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Abstract

The present paper gives the idea of estimating the population mean of the study variable using two auxiliary variables in
double sampling. Here we have suggested a class of estimators of population mean in double sampling. The relative bias and
mean square error of the proposed class of estimators are also given. An empirical study is carried out for showing the
performance of the proposed class of estimators. The comparisons of the proposed class of estimators with relevant
estimator are also given on the basis of their mean square error.
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Introduction

We know that the efficiency of Ratio, product and regression
type estimators for estimation of population mean of study
variable depend on the information on auxiliary variable. When
auxiliary variable is positively correlated with study variable,
ratio estimator is used. Regression estimator is more useful
when there is linear relationship between study and auxiliary
variable. The product estimator is also used when there exist
high negative correlation. The ratio estimator was developed by
Cochran' for estimation of population mean of the study
variable on the basis of auxiliary information. The product
estim;tor is defined by Robson? and it was again defined by
Murty”.

When we do not have proper information on the population
mean of the auxiliary variable the method of double sampling
scheme is call back automatically. In this method we select a
first phase sample whose size is n'from the population whose
size is N on which only the auxiliary variable X is observed.
Now we select a second phase sample of size n from first phase
sample of size Nn'for estimating the study variable y. This
process is called double sampling method which was firstly
introduced by Neyman®. The chain ratio estimator is given by
Chand®, Kiregyera®, Singh and Upadhyaya’, Prasad et al®,
Singh et al’, Singh and Choudhury™ and Vishwakarma and
Gangele™.

The estimators

The chain type ratio and product estimator in double sampling
using two auxiliary variables is usually given as under
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In the similar way, The exponential chain type ratio and
product estimators of population mean given by Singh and
Choudhury using two auxiliary variables in double sampling
given as

Re (X172 +X
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Singh and Ruiz Espejo'® suggest the ratio product type
estimator in double sampling for population mean using
auxiliary variable respectively given by

—d | X' X

Yee = y[at+(1—a): 3)
X X

Where a is real constant.

And Vishwakarma, G.K. and Kumar, M™ proposed the
improved class of chain ratio-product type estimators in double
sampling for population mean using two auxiliary variables are
given respectively by
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Where a is real constant.
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The proposed class of estimator

Now we propose the following generalized form of exponential
chain ratio-product type estimator for population mean under
double sampling using two auxiliary variables given as under
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Where o and B are constant. X 'and Z ' are the sample means
of X and Z based on the first phase sample of size n' and Yy
and X are the sample means of Y and X respectively based on

second phase sample of size n.

Mean Square Error and Relative Bias
For this purpose let us assume
VZY(1+§1)*X_= X_(1+ 52) X
7'=72(1+ &)

= X(1+&,),

Suchthat E(&;) = E(&,) = E(&;) =E(5,) =0

Putting above values in, the equation (5) express as in terms of
& 's and neglecting the power greater than two we have

a+e)(1+g)” W) o ) -Qr)(E) }
@+E)(1+&)” +(1+§z) A+E)+A+E)(1+&)”
R.B.[V:]= E[Vy _Y]/Y

:{(Z“fgl)(f"ci +ﬂf'C§)+é(f"C§ +ﬂ2f'C§)—(2a72_l)(f"CXY +ﬂf'cﬂ)}
MSE[VR] = E[y_R - y—]z

Yo=Y (+&) {a

- VE {fﬁru(fs—fz —ﬂm}

Yz{f@ @) J){(2a @ ZQ«} F@d {(20: @) e 2C“H (6)

1 1
f:——— f':i_i f_l 1

n N n N n n
And, E[7]= fC} E[£]= fC} E[&]= fC},

E[£;]1=1'C;. E[5&,]1= C,,

Where,
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E[£S.]=f C v EL&&E]=1'Cy, . E[S,E]= f‘C>2< ’

E[5,8,]=f'Cyy . E[&E,]=T'Cy
And,Cyy =pC,Cy . Cy; = py,CxC,
C,,=p,,CC,.C, =S, /Y ,Cy=5,/X

C,=S,1Z

Th_e mean square error of the above existing
estimators

MSE(¥s*) =Y°[ fC} + f'C} + f'C;-2f'C,, -2fC,, ]
MSE(Y5) =Y?[ fC?+ f'C} + 'C2 +2f°C, +2fC,, |
MSE (Vgs) =Y [fc3+1/4{fc§+fc2} chx+chz]
MSE (¥52) = Yz[fc3+1/4{f“c§+f‘c2} chX+chz]
MBE(Yp) =V7[ 1C+4021 G} ~darf" (GG +Cy+ (G +2C,| ()
VBE(Vz) =Vz[fd«+(2a—])2 141, +1C}~(@2a-D{'C, +f'caﬂ (8)

Optimum value of o and p

0

—MSE(yRP) =0

oo

a —-dc

_MSE(yRPe) = O
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3 ©)
_MSE(V,)=0

oo

a \/ —
ﬁMSE(yR)— 0

The optimum value of a which minimizes the MSE of VSP is
given as under

C
oy =l/2{1+pr é}

Similarly, The optimum value of a which minimizes the MSE

(10)

of Vs, is given as under
. f'(2C,, +Cs)+ f (2C,, +C})
oPt 2(f'C2+ fC2)

(11)

In the same way
The optimum value of a and § which minimizes the MSE of

Yr is given as under
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Putting the above optimum values of o and B in their respective
MSE we get the min (MSE) of these estimators

MSE(VSP)min :Y_2 [ fCYZ - prZXCYZiI (13)
_ f'C, + f'C )2

MSE (VS ) min = Y 2 fCZ—( e vz (14)
(yRPe)mln Y (f C; N f sz)
— . C2 IcZ

MSE(V)min:Y2|:fC2—f XY—f—YZ} (15)
R Y Ci CZZ

Efficiency comparison

Theoretical comparison of proposed class of estimator (Y5 )
over other estimators

where,V (Y) = fY °C?

MSE (V) <V (V)if

(2011 2A{@a~1)/23C: ~2C, ]+ f'(2a-D B A{ (2. -1) B/ ZC? ~2C,,] <O

Or, f"(2a -1)/2[{(2a -1)/2}C}? -2C, ]<0

gither 2C,/C,* < 0-1/2 < 0 Or 2C,,/C,> > 0-1/2 >0

and, f'(2a-1)B/12[{(2a-1)p12}C? - 2C,]<o0

either 2C,,/C;” < a-1/2 < 0; >0 Or 2C,,/C,> > a-1/2>0; B> 0
MSE (V) < MSE (y2)if

gD g0 1 @ Vg2 x5 <0

or, (22D 2D pez-oc, 1<0

gither 2C,y/C,> < a+1/2 <2
Or 2C4/C> a+1/2>2 And,

(22 ;M _pp?® ;M +1C2-2C,,]<0

either (2C,,/C;")-1< (a-1/2) B < 1 Or (2C,,/C,)-1> (a-1/2) B>1
MSE(V,) < MSE (Y%)if
f'{‘QD‘T‘D-yZ}[F”T‘D+y2}c§-ch]+f'{(2"‘;M —JJZ}[?H ;Dﬁ +Jj2}Cf—2Qﬂ]<O
f"{(zo‘z—‘l)—1/2}[{(20‘2—‘1)+1/2}cx2 -2C¢,1<0
gither 2C,y/C,> < a. < 1 Or 2C/C,% > 0> 1

Or,
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And, f '{w ~1/ 2}[{@ +1/2)C?-2C,,]1<0

either (2C,,/C,%)-1/2< (a-1/2) B <% Or (2Cy,/C,?)-1/2> (0-1/2)
B>1/2
MSE () < MSE (Vgs,)if

(D -2 g e - 2c 1 < 0

either (2C,,/C,?) < (a-1/2) < 0; B> 1 Or (2C,,/C,%)> (a-1/2)> 0;
p>1

A Numerical comparison: Here we take an example of
following population data set for checking the merit of
proposed class of estimator of population mean.

Population 1(Source: Cochran (1977)

The variables are given as under

y — Number of placebo children.

X — Number of paralytic polio cases in the “placebo’ group.

z — Number of paralytic polio cases in the ‘not inoculated’
group.

N=34, n'=15  n=10 Y =4.92 X =259

Z=291 C,=1.0123 C, =12318 C,=10720 [=0.7326

£;=0.6430 Py =0.6837.

The formula for percent relative efficiencies (PRES) is give as

under pREg (., y) = —TASSEE((V)) x100

Table-1
Mean square error and percent relative efficiency of the
estimators with respect to Y

Population (1)

Estimators MSE PRE
y 1.75106 100
Vgc 1.27900 136.9087
Vgc 6.74470 25.9621
Vdc 0.94980 184.3612
Re
Vdc 3.68270 47.5483
Pe
—d
Vep 1.30730 133.9450
yae 0.92519 189.2652
yRPe ' ’
VR 0.92517 189.2693
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Conclusion

From tablel, we conclude that the proposed class of estimators
(y_R ) is more efficient in comparison to other existing

estimators but it is equally precise to estimator ( V55, ) -
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