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ABSTRACT

An extended class of generalized double sampling estimator using information on an auxiliary variable is
proposed for the estimation of ratio (product) of population parameters. Bias and mean square error are found,
and the properties of the generalized estimator are studied. Classes of estimators depending on optimum and
estimated optimum values in the sense of minimum mean square error are also investigated.
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l. INTRODUCTION
Let a first phase large simple random sample of size n' be drawn from a population of size N and

only the auxiliary variable x, be observed on this first phase sample, and further, let both the study variables

(y ' Xq ) and the auxiliary variable X, be observed on the second phase simple random sample of size n from

the first phase sample of size n'. For population values {Yi i=1,2,...., N} on vy,

{ Xy v i=12,.., N}on X, and { X, =12, N}on X, , let the population means

of y, x; and x, are respectively
— 1 N

Y =—>Y,,

N oy

N
2 X

— 1
X, = —
Ni=1

— 1 N
and Xy, =—> X, .
N i

I‘<|

The population ratio (R ) of the population means Y  and )(_1 and their product (P ) are R =

>
-

P=Y X,.
Further, let p,, ,p,, and p,, be the correlation coefficients between (y,x,), (y,x,) and (x,,x,)
respectively, and
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Sy = z (YI -Y )2 '
(N -1)i5
1 N — \2
2
Sx1= Z(Xll_xl) ’
(N -1)i5
1 N — \2
2
Sx2= Z(X2|_X2)’
(N _1)|=1
S S S
Co=—, C,= =+, C,=—=2
Y X, X,
Also, for first phase sample values { Xoi 5 1=12,., n’} on X,, second phase sample values
{ y, 5 i=12,.,, n} onvy, { X;; 5 1=1.2,., n}on X, and { Xop 5 1=1,2,., n} on X, ,
let
_, 1 n' ' . 1 n . 1 n 1 n
Xp = =2 Xoi» ¥ =—2 Vi 1= T X Xp = X X,
N i-1 Ni_y N n;_;
1" 1
/2 ’ bt 2 2 —_ 2
sy, = 2 (X3 = %) and s; = 3 (xy - X,) .
(n"-1)i5 (n-1)i5,
Using auxiliary information on X, , the double sampling estimators of Singh (1965) for the ratio
2
R = — andthe product P = Y X are respectively
Xl
. y X A X
Rig :_L__ZZ R[__ZJ ’
X, X5 X
. y X, . X}
Rog = %_—2= R| == 1.
X1 Xy X2
and
5 X [ X,
Pa =Y X — =P — |
X2 X2
. _ Xy X
Pog =Y Xy — =P —
X2 X2
.y .
where R = — and P = y X,.
X

1

Further, Singh, R. Karan, Rizvi, S.A.H and Rizvi S.A.M. (2012) proposed the following generalized double
sampling estimators:

Iigd =9(é’)72’;§) A)

and Py =h(P.X,.X}) (®8)
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Also, g, and h, are the first order partial derivatives. The optimum value of g, minimizing MSE (R;gd ) is

R
91* Z—(TJC (C)
X

2
and the minimum mean square error is given by

- - (1 1 \ 2 92 o
MSE(Rgd )nin = MSE (R)-| — —|R"C, C". (D)
\n n)
Proceeding on same lines, the optimum value of h, minimizing MSE (Isgd ) is
P *
h,. =- —|C (E)
X 5

for which the minimum mean square error to the first degree of approximation, is

. A 1 1 *
MSE (P ) = MSE (P)—(———szczzc 2 F)

min [
(n n")
. R : : : o
The optimum value g,, = —[TJC in (C) may not be known always in practice, hence the alternative is
2

to replace the parameters involved in the optimum value by their unbiased or consistent estimators to get the
estimated optimum value depending upon sample observations as

A R syx2 SX1X2
§,=-——| —-—
sz y Xl

R ).
= —[_—JC- (©)
X3

Using the estimated optimum value in (G), the estimator depending upon estimated optimum value is given as a
function

Rd(est): 9 (R';Z’Yé’c) (H)
attains the minimum mean square error given by (D).

P *
Similarly, replacing the parameters involved in h,, = —[T}C by their unbiased or consistent

estimators, the estimated optimum value is

h, - [_i]c 0
XZ

which gives the estimator depending upon estimated optimum value as a function

P’ )=h**(|;,;2,)?2',é) Q)

d (est

and MSE (PA;(est ) ) equals the minimum mean square error given by (F).

The Proposed Estimators
The proposed estimators for ratio (R) and product (P) are:
A 2= = 2 ,2
Rg=g(R,X2,X2,S 'S ) (1.2)

X3 X3
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and
A 2 ,2

Pg:h(ls,Yz,Yz’,s .S ) (1.2) For

Xy Xz

estimating R , the proposed generalized double sampling estimator is

R, = g(li,?z,fé,sz s’z)

XZ ! XZ
=g(t)
where t = (F@ Xy X, ,sfz s’xz2 )and g (t) satisfying the validity conditions of Taylor’s series expansion is

a bounded function of t such that at the point

'rz@,fpigsi,szy

X3
(i) g(t=T)=R (1.3)
and, for first order partial derivatives
og | og | og | ag | ag | _
90 = J ’glzTJ 'gz:T,J 93 =, | g, = 5 | of g(t) with respect to
OoR | 00X, T X, T 65X2 JT 6SX2 JT
R ,>72 VX ,sf , 5;22 respectively at the point t =T  and second order partial derivatives
0%y | o°g |
900 ==, | 90 = By |
OR It O0ROX, 1;
o%g | o%g | o%g | .
9o = —=—| 9 =— | Qg = A—zl of g(t) with respect to
0RO 2 ], GRGSXZ JT aR(’isX2 JT
R ,(Ii VX, )(R VX )(R ,sxz2 )(R S ) respectively at the point t =T ,
(i) 9o = (1.4)
(iii) 9, =-0, (1.5)
(iV) ;3 =-04, (1-6)
) 990 = 0 1.7
(vi) 901 = —9¢2 (1.8)
(vii) o3 = Y9014 - 1.9
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!

NG 01 2 K2
i s _ gl 22 ( >x W
and (iv) R, =Rl — —
X2
where k, and k, are the characterizing scalars to be chosen suitably.
It may be easily verified that conditions (1.3) to (1.9) are satisfied for all the estimators F\A’i i=1234 .

For example, considering the estimator F:’S , the value of F:’S at the point t = (R ,X_2 ,X_2 'S fz ,S xzz ) is

2 ]
Z2 (LW | = (1-k)+ k =1 satisfying (1.3) and (1.4);
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A

show that the conditions (1.5) to (1.9) are also satisfied for the estimator R . The regularity conditions from

(1.3) to (1.9) may easily be verified for the estimators R, ,R, ,R,; and R, also, and some more double

sampling estimators in the literature [see Cochran (1977), Sukhatme et.al. (1984) and Murthy (1967) for further
details].

Il.  BIAS AND MEAN SQUARE ERROR

Let
1 N —\r — \S — A\l
. =WZ(Yi Y ) (X = X, ) (X, = X,) forr,s,1=01,234;
i=1
vy-Y X, - X X, - X X, — X
eo:y_ , el=%, ezz%, e, = 2 "2 ,
Y X, X, X,
2 2 , ,2 2
e3=S><2 _sz' e3=S><2 _sz
so that ignoring fpc (finite population correction) for simplicity,
E(e,)=E(e;)=E(e,)=E(e,)=E(e;)=E(e;)=0,
U u )z
E(eg)="22 ,  E(ef)="2 . E(e)=-—2%
nyY nx, nx,
2
_1)
2 K 502 2 H 02 (ﬂzx
E(e; )=—7 . E(e; )= : :
n'x., n
2
H 002 (ﬂZX _1) u u
)2 110 101
E(e3 ) = 2 ) E(eoel):T , E(EOEZ)ZT
n’ ny X, ny X,
U u
, E(ee,)= 2L E(ege} ) = —A% ,
1 X5 ny X,
u , JZ
E(ele’z):,_o—“_, E(e,e) :—fzz ,
n'xX,; X, n’)(2
Ho12 ' H o3
E(eles)z — , E(e2e3):—_ ,
1 n'x,

E(eoe3)=yl—0_ ,

' H 003 , Ho1o
E(eye; )= — ' E(eey)=—= '
n'x, n'x,
, Hi02 H 003
E(eOeS):—_ , E(eze3)_ — ,
n'y nx,
2
7 H (:32 1)
E(eye;)=—2 and E(eze})=—2 'XZ :
n'x, n

Www.ijera.com DOI: 10.9790/9622-0903017589 80|Page




S. Ali Manzar Rizvi, et. al. International Journal of Engineering Research and Applications
WWW.ijera.com
ISSN: 2248-9622, Vol. 09, Issue 3, (Series-1) March 2019, pp. 75-89

Hoos . - .
where :Bzxz = ——— s the coefficient of kurtosis of X, .
Hoo2
Further, it is assumed that the sample is large enough to ignore terms involving

€, » € , €, , e, , e; , eé of degree greater than two, to justify the first degree approximation [see

Murthy (1967) for more details].

Expanding Fég = g (t) about the point T = (R X, ,X_2 ,sz ,sz ) in third order Taylor’s series, we
have
FEg =9(T)+ (R - R)go + (3 = Xy )ay + (x5 = X, )g, + (552 - sz )93

+ (5;22 - sz )94 + Y (IR; - R)Zgoo + (%, - )(_2)2911
R 2 2
+ (x5 - Xz)zgzz (sz _sz) 933 +(5;<2 - 52) 944
+ Z(F‘; - R)(;z - X, )gq + Z(F‘; - R)(;é - X, )90,
+ 2(FE - R (552 - sz )903 + Z(F‘; - R)(S;ZZ - sz )904
+2(x, - X_z )5 - X_Z)ng + 2(x, - X_z )(552 - sz )913
+2(x, - X_z )(5;(22 S, )914 +2(x; - X_z )(552 - sz )923
+ 2()7 - X_z)(s;zz sz )924 + 2(552 - sz )(5;22 - sz )934}
1 A 0 _ — 0
+ g{(R - R)aFE + (%, - Xz)g
_ —, 0 2 2 0
LX) — ~s
+(X2 2)8Yé +(Sx2 x2) Ssz
3
ot sz )5t olRe R sl ) 2
a ’
x, |

where g , 9; » 95 5 93 » 94 5 990 » Y01 » Y2 +» Jo3 » Joa

917 » 92

partial derivatives with respect to X, X, S. .S

— 2
X,,S’
( 29X,

)2,

and

Www.ijera.com

933 >

'S

944

)2
X2

v 912 v G913 v G914 0 Yoz 0 Goy

)2
Xz’ XZ’

) respectively,

~s?)fr0 <@ <1.
2
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934

(%, %, )v()?z 1%,

are already defined,

are the second order

S CACH IR
’ X2'SX2 1 XZ’SXZ ’

Xy = X, +0(X, - X,)
) . s; =5l wo(sl —s

)
X9 !
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From regularity conditions (1.3) to (1.9), substituting g(T)=R, g,=1, g, =-4,,
03=-04.90 =0,0, =—-0, .and gy = -9y, in (2.1), we have

Ry ~R=(R-R)+ (%, - X,)a, — (x5 - X,)g, + (s2, 5% Jus

Y — \2 _ — \2
_(3;22 —sz)g3+;{ (6, = X, ) gy + (55 - X,) gy

2 2 . _ —
+ (552 - sz) 9g3 * (5;22 - sz) 9aa * Z(R - R)(Xz - X, )90
_Z(F\;_R)(er_x_z)gm+2(F\;_R)(sz_sxzz)goa

- 2(|§ - R)(s’X

+ 2(xy - X_z )(552 sz )923 +2(x; - X_z )(5;22 sz )924
1 A 0
T LAl
v < .9 - N 2 2 0
X, )t (X = X, ) — _
) R L )
3
v (s =55, 621 0 (Re Ko Kpe 52512 ) (2.2)
osi |

Noting that R = R(1 + e, )(1 + e, )y t=R@+ € )(1 — e + 912 - ) , we have from (2.2)

2 v ’ '
R, - R = R(eO —e, +e —eye + )+ X,(e, —e5)g, + (e5 —e3)0,

1 (—»o > — 2 2 2 2 —
’ ’
+2_|{X292 U110 + X, €) Uy + €3 Jgg + €5 944+2sz(eoez
’ ’ ’
—ee,— €y€, + €85 — ...)Jy + 2R(e e, — €8, — €465
’ v 2 ’ v v !
+€.65 — .. )Ug T 2X, €,650,, +2X,6,6,0,, + 2X ,€,e50,,

v ’ v ! ’ r
+2X,65€30, +2X,€58309,, + 2e3e3934}

1 (. R
I R=R) =+ (X = X, ) —+ (x5 - X, )—

3 OR 0x, 0X,

3
0 0
elss, - 88 ) 88 -8 )
s, 6sX2J
0 (Re Xpe X s, s ). 23

Taking expectation on both sides of (2.3), to the first degree of approximation
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E(r‘;g)_ R = [R E(e12 - eOel)+ i{X_zzE(ezz)gn + >(_22E(e§2)922

+ E(e32)933 + E(eéz)gM + 2Rx_zE(eoez — €8, — €8

+ee5)0g + 2R E(ege; — €65 —eqe; + €e5)dg

—, ’ _ _ ’
+2X, E(ezez)glz + 2X2E(ezes)913 + 2X2E(e263)gl4
+2X,E(e5e;)0,, + 2X ,E(e5e5)9,, + 2E(e565)04, 1]

. . R 11u M
or Bias (Rg)z— —”_022 _fumo | 2 ) How 0y + (g, +29,)
ni X, Y X, 2 n n’
u, i
002 002
. (ﬂ2x2 1)933 7 (IBZXZ 1)944
H10 Ho
+2(———1R | = - =g
n n') Y X, XX,
1 2X .
+ 2(———\R Hioe _ How Uz + 2| Hoos 015
{n n') Y X, 5
2X—2 Hoo3
0 { — |(9a + 955 + 95)
n | X,
2
+ Fﬂooz (:BzxX ‘1)934} : (2.4)

A

. 2
Squaring both sides of (2.3) and taking expectation, MSE (R g ) =E (R g~ R ) to the first degree of
approximation, is

2 2 2 S, 2 ' \2 2 ;1 \2 2
MSE (Rg)=E[R (g — &) + X, (e, —e5) g, +(e5—e3) 9,

+ 2RX, (e, — e, )e, —€5)d, + 2R(e, — &, )(e; — €5)95
+2X,(e, —e))(e; - eé)glgg]

1 u 2u u 1 1\ 2 nu
_-R? 200 o Foo | (2 - X22 002 2
n

vy oYX, ox,” ln n)
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2 2 2 1 1\=—2_ 2 >
R (Cy = 2ppCoCy +Cy )+[___,){X2 C, 9y
n n

1

n
2 2 v

+ Mooz (ﬁ2x2 _1)93 +2RX (P4, CCy = p1,C1C ),

+ 2R g (Agp = A2 )95 + 241093 9193}

~ (1 1}—2 2( 2 [RJ ]
=MSE (R)+|—-—|X,C, {g, +2 Cg,¢
(n n') L X, J

1 1
+ (_‘ _W{ ﬂozoz (ﬂzx2 _1)932 + 2R gy (Agp = 212 )93

(n n")
+ 241003 9193 (2.5)
where C 'u_200 : 012 = ﬂ_ozo ; C22 = @02 ;
2 2
Y X X

C c
0 1
C, C,
_ 1 Hior  Hou
x2022 Y X,

M0 = pOl\/ﬂzoo v # 020 » Hio T pOZ\/ﬂzoo \ #002  Hou T plZ\//‘ozo \ # o002 ’

Por Pop. Py, are the correlation coefficients between (y,x,),(y,x,).(x,,x,) respectively,

Hi Ho1o
and Ay, = —2— 4, = —22

Y 1 ooz X 1 4 gop

i.  OPTIMUM AND ESTIMATED OPTIMUM VALUES

From (2.5), the optimum values of g, and g, minimizing MSE ( IR;g ) are

R{ Mooz (Agp = 215 ) = X_zczzcﬂooz (ﬂsz _1)}

D_

O 2
(ﬂzx2 Bix, — )ﬂooz
- RB, (3.1)
o2 2
and D. = R{X 2C 5 Crrges = Catgpy (/102 — A )}
, =
(:Bzx2 Bix, ~ )/“002
- RB (3.2)
T~ 2
{ Hooz (Agy = 213 )= X ,C, C gy (ﬂzx2 _1)}
where B, =

(ﬁzx2 Bix, — )ﬂgoz
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— 2 2
{X 2Co Crrggg — Cuggy (/102 - Ay )}
3
(:BZXZ = Py, _1)ﬂ002

The minimum mean square error of MSE (F\; 9 ) for the optimum values D, and D, givenin (3.1) and (3.2)
is

and B, =

MSE (R )y = MSE (Fi)—(%_j_lJ[chzzcz
RZ{ (o2 _112)_Czcr1x2} Z—I

+ | (3.3)
|

(iBZX2 - ﬂlxz N 1)
where My, = 'uO—O33 and ,lez = r12X2 .
Hoo2 )2
The optimum values D, and D, in (3.1) and (3.2) may not be known in practice, hence the alternative is to
replace the parameters involved therein by their unbiased or consistent estimators which result in the estimated
optimum values [31 and I52 given by

Fi{ IL}OOS (iO?_ - il?_ )_ ;262

- RB (3.4)

1
~ Fi{ )TZCAZ é/j003 _/L}(?OZ (iOZ _/{12 )}
(

- ; .3
2x, = Pix, _1)ﬂ002

- RB, (3.5)
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A

The generalized double sampling estimator Rg attains the minimum mean square error in (3.3) if the

conditions from (1.3) to (1.9), (3.1) and (3.2) are satisfied for the estimator R g

2 ,2

x, S, ) as an estimator of R should not involve only

This means that the function R g =9 (F@ Xy, X5,

2
X2’

(Ii ,>72 ,Yé S s'xz2 ) butalso D, and D, for the conditions (3.1) and (3.2) to be satisfied. Thus, we get

fz 8;22 ,D,,D, ) satisfying the conditions from (1.3) to
(1.9) along with the conditions (3.1) and (3.2) to attain the minimum mean square error in (3.3). Replacing

2
X2

the resulting estimator as a function g (F@ Xy X5,

unknowns D, and D, in g (F@ Xy X5, 5;22 ,D,.,D, ) we get the estimator as a function
— 2 22 . . .
=g (R 1Xg 1 Xg 8y, 1Sy, ,D,,D, ) or equivalently the estimator as the function

g (Ii,?z,fé,szz s’ ,él,éz) depending upon estimated optimum values. Now expanding

g*(F\A’,YZ,Yé,SfZ 3;22 ,él,éz) about the point T = (R,X_Z,X_Z,Si2 ,sz ,Bl,Bz)in Taylor’s
series, we have
* A —, , A~ A * * A~ 69*—| — — *
Y (R’Xz'lesfz 'szz 'Bl’BZ)= Y (T )+(R - R)_A| + (%, = X5 )9,
oR 1o+
— - * 2 2 *
+(X - Xz)gz +(Sx2 X5 )93
+(S;<22 Sx )gZ“L(él Bl)g
+(B, - B,)gg + . (3.6)
. . og | . og | . 69*1
where g(T )—R,glz | =1 9,="—| ., 935= o
Xy |~ 0X, I os,, JT*
* ag*1 ag*T * ag*W
go=— ;| v gs=——| andgg=——|
o5 | . 0B, | - OB, | -
or 9*(é’X21X21552 S'xz2 ,él,éz)— R = (R - R)+ (X, - X_z)gI

+ (éz - 82)96 + .. 3.7

Squaring both the sides of (3.7) and taking expectation, we see that the mean square error
2

E [g* (Iﬁ ,)TZ ,)Té ,sfz 5;22 ,E;l,l_s)2 )— R] to the first degree of approximation, becomes equal to
MSE (Iig) ~given by (3.3) if g; = gz =0, and thus the estimator taken as a function
min
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*

(o0 — — 2 2 22 . . . . ..
R ge = 9 (R Xy 1 Xy ,sx2 ,sx2 BB, ) depending upon estimated optimum values attains the minimum

mean square error given by (3.3) if

(s _ _ - 69*1 |
., 2,2
g (R’XZ’XZ’SXZ’SXZ’ 1lBZ)L* :Rv _,.| :15|
OR JT* I
. og | og " | . |
e e |
2 |4+ 2 ¢+ |
* * 2 * |
* g 1| ag 1| « 0°g 1 |
93 =, T2 94, -2 | :0’|
0 Xz JT* 6sX2 JT* oR = |
. o’g |l o%g | .
901 = S IR (3.8)
E)RGXZJ . 8R6x2J N |
|
2 * 2 x
x 0°9g 1| 79 1| « \
Oo3 = P =T 2 = =004 > |
0RO, | . oRosy | . |
|
og | og” |
8T| =Dy, . | =D,, |
X2 JT* ast JT* |
|
\

Satisfying the conditions in (3.8), some particular estimators depending on estimated optimum values

~ ~

D,,D, and attaining the minimum mean square error in (3.3), are given in the following section 4
(Conclusions).

IV.  CONCLSIONS
€)] The optimum values D, and D, of g, and g, respectively minimize the mean square error of

12

X, ) and the resulting mean square error is given by

:
MsE (R,) = MSE (Fi)—[%—nl—lyL R°C,°C

. . 2
_ ~7
Rg = g(R,xz,xz,sX2 ,S

RZ{ (o2 _112)_Czcr1x2} |
+ I (4.1)
]

(iBZX2 - ﬂlxz _1)

- MSE (é)—(i——Wchzzcz
(n n)
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2

4.2)

2
(1 1 R { (’102_/112)_C20r1x2}
Kn I"I') (ﬁZXZ_ﬁlxz_l)
Further, the minimum mean square error of the generalized estimator proposed by Singh, R. Karan,
Rizvi, S.A.H and Rizvi S.A.M. (2012) R o =9 (F@ Xy, Xy ) in (A) is given by

MSE (Ryy ) = MSE (é)—(i—i\chzzcz . (4.3)
min Kn n’}

From (4.1) and (4.2) we have

. . (1 1WR2{(102 _’112)_Czcr1x2 }2
MSE (Ry) = MSE (R )_k;__

) (Bay, - Bus, —1)

proposed class of estimators represented by R g contains more efficient estimators than those in the class of

, showing that the

estimators earlier represented by R od in (A) in the sense of having lesser mean square error.

A

(b) From the class of estimators represented by Rg, considering the estimators

ky

NG
) ) o . X
Ry =R+ ky (X, — x3)+ k2(522 —s’zz)and R4:R{—2J LX—ZZ , we find that g, = k,
s’XJ
2

- R R -
and g; = k, for R;,and g, = k;, —— and g3 = k2—2 for R, . By equating these values of g,

2 X,

and g, for IR;3 and Ii4 to D, = RB, and D, = RB , in (3.1) and (3.2) respectively, we see that the

A

estimator R, = R + Kk (

X, — X5 )+ kz(sxz2 —~ s'xz2 ) for k, = RB,, k, = RB ,; and the estimator

ANEA
. A X —
R, = R{—2J X2 for k, = X ,B; and k, = SX2 B, , attain the minimum mean square error
vl , 2 2
X2 Lsxz J
given in (3.3) or (4.1).

A

2

©) The optimum values of k, = RB,, k, = RB, for R; and k;, = X ,B, , k, = SXZ B, for
Ii4 may be rarely known, hence replacing the unknown parameters involved in RB ,, RB ,, X ,B, and
sz B, by their consistent or unbiased estimators, we get the estimated optimum values kA1 = Fiél,

A A

122 = Fiéz for IiS and kA1 = Yz B, .k, = sxz2 I§2 for Ii4 so that the estimators depending upon the
estimated optimum values corresponding to IR;3 and R 4, become

s = R+ %,B,(X, - %3)+ RB, (s} —s7) (4.4)

X2

_ ;Zél 2
3 3| X2 (sz)
and R,e = R| — (4.5)
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which satisfying all the regularity conditions in (3.8)

for the generalized estimator R ge depending upon

estimated optimum values, attain the minimum
mean square error in (3.3) or (4.1).
(d) We may easily derive the similar results for

the estimators developing for P also on the same
lines of Rg or Rge :

(e) Single sampling results may be easily
found as the special cases of this study for n’ = N

REFERENCES

[1]]. COCHRAN, W. G. (1977). Sampling
Techniques (3" Edition), John Wiley & Sons,
Inc., New York.

[2]. MURTHY, M. N. (1967). Sampling Theory
and Methods, Statistical Publishing Society,
India.

[3]. SINGH, M. P. (1965). On the Estimation of
Ratio and Product of Population Parameters,
Sankhya, 27(B), pp 321-328.

[4]. SINGH, R. KARAN (1982). On Estimating
Ratio and Product of Population Parameters,
Calcutta Statistical Asooc. Bulletin, Vol.31.

[5]. SINGH, R. KARAN (1982). Generalized
Double Sampling Estimators for the Ratio
and Product of Population Parameters,
Journal of Indian Stat. Assoc., Vol.20, pp.39-
49,

[6]. SINGH, R. KARAN, RIZVI, S. A. H. and
RIZVI, S. A. M. (2012). Generalized Double
Sampling Estimators of Ratio (Product) of
Parameters, International Journal of Statistics
and Analysis (1JSA)., Vol.2, No.4, pp.391-
402.

[7l. SUKHATME, P. V., SUKHATME, B. V.,
SUKHATME, S. and ASOK, C. (1984).
Sampling theory of Surveys with Application,
3“ Ed., Ames, lowa (USA) and Indian
Society of Agricultural Statistics, New Delhi,
(India).

Www.ijera.com DOI: 10.9790/9622-0903017589 89|Page




