
is binomially distributed, By considering the 3 classos -
houscholds with 2 malo children, houscholds with 1 male
child, and houscholds with no male child, show that the
intra-class correlation coefficlent is (~1/6). Hence, show
that tho efficiency of cluster sampling of houscholds
compared to that of sompling persons is 2007..'[7+1]=[8]
Explain what you understand by 'combined and scparate ratio
eﬁtimators‘ in stratified rendon sampling, Indicate the
situations when you use thosc ostimators, justifylng your
ansver with necessary formulae ond assumptions.

- ) [6+7] = [13]
Let Wi be the proportion of population units and let
S% = Nici/ (Ni ~ 1), vhera ci is the within variance for ..
the ith stratum, i=l,2,..yke Obtain 2n cxpression for the
varianca of the oﬁt{mate of the population mean based on an
allocation of the sample size proportional to wif(Si), whae}
f is a positive, recal function, when sampling in each
stratum is done with equzl probabilitics and without repla=-
cement, Hoaco obtalr, Neyran's optimum zllocation.

[3+5] =[8]

4. A sample survey vas conducted to estimate tﬁe total
houschold’ income in an urban arca. The design adopted was a
stratified two~stage one with census cnumeration blocks as
first-stage units and houscholds within thom as second stage
units. From each stratum 4 blocks wecze seclectod vdth probabi-
lity proportionzl to population cnd with replacement ‘and 4
houscholds wzre selected from cach selccted block with equal
probability &nc vi thout replacement. The data on houschold
income for the sample houscholds vongothor with information cn
selection probabilities are given below i
(a) Obtzin an unbicsed cstimate of the total woeokly houschold

income. L . . [15]

(b) Obtain an unbiased estimzte of the csampling variance of

the estimate.

[20]

contdesasee



- 3 =

4.(c) Compcra the efficiency of the above design with that of
unistago simple random sampling of houscholds in cach
stratum. [12]

Str- Sample Invarse of total no.of Vleckly houschold in-
atum block  probability houscholds come (in Rs.) of

of sclection somple houscholds
1 2 3

I 1 67.68 189 110 281 120 114
2 338.12 40 80 60 122 125

3 101.50 135 122 210 171 105

4 69,03 160 244 115 312 128

II 1 113.34 73 345 359 160 117
2 441.00 26 97 179 144 85

3 31,50 240 100 115 50 172

4 661,57 14 102 40 126 148

III 1 15.80 287 122 175 108 140
2 21,00 257 125 110 134 215

3 48.89 68 300 115 67 110

4 26.73 218 263 75 142 54

Total ro. of houscholds in stratum I = 12848
t (] 1 II = 8422
" 1 Y OIII = 6354
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Note ¢ This paper carries a total of 110 marks.
Answez an¥ number of quustions or parts
therecf. Thae maximum yocu can score is 100,

1. Prova that the equations
4 /
(a) (1-x)y +xy'=y =0
V4 2 4
(b) 2x(2x=-1)y = (4x“+1)y +.y(2x+l) = O
have a common solution{nonzero). Find a common solution
and obtain the general solution to (b). [10] -

-

2, Show that if a particle moving in a plane under a central
force-field satisfies ( in polar co-ordinates)

r2_ gg =h

' 2,
. - _hT/k
ad = Ll

where h,k and e are constants, then the particle is attace
tad towards the origin with a force proportional to 1/:2.

[12]
3. Solve :
R ' 8]

4.{(a) Show that a nontrivial sofutiOn of Bessel's cquation
. on [1 ) has infinitely many zeros.
(b) If the parameter p of Bessel's cquation is greater than
1/2 ang A, < X, < +... are tho cuccessive zeros of a
nontrivial solution on [#,), prove that

ni;r,n, (A =) =re [e+12=20]

petio.
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.+{3) iind th: general solution of the equation

. 4
~(l-x) V' + ( g ~2x)y +2y=0
on (0,1).

(b) If H, is the nth Hermite polynomial, then find
_i ¢ Hm(x) Hn(x) ax

. for m and n nonncgative intcgers.
(The Hermite cquation with parzmcter n is

y = 2xy +2ny =0 )
(11+11=22)

6.(a) Show that the solutions of a kth order linear difference
equation form a k~dimensional vector spacae.

(b) Find the general solution of the equation
(E~a) (E-pMy =0 .

where a # b and 1, m are positive integers.
[6+6=14]

7.(a) Show, stating nacossary conditions, that if the vector
function x =>( Yys oee yn) minimises the functional

f F (v (x)s vees va(x) 4 yy00), een y,(x)) dx

subject to the boundary values y,(a)= yg and
Y L}
Yi(b)=y1 ,4=1, «..n, then

d - = .
i_a-;(FYi =0 i 1y, seey N
(b) Find the gecdesigson the surface of the unit sphorece

[12+12=24]
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Either
“1.{a) Let X be cistributed as binomial (n,p}, n»3. Obtain the
UMW estimate of pa.
- (b) Let Xpyeesy X be Lo1od N(E,0%) Tuv.'S with o® knowns
_.Obtain the UMW estimate of £2, {10]

or, . .

2. 8uppose X.Y are independent r.v.'S, and X~ N (§ , 1),
Y~ N (n,1)e Lot £ = $/n. Defino AV
Hx,¥, ¢) = 0, 1f ]x-?v[ < (1+Q2) 2) =0 i

= 1, otherwise ]
Lo ()~ ! .
.Where Z)._ /2 is the { 1= a/2 )th quantile of :{0,1)
. - ~ - . .
(a) show that & (X,Y, ¥,) 1s a'size « test for H : P:Qo
(b) Describe the coniidence rec'xon obtained by inverting

the family iS( x.Y, ) 't [10]

3

Let Xl, X2, ceny X be the tines i'x nonths until failure
of n similar pieces of equipment. If the equiprant is
subjéct to wear, a model often used is the one vhere
Xl, say x is a random sarple from & weibull distribution
with dens:.ty

' ¢
£{z,\) = ac &1 XX ys0
with.C > 0 known. ’
(a).Show that the UMP test for Hy : 2 ¢ 1/xg

1 .1 n.oc
Vse H_1 '7? > "‘0 .1s based on fxi »
(b) Show tiat the critical value of the size x test with
n
C v ek oy
critical region f X;© 2 Kis K )//2“'1_“/ 22,

where %8 1 o s the (1-a)th quantile of X3 . Obtain
the power of the test. peteo.
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3.(c) Suppose 1/5 = 12. Find the minimum sample size needed

4

5.

6.

7.

P = Py Does there exist any UMW cstimator of p ?,

for a level 0.01 te;t to have power at least 0,95 at
N =18, : ) (25)

The number of ueaths from road aceidents in a city in twn
consecutive months were 7 and 3, respectively. Can the
reduction from the first to the second month be due to
chance fluctuation ?

Assuma that the number of road accidents in a week follows
the' Poisson’ distribution. Derive the UMPU test for the abov

probiem and apply that to \‘.h‘l ¢iven data. [15)

Let X take on tho values =1,0,1,e.. with probabilities

P(x==1) = p, P (X=K) = (1-p)? PK, K = 0,1,2...(0¢pc1),
Show ihat the unbiased estimators if p are given by

£6 l-a, if X = =1
) =7, ,iexp-r.
where 'a' is a recal number. Use this result to derive the

locally minimum variance unbiased estimate of p at variance

[15)

The followlnc blood pressures were obtained in a sample of

‘size n=5 froa a certain population.

120, 110, 114, 100, 190

Assume the normal model.

(a) Using the siza a = 0.05 ono-sample t-tost, can we
conclude that the moan blood pressure p in tho popula-
tion is significantly larger than 100 ?

(b) that can you say' about any optimum prop.rty enjoyed by
the above t-test ? Justify your answer.

(c) Compute a lcvol 0,90 level confidence interval for the
mean blood pressurae by inverting the family UMPU
accceptance regions for p = [ Vs. p # [ State the
optimun property enjoyed by the above confidcnce
intervale. [25]

Practical note book. [10}



908485354 ]

INDIAN STATISTICAL INSTITUTE
B.Stat. ( Hons. ) TII Year, 1984-85

ilective-4 : Ecomomics
SEMESTRAL-I XAWMINATION
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Note : Answer any Five questions.

1, Suppose a firm 1s planning to introduce a new produét which is
similar to an exlsting procduct. After a detailed study of the
marketing and preduction departments estimates are made of -
possible future cash flows as related to varylng market con-
ditions. The estimates of cash flow shown in the table indicate
that this new product wlll produce cash flow A as demand
desreases cash flow B if demand remain constant and cash flow
C if demand increases .

Table
Year p(ﬁ):o.i P(g)=0.3 P(g)=0.6 P(A)=Prob. of A
o ~30000 -30000 . -gooco P(B)='' ‘'8
1 '11000 11000, 4000 P(c)="1' ''c
2 10000 11000 7000
3 9000 11000 10000
4 3000 11000 13000

-

How would you proceed to judge the feasinility of the project?
Assume that the interest rate.is 10/, .

2

A machine was purchased 3 years ago for Rs.12000/-. Its-
presént value is Rs.5000 and its operating expenses are
‘expected to continue at Rs.1000 a ycar. A second hand machine
costing Rs«2000 is available and its eéperating expenses are
expected to be Rs. 1600 per ycar. It is anticipated that both
machines will be in service for 6 nmore years with Rs.1000
salvage value for the present machine and zero for the second
hand machine. Assuming that the minimum attractive rate is

15 per cenf, find the best course of ection,

w
.

Ciarify the following concepts in connection with the constru-
ction of an I/O table -

(a) 'Make Matrix' (b) 'Product .iix hypothesis' (c) Market
share hypethesis (d) Commodity Technology assumption

(e) Industry Tachnolegy.assumption, buteo
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4, Censider a orivately owned oil operated audiovisual system
cxhibiting films for one” thousand persons. Each ticket
casts 2 rupces and the operating cost of the system 1s
1 rupee por viewer. tlow, there is a proposal of. construction
of a power dviven sy‘twn with the capacity vO ‘arrange for
films to be uxhibited zo about ten thousand persons. The
power criven audiovisual system involves a caopital cost of
Rs.5 lakhs ( to be financed by taxation). Power is expected
to be made available free of cost and othé&‘oporating costs
are negligible. Now, it is estimated that on the average the
film auditorium would be fifty pef cent full, The capitel
cost of the new audiovisual 3xstom includes the cost of the
new auditorium. Indicate how/.041d proceed to make a Cost~
Benefit analysls of the project ( i.e. the power driven
system),

Se (a) ‘A company makes two products, 1 and 2..To produce each
product two different machine types, A and B, are
required. There are tvo varlietles ¢¢ typec A machines,
which we shall designate by Al and A2, and three varieties
of type B machines Bl' 52 and Ba. Product 1 can be pro=-
duced in 3 different ways represented by the following

‘ combinations of mcchines (Aé, Bl)’ (A2,32) and (A1'Ba)'

*Product 2 cen be made in two ways represented by the
combinations of machines (Al’Bl)’ (AZ’BI)' In the table
below is shown the time in minutes required by one unit
of each product on each variety of machines along with the
total minutes of machine time available per week and the
cost of running the.machines at full capacity. The cost
of raw materials for one unit of each product and its
selling price are given in tl'2 last two rows of the table.
Assune that the total cost of running the machines isdire-

. eillys’ by proportional to the oporating time.

contdesas
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Table
' Product  15tal time available Cost at full

Jachine il 2 per wook ( minute) capacity
A 10 18 4000 2000

Ay 8 &/ 8000 " 300,

3, 15 20 3050 150

3, 10 5 2000 200

B, 1% P 2000 100
Mat.Cost 0430 0.35 (==

Selling price 1,50 2,50 )

Derive a Linear Programming formulation for the above problem.

5)0btain the optimum value of S

For the following problem  3x, +5x, £ 15
5x1 +2x, <10
Xy» )(2 2.0

max Z = 5x1 + 3x2

+ Discuss the main idcas of Mahalannbis' tvo sector and four

sector models of planning designed for economic cdovelopment

of Indiae
Or

write short notes on any two of the following @
(a) Effective Rate of Protoction (b) Recistributive measures
in economic planning (c) Domestic Resource Coste

The construction of a lavee for protection during periods of
flooding is under consideration. Data on the wsts of cons—
truction and expected flood damages aro shovn below.

contdeese
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_Historical data on water level of river ~nd cost of various
heights of lovees

Fect(x) Numbor of years Loss of river "Indicate cost
riverts maximum is x feet above of building
level vas x feet Lavee lavee, x feet

A above normal(D) high

0 23 .0 0
S 10 2000 1500
10 15 3000 2500
15 5 1500 3500
20 3 2000 5000
25 2 4000 6000

Determine the optimum height of the levoe (oﬁtimum in the
sense that the selection of a smaller levee would not provide
enough protection to offset the rcduced construction costs,
while a levee higher than that height requires more invest-
ment without providing proportionate savings from expected
flood damages).
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1. Solvo/ ., 4
(1) y”7 + 2y = x with the initial condition ¢(0)= 1, ¢(0)=0

' d 3x=dy~
an o = 5= |
(112). (y+ayJax, = x dy = O, - - [8+8+8=04]

2. (1) Consider the squation

g¥ = £(x,y)

‘vherae f and g; are continuous functions on an open

rectangle I x IR. Show that if dl and ¢2 aTe solutions
of the equation and ¢1(x°) = Qz(xo) for some x, € I,
then ¢1(x5 = ¢z(x) for all x € I.

{11) Prove that &if dl and ¢2 are two solutions of the linear
nth order equation on 1
MO

(n=1) (1)

ap (%) y + .....+ ay (x)y +a0(5:)yl

with continuous coefficients, then
rank [ $(x)s ¢11)(x), ey 1(")(x)

U 0,0, e 98
1s constant on I.

(111) For the system of equations N

dy
= = Ay +Db (x) (xeR )
dx ~

where A is a constant matrix, write down an expression
for the solution with the initial condition y(x,)= v e
~ ~

[ 1002048 =28 ]

3.(1) Prove that for  partifcle moving on a plane under a
central force fleld h = r2 Qisa constant where r and
Q@ have their usual meaning. .

pPst.O.
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3. (ii) Show that for a particle of moss m attracted towards a
centre O by a ‘force of maqnitude nr
ém(;‘+ro)+§ r2‘

.. 15 g’ constant C, 1’ ¥ i “ :

_(1iy). snow that x‘or th gfarticle in, (n)

(Lv) Prove that hm <C 1n (:I.i) )
(v) Show that the orbit of the particle in (11) 1s eithe’:
an ellipsa or a straight line. -’
' _ [ emwwuogo]
4.(1) Find the general form of the solution to the equation
y//-l-y = Sec? x - TWacx <

.

(ii) Given that the equation .
xy! ~(2xt1)y’ +2y =0 (x>0)
has a solution of, the form e t. for some ¢, find the

general solution,’
- [99=18]
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1. COnslder the following result of an experiment relating to

2.

agriculture. Nlne samples of soll were treated with

. different amounts X of phosphorus. Y is the anount of

phOsphorus found in corn plants grown for a8 days in the |
different samples of soll,

xg | 1] 4] sy o] 13232 2s
Y,_—l 64 | 71]54] a1 g 76| 93] 77T95 109

Use the following model .
Yi = 01 + 0, Xi +. Ei

_where Ei's are independent with O mean and . .the common’

variance 02.
(a) Obtain the least-squares estimate of 6, and 0, and the
varlances of. these es@imates.

(b) "hat arc the KLZ's of 0, and 0, vhen €,'s are 1.i.d

N(°u°2) ? . . [15+5]

Let Xl, x2, esey Xn daenote a sample from a population with
the following densities or frequency functions. Obtain the
MLE of © and a ( non-trivial) sufficiont statietic in each

case
(a) £(x,0) =03%, X 30, 0> 0.

[ I !
(b) £(x,0) -J—x‘/‘—'lv 0<£Xxg1, e8>0

(c)-£(X, 8) = ( x/g2) exp ( =x?/42 ), x >0, 0> 0, [24]

PeteOs
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Z. Let X be a N (8, 1) variable and considor thae estimate
p (X )=ax+bof @ ' !
"(a) Calculato the M.S.E. of T - :
. . P a,b

(b) Plot tha M.S.E. of Tl/zl 0 and of the 'natural! estimate

1 0 = £ as a function of O and show that neither
estimate inproves the other for all 8. =

(c) Is therc any estimate of tha form aX + b which improves
on X for all 6 ? i

(d) Show that X is the only unbiased estimate of the form
aX + b. . ' [24]

4.(a) State Rao-Blackwell Theorem.

(b) Let Xyr »»y X, bo a sample from N(u, 02), with o = 1.
Find the U. m.v U. ostimato of Py [x;20]= q (p).

(c) Show that X = (X309 ooy X, ) is sufficient but not
complete, if n2, . : [6+l4+5]

5. Practical Note Book. [7]
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Note : You may answer any question. Maximum marks
for the paper will be 1.0.

1. vhat are fossils ? Does the fossil rccord represent all
organisms of the past equally ? Give reasons for your

_answer, ; (3412)
Explain:the principle of age determination of rocks using

2.
radioactive isotopes., Wihat are the general requirements to
_obtain a correct cating ? . (9+6)
3. Below'is a section showing the attitude and relationship of

the rock formations of an areas The different formations .are

identified by numbers although qot in any specific order.

All ‘are sedimentary rocks except 9 which is a granitic

intrusion, '

(1) Is there any inconsistency in the diagram? If yes, specify.

(11) vhat can you infer about the gcological history of the
area ? State all events in thoir chronological ordere If
there ic any ambiguity, specify giving ressons.

(1842)

'

peteo,
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1o Given below arz;two lists of items A mnd B, Items in list

S.

6e

Ta

8.

8 ﬁfovide'information to infer about items in list A. For
cach item in 1list A, there may be one or more useful ftems
in list B. Pick thcm out and briefly state the reason for
your choice.

A ' 8
a) Agent of seaiment transport 1) Colour of the ‘rock’
b) Correlaticun of beds .. 44) Croin-size distribution
¢) Unconformities ' ii1) Fossil assemblages
d) Top and bottom of beds iv) Strike and dip of beds

e) Environment of deposition v) Current bedding

vi) Radioactive isotopes
present in the clastic
material

vil) Mudcrackse (15)

What are quicde fossils ? Formulate an index to express
quantitativeiy the ucsefulnecs of a fossil in correlation.
(5+15) .

¥hat do you understand by stable regions and unstable regions

on the surface of the earth ?

there was the first concept of geosyncline developed and what

were the geological factors that led to such concept ?
(643+6)

vhat is naant Sy 'continental . drifti? that are the criteria
to support it 7 “nat is supposcd to be India's position
during carly Paleeczodc ? ’
° (3+8+4)
In 'plate tectonics', what is understocd by 'plate! and
'tetonics® 2 Discuss a few of the ways in which the
hypothesis is useful to tha earth sciontists. (5+10)
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Note : All questlons carry equal marks. Answer
zny threa questlons.

1, Indicate True or False ( with reasons):

(a) Zconomic planning for a nation is just an extension of
the process of planning for a business firm in the private
sector,
(b) The ' Commodity Technology assumption' is an essential
assumption for the purpose of construction of an I/O table,
(c) In the dynamic Input-output Mode1>the'cap1tal coefficlent
Matrix is treated as exogenous, .
(d) It is not necessary to construct an I/O table in phys{cal
terms to an 1/0 table in value terms for the purpose of
theoretical analysis or any empirjcal use. ’
Generally in Input-output analysis by 'aggregation' we
mean clubbing of primary and secondary products of an
industry into a single sector.

~

(e

2. Assume a two-reglon threa commodity world. The same I/O matrix
is applicable to both the regions, Assume a Fixed Grading -l .nt
patterns betwocn the regions. Develop an interregional I/0
model to facilitate interregional impact analysis.

3. Make ' Industry technology' assumption. Illustrate through
example given the 'Make matrix! and an 'Absorbtion matrix!
the procedure of construction of an Input-output table.

p.t;o;
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+a Censidor a three order hierarchy of regions. National state
and locals There are three s‘tat.e, 'region; under each nation and
two local regions under. each state region. We‘have only three
conmodities (1) National (2) State: (3) Local. The distribution
of final demand among the regions s 3s fgllows:

Regions U . i
Industry 11 1=-2 1.21 2-2 2 3~1, 6 3-23 Nation
1 ‘ SO - " 500
2 . 100° 10 : 100 400

3 . 50 150 200 120 60 ‘130 100 120 200 600 .
The I/O matrix is given as . FAEL B Y

2 T a2 L2
Jd Wl L2
The distribution coefficients are given as follows :
dia =3 4y g =4 dy 375 Ay 5y =6
d %] =,5 =.4 d
=7

-3

1.2 © 41, 1.076 9, 17 4. 22 2.3-2

d).3 =02 dy, 57T dy o y=e6 dy g

Obtain the output requirement pattern satisfying the inter-
sectoral) and interregional consistency.
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1. Let Xy, Xy, ...'xV be n independent observations on
X~ U(0, @), 0> 0, ’

.,

(a) show that. the largest obsetvation A(n) is .sufficient for

I [2]
(b) Ootain the UMW estimator of O, : [4]
(c) For.n = 2, derive the class of all ULP size ‘@ tests for
Hgt © =1l/5 vs, Hi1 0> /5

Now-consider the folloving test 1 .
"G (%yy " X)) =1, 4f Xy 26
_ = 0, otherwise. [7]

e f P
[ ¢

{d) compute the vaer function of ¢ and show that it is a

monotonic” increasing-function of 0. e [4]
(e} In testing Hy: 0 ¢ H& Vs, H 1 0 > Y, vhat choice of
& would make ¢ have size exactly 0.05 ? ' [4]

(f) How large should n be so that ¢, as obtained in (?) has
power 0,93 for ©-= 3/4 ? )
(g) If in a sampls of size n = 20, Xy = 0.48; what is the

20

" p-value ? ¢ A T [2]

2.-Define the following and illustrate the concépts with
. examples. . '
(a) Unbiased test (d) Monotonic likclihood ratioe

- family.
(b) Similar region (e) Confidence region.

(c) Test of Neyman Structure (f) Size of a test.
(g) sufficient statistic.
[3ax7]
p.t.o.



4.

A gambler observing a game in vhich a single di is tossad

repaatedly gets thelimpfessioh that 6 comes up 18). of tha

time, 5 about 147, of the time, while the other four numbers

are oqually likely to occur ( with probability 0.17). Upon

52ing asked' to play, the gambler asks that he first be allowed

to test tha hypothesis by tossing tho die  'n times.

(a) 'mat tost statistic should he usec if the'énly alternative
he considors is that the die is falr ?

(b) Show that if n =2 the ilP lovel 0.03 test rejects if, and
only if, two 6'8 are oStained. - : :

.(c) Suggest a large-sanple test of tho above hypothesis.

6+6+6]

The following data is from an cxperiment to study the relation-
ship betwecn forage pféauction in the spring and mulch
left on the ground in the previous autumn +» The control
measurerents ( X's) correspond to O pounds of mulch per acre,
vhile the treatment measurements (Y's) correspond to 500
pounds of mulch per acre. Forage production. is also r.easured in
pounds per acre. .

X 794 180 576 411 297

Y | 2012 2477 3498 2092 1308

Assume the tvo=-sinple normel model vith equal variances.
(a) Find a level C.95 confidence interval for By = Ko

(b) Can we conclude that lea vxng‘the indicated amount’ ‘of mulch’

+ “on the ground signi‘icanyly inproves forage production ?
Use & = 0.05. CN . .

(¢) Find a level 0,90 confidence interval for o,

(d) Comment on any optimum propertics of the inference rules
used in (a), (b) and (c). [6+6+646]

5. Practical Note-Books . o]
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B.Stat., (Hons.) ‘III Year 1 1984-85
DIFFZRENCE AND DIFFZRENTIAL EQUATIONS
SEMESTRAL-I BACKPAPER EXAMINATION |
Datet 27.12.84.  Maximum Marks: 100 Time: 3 Hours.

Note : Answer ‘all questions,

l.a) Find the general solution of

2xy? + (1-4x)y’ + (2x-1)y = &*
given that g* 1s one solution of the homogeneous equation.
b) 'rite down the general solution of
t2y"+tv'+(k2t2—p2)y=0
in terms of the Bessel functions J_ and Y .
[10+10=20]

2.,a) State and prove Picard's tpeorem on existence and
uniqueness of solution of the equation
- = fxy).

b) Show that the space of solutions of an nth order linear
differential equation with continuous coefficients on an
open interval I is an n-dimisional vector space.

[15+10=25]
3. Show that

1 @
L3R Ly I 3,00 [ -0 €]

vhere JO' Jl' seses are the Bessel functions of tﬁe first

kind. - [20]
4, State and preve Clairaut's principle about geodesics

on a surface of revolution. . [15]
5. Given that a continuous function of the form H(x,t) =

g(x) ¢(t) on [0,%] x [0,1] viith g(0) = g(n) =0 satisfies

.

T LI I T .
. 5 .
the heat equation %—% = %% on' (0, £) x (0,1), obtain the
x

function H.
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6. If tan © = V4 = a2 / 2 uherd [a¢2, prove
ot

n a 1 00 ..0
1 a" 1°0°...0
a O O seedo Olal

O +v e e+ 00a

.='sin (n$1),0 / sin 9.

— - e ey

[10]
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SALPLE SURVZIYS
SEMESTRAL-I BACKPAPZR EAAMIMATION

Date: 28.12.84. Maximun iarks : 100 * Time: 3 Hours.

Note : Answer as much as you can. The paper
carries a total of 110 marks. The maximum
you can score is 100, Marks allotted to
each question are given in brackets [ J.

l.a) Explain vhat you understand by the terms inclusion probabi-

'b)

lity of a unit Ui("i) and joint inclusion probability of a
pair of units U,, Uj (“ij) for a sampling design. Find the
walues of ny and Ty for a Simple Random Sampling Vith
Replacement Design. [3+6])=[9]

A survey vas conducted in a village consisting of 625
households by covering a sample of 50 houscholds sclected
using a simple random sampling vithout replacement scheme
to «stimate the average woekly expenditurc on toilet goods,.
The estimate was found out to be Rs.4.20 with a standard
orror of 0.47. Using this information, determine the sample
size nceded to estimate the same characteristic in a
neighbouring village on the basis of a sample to bo selected
by simple random sampling vdth replacement scheme such that
the length of the confidence interval at 95/. confidence
levol is 20L of the true value, State clecarly the assump~

tions involv:d in finding out the sample size.
[10+2)=12]

2.(a) ihat co you understand by the toerm 'Intra class corralation

(b

~

coefficicnt'? A population consists of 14 clusters of size
6 caoh. Find the bounds for the intracluster correlation

coefficient among the clements of the cluster.
[3+3) = [6]

Show that tho rélative of fieiency of sampling a cluster of

i units, compared to dircct sampling is given by s

1/(1+(ii=1)0), vhere the intra class correlation coefficieni,

p =1 EM aw2 / (8-1) &2 }, cwz and o2 denoting the

within and total variances respectively. [7]
psteo.
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2.(c) Suppose that n clusters cre selected at random and without
roplacoment from-a population consisting of N clusters of

cslzes My, 4 =1,2: wany N, oo Let ¥ = ,121 Y4/ Mys bo

the ith cluster mean, whera Y., is'the value taken by the
study variable y on the jth unit of tha ith cluster,

J = 125000,M 4 =142, .y No irito dovn the conventional
unbiased estimator and its vatianc8 Also suggest a sanpling
schome which makes tha cstimator 1L My ¥, | S'My unblased

for Y. oo - S 'l [2+2+4]=[a]

i

3.(a) Explain vhat you understand by 'Combin‘d and separate ratio
estimators' in’ stratifiod random sampling. Indicate the
situations when you use ‘theso estimators, Justifying your,
answer with nocessary formulae and assunptions. [6+7] [13]

(b), Tho'variato y is uniformly distributed 1n the range, (a,a+h),
The range is cut in k equal parts to make k strata’ of equal
siza. From cach stratum, a simple random samplé. ( vath
roplacoment) of n]k units is taken. Compare’ the varianco of
the estimator.of the popqlation mean.based on this stratified
Sampld with that.of an unstratifieé sample of sizo n. Show
that the variance in the first caso falls off Iinverscly to
the square of the number of strata... ;; . [5+31 (8]

4. A sanplo survoy was conducted. to estimate the total yicld of
paddy 1n a district. A stratified txn-stage sampling. dcslgn was
adOpted with villages as first stage units and plots vithin them
as sccond stage units. Frof cach stratum 4 villages were Selected
vith probabili%y pioportibnal to arca and with roplacement and
4 plots, Wﬂro solocted from ezch sclected village with eqaal
'probability and without replacenonts The data.on-yleld for the
sanplo plots togother with 1nformation on solection probabilitics
arc given in the' table below &

Stra=~ Sample Inversc of Total no. Yield of sample plots
-tun village probability -~of plots 1 2° 3 .4
. of sclcction
1 2 3 4 5 6 7 1]
1 1 440,21 - 28 104 182 148 87
2 . 660643 -, . 14 '~ 108 64° 132 156
3 . 31.50 240 100 115° - 50 172
4 113,38 __76 846 __ 350 __157 119

Contdsssese
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T2 .3 2 TE 6 i ARPRRE:
11 1 21.00 256 124 ) 135 216
2 16480 288 123 177 106 . 133
3 24,76 222 264 74 144 55
A 49499 69 _300 114 68 p¥S]
111 1 67.68 189 110 28% . 120 114
2 339.14 42 80 61 118 124
2 100,00 134 121 212 174 . 106

52,07 16} 243 116 314 129

Total no., of plots in stratum I = 8423
't Il = 6355
" III =12853

Using the above data

(1) Obtain an unbiascd cstimsto of the total yield of pgddy in the
district. . [15]

(i1) Obtain an unbiased ostimate of the variarce of the above
estimate.

(141) Compzre the efficiency of tho above dcsign vAth that of
unistage simple random sampling of plots iq cach strat%Té]



INDIAN STATISTICAL INSTITUTE
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STOCHASTIC PAOCESSES-2'
SEISTRAL-I BACKPAPER EXAMINATION

Date: .29.12.84, Maximuwa Marks : 100 Time: 3 Hours.

Nota : Answer all questions,

1.(a) Define Brovmian bridge,
(b) 1f ixt, t> O} 1s standard Brovmian motion, prove
that %‘_xt ~tX; 10gLtg 1_} is Brownlan bridge.
[5+10=15]

2. If ixt, t2 0} is standard Brownian motlon, find the
density of | o rzzir; <t Xg B [15]

3. A system 1s composed of n identical components which act
independently., Each component operates for a random length
of time until failure, Vhen a component falls it undergoes
repair immediately. The failure time and the repair time are
both exponential with parameters X and u, respectively. Let
Xt denote the number of components under repair at time t.
Find the infinitesimal parameters of the process xt. Find

the stutionary initial distribution. [10+20=20]

4. Suppose that N particles are distributed into 2 boxes

labelled O and 1. A particle in box 1 remains in that box

for a random length of time that is exponentially distributed

with parameter ay, 1 =0, 1, before going to the other box.

The particles act independently of each other. Let Xt donote

the number of particles in box 1 at time t, t 2. 0.

(a) Show that Xy # ¢ 2 03 is a birth and death process.
Calculate the birth and death rates.

(b) Find P (X, =N |xo=1)

(e) Find E(X, | X5 =4) [104+10+10=30]

pet.o.



“.{a) irite dovm the forward differential equations for a birth
and death procest ixt 1t ) 0} with birth and death
ratos) Ap =nAand B =np . respectively (x>0,

g >0) .

(5 “4ind E ( Xy | Xy = 1) for the abovs birth and death pzcciiy

{e) If & = p dbove, find P (X, =0 | X; =1 ).
- . [5+1045 = 20)
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MILTIVARIATE DISTRIBUTION AND T=STS
"% Pperiodical Zxamination

Jato ¢ 18,2.85. Maximum Marks : 100 Time: 3 Hours.

Note : Attumpt as many questions as you can.

1da). Lot ;,3(9"1) ~ Ny(g » L), whero T is puds Portition X,u, & 2s

x) pt) In iz
X=[~ y B=f Y 0Ny L= ’
x(2) ~ u(2) Ip;o Iy
~ - .
where X(l), p(}) are qxl, I;; is qxq ( a¢ p) and the rest are
~ A .

of appropriate ordecrse. Dorive the conditional distribution of
X for given X 2) oy,
~ ~ ”~

(b) In (a) above specializo to the case q = 2 and show that the
corrclation coefficiont between Xl and xz'in'thoir conditional
distribution for fixed X3, sesy X 1s the same as the partial
corrclation coefficicent betweon X1 and Xz'eliminating tho
effects of Xgp weey x « [ Hoxe XpoXpr eeey X are the
componcnts of X ]

(¢) Under thg notations of (a), supposo p is cven and equals 2qe
Then cach of X1 §,2 has exactly q components, Show that
x4 x(2) and X! l are independently distributed if

and only 1f T3y = Iy ggg I}y = Iy« For the (¢) part you may
use any auxillary result without proof,.
[20+18+12=50]

2, LetXx = ( Xygr soer X ) ’ 1 £ a ¢ N, be a random sample from
Ny (u ’ E) where B= (u,u. veey 1Y ond

L = 02 1 P avee P

L S
1
[ - T |

£ being p.d. Define petio.
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= N -
X =plE x=%: x
Xg =P 5 e ( 1gae), Rogmy e
B N =2 : N - =
T=3% I (X=X ,B=p L (¥~02% =T
21 =1 de T a1
Show that
B (1-0) N{p-1) -

P Tie(p-1)p] = ™1

follows F distribution with appropriate degrces of freedom,
S (25]

3. Lot X34 eaey Xy be idd cach Np (,E' £), where £ is p.d. Defina

- -1 N N~ - - -
X=N EX , A= L (X =X%X) (X ~X). Show that X and
~ a=1~d a=1~a ~ -~ ~ ~

A aro independently distributed. [32]

(px1) (px1)

40 Lot X and Y'P**? bo random p~vectors cach with null moan
vector such that the concentration ellipsoid of X is wholly
containod within that of Y. If X = (X;, seey XY,

Y= ( Yir eves YPY , show that

Var (xi) & Var (Yy)
for cach i, ’ [13]
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INDIAN STATISTICAL INSTITUTE

B.Stat.(Hons.) IIl Year : 1984-85

DESIGN OF EXPERIMENTS
B Periodical Examination

Dater 20.2.1985, Maximum Marks : 100 Time: 3 Hours.

. Note : Answer any FOUR questions. Marks al)otted te s
qguestion aro indicated in brackets [ ] at the
end, 20 morks are allotted to the Practical
Records,

1. Explain with illustrations the fundomental prineiples of cxpori-

2.

méntal dasignse Definc with oxamples the throe basic axporimental

desibhs and indicate thoir advontages'and disadvantages. What is

a gragco 1at1n square ? Give an applicatlon of such a squaro.
Ll . s [8+8~o-4=20]

Lot Vi' 1=1,.4445 be fivo obsorvations for which we assuma tho

following lincar modcl ¢

Yy = o - O, +03+ 0 § vy, =0p + 203+ 0,
Y3 =0, + 05 + 0, 3 Y4 =20 =0, +30;7+ 040
Y5 =0, + 03 + ¢g

where 01, 02 and 03 are fixed but unknown cffcects, and ei's are
errors assumed to be i.i.d.. with mean zero and variance 02.

(a) Idontify the class of cstimable functions and hence give a
nceessary and-sufficient condition for L 1°l+ [2 ), + [
to be ostimablo.‘

(b) Using two differont side rostrictions demonstrate ‘that the
BLUE of 02+ 03 is invariant to the choice of LSE of Q's
obtained through tho usc of the side restrictions mentioned,

2

(¢) Give an unblascd estimator for o in terms of the yi's.

[5+7+8 = 20]
The effecct of fivo different catalysts on the reaction tima of 2
chemical process 1s being studicde Each batch of new material is
only largoe enough to pcrmit five runs to be mades Furthermore,
each run requires approximately 11 hours, so that only five runs
can be made in onc day., Taking variation due to days into consi-
deration, suggest an approprizte design for the cxperiment,

p.ta.o.



Q.3 contdecsess

4e

Proposo a suiteble model for analysis of the data obtained
through the above experimental'design. Identify the estimable
functions involving only the troatment eoffects, and give tholr
BLUEs alongwith their voriances. Devolop tho appropriate
analysis of variance under the proposed modol. [5+245+8=201
Derive tho expressions for (1) tho ‘lestimates'! of missing
valuos used in the missing plot tochniqua, and (i1) variance of
the BLUE of an estimable function involving troatment offccts,
bascd on the Ancompleto data. Supposa in a randomized block
design two observations are lost in the same block affocting tye
troatments 1 and 17(L £ 1’) (v > 2). Obtain the ''estimatos’?
of the missing values, and tho variances of the ostimated
elementary trcatment contrasts basod on the incomplete data,

- [(745)+(4+4) =20]

.a) State and prove a nocessary and sufficicnt condition for

orthogonality of a connected block design,

(b) Give the, chain definition and tho ronk dofinition of 2

connected block design, Give 21so an cxample of a connected
non-orthogonal dosign. ’ ’

(c) Lot C be the C-matrix of a' connccted block dosign, cnd"¢

S.

and ’T’ bo LSE! s of “r’ subjoct to the side restrictions:

A
a’ ‘Y 0 and b ¥ =0 rospoctivoly. Show that (4 'Ti)
is a constant independent of i, and hence, % = 7’ -

(g ’Y /b/L ) whore L 4s a vector 0s unitics of approptiato
" order, -
[5+6+9 = 20]

SUBMIT YOUR PRACTICAL RECORDS. [20]
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OPTIMIZATION TECHNIQUES
‘Poriodical Examination | -

Date: 22.2.85.  Maximum Morks i@ 100 Timo t 3 Hours,

Noto - The whole paper carrics 110 marks. Answer
all questions. Thoe maximum you can scorc 1s 100,

1, Write tho dual of the LP
min aTx + cry
subject to Ax + By > b, -

Cx + Dy = g,
.%x 20, °
and provo the weak duality thoorem for.these dual LP's,
. [s+6]
2, Stato and prove tho strong duality thcorem for the LP
co max ch + dTy
subject to OTx + OTy =0,
x 20
and its dual. Hoere c,d arc arbitrary real vectors. [15]
3. Consider the transportation problem with two production

centrcs.Pl, P2 and three markots Ml' M2, Mye Let the
supplics at Pl,P2 be 10 and 20 respoetively and the demands
at Ml,MQ,M3 be 8,5 and 10 respcctively, Let the cost matrix

be
10 10 20
[PO 20 50
(a) Formulato this problem as an LP and write its dual,
' [844]
(b) Find an optimal solution of the primal LP ( by guossing',

find an optimal solution for the dual and prove that they

are optimal by using the weak duality thoorom.
[14+8+4]

pP.t.0,



4. Consider the canonical LP
max clx ¢ Ax = b, x > O
where A is an m x n matrix with full row rank. Let J be a
feasiblo ( ordered column) basis and let u,z,Y ba definad as
usual, Lot k g J, Yrk # O and lot K bo obtalhed ftom J by
replacing the © .h eloment by k.
(a) Prove that if z ) ¢ then J is an optimal foasible basis.
' - [6]

(b) Prove that if z, = ¢, < O and Yoy & 0 for some j then the

objective functlon of tho LP {s not bounded abova, [12]

(c) If zp = ¢, €O, Y,y >0 and

J

nin (ot 2y >0)

1 Yy ik

is attained when 4 = r, prova { do pot assumg any theorem

proved in class) that K is a feasible basis and that tho

value of the objective function corresponding to K is not

less than the value corrcsponding to J, [25]
25



INDIAN STATISTICAL INSTITUTE
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NON=PARAMETHIC AND SEQQENTIAL METHODS
- Periodical Examination
Date: 25.2.85, Maximum Marks : 50 Time 3 3 Hours,
Vote t Answver all questions.
© 1. hnumerate a few situations where a non-parametric test 15
preferable to the usual test based on normal theory. Briefly

compara'the two sample Wilcoxon test with Fisher's t-test.
[4+4=8]

2, Prove the unbiasedness of the one-sided tWo.samplé filcoxon
test of .Hy: F=G against H) £ G(x) ¢ F(x) ¥ x ( with at least
one strict inequality). . [12]

0% :
Suppose Xl, eey X are continuous, i.i. d., symnetric around
zero. Prove the asymptotic normality of i ( Sign xi)x
(Rank of [x,[). [12]
3'

Suppose in a two sample problem Ho is true, i.e. Xl, Y Xn,

X ey x are i,i,d., continuous. Find n3

n+1' +m

Ver Z [iRi) where [i's are constants and Ry is the rank of
Xye Hence or othervise find Var ( ”1“1) [5+3=8]

4, Subiects who had received rabies vaccine earlier, but not
during the previous six months, were assigned at random te
two groups. Subjects in one group received a booster dose,
the others did not. The following table shows the antibody
responses of the subjects on the fourteenth day of the
investigation. Analyse the data formulating hypothcsos and
carrying out a suitable test.

Group 1(Got ‘booster) 0,26 1.00 1,28 5,00 8,00 16,00 2.56
1.60 8.00 10,20

Group 2(No booster) 0,16 0.08 0.06 0,10 1,28 2.02 0,80 2.56
1.28 5,10 (6]

peteo.
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The following table reports data on mercury levels. All
subjects in the exposed group_.had more than three meals a week
of contaminated fish ( 05.7 mg mercury as methy|mercury per
kilogram of fish) for more than threa years. None of the con-
trols had aAhistory indicating regular consumption of conta~
minated fish. State carefully what you would have done if you
had to analyse this data. ( You don't have to carry at any
calculation.) . (4]

Let Xy 's be N(u,1). You have to test p=0 against p = 0.5,
Calculate the relative efficiency of the sign test with respect
to the most powerful test, if a = 0.05, § = 0,10. [8]
'Assignments." [4]
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r

ELECTIVE=5: PHYSICAL AND EARTH SCIENCES
Reriodical'Examination

Datc @ 27.2.85, Maximum Marks 1 50 Time : 3 Hours.

Note 3 Attempt Question No.l and other three from the
rest., Full marks of the Question No,l is 8 and
the rest 14 marks eachs Answer should be systa-

\ metic and to the point, .
1, write down the correct answer as indicated ‘in the lotter

glven belows ¢ .
« (a) Resistance is'a ‘Al_ lateral, (B) clement.

(b) Diode 'is a ‘(&) lateral, _ (B) clement,

(¢) Two resistors of same value are in parallel combination.
‘Its equivalent conductance will be {C) .

(d) Tvo same "valued capacitors ara combined in series .
connection so that its oquivaléﬁt capacitance will be (C)

. 2

(e) In an ac circuit E = Eq sin wt, the maximum amplitudo

will bo (D) at wt _(E). X *

D . N N

¢ In the given circuit.the £

resistance across AD will - L
s be (E)e o - T
(g) cloctromagnetic energy storod in an 1nductanco of unit

value ‘will be _( 2. .
(h) Elcctrostatic energy storcd in an unit valued capacitan-

ce will be (G) ., ' R . P

St

HINTS 3 (A)'uni/bi/tgilmulti (8) aéti&e/passive/neutral
it 7777 (C) zere/half/same/doublo (D) O/Ey/~Eq/E
(E) 0/90°/180°/270°%/360° (F) ©/10/11/14/w
and (G) 0/0,512/0,5E2/1%/E2,
[le 8]
p.t.o.
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2. From Ohm's Law define resistance, How it 1s related to tho
conductance{With suitable example name tho differcnt
resistors used An eolectronic circuite. - [1+1+2=4]

) I3 .
S A battery of 24v with an intornal resistance
z 2 1 0 is connected across AB ef tho givcrz
g = circult, all resistors in 0., Find out thho

2§ o 2 4 gqUivalent reststanc?iii)thetciicuift(ge
"dnput current I axd 4) outpyt volta
B V across 4 Q, - . : 2.5+1+1,5=6]
D .

F

A

D 2 A 9.

J Find out the current generated from the

] L battery and voltage across DC i.ce V_ ..

[2) TzzY 3 s DC
B A [2+224]

3. A dc voltage E 1s applicd across a sories RL circuit. With nsa
" circuit ‘diagram and appropriate graphs discuss the bchaviour o
the gencrated current and induced voltage across L.
. [143.5+1.5=6]
Discuss with circuit diagr?n%v%rad a%zaa%tr\é %%Vént%%t%higent
behaves if the battery is/short circuited. What will be the
voltage across L. [142.541,5=5]

Define the time constant of the circuit, Find the valuo of
charging and discharging currcént at t = (o [1+l41 = 3]

For one minute a dc voltage E (=10Y) s applied across a
resistance R (=100Q). For the next minute E has been withdrawm
Sketch the behaviour of generated current beforo ahd after

1 minute. [1+1 = 2]

In this eircuit a capacitor C(0.1F) has been joincd in series
and is a‘llowed to Charger%%ljo%df%%dl tr?‘%n%t%h .E%tg\%sncxt
minute battery has boen/shert circulted. Discuss with the
necessary graphs the nature of éux_:rcnt flowing in this
combinatien. Also sk®ich tho graph of ER' the impressed
voltage across Re . [142+1=4]
Calculate the value of time constant T ., Deduce E, and also
- accurately work out the value of E. at t/T = 0,0.5,1.0,1.5,
240,2.5,3,0,4.0, 5.0 and 6,0. Sketch Ec with these valucs.
[141+10x0.5+1 = 8 ]
contdeasessessser
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An alternating current I=I° Sin wt is flowing through a scrics
R~L=C circuit. Find tho phaso relationship of the current to
tho applicd voltage. ‘that will bo the impedanco of the circuit?
[143+1=5)
Find out the condition for which the given circult bohaves as
(1) rosistive, (41) inductive and (1il) capacitive circuit,
/1lso draw the sultable phasor diagram. Draw tho phasor diagram
of ovorall RLC circuit. (141541 ,5+2=6]
For what condition serics resonance occurs ? What will bo the

. resonant frequency and the magnitude of curront. [1+141=3]

6,

An alternating current I=I, Sin wt is flowing through an
inductive circult, Find the phase relation to the inductive
voltage, What is tha inductive teactance? For what condition

a choke 1s usod as (1) high frequency and (11) low frequency
chokee [143+4142=7]

An alternating voltage E = Eo Sin wt is applicd across a
capacitor, Find the phase relation to the curront flowinge
What ls the capacitive reactanco? For what condition a
capaciter (1) bypasscs and (11) blocks the current.
[1434142=7]
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ELECTIVE -5 ECONOMICS .
Periodical Examination . o

Date: 27.2,85. Maximum Marks $ 100 Time: 3 Hours,
' Noto t Answor Question No.5 and any thrée of tho

other quostlons. Marks for each quoation
aro givon in brackets.

,1. Uhat is Pareto's Law of incomo distribution ? Obtain the form
of the donsity function, of income distribution implied by
Pareto's law. Also, cbtain the expressions for arithmetic
mean, median and mode for the Parcto distribution and .henco
comnent on the shape of this distribution. Y [20]

2.(a) What do you mean by inequality in the distribution of a
' "'séze" variable ? What properties would you like an
income inoquality measure .to possess ? .
“(b) Obtain the alternative expressions for the Lorenz ratio.
[ Also, oxamine if this measuro_of 1noqua1;ty‘possessos the
desirable proporties. [6+14]=(20]
3. lthat are moment distribqtions ? Obtain the first moment
distributions for the Pareto and the two-parameter lognormal
distribution, and hence derive the einrossions for the Lorenz
curve and tho Lorenz ratio for theso two distributions. [20]

4. Vixite notes on any two of the following :

(a) Mothods of ostima*$Mof the parameters of Lognormal
distributfon}

(b) Universality of Pareto's Law §

(c) Proporties of the Lorenz curve for the Lognormal

distribution,
[10x2]=[20]

peteo.



S. The following data relate to the size distribution of
monthly per capita total consumer cxpenditure (PCE) for
- ..Mlest Bengal during tho period July 1977 - Juno 1978,

nonthl . i .

;CE(RSY) 020 20w30 3040 ~ 40=-50 50-60  60~70
class * R

cstimated

perecentago . 2,39 10,39 18.74 18,35 15,09 10,11
of population .

monthly . . '

PCE(Rs.) *  70-80 80-100 100-150 150 and above
c£lass

cstimated ’ Lo Lo L 2,59
percentago 7,79 ° 8,08 16,47 ) .

of population .
(a) Examine graphically the sgitabliity'of a Lognormal .
distribution for tha abovo data; '
(b) Estimate the parémoters of'Lognormai &1s$r1bution
for the above data by method of quantitiesy

(c) Bascd on your estimates in 5(b) above, calculate the
Loronz ratio. [20+15+8]=[40]
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DESIGN OF_EXPERIHENTS'
SZMCESTRAL-1II EXAMIMATION
Date: 8.5.85. Maximim Marks : 100 Times :%Hours.

Note ¢ Answer an¥ FOUR out of questions 1-5, Marks'
allotted to a question ara indicated in
brackets [ ] at the end. Question-6 is

} compulsory. .
1.(a) Define variance balance and prove a necessary and
" sufficient condition for a connected block design
‘-»: to be varianca balanced. It is said that simplicity of
analysis and variancae balance go hand-in—hand. Explain,
"(b) Suppose in a randomized block design for v treatments
- in v blocks, observations under treatment i, in blocki,
1=1,2,se.y v, got lost, Examine whether the resulting
design 1s connected variance balanced or not. Give the
analysis of varianco of the rosulting design, BLUE of
a treatient contrast, and its variznce.
e [(644)+(3+7) = 20 ]

2.(a) Define 2 BIBD with parameters v,b,r,k,\ and givo an
example, prove that for such designs b ) v, equality
holding if and onlyzghy two blocks have A treatments in
comaon .
Show that a set of initial blocks having symmetrically
repeated differences generate a BIBD. Give an example -
of a series of BIBD constructible through this method.
[(3+T)+(7+3) = 20]

(b

~

3. Explain how analysis of covariance can be looked upon as a
device to exercise local control. Show how the anzlysis of
covariance can be worked out casily once the corresponding.
analysis of variance is knowvn. Apply the rasults in casc of
a latin squaro design with one conconittant variable.

[3+10+7 = 20 ]
PeteOs



4.(a)

(b)

- 2 -

Define a sct of mutually orthogonal latin squarcs

*(MOLS); -Show that-therc can be at most (V-1) MOLS of

order V.

Give 2 method of construction of a complote sot of
MOLS of order s, and show how these can be used to
construct the following serics of BISD @

vab = 52+s+1, rak=s+1,\=l,

* .whero 8 s a prime power. (You have to prove that the

5.(a)

(b).

method afways leads to a BIBD,.)
[5+(5+10) = 20]

Define maln offects and interactions for a 2"
factorial experiment, and show that thoy are mutually
orthogonal contrasts of trcatment offccts,

Describe a mothod of construction and analysis of a
confounded design for a 2" factorial in blocks of 2¥

plots.  [6+(6+48) = 20]

6. SUBMIT YOUR PRACTICAL RSCORDS. [20]
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NONP/RAMETAIC AD SEQUENTI/L 1iETHODS
THEORY
SEMESTRAL=II EXAJAINATION

Date: 10.5.85, taximum Marks s 50 Time: 2 Hours.

1.9) Suppose that X,y 4y X, aro l.i.d vith common distribution
function F and Yl' YY) Yn aro i.i.d with common distribution
function G. If F(x) £ G(x) ¥x, show that a similar rolation
holds for tho distribution functions of % and ¥, [8]

b) XyseesX,, and Yyyee, Y, aro randon saoples from F and G
respectively. Give an cxample whero F £ G but
PFJ:i}l<Yl} = é. Under this alternativo, find the limiting
powicr of the Wilcoxon two samplc test of size «, (0<adl).
, . (8]

2, xl,..,xn arc 1.4.d with continuous distribution function F.
The null hypothesis is that F is symmotric around zero. How
would you formulate the one sided alternatives ? Prove eny
rosult necessary to motivate your formulation, lirite dsﬁn.two
common tost statistics for,tﬁis problem ond deseribe (without
proof) tho altcrnatives for which they provide consistent

tosts, ) {14444 = 9]
3.a) State end provo the Fundamental Identity of Scquential
Analysis,

b) Let {zi} bo 1.1.d N{0,1), Lot T = fi.rst"r’n 2 1 such that
S, =2+ «e +2 22 o0r b, Find E( ") for h - -1/2,

ncglecting excess over boundarios. [22+23]
. ’ OR
4+ Under conditions to be stoted by you, prove that the stopping
time fr of an SPRT has finite m.g.f. in a necighbourhood of
zoro, [25]
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8.5tat.(Hons,) IIXI Ycor , 1984-85

NONPARAMETAIC AND SEQUENTIAL METHODS |
{ PAACTICAL)

SEMESTRAL~-II EXAUINATION

Date: 10.5.85. Maximun Morks : 60 Time: 2§ Houzs

“Note : ‘~nswer all questions.

1. In a pre and post troatment studics of coronary circulation in

chronic scvore ancamia, the fbllowing data { in stroke incex
( ml/boat/n®) is obtaincd.

Casa * . 1 2 3 4 5. 6., 7 8

Bofore it ¢
© treatmont (109 57 53 57 68 72 51 65
nfter

treotmont 56 44 55 40 62 46 49 4L

Formulate the null hypothcsis, alternate hypothesis and carry

2.

3

_out a suitablo teste . [10]

Let xl,xz, oo Xy be iig N (0,2). Find SPRT vith a = <01 ?nd

B = 401 to tost v
Ho :0=0 Vs Hl : 0 =1,

. Calculate 0.C, of the above SPAT at © = 0, .5. [14]

The following dota cive the ghlns in weight of three groups

of rats receiving threo typos of diet. /inalysce the deta and
test whether there is significant difference between the cdicts.
dict gain in woight ranks in the combined sample

4 2440,25.0,25.1,25.7 2,7,8,11,22,25,27, 0.
28.1,29.0,29.7,30.1

g 20095202,20.3,24.7 1,4,3,6,10,12,14,16,
25.4,2641,26.6,27.3 18,19.20,29,
27.6,27,8,30.0,27.0 '

o 201i25.2,26.2,26,7 3,9,13,15,17,
27.2,28.0,26.2,28.7, 21,23,24,26,28.
29.3,29,8 [10].

petecs
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4.Let {xi%- bo 1.1.d. according to an unknown F(x) whieh is

assuncq o0 be continuous cond consider the following teosting
problem,
Oy .1 1 %%
s F(x") = §- F(x') =1=
Hoj > : l-a
Hy t F(xo) =1, E(xl) =1- 4= ) , where = = £ L < xt¢ oay

o< 5 ¢l-ax<land 0<n<p< Ll are speeificd.

4 cartesion sequentlal tost S 4s defined by the rules i at
stege n 2 1, accept Hy Af X € RO = ( =, x°] and rejoct

1

Hy 1f. % ¢Rl = [ x~, ») an¢ continuc othcrwisc.

Show that the tcst S provides a solution vith strength (a,B).

In particular for tosting F(x) has mccian at % and a 957.
point x~ or a medicn ot xl and a 54 point at xo, choose a,p
suitably so that this beccomes a speefal case of the above

problcm. Find tha ASN of S, [11]
5, In the sccretary problem with $=6, find P(a3=l, y2=1) N
¢

OR
For N = 6, find the optimal sclection rule to maximize the
probability of sclecting the bost cendidate. :
[5]
6, Assignment. . [10]



XUDIAN STATISTIC/L INSTITUTE o
D.Stat. (Hons.) III Ycar, 1984-85

OPTL.IZATION TECHVIQUES
SEMESTRAL~II EXAJAINATION

Date: 13.5.85. Maximum Marks & 100 " Timo: 4 Hours.

Note 2 Answer all questlons, Tho whole papor carries
. 110 marks but the maximum you can score is 100.
1. Given a problem
maximize ¢'x subject to Ax'=b, x 2 0 T oo
where it is not even known vihethor thore is a solution,- givo,
. without proofs, the complecto proceduro for solving the problem
. by the simplex method. [15]
Find an optimal transportation schedulo .end its cost for'a
problom with unit cost matrix, supplies end domands as given
bolow.

2

Supply . ......

9 7 30 - e e
20 21 43 C

- 8
6

s 5 10 15
“l'r4a 13 10

1511 13 12 10
9- 19 12 13- |-100

demand 50. 20 10 35 15 50

mg@m

Briefly indicato how you got your initial basic foasible
solution and show the subscquent transportation tableaux .
. (including cntering and departing varlables etec.) clearly. [20]
Give Dijkstra's algorithm for finding a shortest dipath from
s to t in a digraph vAth a (non-negativo) longth given for
cach arc. Prove that the algorithm actually glves such o dipath.
(You may assume that thero is at least one dipath from s to t),
<1 [5420] .
4. (a) Prove that a flow f in a notwork 1s maximum if and only if
thore {s no s=t augmenting path wer.t.f. ( You nay assume
that the value of any flow & tho cepacity of any cut). [20]

3

“pateo.
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4.(b) Seven students xl,xz,...,x7 havo completed a cortain course
and are sccking jobss Four companies C,,C,,C,,C intorviowod
them and:found the following candidates suitable for thom,
The number of vacancies in cach company is also given,

Company ' candidates found .- Number of
sujtable to it o “vaéaneles
.lCl ] Xys Xopi Xge Xg o hu L300
'..‘-;'cz:,"_:. ‘x2'x4 ' ' '-“‘; Wl ' 2
c3 X3y Xgs Xg v 2
C4 X50. Xgr X7 - 1
You havo to find the maximum numbor of candidates who can be
employeds .
(L) Formulato this as a maximum flow problem in a suitable
network. Give bricf Jjustification. ) ‘ [10]

(ii)'Find a2 maximum flow and hence a solution ﬁp the above
- problem. ( You may start with a rcasonably good flow
instead of 0). . [15]

.

(111)Find a minimum cut and hence verify that the flow you
*havo got in (1) is indoed maximun ) 18]

2



INDIAN STATISTICAL INSTITUTE
B.Stat, (lons.) III Year, 1984—85

_L~CTIV“-5 ] tCONOMICS
SEMESTRAL-II EKAHI?'TION

Data: .15.5. 85. . Maximum Marks 100 Time: 3 Hours.

Noto Answcr QUﬂstion "No.4 and any two of the
.. rests Marks for cach quostion are given
- *° 4in brackets.:

1.(a) Explain the concepts of ongel curve and angel elasticity.
. £

”'Distlnguisﬁ‘bbtween (1) income and cxponciture clasticity,
. and (11) value and quantity clasticity of a comnoditye

(3) Supposc there are K homogenoous groups of peopla and tho

:_engcl clasticity for a commodity for thc jth group is
Jo.ngs § = 1,2, viee, Ko Obtain the ongel clasticity for tho
.vcommodity for tho entire population.

:, (c) Justify the usc of pcr capita' formulation of an engel
" curve. Do you thinx that such a formulation is always
adeoquate ? Givg recasons for YOUr answere Discuss a .suitable
formulation of ongel curve that.takes Into account.the
demographic characteristics df houscholds. [5+5+20] = [30]

2.(a) What do you mean by price elaéticity of demand for a
‘- commodity ? Give the alternative classifications of
.. commoditics basced on price clasticities.

(b) Describe bricfly-the methodology of stotistical analysis
of demand for a singlg coamodity bascd on time scrics data.
Discuss thc problem of ostimating rcliably the income and
price clasticities for a commodity in such'an‘analysis.
Also, suggest suitable mothods for overcoming this
difficulty. ’

(c

~

Discu§§ bricfly the Identification Problem that may arisc

in demand analysis based on market data. R
[5+15+10]=[30]

pet.o.
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3. irite notcs on any three & ¢
(a) Criteria for choosing.thc algebraic form of ongel curve)
(b) Demand Projection, based on engel curves)
(c) Prais-llouthgkkpg:'s_ method of cstimating cquivalent
scales; .. ‘. ¥
—Doug Production F .
(d) Cobb-Douglas Production Function [10x3] = [30]

4, The following expenditure _da't:a reclate to ton groups of
. houscholds ranked in ascending order of thelr per caplta
monthly total consumer cxpenditura { PCE) :

PCE group porcentago por capita monthly expenditure(Rs.)
of porsons on
clothing —2ll dtems
1 17.6 16,6 174.4
2 16,2 17,1 198.3
3 5.8 22.6 252.9
4. 37.9 24,7 297.4
5 9.3 " 2602 342:1
6 2,3 '27.6 387_.5
7 “2st 33,9 o 468.2
8 2.4 : 47.7 . 570:1
9 3.9 47.2 869,2
10 2.6 . 1253,3

(a) Estimato the constant clasticity form of engel curve for
clothing on tho basis of the above data, Also, “calculate
(a) the standard crrors of the estimatcd paremeters and
(b) a measurc of goodnass of fit.

(b) Suppose the averagoe PCE of this group of houscholds is
raised by 25 per cont. Mecasure the change in the average
cxpenditure on clothing. Clearly mention the assumptions
that you will be making in carrying out this measurcment.

[2545] = [30]

5. Practical Records. ) [10]
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Elcctivb-s: Physical and Earth Sciencos
SEMSSTRAL-II- EX/MIN/ATION o

Dato: 15.5.85, - | Haximum hﬁtks : 100 Timos 3; Hours,

Hote 3 Maximum Marks « 100, Each question carrics
20 marks. Yoy can answer all the questions
but the maximum you can get is 100,

Instruction t thérever ngcessary draw the clpcult
. diagram and rclated graphs. - -

V-

1. State and explain, in detail, ni:chhoff's laws, Find an

o

‘24

axprassion for the current‘fléwing though the galVanbmoter

+used in a Wheatstone bridgo. Find null condition. ~  [10]
Y . N
1.5 “hen the current is zoro in branch
OA, find tho value of R and current
4 4 ‘¢1\~\ flowing through it. - [4]
oV "2
Yhat are Maxwell's modifications over Kirchhoff's laws ?
Find the currcnt flowing through 1247 . .
ad —_ } & }’T—
the path AB having 102 resistance TS\' //LQE _.”—VT—[6J
An alternating voltage is appliod across an scerics

cireuits Derive an cxpression for current flowing through
it by voctorial method or ‘otherwisc. For what condition it
(a) lcads and (b) lags to thée applicd voltage ? ' [8]
What is resonance in RLC series circuit 7 t/hy this is
roferred to as voltago rosonance ? Find resonant frequency.
- , fe]
heross 200V, S0 Hz supply a sariss RLC circuit, with
varizble incductancae, has the maxinum current of 314 mi whon -
the voltage across inductor is 300V, Calculate tha value

of R, L and G, [¢]

pataioa



- 2 -

3. .\ choke with an inductanco L and small rosistance R is in

1.

S.

6.

parzllel to.a caﬁacitor C. Dorive-the value of the overall and
the branch currcnts nséuming that applicd voltago across the
parallel circuit is of alternating naturo. [6]
For what condition this eircuit will be in rosonance ? Derive
(a) reeonant froquency, (b) resonance curront.and (c) dynamic
impodanco of tho circuit. why this circuit is reforrod to as
rojector, circuit ? (10)
/ resonant, circult consists of 4 pF capacitor in parallel with
on incuctot of 0425 H having a resistanco of 50 2. Calculato
tho frequency of 'rdsonance. [4]
With usual notation, derive an cxprossion for the discharging
curront through and voltage impressod across C fn.an RC
circuit. (6]
fthat 1s diffcorentiating circuit ? Derdve an expression for the
output voltage of the circuit, For a square wave input sketch

the output wavaeform. [5]
Derive an cxpression for output voltage of an integrating
circuit, [4]

A squarc wave of pcak valuo + 100V is applied to an RC

difforcntiatér of time constant 0.05 of the perlod of the vaw.
Plot the output waveform assuming initial value of ecto bo
20I0, - : (5]
Clearly dofiny, with suitable ecxample, (a) valance band and
(b) conduction band. ilhat is hole ? How hole currcnt rolates

to clectron current ? [6]
Difforcntiatc.cloaily among (a) insulators, (b) conductors
and (c) scmiconductors. [8]

-What consists of scemiconductor current ? Dorive an oxpression

of intrinsic semiconductor currcnt. (6]
ithat arc cxtrinsic scmiconductors ? Give suitablo doping
elerneonts for them. lhat are the subdivisions of extrinsic
semiconductors .? Doscribo them with details. [8]
‘that is trunsistgr ? How junction transistors aro formed ?
Describo with their symbol, diffcront types of junctlon
transistors ? ‘lhat are tho diffcroent scctions of the transis-
tors ? How they arc reclated in consideration of doping ?[8]

Derive a relation for the diffcrent currcents flowing through

[4]

the transistor.
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MULTIVARIATE DISTRIBUTIONS AND TESTS
SEMESTRAL-II EXAMINATION
Datod: 6.5.85. Maximum Marks ¢ 100 Time: 3 Hours.

Note : Attcmpt as many guostions as you can.

1, Discuss in detail the multiQariate Behrens Fisher problcm
for comparing two multinormal mecan vectors when the popu-
lation dispersion matrices are not necessarily identical,

(20)
2, (a) Let %)y oeeyp % be 11d cach Ny (u,z) Dorive the
likolthood ratio test for Hyt p = pg agalnst Hip £ Ege
Examin¢ how the test oventually reduces to an F-test,

(b) In tho sct-up of (a) above, lat n = N-1,%=§ L
a
N o
A= a£1(§a - B (%K) AO" E (Xp0) (X4 EO)

=i (F - p) A7 R - p)

22 oy (x - p) Ao 1( %~ E)
Find a relatfon between T2 and T- 2 and henee find the
distribution of T'2, (15+20=35)

30 Lot x = (%), ovey X y /va(p,Z) and B, be the population
partial regression coefficient of x; on x (2<3¢&P
Defining p = (62, asep Bp), describe a test for
Hyt ﬂ = BO' wvhen T 1s knovm. Derive tho null distribution
of your test criterion, (20)

4, The following data ropresent the marks ootained by ten
students in thrce papers of an examination

Student
1 2 3 4 5 6 7 8 9 10
1 70 T2 60 65 84 43 42 89 91 -}

PapersII 60 82 63°' 66 51 70 60 69 73 94
III 57 63 60 72 65 86 42 49 70 65

p.t.o.
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(a) Apply tho step~down proccduro to examinag whether the
average marks in cach of the three papers may bo taken
to be 60.

(b) Also cxamino whcther the average marks inm all the threo

papers may be supposcd to be cqual.
- (15+415=30)

5, Assignment. (10)
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IJJLTIVARIATE DISTRI3UT.OLS AlID TCSTS
SiacsT L.o=II BACKPAPER EXAMINATION:”

Dater 1.7.95, Maximum tlarks : 100 Time : 3 Hours.

.

llote : Attempt as many questions as you can.

A AN
1.(a) Let Arv wp(x]n). Partition A and Z as A = 11 12 ,
] Ayl Ax
Lo

z

21 a2 vhere A11 and le are q X q. Define

L= £

g

= -1 » =7 -~ -~ .
Ajy,2 = A  ALAs Agpr By = EpymE)ola) By e Show

21
that Ay o7 ¥ (2 ol 0= (p-a)).

(b) If [ be a p-component rion-null vector, show that with
A as in (a), - :
L
4 -
J
o 2
follows the Chi-square distribution with n-p+l d.f.
(30+10=40)
2. Let X1, +eey Xy be 1id N (s,2). Let B= (Hys oo up)'.

Derive a test for HO P H] B Hy = ees =R and obtain a
simplified form of your test statistic. (20)
3. I X = (X)) eey Xp)’be p~variate normal show that each of
xl' sy X is univariate normal. Give a counterexample (with
proof) to demonstrate that the converse of the above result is
rot true, (25)
On the basis of 15 trivariate observations the followinn
correlation matrix is obtained .

1 0.l 0.2

Ol 1 0.1
0.2 0.1 1

4

Aszuning trivariate normality ond under usual rotaticns “est

(a) ty ¢ P13 =0 (b) Py,,3 =0, (e Pyp,3 = 0.08.
(6+6+8=20)

5. Assignment. (10)
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DE3JGN OF EXPERLIENTS
SEMISTRAL=I1 BACKFAPLIR LAMINATION

Date: 2.7.95. Maximum Marks : 100 Time:3§ Hours,

* Note : Answer an¥ FOUR out of questions 1-5, Marks

. Mllotted to a question ore indicated in
brackets [ ] at the end. Question No.6 is
compulsory.

1.(a) Show that for any block design
(i) b + Rank C = v + Rank D § and
(41) Adjusted Block S.5, + Unadjusted Treatment S S.

= Adjusted Treatment S.S.+ Unadjusted Block S5.S.
"(5) Show also that {' ¥ is estimable if and only if { € Column

Space of C.
(c) Prove' that for any block design

¢ piag [r7%, r51 vees TR 1 = W Diag [kzl, K4 ..,,»f;ljo.

- ’ ’
=(-02) Cov ( Q P). [(4+4)+6+6=20]

2.(a) Define a 313D (v,b,r,k,\) with an example, and prove that
for such designs A(v-1) = r(k-1).

(L) Give the analysis of variance of a BIBD, BLUZ of a treatment
contrast and its variance.

(c) Show that for a BIBD ( v = b, r=k, A) with even v, (r-\)
must be a perfect square. Hence give an example of an
adnicsible combination of parameters (v,r,\) for which a
symmetric BIBD is nonexistent. [6+3+(442) =20]

Give the theory behind missing plot technique. Illustrate vih
respect to one missing obeervation in a latin square design.
Give also the variances of estimated elenmentary treatment
[12+543=20]

3

contrasts.
4e(a) Explain the concepts of connectedness and variance balsnce
with examples.
(b) Consider a 318D (v,b,r,k,A=1). Suppose the observations of
a block got lost. Examine whether the resulting cdesign is

connected or not,
p.t.o.



- 2 -
4.(c) Suppose N is the incidence matrix of a 3ISD (vyb,r,%,\) und
Jub isavxb mattlx of unities, Define Nt =N + va.
Examine whether NRETS variance balanced or not.
[6+7+7 =20)
5.{a) Explain the concept of confounding with an example.
(b) Is a confounded dosign always disconnected?? Explain.
(c) stcover the effects confounded in a replication of a
(25, 2%) confounded design where.the contents of a block
are as follows :
( a, abc, ade, cd, abcde, bd, ce, be ).
(d) Describe Yates' algorithm of sum and difference and explain
its usefulness in the analysis of a ( 2", 2%) confounded

design.
[5+3+448 = 20]

6. Submit your practical records. {20]
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1.(a) Suppecse that xl, ces xn are 1.i.d with common distribution

function F and Yl' Y] Yn are i.i.d with common distribu-

tion function G. If F(x) € G(x) ¥x, show that a sizmiler
relation holds for the distribution functions ¢f X and Y.

(b) xl, aey xn and Yl' ey Ym are rondom samples from £ snd -

gt

respectively. Give an example where T £ G but e G$kl<ylu-
Under this alternative, find the linmiting power of the
tiilcoxon two sample test of size a, (0 < a ¢ 1),

(c) Let %1} be i.i.d N(0,1}. Let T = first m 3 1 such thst
Ir
S, =23 +ee+z 2a0r £b. Find E( " ) for h = -1/2,
naglecting excess over boundaries, [10+10+10=30]

2, Prove the efficiency of the SPRT negslecting excess over

boundarics. [20]
Cr

Prove the monotonicity of the O function of an SPAT under

the #LR condition. [20]
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l.(a) State the (strong) duality theorem for a general LP. (5]

(b) Deduce from the duality theorem the following two results.
(1) Ax > O has a solution iff ATy, y20=>y=0, [10]
(11) Ax = b has a solution iff Alu = 0 => blu = 0, [10]

2. Give Dijkstra‘’s algorithm. Using this find a shortest dipath
from each vertex to V6 in the following digraph G. The vexrtex
set of G 15{ v Vor eeny v6} and tha arc set of G is
ivi t 17 j, cU <« vihere C = ((egy)) s

0 5 & 40 25 10
50 0 15 20 » 25
@« 15 0 10 20 -
40 20 10 0 10 25
25

c =

.o 20 10 [o) 55

10 25 o 25 £5 0
Here €43 denotes the length of the aro Vivj' [25]
3.(a) State the max=flow min-cut theorem. [5)

»

(b) From the above thcorem, deduce the following result :
a family (51,52, cees S ) of sets has an SDR iff the union
of any k S;& has at least k elements for all k. [15]

(¢) There are m machines and n operators. It is given that there
is a positive number p such that (i) for each machine there
are exactly p operators who can operatc it and (ii) each
opcrator can operate exactly p machines, Prove using the
result in (b) that all the machincs can be operated

simultancously. [15]
Petao.
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4. Let A Le anm x n matrix and let
K=ix£mm:x20and :x1=lj,
‘!=Zy£,Iln:y20and EyJ=l}.

\a2) Prove usiny duality theorem that

mex  min xTAy=_ min max xTAy
xEX yEY ye€Y x€X . [2

o

(b) If max min a,; = min max a,, then prove the result
T

in (a) without using duality theorem. (
10]
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