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Letf: R"— R™ beafunction. Define the notion of differentiability of fat
any point peR" .  Show that f : R* > R®, f (x,y) = (Sinx cosy, SinxSiny,
Cos x) is differentiable everywhere.

[10]
Let f (x,y) = €***¥ and g (x, y) =Sin (4x + y).
Let C be a differentiable Curve in R? such that c(0) = (0,0).
) d
Given T (f (c (t))) w0 =2and
S (e (c(t)].cs =1. Find &' (0)
(6]

Let Uc R” be an open set and pe U. Suppose f= (f,, ..... f ):U>R"™ is
such that all partial derivatives D, f; exist and are bounded in an open ball

B (p,r) c U. Prove that f is continuous at p. o)

Let f (x;y) = x*+y +3xy’-2xand p = (1,0). Find the quadrat.ic form
associated to the critical point p and determine the nature of the critical pointp .

(8]

State inverse function theorem. For the function f(x,y) = x*-xy+y*-3,
determine if there exist a differentiable function ¢ defined in a neighbourhood of

1 and taking values in a neghbourhood of 2 such that f (x, ¢ (x) )= 0. Ifsucha
o exists, determine ¢’ (1) .

[6]
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Answer any two question.

L. Consider a system of N particles, m;(i = 1,2, ... N) being the mass of

the ith particle. Find the condition under which total linear momentunm
and angular momentun is conserved.

show that Gravitional force is conservative. Show also that in conserva-
tive force field total mechanical energy is conserved.,

3+15+3

Cousider a point unit mass moving with respect to origin nnder radial
force. Show that motion will be in a plane and areal velocity of the
particle is conserved.

Show that if the force is nversely proportional to square of the distance
from the origin and attractive, then the trajectory will be a conic section.
Why planctary motion is elliptic?

2+4+1;

Show that in all inertial frames, the mechanical laws remain unchanged.
Under what condition the pseudo-force arises?  Find out the psendo-
forces arising in a rotating frame of reference, where the angular velocity
of rotation is constant. '

142443
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Note : Answer any three of the following questions :

1. A hollow spherical shell carries charge density p = T% in the region
a <1 < b, where k is a constant.

(a) Find the electric field in the three regions (i) 7 <a, (ii) a <r < ¥,
(iii) r > b.

(b) Find the potential at the center, using infinity as your reference
point.

(3+2)

2. Find the electric field at a distance z above the center of a flat circular
disk of radius R, which carries a uniform surface charge density o. What
happens to the electric field when R — oo and 2 >>R?7?

(4+1)
3. (a) Find the divergence of the function

17=s(2+sin2¢)§+ssin¢cos¢<13+3z2.

1 oV, + 81/;)
s O¢ 0z

(b) Test the divergence theorem for the above function, using the quarter-
cylinder (radius 2, height 5).

- 19
(useVV-;E(sVs)ﬁ—

(c) What is the charge density of an electric dipole, consisting of a point
charge —q at the origin and a point charge +¢q at @ ?

(,1 + 3+ 1)

S R L et 1 e S e L L e

4. A sphere of radius R, centered at the origin, carries a charge density

: AR .
p('r’ 0) = -;‘2— (R—' 27") Slng

where A is a constant, and 7, § are the usual spherical coordinates. Find
the approximate potential for points on the z-axis, far from the sphere.

(5)

P, TO

P

Mid- Semestral Exams (B. Stat, Biology I, 2004)

Dnte - 9. 9. pz
Full marks = 40; Answer any five; All questions carry equal marks.

1. Distinguish between the members of each pair:
a) Plasma-membrane / Cell-wall
b) Smooth endoplasmic reticulum / Rough endoplasmic reticulum
¢) Cell / Organelles
d) Chromatin / Chromosome

2. What are the major differences between plant and animal cells with
respect to structure and functions of various organelles? What is turgor
pressure and what advantage do plant cells get out of it?

3. a) What are enzymes? .
b) Discuss the special features of enzyme-catalyzed reactions.

4. a) Proteins and nucleic acids are referred to as informational biqmolecules,
while homopolysaccharides, which consists of chains of a single sugar
are not. Explain why? , N
b) Give a brief account of the various kinds of movements exh.xbxted by
eukaryotic cells. Which of these movements are not observed in case of
prokaryotic cells and why?

5. How proteins are digested in our system. “Amino acid corpposition of a
protein determines its quality”- explain. Draw carbon and nitrogen cycles
and mention their importance for human living.

6. What are aerobic and anaerobic metabolisms of glucose and mention the
conditions when they undergo. How many ATPs are ggnerated from each
process and calculate the efficiencies of energy trapped in these processes.
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!
1. (@) Define price elasticity of demand. Illustrate perfectly inelastic, inelastic, unit [
|

elastic, and perfectly elastic demand curves graphically.
(b) Show that an increase in the price of a good leads to an increase or a decrease
. in the total amount spent on purchase of the good according as the demand for |

the good is inelastic or elastic.

(c) What are ‘necessary’, ‘inferior’ and ‘luxury’ goods? Give examples.
(d) Examine graphically the effect of imposition of a tax on the sale and purchase
of a commodity in terms of price paid by the consumer and that received by

the producer. |
[7+3+6+4=20] i

|
2. State clearly the axioms of consumer’s choice. Briefly discuss the relevance of
these axioms in the context of consumer’s utility maximization problem. . ‘

[20] |

E

3. (a) Consider the indirect utility function |

Vv (py,Py.m) =
(P15 P, P+ D,

)] What are the Marshallian demand functions?

(1)  What is the expenditure function?
(iii)) Comment on the relationship between the two goods and draw the i

indifference curve. , |
(b) Consider the direct utility function
u (x,,x,) =min {x, +2x,,x, +2x,}
® Draw the indifference curve for u (x,,x,) = 20.

Shade the area where u (x,,x,) 220

P70




For what values of p, / p, will the unique optimum be x, =07

(iii)  For what values of p,/p, will the unique optimum be x, =07?

(iv)  If neither x, nor x, is equal to zero, and the optimum is unique, what must

be the value of x, /x, ?
[3+2+3+4 x3=20]
(a) Explain the idea of revealed preference (RP).
(b) Check whether the weak axiom of RP is satisfied in each of the following
cases. Give reasons for you answer.
® With income m = 20 and (p,, p,) = (1,1) the choice is (5, 15); with m = 20
and (p,, p,) =(2,0.50) the choice is (8, 8).
(i) Withm =5 and (p,,p,)=(1, 2), the choice is (1, 2); with m =5 and
(p,>p,) =(2, 1) the choice is (2, 1).

(i) Withm =4 and (p,,p,)=(2, 1) the choice is (I, 2); with m = 4 anf
(p,»p,) =(1,2) the choice is (2, 1).

[5+ 5x3=20]
(a) “If the production technology exhibits constant returns to scale, the outpu

level of a profit maximizing firm, which faces constant output and input prices,

remains indeterminate”. Do you agree with this proposition? In any case, explait
your answer. |

(b) Show that if the production function is homogeneous of degree one, the COSé
function will be linear.

(c) Given the production function y=x°, O<a<l, xeR,, derive tht

expression of the profit function, that is the maximum profit as function of
input and output prices.

the Cobb-Douglas form y = Ax"x!™

d . . _L
(d) Show that the CES production function y = 4[ax® + (1—a)x;°] ° tends
‘x,°as @ -0, where 4>0,0<a<] a

0=0.

[5 x4=20

ate : 13.09.04

Datt . 2o U ms

Note : This paper carries questions worth a total of 96 POINTS. Answer as much as you
can. The MAXIMUM you can score is 80 POINTS.

1. If (X, Y) has the joint density function given by f (z,y) = {

INDIAN STATISTICAL INSTITUTE
Mid-Semester Examination — Semester 1 : 2004-2005
B.Stat. (Hons.) II Year
Probability Theory III

Maximum Score : 80 pts Time : 3% Hours

Cly—|ze? if0< lz| <y
0 otherwise
then find

(a) the probability PlY < 2|X]], and, _
(b) the marginal density of X and the conditional density of X given Y.

(9 + 9)=[18]

. If (X, Y, Z) is uniformly distributed on the region (0, 2) x (0,1) x (0, 1), find the density
X

of the random variable U =

Y+Z
[12]
_ Examine whether the function F on R? defined as
1- (1+a:)'1—(1+y)’1 +(1+z+y)t ifz20 y>0
F(z,y) = { 0 otherwise
is a bivariate c.d.f. or not.
[12]

— . 2 .2
. If(X,Y)hasa joint normal density with parameters p1, 42, 91 0%, p, then find constants

a, b, ¢ such that U = a(X — p1) + (Y - pz) and V = (Y — po) are iid. N(0,1) random
variables and, by using this or otherwise, show that p(X,Y) =p-

(9 + 9)=[18]

_ Show that if Uy, ... , Un are the order statistics of i.i.d- U(0,1) random variables, then

the random variables Y1 = U1, Yy =Ua/Ur, -+ » Y, = Un/Un-1 are independent.

[12]

. A rod of unit length is split into three pieces in the following way. First, it is split into

two pietes by breaking it at a randomly chosen point and then the larger of the two pieces

thus formed is split into two pieces by breaking it at a randomly chosen point. Find the

probability that the three pieces thus obtained can form a triangle.
(12]

 If X and Y areiid. Ezp(}) random variables and if Z =X AY, then ﬁ-n'd the c'onq:ioyal
distribution of Y given Z. [It is not enough to merely say what the conditional distribution

is. You need to prove it also.]
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Answer any part of anyv question. The question is of 70 marks. The maximum marks
vou can get is 60, Please write all the part answers of a question at the same place.

I (a) Write a function in C withont recursion to find out GCD of two positive
integers and show how the function executes when the two integers are
3165 and 1938, Estimate the mmmber of steps required by yonr method
when one caleulates the GCD of two positive integers . n with m > .

(1)) Implement functions to get the n-th fibonacci number using € in hoth
recursive and iterative format. Explain which one is more efficient.

(¢) Write a function in C to calculate a' mod n. where a.r.n arc positive
integers. Estimate the number of steps required by vour method. Do not
use the pow’ function available in C.

(1) Implement a function in C which takes the integer value n as the first
arguement and then calculates the standard deviation of the following »
real numbers available as arguements to the same function.

6+6+1+1=20

2. (a) Clearly write down the program for heap sort in C.

(h) Exccute vour program (explain with proper figures of binary tree) on the
data set ... .. 1o where o = (a + b) mod 29. a is the last digit of vour

roll number and b is the last two digits of your roll number. 7 =1..... 12.
(¢) Write down the program of bubble sort and execnte it on the data set

Lo, r1o. Compare the result with the result of heap sort in terms of

‘mumber of comparisons between two integers’.
8+4+8=20
3. (a) Describe the data structure of a binary scarch tree and write down the C
program for insertion of a new data.

(explain with proper figures of hinary tree)
previous question.

(b) Execcute yvour insertion function
on the data set xy, ..., 12 as described in the

(¢) Implement the inorder traversal routine with and without recursion using
C and run vour routines on the binary tree generated in the last step.

(d) Write the deletion algorithm
from a binary search tree and explain with
root element of the binary search tree created above.

8+4+10+8=30

(vou may not write the C code) of a node
figures how you can delete the

o A
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(1). Consider i.i.d observations X1, X3, ..., X, with a common uniform dis-
tribution on [0, 8], where @ > 0 is an unknown parameter. Obtain the max-
imum likelihood estimate of 8 based on these ii.d observations. Derive the
mean squared error, the bias and the variance of the maximum likelihood
estimate.

[5+5+5+5=20]

(2). Suppose that we have an observation X with a double exponential distri-
bution having density (1/2) exp(—|z — 9]). Here 8 is an unknown parameter
with a uniform prior distribution on [~1,1]. Obtain the posterior distribution
of 0 given X and the Bayes estimate of 0.

[15]

(3). Let X be a bi omial random variable with a known n > 1 and an
unknown 0 < p < 1. Obtain the best unbiased estimate for the variance
of X (which is a function of the parameter p) based on the observation X.
Justify your answer.

[20]

(4). Derive the joint density of the sample mean and the sample variance
based on n > 1 ii.d observations from N(p, 0?) distribution.
[15]

(5). Suppose that we have n independent data points (X1, Y1) - - -+ (Xn, Yn),
where the conditional distribution of Y; given X is Poisson with mean =
A(a+BX;). Here Aisa smooth function on the real line with positive values,
and the X;’s are non-random real constants. Describe the steps involved in
Fisher’s iterative method for computing maximum likelihood estimates for o
and . Derive sufficient conditions for invertability of the information matrix
that is needed in Fisher’s iterative method. For what form of the function

), Fisher’s iterative method will coincide with Newton-Raphson iteration.

Justify your answer.
[6+7+7=20]

(6). Assignments
[10]
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xamples. Two genotypes, A/A and A/a, express
same phenotype; design an experiment to distinguish them. In a cross of “Aa Bb X

Aa Bb”, what fraction of the progeny will have recessive genotype at least at one
locus ?

Mention three differences between DNA and RNA. What is the function of codons in
protein synthesis. What do you mean by initiation and termination codons and how
many of them should be present in an active gene? How many DNA sequences, of 15

nucleotides long, are possible with 5 different codons (such as ATG, TAA, AGG,

GGG, CGC)? Calculate the number of sequences starting with ATG and ending with
TAA.

(3) If blood groups of a mother and a father are ‘A’ and ‘AB’ respectively, what
blood groups could be observed among their children?
(b) If 2 man and a woman are heterozygous at a locus with two alleles and if they
have three children, what is the chance that all three will also be heterozygous ?

|
a) The hiomolecules of living organisms are ordered into a hierarchy of increasing
molecular complexity. Depict this with appropriate examples.
b) What features distinguish a prokaryotic cell from an eukaryotic cell?

a) What did Miller’s experiment prove? '

b) Of DNA, RNA or proteins, which do you think could be the primitive life
molecule? Give reasons.

¢) Why is the evolution of photosynthesis thought to have favoured the subsequent
evolution of oxidative metabolism?

d) Present-day cells use oxidative reactions, and not glycolysis, as their principal
source of energy. Justify.

(a) Consider two populations M and N. Suppose estimates of allelic proportions at L
loci, each with two alleles, are provided to you. Suggest an appropriate method to
Measure the genetic distance between the two populations. .

(b) Suppose similar estimates of allelic proportions are provided to you on four
Populations. Using the measure of genetic distance suggested by you in (a) above,
how can you determine the genetic relationships among the four populations?
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(1)

(i)

(iii)

(iv)

2.(a)

(b)

3.(a)

You are supposed to write the Statement of any result that you use.

Answer all Questions.

Justify whether each of the following statements is true or false.

Let U be an open set in R" and f :U — R a function. Suppose D, f(a)exists for each

i,1<i<n  where a€U.Then f is necessarily continuous at a.

There exists a C'-function f :R*—> R’ which is not one to one, but locally invertible at every
point.

Every critical point of the function

f(x,y)= x—x"y+y® iseithera
local maxima or a local minima.

The function f :R*— R given by
1
(xz + y2 ) Sin——z——z-
x“+y
flx.y)=

0 (x,7)=(0,0)

, (%)= (0,0)

isa C'-function.
[4+4+4+4=16]

State Fubini's Theorem.

. , 1
Let A be the region in R? in the first quadrant enclosed by the y -axis , the line y = 5 and the

Circle x> + y* =1. Use Fubini's theorem to Compute ny.
4
[2+6=8]

Let A be a region is R® with volume & . Let G :R*—> R’ be the map G(x, y,z) = (ax,by,cz),
where a,b,c > 0. What is the volume of G(A) ? Justify your answer.
[P.T.O.]
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(b)

4.(a)

(b)

5.(a)

(b)

(2)

2 2 2

y

Find the volume of the ellipsoid —5 t5+t—5s 1 by change of variable formuia.
a
[4+8=12

Suppose #and v are C'-scalar fields defined on an open set containing the circular disk |
whose boundary is x4+ y2 =1. Define two vector fields f and gby

@ y)=v(x,p) i+ ulx,y)),g(x,y)= (d—v - d—‘jr + [ﬂ - iv-jj .

dx dy de Uy

Find the value of ”fg dx dy. 1t is given that on the boundary of R u(x,y)=1 an

R

v(x,y)=y.

2 2
Suppose a function f(x, y) satisfy the Laplace equation 6.8

—t—5= 0 on a rczion A whi
ox by
is the interior of a C' -Jordan curve ¢, with positive orientation . Prove that
dj d
—fdx——fdy =0
Ady dx

[8+4=1

Let S denote the hemisphere x? + y2 +2% =

L, 22 0and F(x,y,z) =yl +xj+xck &
. . ’ - ’ K y - -\."/
7 be the unit normal with anon-negative z co ,

mponent. Use Stoke's theorem to compu:'e

”(Curl F)-n ds.

N

Find the surface area of the paraboloid

Z=x"+y" with 0< 7 <9

" Date : 08.

INDIAN STATISTICAL INSTITUTE
1st Semestral Examination
B. Stat. II year : 2004-2005
C & Data Structures

12. 2004 Marks : 100 Time : 3 Hours

Answer all questions. Please try to write all the part answers of a question at the

same place.

Write a C program that takes the preorder traversal data of a binary search
tree as input and outputs the tree itself.

Explain what happens when the following codes are executed.
1. char *p, *q; while (¥p++ = *q++);
ii. int i, k =1, n = 5;
for (1 = 0; k < n+1; i
{ printf("}d\n", k); k

LI}

k-1)
k+i; }
Write a function in C that finds a given substring in a circular string. As

an example, the substring “abc” is absent in the string “cxyzsdfgab”, but
exists when the string is considered in a circular manner.

T+6+7 = 20

Briefly explain three hashing strategies with clear description of collision
resolution.

Select a specific hashing strategy among the above three and implement a

function in C programming language that can manage search and insertion
in a hash table.

Provide an analysis of average search/insertion time complexity for double
hashing.

94645 = 20

Clearly explain the insertion algorithm in a balanced binary search tree.
Write down C routines for single and double rotations.

Provide specific examples to demonstrate single and double rotations while
inserting a node in a balanced binary search tree.

10+5+5 =20
P. T. O.
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4. Given positive integers a, b, n, the integer b is called the inverse

if ab — 1 is divisible by . of @ modulo 5

(a) Given a,n, write a function in C that finds the inve
(b) Execute your function with (i) a=7,n=351 and

(c) Des<.:ribe the RSA public key cryptosystemn
the inverse finding algorithm is required.

rse of ¢ modulo n.
Hja=- 9 n=239

and highlight where exactly

H+4+10 = 20
5. (a) Briefly describe Linear Feedback Shift Register (LFSR)
b) What are its applications in cryptography? o
((3 gzicsriii l:l)le)F'?SuRcan e.ﬁiciently implement an LFSR in ¢ language.
x7+x5+z4+x2+1h¥;i§ :}(l):ggction polynomial r!6 + pi4 . pi2 4 210 4
cumbes and agp . Inary pattern of last two digits of your roll

end zeros after that to get a 16-b

\ 0 produce 32
of this 32-bit pattern.

i it initial seed. Evolve the
118 as output. Comment on the randomness

3+3+4+10=20

INDIAN STATISTICAL INSTITUTE
B-Stat (Second Year, First Semester)
Statistical Methods III
Backpaper Examination

Dade: 5.1.05

TOTAL MARKS : 100 TIME ALLOWED : 3 hours
This is a closed book and closed notes examination. Answer all questions,
and you may use calculator for numerical computations.

(1). Given below are the systolic blood pressures of six adults measured
before they took a pain killer and after one hour from the time of taking the
pain killer : (113, 120), (120, 124), (117, 119), (120, 125), (114, 118), (125,
129). Use these observations to test at 5% level using two different testing
procedures to determine whether there is significant evidence to conclude
that the pain killer taken by these individuals had an effect of increasing

* their blood pressures. State all your assumptions and hypotheses clearly.

[ 20 points ]

(2). A xerox machine producing 200 copies produced 18 defective copies
while another xerox machine producing 300 copies produced 32 defective
copies. Is there enough evidence to believe that there is a difference in the
performance of the two machines 7 Test at 5% level stating your assumptions

and hypotheses clearly. [ 15 points |
points

(3). Consider i.i.d observations X1, Xs,..., X, with a common uniform dis-
tribution on [0, ¢], where 0 and ¢ are unknown real valued parameter. De-
scribe the maximum likelihood estimates of 8 and ¢ based on these observaf-
tions. Compute the mean squared errors for these maximum likelihood esti-
mates. Are these estimates unbiased 7 What happens to the mean squared
errors of maximum likelihood estimates as n grows to infinity? Justify all

our answers. i
y [ 25 points ]

(4). Consider the time series X (t) satisfying the model X (t) = u(t) + €(t),

1 P70
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and the observations are taken at time points t = i/n for ¢« = 1,2,...,n.
Describe an estimate of the signal function u(t) for which the mean squared
error tends to zero as n grows to infinity under appropriate conditions. Justify
your answer and state the conditions assumed.

[ 20 points ]

(5). Consider n independent observations (Y, X;), (Ya, Xs), ..., (Yy, Xy),
where the Y’s are non-negative integer valued with a conditional Poisson
distribution having mean A(a+ 8X) for a given X. Here X is a known twice
continuously differentiable function on the entire real line. Describe clearly
the computational steps for obtaining the maximum likelihood estimates for
o and B by Fisher’s method of scoring. What conditions are needed for
non-singularity of the information matrix ? For what choices of A, Newton-

Raphson iterations will coincide with Fisher’s method of scoring ? Justify
all your answers.

[ 20 points ]

IR ARG

Date: 07.01.2005

INDIAN STATISTICAL INSTITUTE
First Semester Back Paper Examination 2004-05

B. STAT. Il YEAR
Analysis llI

Maximum Marks : 60 Duration : 3 Hours

Answer all questions.

Please give the Statement of any result that you use.

Justify whether each of the following statements is true or false.

) Let U be an open setin R" and f: U » R be a function such
that at some point ac U, D,f(a) exists for all i,1<i<n. Then the

directional derivative of f at a in any arbitrary direction must
exist.

i) The Vector field F(x,y){- 2y ,

> X 2],for (x,y);t(0,0) is a
X“+y

x2+y

gradient of some scalar field f : R2\{0,0)}» R.

iii) Every critical point of the function f (x,y)=x-x’y+y? is either a
local maxima or a local minima.

iv)  The function f: R?*5R, f(xy)=Cos(x+y) is differentiable at
~ every point.

[4+4+4+4=16]

‘4{ State Fubini's Theorem.

b)  Use Fubini's Theorem to compute J' ny , where A is the region
A

. . . i
in the first quadrant bounded by the y axis, the line y=7 and

the Circle x*+y*=1.

[2+6=8}

Contd...2/-
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3.a‘)_?Let G:R® > R® be the map which sends Spherical Coordinate
(6.4, ) into Cylindrical Coordinate (6, r, 2). Write down the Jacobian
matrix for this map. Write down the change of variable formulz for this

case.
b) Find the volume of the solid which is the image of a ball of radius a
under the linear map represented by the matrix.
1 -1 1
0 2 5
0 0 7
[6+6=12]
4.a) State Green's Theorem : Prove the Theorem for a region A, where
A={(X,y) e R?: asxsb, g (x)<y<g, (x)},
g andg, being C' functions on [a, b]with g, (x)< g:(x) Vxe[a,b].
b)

Use Green's Theorem to deduce the following :

Let B be a region which is the interior of a ¢!

- positive orientation with respect to B. Then for any ¢' - vector field F

on B ”(div F)dydx = j" Fnd, where the curve is given by
B

o x(ihy D) estsd and n(my ()

. (t)) is the outward drawn normal
vector field.

- Jordon Curve with

[2+6+4=12]
5. a) Compute the line integral

J. FdC, where C is the portion of the paraboloid x = y? betwen (1, - 1) and (1 l) and
c o

Flxy)=(?, xy )

b) A parametric Surface is described by
MUV) = 4 Cosvi +uSinvj+u

2
k ,0<u<4 o0<v<ar .
Surface area.

Compute the

- [6+6=12]
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Time : 3% Hours

Note : This paper carries questions worth a total of 135 marks. Answer as much as you can.
The maximum marks you can score is 120.
W) ,;

? 1.@&% Xy, X2, X3 be iid. Ezp(l) random variables and let S = X, + X + X3. Find

e conditional distribution of the pair (X, X5) given S.
v(ﬁfState Fisher-Cochran TheoremY™If X is a d-dimensional random vector having a
£\

Nd(i;i, L) density, show that the random variable Y = (X —4#)'E"1(X - #) has a x*-
distribution with d degrees of freedom. [10+(5+10)}=([25]

- Suppose (X, Y) is a pair of random variables with P[X = z] = pqx“l, z =123, s
where 0 < p < 1, g = 1 — p, and, the conditional distribution of Y, given X =z, having
density h.(y) = z4*~!, 0 < y < 1. Find the conditional distribution of X, given ¥ = y},

¢ ] "1545]=
and, hence show that E[X|Y] = (1 +4Y)/(1 - qY). (15+5]=(20]

3. Let X, ..., X, beiid. U(a,b) random variables. ‘

Assuming that n is odd, find the expected value of the median. '
))What is the expected value of the point that is closest to the centre of the interval
a,b)? Justify your answer. [10+5]=[15]

red o) O"Y*Qh’p Ny AL
Md the characteristic functionf the random variable having density function given
by f(z) = %e“", —00 < T < 00. o N
Using the known characteristic function of N(0,1) dlStX‘lb‘L'lthn, find the characteristic
function of XY where X and Y are i.i.d. N(0,1) random variables.

eI T X, Xo, X3, X4 are i.i.d. N(0,1) random variables, find the distribution of t(l)le Egi
b ) ) A ) 1 1 _
dom variable X1 Xy — X3X4. [10+ 0+ ] L

5. (aYState the two Borel-Cantelli Lemmas. . . .
Let {Xn,n > 1} be a sequence of iid. Ezp(}) random variables. ow tha

[Xn > clog n infinitely often ] = 0 or 1 according as cA is > 1 or < L. Deduce thaﬁ
( L= 2
= A with probability 1. [6+(12+7)]=[25]

n

limsu
n—-)oap log n

P . . 2 P 2
“b(‘()Show directly from definition that X, — X 1mphes. X; — X°. , e
Yo, v, are i.i.d. U(0, 1) random variables, and, if Xn =(max§{J1), -, Unt, -niis’
, ot L ’ TS _
; n — 00, and that, n{l — X;,) converges In
tiliei)n ts.how that, X, — 1 almost surely as n ( o)
ution.
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| ‘ | Answer Question No. 1 and any Four from the remaining questions

1. (a) In the ordinal utility framework consider the statement: “The law of diminishing
marginal utility always holds”. Is it true? If yes, prove it. If not, explain through an

example.

(b) Use the utility function u(x,,x,)=(x, ~a,)%(x, ~a,)” with B, +B,=1 and
the budget constraint m = p,x, + p,x, to derive: (i) the Marshallian demand function
x(p,m), (ii) the indirect utility function v(p,m), (iii) the Hicksian demand function

h(p,u), and (iv) the expenditure function e(p,u), where the notations have their
[ 4+(7+3+3+3)=20]

usual meanings.

Or,

1 .
A 1. (a) A consumer’s expenditure function is given by e(p, , p,,u)= )2y pZAu. Using the
| appropriate properties of e(.), calculate the value of « .

‘;j ' (b) Let x,(p,m) be the consumer’s demand function for good i. Show that if all
“income elasticities are constant and equal, they must be equal to 1.

(c) “For any values of prices and income it cannot be the case that for a consumer all
goods are inferior”. Is this statement true? Justify your answer.

(d) Define Giffen goods and inferior goods. Show that all Giffen goods are inferior,
but the converse is not true.

(€) Can two indifference curves cross? Justify your answer.

mer with strictly convex preferences, the utility maximizing
(f) Show that for a consu y e a3 r3e20

bundle is unique.

t increasing returns to scale (decreasing
e equilibrium does not exist. If firms’
le, what can you say about the long run

1

|

|

| 2. (a) Assume that firms’ technologies exhib?

. average cost). Then show that a competitiv
: technologies exhibit decreasing returns to sca

competitive equilibrium of a competitive industry?

(b) Let the market demand and market supply functions in'a competit.ivc.e market be
uilibrium exists (so put suitable restrictions on the

linear. Assume that market eq

p.7.0

e
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parameters of the model). Estimate social welfare defined as the sum of consumers’
surplus and producers’ surplus. [(6+6)+8=20]

. (a) Roses, once in full bloom, have to be picked up and sold on the same day. On any

day the market demand for roses is given by P =a—-( where Q is the number of

roses demanded at price P . It is also given that the cost of growing roses, having

been incurred by any owner of a rose garden long ago, is not a choice variable for him

now.

® Suppose there is only one seller in the market and he finds 1000 roses in full
bloom on a day. How many roses should he sell on that day and at what price?

(i)  Now suppose, the market is served by a large number of price-taking sellers.
However, the total availability of roses on a day remains unchanged at 1000
units. Find the competitive price and the total number of roses sold that day.

(b) Consider the following scenario. A manufacturer of a product can sell its products
only to a retailer who finally sells the products to the final users. The market demand
for the product is P =5-Q where Q is the amount of the good demanded at price
P, and the cost of producing the good by the manufacturer is ¢ =1 per unit. Find the

price to be charged by the manufacturer for his products to the retailer and the price to
be charged by the retailer to the final users. [(6+6)+8=20]

. (a) The Laffer effect is said to occur when the tax revenue declines as the tax rate

goes up (beyond a certain level). Consider the following scenario. Let the labor
supply curve L(.) be upward sloping in wage rate ¥ and labor demand is perfectly

elastic at a wage rate W . There is a tax on labor at the rate 7 > 0 such that if the firm

pays W, the worker gets W = (1-£)# . Show that the Laffer effect occurs when the
elasticity of labor supply is greater than (1-0/t.

(b) Suppose that a monopolist faces two markets with demand curves given by
D(R)=100- P, and D(P,)= 100-2P,. Tts marginal cost is constant at Rs 20 per

unit. Assume that resale between the markets is not possible. Then derive the optimal

price-quantity combination in each market. If resale were possible, what would be the
corresponding values? [6+(7+7)=20]

. (a) Make clear the concept of Nash equilibrium.

(b) Cpnstruct examples to show the following results:
(1) Nash Equilibrium (in pure strategies) does not exist.
(1)  Nash equilibrium exists and is unique.

(iii)  Multiple Nash equilibria exist. [5+(3X5)=20]

. Write short notes on the following:

(a) The first theorem of welfare economics.

(b) Linearly homogeneous production function.
(c) Two-part tariff,
(d) Economic rent. [4X5=20]

Date: £./. 05 Maximum Marks: 100

/? Rex /’4,00 /ﬁcpp/cmuﬁy

Indian Statistical Institute
First Semestral Examination: 2004 — 2005
B. Stat. II: 2004-05
Economics I

Duration: 3 Hours

Answer ALL questions

1. (a) A consumer’s income is Rs. 120/- and he spends it on two goods 1 and 2. His

utility function is u(x,,x,) = x,x, . Suppose p, = Rs. 2/- and D, =Rs. 3/-.
(1) What are the utility maximizing choices of goods 1 and 2?
(i)  If price of good 1 increases by 44% with no change in price of good 2, by how

much his income would have to be increased for enabling him to maintain the
original ytility level?

(b) What are “necessary”, “inferior”, and “luxury” goods? Give examples.

(c) Define Giffen goods. Show that all Giffen goods are inferior, but the converse is
not true. [(4+5)+6+5=20]

. Characterize a monopolistic market. Explain long run equilibrium of a monopolistic

industry. [20]

. (@) The inverse demand curve is given by P(x)=10-x and the monopolist has a

fixed supply of 4 units of a good available. How much will it sell and what price will
it set? What would be the price and output in a competitive market with these demand

and supply characteristics? What would happen if the monopolist had 6 units of the
good available?

(b) A revenue-maximizing monopolist requires a profit of at least 1500. His demand
and cost functions are P(g) =304 -2 and C =500+ 4q +8¢". Determine his output
level and price. [(BX5)+5=20]

. Consider a two-person (1 and 2), two-commodity {X and Y), pure exchange

competitive economy. The consumers’ utility functions are:
Uy(x,»)=xy; and Uy (%5,¥,) = X393
Their endowment vectors are: (%,,7,) = (10,0) and (%,,¥,)=(0,10).
(D Derive the equilibrium price ratio ( P, /P, ) for this economy.
(i)  Is the equilibrium so obtained Pareto efficient? [14+6=20]

P.7.0
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Note : This paper carries questions worth a total of 100 marks. Answer as much as you can.
The maximum marks you can score is 45.

1. Suppose X and Y are independent random variables having gamma distributions with
parameters (A, ;) and (A, ) respectively. Find the joint density of the random variables

‘ X
\ ’ X +Y and v Examine if they are independent. [20]
] \

2. If X3y < -+ <. X(n) are the order statistics for n i.i.d. U(0,1) random variables, find
; the mean vector and the dispersion matrix of the vector (Xays o X(n))'- What is the
i density of R = X(n) — X(1)? [20]
|
‘1 3. Let X = (Xy,---, Xq)' have a d- variate normal density with mean vector £ and dispersion
‘ ' _ matrix L. .

g ! i ' ' (a) For 1 < m < d, find the conditional distribution of (Xma1,, Xa) given (X1,---, X))
\[ﬁ ~*(b) Assume ¢ = ( and £ = I. State and prove a necessary and sufficient condition for tke |
;l quadratic form X'A X to have a X2 distribution. (10+10)=[20]
i
w‘l‘ .

‘Q\ ' 4. (a) Define Convergence in Probability and Almost Sure Convergence.
i :
H

*{#5) Show that X, £ x implies that, for some subsequence {nk}, Xn, — X almost
surely.

(c) Show that if X, _P, x and if all the random variables are defined on a discrete prob-
ability space, then X, — X almost surely. v (2+9+9)=[20]

5. (aTétate the inversion formula for characteristic functions. ‘ o
(b) Show that if the characteristic function ¢x of a random variable X is mtegra%)le, then
the random variable X is absolutely continuous with a bounded continuous density.
(c) Show that the function ¢(t) = max{(1-|t|),0} isa characteristic function. (2+9+9)=[20
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Note : Answer any six of the following :

. Find the net force that the southern hemisphere of a uniformly charged

sphere exerts on the northern hemisphere. Express your answer in terms
of the radius R and the total charge Q. (5)

. Consider a square of side s. Corners 1 and 3 are diagonally opposite to

each other and have charge of —q each. A charge of +¢ is located at
corner 2.

: (a) How much work does it take to bring in another charge, -+¢, from

far away and place it at corner 4 which is diagonally opposite to
corner 27

(b) How much work does it take to assemble the whole configuration of
four charges ? (3+2)

. Assume that the magnetic field B points in the z-direction and the elec-

tric field E in the 2-direction. A particle is released from the origin with

velocity \7(0) = %'g. Find the trajectory of the particle. (5)

. A large parallel-plate capacitor with uniform surface charge ¢ on the

upper plate and —c on the lower is moving with a constant speed v
towards the right.

(a) Find the magnetic field between the plates and also above and below
them.

(b) Find the magnetic force per unit area on the upper plate, including
its direction.

. p.7.0




(c) At what speed v would the magnetic force balance the electrical
force ? (+15+113)

5. A circular loop of wire, with radius R, lies in the zy plane, centered at

the origin, and carries a current I running counter clockwise as viewed
from the positive z-axis.

(a) What is its magnetic dipole moment ?

(b) What is the approximate magnetic field B at points far from the
origin ?

(c) How does the expression for B change for points on the z-axis when
z2>>R? (14+2+2)

bar of mass m slides frictionlessly on two parallel conducting

rails a distance ! apart. A resistor R is connected across the left ends of

the rails and a uniform magnetic field B, pointing into the page, fills the
entire region.

6. A metal

(a) If the bar moves to the right at speed v, what is the current in the
resistor 7 In what direction does it flow ?

(b) What is the magnetic force on the bar ? In what direction ?

(c) If the bar starts out with speed vg at time ¢t =

0. and is left to slide,
what is its speed at a later time ¢ ?

(d) Find the total energy delivered to the resistor. ( 1%+1+1+1%)
1
(a) Show that d(kz) = |—k|5(z:), where £ is any (non Zero) constant.

(b) Compute (7.V)# where # = *ZFYJ+22

.. . .

m is the position unit
vector. (2;+21)
27743

- A square loop of wire of side a, lie
apart, and in the same plane. (
large rectangular loop, but the s
be neglected). A clock wise cu
increasing 4 = £ (g constant).

(2) Find the em f induced in the big loop.

(b) Which way will the induced current flow? Give reasons for your
answer.

(33+13)

s midway between two long wires, 3a
Actually, the long wires are sides of a
hort ends are so far away that they can
rrent I in the square loop is gradually

. Physics-I

Group-B

Date- 2./2.04 Maximum marks:30 Duration- 90 minutes

Answer any five question.

1. State Kepler's laws of planetary motion. A particle describes tbe path
given by the equation r™ = a"cosnf, under the central force P. Find the
law of force.

2+4

2. Let a particle move in a plane. Find the expressionlof radial and .trans—f
verse acceleration using Lagrangian formalism.. Find th.e equatlog 0
motion under the potential —K /r using Lagrangian equation of motion.

3+3

3. Let a lift moves vertically upward with constant acceleration‘dExfplalél
why one feels heavier in the lift using the argument of pseudo force.
Explain why one feels weightless when he falls freely.

442

4. State the principles of special relativity. Find the' transfor‘matloln :i(tlua;
| tions between space and time of two frames having relative velocity

along z-axis. 145

5. Using Lorentz transformation equations, show that' simultaineltghm; fril}i;
| tive. Let a rod fixed in a frame has length Lo. Find t.he entg n of the
rod‘from a frame having relative velocity v along z-axis w.r.t.

frame. 343

i is i frame.
6. Let a particle moves with velocity u along x-axis in a xiefere):(:;{ frame.
| Find the velocity of the particle w.r.t. a frame moving along
velocity v w.r.t. first frame.

6
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Answer any FIVE questions

1. a) Write briefly why there is a need for evaluation and
adjustment of basic demographic data.

b) Discuss a method of evaluating age data given by singic years
of age.

(8+12=20)

2. a) Distinguish between mean age at marriage and singulate
mean age at marriage.

b) Estimate singulate mean age at marriage. What are the data
requirements for its computation ?

(6+15+4=20)
3. a) Define crude and standardized death rates.
b) In what way are the standardized rates are superior?
c) Explain briefly the differences between the direct and indirect
methods of standardizing death rates.

(6+4+10=20)

4. a) Write a note on the Chiang’s method of constructing an
abridged life table. '

b) Fill in blanks in the life table given below:

(o]
Age: , I dy Qx Lx Tx e’y
4 95000 500 ? ? 435035¢ °?
5 ? 400 ? ? ? ?
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7.

6.
them with examples.

c) For a certain population

I, =10000 (121 — x) *

Find qx and the probability that a life aged zero will die between
age 21 and 40.

(8+4+8=20)
a) Discuss the properties of logistic curve.

b) Derive the logistic growth curve for a closed population wiose

births and deaths are respectively linear function of the size of a
population. Estimate the initial and final population of this logistic
growth curve.

(6+10+4=20)

a) What are period and cohort measures of fertility? Explain

b) Describe the curve of age patterns of fertility.
c) Define replacement index.

d) Derive mathematically relation between crude birth rate and

total fertility rate as well as general fertility rate and total fertility rate.

(2+3+4+3+8=20)
Write short notes:
a) Whipple's index
b) Census measures of fertility
¢) Comparative mortality index
d) Greville’s method

e) System of census

(4 x5 = 20)




1.

INDIAN STATISTICAL INSTITUTE
Mid-Semester Examination
B.Stat (Hons.) — 11
Biology — 11
Date... 24 2. 04 Maximum no. 40

Duration: 2.00 hrs.

Write short notes on any five of the following 3x5=15
a) Determine the growth rate (r) of a plant assuming the initial and final time
is t; and t, respectively.
b) Low temperature effect of plant growth.
c) Photoperiodism.
d) Probable pathway of IAA synthesis.
e) Epical dominance of IAA.
f) Physiological responses of ABA.
g) Michaelis - Menten Constant (Km).

2. What do you mean by ‘Functional resistance? Write in brief on structural

3.

4. Write the name of different weather parameters related to crop growth. Also write

5.

protection mechanism of plants against diseases. 1+4=5
What are Phytoalexins? Write the salient features of Phytoalexins 1+4=5
OR

Write in brief on histological defense mechanism of a plant. 5

the name of the devices to measure those parameters. 4

Write short notes on any three of the following 3X2=6
a) Onset of monsoon
b) Withdrawal of monsoon
c) Moisture availability index
d) Evapotranspiration




Firm-B

Receipts

( Sales to :-
households Rs. 45,000
firm A Rs. 6,000

foreigners) Rs. 21 ,000

Allocation
( Purchases from :-
firm A Rs. 21,000
foreigners ) Rs. 19,000
wages Rs.. 22,000
rents Rs. 500
indirect taxes Rs. 1,500
taxes on profit Rs. 700
depreciation Rs. 3,300
dividends Rs. 1,000
undistributed profit R, 2,000
Rs. 71,000
Government

Allocation
interest on national debt Rs. 1,000.

(Addition to :-
stocks ) Rs.- 1,000 |
Rs.71,000
Receipts
Taxes:-

the €xpenditure as well as income method.

2

Explain.

From the above information find an estimate of GDP of the economy in question by

4. Hindustan Lever Limited ,a Joint stock company, purchased raw materials worth
Rs. 1,000 and used half of it in production It paid Rs.1,000.in wages and salaries
and spent Rs.100 on advertisement . Its sales exceeded its production by Rs.100 and %-
it purchased a house with Rs.1 0,0 00 for one of its executives .In calculating GDP

Y Spending approach which of the above information will you take into account?

wages and salaries Rs. 6,000. direct taxes on companies Rs. 2,700
purchase from firm A Rs. 5,000. direct taxes on persons  Rs. 7,000
(net decrease in
indebtedness) Rs. 200. indirect taxes Rs. 2,500
Rs.12.200 Rs.12.200. 3 ‘

(25)

P.T.O




INDIAN

Class No.

Book No. ‘

INDIAN STATISTICAL INSTITUTE
Mid-semester Examination : (2004-2005)
B.Stat. Il Year

Economics 11

........ Maximum Marks - 40................ Duration- 150 minutes

Answer all questions.

1 a. How do you define GDP? How can you arrive at a measure of GDP using

three different methods, viz., income method, expenditure method and
product method?

b.  Ina particular period an economy consisting of two firms (A and B) and a
government sector records the data shown below :-

Firm-A

Allocation Receipts
(Purchases from :- ( Sales to :-
firm B Rs. 6,000 households Rs. 10,000
foreigners ) Rs. 5,000 firm B Rs. 21,000
wages Rs.. 20,000 government Rs. 5,000
rents Rs. 1,000 foreigners) Rs. 8,000
indirect taxes Rs. 1,000
taxes on profit Rs. 2,000 ( Addition to :-
d.ep.reciation- Rs. 5,000 fixed capital Rs. 6,000
dividends Rs. 7.000 stocks) Rs. 4,000
undistributed profit Rs. 7,000 o

Rs. 54.000 Rs.54.000

PT.O.

. A person lives in his own house. He is retired. He has kept all his savings in a

fixed deposit savings scheme of the government with a post office. His explicit
income consists solely of the interest income from this fixed deposit. Does he
contribute to GDP or national income? From the above information can you
discern any contribution made by the person to final expenditure?

. Both households and the corporate sector keep their savings as deposits with a

Commercial bank. The commercial bank earned in a given year Rs.10, 000.

in interest income for loans it gave out and paid Rs.1,000. as interest to depositors
one fourth of which went to the corporate houses. It spent Rs.2,000. in wages and
salaries and rent. It purchased stationery of Rs.1,000. How much did the bank
contribute to GDP and national income? In how many ways can you calculate the
bank’s contribution to GDP?

- (5+5 +10).

Wl
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' 4 Answer any five question.

1. What is a perfect black body? Discuss the limitations of the classical
theory in explaining the distribution of radiation from a black body.
State Planck’s hypothesis and give a sketch of the derivation of Planck’s
law ofhy distribution. Show that Rayleigh-Jean formula is a special case
of Planck’s law.

1+1+4+2

2. Explain how in the photo-electric effect, particle nature of light is mani-
fested. Draw a graph between the frequency of light falling on a metallic
surface and the maximum kinetic energy of photoelectrons emitted. How
will this graph changes if i) the intensity of light is changed, ii) the metal
1s changed.

242+242
Ll % 3. What is Compton effect? Derive the expression for the change in wave- ?
" % length of scattered x-rays. Explain why Compton effect is not observed \
i 5 for visible light rays. .
! : 1+5+2

{‘ : 4. Let A be a self adjoint operator acting on a n-dimensional Hilbert space,
}‘ ‘ having n different eigenvalues ay, as...an with corresponding eigenfunc-
“i ‘ tions |1y >, [y > ...etc. Show that A = Y a;fth >< ;] Also show
1 that 3y, >< 9| = I, I being unit operator on the Hilbert space. Ifa
i system is in the state |[¢p >= 7]-; Y3 > +723 s >. Find the probability
| of the result being as or ay if measurement of A is performed on the
system.

3+3+4+2

5. Consider a system with two dimensional complex Hilbert space. Let state |

of the system be {¢p >= 71-1-0-l0 > +731-511 >, 10>, !1 > being e?genvegtgr .
b-: of o, with eigenvalue +1 and -1 respectively. Write the density matrix
| representing the above state in terms of the operators I, 0,0y, 0,. Show

1

i ﬁ%'yﬂ@»
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that 2[7 + o.n] is a projection operator if n is a unit vector. Show t}

collection of all operators of the form
being a unit vector, form a convex set.

6. Consider a two two-level Systems in a state

2 >=al0> 1> b1 >0 >
where [0 > and |1 >

Find the density ma

trix of the subsystem 1. Show th
four states

%uo > —[15 |0 5]
%HO > 1> +1>)05]
%Ho >[0>+)1> 11 >]

s00>10> —15 115

Sl

form an orthogonal set.

7. Consider a unitary operator acting on two-
way,

Write the matrix form

. utational basig.
unitary operator acting y b

on two two-
U]0>|0>=]0>]0>

Ull>|0>=|1>]1>
Write the matrix in th
t he basis. Argue th
o : ' S. gue that
o sotstb;e wrétg.en two unitary operat
N system. Show th orthogonal states can not
a single machine,

Computationg]

are orthogonal unit vectors for the respectiv
his state can not be written in the product

level systems in the form

4-+2+2

3+2+43

level system in the following

Consider

U10>|1>=IO>[1>
Ull>f1>=,1>|0>

this operator
Ors acting on
be cloned by

2424143

lat
sl +aon] with 0< a < 1 and n

¢ sub-
form.
at the following

v INDIAN STATISTICAL INSTITUTE
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Date - 28.2.05 Periodical Examination Time : 4 hrs.

This paper carries 60 marks. Maximum you can score is 50. You may use any theorem
proved in the class.

G is a group in which (ab)' = a*b’ for 3 consecutive values of 7. Show that G is abelian.

[10)

Let M , N be normal subgroups of a group G with MNN = {e} , e being the identity

10
element . If m € M and n € N show that mn = nm. [10]

G is a group of order pg where p, q are distinct primes . If G has a normal subgroup

of order p and another normal subgroup of order ¢ show that G is cyclic . [10]

. Let n > 3, S, the group of permutations on {1,2,...,n} and A, the subgroup of

even permutations . Show that A, is the smallest subgroup containing all 3-cycles.
[10]

i ive ring . 10
. Ris a ring in which 2% = z for all z. Show that R is a commutative ring [10]

. The integers m;n are relatively prime . D is an integral domain and a, b € D satisly

10
a™ =b™ and a” = b" . Show that e =b . [10]
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[Answer Part I and Part Il in separate answer scripts. |

Part I: Economic Statistics
[Answer question no. 1 and any three from the rest of the questions in Part I]

1. Suppose the share of income of bottom 10% people in a community is 2.38% and their
corresponding average income is Rs. 45.06/-. (i) Find the average income of all
persons in the community and the Lorenz Ratio. (ii) Also find the share of income of
vottom 97.62% people. (iii) What will be the overall mean income if the income of all
the people ifmeome of each person below thé median income is doubled and income
of each person above the median income is halved? [11+1+11]

2. Describe different types of data that we face and the problems that we encounter with
these data in econometric analysis. [19]

3. Define Lorenz Curve (LC). State its properties. How will you compute Lorenz Ratio
(LR) graphically from grouped data? Derive LC and LR for Pareto distribution.
[1+4+7+7=19]

i ' 4. Suppose y1 ¥z, ..., Ya are incomes of n persons in a community. Describe how you wi}l \
il find Lorenz Ratio (LR) numerically. Prove that LR found by numerical method 1s l
: equivalent to the LR found by the formula using Gini’s Mean Difference (GMD). [19]
T

1 :

5. 'Write short notes on any two of the following:
(1) Law of Proportionate Effect.

| (i) Three parameter lognormal distribution.

I\

l

|

| (i11) Universality of Pareto Law.
{ (iv) Estimation of two-parameter lognormal distribution. [94+94=19]

Part II: Official Statistics
| { [Answer all questions]

i 6. Write a brief note on Index of Industrial Production. Indicate its uses. [5]

‘ f 7. Name the important statistical departments under Ministry of Statistics & Programme
| i Implementation (MoS&P1), Government of India. (3]

! 8. What are the national consumer price index numbers? What is your opinion about
1 ' using WPI for measuring inflation in Indian economy? [5+5]
}
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Group A : ALL Questions are COMPULSORY.

QL. (a) Show that

I = II dx;dx;...dxq

overEp={u—-%du < Taix;< u+%du, v-%dv < Ix’ < v+%dv}
depends on the a;’s only through Tal.

(b) Let g(S11, S22, S12) represent the joint density of Sy, S22, Sy defined over
(0,0) x (0,0 ) x (- V(S11522), V(S11522)).
Work out a formal representation for the joint density of (s, s2, r) in terms of g
where s; 2= S, $22=S;; and rs;s; = Spa.
{10 + 10 =20}

Q2. When o, and o, are known, suggest TWO exact tests for p, one using the
generalized variance and the other based on a quadratic form, given a random
sample of paired observations from a bivariate normal distribution with
parameters my, my, Gy, ; and p.

What would you do in case the population means are also known ?
[3+5+5=15]

Q3. Suppose you have a random sample of n pairs of observations on (X,Y) and these
are classified as follows :

Class I : # pairs for which X > 0, Y > 0;

Class I1 : # pairs for which X >0,Y <0;

Class III : # pairs for which X <0,Y > 0;

Class IV : # pairs for which X <0, Y <0.

The frequency counts in the above classes are respectively fi, fiy, fi and fiv.

If (X,Y) follow bivariate normal distribution with means (0 ,0), unknown variances
and unknown correlation coefficient p, suggest a test for H_0 : p=0.5

based on the frequency counts alone.

Carry out the test for the case : n = 300, f; = 90, f;; = 95, fy; = 55 and fiy = 60.

[You may adopt 5 % level of significance.]
[8+7=15]

Group B : Attempt BOTH the Questions

A substance used in biological and medical research is shipped by airfreight
to users in cartons of 1000 ampoules. The data below, involving 10 shipments,
were collected on the number of times the carton was transferred from one
aircraft to another over shipment route (x) and the number of ampoules

broken upon arrival (y). Assume that a linear regression model is
appropriate here.

P.T. ©-
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i 1 2 3 4 5 6 7 8 9 10
xi 1 0 2 0 3 1 0 1 2 0
yi 16 9 17 12 22 13 8 15 19 11

(a) Obtain the estimated re
fit and comment.

(b) Estimate B; with a 95% confi

gression function. Give a measure of goodness of

dence interval and interpret the interval

estimate.
(¢) Conduct a r-test to decide whether or not there is a linear association
between x and y. Use a = 0.05. What is the P — value of the test?

(d) A consultant has suggested, based on

number of broken ampoules should not exceed 9 when no transfers are

made. Conduct an appropriate test on the claim using a = 0.025. Draw
conclusions, and give the P - value of the test.

previous experience, that the mean

[8+8+7+7=30)

(a) Consider the simple linear regression model with normal

e least square estimators of the
their best linear unbiased estimators.
r testing adequacy of the model fitted

" homoscedastic errors, Show that th
regression coefficients are actually

[10+10=20]

INDIAN STATISTICAL INSTITUTE
Semestral I1 Examination 2004 — 05
B. STAT II Year 2004 — 05
Demography & SQC & OR

i‘f‘Date' 4.5.05 Full Marks: 100 Duration: 3 Hours

R e o= S P L LTI

Group A : Demography
Maximium Marks — 50

Note : Symbols and notations have their usual meanings

a) How is the age of an individual recorded in Census ?

b) Define age of population and age heaping ?

¢) How can you detect age heaping ? |
d) Decfine Myer’s Index for detection of errors in age returns and discuss its

merits and demerits.

[2+4+2+7=15]
OR

¢) Explain the methods for adjusting the conventional infant mortality rate.

f) Differentiate between crude death rate and specific death rate.

(8 +7=15]

a) What are the period and cohort measures of fertility ? Explain
them with examples.
b) Describe the curve of age pattern of fertility.
¢) Derive mathematically the relationship between TFR, CBR and GFR.

[4+4+7=15]

P.T.O.




INDIAN

Class No.

Book No.

2
OR

d) Distinguish between mean age at marriage and singulatc mecan

age at marriage.

e) Derive Hajnal’s method for computation of singulate mean
age at marriagé.

f) What are indirect methods of migration analysis ?

Discuss any one of them.

[4+4+7=15]

a) Derive the formula for the logistic growth curve through

optimum population approach.

x cX

) If 1= A+BC", show that Iy =Ks'g

How will you estimate K,s, g & C, while fitting the above curve.
[7+5+8=20]
OR
¢) Find qsg given that Hso =0.01098 and p,, = 0.01173.
d) Ina certain life table,

M. =015-0.10% for0 < x <=1/2, and

X
1= (0.01) for1/2 <x <1,
Find 1y , assuming that 1 = 100,000.

€) Prove that my =- 14 L
Ly dx %
Using the result, prove that my = p

Xb—
2

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

Contd. (3)

g g

Group B: SQC & OR
Maximum Marks: 50

1. This paper carries 60 marks. You may answer as much as you can, but the maximum you can
score 1s 50.

) Begin this group on a new answer-script.

L State whcther the following statements are True (T) or False (F). You nced not copy the
: statements.

t (@ A form, in either diagram on table format, that is prepared in advance for recording data is known
; as a flowchart.

(b) A process that is in statistical control will never have a point beyond a three-sigma limit on
X =R control chart. .

() In practice the proportion non-conforming coming from a manufacturing process that produces
millions of items per day can be successfully monitored with a p chart.

(d)  Control charts were first devised by Dodge and Romig.

(¢)  Consumers risk of 10% means that the probability that a sampling plan will reject “good” material
is 10%. ,
() From the standpoint of quality protection, the absolute size of a random sample is much more
i important than its relative size compared to the size of the lot. _
§ (8)  The OC-curve of pldns with acceptance numbers greater than zero are superior to those of
. comparable plans with an-acceptance number of zero. .
(h)  In a simplex tableau, if there is a tie for the departing variable, then the next BFS will be

degenerate. ! '

If in any simplex iteration, the minimum ratio rule fails, then the LPP is infeasible.

'd

) : " L

() The simplex method may not move to an adjacent extreme point if the current iteration is
degenerate. : .A

: [1x10=10]
§

A process producing coaxial cables is being monitored by a “number of QCfects per uni't” .chart.
The process average has been calculated as 0.10 defects per unit. Three-sigma control limits are
employed and samples of size 200 are taken on a daily basis.

(2) Calculate the control limits for the chart.

If the process mean were to suddenly shift to 0.15 per unit, what is the probability that this shift
would be detected on the 5™ subsequent day?

What is the expected number of samples until an out-of-control signal is received?
[4+5+6=15]

P.T.O.
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4
3. Consider a double sampling plan with the following parameters:
=50 ¢ =1 r=5 n, =100 c, =7,
Find the probability of acceptance of a lot that has fraction defective p = 0.06.
4.(a)

A dairy has two plants each of which produces and su
can each work upto 16 hours a day. In Plant-I, it tak
1000 liters of milk and 1 hour to prepate and pack 1
prepare and pack 1000 liters of milk and 1.5 hours t

In Plant-1, it costs Rs, 15,000/-

to prepare and pack 1000 liters of milk and Rs. 28,000/-
and pack 100 kg, of butter, wh

ereas these costs are Rs. 18,000/- and Rs. 26,000/-
Plant-II. The company is obliged to produce daily at least 10,000 liters of milk
butter.

Formulate this as an LPP to

find as to how should th
required amount of the produ

cts be obtained at minimum cost,

(b)  Consider the following Lp:

max X, = 4x, +x, +3x; +5x,
st, 4x, - 6x, ~3x, +4x, > -20
3x, - 2x, +4x, +x, <11
8x, = 3x, +3x, +2x, <23

X3 Xy, X5,%, 20

One of the simplex iteration Fab

leaus of the above Lp 18 given below:-

Yo =% | =x; | —x -x
X B By o T
) x| S FR T T
x| D6 E o

Without performin

8 the simplex iterations, find the missi i
, missin
calculations, e A

%%k k

[10]

pplies two products: Milk and Butter. Plants
es 3 hours to prepare (from powder) and pack
00 kg of butter. In Plant-I1, it takes 2 hours to
0 prepare and pack 100 kg of butter.

to prepare
respectively for
and 800 kg. of

e dairy organize its production so that the

. Show your

[10+15=25]

~1
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Let M, N be normal subgroups of a group G.

i M s al in MN and M NN is normal in
(a) Show that AN is a subgroup of ¢+, M is normal 1 o
N.

: .
. . "\ [
(b) Show that ll(;_\’ is isomorphic to 5% -

" of finite inde /e that K is
Let G be a group and I1, K be subgroups of (¢ of finite index . Prove that H N

(15]
of finite index in G.

_. _ MW(ao+arz+--+
If n2,n, a0, ay,---,a, are integers such that (m,n) = 1 and (z —m/n){(ap+a;
. R ] [e2] 1

) . in the ring of
a,x") in Q[x], Q being the field of rationals , prove that m|ag and nla, in g[;15]
integers . '

. e o of
Let J[i] = {a+ bi : a,bintegers} . Let p be an integer which is prime in the ring o

: - [15]
integers. When is p prime in J[i] 7 Justify your answer .
ive ti = {r:2" € A for some n} .
. Let A be an ideal of a commutative ring R . Let N(A) = {x: 2" € s
Prove that N(A) is an ideal containing A.

. Let P‘ - le.

- (1 '()
(a) Show that 22 + i and 2% 4 & + 4 are irceducible over I (9]
3 [N ' ol - r().]
. F i . ic . ]
(b) Show that :2{:]1 and $2+[;L4 are isomorphic .
' » rationals. 5]
. Find the degree of the splitting field of 23 + x4+ 1 over the rationals

. inlicati . 115
- Let I be a finite ficld. Show that IF = {0} is a cyclic group under multiplication [15]
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Answer all questions.

Consider a simple Keynesian model with no government sector where the
consumption function is given by C = 100 +.7y, y being real GDP and
aggregate planned investment is 500 units.

Compute the equilibrium level of income and
Explain the following two statements with the example of this model.

0) aggregate saving is equal to aggregate planned investment only at
equilibrium level of y.

(i) aggregate saving is equal to actual aggregate investment at any level
of y.

Consider a simple Keynesian model with government sector for a closed
economy given by

yd =C +1+G, yd being planned aggregate demand.

C = C (YD) , 0< C' <1

YD =y-T vy isreal GDP, T is total tax collection
T=1ty , 0<t«l
1 =1

G=G

How will the equilibrium level of y change following an increase in t ? . How

will the answer to this question change if instead, G=ty. Explain your
answers.

Explain the paradox of thrift in a simple Keynesian model. Does it hold in an
I S- L M model given by

yd=C+I

C=Cl(y) , 0 < C' <1 whereyis real GDP.

[ =1(r) ,I'<0 where r is real rate of interest and 1 is aggregate planned
investment demand.

—_—

S
[ B ] is the given supply of real balance,

L=Ly,r) ; Ly >0, L; < 0 is the demand for real balance. Explain
your answer.
[7+7+8] = [22]

Contd...2/-
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2.

3. (a)

(b)

(c)

i i i i ) lain, using the
re exists an inflationary gap in an economy Ex.p g
F%p?oiel\;hemodel, how the economy, left on its own, adjusts to restore
equilibrium under this situation. What happens to aggregate plannegd
investment in the course of this adjustment ?

Suppose future growth of the economy is also a consideration of the

government. Then how should the government intervene to eliminate this
inflationary gap ?

Suppose the government has two targets to attain viz. output target and

investment target. Explain using | S - L M framework what policies should
the government adopt to achieve these two targets.

[22]

The government of a country facin
exchange rate regime imposes tariff
back to the public inform of tax reb
level of income and exchange rate
small country ‘@ssumption) .
Fal

You are given the foll
fractional reserve bankin

g perfect capital mobility in a flexible
on import, distributions the tariff revenue
ates. Find the effects of the tariff on the
using Mundeld-Fleming model. (Make the

owing information about an economy practicing

Currency

S0 billion local currency

Demand deposits = 160 billion local currency

Bank reserves= 20 billion local currency

(i) Define and calculate the following :

Monetary base :
Money supply (M, ] ; and

Money multiplier.

(ii) Suppose the central bank gains international r
local curre

ncy. Assuming that

€serves worth 10 billion
what will be its im

central bank credit remains unchanged
pact on monetary base and money supply ?

Suppose the central bank wants to kee

e i the money supply unchanged
despite this reserve ain P €Y supply
Explain your answer. 9ain.In what offsetting operation could it engage ?

[10+6+6] =[22]

*hkkk
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Answer any six questions.
. . 1o s given b
1. Stationary state wave function associated with a particle is gi y
P(z) = 0;z<—a

= A(l+cos™); —a<z<a

ts.
here A and a are real constan . .
:LV) Is this a physically acceptable wave function ? explain
b) Find A so that ¥(z) is norrgahze?d.
¢) Find the classically - allowed region. -
d)) Find the average value of momentum for this state.

2+2+2+4

P : . alls

2. A particle is moving freely inside a 1-D infinite potential well with w
tz=0and x = 1. . -
z) 3EJ'sing Schrodinger’s equation show that the particle can have only
discrete energy values. el
b) If the part%cle is initially in the ground stat.e of the b(;x ;1111(1 if Osfuﬁndin)g'
the length of the box is doubled, then what is the proba o g; e
the particle in first excited state of this new well (if one

out there). 545

i i ticular
3. State and prove the generalized uncertainty relatlon.bl\;hat par
shape will it take for position and momentum observables.

8+2

. ing i tential:
4. Construct Schrodinger’s equation for a particle moving in the po

with V4 > 0.Find the wave functions for this potential.

10
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5. Consider two qubits in the singlet state
1
T>=—(0>1>-]1>]0>
v \/5“ | 1> 10 >]

Consider the same unitary operator U on both the systems. Show that
U®Ulp~™ >= [y~ > up to a global phase. Show that if spins are
measured along vector n; for particle 1 and along n, for particle 2, then
the probability that both the results show spin up is given by %(1 -~

ny.ng). Using this result calculate the expectation value of the joint spin
observable given by n;.0 @ ny.0.

3+5+2

. Argue why by sending one free qubit one can not send more than 1 cbit
of information. Show that by sending one qubit one can send 2 cbits

of information if the qubit is entangled with another qubit held by the
receiver.

2+38

. Spow t'hat for. @ quantum mechanical spin system associated with 2-
dimensional Hilbert space, all quantum mechanical probabilities for spin

feasurements can be reproduced by Hidden Variable Theory. Show that
the following state of three qubits

1
Y123 >= E“O >0>10> 1> 1511 >]
is an eigen state of the followin
0y ® 0y ® 0, and O: @ 0
does not admit any local

g four observables o, ®oy®0y, 0,Q00,®0,,

@ 0z. Using this result show that this state
Hidden Variable theory.

6+3+1

INDIAN STATISTICAL INSTITUTE

\Vd Second Semestral Examination: (2004 — 2005)
B. Stat |l Year
Biology i
Date 7. 5.0% Maximum Marks 50 Duration_Three hours

(Attempt any five questions)
(Number of copies of the question paper required Eight )

1. Define onset and cessation of southwest monsoon? Draw a suitable rice calendar with the
following data. 248

Week No. 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
Rainfall(mm) 5 0 15 10 9 37 18 35 18 20 98 142 9580 15 32 2 0 0
at 0.5 Prob.

PET(mm) 45 42 33 37 33 25 22 20 22 20 19 17 19 20 25 28 31 33 34

2. What are the differences between Manures and Fertilizers? Calculate .the quantity of VC,
Urea, Single super pohosphate and Muriate of potash required for 1 ha. rice %rop to mqet th;
nutrient requirement of 120kg N, 60 kg P,Os and 60 kg K,O per hectare. 25% of required
should be given through VC. 247

3. Describe the suitable agrotechniques for rice nursery bed preparation. Estimate the expected
ield of rice grain in t/ha from the following data. ) o -
?)"e Spacingg- 20x10cm ii) Average no. of tillersill 10 iii) Average no. of eﬁecpx;e tllliilrselhil;o

8 iv) Average no. of grain/panicle —160 v) Average no. of unfilled grain/pan

446 -
vi) Test weight -24 g.
ina: 2 x5+
4. Write short notes on any five of the following:
a) Moisture availability index *
b) Soil pH ‘

¢) Reproductive stages in rice

d) Bulk density of soil

€) Transgenic rice

f) Capillary water

@) Intercropping and Mixed cropping

. 2X5
5. Write in brief about any two of the following:

a) Soil regolith.
b) Soil texture.
c) Cation exchange capacity

« 6. ) Determine the values of a and b so that (0, 0) is a sink of

.d_x_:a,x—by
dt
dt

i ion. Find
b) Write down the Lotka — Voltcrra model for prcd_ator—prel)i ";'gggtllco:quilibria.
the dynamic behavior of the model around the biologically 342+5=10
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. Describe in

What are the classifications of land used in agri.cultural statistics? o
_ Write a short note on Annual Survey of Industries. K

INDIAN STATISTICAL INSTITUTE
B. Stat IT: 2004 - 2005
Second Semester Examination
Economic Statistics and Official Statistics

Duration: 3 hours Maximum marks: 100 Date://, 5. 2005

JAnswer Group A and Group B in separate answer scripts. Answer question no. |
and any three from the rest of the questions of Group A and all questions of
Group B. Allotted marks are given in brackets[] at the end of each question.]

Group A: Economic Statistics

(a) Suppose monthly per capita expenditures (x) of households in urban india follow

Pareto law with inequality parameter v = 2.0 and the threshold parameter ¢ = Rs. 10/-.
Find

(1) the average monthly per capita expenditure of all households, £
(i1) the average monthly per capita expenditure of households spending’Rs 50/-
per capita per month. ’ '

(b) If households spending Rs. x per capita per month spend x"* rupees per capita per
month on-a certain commodity then find (i) the average monthly per capita
expenditures of households on the commodity. Also find (i) the percentage increase
on the consumption of the commodity if every household raises its per capita
expenditure by 5%. [1Q+1 6=26]
(a) What do you mean by concentration in business and industry? Write down the
criteria for a good measure of concentration in business and industry. Show how these
criteria are satisfied by (i) Herfindahl — Hirschman index and (i1) Hall and Tideman
index. .

(b) How is it different from a measure of inequality? at 5+3=18]
Write down the important steps in denving Atkinson’s measures of inequality based
on the Social Welfare Function Approach. How can one interpret the unknown
parameter in the measure? . [15+3=18] .
State the principle of Diminishing Transfer of Income. Examine CV, LR and RMD 1n

the light of the above principle. . ' _ . [’1 f%]
 Define Index Number. Why is the chowce of base period and commodities 50

1 i 1 i . Number? Write down the

important while constructing a Consumer Price Index .Nu'x}

Fis%er’s tests for an index number formula. Show that Fisher’s Ideal Index Numb_er

formula satisfies these tests. Define chain base index numbercs!.bWhgt Zre the n:)ex:ots
i i index number compared to the fixed base index numoer:

and demerits of chain base index ) e it

detail the economic and statistical criteria for choosing an Engel Curve.

[18]

Group B: Official Statistics

. S 1
. Write briefly the procedure adopted by NSSO 1n surveying informal sectors. (8]

or o
1 i ' ituting National Accounts Statistics. {81
Indicate various source sectors for constituting 5
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4(c). Three independent samples from a bivariate normal
sample size: 25 30 35
sample corr. cocff. : 0.65 0.59 0.63

Suggest a combined estimate for the population corr. coeff., using z-

population yield the following :

transformation.

5(2). Obtain an expression for the variance of the sample 100pth percentile in a random
sample from a continuous population with density f(.).

5(b). Obtain an expression for the large sample variance of the sample median in a
sample of odd size from a Cauchy population. Hence suggest a test for the
parameter of Cauchy population based on the sample median.

3(c). Carry out the test in (b) when the hypothesized value of the parameter is 3.5, the
sample size n equals 25 and sample median is 4.0.

6(a). Consider the usual multiple linear regression model with normal homoscedsatic
errors. Show that the least square estimators of the regression coefficients are
actually their best linear unbiased estimators.

6(b). Suppose y has the distribution N,(0, ¢’1). State and prove a necessary and sufficient
condition for the quadratic form y’4y to have the chi—squarg distribution.

(). Define the frequency chi-square for testing goodness of fit and derive its sampling
distribution for large samples.

Mb). A statistical package that generates random numbers is to be tested for its
randomness. The package is used to generate 100 single digit integers between 0 and
9, and the frequencies of the integers are summarized below.
Integer : 0 1 2 3 4 5 6 7 8 9
Observed
Frequency :7 10 11 8 9 10 8 14 6 17
At 5% level of significance test whether there is any reason to suspect the
unbisedness (or randomness) of the package.

Suppose we have data on two variables x and y from thr.ee cities A, B am'l C with ny,
n; and n; as the number of observations respectively. It is known that a lme;z;r ic
regression of y on x is a good fit at the three cities and that the errors.at A, ar:l !

. are of similar magnitude. We do not however know how these three lm.es comp
to each other. In order to explore them we would like to test th? f(.)llowmg
hypotheses following the suggestions of the subject matter specialists.
(i) All the three lines are identical.
(i) Slopes of the lines at B and C arc(t1 s(z;me. .

‘ ines at A, B and C are same. o

glgreloll)nttlf: fAi:l}\)It(s):’ixﬂ::sltl statistic; for the above three hypotheses, explaining clearly
how the various sums of squares are to be computed.
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Note : Answer any six questions. Each question carries 17 marks.

. Starting from the joint distribution (no derivation required) of sample sum of
-squ.ares and prodl.lcts In a random sample from bivariate normal distribution,
indicate the steps involved to derive the sampling distribution of the sample

correl.atlon coefficient. Hence, or otherwise, deduce the form of the density of the
same in the null case. .

2.(a). Show that the sampling distribution of the sample correlation coeffi

from a bivariat . icient in samples
otvariate normal population depends only on the population correlation
coefficient and on no other parameters.

E

2(b).

' 0 paired observations, the x-value exceeds its
corresp?ndlng y-value exceeds its mean, From this,
population correlation coeff.

Also using large sample a '
the null hypothesis that p

suggest an estimate of p, the

Pproximation (no derivation of the result required), test
Is equal to 0.35.

(2) Obtain an €xpression for P = pProp, [ 1 X-
(b) Suggest a plug-i i

(c) Obtain a large sam :
. ple appr ;
(d) Using (b) and ( PProximati

c
given d = 3 apd z;;il;;e), \(f)::lrti::nteSt for the nul hypothesis that P s equal to 0.95,
and Y, ces are 0.85 (m=50) and 1.1 (n=70) respectively for ¥

P.7.0

Back Paper

INDIAN STATISTICAL INSTITUTE

Semestral II Examination : 2004-05
B.Stat II Year : 2004-05
Group A : Demography

Date: 22 7 05 Maximum Marks 50 Duration : 1 hr. 30 min.

Note: Symbols and notations have their usual meanings

; . s 0 |
1. a) What is vital registration system * _
b)) Give an account of Chandrasekaran and Deming’s method for completeness of
data from the vital registration system. N
¢) Describe Zelnik’s method for smoothing age data by considering 6-year age

interval. E T46= 15]

OR
i i ife table.
d) Describe the different columns of a life ta » .
e; Explain why the mortality situation of two places can not usuaflly bed Z;)(;?Zpeage
Descmhnéction, the construction and usefulness of stan

death rates.
E+4+5=15:1

2. a) Define census measures of fertility and its merits anfe demeri
b) Differentiate between gross and net reprod\{cle:on rate.
¢) Discuss some standardised measures of fertility.

E+6+4=15]

OR

al mortality rate and perinatal mortality rate..

. . t .
d) Differentiate between neona O ity figure and comparative

e) Differentiate between compar
mortality index.
f) Define replacement index.
rate?

t reproduction

[5+5+5=15]

turn over

Why is it considered better than ne




Derive the formula

X

jv(z)dz

0

=-logS(x) ,

where v(x) is the force of nuptiality at a

ge x and S(x) is the proportion of persons
single at age x.

Show that
\ JNMT = 1 JNMT
where symbols have their usual meanings.
Prove that
g = 2m,
24 m,

[8+7+5=20]

‘P Abank is in the process of formulating its loan policy for the next quarter. A total of Rs. 12 crores is

OR
For a certain life table

I, =20000-80x - x?,

(1) What is the ultimate age in life table?
(i)  Find / and q,
(i)  Find ,;p,,.

Given

_ 1
x (aO +a,x)(bo +blx)

Find an expression for l..

’ [4+(3+3)+4+6=20]

Group B : SQC & OR

Maximum Marks : 50

Answer Group B in a separate answer-script.

A subgroup size of n = 4 is used. -

P What is the average number of samples needed until this shift is detected ?

Suppose that a single sampling acceptance rectification plan n = 150 ¢ =1 is being used for receiving
inspection where the vendor ships the products in lots of size N = 3000. Find the AOQL for this plan.

) Describe the operation of a double sampling plan.

allocated for that purpose. The following table provides the types o.f loan, the
the bank and the possibility of bad debts as estimated from past experience :

The specifications on the pressure set-point on an our compressor air regulator is 100 + 3psi. The

most recent X - R chart for the regulators is running at X = 99 with UCL = 99.75 and LCL = 98.25.

Assuming that the process has a normal distribution with mean =99 and process standard deviation ‘ |
6 = (.25, what is the probability that two out of three consecutive points fall beyond 2 sigma limits ?

What is the probability that an increase in the process main by 2 6 is detected by the second sampie ?

Duration ; 1 -;- Hours

[5+5+5=15]

[10+5=15]

interest rate charged by

. Probability of Bad Deb

Type of Loan | Interest Rate
Personal 0.140 0.10 :
Car 0.130 0.07
Housing 0.120 0.03
Farm 0.125 0.05
Commercial 0.100 0.02 -
‘

Bad debts are assumed unrecoverable and hence produce no interest revenue.

-, Must not exceed 0.04.

. ormulate the bank's objective of maximizing its net return as an LPP.

b) Maximize X0 = 2x1 + X5
st. Xp + Xy < 5
B - Xl + X2 S O
6){1 +2X2 < 21

Competition with other financial institutions in the area requires that the bank alLocate at least 40;%; of
the total funds to farm and commercial loans ; home loans must equal at legst 50% of the Perso?lal, car
and home loans. The bank has a stated policy specifying that the overall ratio for bad debts on all loans
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Note : Answer all the five questions. Each question. carries 20 marks.

1(a). In arandom sample from a bivariate normal distribution, show that the
sample means are distributed independently of the sample variances and
covariance.

1(b). Indicate the density of the difference of the sample means.

1(c). Suggest a test for testing the difference between the two population means in
case all the five parameters are unknown. '

2. In a random sample from an exponential population, obtain the distribution
of the sample range and derive an explicit expression for its mean in terms of
the population mean and the sample size.

3(a). What is a variance-stabilizing transformation? Indicate its use in statistical
inference and illustrate the same with an example.

3(b). Obtain an expression for the large sample efficiency of the sample median [as
against the sample mean] for estimating the mean of a normal population
with unknown variance.

4. A substance used in biological and medical re%:ch is shipped by airfreight
to users in cartons of 1000 ampoules. The data below, involving 10
shipments, were collected on the number of times the carton was transferred
from one aircraft to another over shipment route (x) and the number of
ampoules broken upon arrival (y). Assume that a linear regression model is
appropriate here.

7 8 9 10
xi 1 0 2 0 3 1 0 1 2 0
yi 16 9 17 12 22 13 8 15 19 11

(a) Obtain the estimated regression function. Give a measure of goodness
of fit, test its significance, and comment.

(b) Estimate the slope parameter with a 95% confidence interval and
interpret the interval estimate.

P70
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5(a).

3(b).

5(¢).

(c) Conduct an ANOVA test to see whe

linear association between x and y
of this test? .

d

@ zgs:zultazt has suggested, based on previous experience, ¢
: umber of broken ampoules should not exceed 9 » that the
ransfers are made. Conduct an appr when no

= opriate tes
0.025. Draw conclusions, and give ths P e on the

ther or not there is 3 signifi

¢
Use a = 0.05. What is the P o

~ Valy

claim using,,
= value of the test,

Datc:

—

(98

INDIAN STATISTICAL INSTITUTE
Second Semester Back Paper Examination 2004-05

B.STAT.-II YEAR
Economics - 11

Z25,7.05 Maximum Marks : 100 ‘Duration : 3 Hours

Answer all questions.

Explain income determination in a Simple Keynesian Model. Show the equilibrium in
a diagram using the Keynesian cross as well as the saving-investment schedule, taking
investment to be an increasing function of income.

Derive and interpret the autonomous expenditure multiplier. Given other things the
same, compare the valuc of the multiplier in two cases (i) closed economy (i) open
economy . Explain your answer.

[25]

Discuss the income determination in an IS - LM model. Explain the impact of an
increase in (i) government expenditure and (i) money supply, on equilibrium output
and interest rate. In each case, show the path of the system from initial to new
equilibrium in a diagram, making suitable assumptions about the adjustment of yandr.

If the interest sensitivity of money demand is not significant epoggh-then sho\y that
monetary policy will be more effective than fiscal policy in eliminating deflationary
gap in the system. :

[25]
Consider a small open economy facing perfect capital mobility under a flexible

exchange rate regime. Discuss the effectiveness of fiscal and monetary policies in this
set up using the Mundell-Fleming model.

. [25]
Explain in detail th.e precise mechanism involved in the process by which a balance of

payment surplus, surfaces as a money supply increase in an economy under fixed
exchange rate.

(25}

KhEEEE . 1*‘%“3:"'
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