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tmonwou 
Of lato odMtdGI'flblb- ompbasla has boon 1ol4 em evol'O'laa 

deslgao aulteble for ftttlag I'GSpoDaG sUI'taoGS. 'fhese 

destp ai'G W1e4 to solve motnl¥ IJJ!.uotrlol pJI'OblmS dlete 

a 1Cfto1flelitro or the tunotlODal Nlatlonshlp ~ a 

q\1al11lltotlve napoDSG suoh as yio141 oost oto. GDl a oot of 

ocmttoll.G4 VQI'1abl.ea suab as ~tue, PQaos-m-o eto. 

lo r&aemtsal'l'e 11b011 tb1e flmotlona1 relottoubtp 1s not 

tmow wo bow to 1£Gr dow ~Dts with o view to as.naxt.. 
ll!ll\iQa lt tq a ~M'dale With tbls em1 l!l vtow Baa o.n4 

HwstCII' (t 9S"/) 1aba41l0a4 a sorteo of NGpcmse ouri'aco 4ealp 

oaUo4 I'Ototable aassgzm. !hoy presented a~l4aslsna 

usirll BGO:llSU1cal ~atlaDSe By fol1t.n4DB o sirdloP 

uthod CJald1D.oJ' anll oth0%'8 (t 9S9) obtat.BeiS s/DO thUd 

ordrar closliJZlS• Bose aJd DnpGl' ( 1959) obtolD04 these 

dostgnn ~ ustns a 41ttettent mothod. ~ otheJ" 48lttga 

wero atvon by Dl'!lpa' (196())1 Ball aJd BcbnlroD U960) old 

!baker (1960 >. 
A radlC4U.T dlfteront oppl'tXlOh t~ the ooasuocttcm 

of tho abolnl type ot dest.aas was !Jlvon tv Dna (196311 

Das en1 !Uaslmham (1962) a1'd Das Ct963) b1 ustus ta.otOI'iol 

apel'iments and t.accuplete block l!es1p • 
• 
~ 61¥1 IDmter (1991) eave the ol'ltona tor l:lloo~ 

ln those destps. BcOl oDd BebnkeD (19S'1 )1 Das (196& )1 

Das ani llai'Bsl,all (1962) n%X1 Doe (196)) gave llO!l19 

rotatable destgDS vttb bl.oatda8. 



... a .. 

a-otdabla 4etd.ps ws oomtdOHII '.!' D~ U9&1). 
/ 

»a BaUD U9)9lt Box ell'l Dn~~Q U9S9) ab.! !ax 

aD4 Beb1'11rQ(1960) ommtileretl sou otbo ftS))ODSe &lU'faoo 
-! 

4eslgna Vbich an DOt ..atatoble. De 'Ba1m C19~) baa 

oompued thcl~ s-otetabla desiftllS vltb aOlii&O of than dulgui. ' . 
Xn this thesis ..,. have alte!Jpte4 to pHae= SOliD 

DOW ••• ot Htpoue aetaoo dedlftS 'llhSoh tire or 
aquotl'loal type el:ltl oan 1le wset'l fOJt tt ttU, seo0134 depoe 

responso snrtaoea with e6vahtare. s=- ot these 4oslgns 

~01 Barle ed\ti&Jltqea OVSl' the GOft'$8pont'llq l'Otatable 

designs. A lll1llbel' of deaigna spUt luto ~ have also 

b$d%l pMSentecl ll'l__tho bate. '!'he psool:dlll. of' eattmattan 
----



--
ODe !lOSt ~ant seriea ot nsponse IIUJ'faoe detlps 

ll the I'Otata,.lo 4at.cas I.Dti'Otlnoe4 by Boa aid Btmt:er U9S"1) .. 
De Da• U9S9l aU& ~a ana Behak8D (1960) seve s0111a otbiW 

deeltns euttebl.o ro. tlttiq nspODn aUJ'faeee but tbs.r 

aN aot always I'Otatabl.e. 'lvO irapor'tad Ol'lterle tilth 

wich such t'lutgns have 'beea eYOlwct an tbat1 tho puametue 
4ett!d.DS the eurtaoe abouUl be eatiable w!tho= nob 

lJ:Wol.-eJlt 1n the aolu.Man ot tbeb ao:ea1 equaUou 

ma the eurfaoe b fitted tJuooucb leut sqve teabnSqua 

and that it tthou24 M rotatable l.e. the YariaDOe ot an 

esU•nect napaue at a nl'tda polat detint4 !:11 the l'lftls 

of the faotcms on atd.ta~ ohoteu ol'lalmt1 scale abou14 

be a fUDOtlcm of the 41atantta of the polrll hom the Ol'lfb. 

It la seen that tbo sGCODS cl'ltulaD. 1a not of the klld 

that necesiiU"lJr !lUSt be aat1etled1 hfl hthar 1\ !1._, 
an o'bJeottw whtab nd.lht be elrae4 at1 tf lt oaa be sattsthl 

vithoat oreatf.as othe, dlttloulttttS. 

AU t!le "QODSe slD'faoe deslBM oMalM!t 'ao tal' 

are ot the 1111!118ti2c type that Ia each ot the taeton QldeJ' 

etu:l1 haft_ sot the 158188 IDIIbe:r of ltmtls• It 1e wU lQ:SoWJl 

that then an altuatlons la earonvttto ar:d othe• tl'lall 

man Us becous ttest:rane to tnolme dlftenat ftabe'h ot 

ltlftle for the 41fte:ren1l taotow. 'lbts Gontllteratlon 

neoesd.tated 8'101riq deelp.~~ of the ~01111 type. 

!he sa!H oousl.dah~lona appJr la tt1e oase of l'e8J.ODH 

elU'faoe dutps alia. lA the present theala we ha98 



.... 
thel'GfOl'G ll!al!e an attempt to aml.ve IJUltablo ~rlcal 

' -
4ost.gu ror the stW!y of sOCO!I'l 4opee response atD'i'aoos. 

'1'wo serlea ot suoh dealgni b&vo been oMdDed toaetho1" vltb 

oxpl'eSSlou for the estt=tes of tho '1BI'louu I'GP'QSston 

aootfl.olents 01\IS an U£11'08aiOD for the va1'1Gnoe ot ost11Z'l3te4 

Nspcmso at glva poiaats. BO!D9 oth01" clesllfllD tor wri.OQIJ 

nu:11bero of tacton hove also beorl o!>tlllncd. . 
In this theala we have ol'mfim4 au1t ntt@tlcm to 

dealBDS vhlah bave two typos of levctls ot factors vl~~tt 

one set of factcra bas IE 1GV011 Ol2l3 the othel' sat bu 1. lovolo 

oooh. rm thOJ'o be n tao\cm.J ot Vblah ~ leeton have k 

levels each aid n3 factota have 1. lewla eaoh Cz;+ ~ a n). 

L9t •t~ donoto tho lovcl .:,; the lth tactOJ' lr1 the 3th 

ol'Oupt 1n tho kth of a totnl ot 1'l co:tbiDatloDD of the lovels. 

Buob comb1ns\1o:m wiU olso bo callod the dealp. pob.ts. 

'l'he total Dl1ll!bnr of dosign polnts lr1 o deaiBD w1U bG demoted 

'bfl'l. 

'l'ho D design points chosen so as to aatlsf)t tho 

follow!.ag relations w1U onsuro olrapllolty 1n the solutloD 

of nol"'llal eqUllt1ons obtained through the loaat sqUll!'O 

taohniquo tor eotlmnthg pal'amt01"8 (l'Gpesslcm coeotS.Glentla~ 
in tho oquatton of tbo I'OSponse o111'1'aoo. !blo 'bocOII\99 

J1\.. • 

ov1dent f'rOi:l a g'laoe at tho nonnl equations fOI' estblat!ng 

tho reuresolon ooefflcionts ot tho surtaoo. 
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1ft o11 tho foUovlag J'Ol.a\10115 tho SQ:II!!J!ltiOD 18 OV01' 

D doalgn pointSI 

Z •,,:, "it:: "l.s';' "a~ ~ o (t) 

Wlbenovor atleast ODe of the "s,; D ts oa4 aDS 

.~ ·"a~~"''lft. ~ .. 
2.... 81~ !! aonstont • ?-. 1 

L • 2 • ocmstnnt • A sa - - a 
(II) 

L:•lt-h::.a ,a/tr ... 
11 " 

:?:_ •J. b:. •..: 'ill 'S • constant ~ a 

2.. x a a a • (2:. a 2il/R.. constant ~ B <m> u , lt -

2_ •a: x~ • (:2: •a:il/B ~ constant • D 

;!_ "t~ •d • t~s,.f>C~a:tJ>ID ~ 
. OODStMltl "! B 

Whon those conU tloDS aro eatiafic:d the noma1 

oqtlll1110DS tt1P ntttna tho sao~ aopee .:NSponge 9Ul'f'eoo vls. 

Y ~ Bo + { B11 xu "' ~ n,, ,u .._, 

~ ~ B • .... ~ L B a 2 
L.1.. 12 ~ Lz. 12tla ia 
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(vhere BtS.flt 401\0tes o~tt.ctent 0: lets Bs.J.• a1, cJenoteo 

_octGtf1o1ont~ ot x1j aDI1 a0 ts tho ccnstam tel'lll) ot the 

n tnlopotdent faotOl'IJ doftJIXt earller em tho nsponso 'I 

pro5ucod tv thou oOIJiblnotlODS Ql'O much slii\Pllf1ea. 

DeDOttaa - b• a tho QOftleSPQD!lna ostl=otes of Bt a w 

havo tho wJ'loua estimates os toUowa1 

bu !! ..Lz..Jrs,r bsa ~ ...1. z. ... _. 
~I AL -~ 

bu dt ~ L !w .2.. .. ,.,,., 

b •. 'n~·-•·...9 u ,ta - s. ~('t --~,, 18'" 

b12,sa ~ n .. !!-)it '.2.. UW,ar 

~· ~ "tbu u~ < u [ra.n<aa·' lJCn,~B<tn...t }\., j 
t A-B) K --. 

. .._Dac.._ .. ,J . 
2. ExJv 

+ fA!s> tt {ws,n.as2-a,a[c.ncaa•t >J j 
• ii(~i) D(~ta•t >Jlo,Mlt-;•t ~1 )j 1 

·n,n.a<ut•~..a,s ~1\a·' ~ 
• >.p,B(AeB) 

• ~: } L_ .a2#. 
weN tt ~ L~s<n,-t >JL c..n<Da-' ~ •s;"asa• 



. ' . 
"l!"u,sa • i~- , [LOoll(a,.ui y.~~ <"a·' Jl., ~ l 

. . ·z;Da<-.·1 ,a J 
+ .f(~)la! [-;yt..~n[ ... ~·tflj 

• i!r'a:tus >-;_f~Bl~·tl1[-.u.orta,a•t ~., >1Jf · 
l--.»ac-.-a)BI.,.,J:A.s(-..t ~J 

• >-1 '\rB(&-11) 

..-¥- ~ ~, 
~ ~ 0. t~~-~,, [ >-llC!I>Yl'-a·1)]. ~2 yJ l 

l •f~ .awL Az~A .. s<n,•t1- >-.1 ..... ~ 
• *[ .., ~ [ c.tD("a.t )..'\ ~~J>,_B j ) 

.. •v,~~•BCn,·t ~aa >., s]. 

l'l'OII th•• solutions ':t It erident that Sf ftatte to1\111So:aa 

an to edat tor the notilll equaUOM ~ the above "-

ot t .. sps thu th• ccmatam:t tanat ntlafr 

u > o to aJd a-=t= a 
(2) K :/= 0 

t.e. ~s<a1-t>][Nca1t'~.:f a,o,_tfA 
ID .,., •••• ooattUoa· t la ea.tiaflcd. !!1e aec011A QODISS:tllu 

hll lle aatlatlell, tn II&Otlt ot tM asea bJ a441Ds the oet'lt-nl 

polllta (O, .... ,o>, Ill otllQ oas• St oan be eatletia'l lit 
a441ae polnt• ot the ~ ( o, ••••• ,o),(• ,o, •••• ,o), 
<o, o, .... o) m. ltllClh =eana tba' tbe IJIII'bQt ot 1ftlt1l 
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ln one poup1d' taotGJ'S Is lJio1oeaset!. 

fho Yari)dla:es atd cowariancea of the varl0111 

ooetnclenta haw been ~ f'roll the fo''md.ns 

ocms1411"atlomn ... .,.. 

v<lilJ)! eoot!ioleJat,. or·~-._f b ao].utton of blS 

V(b1~,kJ).pcoeftJ.otem or i:.._at.h/ SA eoluttcm ·or 't.J,liJ 

acmb1J,kJ''ls,aJ~ a<coerttot.41M ot~ ... i'af. SA 

solut10l1 ot blStld) 

acmb01bt.J,ks> .!'! a(Caetttolem oralhf ID 
tolnttlon of b 

0
) ' 

fh81e reaulte follow fi'CII the tbeol'l' of least rsqtJaJU 

(Rae. a.s., t9S'2) aDl the ftl'ldcel aid o~a aN 

't'ai'C•u,#! ~ " • & )ljl-I 
=--2.... 

Vai'C'u,p) • is! )l,_l..... -=-2... 

vuu•,, ,sa) • I I u • -
1m • "' >--2... c:r 2.. 
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VQ'(!a.rta~ • jtfa:;.D) r[a.E<nw•t ))~B.IoD(Da•t fl.t )j 1 
list L ..a,na<l\1•' ts2 J 

0~,11 !~~atan > i ttcLaJ lrtaB'I.slCW)<"'•' ~ . 
Co'l(-~.~:e,s> • itb1L..,JP.a\:N.Bt~~t·, ,~ 
C0¥(1tu ,11 '' !• 22 ~ :-9--

o-2.... 

We haw evolwd BOlliG serles ot datpa of the ebove tne. 
we contlne 0111'11elvea to tbe oaae where the leftle ot the 

Ynr1ous factOrs an tbl-ee OS' ftvo. 'Bo taotolt wltb two 

levels baa beeD ~lutletl beca.ttSe tt ve l=ltllle e fQotOS' 

v1tb two leVels SOliS oouto11t ln tbe aeod 4fpGe ovtace 

oa.mJOfl be esttmatea. A1n eU thG deatgas vhlob we aN 

solnl to oonsldeJ' hQw eitheJt cme o» two taoton uhtcb 



cause asylll:l10try though 110ft senel'al eases can: bo obtelnetl• 

B erore a pl'I!ISent tbe aotnal 4ealp.t b tctJ'lll8 ot 

actual wlues of •t$11 ve ebaU explain the tollclw1ns 

uthod or the1l" oOlllbuctloa t&tob. • have· dopted. 

A dei11Pl of the abo'?e type SA a factoR oaa be 

aOAtttJWte4 by taldna one 01' lllOl'9 oOII'blm\lons ot scae 

U8knowD lwell ••••o•••••••• totether with the SSGl'O level. 
Bucb c011btnat1ona for fOUl" taoton1 18Yt wlU be 11tre 

1) a a a a 2) a b b bt 3) b a a bancl IJO em. 
Kat ..,. lh.U. ba'fe uothu 4estp In a faotcmr of 

the tom all ~ere the tvo levell of each ot the tooton 

aH "' · 1 old • t. we oan: ftall 1n one IliON aat ot coa'btDatl.cmzt 

wen lliV o011blaatloa of the tint 4es!p f.s usootateiS 

with azt' oCDbinatllos:a of the seed 4es11ftJ b1 a1Upl.yills 

the ~~I'll enblu that t.s th6 lEI"'Mll of the 

.... taotOl' l.a the tw oflabl.lmttons aDS wlt!lnl tb.e 

pl'Odlllttt lD the sll1!8 Ol'lio. !btl aatbotl ot usoctntoa 
ot lliV two c~'b1ai!IUODS ot the two Claslglll 114U hueafter 

be oallet'J aultlpltoatt• By •llltl.tslpJr!na• - QOI!Maa-

tloa ot tba t'tftt desf.sDt vltb an the OOllbluattou ot 
the aaoord .4811!1Df w llblll get P 4lftbqt oo.1Jlaa"-ont 

vhGl'e,. 4Whlt tbe IIJJ:I1W of ~swo 1ll'l1mcRm lfJteltl 

ln tbo cO!IblDatlcm ooaUerea ot tho fl.nt «estgQ. 

'l'h'IUJ • have 3'1,.,. ot OQ!Ilblaattou 1 

(l) 'S'aotorial oCRblaatlou of the~ hmtll a1'b1 .... eto. 

torethv vtth ..... 

( 1l) t1act01'1a1 o0ilb1aattcmt ot the left18 + t ant • t 



... n ... 

(lll) cG:lblnatlorm vhon eBcb. o,n1b., .... te assootnte4 

wi tb. '~' 1 atltl • t tht'Oilgh =lt1pUonttou. 

tho tiwt tno of taotOI'lal ao=lblflatlcm9 \lll1 bQ 

called co:llblnllttcm or '121\lsn-- levels, the ooccm.'l 'lllU bo 

oaUcd aaooof.oto oo:nb'noatt.=s, aut the tbll'4 which aottmU,. 

oonatltuto tho deslgn are OU1" design points. 

It will bo soen east~ that tt a 4esi(Jl1 bo tol'lllOd 

ey inoltXling all thO dlstrtCt po1Dts dllch IU'e got by 

oultlp~ina QQY oot1b1uatlOD ot tho 1Ul'!l:rlOWn 1Gw1s w1lb 

aU tho aaaociato o00lb1ncat1cms9 those polnta wlU 

nlwnye octiafy l"Olatlon .. l on pngo !J,. 'Ahou m > -. 
a au1toblo traot1on Qf tho rf1 ossaa1ata4 ocxnblrmtlcms, 

tmofo no intOl'Ootton with loaa than ttva taotor!J Sa 

included in lts 1dont1ty group wtU oentn sa'tor,. rolat1on X. 

Fo:t satisfYing rolatlona l1 O!ld Ill wo bavo to 

chooso ono cw 1110re ocoblnattons or 11JiknOI.Im 1evoln. 

111 Wilt follow wo BhnU always glve the tabtorlal 

cD:!lbln:ltlons lmrolv1ntl unlmown le-crols 1dldab wlU bo 

denoting the dQs16ft polnto that ~ be gt'l1101'ated trca tMm. 

For cotl!ltruotirls on c81trl:ll0tfto 4os1an ll1 n taotOl'S 

vo prooooa a!) tcllowa 

Oonaldor firot o co.ntrlll oo:3Pt):dtQ cteslaa tr:a (o-1 ) taotOl'D 

vhtah can ba obto11101'1 f'ro:u tho to~ oeto througb 

oult1pl1oat10l1 vi th the opprcpl'late aDsoolato oo:!lbilllltlozm. 



Set ta 

Set na 

.. 18 • 

(p p ••••••• p) 

(q 0 ....... 0) 

•••••••••••• 
(0 0 ........ q) 

Oar ab la to aM emthor taotOJ' with tbne 1evo1l 

h thia dutrn so that ccatltlcms t,u, aDil m em pnge ' 
an 

are aattanect. 'l'be obftons motbod 1a to ~ 1eft1 

'•' to eaob of the seta together v1tb •o• to each of the 

seta. .B ut this akea the 'l1nlbeJt of polnts too 1tu'le 

w han hoawu obta1De4 below two ames of cleslp as 

tollowat 

(1) aMiDs •o• to cet I aD4 ~ •a• to l!et It 

(a) acldins an 1JDlmown •a• to set I above atl4 •oe 
to set XI. 

mim=' 
!he toll.ow1qt seta ot IJOl'lfNn 1evela wen maltlpUe4 

~ the appropJ'iate uaoclat• c011MDatlcm Blve an Wl!ill18tl'1oel 

clutsn wltb the f1rat taotOJ' •' 3 1ave1a .ard eaob or the 

rest at ' la9ell. 

Bet It ( 0 p p ....... p) 

Bet tit ( a q 0 •••utt 0) 

Caoq ....... o> 
•••••••••••••• 

( • 0 •••••• q) 

Bel Ilta ( 0 0 •••••••• 0) 



• t3"' 

'rhe eontrn1 polnt ( 0 0 ..,.. 0) to t~ bo a44ed to oattaty 

ootll11t1on Bo.3 l'Ottu11'0d fC't' the aletance of tbe ool'lltlt:m. 

Hare 
1'l • crotol rmmbor of polftts . 

= as-1 
t ltn.-31 men as-t potats aro sot tr= eet l 

Da· a.' • t:; Q ' 

Pol' n ~ &, a hnctS.on of sot l points is to bo tnl«m oo 

expla1nc4 earl1eJ>. 

Bore wo shall danoto the lovol$ of tbo tii'St taotOl' 

b1 X, and those ot the kt.b faotOl' ln tho seoontt Q:I'OtJP b1 

~· k • a •••• a. 
So tal' W have not attempteS to impose Ql'V othel' 

nstr1ot1en em the tt'ltllt'lation ot po1ll8l"O 01" prcducts ot 
povel's ot,as, • a eacceptS.ns thOJJe reqtdred to achlovo 

siap11o1ty ot soluttcms of l'lOI'IIIal equatt001. By ~1DB 

certain othw NStrlots.cms It 1.8 PQS1J1bl.G to make s'l.lQb 

a desiln rotatable ln ~eapect ot cOI't&tu of tho factOl'S. 

For l!lDDIPle by ld,posln!J the reat:rlct1on 

2..~ •l.L~ ~~ 1,3. a ••••• n, tt= 2 
the dealp vlU be l'Otata'ble b eo fal" es the (Dt1 ) 

taot'll'S 1n the seaoxd Bl'OUP a:re c=cel'DOd, tbat ltJ ~ 

the levela of tho first set of tQOton l'GmlW tho sa1110• 

!l'urther by putttq :z:....sf • lit t a 1 ...... n, ttl$ 

nr1ab1Uty of each VIU"lable J1s.ts oa.n be kept consUUtt. 

we DOte that v1th the above restr!ctlona n11 the t1!llmowneJ 

1n tho ab(ne series ere 4~ 



• ·1~.-

PHil the Mtntab11tt1 oondltS.cm fw the eeod 

tll"Oilp the followtDtJ equaUcm S.e obtalae4 q •. a'.ap .. 

Also holD tbe o_.,t1aa L. xf• l!r l a t, .... n 

w have·~.,) a2 ~ s IU'l4 a•~ ~ ~ e u. 
The aolutlona Of' tbe ii01'&11 f!t4uatloas obtained th~ 

the least JSqual'& teo'l'lftittae t011 estltsattns the I'Oil'UsioD 

coefftolenta of a seoold dQ8Ne J"Gapcmse surtaoe obtot..S 

through tbe deslsn oO!IG out os f011owst 

e aql I ~( 2_ ? 
1, 1• : 'Z./3 · • . no I it- J . 



. ,, . 
1'lro:a the l'd&Ucmshl.p ot the DOMI1 eqU.Uomn.e 

'" wl'lances oD'l oovulan.ooa ot the dlftSl'ODi I'OUIOUlOil 

ooeft1olenta as fo110G1 

ct~J"e 

• P-.a .. 1Ctm.3Xa...t )+cz-.(a .. '~> 
~~•11 

~.,, • a •••• a. ' 2 

' . 
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l.et <a,0, ..... ~) bo aqy point. Let Y be the eatlma\et'l 

reapOD!Io at that po1n11. 

Pattin~ ~ • zlo o~o ....... ~ w have , 

~'!'!~ • '+xf0 L t • a<.a.:t )J;Il~J 
ltCDet ;;a (Doot i1Po1! 

~ [ 2s-1.,a~· t!..t )p~ 
~o[ ao•t (ltQ-3 l(n-1 >P-.+(atlilo1ot4>qlt) 

+ .. -aeto2pas:/!(po.t ) J 
~1(n.t .,.Pb,Oa. 

~ a,'+ [ n:a • as-1 , J 
liln-1 Sqt~ (n-t ,;._,;lij 

.. afar fttf!a2\!a••'., )f/!~a.'cn-, ~l-L..J 
L aB\-1 (o-1 'Alb, of+ y-qa-J 

Its w1U be seen that \dlU x ls llel4 comstant• the 

'17aJ'iODCe beaO!!IOD a tuuctlcm or a2. 
atmm a 

'fbe followlns points oan bO takeft to co:utltute 

anotb.er senes ot aSJ'lltllOtrlcnl 4estgn. 

Ete\ la (a p p ....... p) 

Se\JI1 (0 q 0 •••••• 0) 

•••••••••••••• 
Coo o ...... cal 

Set UJ& (0 •••••• 0) 



.. ,, . 
II • 'total malae1' at poiat1 

• a-..aa.t whee a- pollate an got hoa Set I 

-t= '• ., • • , . 
POl' II ~ f a h'ac~Ucm .of Bet I poi .. le to ba tuft 

aa ap'laSneO eullet-. 

Botatab!Uty ttW teocm4 Sl"GQP of tec,OI"'I 1!1'RS 

q'lt • aaptt u4 ~ -f • 11 Bl,.. aY • 11 aD1 'li'JI';,ar:P. Jr. 

fte ao111UOD fa tha aoaa1 eQ.1Jatloa tor thla 

de1lp .... 

'-t • :tJ;-.L. .,7 '-a• , ~ y 
'I;. . '~~'• / a-rP 41 

'u.• a•!y ~lltzt.' 'sf' ~r{ ;;!._ xt.•f . 
'o : o "~" (a..t >J/l.;j' 2... .L • ...Lf-;; _,_ .Jt;.J 

.ac~- ,,. , L..., ····i_y 

'n• ~~· ~-caa a. aecao..t ,,., >Jl..-ca~':.t>rJt 
~ ~, .. , )j-,.1 . 

. I ~$ I • 

~·. Cl 

• ~~j.'>l. [r+ ........ :r~ 
bu• • -t ~ ,;t.ca.t ~L-fr 4-~ ~ 9 •• q.. aq 

"" .....1... L.... ~ _a_ -Ci""'-Jt ( -y. 
Wbere l,S • a. ••• a,l S 



" 
' 

' . 

• t8. 

Ydlanou tJd condtmou of the 4lfteHDt 

acr•doa ooettto1ente aH •• tolJowa 

YaJ'(• ) ..__, .. ) 
_ .... _ 8 ....L_ ll!anV. • ...i... 

()·2-- N · o-L a9:afjl 
~..c,.,, ~ • .....t..... •u<•u> • 

cr- '2- ra-,.• =--,__ 

Ysl't'o'- - _,___ 

Y..C11o•'tt > • ~Cr;.t1..arfr 
o-~ 7 

COOl(~~ bad t ...a... c.Cllot1Ju> • • .a. 
cr'2- 7 cr- '2.-- tf' 

... "'.a........ .s. 

It 'f la the atlate4 respoasa at the point 

<xto~ ...... .._,, then 

"!'2 • t.fo [b • ~!_1f:!C} 
~al~ ·+J . 
-si~(btt )(o.t >l·<~'~lfllt.a..a,,., >t!I!J 

P.s;,a. . 
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,. .., .... .fotta r ......J-.t- .JI!-a'e=t>nBl 
2q,. La'aY r t!'q J 

"-Jrala o1' the abcmt designs1 

u there are 11 t'Sesl{Jn potnto and if thON V 

·~ • •-tttDtl tmolm tn fitting the ovtace we have 

r!r,e tollovlDr ••llais ~ .. rtanoe table in oaee J2.0.U6 

ot the «*eernttca b npeat~a 

put to c,.s 

r.ck ot fit 
'l'ota1 n-f 

Hue w oaanot 'est the !ooC51lMB of fit of the 

turfao.. It 114 ha•e Pft"'loua tmovledge that tb8 eCMOUd 
.,_ 

hpee 1Ul"fac1 18 a 1ooc1 ttt, an eatl!Mte of cr can be 

o'btained fl'OJI the laok of t1t o~ ot the 812:l of 
. 

1qua.ru. on the othel' held tt IIC!IG ot thG dest.p po1Dts 

an npMted, w caft get an estbmte of eua. from those 

po1ntJ aDd the laok ot tlt na ot aquaJ'OS cnn be toted 

a1a1nst th1e enOl' I1D ot aquaru. CQIIPdiscm of the 

a'bo9e two aerloa ot dealp with rototEiblo lies1su4t 

We haft nov cot 3 stmtlor sartea ot rosponse 

1urface <!esigns viz. two fnab sel'loa prosento4 above ID 

th1a thn1t axd rmother sutes oaUo4 oen1:1'l11 OaliPOStto 

I'Otatable 4Gd.IJI1S introduced bY Ba:t and Bunter U9S'/ l. 

It viU be lntontSt1n.s to 1!ake a o0lii,Pa1'laon m:101lB thea& 

•m• ot deS~J:W ln rospeot of the nu:nbe7 of potnta 



• ao • 

1D tb• and also the VU'tal2008 ot rosponse at apeoltlell 

points eatlmtet'l bO'.!I those slU'faces. With this eD4 f.n 

'liov tho follovi.DI lnvestlgatlcm no ma4e. 

ftrst ve haW pl'eSe:ato4 In the folloldng toble 

the ZDDlxn' ot points l'Oilubi:ld t<W tbB aostgn with 

d1tr82'0Dt Dl21!1b81" of factors .. 

mra 
BU.l:lbore of po1nt:a In tho atttennt ctcstp. 

3 .. ' & ' 
Buies J tl at 33 Yl , 
Series U u 2) as It). ?? 
Rotatable , .. !It 26 ..... ?8 
Aaalm i- I I 

hal this wo obsGPIO that the 4aa1BDS lft ames n 
have alvai'a one point 1esa than that 1D l'Otatn~ d~tps. 

1107 comparl!lcm 111 leSpoot at val"larrco ot eattsttd 

nsponse at epeotrtld poS.D\a we have takcm tw partlauld 

ons•1 that la When the "" libol' of tnoton ls tbno or fOUl'. 

case It ~ ot foot018 ).. 

\bon the l'fJipODBO at the poSDil .,otSaotzso 
h estbate4 fi'Oll tbo tnn'feoe tlttod vltb tho 1lo1p of 

the dealKD pMSenteiS In sertoe 1 the va~e ot the 

estimated reaponae aoa cmtJ aa 

vcYo) • '••a8l9sfo-.~ •• tanX:C1'•)19lda. 
cr?- ~ .. ea&$cfo42 

• v,(BQY') 



• at • 

lttctl&rlf ~t:rr eerias a dos1gn tho vartanrse ls glvea .. 
~<Yo> • t-.33~o--66S94a<~o.t27~0""·2069cla. 

-,..'2- <1'.230~~ 

: "a(aq) 

Po-r •eat:ral e011p0eite daa1gn vithout tho cd41tlon 

ot H!ltral poiat1 .,he "IIU'iance is 

"'(~'!> • s,.78-28.'-"f0- 2B."-24119,.11z?d-9'·'1ttta. · 
•19.1~ xfo42 

: "l(lq) 

rar eent:ral OOIIP'JI1te dealp with ono eentral point 

• 111t 1:he nr1ance •• 

• , ... zato6 afo..o.aitOW ... O'/~r07864a. 
~ •, '112 afoda 

: V .. (QJ) 

v
3 

1s ntdentlJ' llUCh laqer than either v2 or v1 as 

w6U 'N .... from tho tor'l3 ln.'lopendent ot a• a. But 

thia S.. the t'lulp ...tdah 1a wsua:U., usea. With an 

adtitioa o! 3uat one oentral point (01010) wo get 

•a. V\1ch 1a approxirlatel¥ 1/80 tt'llU v3• 
se1'1• t desian w1ll. sl\te lllOYe pnoluo estimate u v1.v,.<.o 
t ••• it •• 6,.., -to ... Oitas-t0.t.03994aot.J0084a. 

..S'tOlt affl-2 <.. 0 
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Hs~lar~ sme1 a doslgn tdll slvo moJ'e peotse ostlmate 

~ ...... "'tataltl.e deslp 1f' va-va. <.O 

t.e.. --1osa. tfo·'·Ol9842 •• O't86 x~o --.us31'•·07l'lafcl< o 
=• J4r"~ f.lrW.l' lt w aOll!Jtder ~ tho tactmos 1n tho 

,,.,.'* ~ bep1ns tho level of tho footOJO tn the ttnt 

1 ·';~ •t .1'0 - get 

1) w.en ~0 • o 
s ... das 1 t1ftt IIOl'e 1)1'001so estbmto than 

Wllt."'l)l" d~tcrn 1t da < 1.1+1tt2 

~.n .. a g1voa 1101"8 Pl"801se eot1!11Bto than 

rot.atable design lt 42 < !J.Bt10 

Ha1krl1 ~ping the J.e'l1o1 of tho seccmil gronp tbo .... 
2) lbtll 42. 0 

tteriea 1 gives more pnc1so estimate than 

rot11toble destrm if xfo <•88 

Berios a given moro precise estimate thaD 

rototablo daslnn tt zfo<. 6.71 
Prc"l tho abovo lt 1s ol.OOl" that oerlos a to 

~ttv than sel'ieo 1 tn cortalrl roalon ns f'or os tho 

oQ~Ganscm ln nopoat of Vllr1anoes lo oomarned. 

ene lit Designs v1th torrr taatorsa 

smeatl 

V(Yo> a1•1/21 .fo-29/63 al~tif ~oot-320il,af4a. 
talta!d afoda. 

: v,csav>. \'lhorto aa~o~ 



- a3. 
am• a• 

V(Yo> • t•?/23 afo-n/'cU ,at-1t6M -to 

- ,_ '\' 'M'Ia\1211l'- atoae 
= va Ceq) 

Pol' ctmlnl ctma)Oalte desl!Pl 

V(YQ) I t•t" afo-1" a! <~rfl/8~~ *" A~4JJ 
o-2.- tO , .. 

~·oata{l -f,pl 
:_ v3<sar> 

In tbis case an addlttOD at one 1liOJ'tt oentnl 

poid does not ndUtJo tho vadanee OJP"Olablr• 

Here we find that 

Series 1 stvu e !DOH peclsa eatlllate than 

rotatable des1sn 1t 

··1333 zto-.a&ol ~tc-.07/a at<r+-t6o34\.ma.fo«a< o 
Bel'ln a as.._ • l!lGN pRCS.e esU.te thall 

rotatable 4et!lan 1t 

•• tOII-3 xfo-.27B342~~o-t•O'A05'4-.-.02?1~cfz o 
AI beforQ ... ~eD 

') S,o = o 
Bena 1 giftS 110~ pnotse enl!llate than 

s-otatable deatgn lt ~ L_ 1.6238 
oerte11 a cztvea more pwollle estimate tbaJ'1 

rotatable destsa !t «' <u.S?. 
2) ~. 0 

sers. .. 1 gi"NS 11101'8 PNOlse ntllnate tlWI 

rotatable dealp at -¥o <__, lt.9 



•Itt• 

Buies 2 glvoa mol'G pMCtsa $Stltt!ato than 

wotatable tlot1811 u afo < o?S 

va '" fl'OlS above that withh the l'ellou ot lnte?Oat 

terles a 4el1cas oan nplace protltobl,v l'otstoblO dGSlsns. 

~ea ,. hen acaa !4ea about tho optlllltt:l oo:dbil'latl.on 

11r 'lk1DI thla oo01Datlcm as tho control ~. wo eGO 

t:~.at the ao uttno destsns are oq~ otf'lot'3llt ac 
ro\at.abla dealPII f~ ntl~~attna I'OtlpollSOS ot the oenttnl 

"at-. 
A 41Jkp tp It futon 

so fu we han <tacribe4 dutgns lblch eat1ef'y 

the ocm1Ucm ot I'Otatabllity ~ f<W ono ot tbct tuo 

.. te of faoton. Xt VHt howvert possible to obtalrs a 

aus.cn 1a fOlU' taotoH t'llCih that theJ'O a»e tvo toot~ 
each vlth 7 lnelt an! ~r two factOl'D vltb fl'n 

lnela ucb P'l that tJ1e 4atsn ls nt&\abl.e ln NQGd 

ot •ell pair of the faoton ba'dtls oithQ r; Ol'?1ew1a. 

'l'hts ttes1p vlth 'R point• is p:nsentel! b$1ow uslas 
the'WSualaotat10l!l 

Set II 

Set Ita 
set nta 

Bet 1V1 

Bet Vt 

Set Vla 

(a b p p ) 

(b a qO) 

(b a o q ) 

(oOOO) 

(0 0 0 0 ) . 

( 000 0 ) 



• as • 
1101' GStlllltltlng tho Uft)•totm lovels OtbtPtCI om! 0 . 

w haw the equatl01'2!J 

2_ xf o t6dl•t6,}iot2o2o t6~N. J1 

.:£ sq ~ LX: a t6a ... t6ba..aGtt 0 96tl-tJ! ~ al 
-:2.; dz_~ 0 t6ptt.eq"+ = t.asJt giL.; ~ 

0\11" ultl=to ob in the tl0119tl'llatlcm of the obovo 

4astgn ls \o amka the ,_l"lanoe of an ostl1118te4 napcmso0 

a tunotlon of 4f and a: whuo ~o afOI"~o""' ~ 
. 'to achieve thin wo havo to omaUN that 

~ stl = i:' X: -1 a~ ail o 2.ar: at (A) 

!'hls ocm.UtS.cm aatun~ followa f.Yol!l tho I'OtotabUlty 

ccmdttlcms. ffa4 they not tollove! ti'01Il the I'Otatabtlltv 

oondltlon, ao «!ostgn 001114 bo poselble, as thODO Oo111Ut1Cill9 

at~ thNO equations 'tlhtlo wo hew OD1y OJl8 hee pal'8ll10tolo. 

Ae wo havo ~ 3 oquaticmo with fomt mtlth<Jidl!l 

uo oao fla GJ\V ono of tho ocmatllllts d'blbsl'l:l¥ tbei'Ob,v 

gottlag on lntird.te smoa ot dealsnn. 

Here 0 o t,Nt ~Y/ • ~.J6o"+•t/6-.}~-l6ott 
old b a t/6t+ j31$/ ~-36o.,.•t/6"1t/999ea0f/J.)6att 

vo note that 0 ;>0 01111 .,a ~ s.m olaee tar oa ;> '· m 
a aml b beoorae l~JV• 





tho val'laaco ot oat!.mated ~& at the ~~~ 
- -

'"1o.Saots,o.-..o>"' 
vu<rg>. 1 • , ::s { ,.. • a4 
~ 'ter-i!JJaOB Jl 

.. ..a \ -t.. • a<l•i-J! ,] 
~ lt6Cf c2-

_. ~ L ~ • a[!s~;l.,at.ao~J 
• ~ _ ..1. Lrz'o!.ta!c> .. uacat.tP>-t2o8 > · _ / :sa ·,a,j- " a a 

~q 

+{~lit I 

· ._a2~8 I .. 5c3a.t~tw.@1. t :-<&_.l 
._.. L aoY 8ta8 Ca8•r>J 

eue elf c ~o.f -:o ' a: • .a30~ -:c, 
A8 we l'lllve IDG11ttonoll ob0\78 o < Jl ~ '1.15). we 

bave ao:apaHI1l tho wrt01mes at thO nttatea I'E!SpcDSe 

or t1:de aataa a\ Jl• t aD4 f1. • f wlth tbo oent!'al 



'· 
.as. 

case h 
Jl • '·• ,a • a.t, tJ! • .a, 1- • a.:s 
!<Yo) 1 t-19.9'10 4f -'tl.9"3'10 4 ~taf.Oil86 ~ 

c:r-2-- ·orr 3.l09'1 4 •US.621f !Sf 0: • vt Curl 

Ce.r.te 21 

oil = '· ,J! • t.a»t, .;a •• -.,. ,. • 2.3 

V~9~ • 1-.1130 ~Sf '"1.)$10 a: "H0583 ~ 
_,..--'1.... 

,..)aft ~ -.00)0 af· 4 • va Csav) 

Gaeo 3• ConUaJ. ooawoatte das18DI 

~y~ • '•·aaf. ·&4 w.8t6t ~~.8t6t~~,.6~ 
a-

: v• (ear) 
AfJ bot~ we -- QapQflSODS 11Bop1q the levela -

ot taota» in one 8M1iP fla4•• 
We have 

(t) dl8D af • 0 

't <VI'Ot _U' 4 <...t?.f) 

'a< v I'Ot tf' 4 <... ·'11 
... (a) wcm 1 1 o 

v; < v 1'0\ tf' 4f <. • '593 

~ <-v• u ~ < .o.no. 



·JUtomgm ge DU?QRSIB!liSfN11 Q&MI! 
XD tho ~ ehoptao we haw p!'OQGntaS two 

oorloo at 881i!lll1Gtrical. 4eslgns "' mans of wbicb NSPODSG 

oUI'fao99 oaz:t bo tlttott wltb aame a4V&Jltage <Wei' the 

1:111ntiDa ~tablo 40818128• M l.f.k8 most ot tho Jl'e8PODOO 

outaoe daalp .these 4edgu al.ao an Dot Qllt tato 
bl.ocskD. But f01' taltj,lftl.~tt.oa, ~):,· tn the 

ftolA of .apleultUJ'Gt 4aai8DS vlth bloo1m of Gql1ll1 

'bd sm11 slssa oe MOGSIW7• Hense vo Vie& ~ Op11t 

some of thoso 4estps otatotae4 flrol!l the abOVO tWo soriu 

into bloatat. 

As poido4 out tJy a. cmtJ ~ (199'1) aie dostan 
points sh01Jltl satlaf? oOI'taln f1uotb.e» nlatllcmo fOP 

1)1ooldngt BO that thG ~Sl® ooetftoteJ:lts CUlft be 
' 

eatlm:ltfl4 ~ to block effect• fteso .I'EIJ.atlcmo . _.-
' --
ltl oase of oqual b1.oclt sl_, Gl!8l 

U )2 afa • ocmstam wltbla oaoh block 

<a):£.. Bsa "tr1 • o wtthlD GaCh bloolt 

(3)~4afJ : ~A., to• oU 4 ant J. vhe1'0-E4 Ia 

sa:awU.® ~ s-eatii$JIU fa the 4th block. 

'ftle metbocl tollow4 fu ~ lDto bl.Golm lD 

the abcm.J two .dGI'teo lD as toUow. HGrG tho po1nts 

obtalr¢lllU· ~"~tho se1l t of w•J~m~. bo24 (o p ••uP) 

MIS (0 p •••uP) fA the two sulea ~tlw~ etm GaOh 

be split t.~.; ho • tnoM 8J'OQP9 whOa· IS 3 \y OQDI'O'ID!Il­

t.q aalnt.aotte ot ordGI' 110t loss t1wl a. the PG'Ilb 

• 



•lO• 
~ tho ttet (q o. .... oJ (o q o .... o> aw. al'O to _, 

c:tU.ote4 to tbe bl.cob f.D oaoh oase, tbNiltlb a ti"S.ol 

p»ocedue lD. nob o wav that tb& abcmt A~s fO.t 

blooldaa ue nttsttflll. Tb~Ja~h to. tbo- reaual csaso it 

18 poaslbla to makO into blocb eaoh ot tbb two . oB'tlca 

ctt (&s!gns, we haft PJ'G'eDteS bolw ~ same pantou1o» 
4QSI.pa wte ae Uke1v to be raoJ'8 aoefol t.a aatltal 
at tuatlcm!.t. 

Palm lh!.& 

• q 0 ... Cl 0 

a ..q 0 .. ... 0 .. 0 • a 0 • / .. 0 -ca a 0 "" 0 ' p 0 p ' 0 p ..p 0 , •P 
Q ., p 0 ., 

' 0 .., •P 0 ., ., 
P'I'Oill the wleUODS lD the 4eslgo so ~ to t!lake the 

aolutlcma of J10rtml. oquattQBit _, aa& also tG t~~aka tt 
ntatable vlth »espeot to the last two faot.OH we get, 

z.. ~ • z..zf• ~ ~ • sal • u • 1a :::- '1l'r'--r~'i/ '2._ 

z 4 .~~ • a,t+ ~ ~ • a'ltJ>"' • tz:-J aJ 
!bat ta ri! , a.aJ, .,a. 1.1aJ, tP • e.af. 



•31• 
!hough tb.e deatp aN give!'.\ Jmeftl!l of ecdal 

doses ouab that tho Ol'tgtn ls at tho 11\GaD dose an4 the 

e041e ~ to scoO!d ii!Oi48llt ot the doses oe 

umt, ..., can tranatoa doses into aotoal doses f\tCI'IIl the 

tollorit'll I'OloUcm1 co!acJ doses• 

Cold dosesa 

ACtual 4oaeso 

Whon M ts the lll!lX1saulll doso. 

Po. the al.Umato~ lo¥out of thO doslp we l'Gq1li11'8 

tho aotua1 aoaes1 ubtle to• QDQlrato the co&!ld dosos 01"0 

tatam. -
the ostimntetJ of the 111al"la1loQS NataaGiOA 

ooofflolcmts &1'0 

't • .oss:&z:.~~tvr "a •• Ofi& 1-.y 
~ • .o!J552Jl)YJ "'a• -"ttz.x,•ff 
bt~ .0\91e-LJitay'* bat' .t:JJ902.yt 

. b0 : ·' C..aaaa[L9 ... ~] 
~t• .Dlt9 .. t:v • .oz'fi/LL9 a+-~ 

baa• ··~ •'teaa 9' .,. .0988 .;r •. oatt? * 
'll• .. aaaao ~ .o988 9+-tlt82 -1 .. oaa.? -fr• 

ftlo vutanoe ot the esttmatoa I'G8pOil$O Yo a' the 

poillt C.,~·~~~) ... 
~o~ •• ,..,.o~~JQasalote~at·'a.aaa~t-

cr-'2--



• 31•· 
POP obtnS.DlDIJ tho eJ':I"U \'al'l&J1oe as alett tho 8'11111 

of aqUUOS 4WJ to 1ao11: Qf tit w _, aw~Y tho e~la 

of va11.ance teobDlque u ;tva belwl 

DQe to D10P:a t 

De to tlUtl' ' 
~· 

»• to laok of S 
fit 

Due to eft()» lt 
fotai ,, 

OM of OUJO ab!t 'bGlns '" test the dpitloa110e 

of lcats of tt' S..o. -~ tb!t ~ to~ evtaQe 
te. aD odeqw.ate fltJ for the ~"'"'at I'GIPOMOS' the 

degnes ot t'Nedom f'OJ' GI'J'Oll ls too low in thlD oaae. 
A methc4 .ot IJ$\tlq' ~depeos ot fltee4i1l to; u»or 

lo to ~tJ tho tlb~ desiP, once I.!IOJ'Ot tba~ h to 

haw a J"&Plloait~ Sn that tbe anaJv.at.a f.t.t of val'laJ:Ioe 
psntttoztt.aa v~u bel 

Duo to 'RopU.oQtlOD. 

Dne to Dloolm wlthtrs 
repl.Uotlcm 

Due \o tlttd oonstallta 

bue to J.aok ot tlt 
he to f!/Jf'lfS'I' 

e.t. 

' a 

' , 
\'ho wl'teas' B\l!IIS ot l!ll~ tJa the anab'rsls ot 

VO~QDOO of tabla ub.GM the!'O lfJ oDlv ot!.e npUcat10Js 

.\ 
I 



• »· 
8I'G obtaiiiSl aa fqU.awaa 

!o Bet the 8'alll of squans 4ue to ftUG! eGDStnD.11s 

we U!G tho foUold.Dg tllpl'eaSIODI 

bo en_"''- ~ lltJ ~"a~ xt"·~a ~ 11¥ 

\lobtl'Z... •,•ft~t~Q ::2.. •a•/ ~,,,~ * 
~baa~~ • ,u 2_ +. tt'IB 

It vlU be GeeD that tbo J points 

0 p p 
0 P •P 
0., p 
0 ep •P 
0 0 0 

an Mpoatocl Ill eooh ot the a bloolm. HeDca b.1 

acmsldo'flnr tho obamratlo:ml flto::l tbte aoabtlltlUoa 

~ aa BDil]Uslo of vadamct lla 
' 

Belueon blooJIB 

BetftaD Uoa.tmtmta 

a.t 
t .. 

le poastblo. fhe fiiii:V obta1ne4 ho:a th1a aaatvsts 
of Vlll'luco Ia also tft'Ol' tD the aDBtvsta te ot 
Wl'1oDce of om l'epUootlcm ot tha 4uii!Da 

'!be laO of fit ta o'btalllo4 "' S1lbtmotlOD. 
to case of tw Npllcotlons the apnasloa fo_. •• 

of aquans duo to tlttcd ocmstonta MaalaJ tho 

I 

II 
' rp 

•' '" I· • 
I· I 

II 

I 
I 

I, I 
f ' I 
I 

I : 
I' 

' I 

l' I 
: I 
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' 



. ,.. . 
rll:ll.'lO as obmew 

In tb1s oatte the f pobaU 

0 p 11 
Q p •P 
0 •P p 
Q .p •P 
0. 0 0 

81'0 &"OpOa11el1 lo ouch or tho toe bloOks. U.enoo 

by OODIJ14orins tbe obaowotlcms fltom tht.o oO"'IbSnaUon 
ODJv Gil enaJ:vst.a f}f var~aaoe Uke· 

Bftweoa ~-· 
Bnftlm Wont'GleDIIaa 

Bft'o»l 

lo poaslblea 

Alao tho poSats . / --- fll • 0 
a •ca 0 

4 0 • 
-a 0 .q 

uo npeateft Ia two blooU. RcDoo we bave ocmstclfJI'f.rs; 

~se obaenatlcms ODSv, aD &Dal¥sSs of vutaaco 
tJotNaeJ1 'Blcofm t 

BnWGtm Veatmel'ltl s 
Bm»t 

.. q 0 

.... 0 
a o ca 
G 0 -ct 

(Jl) 
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on ouota :npootEltl tn two 'bl.ootm, • oanla bow oa 
QDQJrslo of wl'lcnco toblo 

Bet1roGD blaokS t 

l (lU) 

1br ocmsl4w tbo ol:ISuvtttlcms In 'black '• We 

;rot n 0011.11nlt betweea tho obsai'Wtlon tor (0 o o ) 
61!4 the moan ot the obsuvnt10l1S ham tho oth61' 

8 po1nte lD lt. We oan 8ft the 08.t'l8 ocmtzonat fi'OIIl 

blook t ot ~ootlcm a, etah olao oontaiDs the oamo 

po!Dta. 'lbe BUCI ot aqual'fm due to t1t.o oonbaot bohoeJl 

~e two oonvosts Siws o sa ot oqt1ai'OS V'lth t 4epooe 

of h'oel0111t VbScb also boloDgs to el1P<Jre StTJd.tw]r 

wo oaza BGl cum ot aqaaJ'G& With t doptoo ot boedom tram 
bloall 8 tn the two npUoatiGDDe 

· !he OJICW obeai&:a1lv tho c4dltton of the ~ 

Gtll:l9 ot squaMa lA tho dalJ'sls ot vuto.=e tobloa r, 
It aD1 m aDS the 8Q of aquai'OI for a ctegnes ot 
boed<D obtolrlc4 at1 'l!A'lt'ona4 a'bol7e (llws the OJ'I'Q sa 

ol cqual'e8 1D tho o•"qs1o of vaHonoe tw two l'eplloaucms. 

fto lnok of nt sum ot &ctUBJ'U ts ~tot by subthoUon. 

It wlU be. seen tbat we have 11011 ottol:lptett t:o 
piJOilont the olaselftd\.Emll!¥Glo ot the ctnta tn tom 

at pi'088!ltotten of maiD Ofteot& oatl tatJoraottcm. Ao 

we toel tbat the olasslflcB nppi'OaOh of onaJrst.s ts 
oomo what lbadaquate In so tu ao lt dGBG 110t t · 

I 
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! 

I 
l 

J 
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tbJ.tOtf ~ ll«bt as to the optlm!Jia oomb1m'tcm of the 

1eveJ. at the tao\Ofe \b.a ~· baa boeD. 1414 to 
obtnt.Q 4ata thl'Gqh wbtoh I'G8poDs&....cJdlr.utea oon be tS.t\011 

wl\b G4v&ntaga 8114 the OptltiPI!l oQlllb!natlon oa wo b8 

obtaille& flomn it. 8Ift tt • SQ~l~Btbles be ~YIW'V to 
ba'\te &0111& bt0l"!QQlti01) nroJ'IU.na 11M maiD etteot aDB 

two tacttor ~otlGM• 'lor this J'lli'POSO the l'egli'Gsdon 

ooetttoteut oan 1:1a used. thus tho estimate ot bs_t the 

ooettf.ottmt of 1tt. t.a the. equatl.oll of' the O'IU"fooe gt-
tb.o UMal' o~ of the !llll!Ja tftcot of tb.o l- f'aotol'• 

Aldrlt t>1J tho ooefflolo:r:d. ot Ys alvea tho Urat'fl a U..,. 

o~ 60!1\hat of tho two taote lntefto\10111 

lavol.dl:q the ttb and 3th taotcm. 

1101' all the 4alps 11hloh an t:llma.t10DE!tl bol.ov 
~ 

o SS.IIIUGJ' llGtho& CaD be CJfl~Pl.cVG4 to got the 811111 of 

·~ 
Bnglp •• 

a ... 
-a 
a 
0 
0 
0 
0 
0 

Blook' 

*'P 
p ., 
p 

Cl ... 
0 
0 
0 

•P 
•P 
ll 

' 0 
D 

II 
-II 

0 

91ook 2 .. •P ., 
0 p •» 
Q •P p ... p J 
0 II 0 
0 •Q 0 
0 0 ' 0 0 . •ca 
0 0 0 

iJ 
' 

' ., 
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BlDG the J'Olil.Sonsblp t.o tho dodgn o;rt.a. 

2. ~ I 2.-ft ouJ D 8Jl 0 '8 a D- l'5 P-;4'\1 L 

z:~ a -z..~ a epa..kttt • e~a. 0 'Jt:N 
. as 

01'0 tho 8alll8 OS lD dOSlBD J'lo. t O%d \fO honcO baW 

rJ. a a.a!l, .;a. t.ta!l, t1 0 a.a1o an o1lbst1t~ thG::Jo 

valuos ru a, p ard q tlla DONB1 GqUI'ltt.OilS f~ osUmatlcm 

or ponlllOtaa at thlo d'estp beQolll()o the samo as tbot ,_. 

dastsn No.t. Ktmce the an• GQl"Oflaicms. fo. solutlOJIS 

cud 'lTGrianoe at estimated roaponso as for Cleslsn loe 1 

holda sooS hue also. 

the 1ll6tho4 Gt aaa)Vsl.a Qlso I"'!Mtas the 08110 mo 

b aaslgn 1o.1. 

tootoad of ttlldD!J two ropltooUons of olthoJ' 

llontuD h. t OP doalgn lio.a. w OaD eo a des1SD obtai.DQ'blo 

b.lr tsldns tho above tvo dostsns to«othOJ'• 

'l'he aeaten to tb!sa 

B1och 1 Bleolt 2 Blool! it 

Q q 0 41110 q 0 0 ·» -» -a p p 
Q ..q 0 -a -cr 0 -o p •P -a p •P 

eQ 0 Cl D 0 • •O •P p 0 •P p 
•D 0 •ca a 0 .q 0 'A p •O p p 

0 p p 0 p p 0 q 0 0 Q 0 
0 p •P 0 p •P 0 .q 0 0 ~ 0 
0 •P p 0 •P p 0 0 q 0 0 q 
0 •P •P 0 •P •P 0 0 -ca 0 0 .q 
0' 0 0 0 0 0 0 0 0 0 0 0 
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' BOlO fltoua tho ctoa'll~ions ot the dGSl!ZD W8 got 

rJi o a.aJ, I o 1,.121, rP e a.af 
tbo eoluttou tO%' tbo l'ei:fe!JG -aoetttctollta GI'Gt• 

tt, : .0278 ~7• ba • .oa?a ~ b1e .ca?8 Z.Wf• 

btaO .oaw z:. Y1'• buo .aatRL.-'',•1• ba,.•.Oit9f..t:• x 7 
~ aJ 

b0 : .a, o .. nu ~·-at> 
bstO .oatt? afv • o012~ (~ 1- z._.;r) 
b22o ~UU 0 -.071t1~ 11o o~1..+ -.012tt2_xf, 

~ -.nn a .. ~ "" .O'A1 ~ •<~Oiatt~ 
FOl" obtatntns GIPOl" va»loneo as olso the G1111 ot 

ai(UQl'eS due to lack ot ftt hON w ue the oaaJ.veta 

ot VbdaDOOJ 

nuo to s looks 

Due to tl'taS 
oons\amo 

Duo '0 lack of ft.' 

4.1 
l 
9 ,, 
8 ,, 

the ctodftD oan be GSe4 vttb GAvantage oo w 

can 4otomSno the 1actl ot tit S'ltll ot 8Cl'lli1I'OS with 

1o1'IJO m:nber ot cSopoes ot hOoc!a 
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Pglqp l!?...lt l 
• 
' 

Bioctsl Bieda 
II 

•, • • "!t • Jrl •• ·!t . I l ,! a 3 
a fl - 0 0 ... q 0 ·0 

• -q 0 0 ... ..q 0 0 i I .. 0 fl 0 ci 0 q 0 .. 0 -ca 0 • 0 •CI 0 I • 0. 0 Cl .. 0 0 q • 
II 

a 0 0 -q .. 0 0 eoQ I ... 0 0 0 a 0 0 0 

-a 0 0 0 .. 0 0 0 

0 ·p .. , •P 0 •P .., ., 
I 

0 •P p •P 0 p p •P ' 

I ' 0 •P .., p tl. ., p p 
./ 

0 p p ,- / 0 p •P p 
' I 

HeN w haVe u a hftul.t of tho oontllt!ODS at the 4est~ I :, 

' 
~ • '·"· ,p. • t.,. f/1. 3.1 

I 
ll 

'fbe sol.ut1oa ot. W.l'lou npeaalOl'l Cl08f'ftoteats ue I I 
- . I 

'-1 o t12ltLJLt.Yt "ft • t/18 L•~s1 t,t ....... I 
• 
I 'o: ?18 a-t/6~-> •1/6 c~ •.2.-}I.~> I 

\i• •1/6 Q •VStLxfv,. 1/18(~·~~ ~v> 

-o23• -t/6 fJ +1/IS~zf, + ·1/18 .2.. 9+1/9( ~"" ~~) 
! 

, 33• •'/& o ;.1/18 ~ ot t19 s: -:r ... v,s .i_+~I9L * \ 

,, 
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Vut&Me of the eat.Saatf!A'l Mtpoue Y0 at the 

po1llt (a t • • ··""'' .,_J ttr to ao JIW ""' 

V(Yo! # ?18 • tf/4lt wfo ··7/Zitt aJ 
o-2.. 

• a,.t/a ~0 • t/18 4 .. ~ ¥ 
-L * afo ~ xlo 

VOl" ~Sidq the .,.,_ 'fUI.a!Ule at alao 

the ftll ot aqllaRS clu to laotlc ot tt.t we _. app]V 

anaJvde ot 1laJI.a1'lOe aobldqu u siftD below, 
t.u case ot ODe repUoatlO!I 

'h8 to b1aolll ' 
Due to tl"-' ---- tt. 
0~ 

Due tlo laoll of flt 8 

ll 
Heft. we do at.l4s ad "' .,_. ..- ot llq1laftl 

-

•• oU.. But ta cue. ot bo Npllcatioas w !18ft 

the toUowtq pal'dtla ot t.f 
Due to np11oaUou t 

,lootl -.lt\W:\ "PUoatlma a 
Due to tlttel ooaataata , .. 

Due t~ laell of tte 8 
Bf,. aa 

"'"""I!·~· ·--



.. lt1 .. 
DW&Jf9.S 

Bl,oolt t -- .[ Blook a 
j ~ > .. ":r1' '> ., !a!l!t s !1 "a •a ~ .,, 

0 p •P p ., 0 p ., p p 

0 ' p •P •P 0 p p ., p 
0 ., p p •P 0 •P p p p 
0 p •P •P p 0 p •P •P •» 
0 .., .. , p » 0 •P . , •P . .. , 
0 •P p •P p 0 p p ' •P 
0 p ' p ' 0 •P ., •P p 

0 ..., •P ., •P 0 •P •P ' •P 
0, 0 0 

~ 
0 0 0 08 II .. q 

a .q 0 0 0 ... ..q 0 0 0 

-a 0 q 0 0 a 0 q 0 0 ... 0 •q 0 /.0 0 0 ..q 0 0 
/ --a 0 0 q 0 .. 0 0 " 0 

• 0 0 .ct 0 .. 0 0 .. o. 
-a 0 0 0 q a 0 0 0 q .. 0 0 0 ..q a 0 0 0 .. 

\\-
0 fl 0 0 0 0 0 0 • 0 

Ia tbla oase e1f. • a.taS, Jl. • •• ..,-, ri'e ).sat 
'fbo solu.tlcme ot ~ous l'fJPGJJaloa ooefftotentt eMa 

b1 I •029ltL Bt.J't 
l. ······' l;s.• .om~a,•t"• 1. a, ..... s. 

"•I' .ottO) u 1x f, '•' • a, •• ,f. l-:f.j 

b0 • ·' o • .c&89t..;y-.taot.e~9 "'••••z.;r) 
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• tea -
"u : -.0689 o •• o301.t:. ? • .come z..V .... z:. 9) 
.. 1 ... -.oott o .,..t:tm z..h, •• om .ur!r,..0170~ .....a.. 

I t'*l'V• . 
. ktt • a~~.; •• ,. 

Varitmoe ot the estimated NSpcmae 1'0 •' the polllt 

c •,o.-ao••,o.X..O) " 
Vttql •• sooo-. tOltafo -. t?tltcl2 •• o:s01a~o 

=-2.. •• ol194"'-t·~d'a 

.... &I • .a20...x230·~~JO 
rw obtalmna the enOl' wriauae as also the IIUll of 

aquana 4uo to lsok ot ttt w 'fl11lt app~ ua~sls . ot 
vul~ ~ u stvera below, lD case ot .,. 
npllcatloaa 

Du to blaob ' 
Due to t1 ttect OOJII\Qntll ao 
DUe to 1aok ot fit -~'a~-

!obl 33 

nae also ...e do no\ 1et al\1 aro» aus of ~WlHI. 

But lD oase of two npUoattQ.DI • baYe• 

Due to Nplloaticms t 

Blooll vltbta ftPlloatlou a 
Due to ftttecS oanatallta ao 
Dua to laok of tit ta 
Bft'OJI l2 ,, 

-
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Dlda !f2. 6 

I look ' 
~ 

Bloak a 
• • .t •a •;a ,. .1 •a •, ~ 
·~ •b p •P • •b p ' ·a b •P •P • .b •P D 

' •• b ' •P .. b p p 

to& •b •P p • •b ... .., . •P .. •' p p .. ·4b •P •P ... b •P +P • ' p •P 

• b p p .. •• •P p 
I .. •b ... , .. , ... ·b p •P I 

b .. . .. 0 •b •• .... 0 I 
•b a .q ~/ b • .... 0 I 

'I -- I ... • Cl 0 b .. ' 0 ' 
b .... " 0 .., • q 0 I 

+b -· 0 .q b • 0 ... 
-b .. a 0 .q .b' ... 0 -ca 
•b +It 0 q 'b ... 0 q 

b -· 0 q ... • 0 q 

0 0 0 0 0 0 0 0 

•C 0 0 0 -o 0 0 0 

0 0 0 0 0 Q 0 0 

8. -o 0 _o 0 -o 0 0 

0 0 0 0 0 0 0 0 

v\ 

i 
' I 
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Laf a 11 liftS t t6(,.,.Jil ~ a Ita (t) 

u4 1~ -- olta (2) 

Allo ~a? a ~.q • ) 2... zM Siftl 
- · 16(a'lt._blf~a. 0 96a't,2 (3) 

2--1 = '2JI~ d ~ax stva 

' 16pb,,;aqb, • ltSp.. , .. ) 

Bv (2) aM ('It) 

rP • i.,,., rl • a .. &att 

hca (t) old (3) w ~~"'-=------
2n • 1/32 /ltlt;2.51J2o2·.., seo"'•t132)9a~..aOolt 
a" • t/la J ~-•.a • 80o..,·tll2 j 9a~t.saol.aOa"- · 

Rue o < OA-:::.: a.B98,. 'fb)18- theft wU1 ba 1m 1Df1Dlta 

sules of desi.BDI ,..-;..l'iou wlus or J! between 

0 atd 2.898'- tb4 estlutea ot "'U'lous NSNSdOil · 

ooetftoS.enu an 

b1·aVt6ta~~f~ f. ~fl bf"/t6iJ"f!t/- 2. •p 
-.,,.vat/-<iiP•tti>i. "&"/' s.. t,a, s. ,,._, 
""aat/32Jt..a ~ "tY' '3'tt•Vt6p'lt2.. x3y 
'o • t c. ~ ~-t2.a:r ,_, 1:;$<< z_9~L-:r> 
-,, •• ....\. 0-t !t ~ .. i_7),';9·L.~) 

aJl 8o al!&eaV~~ 

·'''a*~ t!' -}'·r:~> 
a.pJ.aotaa •, ,. •a etl4 ·•a • •, ID 'u ,. set 'aa 
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I 
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I 
I I 

• 4 t -~4['Jeil.., 1 l, I 
i6pltf!qll --oa-J i:'t 2 \16CeJl•t.l ~"ffi 1 

~ r-au;:,:~ • th.· flcdl·tf!~r&W~l 
L ct 16cf 320 cr ~ 

~4a \. , • ''tt'!ct.!l 
t a Laq2(a2;.ttl) J 

*en ~ • afowlo• 1• .a30.., ~ 
In pnl't!outar uha c8. a. a&. t .813, t)i •• a;. the GOl'lltlODS 

ot the Pe81'f!Sa101'1 oootttolents aro 

c 

b1 o .0338L..IftVJ._ bl o •0239i..B, 

btt' -~2... ..... ,. '. 1.Rt j. 3tlt 

~a: .0697 z_a1x,;t b3 .. = .0353~ a3s:l./' 

bo •• , G ... 2!J<r..xfr·~9)+·o3,8(£-;v•£.v) I 
I 
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• lt6 .. 
-

'u• •• af a..lt1861-afr'+•t.o1~2.+··o&a3CL.T::a+) 
. 

ReplaoSae ~ "' "a aDI1 Xa 1lr .. iD 'tt w sA 'aa• 
tt»" .• Olta a..oaas <~+· ~ )1..~1: .... oaatt2.. .q. 

Replaalrls ~ bf ~ aat Kt. "1 a, lb '» • set '\t.• 

!UCYp? : , ,-..ltl6a ~+•IBN},..It18M~.OIMI~·· tlt224,2cJ 
!he •naJ¥sts of ftl'laaee ill tbia oan t• one npU.oaUcm lla 

"·' Due to ltlaolal 1 

Du.e to flt-.t OOPStallts 1Jti 

Due to koJc ot fit aa 

.. ..~ 
XD eaae ot two npUcaatlODS the anaJ¥•11 of 'ftll'laDite tea 

Due to nDltootton 1 

Due to blook vlthb a ·- ._u.oatta 
Due to fitted ccmttlllU 

Daa to lacJr of tl' 
snow 

'"' u 

u an t.:U'ISlltntlon we haft P"Sented be1W t:H 

o~ at2a~Vat.a of autp 110.1 wltb tvo ftPllc:atlou 
pnaentell tullfll' ln the chQtlr. All ao ·Mal data to:~ 

I 
, I 

I~ 
l. ' 
' 

I 
' • 

I 
,I 

l • • 

l ' 
t I 

I 

the 4fdrn are eYallabl.e, w baft taka ... ftoUU.OU. 1• 

4ata tor the pwpon of -lnatraUoa.. 
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• ttl • 
!be toUovlq tate Sbovt the ctata alcml Wltb the -

J'eatlllet o011'b1rlattona ot aedeS 4osu• 

::=:::0Z21 Bupossse fftahtmt 
C~CIU 
~ 

~ !a ~ aep. ' a.p., a !I . !I a,. Rep. t D.tp. I 
I 

'·' '•' 0 a ) 
-'·' '·' 0 

.. J ,., _._, 0 ) a -t.f -t.1 0 a t _,., 0 '·' ' 1 '·' 0 ,., ... ... -1., 
0 -'·' 

a 3 '·' 0 _,., t I 

0 '·' '·' ' ) 0 '•' '·' a ' 
0 101 -'·' a .. 0 '·'-"·' 3 I 

0 -··· '·' .. 2 0 -'·' '·' a :s 
0 -'·' - '·' ) a 0 -'·'-'·' ) ) 

/ 

0 0 0 ,_/, 0 0 0 1 a 
'folal 19 Q .,.l. aa a1 

KeN Cl • a'•Z...,v • 6.00J~=ar • •·'16• ~-.., •• t.ai. 
~ -,y • •9·00f2.a.,•f• 18.00, 2__ Ka•i= .,... .. 
2+ • 81.-· z..xt. 89.91tt~'t • a, • ...._ 

u.tas the apreaelons trw 1oluflltma, . the 'fUloa I'Ql'Usloa 

aoettf.alente aNt 

~to • t •f?OOJ '-tt • •• osaa1 'aa• .JSt6t -,1 • .2'101. 
-, • .t668s ¥ .Ole89, '3• •• o3ltltt 'tae .. aaaa 

b.u: ·ltlMt 'lla3• •• 2099. 
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tJsl.fta the apesaloa te Htttih'tOlllltante as ot 

squaNi Biven tD p&BG » we have 

rt.ttoCl o~ •• ~ squal!ell etl.Sl 

to tta1 avo» au of ~· 
4lhe ana)¥ala al vut.e110e table Jfo.Z of pap ;sit h 

del e.e 

Betwaen bloolaJ ) t.)!l 

nua to uoat111.1Jl1te .. tt.ao 
~ 8tll af BqlJUGI tl to.t.o 

total 19 16*11 

~·· / - t 

3 
Buo:l IJUlll . of llqUili'GS 3 t ·'SIS 

Yohl 'I lt.B?' 
fbo anaJ.Ydo or varlarate table ~o.nz ot JGP 3!1 h 

.. , ... 
t •• , 

) tO.l?' 
3 •• ,, --, tt.a?f 

• I 
I 
I 

I 
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'the G'l!l'_or a~ at squaMa wlth aod .. f l.a tho anaJ:rsto 

~ -m~ tablo t~ the vholn bta is Oqlltl1 to 
· to.tto-t.31' .. t.l15' .... .,.., o u.,o. 

The Gblll.'Vala ot val"ianco table tv testlna thO 

ot~e or lllok ot tlt oa of squai'OS ua 
p' poo tv=;;: 1 • A•f l .q,n ., , , • LIIGI r 

8opllaatton 1 .a9 
Blook wltb.S.D. a .?3 
replloatton 

li'lttcd oonstm'.l.U 9 t3.83 
1'4ott ot rtt 3 9.90 1.96 2.88 
Br~ 20 1).60 .68 

total. Jf ltt-.31 
In thlG oose !lluoo tJlo i' fttlo td.t'b tt.t (3,20) ho:Q 

tho tnbl4 at the~ level ol-el~o 1D 3,10, a 

aeccmd 4egrao OUl'f800 tito we1l. to tho detot thougb 

this COl\lClzlon has no l'tta1 aignUiOPOq as c:m3t1 
tloUUous nspcmses have bQerl USe4 ill tho tUuathtia. 



I 
tho poblera fll DJ'aJvst.o .S.tb mtasi.Ds obSO»VQtloas 

lo eq,ua~ .ls:IPOJ'tant lD nsp01'1SG o'U'fooo ctesS.sa­

Aoc.Slft!Jlv·., havo o'temptel to 'IOJ'k out a tii.Gtho& ot 
QDalysls of some of the .-espoaae s'IJftsoo c!edpe vlth 

one ld.oatq obsowatlcm. Dnpor Ct96t ) attGJaptotl the 

aftDJvsla of a rotatable 4ee18Zl wltb om llllaatq obsGJIVQ• 

t~ Hla ~ 'WOS to estb!ate tho ldaablg ObsGJ."ft­

'taza by aMtmiolng tbe SUla ot Oqwli'OS 4UG to ( laO!I of 

flt • Oft'OJ')• In the pJ"GScmt oase \'18 heW attompta\ 

to Cl9t11!'1ato the mlasi~UJ obsGW&tlOl\ 111 Ulln1111lstna the 

GU1Il of sqwans ctae to laolr ot ftt cmly. AD il:mmt1ptla 

bas olso been I!J84o fmother to asaosa tho oco~ ot 

onti!lmteo or I'Gifesslcm ooetfio1oms 'tllhtm thE!J ue 

oathlate8 oftu the 11119alntl val~ ttr Gllbstltutect by lta 

onttmato 0111 ~ tl'GQUq the osttmato as U 

lt ts one ot the atnina obsBJ~WUcms. De I.J::lVGsttp. 

lion in JteGpOOt of t:Uee ctesl.tJM baa been JHllcmted bolovo 

two ot thao 4oat.gua are a~al anti one rotota'bl.G 

lft~ tootm. 
llMtpnSI • nwt oonsl4• o ~table teslsn '14\b 

blaa1rlns tllhuo QU tbG taaton bove~la oneha 
'Block t Bespcmso Blooll a Respemoe 'BUoll 3 BG!IpoDDO 

~ 31 !a ~ •a !I ~ !a.~ 
toO •• 0 r, -a 0 •a Yf 0 •G -a Ytp 

-•Q 0 0 Ya eO 0 Q Yto 0 .a Q '~ta 
a-o 0 r, Q 0 ... .,, 0 Q -a y19 
Q D 0 y .. 0 0 0 ''a 0 Q Q 'ao 0 0 a Yg 0 Q 0 Yts a 0 D Yat 
0 0 -o "' 0 -a l) v, .. otQ 0 0 raa 
0 0 0 y' 0 Q 0 Y,g Q 0 0 'a) 
0 0 -o 1'8 0 •a 0 Yt6 -o 0 0 ~ 

'• 
f t I 
I I 

\ 
I 

·d 
, I 

l . I 
I ' • 

t 
I 

\ 
' 

! ·\ ,, ' 

I , -
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fAt \hO blocll- total be ~, 11a ai:ll '8) ~ 1't "'a<+D)I 0 

Lot ua auppon tl\at thQ ouQ!Wttcm ti'OIIl 1M 

tlul(lll po1lft brf tXSeZ!) Is !Dlost.Jts. 1m tbe euown 
wluo p 4enote the lllla&S.ng oba~P"Wtl-. Lot S.t be b the 

2th b1ootr. 

fb.o mtsstna po1M 1381' be 

Ct ) o pobt wtcb 1s at 1'0})80to4 

• <a> o pos.at Wh!ch 1a NPO&tea. 
t:tqqsa J• a po11W \'llblob ts not ~· 

Bon the h\aek 11111 ot sq'Wll'e8 ls 

S:IB•~·~··• 
!ho tltto& ooutants IU'IIJ ot squaftS te utven by 

b0G • •••••••••b)3 -1v • llta~ 
the en• 1\hllD of Bq'lmNI b (11VQD by 

(Y~V,'i!!a "' tr6 .. v.a'P/2 "'••••ttat•Y.23~traa•Y.a~~ 
fto total aa of oquano ts 2. ~ • fl. /.alt. 
tbe laok ot ftt aum of aq'QllNa l8 obtalnt4 tv 

a~cm. 1ft this .oua. *.en 1110 expnsa the 11111 ot 

sqaai'GS ctuo to the laok ot ttt as s twac•tcm ot Pt QD 

QQll:nOIIID substltut()4 f!# the 131sstq valuo, w r&ot the 

look of tlt •= ot aquaNS u 

JP. 9/aa. (G• <It pi1 • VBCPII\'Bj,S 

•t/alt [<.!:1•,Y.s;p)2 "' ''•J!t«'s/'it+<\•,v•;,-f! 
' 

I· 
' I 
" 



11> * . 
'~vJ,Prt•<"\7«a'P,a•< ~74rS;~p,a 

- Tr •< ~.fr1«42p)(\911i;.> +(~*·xtlp)(~.y-;a .. , 
o+(~1+~2p)(£·+~ap)..( :iWat ~,a 
~~"t¥'tZf ~ pi!I(0(~¥3"''1 II) p'/d 

•(Gt+p)A lt*~,-t+ -\'t•P<xtl;«~~l~ 
<I' Otb$J' taNS r.aot ln9olvtq P• 

Whue Z::.1ts tSll!1liiBt10Q OV8J' (tM!) pointe -.h1ell aM not 

mlsstna azt4 tho lli1HtPtr wluo 18 ln th& Sth 't4oeke 

D1ftoi'OJlt1aUna tho abolro sU!I of aq'1:191'eS vitb J!GSP80' 
to p aDS ottuatlDa lt to seJ'O we set 

ltCIB~}\-a1 )r..(lfO.a~) a•t<aaf ... ta >L1 <~...:-~ >.v 

~ L Xf -A~"1Y-4 ~ \~¥~ •1-\YfJ 

0 JVB (oq) 

.tlere a: • ••f""&a<rt"]a4DI1 Bj t~t»tt'»1e o• whOJ'O h-ll:fla t,a,) 

aQ'Q R• Vhtm thO ldsalrJg potm Is OJ20 Whlcb ts repeatet 

wo have 3 metllo4a ot esttlllatba p via. 

lld:Ud ,. 
!llaf.llliaiD; G!'IM' SU\Il of GqWli'GEI alaao 

,._ 
Hen p e RellpoD~e or the c01':respondtug point e1Qh 

I.e soepeat.s 
• yt , ...... , • s -

I 



I 

J!ntll¢ a• . 
lftrdrdslns (laok of! tit • Gl'I'Ol') au ot SqUand 

vo get tho samo estlate oe 111 oesa 1 l.o. I(IJ1.. 

JSotl:lql )t 

Ml"'mtatftg look ot fit sum oi squans aloD& '1118 bavo 

P et OC.Y\ )/1-1 

It ODD be shown that p ls Oil ual4oa8GII G~Jtimato 

of tho l!llosiD!r nspcmso ana tt la bdepel'J!ent ot l4ctoll 

otroots. 
VBI'lanco ot esttmted nspo129o ot the potat: 

( llt~;s> le stven 1:!1• 

Val"(Y> • vQfibo> • •,~'o•"t ~~'o•"a> 
~ [vQI'(b' ~ovCbo•bu ~Xa~'ba>.tscwtbo•\J 

•xtsra~O'fC"o•bta *ov<bt •bal+sMf••'bt 3 ).cOQ' I 
~'u•'u~ 

~a"''a:s ),.oov(bu•'s:s ~ 

•1 (!a~bJ ~cw<'o•'u~rib11 ~aribaa J 

"1 va.Cb13 ~Ofttb1 1b1 1 ~oovtb2,b22 ) 

~cov<t.ta•bu ~X:embta•'aa > 

+xf-a~ov(b' 'bta )4.oov(ba•'n ~ 

;It X: ~ov(ba,bta >.GovCb, ,baa~ 



I' 

• 5lt - I 
rt~e VQlaeo ot the wl'hus ooetrlotenu In the abo'IG I 

I 
eQI'SStdon• cum erG' ona of the po1nta (a, flt 0)1(-o, ot O), I 
(a0 -a~ 0) ~ (•a. •t'lt 0) 1a mtaetna b. tQbulatell ta 

I 
table t below. !be- 8Qille ldtbocl ot ool, eoUrsg ooeftlctleate I 
QO · 4esol'1bed oarl1eto has beell a.dopUti tn tttldtns the 

I 
' 

var1CJ!I8 ooottletelltsa 

wmx 
Coeft'lot.ente ot vari.cms teiQS in !IElll . 

Cooffloiont 
ot Ca1 a, 0) 

Mlestug r,t1 (.a, a, > o, -a, O) (.a,.a, .o) 

Constant o68'1f .681, .681, .681f 

X, ..• , .Q39f ..• , .029, 
1ra ..• , ··029' .029, .029, 

-;~ ··2930 •·2930 ··2930 ··2930 

BtHa oalo69 .O't69 ,01169 .0!169 

«~ .taJO /.1810 .taso .taso 

-1 •• 2083 •• 2083 •o2C83 •• 2083 
. 

-:~ .0'/lta .wa.a .wa.a .wa.a 
~ .06aS .a&a' .05a' .c&as 
~~ .066) .066) •• 0663 ··0663 

•,-: o0563 •• 066) .0663 ··0663 
xl 

1 .0221 •• 0221 .oam -.0221 

-: .0221 .oa:n ··0221 •• oaat 

+a·-.-1 .01169 -Oit69 ... 0\69 .oti69 



. " . 
) The V&J'1c.noos ot estimated Hapome at vartons po1nto 

vben ~· ono flf the tolnts (o, a1 0), (a, -a, 0) (.a, a, O)· 

ami C-oi -u, 0) la tulaatDtr al'd wbtm m polftt 1e mtssllliJ 

are talmlated in table 11 belolra 

mmu 
Ytr<x ~ at val'loWJ polnta. 

cr.._ . 

Polnto <•1 a1 O) 

000 .6871 .681' .6871 .687, .lt161 

' 0 0 .tt&u .lf/61 .116t) .&e-161 .'1!!1(11 
01 0 .1&6u .1&613 .~1 .lt161 .9!/(fl 

0 01 .. 9t11 .,a.11 .,..1 o9t11 .'ir/t::n 

' t 0 .lfOS't .ao.)O ,.SOlO .8128 .a;ot 
' 0, .~J .~ .~ .ttsn .a ;at 

0 1 ' .~ .~ .~ .-.c;n .a !JOt 
1 1 , .. 6126 .30'12 olG'/8 .mo .,,., 

4 compal'lsoa ot the volwm pHSontGd ln the last 

column vltb thoso in the othu oolta~r show tbnt U tho 

OD!l~ais ls oa!ducted by aUbatltu.Ut13 tho mto.aitqt obac3r­

vaU.oa l1Y lts estlmate a.atJ then treattna it as 0116 ot 

tho a:datics o'bstm7atS.on •s has been dono b1 Draper (1961 ) 

tbero ls soma l"1ek l.n the' the aotual vnl"lance of the 

oatlraatec!l rosponse may be quite different 11'0111 tbat 



.. S6 .. 
Roottm Bl 

Block t BoapOilllO Dlook a Reopoue 
1) •a ., 

6 

~, ., I :a, 
I J 

ll q 0 v, •& q 0 Yto 
Q -q 0 Ya -a -q 0 v., 

-o 0 q ,, (l 0 q 'ta 
•Q 0 .q y ... 0 0 •Cl r,3 

0 p p y'l 0 p p y, ... 
0 p •P y6 0 p •P "u 
0 •P p ,., 0 •P p y16 

0 .. p •P .Ya 0 •P •P "'1 
0 0 0 y9 0 0 0 "'a 

'total "8'1 B'a 

tot a, ~ sa • o. r.et us cuppase t!\nt the obsewa• 

tlon ot tb.o des1gll point (at, x• • :a• ) ls m1ss11:zs. 
1 a 3 Lot 

k tlonote the !!d.ss!.ftg obsenatlon. Let tt\ be in 'tb bloc1!. 

As tn tho pl'ft1cus case tile point~ (a~ J •a• •; ) 
maybe 

(t.) Q point whlob l.a not l'el)eated 

01' (2 ) a point vbiob 1s aoepoate4. 

gone h A point which ts not S"Spe&t«l. 

E:ipresslng tbo lack of ftt SUI!i of SqUtll'OD QS a flmotioa 

of It (the ~ sa.bae\t.tutot for td.aa1rlg vnlue) at:d 

diffcmmtl&tt.ng It with nspeot to kana oquotln!J it to 

181'0 w haven 

·, 

·' 

' I 
• 

'• I 
!I 
I I 
' fl 

I 

' 

r: 

~-

tTIS1 

~ 
·' 

( 
I 
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.ut~CBj-8'11)..9999 ol -t•1111CS121~V-3)Y-)\Bf) 

I .... 0988(lq -6 L,a,y...stX) ~ .... ·~ ~.1980 ~ 2:1YlV 

.~ .. ~ -;a .;*•·_.. -&a ~9~.2961t- •)~ ,a;v 
•• OW.<x;a~,X:V-aaL1*._1~ ,~...x;az ,+) 
-t• 19'16(xa2 £.1x;v,.")a :z,X:V ,_,~ L1 cz:.~ >y 

k ..... ~~58""58) o• I t._,,,,, •. a~,a._,a~aaaac.·a~,a~~33 •• az,a 
123 21 23 

-0988 ..... ,296lt(.• .. _ ... , 
1 a 1 

cr A/8 (oqy). 

WhOJ'G ~ "' Brc• o•, J :f k, • t ,a 
gagp aa 'When m1aslng po1ml ls cme Which Is I'GPeatEd 

B~ we have o.ptn 3 t110thads ot eatltmtlas k via. 

MnhQIJ ,, 
JftnSmioo 81'2'07 alcmo. te\ Y!J be the missing 'l1alUD 

fhon II• '~'ttt•1/4tt6.-r,•Ye•Y9.y1 ~t16-Y17..Y18 > 

" St1IDO apresa1c:a ten- k os 1n caao 1 1. e. k • A/8. 
lktSbQ!! ,, 



.. ~ .. 
Heftt vari.llnce ot qtlJlratd response at t1ut po1nt 

' 

c., • •a• -J_) .te s198%1. tv I 
'Vu(Y) o Vtmf>o>'\' lit ocwl\Jot "t loloJraoov(~ba) 

i 

~,•ato0\7t1to'-ta ~c®(bt 'ba ~ . : 
' 

·~ l!ar<t>12 )o~oCcnCb11 t'baa>} 
1 

<\«f \!ar(bt ~ovlbo•,uYa tar<ba ~cw<bo,,aJ ! : : 
~ lVY<ba ~mb0,b.J-rx:Va~b" >-+a:va•Cttaa> 1 1 

•*a»<'>u ~ 'i:J'Ili'C';;s ~ov<bu tbu ~ 1 I 
~ &a•(b2l ~tnCb22,t:t» ~ ', I 
.a. I' . i\ t I, 

•-,,Lcovttt,,'b,a*ovlba•bu ~ L f 
.,..,X:~ov(ba•'ia).tcovtb,,bu~ l, :~ 
~xfoovlb1 ,b11 >;-Joov(b8,b23> 

~+ov<b31~~~eov(b1 ,b33) 

«~aoov(bta''bn >~, oovlbta'baa) 

_..,x~av(bta' bn)• 

' I ,. 
l.' ' 

\ ! 
-,, ., 

" ,. . 
\ / 

L 
I 

! ., 

I ~·· .. 
'tho valnas c4 the various coettiQlBllta lathe abo'vo 

e:rpl'GSslon wbea arv one of the points (a, ttt 0), (•a; q1 O) 

(a1 .q1 0) allli (-a, ...q1 0) is lld.ssibg 1s tabnlatecl in 

1-r 
'• 
•-:-• 

tQble 3• 
,_ 
J 

l ~I! 
I ~ 

I 



' ; I 
~ JO ~ 

•• " •• I. 
WJAII! 

ctoofftotcmts ot vaJ'icru t81'1:30 ID Va!(X ~ 
• cr-<-

' iiLia{iii em c 

Cooftloi.Gidl (a..q,O) (•Oo<t.O) a.-q,O) C.o,•cr.O) 
o! I I I 

COD9tnn\ o5'000 .sooo ·.!SOOO .sooo 
"tKa .om •• om •• o,sa .OSJS 

aM .~ oG'/99 o0'19P o0'199 

af .oa~ .oa~ .os,.. oOS)'t 

-:~1 .. 3610 •ol&tO •o3618 .... SGtO 

Jt .06t8 o0618 .0618 .o&t8 

~·~ ot6GIS .t6c& ot606 ot606 

aM .... oa~ta -oatta •• oalo& •• oatos 

aM .2222 .aaaa .aaa .eaae 
Bflza ·"'' ·'"' .... ntJ ··"'' .f o03'12 •o03'18 o0)72 •• 0312 

xi -ol?2 •OJII •• o)78 ••0372 

.,.; •o0370 o03'10 •oO)?O .03?0 

Yl •.o0370 •o0370 oO)?O o03'10. 

~~ .01196 ··Olt96 ··Olt96 o0lo96 

x,al .. ~ ..... •• Qio96 o01t96 

~-A "10~ ,C)Io9tt o0lt9tt ···"' 
!be val'laDOE19 ot eatlmate4 t'efJpoase at wdous potato 

tfha auy ems of the points (o,eOl,C-ctq,O)t(Ot-cr.O) & C-a,..qtCl 



• 60 -
le mtsslng an ta'blll.!lted tn tablca lt bolotn 

WJI'IJ! 

. ""' X at val'iOttB polnto 
cr---2... 

I 1 

iHsyilllf ~ '& 1 t 

Polnto (a11q,O) (-o1q10) o,-q:;;;--.Ot•q,O) ~ 

000 .sooo .sooo. .5'000 .sooo .. sooo 
' 0 0 cr6821t .68alt .6821t o68alt .6Gtt9 
0' 0 .3368 .3368 o3368 on&S .astlt 

' t 0 o9?71 .)69? o3697 o380l .,.,, 
,_, 0 .9191 .mt o3803 o369? .,..,, 
0 1 1 o3S16 .)216 ol216 o,sa16 o)1Ja 

1 1 ' o85'0'/ .ltt61 .lt161 .lt0)9 .ms 
ROl'O also we ttnv tho ealllO oODOl.uslon u 1D 

provtoua oaso. 

Jl-M&m ,. 
Bl.ock t RoOporiSG Blcok a RecpoDtlO 

as a a Rl •s •a ~ 
() •P ..., Yt -o •P •P '~'to 

-a p •P Ya 0 p •P Yu 
-Q •P p '~'s 0 •P p . ~'ta 

a p p ... -o p p "~ts 
0 

"' 
0 y' 0 q 0 '~'tit 

0 .q 0 y6 0 •CI 0 Ytf 
0 0 q 

"' 0 0 q '~'t& 
0 0 .q '~'a 0 0 .q x,, 
0 0 0 1'9 0 0 0 x,s 

'fota1 s, •a 



• 6t. 

BOl'O w gats the GWUO ezpl'OSolano tor oatttmtos 

aDI1 variQIICO ct esttmatt'd nsponso co b dosige a 
ss.niso os poi=Gd out 1rl ahaptol' a, tho normal equatlrms 

tor these t.o destgas OI'EI tho same. 



Aftcw the trmooauatlcm of woto11a'bl.B 4aa1gn b,v 

BOlli ad tt~ U9S'1) OO!IStdcmablo ~ ot otuBv boa 

been maae 1n the theoJV or fttttns 1!1tlltiteot01' I'O&pouo 
ou:rtaoea. But uu nov ODtv 4oslps ot tho QJJI!tOOtrio 

typo t..e. desil:f!lS wlth faotore aU wl th tbe liU11II8 DIJ:IIbel' 

of lEWOJs hove becm sbtilli4. In thls thools w haw 

out.ta~ mocllfte4 tho 14ea or ntatabW" en! pReoatod 

two sel'les of OSJIIIiletrio destpo tOSetbel' with a 4os1p 

1D taar taoto!'o ubiah stvos me to «m IJ:IftAlto l.fOJ'lOII of 

desl~P~So Sorae of tbese 4osigna o»e ffJlltl4 to be Vlo14tas 

ti01'9 aoomoato estimatos of the nspouo at pnl'tlClllrur 

points thaa tbat oblaiXIa'ble tbHilP Mtatnble 4os1BJ~Bo 

these 4GS11JQS OM also avalloll1o vlth 1eaaa numbQJJ of 

4aslsn po1Dts. Al•lll with the 4es1St~J the expNSalODS 

tGJJ estl!SIBteo ot Wl'lOUS I'O~NSSloa ooetftolonts and 

thelJJ Wll'laMO hoe also bBcm pl'$SGatedo 

to usa sueh 4eotans tarr oplotllturnl ~atAcm 

it la neoossc.u17 thet thoy 01'0 spUt up tnto blO<ttts ot 

eqt10l olse. In tbla tbesls we bllW glwn s llU!Dber ot 

4eslp belol:.lgtns to the eB111\l110trlo type 14th blocJd.Dso 

A10123 with estimate or :nposslon oootflototata at'.llt thell' 

val'ianoes1 tho methcd of oDQlysle tn oose ot one or IIICIJ'G 

JtepUoaUONJ has also 'bGorl 4eso1'lbcd.t 

!he problas of 812Qlysls ot tbG 4oslp through 

estlmatton ot o mlulog value b waponso s'QJ'foce 4eslsas 
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hQo been costde~ by ntooper (196'1 )o A ollgbtl;r 

t11tforo!lt aJPl'OQch thJtollgh tdatmiobs tho lnok of fit 

component of s.s htls bcaen a4opted aaa the O!Jtlmto 

ot one m1sstng value tn case ot 3 ~o aut"tace clGSltJD$ 

hao been s!wn.. A COlllJQrisoa of the ver1a!SI)GS ot estliiiRta.'l 

I'E!Dpomse ot various pl)!nts when. the 4ato ore;~ antll;vSr:;:Cl 

(1) attar subsUttttlcm of- m1so1Dg valuo lUl\1 p~ao!tna. 

furthft as tJ!JUQ1 am (2) tatdq into aocOlmt aU 

oorwoq;wmces ~ th& m1ttslns obse1'9at1011.t bao boon mado 

and lt ~ been tGI%!'ld that thel"G 1s omtsldorobltl Qlli.O'Imt 

of diffel"Gl'lCe tn the vulaaaos ot ~ estimated reopom:Jo. 

• 
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1 
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1. Boso a.a. oad Dra,u u.a. SOQarJd Ol'deS' matablo 4es181'1S 

la thi"GCJ 41!110Qdoas. Aml.l!fatb. 

Stat.V~l0(1959)t 1097•1112 

~e ap10htioa aid apJ.olta­

tlcm or respcmse sUJ'faooa. 

Somo BOD.Ol'lll CODSlctentlou 

ani Cl'lll'IIIP10St B1G:l'10tl'ioat 
Vol. t0(19,.)t 16-60 

' 
1 I 

' I . 

I! 

3. Box o.s.P ami SOlll8 nsw thi'08 level 4oolpo I 
'BOlu:lkoD. o.w. tO'J' the st13SJ ct ttUDIMtot:tvo [ 1 

variablEIS. ~ Voloa 1, 
(1960)t ltSJ • lqf. I 

\ 
II a.. Box G.B. P aftl D1'8pet" H. B. A baals tO'J' selootloll of 

ft8p0rlt'lo oWI'faoe 4os1sn. i 1 

lou.&mor.stat • .usoo. Vol..,. 
U959) 

'"' Bcm G.B.P. a numo. 1.s·. MaltltbotO!'!al apo~'lll8ntol 

6.oa1SM fOI" CQtploflltl nspoaao 

outccea. &zm.Katb..st:c-., Vol. a& 

'1. Daa M.R. 

U9W> .. ' ''. alfl. 
CODStraotton ot ~tabla 

cleslgml hom ft10torial 4eslp 

lou .. ID1.soo.Ap.stot. vaJ. 1 l 
(1961 ) 169 • ~ 

on oomJtraottou or ooocmd Oldoa­

Htotablo 4oaSgas ~ BIBD 

vf.th 'blool!e rll UDOqual aS.aoa 

CaL.Btat: .. Aocoo.hlt.Vol.t& 

<196)) )1 - "'· 

I 

I I 
' 

• 1 



a. nas M.N.. 8!111 

Bawotmao v. r. 

• 6!J • 

aODStJIUOtton ot I'Otatable aestgnD 

tbl'onah 131BD. Atlll.Mll1lbo9tat. 

Vol..33 (1963) t'- • tlt-39. 

ReopoDSo e'lll'faoe dosi&DS to-. tlU"oO 
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