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(a) Define Simple random sampling. Derive the

variance of the sample mean based on

SRSWOR. Also. derive the unbiased estimator of

this variance.

(b) From a simple random sample of size n drawn

from N units by SRSWOR, a simple random sub-

sample of ni units is duplicated and added to the

original sample. Show that the mean based on

(n + nl) units is an unbiased estimator of the

population mean. Also, obtain its variance. How

does it compare with the variance of the estimator

based on n units only? (7,8)

(a) lf (X, Y,) is the pair of the variables defined for

every unit (i : 1,2,...,N) of the population and yn
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(b) Define Difference estimator and derive from it

the regression estimator. Also obtain the variance

of regression estimator under first approximation.

(6,e)

7. (a) For a given cost function C = crnr+ c,n, derive

Var(V*) under optimum allocation. Further,

assume that a sampler has two strata with relative

sizes P, and P, and equal population standard

deviations S, and Sr. He prefers to use proportional

allocation but does not wish to incur a substantial

increase in variance as compared with optimum

allocation. Show that (ignoring fpc):

var(v"t ) P,c1 + P2c2

Var Yst opt

_ _. )
(r, J., * e, J., )-
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and in are the corresponding sample means of a
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Compute the sample sizes n,, n, in the 2 strata

minimizing the total size of sample in each

case under the following conditions (ignore

the fpc):

(i) The standard error of the estimated

population mean is to be 0.1.

(ii) The standard error of the difference

between the two estimated stratum means

is to be 0.1 .

(iii) The standard error of the estimated mean

of each stratum is to be 0.1. (6,9)

(a) A population of N units contains Nrunits belonging

to class A and N, (N-N,) units belonging to class

B. Obtain an unbiased estimator of N, and

unbiased estimator of its variance, under simple

random sampling without rep lacement.
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simple random sample of size n selected without

replacement, then prove that

6

N-ncov(xn.rn) 
fficou1*.11

) )

6

Hence prove that r( fn , y" ) = p(X,y). (Notations

have their usual meaning).

(b) Derive the condition under which a systematic

sampling has the same precision as the

corresponding stratified random sampling with one

unit per stratum. (S,7)

(a) Compare stratified random sampling under Neyman

and proportional allocations with simple random

sampling without replacement.

)
3
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(b) State the practical difficulties in adopting Neyman

method of allocation of a sample to different strata'

How much would be the increase in variance, on

the average, if the allocation is based on the

estimates of slrata mean squaresl Also, compare

it with proportional allocation. (6,9)

(a) (i) In SRSWOR, prove that the probability of

selecting a specified unit of the population at

any given draw is equal to the probability of

selecting it at the first draw.

(ii) If a random sample of size n is drawn from

a population of size N by SRSWOR, then

prove that covariance between any two

(b) Obtain the bias in th€ ratio estimator to the first

approximation. Also show that this bias vanishes

if the regression line is linear and passes through

origin. (3,4,8)

(a) Explain the Yates' end corrections in systematic

sampling for a population with a linear trend.

Hence show that the sample mean obtained

after applying the end corrections overlaps the

population mean.

(b) In a stratification with 2 strata, the values of the

P, and S, are as follows :

Stratum

0.li

)
5

4

S

) 2

members of the sample ,. -.1', .

N-1
2 0.2 4
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