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Abstract- Using exponential function, an estimator for mean has been developed and it’s Properties are studied. The mean
squared error of the developed estimator has been derived. To compare developed estimator with existing estimators. An
empirical comparative study is also conducted.

Keywords :- population mean, Exponential estimator ,Mean squared error.

I INTRODUCTION

In systematic sampling, Shukla (1971) worked on classical ratio .An almost unbiased ratio and product estimators were
envisaged by Singh and Singh (1998). Recently, Singh et al. (2011) studied ratio and product type exponential estimators in
systematic sampling. In this paper a ratio-cum-product —type exponential estimator for population mean is suggested and it’s
properties are studied. For the present work, Let us consider a population Uz{Ul, UZ,U3,...UN} of size N serially

. . . N N
numbered from 1 to N. To draw a systematic sample, first unit is selected at random between 1 to K, where K =— . This unit
n

is denoted by i and then every K™ unit is selected. This systematic sample is obtained as i, i+k, i+2K, i+3k ----- i+(n-1)k
units.

Swain (1964) suggested ratio estimator for Y in systematic sampling as

- [ X
YRsys = ysys(i_] (1.1)

sys

o _1 —
where Xg o= H > Xij is an unbiased estimator of population mean Y .

n
ZXij , the population mean of the auxiliary variate x. Here, X is assumed to be known. .

Shukla (1971) worked out product type estimator for population mean as
2 _ (z
Ypsys = ysys[%} . (1.2)

Using exponential function a ratio- type and a product- type estimator were worked out by Bahl and Tuteja (1991) as
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?Re =yxexp[§_fj (1.3)
X+X

and

¥, - yxexp[ ‘ZJ (14)
+Z

?Resys and ?Pesys was studied in systematic sampling by Singh et al. (2011) as

Yeesy =V XXy 15
Resy _ysysXeXp R"‘?Sys ( ' )
and
o _ Zys—2Z
YPesy =VYsys XeXp[zsys +2J . (1.6)
Variances of the ratio estimators V;ys, ?Sys, Ygesy and Yoesy are written
Vi N-1) o * * Hk
V(¥es) - D57 53 +picia-2ip™) | @
and
e N-1) — % * *k
V(¥a) = S22 05CE 493 (CE 104K )| (L8)
V3 N-1) o * * sk
V(¥on) = D72 it 4 plcta2kfpy) | 19)
Vi N-1) o * * Hok
V(Ypesys) =% Yz[pyci +p; (5 1 4)(L-4ky/p5 )} : (1.10)
where

k=pyx% Cpy=lrp, (-], py=ftp(-D] . p;=[t+p,(n-D].

n 1 kon _
Syx:_]-gZ(Xu X) (yu Y) S)Z(Z—ZZ(X X)Z

N — i=1j=1 N —ll—lj—l
1 kon — 1 kn
S Y)?, S =———>>(z;
V=N L;lj;l(yu ) N lI_legl( Z)%,

) C o Py
k :pyz_y and  pp =
C,

*
z

as

and (Py, Py, P ) are the intra- class correlation coefficient between the units of a cluster corresponding the (y, x, z) variates.

Il. SUGGESTED ESTIMATOR

Singh (1967) envisaged ratio-cum —product estimator for population mean in simple random sampling. Tailor et al.(2011)
studied properties of singh (1967) estimators in stratified random sampling. Singh et al.(2009) studied ratio —cum- product
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type exponential estimators. In simple random sampling assuming that the auxiliary variate x is positively correlated with the
study variate y and the auxiliary variate z is negatively correlated with the y, motivated by above cited work, the suggested
raio-cum-product type exponential estimator for the population mean in systematic sampling is expressed as

~ X -X Zo.—2Z
Yéypi=vsysexp(_ _ssteXp[_sys _J. (2.1)
X+xSys

To get essential property of Yéﬁ i.e. bias and mean squared error ,it is assumed that

Yoys = Y(1+ey), Xeys = X(d+e,), Zyo= Z(1+e,) such that
E(eo) =E(e;) =E(e;) =0
E(eO) - GCypy ’ E(el ) - eCxpx ' E(e )_ eczpz )

E(ege1) = 0kC\pypx » E(8ge2) =0K"C\pyp; . E(ese,) =0k ™ CZypxp;

52 s2 s? N-1 Sy, S
C§=_—Z, C>2(=_—X, sz__y' 0=——, P :—y, Pyz = x )
Z? X2 Yoy? nN 88, 7 S,S,
SyX * * *
Pyx = S Px :(1+(n—1)px), Py =(l+(n—1)py), P, :(1+(n—1)pz)
yox

*% C * Cy Cy
K :pxz(éj .k :pyz[zj ) k:pyx(aJ '

Finally, upto the first degree of approximation, the bias and mean squared error of the suggested estimator are YFSQ,’,Z
obtained as

N 1 1 * 1 * * % 1 1 *% * %
B(YrszySé _(N-D N )y {SP C>2<—§PZ<3§+E|< cz Pypz—zkci Px—zk c; Pxpz} (2.2)
and
(N 1) * * * * * * * * 1 Aok
V(Ylg)lg?s - nN pyc)z/ +pX(C§/4)+pZ(C§/4)+k Cg\/pypz —kCi pypx _Ek 2Vpxpz (23)

I1l. EFFICIENCY COMPARISON
Variance of classical-unbiased estimator for population mean is expressed as

_ N-1) <, -«
V(7= 8D v picl. (3.)
nN
Comparision of (3.1), (1.7), (1.9), (1.11) and (2.3) show that the developed estimator Véﬁ would be more efficient than
(D) Voys if

Var (VFS{};Se) —Var (ysys) =<0 y

N—l— % * * % * % * Uk ok * 1
:{(HN)YZ[pyc§+pX(c§/4)+pz(c§/4)+k cs Py p; —keZ\pypx — k c; xpz} % “pyCy.
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N-=-1) — * % ok
- (N-D nN) Y[ (C214)+p) (2 14)+K™c2 \[p ph —ke2[plpl - k szpxpz} <0
(i) Yreys if

Var (Yghe) = Var (Ygg,s) <0,

(N_l)_ * * * * % * ok *
:>|: nN v? pyC§+px(C§/4)+pz(C§/4)+k C; pypz_kci PyPx — k 2 xpz -

N_l X7 * * ek
%Yz[pyC§+pXC§(l—2K\/p )}o

N ok % - —
{(nN) [ (€2 14)—p,C2(1-2K\p™ ) +p,(c2 /4)+k*c? pypz_kc Py Px — k C?,/pxpz:|-<0 (4.3.0)
(i) Yresys i

Var(Yg5,) — Var (VReSyS) <0,

(N_l)_ * * * * * % * % 1 sk * %
:{WYZ PYCy +Px (C 1 4)+p2 (€2 14+ Koy p: —kei\py Py —5 KCoVpip; |-
(N- 1)Y2

py l:py +p (C214)1-4Ky/p™ )} <0

N-1) <, « - . — — N —
:{(HN)YZ[chik\/p +p7 (2 1)kt oy Pl —kek PPk 5 =) 2,/pxpz}<0(4.3.2)
(V) Ypgys if
Var(v;ﬁ;)_var (VPsys)'<O,

N_l N * * * * * ok *ok *
:[( nN)Y{pyci+px(ci/4)+pz(c§/4)+kc? Py s — ke py i — 5 K? xpz}—

(N-1)

sz[p;cf, +p;C§(1+ 2ky/p5’ )} <0
N_l N/ * * * Kk * ® % * % 1 Kk * %
:uvz{px(ci/4)+pz(c§/4)—pzc§(1+2k\/pz )+k'czypypz —keyypypx —Sk cix/pxpz}om.&s)

(V) VPesys if

Var (Yghe) = Var (Ypegys) <0,

(N_l)_ * * * * k% k% 1 sk
:W 2 pyC§/+px(C)2(/4)+pz(C§/4)+k C; pypz_kci pypx_Ek ZVppo

N-1) <o . . o
( )Y2|:pyC§+pZ(C§/4)(1—4k1/p2 )}o

nN
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N_l_ * * ok * * %k * %k 1 ok *® ok
:%Yz[px@i/@wzﬁk Pz +K'ciypyp: —keiypypi — 5K Cg\/pxpzi|

N_l = * * EES * *® % * % l o P
_ L )Y{px(ci 14) +pyoikyp™ +k'cl\py p; —kekypy Pk — Sk cg,/pxpz}<0(4.3.4)

IV. EMPIRICAL STUDY

This section compares considerd estimators empirically. For this purpose

an artificial population is being considered.
Parameters of this artificial population are given below.

X=4447, Y=80, Z=4447, C, =028, C, =056, C,=043, S =149.55 , S =2000

S2=42783 , S, =-241.06 , Sy, =—90286 , S, =-241.06 , p,, =0.9848, p, ,=-0.9760

Py =-09530 , p, =0.707 , p, =0.6652 , p, =0.5487 , N=15,n=3

Table (4.1) Percent Relative Efficiencies of Yggs, Yosys: Yresys: Ypesys and Yaheo, With respect to y ..

Estimator PRE(., ¥4ys)
Voys 100.00
¢Rsys 389.620
¢Psys 189.452
$Resys 177.434
¢pesys 139.318
¢Fsg)2 617.606

Table 4.2 Empirical Exhibition of Theoretical Conditions Obtained in Section-(4.3)

7 5Ys = [N —1) —o » . 1
Var (Ygpe) —Var (ysys)<%Y{pxci/@wz(oi/@+k*c§ pyp; —keZ p’;p’;—lk**gil
n

PPy |<0
- X X . —-137.86 <0
R . (N-D o pr(C214) —prC2(1—2Kyp™ ) +ps(c2/4) + I
Var(YSyS)_Var(Y C) * * % * ok 1 *% * % =
RPe RS nN k Cg\/gpz - kC>2< Py Px _Ek Cg PxPz
Var(V25) ~Var (Vo) <0 ~20829=0
(N-) P/ 4)+p(c7 1 4) = p,C5 (L+ 2kyp3") .
nN |

* * ok * ok 1 *k * %
+KCy Py Py — ke Py =5 K e pip:
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Var(V352) ~Var (V) gy P 9+ (L1 )il e i) || ~5197:93<0
Y .
* * * * * 1 %k * *
nN +k Cg PyPz — kc>2< Py Px _E k CzVPxP;
VN(V;};Z)_VH(VPeSyS)(T\P_l) Pk (cx 14 +pycikyp™ +Kcpyp)
N Y? 1 <[0-2646.2<0
n —keiypy Py~ K Cipip:

V. CONCLUSIONS

In this paper, a ratio-cum-product type exponential estimator for population mean has been developed using exponential
function. Theoretical comparsion has been done in section 3 where conditions have been obtained under which developed
estimator has less mean squared error as compared to other considered estimators. Table 4.1 shows that the developed ratio-
cum-product estimator has maximum PRE among all other considered estimators. In addition ,Table 4.2 exhibits that
theoretical conditions are satisfied for the given empirical illustration. Thus it can be conclude that estimator developed in

this work is more efficient then Y, VRsys,Vpsys,VResys,Vpesys. and recommended for estimation of population mean if

conditions obtained in section 3 are satisfied.
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