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- Foy a population witch changes with time o eingle mirvey
cn_a particuls? ogcasion, furdshes information, which ig
valid fr that oofaslon only, and 1t doea not give,
inforpation on ths natire of oy rats of changes umefhf ’
ocqur in the population, Put may s time the tnte¥est of
the saxplor dpes Wt 140 only 4n estimating the velue of
the ghargoter for the st retent occanion tut e intersst
goas hayond; such an estimatingthe change In the valus of
the character from ong cccaslon to the nexty estibating e
average value of the character over all occasions in z given
period of ¥me eto, In such cases periodical yemisvgy nust
be Rade On the salle popllaticn, Unce we have decided to |
ptudy the popul ation on mccessive occaslonsy ecveval & tere
natives are open bafore Uegs Ye Ocn survey the sape fxed
saiple on all ocoasions, or tske indepenient pailes on esch
cccasion, oy take ¢ midesaple ©f the previcus oécadon, or
gipilement the sihwsafiple with another Sndependent sample
“4alan affosh, 7The rdlative advanteges of the various types of
procedure depend on the ralation baﬁm the varigiillty of
the undi by nd the vard ability of changes in these unitis ap
well as on the relative impor tance 0F informstion on the
popul ation mecns ond on the ghaniges in thess Meanis,

In gcase of oiplex designe, eich ep md tstage #nd dounle

A~
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sapling the ol ternatives betome much morey For exaple
when a multistege design 1o repeated on several occasions,
one ngy like t© retain the firsteatege esapling urt s Lrom
occaston % oCtagion it saleot eodh tme 4 fregh sanple
of sacond stage units Lxom the selected first ﬂ&iﬁ&‘ und tg
o¥ retdin only part of the fivet stage units JBng with
tiier sulplos of second stege unita otd, ‘

Suppose that we are free W alter or retaln the compoO.
gltion of the sarpley; end that the lotal edtple alze is ®
be saite on mll odcasions, If vwe wish %0 mexivdse the
preciglon, the following statemants can be made Qout
repl soemant poliays
{3) For eatimating changoy 4% s hest to ratdln the aave
saple throughout gll ocoasioriay
{$1) For estimating the average over sll ocasiong 14 Ls best
to drage g haw aadile on edch ocecasion,

(448) For curren® eatinales eqial precision 1s obtained Wy
kosping the sute ample or Yy changlrg 44 on overy occasion,
Replacament of part of the saple on each occasion my be
bottor tten thsse «lteornativea,

As Fateos has revarked there are %o further polints whloh
mist ba borne in rdnd in conneotion with sapling on sucCesse
ive occagions, Flrally rapeated resizvey of the sqne units
a@ be inexpedient glnce resiataice to the provison of the
necessaty informaticn megy bhe ergendered and secondly repeated
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resiyvey Mgy reglt Iin modificstions of these units relative
to the rest ©f the popili stion,

The first attempt to stufy the theory of sampling on .
auoSessive occagions with pwt{& repl acenant of units on
each occasion was Bade YWy Jossen (1942), Iowever he confined
ripself % only two Ocoasions, e buflt two Plepenient
estiatos for the mean on second gcoasiony cneon em badl s
Of the und tg ocoxmon t wth vccagons and amthar bmed on
the units selectad afresh on the sedond occagion, The
former was & d&unle saipling regression estimate for the
peon on second vcoasion, the infortation on the £irat occasion
serving as the preliminary large aatjle for snalllsry vardate
and the latter was & simple eersge of She urdts confined
to the seocond Occgsion only, These tad estiffaten werw waelghted L
with reciprocal of thelr variances % get N estimate with
minfmum varlancoy Jessen &led gave expression for the 4,
eptime proportion of units to be rotained on the second wcaad;,g

Tates (1940) was more liberal in bis spproath, He
contendsd that the moat stralght forward procedire for sstimatin
the valucs of the population mesn on two suctessive octasions
wup 0 treat each cccaslon meperately, following whatever
teothod of estimation was epiropriate t© the eszple ohtalned on
that vccaslon, regardiess 0f values obtalned on the other
ocoaxionss 8Such estimates he termed as overadll sstimgtes,

He conaldered two impor tint Cases, the one whan the seile on
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the socond ocoanlonu-as confined o o sibesaPlo of the
original oguyle end the ofhor when tho subesaiple rotained
fyom the £iret occcanfion was mipilerentod wvith a £resh saple
on the second occasion, |

Yates dlav consldered tho gencrdd case of sucteadive
pampling for h ocogsions, Undor the limitotons that
{1) & given Iractlon of unita e replaced on oath ocasion,
(11) tho vesichility on the diXfercant vccagns md the
gorrclaticon ¥ bdotweoh successive occasions ax'%‘m’msaam, and
{(113) the cerrolation botwooh ogoasions t@”@&rt o ‘,a’
thyt Dotween threo gpart 4s r° otay
ho chtgined the rolation

th (1o gy {%* ®( gﬁ*;u [gfi‘l] ) } o gy 9B
whore ﬁh o the mont sccurato estimato whicd can bo ohtdned
tor occadion hy taking into cocount tho reooult of eqrpling
up to ond dncluding this occaston by g ¥ ; 45 o clolle
estimate for the provious occasion, taldng into guoount
the reult Wpto and including occanion bed and whoro sufflces
{aiicate tho occadion, wingle dashas wdts gommon t© ocousion
b and hel, the moah on earlier occasion baing dlotingud ehed
W squaro bruckots and the doudble dashes uunlts pocuring on
occagion b onlys 7ho valuo of £}, depends on ¥y the fraction
B roplaced on cech occadion nd hy With lucrcusing hg Fy,
repildly tends t0 g 14wl ting volue which depondls oty oD P did R
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Pattersion (1580) epfoached the problesm of sucSessive
awpling in g different and sightly more generdd waye
He it an estimate av & linsar funotion of a.get 0F va'lates
o developed a set of conditions for thut estimate % be
the most efficlenty Using thess conditions, 5d dutermined
an efficient estimate of the mesn on the hth cccaston whigh
45 sofe ap that given ty Yales, He gle a&v'e a reourrence
ral otion betwesn g, @4 &y, an

(Lo fy (Lo ) e (iep) (i) ¢ 4Ff 0

where J4,p arg the roots of the quairatic equation odtalned Yy
putting &, & 9y, » fy lHe aleo found thut with inoreasing
b, lofy berdle o mumerically susllest root of the guadratic

88 280 o @ (1erD) @ Ji(1nr®) w O :

\

Thuas he o‘bténog\ the i ting vadlue of @ as
7w m_;;jlgc;m s where
Awldelle
Pattoron ol gave sfficient estimate of the dlflerence
votwesn: the moan on occasion b and that on ocoasion hel, He
also congldared the Case when gatple alae vurles L¥ob ogcasion
to ccCadion,-

Miidwal (1053) was still more gensrsl in his PHproach,
fle dlowed the coarel ation batween units takst ontwo Miccesse

dve occasiong % vary wWt sssunmed th.t corralation between



t 83

wilts two oy more than tew occaslon Hart were squdl ©

the product of correlationg hatween unite on all patys of
the conesautive ccgasionsy formed Yy thess, I8 &1 correlas
tiona wore assutied 1 be equdl on gl vccasions, hg:&prawa
that mith lirdting §fy, the liniting value of replac enent to
bo sffected on different occaslons 1o §EX from dovey $40e
undey the condidions Imposed the replacement fyacilon fs
dugrs grecter than

D, singh (1950) iovestigated e proviem of repl ecemient,
when the doslgn ip sultietages Thlo agpent of the proviem,
apart fron statistliod consideration, had prectical aivantages,
gluces inmtudl S3aldy freguently the design 1s mltistage
and whati the chiareetsr Under ohseTvation ghunges with seuson,
it bocones nedessary thot survey should be repeated Over the
seasonsy He gave cxpressions for the éstinmate 0Ff nedn on
socond acoasion aend dta variance, when a twowstage design ie
vepoated on two cctasions with partld replocement of Lirst
stogo urd te only )

Kngtario (1950) extonded the case of twoestege saxpiing
repeated on t wo occasions with pirtlal repl csement of
firetestoge undtpyy, % h Qcogmicnge He ale congidered the
case of oumpling on two eccasions with replacarent gong
geccnd stege units dlevy  He duveatigated the protlem of
opBmp gllocation for a given ot Lunction,
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in the presenit study an attenpt has been ngle to £ind
the best Gkl ssed linear estimate for the mesdh on second
occasion md Lts variance when g diudle sampling Lo repeated
on two cctasions wlth partigl replacelent of units on secdnd
occasions Under certdln limi tationsgproxitiate _ggklu tions for
optémun sllocstion hies dleo heen determdnedy The double
saipling for stratfication bas bean congddered-Yotd. w th
. vegpeot t© single ss well twbentoges, In prrticularg the case
of only two atrata of which one contalns only zardwsl cients,
has been considared in greater detally

The results obtalned gy be gpplicadlle o nany & surveye
that gy deo conducted An Que courme, At present one such
sirvey for estimating soresge under coc.nuly minber of
CotDeimt trecnand Ydl yield, ia deing condioted dn Assdu,
Tiig survey is considered in ohepter VI,

Lastly the case when eqpling with varying provarilities
of seleotion 45 repeated on twé occasions, with partial
repl acencnt of unite on mecond occasion has aled bheen consle
dered and is given in the lasd chptary



_ LS Amither ©f sgmpling techniques depend

upon the possessicn of sivance inforcation :&ut & dixiliavy
va¥late Xge Ratio gnd Regressicn eamww,wu@nm & kmowledge
of the population Des: X4 When information adout 3 s §
lackinge 1t 19 sometimes rel atively ched t© talkke a large |
prelivinary savle 4o which x; ddons $s measured, The
purpose of thils sctple is ® furnish a good sstimate of i

In o sirvey oh o single occaslon, 1% aey P&y to devote a
part of the resmurces % tils prelinmingy serple, o though
thls mocns that the elze of the sanpie 4n the maln sirvey

on ¥y mead be dodreased, This technigie s kriown as G uhlew ?
sanpling or twoephase sepling, and 1a profitenle only 1f the
gdln in precision from ratlo or regregsicn estinmates more then | ’
offeets the 10ss in precieion Cue to reduction in the size of
the mgin saiple, If in g particdllar eurvey 4% 1o found that
the dourle surpling for Regression estimate reasulis in more
precision on agy single occasion, 1% by he rewsondls to

aasure that 1f the sune buslc design is repoeated on two o

pore vccaslons with partlal replacenent of wnlts, 1t will
furnish g hotter estimate T the medn on last ocvasion than
ths correspending estinate furniashed ny simple random sampling
repeatsd on aane nunher of occasions, In the present ghepter,

For WL maonm on Secnd occosiim

wo propooe W obtuln the best Urmicsed lLinseur estimate end Lt
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veariace whelt & double sanpling 13 repested on two ocoarona with
partial replucemsnt of udlts On secolid oot asion, |

swose that a pogultion haes N earpling untts nd
£xom ¢ aoh Of the units of the oulation o $udlstes, xg
and ya Can He Deasirad, Ve gre inGrested 1;:3- xg?§ﬁ::g thy
megn for y3 OR seosnd odoasion, On the first ocoesion o
surple of slze Iy (K7 1) s sclected cut of N wd ta and
only vardate xg iz meamired o them, A sibeaple of
dize n 1s selected from thess k0 wdts end variste yy Ss
alac Deasired on thew, A further smibwastple of size mp
(p<1) 4s seledted f2op these 0 udta of Yesmple 4 L9
roetdined for second occasion as apart ©of wih Seeuple snd
Fosapley & indepondent sasple of slze (k)N 1a selected
fyom ¥ undts g wupilensnted % 1p urdta retained from
girst cccaglon 0 complete the prelitinary La¥ge astple of
#ze kn on gecond occasion Lor meamuring vardate xg only,
From s prolimingy lerge sotple a furthey sidemaiidle
of size ™ 1ep) &5 indgpendantly chogen and suppl edented tyo
the np unity relainzl from the first occuslion ©© cmplets
the yesdiple 0f fze n for the second ccsaslon, For sebe
of otuplicity 4% 43 sanwed thet sapling s done with Repl ace

exait at eadh stages

In tide way we chHigln fciy sels of Reatis as Sollowsis
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Where the dash Aervtes second ocoasion @d miffices dencte
thas sa@iple alzes on which the remective Redis are based,

The expected velues ©f the magns in those four sets
are Tegpootively » ¥ s 2 od %y Yo want ©0 estimate
§’, To this end In view we form 5 linear comMdnation of

thess ten Reans aw

afp® l'ng* 0t oyt 't el ¢ SRy

*» -» -
* &a“m * a¥Xe® ‘mxm_' Beld)
If this linesr Ooubination 1s to be an uthigsed estimate Loz
§' ws Duat hawe

.o uf&253

“3"% s 0
aa*geﬁg? » 0

agtagtay, » 0
Utilising theas eondi tions, the linesr coRhination gan be



P 1l
Bsh ba written ao
» » .
1,_v'np*1ﬁr*mnat?wu~whc - X)) *

1p (hoq o Biy) ¢ 2g Glpe B 0 200 08 xu-y’

S
: {20
where 1 +3 g® 3 v 4 BaB)

- 1
Py i

The vari ence for this linesr estimation is

E‘#‘e@"a“’d‘#aﬂg "M V3V Vs Vs Ty (| 2

Va1 Voo oo Vo4 Vg Yo " || e

vmvm wv%vmvwvw la- ]
(243

vﬁl ?48 43 M vw "w 4 1‘

Vo1 V52 Vo Vea Vo5 Ves Ve || 1s

Y62 Vog vw“ o Yes Yo7 || e ?

| Y2u"e Y73 Y24 Y25 V26 Yp ||

whore ¥4} = ¥, = covarlance betwaen tis o expresstons in (a4
wiose wefficdents are 1y and 1, Temeotively, |

ing dove expression Can be written in the c]iaple forn

L ALY

wvhere L 1a the row vestor ‘:‘1’32’13’14@5"‘3'17’ and R Lq
the trangpoes of L and A ls the varlance.covard ance matrix
(Vil)
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For obtsining the best linear undlased setimate for F1, e
popul atiod mean P the we,m;m ¥4 on the sescnd awmu
this varlance should be minisdsed with repect ® 1e%s and
sihjest t© the oondltdon 3‘1’18 ® )
Congdder the expression |
¥ w L alkteB(Ll B ) . (2,9)

-

Tan et

where 5 S8 the TowsRatrix (13190304040404)g &4 ) ia the
undetermined mul tiplier,

For mininum vardaicey we hape

g. w 24% B)\# &0

Ty,

~

ety 4Lt m) B o (8,8)

ow let P = k. (848)

then 4P' = B' where P = tplgrewswgwﬁwsw,)
d pg o l;‘l TERERITULAY

b 3

Heno or PPa At E (e

Herco LY © )\4?2‘3' .
Butl; #1,m 1y &0 Werefore p) + paa}v
b 3
Pyt ¥y -
: »
Tiue the beat lnes umbiased estimate £ Y% L1g the linesr

coxblination (2,3) where 1,9 1.9 ereese 1y o glven by
LY & 4 :‘1 i d /
Py ¢ ?a
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P, and p_ belng the fret o clemt of 1ow vetor P wiich
1%s6lf 18 given By \

pr= e -
The rArizun variance e | ;
I Al s )L B = /\"3 M T
T .

Now 1t Penalns only t© obhtain the wmeaion; for v“' [
Foy Ms we g casume that

W e e o8 (e
11) & = ag (2,00 |
(W8) o, ® fy ® fwly e G e O (200

(iv) amum 1¢ done with replacement at eadh atagu
‘on voth occasions,

where agn wz_(zi..x“ 8*“c2“3”m/a(em
& = 2‘ b T w L g e intm )
: 8. Bprg L
&d f PR S v fx' = : " ”‘ d:-m s
Xy 8y 8, ¥ 8.4 ﬁy 8, sy,
sx‘#i
f AR ATAIMITINS

w 3., 8
x'yt x’v

where awx gtam (7 -&w (214
- Z ’i‘*x) (Yf'x’lﬂ
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§ 0a, In pplying the technique &2 stratiffed
random sarpling, a qusstion wilch envarldily grices iv thise
How to divide the populstion wilch 4e going % be saupled
into varicus stratas Usvally the stratification 1g done
with the halp of the froguancy distrimition of an gixiligy
virdate Xes When tids infortation shwit the Lraquency
datrivution ¢f the quxiliary vardaghle ia-laekam, it mey
he useful to tgke g prelimingy large sabile in which x¢
dlone ia pagsired with a view t obdtaln g £airly reliatle
and gocurate estingte of the frequsncy distritution of Xy e
Rrom tids prelimingry sasple snelled suhweabples ogi be
independently taken in different strata and utilizing the
estimatons of strata slzes provided vy the preiimingy sauple,
we Gn Mlld an unblased esftimate Hr the popul ation mean,
Th s techrique which &a Enown gs dounle sanpling for stratis
fication 4 weelful only 1F 4t rosllts in galdniidn effidlency

over #mple rand@nm campling, subject to asade awount of totd
et dn YO tho cases,

in the present cheptar wo will ¢onslder the theory of
double sampling foar stratification for roth singloe.stsmge axd
tupeotege satpling ropeated on two octaslons with partlid
rapl ecement of units (£lrstestogo units 4n ¢ ase 0f twcestage
randon sapling) on the sevond aocasion,



338 L2 Sane of douhle pampline, Firstwe shall
consider a very Nm‘tcﬁvn ad swﬁwlar Case of the
dourle sapling for stratification, Ve apsume that the
population 1a divided into two atrgbsy one conglets of
unity on wiich g4 the varigte under conslderatien assimes
values other tha pero, widid the other mn&ats of o:ay

wich upity for wnich y, = O T

PO R

Let there bo a undvariots finite poplation ¥ with yg
as the variate, Let there be N units in the populution, 4
sertaln muber of Units e kroen to have yg # Oy The
romaindng units hove values yg ¥ Oy The numder of serc umits
is mot kown, Lot thls munber bo N; and put MuX, = Hﬁ, Ve
want to _wﬁmam the population egn

N

T = Iphlos i?;*ﬂaﬁ)ﬂ

b4 S
= ﬂl :/B = p; 1 (3.;0
wherse fx $p the Dean in the moMezere stratilt and plm.;L

To astimgte this an estimator of el tha? % e §4, will
be sufficient, Jow tec sapling procedires sre opan 0 ug,
(1) Take a ediple rendon sanjile of size n from the wiole
population P consleting of B unna,

The estimate for ¥ 18 *%'- = §
and 4t varkance s WP, = ~§f

where 3 ..ﬁ. 5 (53 » D% , the sumlirg belng dons with

tzt

r aplapenen by
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Ag 18 evident oore of theons y&'a will ho zero a4 thedy
inclugion in the ssmple tands o inoreess the saupling
error of the estimate, : é” -

1?2 with vaoying axpendi tures of offcrts "tﬁ'&w urdts
havirg serc values are found snd 1igted, m thut they need mot
re sanilled tmm

B
3 u.ﬁ;’i'...,. ,,3"',??!1,,,, ? . {38}

whers uﬁ 15 the varidice when all zero urd ts are exdludeds

§2 the populastion fs estivated frow a sinple random gadple

of dize 0y 1% can he shown that with the exclusion of gero

units the fraotiond reduction in the varimces of the estimate

te ¢ 2Dy :v?w (g
e

whorg ?ﬁ . gg 29 the coefficimt of varlation in the ordgina

pomlamn.; ( Coctran®s garpling Teowimiques page X0)

(13) Fowever 1f we carmot find and 14sY the gzeroe.units we

o report to the wethpd of dounle sanpling, Ye selact a
proliningy Yarge sanple of slze n' from the originad popul ation
Py Muppose it eut of o, m uts have volues fferent from
gero ond N, u Wan, the value zero, for e varlate y3e From

n; ™oezero units, s further sihseample of dlze R(ny) 15 selevted

whore R(ni) 48 o ranlonm variatle dofined as followste



}
4

e
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$ 19
R( .
(ml)unaznl» n ~

R(n) = n; 12 n, < n

43e8)
where n 1z a Bixed pogttive integer less ﬁhm oL "”L Yoeties
trom ¢ ®© 0¥ and R(n) from 0 o T ~ e
The estimate

l'z »
= ¥a(n;) ©ives a1 whlased estimate for mewn

¥ of population Py whare
R(w)

&
axd has the conditionsl varience

Pl( 1‘93.’,‘ ﬁa*

n! i nl) ( 346)

I¢is worth moting that 48 (h-?f N units have sate congtant valde
g for thely yevalate instead of zerc, then the gtove formula for
condi tlongl variance takes the form .

b
8 B, D3P ] PAlp) = @
i 1Py L
R‘nl’ [ ‘ "'wm w (21. °’ .

(372
n, e : .
Now V (”n%‘ y&(nl)) s VU [ﬁ i Ya(n )/B(n )jJ
n L)
E [Vé.a.?mnl) /a(“.\) J
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ﬂ(wx)'a e P(W).' 8 ~§m
a%wfﬂ ["z’ J*;;«l-) 8, & D (348)
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dince V (f) w0

ney

Now led * ’ L
R(n,) » ne€ wherec can teke &y valie from O 0 e
Then « 2 - T
) 2 B e
& &znlf e €
. e wl
» &’ B {le ﬁ'}
e et 3
*‘i‘ B (2 B “;2“*’ ...53.. “ensess tsvee)
fhe expansion belirg Junﬂ.nod; since <1,
1 neBR(ny VR(n,) ]
- 1* + ,
-y [ n n‘}' (3:9)

,

% a second degree 02 sprromimation,

'{‘I

&R{nl) ® 2 r % Prodv [R{nx) % w]
Yzo
n m! | nler
S IO nfer nt) »
_ ‘ ) oP,)
. ;,r (r) 7 (B9 T&:(”}p"‘w"‘ (8100

%M;

g n b r nler o' @ ¥ nfey
BR(n) e 5_#2( r ) Py f""l’ + n{Z (g )"1“"1’
Y=o =" '

(3,11
" ) = B &a(n;) - B A(n,)
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i ¥ Le very largoe compared to B than B(ny) = nwdth
a provardlity which 4s very close o 1, as n' ingreases
tnig probabdiity converses to 1y and mEB(R) d VR(ny)
o ﬁa’ad to garo, In any Case NeB R(n )k@ld v R(n ) will

Yo rpaly @ gl that mi R(nag and ¥ B(n) can
w "‘""'-:QE%”

be regarded as nogligivle as compsred to .é. widoh 45 the
louwa® bound of B

ﬁzﬂls * :
3 .
e - ( PAlspy) o2 - g PL1sp,
‘ vlgé.ﬁaml)] o HEN g [l ).

|
___3_, [1. m ...Y..aa‘-fﬂ_w tmﬂorordar._ﬁ]

Pyl e ) (w ) ] B
FETe (e HHE
It ip worth montioning here ‘that in mat 0f tho Stagxteboocks
on papple uPveys the formula (3418) 3p glven as on oxact
expreasion for the vardgce of doutle sapling ostimatey
The procedure descrived in these Yok 8o to sslaect g
pitbe sciiple 0f size n out of n, inits £alling into firgt
atratun $,04 WNazer0 stratumg, in tho pralininsey oatplo Bt
for ostimatirg the strato alzege lbwéva', ginde n 1g bounded
ghove by the randon variddle n 1* (0 & nxs n'), 1% can bo nover
trogbed as a conastnt fixed in adVame. Even 3f wo choogo N

Somme

as avery small poasitive 163@3@1'. there ai% axdot plonty
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of preliminary sanples which contsln um ts £ron first
atratun wivse totaddl nutbher Lo less than 0, Owicudy

wo o ool gelect n unite fron theso sgples, %The method
adopted bere by defining R(n;) as in (3,9) sesme to be the
only dternative, %o goid urnscessery rmammo. us i1l
nences for th use the phrase ¢ 4 sWesarple of slzeo n ig Saken
gron these n, urdte} Hitt 1% should he interpreted as * 4
sibesaple slze R(ny) &8 taken from these n; units, where
R{ny) ® 0 4L myyn ad R(ny) = my 1€ 0y < n

{3=p,)
23,;___3&._, s very mnall in comparizon with p? g the vordiaxe

formla (3,32) can be further a@momwtm Yy

»y 8?_ pL=py) 3 |

nt
(3,19)
) § 4 Qlla the cont per undt of measwing the variate Ya
o the @wat per indt for deterning whether Yy ® 0 or
vy # Oy then o miltarle cost funotion for Wis particull sy case
of doible gurpling 8e /

CeoaPe o™ (3419

where C 1a the total costy
Mirdoising the verdanca in (8,19 with regpect o 0¥ and n
for the moat function (8,34)y-1% 48 caslly soan that
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This rel étlon o84 (3,14) give the value for n' @d n which

¥

corraspond to the optimum gliccatlon, %he wru&m for
the minimum variance 4s

u—é—(sxh .2 ﬁi:’p;ra )

R (8415)
the variaice unw orly a simple rend®om seple fo taken 4
= |
n

The coet function in this Case ip

Cmo. B 20 0 -
‘ e Ta (3418)

where 1, 1§ $he Duther of MOTezero units in the sample of
size D, while g, and ¢, are as baforey Taking the expectation
of thds cost function we have
BCm ‘Pfi""e’ Be | - 48
The optismum ¢ «riance in this case L8 mamw (ha “"’a’

Henco the double smlns will be of ay &vm@ma 4
31 - rr e 8
"‘;ﬁ"‘plﬂfﬂg) 7 -Ea( 8 ./:}l ®2 02‘1-1(3»9’.) aa)

we a8 +pa_(.up)z

=P, 8

when this m.auo‘n 19 used; tbe atove inequdlity reduces to
2

which 18 alwgrs truey unless pl (2-p)) op

hat L

{3427)

s N
Qx ?1
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the waetrictent of varlation in the womwzere atratunm, in
whioh cass the slmple Fandod sappling d the doulle supling
provide equally precies catinates,

smling sohette on the mrat omaﬂon is the sdre as desesihed
in (31) of ssction 348, On %o second ema&ﬂn,'mtain W uwite
grom the origing smple of n tnits d supilement £t with
ngy (qu 1e p) indepenient wits salected from the n& wn « zZero
units of the preliringy large saple n' taken afyesh for
tha second occamion, For the adie of adiplicity we angile
that the sampling de done with replacerant on *oth the ccCasions,
bet ynp » "3"“"2 yi

" mwn in the firat stratun oy first mwum::

based on P urdte widch ore conmon % Yoth the

occansions,

& Sas) in the firat stratum Sfor first occasion
bassd on ng wd tp which gre in the sarple for
3wk, the first occasion only,

w wp o Ded In the first strutun for second octasinns
based cn 1p unite whioh are cormen % hoth the
occasionsy

Tne® ml7i
= poan dn the Lirst stratup for segond ocoaslon buse
on nq wilts which ave independently selected on

gecond oGCasion,



Bow
n, +n i, o« nt
% pers ﬂw M Ym are whissed estingtes
of x the popul ation mean tor #1r 5% occasionguidle,
n,+ 0 n o+t B
e P+ wmd U, x:m ate urhiased estimates of
ent up an& -

= % B

¥ the pojulution Bean on second occaston,

Ve wish to entimate ¥ by a linedr comhintlon of these
four eontimatont
ny + [agwwbymocﬂp + da?;,q]

€ 3418)
where uf s the mulher of ohezero slonents in the prelimingy
large san;le of size nt for ssoond occasion, @d g » epe
Tho expected value of bide linesr estimate is
{ a1 § + (O».4) 4

If thls lineyy estimate is to ho an undlseod estinmute for
¥ty we miet hawe

ae*hald mdoe dm
Tias, the lincar estimate vecumes

v .
m a } 4-333 +{(lea)y
en & " W (3,19)

and the vuriance <f tals estimate i

aag ?u«t Vgﬂ)q» qgtgaw (e c)a Vog * Bac Vw
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vu”vw (?:‘;ﬁ‘ )
Vog o V¥ (‘L&ﬁ"'&‘)

Vgy ™ Var ( %‘L 9:») -

R B
VM. = Vap ("5'"&;"5“"‘ 9{,;) T el

and vmtcnv(‘z“““i"‘n;‘ﬁ § ‘L"'Ln*n %)

oy wo want W choso the conatento o and o in puch & wwy
thad varianas of thie 1inoar indiased estinmate becolies
mrdoun, DMeforencd atirlg thc expresaton for the variance
of thig cafiligte with romect % o 4 ¢ 4 sguating then
to zeroy, we havo

2a(V ;¢ Vo) e R0 V,)y w0

20 Vg ¢ Hiec) (o1) Vyq+ HaVyy =0
Theso two oquations give

¥
‘aw - Ve o
wn Woo) (Vg 97,0 @ ”m
v v
w OnR ‘ * g o ui

(3.80)

Thus the esWmate fHr the popul ation zagn on the pecond occasion

e {n *u;)/im’

v !
Vw("“* Vs ) j:ﬂb { Vay (Vu + Vu) - Vas} ‘3..\"‘!]
(3-22)
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and the variuwe for this expresson is .
3.
(V3% Vg (Voo ® V) & Vog

¢ 3e2a)
whore | S
| 2. 1{ Jep1) 2 4.
o o mERd (s ¢ BiERD. | o° /o
. a D+ 1o 8
) 8 Piliepy)

(hp ) 8 P Alepy)
Vg ® -—m-*-l * [pi v bt ) sf./ wp
v . p;u..g) f? . (”,3 , Dafpd ] 8%/

% gnt : § i ond i
C PAdep,) » w [ B - 7?1(3"?3?
Vg » i SX T e [”1 t ]ml W™
(8424)

New 4F veo sosumo that

- "
s/%a 88/ mC '
Y 4 3/’ ~9d { 3425)

1,95 woelficent of veriation In the whezero stratum s eune
on voth ccoaslon; then

ﬁé&" %‘ - p!‘}’al) + (ag‘ l’s‘]ﬂpﬂ ]cﬁ{m&

i ent

v Pyl 1eDy) 2 Plepy) s
% = ‘ﬁ&ﬁ—b W*(ﬂa*%c’l‘/m'

]
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al v .
ARG IR X I o
flzi - &
. '%P . (> B c8 ( 3e26)
0P (aeB)Ba¢® g
(8. 87)

8a Now let up 3m&$w the
yﬁcsnar type of doutle saxpling repeated on o occasliofig,
oonsldersd gove o the general Gase, of dmirle sapling for
ptratificalion, repeated on tug occagiong, Let theye be k
atrata with strata slzos N * 'annau sep Ny uberve

, B B
1=y 8‘ ﬂ
The populd ation megn on the fipst vooaslion fe
K
I ® E' p‘%vzm-ep;t?-

- N
and ¥, ® -ﬁ: T 713 iz the mean in the 1% o e,

i 3
a8 an estinmgts of thip we O&n use
X A A 5 + g‘

;’% = g, ﬁ" 9“!‘;} whare 91 o et
n' baing the sige of the prelindnary large sanile ad ”;. &d op
the rumher of units of this sample falling in the 2% st wmm,
on first end seoond 6dasion repeotivaly, and ny the size of
the sabhaasple for that stratum,

Then K

P R R

L’s %)
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On the second cccgeion we retzin a portion $iny in the
19 gtratunm from £1rst 00ceaslon ehd mipilemnt 18 W th o
tresh daple of slze (1 « #2) My taken independemtly on seconde
ocaceasion, Zhen we have got the &mwim Zour astimgtes,

(Faby * %_ 2 §‘;3"1 e

(3.93 = E““"‘&“‘n‘* i ;&t& ‘é'w)
Fowy * E%Qb&)q

To obtaln thas estitalte for the Nesn on second occgeion,
we LorD a lingsr womhination of iasa four sstimatesn,

dfgh+ D (Pwg ¢ 0By + a(Fy,

&% tuls is ' he ab Wwhiased estinate of the pojulation mesn
on the second occasion, 1,

. K
f*,w_ Z Py i; g Yen we 2upt hye

a+d>uly and 0o dm 2
Hance the astinates bHetomes

a [@“)1. ‘9098-} *0 (5;81* (1w @ (P,
{ 3.80)
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el 1% variance Ap

oX vu*,vm’ * eg Vmo» (1a n)av“«» a0 vw
| {3,81)
whero < (5,0, etine ) e B
a1 ﬁ”‘ tow ae""";‘ ” 3
. Py (2pg) TR
e § [(ofe BERIR L LK )
X B, (1epy) Pa(ly o ¥9)°
o] (i BBy - R

(3,30

whare ﬂf u_}m vertance in the 1% strawm on firet ocoasiony
si® 18 the vardanoe 4n the 4™ stratun on the seeond occeston,
end 5y 35 the correlotion owelficient detasen observaticns on
first and sacond poaston 0f the untis 1n 4™ eteatum,

ai:% 2 ance By33) we

as .38 %

(Vap Vo lVgp Voo) » Vg
Vo (VyyeV
and om M N eugu)-mr -
(Vg ¥ (T 8 Voo @ Vig

(3+5%
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sbstitating thess in the expressions fof the linear
umhigoed eatinats, we got the bast linear Unbased extimates
The sinizun varidice 1a given, as defore W™ ..

Voo [Vaa (V¢ Vm’ . v ] e

2
(Vi Voud(Vgg ¢ Vo) g..ﬂm

{3y50)

where
Vigs are glven in (3,38)



(431 Intyoductions In tho provicus chapter we otudicd

g perticul @ case of doublo sampling rapested on two QcCadlons,
with partid replacenant of wl %o On second @nﬁafaﬁ?ﬁ? " ihe
goutle saplirg Consideredy wao wplied to a populafion
conploting of slngle etoge units onlyy But froguently the
population 1 divided dn® ol Wlotege untts nd $4s atragtlficotion
according % tho firstd stege wnlls Is Conddercd osoentiol,

If tho gtrala slzen are catimated 108 4 préliminavy large
squpieo from whildh g aud » seile of frst stego unit As
salected in oach strotup gnd frow esch £irot otage units of
this sub » sapley o BUWber 0F socond stage units Lo ediected
ad fronm et of those sscend etageo unlts a nuthey of hird »
stage urd te end o oby then thie aompling techmigue by be
callod Two » Phaso multistoge soplinge In tho preosent chodtey
wo propose o obigin tho exprostions for tho unilased estinate
for the population mean gid $¢s vurigce, when thla Yypo of two
phase mul tistago adipling o repeatod on tw ocgadons with
partidl replacoment of first » otege units on sepond occasion,
The study will be restricled te twe stage ediplivg orly, It
will be further gosumed that o1l the first staoge unlts can be
Givided 4n o atratey

(1) the cne consisting of thoge firat » stago unitp wideh contaln
at locst one 1oON » zowo getond efige ¢ unitsy ond
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(15) the other conpleting of those Liret » slsge unity
wiose oli second gtagé e Gnlts are ger e umitg, ( 3O
pecond stage Wit 4n 4% Liret stege undt 45 o zero unit,
ig Yage the value of the variate on thad unit 1s zero),
¥e shall further aseume that reylacerent on secspd ocossion s
dene only An fives « stsge units, thaed 1s, dll tie second « stege
units sapled on the first ocCasion from the fATat stage urdta
comon to Yoth tha occasions are redalned on second pcoasion deo,

Lab
Hw nuchey of firat stege unita dn the popul qtion

B musber oF Liret stege units in the first stratum,

N o numhey of geoond stege units in e ath of the first atage
und tay '

o's lze of prelimingy learge setile B estimating the
magor tion py ».gk,

= ngher of £irst stoge unite halonging o the Lirst
stratum in tho sample ny on the £irast 0@%@@::,
vl = msber of £irst gtage wits belonging to  the first
atratun in the saile n¥, on the setwnd occtamon,
ns dzeof the mib - satfle from n; W ts belorging to

first atratum on first occasiony
nje muzher of £irot stage wnits common W Yoth ocoadd nsy

b |
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g W 1eD) ® DUbEr 0f frst stago wdie Lrom n} urits velonging |
% the first stratam on the sevond occasion, ‘

-—

B . mmher Of gecond atage units from sach of the first |
etoge Wl ey Sy

- ; mnp> m

¥i &m 27- ¥y gq ® Do per sscond stage widte in mwo stratin

for thae £irst ocoasion for np mza mab are
sotmon W both occaplon,

§8 ﬁ% Z 3. 3 ® Dean por satond stige lte Sn whesare stvatum
on the ascond pocgion for the g maa uhich gre
in the sale for (irst Qcoasion ouly, P

P m '

y' » &IZ y'“ ¥ mean pér cooind otage uits in ron.zaro stratunm
en the second oocCasion for the mnp units ekddh are
commpnr to hoth octastong,

Y m
78 o ;g'? IZ?M ® Besn poy sscond etsge units AN DR strgtum

on ths seccnd cccasdon for the ref Ul ts which are
independently salected for secon dogComion only,

iy * 1 e Wy, o
"&t"ﬁ"‘ §, ea e e ¥, are undbiased estinates

ent

for ¥, the population nasn on the first occasion,
. while n + n’ n, e 0 :
2 §t M 9’ are unblased estivates

for ?*; the mw&aﬁm wean on me mua ROk agion,
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31t 45 assumed here that &l the first stage undts helonging

40 the first and second atratum vempectively on firet ocoasion
nelong % the sase siratuk on egoond pacasion dw, Ve

wish to ta%&atcg’ by a linear satinmate of mi’ﬁ‘m :

¢

., . " ny ¢ ot O
AL AT A oyyedir) ...5.‘;.1.

But -
EWQ = (a+ B) T4 (cs @

3f ¢ §{ s to be an umiased estinate for ¥ we miat

have a*bn ad c+da ),
' (4e2)
Hevwe - - ny 4 0t
iia &“3;'98’ * 0¥, + (0 %] -;;ﬁ-
| {443

L » g e T
?(y*x)ua lvu*vags-a vm»me}v % 2ao ¥

“ 13
whore n, ¢ o
gy ver (B

(4s8)




(4a8)
where » w B
gy, = S My eXy)
= 33'

w Varl anco betusen firvst stage unite on fliret o¢oaxdon
in first atratum,

[ ‘g
2 Bt e TR

t=! '
w Varignce between £irst etage units on getond ocoasion

in ths first stratum,

ar
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g ) My « 8 2 . 2
and 33, | ?:t 8‘ @l &“ " N3 c‘z::-l i
2 A S 2
were § = ¥~" 2 g o) for 1. LByesss B,

= VarSance within 48 first stoge umlt on first ocoas
b g Ny ion
and - -
af = “f° ,?f, Hh«r;} for i = l’e't’fnl,‘

-
A Al

Tawna -

m Vordenge wi titng 30 garat staze undt on second occarton,

M - o » -
J 7y aXy) (7] « XY

MM » -
;e 2L PRE Y (ri 7

. N1 M Ny M
72 ‘Va: - ;i)az, %

(‘:_‘ a‘:l

o B
"Yiat'}’

. (Ge6)
The estimate ;i 55 bogt posrtle 1ineqr unbiased estinate if
the constants & ond © &re chogen in mich wey that V{?‘i} i
pivdrum, Differentliating the expresesion om right hand alde
4n (4,4) with respeot ®© a and ¢ &d equating the resulting
expressiagnto zero, dnd eolving fovy a dnd cwe hay @
am » M:v v )
(V1% Vo) (Vg e Vgg) » Ym
(447)

Vuy ( Vi + Viy)

(VH“\' V-‘.z.,)'( st's'\' ‘/\1»\) — VUL
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tizate for Te is
-1

¥ - ®
ni" nl [(v‘u + Vﬁﬁ) (?%ﬁ V“'jl - 7?3] {V&%V% (33*?3?

ont

This the best 1inagy unkl gned e

+ Voo t?u* Vo (?2 + fqaa V.2 V) *%X %]

{448)
and has the veardlance
2
Veq [vw RS REL N
3 | o 3
{vua' *?m)(?ag ?M}w ?2-8
{449)

whers !iéa are defined in (4,8)

ow 1 wo cagume that

s ) &
«;?-n-g?—wcm M“?:' "’f{ A

V.. c
§ ﬁ!
J.gz,
and ths variance of the benst liunsar ubiaesd oatinate taley

the #inple ford

}

vg}'i} . T
RL T95)



Lot 0%y ;Q ;‘t n, ip and ng de defined in m,bmg:n:g ey
as in apction 4,8,, ol let
un ¢ nuher of ascond mgwmu in the tw ﬁ#ﬁi"”iﬁmunua
of the firat stratun (S ® 1y Byuneanee ? B)

Wy, * muber of gatond s tage units amw in ma tiret

ataga units Of the fired stratun (1 3 1) 25 weesediy)

) -
7, L e Tuey

l_ ny -

% ® nq By < ¥e oy
ml—- 2 a "
I?' - ﬁ hy 3 !(w,)
¥ w “""‘L""" IZ, B ;""1)

ng ”l

{4412)

Ny
where r‘z’ .%i-. (‘Z::-l xﬂ
ad 3 TV
T3y * By .\Zs' ’13‘1 323 Sevecep N

» Sample Zamn per sewond stuage tnit 4in the ’ﬂs firnt
stoge undt of firet stratum on the fLrat occaslon,

hu T

by = m L T B Eeean

t
® Safple Bean per seond stege undts in the & b Nrst
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etago und $ fyonm firat etratum ob the ssoond cicasion,
Following tho procedure aiopted 4n (448) 1t 45 cawy %
0o tht ths umhliased estinmate of form (4,1) for the
population mean on the sacond cacasien 9 ﬁi’en wy (4,8)

@i 1ts vardance bty (4e8) e
whers
» » » -»
7o 7. y; end v}, are given in (432)
and 8 - ,
P.(lep.).
v e 2R g [, BRL )
8 e b et
‘ M x? 83
o8
X.x.. o2 o dey / o "'“',.1 ]
) |
» ‘hﬁ’? oo 8 Pl(ln?) x
vmg J.W,.. 21¢’ [91. * ‘-E-L-‘}
M 8 £
1 e L 8
[";;“' m ‘i%til 2 | «3&-—]
(=1 1 | ‘




3 &1

XY *[pa,. gw )

‘Vn

\f[%_fm ">, 4 2 : ’o....aa»...f'&]

. b
e . ‘_%_' (‘BA. ?aw'f )

md we wmﬂfﬁam nocn 4n first etratum on mwh ecoadon

=)

I §
x“' ;ﬂ ' us » 3‘,_ being ths Populgtion medn
per m@ stage unlt on fArst ocoanion 40 the ;th firgt
stage wilt of the first stratum ( & w 1,8peeee)

v-&- Z(.,ﬂ ?’ﬁi')

m g& =1

&d the wwlfm.cu mesn In £irst stratul on firat ccgasion
f* - 2 8 \Z, My 91 §) belng the poulation mean

mx mm stage unito orx the mm occasion 4n the 1% f1ret
etage Uunit of the firet sivatum, { 2» 3, 2, uﬂ”x’

and . 3 & g
= population veriance within g first dage unit

from £3¥ st stratam on the firet occaslon,



o . .
o2 1 t o 3t)
E’u xu Z-=| (,ia ¢ y&

= popul gtion varlance QWN 3 ﬁr;t .tﬂ. um t
fron n.nt stwatum on tho fscond umﬂgn‘

T~ Wm -

ey o2, (-—-3—- 7] wn! .
[ (2501, (.gn.mn”

M’
Z (Yta » F&) (¥, » ’1’

o -—-——-—-—-—uu-—q-o-v Y
2 o ‘ )
My’ g2

[ 2 gy e " {(:{,-&p ]

( 4,28
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s Tho 1ot twd Qi tors wore Sevoted for
fan&ing the bost linese umdisssd eatirato for the nosn on
ths cecond occasion ol Atz v.rianeo when a pwﬂ&ﬂcﬂ‘ 1‘
type of doatle aEplimg 4o roposled on o um:asiops, wﬂn
partial rejlgcencnt of units (£irot stapa :nits i;;mthe case
of twoe stogo samplivg) on sscond occaslon, Thw variande
wos minimiced «lth respoct to WMo constuants of the liner cstie
nate, She slpge n* of tho prolininary sdple, B that of

whendple in ronegaro stratum, the fregtion p of units rotidned -
for second occusion, the sabjle dize m for mooond stoge units
were dl smunped to bhe fixed, Put themo nly n, p A B 0 be
clogan 4n o optioun wgy 80 as to ninimiss tho varignce for a Hg
given copt or nimpige the cost for a given vardance, In the |

procent chaptor we wlll otudy the provlen of optinum dloggiion
an obtaln eprroxinate solutions of n, o' ad p,

She varigice of the antimate f'l foy the mogh on sooond

octaglon whend g alngle sboge Guble saipling &s repoated on e;‘
i
o occasion vith partisl roplocament ¢f und tg on sogond occasion g

as obtgined under tho gosurption that the coofficisnts of variatdi
in the mohezeo stratur on hoth the oceaslons are odney i |
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then n@ Bt [&' (d#ﬁ')ﬁ@g]
v Y lsp) ¥ -
(XD » gy (ep) T = g
8
®, = {843
putting == Cy; = g we have
bﬂz
ded o i, mady ey Okt B
nt op
(S.@)
Sy

The exprosalon (543) 48 t0 be tirdoised for ny, o @ q
girject ®© tho cont Condiderations, Tho coat ﬁﬁ%ﬁan for
the firot cctaslon can be written an
ﬁ; s gt e ogn

(548) .
where “1 s the coat per unit Iin ascartoining whoethor a
particulor unit in zar0 unit Or h.zaro Uni ¢,
Cg s tho cont per unit for ohsarving the vardate 4n
7 nOnezere otrgtum,
and cl is tho total st of tho gurvey on the £irst occadion
astnus the overall expenditure on that cccasion on stationcry,
contirgencios and maintenance of ptufdstlocl abuff wt droctly
rclated to the fidld work,
The wat funciion for tho sccoud oconsion will b
ch ® ot e ogng ¢ O3 p

{646)

whora ¢; and G, @e as veforo and g ig the cont par unté
for ohsarvang the verlate on tho units dlrecdy scbpled of first
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cocasion, while CF 15 defined 1n the sae way ax C' ezcept
that 3¢ refers to sesond ocoaslon, |
~ Now the coinined cost function Can ho written us

G, ® G ¢ g = Bogn ¢ ed (IQ) + 0g (dag)n

» 8y .= 86,0 » (ogeog) 0 . (ogeqg) Bq

which cah he written as

caaein'tngno%nq (84.7)
whmoeiﬂacx

G’Bnﬂa‘*‘ﬁs

tL.Lua G » O

3% %" % (648)

¥ow consider the function V ¢ (0 e C)

!8 W&Jg)[@u’ * o&a.‘. a'auq ;0)

1
B2\ 91 Cat o) 2, 8

(849)
which s t© be mindnmised with rerpect o ny ¥ g and
Mrtemtiating (5,9) papticlly with respect to n, 0¥y q and

/\‘thQ .

- PR w0 ,
) ?

> * Aa « 0

2Y...+)2 s O mdcin'to'anto’amace
(5420}
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Bud
'é% ? g B
2%"‘ = d a n *'g"nltr-'a L 4 B_%QQ_'

oy w2¥ 24 X 3B Al a¢

Jn' 2R anmt 83’ am ac’ 3 B,
ad DA v <

oy, @l oV o 2V 2@ o

24 ad &9 5B g do 99

(8421
I8 3z caay to werify that . '

o B , 8
A o #pap) T} ﬂw%
' [(& + B?) ac']

‘&Eruip(hy)! L.....?i{j.ﬂ*ﬁ') ~C’3«omtg
P T . ((é*nt) .c’]

and
X - u? 8 lag lﬁ tm]
- Pl 2epy) X4 [ m’ama]a

ubile (5419)
1

3ps ¢
us%"" Sgre ] «m

R T

and o, L, OB | .
28 U*n-gg 29 * m§' Sq mpl

Bn
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Agaln
. 2L, » o

an? b

o0 & e
and

' | {8418 Buth
Hence the eguations giving optimum n, n' and g gre
o 4 ‘ -3 H | ) .
S &Y o 8 “ 4

G g% . ;’-Bq I, bt ggp T agtt v Mey *o4@ 7 ogieo

‘Btﬂ)

\‘

';%lf_u( * by dgyigd +X oy Z 0;@3 -0
(5,28)

7 a,é.g@ghbgé«rf-% . c,a ncanza,s‘-o

C=v

and
s
(6,29)

It i3 ot eawy % solve these eguations for ny u¥ &nd p,

Howaver 1§ wo assube p to be fixed equations (8417) and
(8giB) give the optimund vglue for ¢ gnd hamce optimun velue

fox o /o,
mmlnaﬁm from (8417) ard (5;18) we have

where h = (0234- c’sq) a/ci
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Rete
4 aﬁ&bﬂ# € &¢/P) e laya e dyfae Fa /D) © .

: - 4 ‘.
(WP ob/as FayfPe b agetidge iy o (aypevy/qe )
-l

fdyfP = Ba v I » Bdy 2. (Mtb‘,/q +F8y/D « My Sitm phagil

“»v-r....

Tav W

¢ hh*bl*d ) %o mabdv‘b#d) w0
(8.20)

which &2 a sinth degree sgiation §n $ gnd can be wilved
witout mch diffculty, Let the cptimn solution be tye

then gn'/n = %0, tereiore ' a(n/g) 4

abgtituting tids in ) . .
G, = exu' + o3n eoing

wehwocah (e& thw clge c"aq) n

or nw .—-I:—.i'.—‘—_-
of 8%% 4o ¢ oL + o0

oo NG
% * 8 ﬁ‘a*ﬁg

(8420
However since $ & gn'/n = mxh.p )e o /n

Bquation (5,20) gad be wpproximated Wy a.quadratioc v bl 4f
ot 1 vory laxge compared %o ny ¢ 72 A D, > (DY '
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If woproximate by quairatic, we have
g
L
I‘o;t vEh Lg® ’

(84280 _

——— )
by Ed

. ¥hare bﬁn y‘& ag ¢ q‘%‘ﬁ p'lf d‘

;'1\. ’ 1
b,® »p fg#@lbwrp‘ Py

L_ = _p?""aat g"’baa» ot ¢ dg » Mag e b, +dg

8
and, g | {(&33)
tn got/a = ( .';"’bx‘ﬂ)“"l'
%o
(8420
mbsutuﬁng Nsinc uc'n'o»(e*&e'q)a,ua!:wa
zl, S = fwg.&ax.a).r.l} + gl (clpslo)
L_C
Heonpe ne %_Q . y
by (a‘ata‘aq) * 9’1 (La* wx'g) +
sitle G .a:.L%:.hcq

mx. (G‘*G’Q}#Q’ (L -(LLQ

| L6458)

the optimm g for sixple rendom saziling repeated on

tep ocaasiola ins given ty 1 %
- ST R——
I+ (1 6)"
"7 (8a28)
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in grapl 0.3 pege B4y the varighces for voth doutle
and slrple randon ouppding repeated on two ocousions are
plotted aguinst ps It g sean that 1n voth the cases,
the vardice 18 nimdoon for the sute valuo of p, Fouy
palre of grphe corresponding % P m Oyl O le€ and 048
respectivaly ore draan, The upper ones are oy Munle
s.pling apd lower coes for sizple ¥andon soplings The
valttas 0f Py cfl m 5 s Z=2nt/n a4 c{ci hﬁv;"ﬁéen
fized as 046, 148y 8 nd 10 regpootively, Fron these
araphsy 49 aa- avldent thut g Syom (5.06) 1e oual @ or at
loant verly @lose to the optimum vdue for g for doutlo

spling repoated on %o ocoualone,

Howevor 1£ wa ore AIntereotsd in obtgining rore excct
galutlons for 0¥y n and p, we o obligin than with help
of aproximgtaly opilminm values obtained fron (8.£85) and
(Bel6)a Leobd thoss ho denoted by n:?,, n, g P ol the
asprosziote on Mpht had slde of the folloving tires
agiationm |

] 1] adte 1nud e 7 dédjen Jagvgeag teo

Az9

‘ i Y i
F’lz &4%" * Q'z' Z ﬂu‘ * p‘lzb agt" + cg' ‘“’g"‘% X

il aed e Q’a‘, f h;e‘w'%: 413" ] =0

“’f’ +aine g'anq » co i)
(5420
by ﬁl (n", Ny Q’. ﬂa(n", Ny Q Mﬂaﬁﬁ’g ﬂ,@,fﬁ@@ﬁﬂﬂg;

R N

rbw T . . .
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The three maumgﬁ;a&,lax,a,fa give the exgot

optimum glutions for nfen, d g,

Let ol ¢Sty Bo* SRy, MA g+ Sq, be the exsct mlutions,
Then

0&91(§+Jn;,no¢«s%; @ * an)\

=0y (5 9 Begy) @ 5”;3**‘*2 . 5%25‘%'4» % 2

, 9%
(w28 a) S R
| | .
$nf 0580 d0) = 3 [’x‘ " Doslyde %('%Wm%h
#indyng, %’.]
(Se20)

whare 6;” 48 the ingerse 0f the matrix "a given Yy

_ e
Bl S

3
2! aﬁa
= 3% q@

LKL a%
%R oMy 0% ],

- | . ”iemao)
The opergtion (86,28) oan de repested successively % odiein
the exaot wlutims for ', 1 @d qe "



jo  The varlance of the estinate of the popul ation
Bet on seoond cocasiony ©F e form ( Y7 ), for the twoe
phase twestege saipling on Wwo cocasions of secticn 4,2 is

.8
{ Aa+2B) «¢C

where A; B and C are given in ( Y'i0)

4 siople cost funotion for tids type of double eapplirg
. . - |
will %o G;ﬁ op' +che Qi for the Zirst ocoaeion

oa R for the seoond OCcasion,
31 » Gopt of gecertdning whether g particl @ first
stege umit valongs to flrst strstum oF not,

Oy = coat of maidng frase for a firot stoge und s %o
be used for selecting secondctege units,
oy ® goat per unit <f ohgerving She varlate 13 on

s ssoond stage unid;
m;cg mac; are totsl wats On Lirst 48 sstund occasdon

raeDeotiviy »

the cosbined cost function for toth the octasdions o
ve writtn ue
c uop +i0,(ieq mogm
(5432
Ue want to deterzine the optinun vdlues of u'y n and My g that
will nindolgs the variance for g given ety
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wﬁua« ths nmnﬁca

e . !...Lu..a.]’ Mopt + $.0(1e qinec®eC
w“\g ! a*n) ¢ [ a]
32 wo mrroxinate 4 B ad SV o

pliep) g 8 -

2 » € »oin.

Ry HRC R
a

G * g%;,, o * -”’§-)

(-

c?
, , p .
- " ( Wep® =g remaotively,

then the £insl eations which give optimun values for 0, o'y & od
q ares

» 8 2 oy
‘%*“ﬁ/‘) o® [uwnc ]*;@;‘%"’ w/®)
[“ ¢C)[ C*‘d"‘ 33310@ B] *‘%‘ ﬁh(:g’* ﬁqu/E) QEQ‘*ﬁ’m

. [( na} -c [ ie(a0q)+u] 0
(8483
,2;‘_:,;;&’.. [ Bai('ur a)awej augnoﬁbiuo 0% ca;{omgci{
‘*%a‘:( &Oﬂ)] . Agumawa]aoﬂo

{0,54)
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A

{

; vﬁ (8q06)

I& 3"‘3:‘

#c%wi/wa {caom® mg...&g.. Ty *‘Wx

[ta e )] taem% i mgcﬁ].wg cﬂ* ¢, /o) x

2°C (4eD) » ) [{amj geﬁ dopeo

{ 5.08)
m .
¢, ®oRebolle Qs apm

Towaveys when cxprosaions Mho
P, (e ' g
a = M‘}-—?m * M‘l ®* .lcaiﬂa .

P, (2py) c.za ! %,va

B -w;gmu &
- 8
@b LBP) (’mc (> cﬂ
ce s xePa X
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are used % voplas 4 B @d C in eguationg (Be53) o (6e96)
48 4p wt eoy te solvo then quan ty tha method of trial and ayror,
1€ wo qooune g and 1 o o $ixed then equation (85,20)

glvop the optizun vglue of gnt/ng where

@, 8 .8
MW{" (cmot‘:w .

e
(BeT7) -
. ﬁ%(lé q) * op -
% - _(&wﬁ)
fj ® (ol,(.ggm‘ ﬁuﬁw
B
C_.e C :
»* Cuf  (BetD)

o conntaite %y hv aﬁ & L w0y g 8y By 4y ars
sao ao in ocootion S,8, '
Lot w optimn valve Loy S e g0/ bo dooted by % Them

&l
{54490)
ow q ot €iret Inotonce o ho fixed ae
o *— 2 ALy '
"
% yt [ {3 )
. 2 2 a 8
shove A mBy ¢ 8,/ od Y w Gapr BB

( /ﬁaﬁﬁ)
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q in (6442 28 the weolue wiich mimimises the vordance of
the Geat on gecond Gcocsion for g WoOwstage deatgn repested
on two octosions { with o doutle saplling, ond strata sizes
sippoged % be kmown) . .

Lot n s n¥ oblalned froms (5,40) corresponiing v the
value of q ve denoted Wy n and a‘, .
vith gy b am P ae defined m (508704 (5,58) end (540) end
dsmoting the expressions on pight hand dde 0T (5,87) with
P33 9y o ¥, as belore, ve canaclve (8e88) 0 ohtaln Sty
snp @ Fq.e Repegting Wnls operation succassively, we om
ohtain the exact solutions for oty n Mad g correspondl
a fixed,y Oy

Tun for o fixed my optinun values for nfy 0 d g cad he
obtained dn an exast vy, @id hence the rinirum vardgice
coresponding W that fized vg‘ma for By A grdh hetwesn B and
tae condl tiond optirun variance opt (V/m) oo be dran, I
opt{V/m) e minimun at LT @od n‘mﬂ ' o T Gy o
the optimun vduos that mixdcise the wwﬁmaa fhrasn 5t

n;m % g’ am Lt give the optinus ecluctions for
B, ny 0ol g !awwtﬁva‘&y,

"‘

L]

%



iE Coconut &0 smnoliy,  The prm-lm e&racﬁy discusced

in m ch@ﬁaw m. IV and V grose malnly dn gommestion with
a survey plamed in Ascgd State for ostinatim aren under
producticon of cooonut in amoanmy The survey was £irst pl amed
1n 1968 with the £cliceirg objectsie e )
(%) To sotimate the totd nurhor of cocoryt p&m in the
State with Digtrictweise brock down of %he e i 1o o 01‘ trooa,
undor & caciffoqtions Yroring nd nomeboarlirg,!

(34) %o gstincte the area undar cocomt,

(114) To estimgto the avevsge yield per doirg pam
@@ total production of gogomut for esth mriculturd yoory ete,

The survey L beling conduoted under the admindetrative
and Techniqudl control of the Directir of Statleotice, Angamy
in consultation with the 8¢at2stical adviser, Indian Council of
mricdturad Rogegrehy

The 4nitidl sarplivg design adopted for the survey
wos one of atratifled multistgo random acpling, with sude
divigions of dlatriots g8 strotas For the purpose of the
f£irsd phase wori, 1,04 omumorgtion of nurher of palre end
catimation of groa undey coccorut crop a totgl of 800 villgges
was eslected in the ceven plaln dlotyicts, tho size of the
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PREESTRETAE SEFE - T

AT

gcarple in diffarent sutmdivigions belrg @proximctely in
properdion to the gres under *bomsstead and othors iscell snecus
crop§ Within e ooh stratumy the villmges were selected by

gimple vendom satplinge In the villgies thus ewlected complete
srumsr gtion ¢& the tress was oarried outy The subsaguent
tperations,; vig, hapvostingy ocvllection €f daba on cultivation
praptices, dlseaseny were confined %o orly 4 m&gmﬁ.a of 1‘
100 villages, For the purposs of selection of trees for thess |
cperations &t was proposad o introduce, Surthsr-atratification
accordirg to tress grown in gavdens os well am tho socttered ones, |
But ge there was po cocomt garden avadlaile in any one of
the saiple villwgen, $hio part of the work wap voxfined to the -
scattered trees ovlyy For ctllegtion of infopmation on MMVatimﬁg

]
precticos, dlseasos eltyy 10 scabtered treos fyonm the total 4

i

‘?
|

1
%

nummerr of scatterod treos were selectod ob randiom, out of these |
I scattervod trecs B were ssledted Sor horvoatlng oxpevimants,

&ter two rounds of thds suvvey were overy 4t was
ohsarved that more than & of the villeges in o @0 wot
gros coconutytrop, and indlusion of cugh villegges &n the saple
dnoreoased the sgtpling crrer of the estimatp donsiderdhlp,
To reducy the oarplirg orror, $ho tecting of Stple Statliatigiqne |
SubeCotrdtton hold st Porhay, decidad that the azple of villages |
to he retained from erifay rounds should be o mh-ammﬁ those |
atich hove beon found to grow coconut crepy whoreas £or the fresh

‘e - e
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selection of sample of villagenr 4n the rwm pound a nukher of
ciisters, emh of five villeges would he sslected, the munher
of such clusters nwifg egid ¢ the muzher of fresgh villages
40 he selscted for enumergtitg cooomut palmg, Fer enureration
of palms one villege growing cvcomut orcp frome aoh cluster
wos salected ot rendom from thoss growing coocomut orop,

~ Wi

¥ ox

Under cortain limitations the modifled desian
recorpendsd by the Sun.Committas oo M treated s a dounle
saplingy the sige of tha prelisingy large sagPle for estimating
the proportion of viilages growing the cocomat crop helng
five times thot of the £ind sotple A NoDezero stratum for
enups? ction of cucorut palme,

The following tatle gives the varlawe for doutle
sarplivg and sitple reidon sazpling ond the gain 4n efficiency
of the form over latter, for the estimite of megh on second
opcosion, when »th the saplivg designes e repogted on
o ctoasions, 3he results sre given for os0h suvedivision
seperatelyy and or'e based on data givivg number of trees
in cecond ond thdrd round of snsal UTVEYs
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ha ercentege gain AN | |
Ja § officiency, = 5
x 100

—

Dhutrd 2484 2486 3428
Godpara 60 o7 814038 #1408
neppeta 844,58 328478 8478
Gauhatd 851,88 396,18 Tt 780
Tespur 106,83 100483 . BegB
Darr g 149,79 14048 | 8ym
Nowgong 818408 768478 8415
Jorhat 21488 10462 7403
Gol eghat 5408 6476 ' 6478
sies@® 640 8,86 8,03
Diwrugarh 2480 2478 wledl
N J. axbBanpur Seld 8,79 11433
Hell o Kadd B3 8466 10418
s4lchar 1447 1448 3468
Kartng an} 282 2472 7458

AP AN RO SO il o

Tae 4% 18 sean fom the ove tadhle that except from twe
subedivisions Godlpara and Divrugarh dounle safpling resul ts
in rore precision than the corregpending simple randem sapling.
The ratio eyfc, has boen asaurad to b 104 if this ratiom is
more, the gain in efficlency will 4 so he more,



e

rulpyling woth repeatsd on two ocoustons £or estin ting the
zogn on socend occasion hem heon studled An greph nod and 1X

on pge 66,

In groph oYy tho efficlancy s pibbted meinat Py
the dAzo of ntnegore str.tun for Kk« 29 4 and 10 (k « 8 /n)
Py S*aid ¢ hawo beon fixed asc.d, 148 and G48 romoectivaly
It 45 seonfyon $hdo pgrgph Shut sdiller tha pize of the none
goro olratuly, more 4s tho gain in efficlancy of doutle sazplirg
ovoy oifrle vrandom sgplivrge 43 pl cormog cdloser t© 1 She
officiency ¢ dourlo samling decresscs ¢nd £inglly hacckog leas
than thut of sinple rondon saplings It 4o orvloups obdhorwise
alsoy hodcgise I the ,yoportiomf zoro » Units e vory emasll,
18 10 o mere waste of o part of resourcesy 1f we %gte g
‘pm}.zmnwy Yavge samlo without sobdeving ony significant
reduction In awrpling vorionce,

it is dso clour from thie greph that 4F 20 is oot very
siscll then & should o sindll L0, the alze of the prelimingy
saple for ectimating strata migos should be roderates In
grophy the curve for k w £ 4s conslaotently chove thone for
kwdondk e 10y whilo th.t £or ked 12 consistently ahove that
£or k » 10, oftor the point Py = 0a3¢ In otiur werds given

o %ot} coply the pard of reac:hrcaa Javotod for toking praliringey

gurple stould ho us eldl s possitles
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in groh no 8, tho afficiongy 4 plotted aiuinod a?;; o 7y
tho aquero of tho cocfficiont of voristion in nonescro
atratum, Throo curves corrogponding to p 1® De%y 0e8 cnd
048 rocpectively oro dravne Do grogpb cheon that Loy
Bighor p,y doutlo ogrplirg 35 moro officlont cdly 42 $& 4o
odlly ogy loap than 3, Vhon p& 4o not vory iovge tho douwnlo
gcplitg roolte 4 moro precfafon ovon &€ S 4o e davgo @
2,0 or moros 1% 9 oo ovddont fecn thio groph thut ao &%
dncrogson tho 24te ¢of dooroase in officionsy o very sloge 240,
£tor a cordalp 18mis Sho aefficioncy &8 ot Lfootad very
cuoh by o urdhey dnoroasc in 5n .



Lot the popul abion consist of N unite, and the
provability of dreving the S umtt Sa Py On the fires
cccanion 4 semple of n units 1s dran, with :';im:&'& and
with varying probadilities of sclection, Ve sstadn a seiple
of size pn upite of these n units for the seatnd ocogsion end
sipplerent 1t by an independent sstple of gn units {p + q =)
salected with varyimg probebilities, the probadilitles remsining
the saa an on the first ocoasion,. |

Define g4 ® y&ﬂﬁ’z ad sia yiﬁ@; P

where y, iz the megsuremsnt on the first cocasion and £
measursmont on the second occasion, on the 180 ynit of the
popul ation,

Let 2 hg‘m-g.-j&“ where ¥ @&e
% O “Np, T3o Ty seees T

the measuredants on the pn units that e cobuwon on Hth the
occasionas

3
o ® ‘E&“"%,"%%;‘ ¢ where 7;,,”.;,:- sevsoe Jy O

the Rogsuredents on gn units thad gre in the saple on first
occasion ol ye

sisdl arlyy we have

% '“vw"ﬁ"‘ pand Bow 'v%’gi



1 G0

ve uill estimate §' the maen, foF the sscond paricd
vy a linegr estizste of the forwm

R R NPT
X (72
EY » Qu‘:pn,*bm‘;w*cg:;n) + éﬂ‘:&ﬁ)\

®Clae ) ¥ *(aéa)%,
N (714)"% o
If we want that T ahould be o urhiassed estimate.
% (- i" we miat hwve
a*dbued gdoe dw l,

=L ?

» L] - «®
- auan w#oa;n'v(a.n) “‘qn
’ (745

N
The varignce of ‘2.' i

WD) = a(3pn + yga)‘r%-r (c An °3 0%&1 " B
PR
. y o (748)
whare- Ty 2Py (_ax -
g8 _ v v, 8 .
0"", - ;‘Zpl ‘Ei o ') 2o {?973

N -
% e = '791(33":)(!;'@ ‘
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Ve wish to choose the voluss of a and ¢ that pinimige
L] ,
V(¥), Differentiating V(I') with remscs to & and oy ¥e
hive
L B
Bal one+ Ven) “2 ¢ 8o A ?/imwﬁ

] 8
'ﬂa“‘:lpn « B(Ia0) © fon e aags, r&*&c;’/ﬁnnt)

Henwge rY /’w o1} -,

| G-&’ SO
Q" s s
@l o wp/ (g Pay)

{748)
Thiss the cstimagtor with the optimunx valuos for 5 end o

Pay be written '
ﬁ%‘ —— L B
q F gt % Lo " gpn (M f)”‘] "

o Pl -

8,8
dng
fas (740
a the varigne of this estimgte de
e
P
{730}

Yow we wont to determdne that velue of g for which thia
yariance 1 dninum, Therefores differentiating with respect
to g «nd eguatirg 10 zoro, we buve



, $ 948

f’ 8 éa Q*;‘? 0
w
far @ % em asb

(g et ind

Hence )
de /3
qgs r‘;{/‘f)i‘:‘”‘
. F

aince + value is oot gdrigaivle, we hve Bl

2ot
(74ld)

A



fxn the present aw&y{amum on two ocousicns hus
Boon extended to cover the Case ¢f dounle saplirg for
ragression gnd stratification, The particld o cuse of
dourle samplirg for styatifioqtion when thero gre only
o stratay ore consistivg of orly sero urdts hae besn
irwestisatod in greater dotall,| The case of saiylirg
with vyrylrg provchilities of selection hap Lo hean
ammaml

Eim cpticun ctlutions for ', n and ¢ has »een ohtgined
vy the method of succassive Pproximation,

[The wehavicur of the effictemoy of dowle oarplirg .
for varlction of p i and §° bes hoon excrined m«mmw;"j
I8 bas bean found thut Sor pl stidl e doude oaipling 4
higily efficlant than aimple randor ourpling, Fow P, very
high dgourle ocapling s not very efficient «nd 4f 1% s
oiled ab dil, the oize of prolimdinery saple should be
kept os otigll ga possivle, Slndlgrly, the efficiency of
dourle satplivg I vory hidgh corpured to sltple ranfon satplivg
o4 §* 1o el ond decrewros first rplddly ond then
gradudllys 4&ter o certain 14rpdt, the £a11 in afficlency is
nxligitle even Af fncregse dn § ~ s slgniticart,

ﬁrfho gain in efficiency of dounie parplirg over sifple randonm
=-13rgy Bas doen ostinated Lor 15 suredivislons of cogomut |
v arous of mam]wm 1% bus heen found thod except In two |
onsy douhle sarpling 4s rore efficient thuyn sinple
g
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