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Á3Sfna.cE

S9nce Gaaadåen ffiåteff.sh eoataån a eyet ryÉe_qqgpþez¡¡e

êrqgFr&s, 1t has been neeeesary for t!¡e 0anadåen Ïlepar$æent

of Fgsberiee to eanpS.e ehlpaenÈe of ffiúteff.ei! ts eheek on

the eyet eontent prj.en to ex¡lorto Prevleua ea.ïnplång plane

hase not ¡rnoved effeetfve for Seetång the eyet eontent of
the Whåtefåeh shlpraeutøB and Lt åe Ïroped that the pLan

preeented here w1,11 be eff,eetåve

Ëhåe pap6r ehows how to arrlwe at the eampS-e efue

a¡ad. elranee of aeeeptång e lot of. ffeh, whea *t may be

re$eeted ån the lmportlng eountr5n, aæd ffien *hø l{egat$"ve

Bånom*al Ïtetrlbutåon å.e the underS"yLng theoretÍ"eeL di.etrL-

bu*So¡a"

In edêi.tåon to provådJ.ng a method of eaLem-r.etång

øemp1e else ænd. povaerg thLe paper eenta5.ns a bråef hi.eto¡3r

of the predenr.s samgrlång pLønee a mårvey of some of the

mathe¡natåeaL aepeetø of tlre S'egatÍ.ve Efnomåal. 3i.s*er*bu,tlen*

an exampS.e of, P¿ow weLl" the aet¡ral" eyet f,requ.enefers fft tF¡e

Segatåve Elnenleï Ddfetråbutten a¡rd, e^n exampLe of a p1ãn *hat
has ååfferent eample si.see an,d powere for dLfferent Lesele

of rejeet$.on*

Ae a¡t "ê.ppendlxo thls paper eontalne an. eval-uatåoE¿ ef
the l{egattve Bånomfa} Ðfetrf.bu¿tfon of the formr (q*p)-k for
F*0"03" (0"G1) o*ggø L,0 (0"1) 4"0p k * 0"L (t"L) L,E a¡rd

x * O(l)nu'rhere p and, k are pare.metere of tire Isegatf.ve

EL¡¡o¡nåaL ff.stråbuti.en a.'ad x 1e tire nr¡nber of eysts ån a fåeh"
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W
The purpose of thís atudy åe (1) to show how to

detemine sanple sfzes requXred for Canadia¡. Thltefish
ïnepeetfon, when tïhiteffsh ehipnente are sanpLeal to det-
e¡wåne eyst TrlBeqophoq¿e erasgu,E oontent per huatlrecl

poiud,e of, flehi a¡rd (.2, to sb,ow how to deternlne the ehasoe

of reJeetfng a bad lot of fleh at tbe dffferent levels of
aeceptanee,

g,gFOEEAr{cE or srwE

ln 'Èhe past few yearse there hse been Ryr f.ncreaetng

number of ohJ.pnente of 'ilrfteftsb relected ln the J.mportlng

eountryu when the eh1pments were ortgluaJ.ly accepted for
export å¡r Ca,v¡ad,a,

Presåous attempte to solve the probLen were nade

by Peul (1961") who ueed tbe Somal aud Pofseon dlstrlbut-
å.ons to deeertbe the underLytng popu.latfon of eystso lFhe

¡rresent plan for obtalnfng eampLe s1øe aad lte respectÍve
power 1e baeed on the Negatlve BLnonia} Distrlbutåon
(T{"B"D.}" fhle ås the <tistributLon that beet fi.ts the

d,ata.

fhe II.B.D" f.e better than elther the Nornal or the

Fc1seon dlstrlbutloa beear¡se the range of the paraneters

foi¡nd ås the data apply dlreetLy to the N"B"Do o but not



to the tsomal cnstrlbutlon or the ?olseon distr{br¡.t$.o¡a.

The relatloashlp of these dlfetrlbutions wå1.1. be ðÍeeueeeé

åa the mathematlcal eeotLoa"

the applleatloa of the N.B.D" to canaafen EhLtefleb

rnspeetlon and to eLmllar problene fs faofLitated by tho
taþLes ln Á,ppendÍ.x I"

DEFIS',_IBTOMS Ory rEnMg

tsheee def,$.nftåong @,re &mee.g@d euoh that they

fetrrow ose fron the otber and are not å.a elphabetf.aex seq*

ìå@nee Gr &a they oeeur througbout the remalnd,er of the

theeÍ.g"

Erug åa thte etrrdy neaqe tbe larvet otage of
ffqqqexxqpþoEr1s eraasuse found S-n the fleeh of Canadfan

lf&åtefleh whleh {e the eeeond, hoEt of the worno

lnfeeta$lon RatE_(X.B" ) 1s the number of eyete Ln

one hundred. pounds of ffeb"

ggLb¡tge¡. Fyet Yalue (,leveU fs the nunber of eyetsu

wh1sh åf, exceeded, ån the oamplo, results in the reJeatlon

of €Ì¡e Lqt; otberwlEe the lot fe aceepteð"

SeouentlaL Sanpl:LEg ånvoLvee drawtng menbers of the

seæpLe one by oae and deotdlag after eeoh eeleetåon. whEther

to e,eeept tbe lot, reject the lot or to eoatÍ.nue eanplång.
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2

S*åLny*e$he-g,S.q (gËåå åæ e etatemem't about Ï"R" B

for examÞleø the E. R" Le ten eyste per hrendred pounds of

fJ.sh,

]l#EgreatÊve .ffiep$heflf e (Fæ g ) le anotlrer etatement

aber¿t TuR* whlelr fe.ðlf,fere¡rt fnsm that of t?¿e nielL hypo*

*hesfeg fer examplerthe I'R" le tlrl.rty*ffve eyets P@r

irur¡dred porrrads of, fish"

gi Í.s tPre probablllty ef reJeetfirg the nuÏL

laypotheel"e when {t 1e aehraS.l"y tm¿e and Le often ealled

the probabå3-åty of, fype I ernorn ln thte etudy, ft ls tlrc

rlsk sf the lnspee*Lon p3.an reJeetJ.ng a gsod J-ot.

Æ- E* t?¡e probablllty of aeeeptlng the nulL hypo*_i=*

thee1æu irofuen tlae al"tewrative krypothesfs ls åndeed t:n¿e er¿d

åe eomuro¡rl-y eaïX.ed the probabfL$.ty of Fype II errors Ïâ

thåe stredy, i.t ås the rlek of the lmportång eor1nt:y aeeept-

furg a bad Lot of fíeh"

Pov¿er (þß )- åe the probablLlty of æeceptf:rag the*r:*
alternatlne ÏrypothesÍe q{hen Lt 1s tnreu and $"n thle eese Le

Èhe 3rnohabltrj.ty of preventång a bað lot of fåslr frsm beång

expsrted. f,rom Ca^nada,

-&gE._eptepç-e--Fg-Ége fs the lnter¡ral where the eyså



&

oCIatent of the eenpLe fe 3.eee tha.a rr eqt¿a,} üo the orÍt3.eøI..

a¡rst level snd. rest¡.lts Ln the Let beång eeeepted for øæpor€,

Rgå99-åEe-Be.doP, åe the ÍntewaL wh,ere sh.e eyet eos-

tent of the eampJ.e f.s greater then the erltLeal gyet leve1o

a.nd. reeulte 1n' tbe lot beång reJeoted for ex¡lort"

gqæLtg.ve*Blsonåa} Ðl,qÊr4b¡åtggq ({qEç.D,;å Xe s dås*

erete åSetrfbutlon fn whteh the re3"e.tÍ.ve freqraensåee etre

obtaåsed by the foLLowåag Bxpreeeåone

p(x) = ,(k+ry:l)l BT* u where p and k ape
x¡ (k:1") I E**

persrmetere sf the dletråbutf.on, q * 3.+p, Bþ0, kþt, a.¡rd

x åe â Ð,0&.-rsegaf$"ve ånteger.

ffigæpå__Ðåe$_rå&&Sgg ge a eontl¡sråous di.etr$.þutÍ,o¡r

r€Bses@nted by the foLl"ovg4eg expr@Ee$.ona

, -1¿2qæ')2
dF * --*--*-*- e dx, -æ# g €eæ s

{2w æ
t'¡here pa åe tFre aråtbnetåe raean a¡rdryl,æ tbe standard

devåatåon,

Foi"eeo¡¡ Dístrd"brltf,oa fe a d,feenete di,etrÍbutfsn

ån ¡shJ,eh the nelattve freqr¿enef"ø"s are oþtaåneô by €he fsl"-
towång ex¡lr€Bsåons
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P(x) - -;þ-* e where n 1s the artthnetfc meen of the

tc g"

arfthnetfe treaa (4_or F) Íe for thfe etudy the sue

of tbe eyete rtåvlded by tbe nr¡nber of fJ.Eh Ln wbleh theee

eSrets oscu,rued,"

-VqrLq'uee (eÎ o,g#). 1e a aea,Fu,r@ of the vard.et$on

f,rom €be ar{.th¡aetåo ¡neqn or the avgrage of the squared

devlatlone from the arítl¡netåe msarùF fhe sqr¡er@ root of
the var$a,ase l"e the standard devl,atLo¡r.

Ls a measure of the s¡rmnetry of
the då"etrlbutÍ.on ü,nd.er eoneld.eratÍon"

fi¡rtoqie (ß*À åe a measu,re of Èhe peakedneee of the

-TE-ôåEtråbut*on und.ør cs¡ref derat1ono

T¡åke}{hood (T*} lE ån thLs study a f,t¿netÍ.on of the

¡aËæber of eys$e x wh*eh i.e dependeat on tho Barametero

p aad k from the S.F.D"' aed Le expreseedl as 3 * f(xgpok]"

¡øaxfm¡m f¿Xgllhooê bletho-å åe a proeeðure for
eetåmat$ng a paraneter of a populatfon by that eBeef.f$e

salue whleh maxluni.aes the LlkeLfbood f,ron the sample"
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ffoJ¡eJst Generatl¡rg__Fl¡netåog" Se a fi¡netåon of a
warlable ê wbåehe when expaneled ae a pewer eerLes ån @

yåeldæ t}ae å tb monent of . the SuBoD" as eoeffLelente

when the * tb pe,rtlaL derfvatåve of, the expeaef.on wfth

neepee* to 6 ås set equaL to seroo

åe a teet for the owera13

gerodneeCI ef, fåt sf Èþe obeewed fbequ,ene3"es eompared wfth

tlee hypothetåea1 frequeneûee that fe1f. lnto the apeeåfle

egrøt e1aeeee of, the $[*8"Ðo

.Ðeffigqg_qg__Eq_ee4_qq_(Éegcå ere tbe ta,tal" number of,æ
f::c*e1y eetåna$ed eeLLe mf.nus the r¡r¡"uber of eetf¡aateê

pørramet€Fso ln tbe ehå-equared geodneøe sf fLt teetg

d.*fn etre equæ3" to u*& Sor the freeS.y eetlmated eeLlee m$.nuæ

oae d.of* fer the eetJ.nete @f p amd one d"fn fsn the estå*

msi'Èe ef kg $r a total of p-5 dufor where p erãd.k are Pâr-

a¡neÈeys æf the l{*Bolo

. qçqryHqå-sr;qg-e ffegrf.4,, Fsr the ar1trunet$.e mea.n ã
ry

a¡¡d tiee wari"ênee s*, fer edeåeh thæ eovaråex¿ee ås CSS g åbe

eqlåere m¿rtr$.s (ehg) åe eal"Ïeó the eovar$.anee nzatvåx"

fflrç d.fægonaL el-emente sre tþ¿e varåaneee sf, Ë æsú eä

rsl$pe*tåveLy*

Tg$gg.æ,93å-æ-HeÊgSj& åe a Bque,re matråx for wûråeb
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the eLenenÈ Sn åes

f (xu 8)ås"

where g(xu@) ås the frequeney Snnet$.one

re $.e the nu.mber of obeerva$Le¡rsu eæ.d

€ fe e para,meter of tbe d1.etrlb¿rtåos fu¡retlon

Effi&gågËleü åe e measur@ of effeet$"ve operetåon

when eomparLng aetuaL and posslble eetåmatee of, the Þ&g,@.-

me'bere from *}ee N"B"Ðo

the
I

f1r
w
flt

)tæ
Ð)l

th row

il
e

å
t&

*G
:"@
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fhe rena3.nder of th$.e tbeefe dåeeueeøe the hletory
amcL preeen* stafi¿e sf the WhÉ.teff.eh Snspeetsoa probïemg

the mnthematssal ae¡reete of the S"EoÐ, g how the Tlhlte*

fåeh eyet frequene5.ee are fitted to thE H.B"Ð.F and oa,ee

the parameterø of the F.B,D" bave been eøtlma'tedu how to
eeåeulete from Appendåx. la the povøer and ea,m¡13,e else a$

eSreelfåe level-e ofo€, p u e¡ed erstLeal. eyet Level.

EÃffgffi

M.{.L}er (195ä} eeÍd, *Srg_åeggærc, gFþrFBT4g 1e e

tapenorm vuhå.eh, l,n one of lts åmmetr¡ee gtegegele very

oorulaon Sn tbe. fLeeh of lfultefåeb å¡r Cenadlen lakee, Here

åt erppeetrs eE a ye1,}ow'åeh eyet eþor¡t onø haÏ.f*å&eh Xongu

f$"L3"ed wåth a våeeoue petrJ-ow fLraf.d anú a long, eo$Led,

tbfsÀ wÕffi6 ßheee eyøts whfle harmLece to nen enê ar¿å*

ro,aÌ"r*E are obgeetåonelale åa epXlearer¡e€ andu when numarou.Be

renxler the f,åeh unmarketabLeoI

fhe faet tn¿at the f*eh are unrnarketabLe wh,en they

aræ håghåår l¡sfeeted,u Led the Govem¡ne¡rt of 0anada to pesge

under the Fåeh TrreXeeet$on Aet, e søt sf ffi{teff.eh Ïao¡lee*

Èås,'n Re€uLatåsne {}954}, amd åts amnosnd:neate (1958) to
eon'års} tlse ånfeetatåoce rate ån exported tr?h$.tef,åeh"

Eerrnedy (1948) devleed a eamplsng plan wåth etå,f*



I
fåeleut ea"mpLeo that was r€conmended to the Fleherfee

Departmeat ae a means of eeleettng lote of fleh that net

the export requårements" OekLand (1950) suggeetect a

sequentlal, eamplf.ng method, for Srtrttefleh Ínsnsetlou whfeh

proved fnpractteal beeauee f.t requf.red that the lnspeetore

reh¡yn to the ehlpment of rÊrlteflileh for further sanpleo,

when the plan oaLled for them"

ru
å"t present the Flsheråee Depart¡nent 1e uelng a pLan

steggested by ParaL (196L) whleh i.s based. on the Polsson

d$etrLkrtfon for emelL eanpJ.ee eErd the SonnaL dletrlblåtlsn
for larg@ samples,

fhÍe B3-sn hae ¡rst ¡lnoveå effeetive for emeLt sarnplee

beeaueE the r4ng6 of the parsmetere for wb¡feh the Ïif,BoÐ.

eglprsaehee the Poleeon df.strfbutfon, and the r€tag@ of
paranetere fer whteh the I["8.Ðo eppros,eheE the Sor"mel d{s-
tråbut$.one are not wLthÍ.n the range eetl.mated fron the

eampLe d.ate,

@, the other band,eth,e S.B"Ð, oa:a be evaLuetEd for
the range of, paranetere whf.eh app3.åee to the eample d,ata"

fhåe ls 4he $iestlffeatton for ueång the I[oË.Ð, ln thle
a'tuðy, i
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MA.THEUA$TCå.T COüSTÐENABTON'S CIF Tffi

sEG^tufrvE ErN',otrïAE DISßArBUrrOff

fh*e ehapter outL5.aee aome of €he uathematf.eel

aepeete esd al.eo some of the propert*ee sf the I{"B.Ðu

-rry8.-ÏrE6.4gl:Ei Bg,uoffirÀ& qrsrFrBmrow' (s.E"Ð" l
The W"EoDu $.e of the fom (q-p)-k where kÞ 0u

F )¡ Os Q. * L+p and k i.e not E¡.€eesge,rf ly an ånteSEFe ft,e

ræ*åe py'q Lles wåthån ths 1åmtte of the eem.m@n probøbåIåty

eståmatêEo

sr.nee ä"& -tr
1ÊmBLi.mtLsp*å@@ä*p*au*Ïff* l*¿

p

and

låmþIåm30Â
p-ÐÐ €*pqr W* f 8tu'

Therefore, the LfnrÍte of, the ratlo¡a fr *ret

ocäss

The 6enereL tem c¡f the ï[nB"E, 1s the (x+I]th
texm ån the exBeneåon of, (q-p)-ku å"êo (k+x-1)geÏffi€-ffi
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Tf ono lets k a süBber of
then thE generaL tom ylel.cle the

x eyste"

llhe reLatlve frequenoy fr"lnctlon

eyete (x*Oe 1r 2u . , "&)
reJ.atåve frequeney f,or

when eunned from sero tsrtx)

i.nf*n*ty has a ffi¡n of irnLty"

eø 6Ë

X P(s) *, Xffi- (q-p)-k
'xs0 xe0

*I"*koL

ggftrygLlffiryB Lr r$q_nnss T r0g

l{r'e mo¡uent generatíng funetåon of the S.B,D, le
æ@

ð (xe€) = ç *6* p(*)IL
' .*-fr

åa\.,

-X
xs0

r peP*.re
tEt E (E*pu@)*k

Hgü-gESËEA&, UoeEuTF oe__fjrn" m, s 
" 
n,

*@* ktx-l) t

(k-1) I q'

k+x*1
xt (k*]l')

'ltle ¡aon-eentreL momente of a dletr:[.Ìnrtton ¡a{ ar@



"ary

gåven by, taklng tbe å $h pan€å41" ôeråsatlqe sf the momem'*

geraenatång tunet:"on $ (xp@) wåth reepeet te €' and then

eettS,ng € e Ðu

ån $he m.ext seet5.Õee

rel-atf onehlpe e

Tn orûen te

1t le neeeseary to

obÈa$"n She m.ome&,tg

h,ave the foLS.ow'ång

q{

tså*å

* kp€e(q.*pe@)-(k+tr)

sO

*kp

@=O

Þrå s

zcE
ë)

Môc"-e)- | * *p*@e q*çre@ ) 
*(k+å ) *n(k+L )*nu2@**\;ä-l

Ð,H I

Nø*o 
a

(q*puê)*(k+2) 
[
$ o*o

kp * X(k+l-)pã

t
Ã

'Þ?ÉF&9å Ë * ue*Ê( q-pu€)*(k+r)*uqæ*1)p2*äê
åo3 [S,rlg g -

[ê*0

( q.-p*Ê ) 
-{'u+ e } *uk( k+r. ¡ p2*P@ { c.*ps@ ¡ 

* ( k+2 }

+k(k+r ) (k+Ê ) p5e5ê( q-p*Ð y- (k+3 ) 
fi

kp+5h:(k+3.)pâ+k(k+ï)(k+2)p3 t*=*



L3

I kpu6(q*peg¡*(k+3)+k(k*Llpz eâ@

@*O

4 g-puê )'* 
( k+2 ) +61r(k+1, ¡ pÊe a@{ 

e-pe6 ¡ 
- ( k+2 } *5g

{ k+t ) ( k+2 } p5e 3@ ( E-puê y - ( k+3 } *gh( k+1 ) ( k+p }

p3*3@ ( q.*pe@) 
* (e+3 ) +k(k+x ) ( k+â ) {a*5 } p4e4#

( q*p*@)-(k+4

st

kp+?k{k+L )pP+6k(k+l} (k+2 }p5+k(k+1" } (k+2}

(k.+3)p4

ffiryg$_pF ruÆ.g"e
The flrat e.o&-eem.traL mornem,* Jr$. ln tF¡e mee¡a of the

daetrlbut$on"

;å'l=kP=measlI;L

Tþ¿e eeeond, ee¡rtraL ¡aoment ¡a* of the dåe'brlhi¿Såon åe

'bhe veråã&.ß€o

IffH* F.ä * .Þuå - (Jr$.)*

Fe = kp+kägaä*kpa-k2pä * kp+kpP = kp(L+p)

.s kpq

&e tþ¡ård eentral s¡oment .Fg åæ



sT (x)b $o råOT+Ðrã{$ ãugge*aueF +rEswoBr @q+ 6x alqeç;aea

ffioBr¡Eå aq+ Æo Troç+enrr$ Æouanba.rg êq+ ÊT (xl5 gf
$rÃoT+o1ãïu äTrT+€üauaÐ sT¡'auoy{ gÕ saEg;recoa¿

ffiçy.øæ @u'êî{+*rðd
dq uraap8 rg Ad (e€aïapaq€ad ao) sTsoS#nA SÐ @.ÃÌrsËatr {rr&L

g ( d4 ) 6 * ( 
a@* a*uq+ 

d:{ ) ( 
adE ) g+ 6 

nd4¿+ ç& exÇu çdnæ+

a¡fld¡aA 
Æq uaal9 er gþaeïrnÀ@q* go aåÌrffiB*ffi Bl'td;

TeW- *ffiffi ffi@r{+ Br

,d4É* uc*xÇ,+da ) ( dq ) I *þdq g+ 
ç,& artBt+udne9+

*d*æ+rdxet+*drxst+ndras*adxå*eduæå+d4 * 9u{

AbedA46+(bdg+glbd4 =

( 
ad( 

g+q )q+dq) ( dq) É -nda¿+nd ary{ç* çd áx+rd4€,+rdua6+d & * çd

'g,wÅ

u{}tl}e-Çd,e }r{¡e"Çr{F {v-ld * þr{

sr þd +uêwoe ïE.T+nêÐ w$.TnoJi aq,I

(d+b)bdq *

, 
(da) a+

H/

þT

rtFu{>a * Ç&utç*Çr{, * çut



3.5

gåven lrY

@

{
ME(x)(a) = fuÊe(x)*6*t 

ds
&

T,ent e be arry sp&stnnt and Let h(s) be e fr¿¡retlon

of x for ffifch the momen't generatång franet$-on exåets*

Theu mS.nee E(x) represer¡te a"n, arbá.trary frrnetåon" q(x)

mæ..¡r be ehosen es E(x) en*enb(x) and

f
Meh(x)(€) = f"r"e"h(x)*(xldx *ffih(*)(e@)

_&
Sowe eh.ooeång e(x) e h(x)+e them,*

tr
B-,6(o)*n(6)* f uatwt")**)s(*)eo

jKæF
_6e /*e"n(xlg(*)e*ãe¡

{æ
s u@* *a(*) ( @)

[feåmg the above re].e.tionehl.ps cÐe e&tl rÀow ehow that
tlae momenÈ generatlng funet$.o¡r of tb¿e ff*E*Ð* appreaehes Èhe

¡ae¡aent generati.ng ff¡¡ret*on of tþ¿e ffiormal dietråbutåom.*

Ttae mean ne 3r * kp asrd *tre etandard d,evåaèl.on åe

æ*ffi
Le*t-åL*å *4¿$=&6- /Eeq
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Them the msroent generatS.ng franetfon

w,6(@) æ %p qål

= @ W **a8¡

B$orrye th,e monent gencratS.ng funet*on of the Tü"B,D'

*e þ(xre) æ (E-puê)-k

ar¡d then M¿(e)*eS ee*p*S)-k

[øk{-ng logeråthms of both eÍd,cs yfetde

-rqÍ\ -e
T.o&uMU(ê¡ * ffi -k loge(q-pe@ðeo ø eÞ@s oeo€ ø"(l)

@
@v

Expene*ng e yåeld.e

Equetåon, (1) norv beeomes

t o$e%(6) * # - k to6* þ-* (l.å-h(Þ**fu€r,*" ", rJ

* € * k r-s€-þ--efu(þt&(åþ3*.""fl.'"(p)

Ïet Æ - n@&.(åJt" *".)

ff k 1s T.arge enoughu tF¿ens*m ean be nade

3.a:rgo enough eueÏ¡ the.t üäB<e æed tog (L:Z)* -n*&2* €.,"

€

eF * :. * å * fu" @¡u ., å, rå>5"* o e o



z7

Equatson (2) now beegnss

Eut u

¿og

Lf,n L+2n
k=+æffi "

eïrosra tbat

Ë8Y8o

seea that

o
Æ"-æE ú aed

lns ssr(ø¡ * # - * Fneffi4p 
2*o * >-änAg4$-)a*", " U*-" " J

0oåLeetlng the teree of € gråe3.de

F * kp anåø2 * kpq

*t(ê) -Fæ+l * .ruP.j #. øe.€

-trdï c 
"tæi ãT + ooe€

6ã
fu * tem,e ån @r (r * ïr4.uuu")

If fos xe5 the eoeffåeåent of €5 eï)prôeel¿ee øero &g

k aBpnoaehes'lnff.nåt¡ru then al"l eueeeedång terrure .for rÞ 5

wå11- a,pproeeh åeroo

Låm, kp(1"+¡¡) (3+2æ)
k"=Þ,f¿ ffi*

ït esr¿ a3eo be

glev,.'erg of ê approadls

It ear¡. then be

ffi **c %(ø)

troe H*(6) - þ#J @ + k [#-. Æ J# " ..o

The eoefflefent ef tem 3 ås

råm f,.--g* , *Ëg:J* *k-¡æffi*ffij= "
the eçef:flåeåente of, h1&er



3.8

åg* %(@) *e 'z

Bhåe le the uasueøt genenatlng funetåo¡l fo¡m sf
the S'omal dfetr$.butåo¡r.

ff the uaoment generatlng fi¡netlon of one df.etri.-

bu'$S.o¡a approaches the monent generatf"ng ffrnetlon of qnother

,dåstråbutlon thea the fLret dtstrfbutlon approaehes the

seesnd* HoeL (1954).

Thereforeu the ffi.EuD" approaehes the norma} å$.etr5.*

þu"bfo¡t as k eBproaelree $nfånlty"

g O_EËsgE_4 EæaEIÆer I ffi sL-
lf e baeås of the probabå3.*ty' f,taneti.on ef, *he l["B"Dss

@tæ'

F(x) * @L#.* fe employeÈ anû p åe al-lowed *o
xl (k-3.) E q'esê¡

spprereeh serç wl¡åte k {e allswed. to approaeh Í¡rfi.nLty eueh

Èbat lfm kp * mg thep repX.aelng q by 3.+gau
p-=Þ0
k:Pæ

P(xi * *åm _Ea.#þ-ä#*f$ir¡ r
F *+0

ÞsX
lk)^ oêee@øo6oGoo (5)

, tlren eqira*åon (31
k =+eÐ

asld Lf p fs replaeed by
fn

Ë
þeeomeg

*3åqu"}#)-* *å, (k+x-1)(k+x*2)o, u (k+å) (k)affil"te*ffi)-Bo. 
" 
(4)
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Bìåt^ 1åg zo .ffis-k -e@- r*s-eø f e+B/ É .e
,åb:.w &

of, the No,B.Ð" áe gårre¡r by

by'åå * 1sp"

pepaLati.o¡c nonerß$s aFee

2ff feækp
ç- Þ¿a a€

-Ë¡

€

#
* eþÆ

E9
)]&

þ
tq*LtÃ!{ e ø$çæ

*n#

ee.mpLe msmentË &,r€ I

råp

p

** 
*%(1S)-8 * a

Equatåon (4) sow redueee to

ffi* # rrex*)er+%ê).."(r4¡aþ¡ s

c-qmK
g?

mrlaåsh le Èh,e form ef she Poseson óÍetråbutåoæ, ffherefore

åf k approaehee Xnf,{nLty and p epprôaehce äers the LåmåS sf
tlre W"E.Þn Íe the Poåeæon dfetråbut$.sn,

gffi*ss'FlslEgLE qg FË$EEB'G. *qru*_EÃBqs qrp ero@ggg

FTSHER (195T}

ffiae varl*o**u#o
amd the meratt ¡a *e 6Éven

p ,?,rÀd k fLtted from the

,ae* * kF{åe

kp (T.+p)

kp + kpp

jÃ + Jåp

end æ:ilroi3"anl,y from the



g0

ø- :gÞÉry k* *fu
X E--E

So exnnÍ.ne the effleleaey of tbe nonent nethod, the ðater-

æínant sf the (2x?) eovarl.asee matråx of p a&d k eo eet$*

mated le requfred"

Slnee variance of, a uonent fe

sF 6 ;3#e) = # [-o, *ffi-hæFr*]Fr-* * *zffi-fi e

tber naråan-ee of the sample veri.ane e þp, o 8¿ åe

v(eä) - &[pl*-yä- Su#,.4]-â]-Ël
bratupå*O B&

v(æ2¡ * # [*u:e.ã]

ffhal va¡råsnge of the mear¿ Få * R l"e
I q{

T(,Ë)=€'*ffi

She eCIrrarf.a¡lee of 'Ùwo momente åe

oov' (¡r*'Få) = # [P"*s¡-F#p-*p*r]***rl
<Fs .Þ
Þ reå

æ@

J*r= *ff*

Setreãaæ&p*1



23.

I
o 

o o the t2x2,) eovartenee matr1x of ã and ed for large

æe^mp1eø of S f.eo å.lr geneæa3"e

s fl*- ¡-r I
F? 

üf' Fq?ã-}
ff p e,¡rê k are subetltuted ånto the eovarl,anee

mntnåxB ttre f,ollowf.ng d,etermlnant Le obtalnect,

î Ë**
æAfl
ffi. 

å*pq.(E*p)
E

ü

fo 6eråve from thåe detem,lnanrt, the determlnant

of €he ecwar$.snee matrÍx for the eetsmates p er¿d ko åt i.e

Eleeßssery to mul"tf.pXy by the sqilere sf the .Iaeoblan

kpq,(q+p) 
fl

kpq(r+6pq)+2k2r---f, 
s

SCIry thLs .Ieeoblen *e

^[cÉxæ €
^é! ê
6 --8

u 
u o Sbe tteteræåaant of the

esd k eetf"mated by the fåret two

s6gsp{snee rnstrd.x

momen$e åe

3.
"Eæ_

pdk

of,p

fÉC-raewses¿¿
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shåe may be eonpared wl.th & eorreeponðång detee*
aLnant g$vea by e,¡ry nethoê of, efff.ef.ent esttnatåea"

fhe nset eonvenåent way of doÍ.ng thåe ¿e bo eæleu3.cte

the reclprocal, of thê eovarr.anee matrÍxu ffiåeh *e the
lm,fom¡atLçn matrlx,

tslng tbe generaJ. term of *he lf,EuÐu u neme3grs

8(ã)**, @fT:å).L-d===
w9 (k-1) g (3.+p)Æ+E

We !¡arre@ t

$pp "%*'=þ-ffiF
thenn åS the sÊÊR s"e¿1'iae pk fon x $.e m.þe$åb¿ted

the resul,i $'ee

4 - k@. .^ * P(*re)Ã * L
Pt n+âP+Pd wéqa Pq

ffhuee $.f k weg"e gÍ"venu then p web.Lð be efftefen$].¡r
ee t$.mated frsm the eanp].e gr@åno

Sf.mfLanì.y

å^Î, s =è1 lw:ee*:
*r@ dp ð k

I
q. and

åfu * å,ut,ffi#:m __1 I I=F*õ;iF* oeoo 
æ

ffhe average æf åfi* 'for varyS"eg I åø å*



where Èu-[Å

1tr.

25

_=L-* * oô ** *l
G;r5ä'* 

oo ?ffi"}
l,etr"$end:.:r*ft

åkre* (x-rlk 
{*uþr 

* &JEåE¡æa 

L*"ro**1"
Ioê6tr
fl

.!

@

\:
= Å-*

x*L

rx

Ig4

[ *pp
HH

il t"e
ü'

u*fl
*nu 

fi

nameS"y

f.s

dpq
-YY- 

ç -\*--- p*(x-å) lkt
Þ@

L- xq*(k+s*¿) I

xæP

F Pä &t5= È * EWËãrr + 66q9f;ffiry¡" + o@o

fhen tletexml"¡caut pf She 1$formatá.om matrS.xe

lf thåe Se now mrltåpL$.ed by the öetemj.nent of the

ecvaråasoe nnatråxu the f.sveree of the effåçåen*y E*X ¡reeul*so

Tt fol.3"ewe that

E-å=å "å@-u#. oêoÕ

æ-1) B (k-1) s



â4

aed, eeeoråång to F$.eher (1950)

E appreaehee 1 when

wdry € wsM
F-ç*sgË._wÆpqrÕrErüqLgg rygwp$q wg€gp qEq@*F G_g.åqà

f.) ff p <Lfg fon any k or k > 1g f,or eargr p then bggÞ

eff$.eåeney *e assuredu

ê) For åntemedf.ate æXuee

(t+)(k+ã) >eo åe erff.Eåent

These aepeete are, releteð llere beeause they mey

be of useu hut for ptarl)&ses of thås øtradyo were not r¿eed

beeauee they were not wå€hf.n êhe râ.nge of, vaïteee obtas.neê

frc¡m the date.

A&'ÆneErøå.W oE*m.-4W"Ð k -Ey 4$xrwm r&KFr,qg.qqg*w&ïÐsryB- ff-g+j?r,

trhe (x+l)th teru of thrs tf"B,Do $.e

P(æ) * JHffiI)e PE øeôo6ôe (F)
*g (k*3)æ 

ø ooe I ø a @ o @ @ o ûeo ooc

l,et n* be the obeo¡yved, frequ.eraoy of xn R be the
s?,sì*xåm1Ã.& vaÏue of x, tbe total m¡nber of obeervat$.og'e

-B,Rw=ffin*n a.ndthe&ee'Àof xo **& Ë**"
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Pæ.kång logarltirms of both ej.dee of equatåen (F)

r+ålog p{x} æ x 3@g p - (k+x} log q, + H log (k+e}
e*S

-3og xl

fhe ì.egerÍ,thm ef the tåkelåhosd j"e tben

a,Rr
ã, = ç- n* log F(x) * S no 

$ x Log p - (k+x)
I&sÛ ê &-trtr

r+å -¡
1o6 E + E 3.eg (k+e)*3.eg x$ üsB$ JJ

'se¡'ebts$xr the maxåm¡m }Í,kø1åhoed eståmaÈa ef Þs the
f$"ret partd.e3 d,eråvetåve sf tbe logeråthæ of 'bhe 3.åire}*heed

w"å'trÀ ro-epeæt ts p åe *aleeas

j R_ tr r*fu ã e" ¡x*erJåûÞ\,

q
K.ç

&et€é6 û
@ttF

"RtFÍrqË: -.=* *,n li *_np U = 0Pq ffi* & (= 'd

R
ãs!*- æ k¡p*=û& xsO

R.F=

:CçIü
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ffa æ Wkgl

m*kÞ

th,erefere p Ss eetl.mated effåe$.en€3.y from the

as'::"fhnet$e mee¡ro Tüswe w@ obtaån the beet eståmate fsr k
hg taffing the partåe3 d,eråvatlpe of the 3.ogar$.thm sf the

1i"kel"åh*ryd wåth respect to k end se* lt eqaal to ãi€l'Bs f",@"

\ç. -.9- tr n+} r T
ffi=m &* t-tu*u*m çfuj- 0

R.R
X 3rB*æ X k@*
xæ0 x*0

Æ-rRæ-ffitssq..ffi # _ffi Bs*G

R o _-fi"_
ffi l"og u * ffi 'gfu -#, &e r'6€èo@oo6êeÞÐ6sc (6)

fretp*ffin *Taenl-+e*ffi

llr¿uet'*on (6) then beeomess

lÞ 'ìt 8"s 1Þ31a..þ" o o rÞB* &^*o o a 4E^
i'i ,Ëue (3s+'ca)*lCIg kji E -*--=É*E**5 + -*å-Eãf*-å {ì- ô 6 6

Bæ
+ Ëffi oGøse@oeoo@@ÐÞoooe6oaÉ@€ (?)



ZT

8o f,Í¡ad åbe beet eettmate of k, obta$.n the f$.ret
o9

eetå¡nets by eettÍng k * *F4; o The&,' by øueeeesåwe råee
86-ã

of eqr:.atl.sa (7) u ** åìnprove the eetånate end, obtaÍ,æ, the
beet estLma$e vohen the left hen,d ej.de o the rfghg ha¡rd

eåd.e of equatåos (T)"

W
(1) Msmer¡t eetj.nate of, k

v(k) _ffip
(2) ffiax$.mrsÈ llkeLåhoed eet$.mste of k*

kf-kf
v(k) - ffiffi whera

k{ *s the å th es*$.nate of, k
, aæd ãU *e the d.l.fferehee betgs,een ÈÏre twe

eÍ.dee of equatåon (?)

sg,çåffisLse.gåq,
so temÈ the geodneee of ff.t of deta su.speeted. of

fåttång s[uBo]o r¿ee ffiâ analysås lyåth ss-] deryeem of freed.eø

wlrere n åe the nr¡.mber ef elaseeg"



ê8
0Ar,CI_Tjr,4ßrlüg A*goryryos &JBqffi_s*Ewg!! sâ,3ûErðq affËÉÐffis (r"g4g)

HEmÍÕÐ Å

(1) EetLnete & eoffirnon k from th,e vaLuee gåven

(A) Celeulate for eeeh eanplea

(s-1 ) e2- (H'-l-t) ( ã) ( xÆ)rå € * 
G"-tä

(5) lhen the proeedu,re f,s So rev'alue k sueh Shaå

Eæ*=0
where ffi > XCI"

HESÏÍOÞ E

(1) Eetåmate a çorunon k from the waLues gåveno

( â) Gal.euLate for eaeh eampS.e e

F
ü** 3e,6r0(1"#) 

L 
*o- ea.f;l-k

; - Ese*åil
t e(ã+u) Jj

drere n* $.e -the frequearcy of the øero e}aee

(3)" , . " lhen tiee proeedure $.e to revaS"ue k sueb

tF¿at XuU*o

gtrggqåsä*s,år€w_sgaE 0$ ,sHÞ" rwaw$r$ q4, s."-p-"å"

(3) Æeee From peg@ 33 we have

F1*kP
I{ewu replaeÍng p by n w}rere n åe the semp1e

eåee ¡aUæ nþ



æ,9

Bl,s@

ffi
äp

# ?,
q*

VM

Coerseqlaentl"yu tlae S"TloÐ" hae the se,&6 væÏl¿e for
Ek;¿sswees ee the nomel d*etrÍtnltåo¡ru

Låm ñ
w-+æ^[ffi- B 0
k=æ \lü Å

(?) vqqfaeg@-e Frem pe8@ S3 w havec

jåe*kpq,

Sowe replaalag p hy np where n te the ea^ep3.c

eåue JåZ* nkp(}+np)

(3) Slceçeses. From pagel4 we havee

"Æ*sæt *-*åe?p.*vt/¿ Mffi úffiffi
ffiow replaef.ng p by np where ¡a *e the saepLe

ffi
V þå*

DåYLd$,ng throa$l by n

ffiu"

e¡nd gÕ

å+2p
a,



(4) KurtoeLee From pagel4 we havee

#z* 5-W
ReplecS.ng p by np where n åe the eempS.e eâ.me

value of, Kl¿rtoeåe for the

3t

ffie* 5.ffi
Ðåvi.dång the seeond, tem thrmrgh by' *2

ffir* 5+
þ"F*ep*
ffi*una

1S.æ& @ 6
&+>€sffi * ? + 

W'

ar¡.d. eo

l*m B^*3tp-¿
¡1-Ð@' -
k*æ

0enseqlaent3.y thåe $"E the

ne:rmal ú1" etrÉbutå ono

P_O_r.qER GF rffi ffi,BnD"

æK--
á_
XæF+X

ä
:e(J

a?"@åå

ffiø

and

,ÂrtÊ{^
4.,.8 .5
r-

æ$ (k-3.) !

(k+x-1.) t m *

--_--r--
xt (k*1) I tf+x



qq
2e

then

*Æ:
For4¡er*I*,8É 5: @u ,€=_

e-ø r "li!=¿-{-¿ }cl (k-1) I Qlk+x

ïn thle ease p is the probabíJ.ity 
'under the nur.I

hypothee:Lsu F1 åe the Brobabillty r.lnder the aLternate
hy*oothesfs and r ie the eritlea3 eyst xe*er,



THå,PfER rW

FrtrrTffG 0g H',"B"Ð" r0 DAg&

lo Juetffy the use of the lfl"BoÞo &s t]re nnderS,yång

dletråbutá.sn of eyst freqraene$eøu the suthor dÏ"r end,eawsr

to ehow how to flt the &a%a to the dLetrÍ.br¡tá"on aad aleo
ealeulate tbe best eetåmatee sf the m.BoÐ" paranetere.

flÅFI,E l" HødLr¡.m Shftefleb Cyete f,ros Ssr¡Sb
lndlan Ïeke (1961)æ

trS'ete
ft¡malatåve Expeeteå Expeetød

Frequenegr Frøquenegn Frobabll**g trrequeney,

G

å
Ê,

'å

q.

5

666 1'1.88 .561"95

"25232
"l.t?95
.0454?
, û3.895

,00?87

6??"Õ6?
æ,95"355

1ä6"83.4

5&"&2p,
PP"9Pâ

9. ?Õ5

50å
¿9â

5æ,

g(!
.r

522
gä0

88

56
16

*.€+ -*"-** -,9* -, - ..*_9 , - p-Ogåã5- _--*?,1"L?$etel- f,LEE 3".00t00 i.189" 00t
s lg'te sbteåned eor¿rtemy of .A.rea Dåreetor of Fåsher*gss ffiyrnlpegp 6s¡aada.

Meen * 0uV567 ïaråenee ,* L.505
Eståmetee of p ar¿d k by moment sethode area
F*0.TZX9T keåoû481
s¡¿eeeeeåve eetåmatee of p Eed k ueång maxj"mr,m }Í,keL*!rood

me*Ìrede ere eunmanfsed *n the folLow-ång tabLe"



,2

fABT,E ll, WasLm¡m T,*ke3.9hoed, Eeêåmr+teæ efpenék

EetåmaÈe rau&ber Îe&

å
å

5

4
5

0,6g?9
o" 6639
0"6854
0"6'E5P

0,6854

3.,9
1.å4
1," 104

3.,1t4P
3".30403.

3n praetåeeu Bor@ esgatffeant dte.j.te tha.n ehom
ez"s requåred Lf a prceåøe eetåmate of bo*r¡ p å,nd k ane

E¡.ae"J.ed,"

'ffiæ H'tsoÐ* probab$,xåtåes for the fr"fth ests.mate

of p ar¿d k $"s¡ sabl"e ll e*re forlmå *n eeåranm fsur of trable l*
sLs¿s eel"eu3ateü el¡i.*equered, goednees of, flt $"s eqree3. to
ä"3åPe vøþ¿$,eh åe nr¡t sLg¡elfåeem.t, heneeu *he d,ate fåt the
s"BoÐu

ffiS{r$s"*gW
To f,åÊ ßata te the ff.B"D, p $.* åe fårs'b neo@gËar5r

t* ealer¿Is'te th,e meæm. arrd. var$anee of the d.atau p and, k
s.re theæ eetLmeted frem tlre fåret tw.o moments* She

mo¡aent estimatee are then ueed, to oaLeulate the masi.mum

35-ise:.i.hsod, est5.natee of p end, ku and from theee eetLmatee

tlre proþ4b1Lå*åee for eaeh of oeLrsr"osrã eyete sre eaL-

eul.ated" fft¡e&e ä êhl*squared, goodneso of f{t f.e eaLer¿Læsed.
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'g"p 6*u qgT¡s &RTee, TeåçåpÃÐ s+l 0+ paxudæoÐ pr¡B



CBAffi, 3

S.âMPTJB STäE ^&HÐ POWffi

Bhe eaæp3.e eLæe and poæuer are eal.eul-ated, uefng tbe
probabå].åty tabl.es ån Append,l.x I. OakLsnd (1950) r¿sed the
aeøumptl.on that k renal.ned eonstelxt r¡nder both the rn¿Ll

a¿ad altem,atlve hypothsg€g" Slråe aeeumntf.o¡r wi.lL be adhered

to anå eo aXee wf.LX the aes.r¡nptfon tbat the weS.ght ef *he

fJ.øh, remalne eonetant under both the ¡eulL a¡ad aLternatlve
bypothe$€8o

EX,,å,Wr,n

I€u1ì. hypotheeåe ffins I.Ro * 3.0 eyete13.00 l"bsu of,

fåelr.
.åltematÍ.ve bypothesÍe Hre ÏoÏtuÞ 3F eyete,/}O0 j.be

of fleh,
61å

Mæ \.á__
3(ef'*L

ossoe€Ègoeeg6or"a" A

6_-t
flÈ @
ffiæ.æ-ü xsO

Ferryer * \-þ 8 f 
(i:::tit e&I- oê@qeeooo86o."o." B

#ã x? (åc-L¡ uexu**

eg

åeræ*})
xr (k-L) r

wh,ere r i.e tlre eråt$.eal eyst LeveLo p j,e the probabåL*.ty.



ued@r tbe nuL3. bypothee*s eud på

She altexmatlwe hypoth,esfs.

Tn preparång Sabl-e flÏ we

ffeh - LnO Lbe,

56

åe $h,e probablS.å.$y und,er

eet k=1,.0 end welg'þ,t,/

EAEÍ.,E lÏf* ExampLe of, SampS.e Såøee æ s
Powere a&d, tr"

Seiaple
eåee @<Pf.

0,å

a"æ

0"35

0"70

"09091
.008P6

" 
1,666?

" 
027?.&

"00465

"?5ÛT',r

"o5525
.01229
.0CI284

"28572
.09164
.42337

"0CI66?

"001.91

"93533
,}1lLL
"Ð3TAg

"txâ)4
,0CI43.1

" 
CI01.57

" 97500
-14062

.25926

.06T2Ê

"411??
"3.6956
.0698ä

.50000

.25000

"12500
,û6250

"58535
.54028

" 
1985t

,L15?g

"06754
.62965
,39643

"p,496ø
.15?15
.09894

"û62?,9
,6T? 42

"4.5890

5 Q"5 3,05 (L.oo)

& 0,4, x,40

5 0.5 3-"75 (Ï,?o)

6 0,6 p"&
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AÂBTJE TTT OOTffiTffTED

SanpS.e
ei.ue e1

0"6 e" l-

7 0,? 2."45 (2"4)

I t"8 2,8

v 0*g 7"L5 (5"1)

,05273

" 
oLgrtr

"0074L
, oo2?7

"o0L0g
.4.ZLTT

, t 6956

-06982

"a?,975
"tLL84.

" 
00494

.00201
,00t85

"&4.445

"19?54
. CI8?80

"09905
"øLT55
,00??&
.0t54.5

"0CI155

"0CI068

.?-245V

,:10628

" 
05054

"û?59&

"3LA8T
.23.059

" 
14266

"09664
"Q654,6

,?057S

"49E2?
'35LT2
"248.27
" 
1?525

"L?3"1L

"t6?5P
" 
063"64

"73684
" 5& 2gg

" 40005

"2g4"rT

"2\.12A
.1600¡&

"1"ï?92
"09689
"06402
.5TT69

" 4322.6

,32.683

" 
247Ïä
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rAsLE rïr eoiqfrffuE!

7"L5 (9"1.)

3.0 x*0 9" 50

13. 1"1 5"85 (5"8)

.oL3.2g

"CI0594
"Ð9252
,00119

" 
25000

, L8500

"06250
.o5L25
.0156å

"00181
"005gCI
,00195

"â?438
.L&372

"4352e
"05949
.0Pt65

" 
03t81

" 
00556

"00296
" 
00155

,L8685

" 
x4128

.1068Ê
,09077

,60494
.4?O5X

"56595
-28,463
* 22139
,1?23"8

.L5392
- xt416

,626',14

,496Ï?

"99Ê80
,5LAg7
,å4619
.19490
,t543t
"1ä2L6

"096?3"

5

o
,l

I
t

3
4

5
(l
,?
I

I
I

,}

4

b

T

E

I

' The val,uee i,Ð. Tabl"e

tþ,e aråtlrxaetåe meer¿ of the

ffT &re ealeuXated, as foLlowsc

êata Ls gftren Þy' nkp and a.lso

bp' nw $fuffåå, wÈres.e a f.s the earnpl.e etøeu w le the weågh$
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ef fåeb aaå l R* åe the lnf,eetatåon rateo Sån,ee wlot lbe.
end k e 1.0p then i.n tlrls e&sse p and FE ean be detemlcßed.

clåneet3.y froæ, tt¿e ¡aulL and alternat{.ve Þaypotheeeeu trhe

var-l¡.e of p åe eegenti,ally np end the value Ðf p* ås eeeen*

tåaX.try &F1" f.fter p End Þ1 h.ave been determf.ned, lt ås

neûeeßary to refev to the epproprfate preiheblLltfee Ls

ÅXrpendåx T, Under the epproprLate vaLue of kr the prohab*

å1"åtåes ere øbtalneð for 0uLr?sønoE[ eystso T]rese saluee

ere ueed ån equatåom, Â esd eqtaatÍ"oa ts *o fåmd the values

fo:eø{ and the potrer reepeetåve3"y w}ren a epeeåfl.e valu,e of

ff¡¡ tire eri.'bfeal eyet J.ewe3., $.e ehosen" Sueeeesfrre Í.m.erease6

$.n mample s3.øe ere ìåsed wtti.L a satlefaetory reLatåonshåp

between@ qad power ar@ ohtaÍ.neðu or un"t{L p neaehee the

l.årni.t uf 4"0o

l$ctiee 1n eoLruun þr that for odd sampÌ.e siøeee there

æ:re two vaLuee for F1" ffhe vslue ftrst lf,steü i.e the on@

rerluf"red. ån that epes*fLe eample slseB emd the v'aLuc ån

?¡rlaekeoce J"e the osae ueed l"n tF¡e ealer¿1ati.e¡a of the Powor"

mc*s method w'es ÌåBed, beeause ApÞendlx E d,ees r¡ot com.ta$.n

the ffrst Yalue efÈed*



gH.gprBn gl

WWERY

fhe $["8"Þ. hae been ehom te fi,t êhe dåetråbu$fon

øf wtafteffsh e¡rnts. Å nethod of eaLeuS.aÈ{ng Èhe qraan$åtåeeË

earmple eåzee @4, e Bew@r aad tTee eritleel eyet leweL for
Whåteffeh eampS-ång kras been ¡rreøented." fhe nathemæt1eel

ohapter eeu,talne a øtÀffi@y of the propertlee of tþ¿e 3{"8*Dn s

and Appendlx I eentalne tlre evafu¿atåon of th.e Iü*B"D. tror

epeeÍf$^e valuee tbat êpp3y ts the dåatri.br¡tåon of, the eyots"

ggssggEÄggË

The fifoB*Ðo flts the Tflhttefåeh eyøt data ar¡d åt å,e

pocæ5.'n1e to emplog tho *ebLee ån Åppexsdåx T to ealeuS.ate

the eampS-e eåøeo @€ p pewer and er$tleal ey'et LerreL um,der

øpeelff.e values r¡f the S.nfeetat$on ratce fCIr the eyet,

T_çi*se¡ùqpþor¡åg eqggwgu fownd ln 0a¿aadåas Ehltefi"eh,

W
Furthcr reseeneh reeoemended by the euth,or gæg

(1) A more exteneåve evaluatLocx of the lI"EoI* wLtF¿

ex'te¡rded. lårntte en åte parametere, so ttrat the d$.etrlbu.tåota

may be Bor@ readl3.y apnlåed to aðd,ltlenaL preb3.emæ thet

may arf.se åir fÈe app3,leatåCI¡a. fhi.e wor¿l.d be pCIseLbLe wLth

a eeeputer faeter than the l*B.Mo 1620 wþ¡feh $ses a eard

outprat ånetead of tape oF a typewrltere



(9, the eompl"latåon of, a eum¿La*fve eet of
of the Iï["B,D"ø whf.oh wou].d prove even EoF€ useftrl.

llng work6

ß1 a eore extensLve look at tlre cffeet of
of the ltrltefieb o¡l the eampS,e eåuen d, power and

eysÈ leve}"

4r

tabl"ee

ån sanp*

weå6ht

erltleal
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Ânweombee F,uTu (1949)e fhe etatletfeal ranæÌ.yeåø of lneees

eouæ.te based, o¡r the negetf,ve b*nomi.a3 dletråbuÊåon"

Båometrfees Ysl"" fe pp 3.65-LT3. Hew Haven,, tonæ.o

tzueada GaseÈte Fart ff (1954)e stR/54-65s yo3"88u ff'o"p4e
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eppLL€s to fleh tha* ere exported. Èo the tnlËed

Statee of A¡seri.eag and srapoLement" (tnoubLl,ehed

report) 
"

üE"1kse S"S. (n945), Mathematfeal" Statlsttes pp 54*56u

Prf.nceton U¡li.v€rsf.ty ?ress 
"

Wlseu &1.8" (L946)" The use of the negatlwe bånorn*al.

dletr$.br¿tåon ån an lqðr¿eårlaL eampX.ång probX.em,

Sappleraent to Joum¿aL of the Royal StEt{stfea3.

Soeåetye Volo mlÏø Tilo"2, pP 202*2L1"
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APPET{ÐTX I

TTE ÌfEGÁ.TTVE BTSO}frTAN ÐTSTRTBTTTOW

-{&gq=4} I eãË,-
xg (k-l_) g q"o=^

fer
x s 0(1)n

p æ Õ"t3 (0.CI1,) ü"gga l.O (0"1) 4"0

k æ 0"1 (0"L) ï,8

fÞ¿e te.blee ån th$.e Append.åx T wcre eom¡nated om

tize trvc dåg*ta1 eonnputere at the Tlcxl-ïrer"ø5,ty of &Ía.nftoha,

tlze 'Se¡x.ß:tr.:c G*353 uslng ftatereow 5t0e and the T,B,W" :"620

us$"mg üo€res,"

fþ.e entr$.es Ln the tabLes have beexa rouuraS.ed tCI

fåç"e d,eei"mal" irSaeeæ so that the s¿¡"m of th.e er¿eeessåv'o

probai¡låLt:î.ee for x, frCIm 0 to urn åe eqlaaì. Èo 1"t00t0,
Th.e talrLes gf.ve the prCIbabi"Li.tåes f'or vac"i"a',üåene

åsr pu k a$d. xo

Éis p e>reeede 2*5c tlae prCIbe,blLttåes fe¡r va}ues

of x greater *r;þ¿an 52 årav"e been eummed. a¡rd thås is LnrL:lea-

te¿i åia tlac Left ï¡¿::ed eol-Rnuc by a + sågno

Êo $"
e
e

"00009
"üûtü]".00CI0ä

ô

o

5ü
å{
32+
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fhåe netheå wes uls@d &o eona@rve the spe,es ta&en'

up by ttre hleber values of the $ablee'

The eaLeuLatlon sf theee tabl,ee tsok 56O eompreter

houre o¡e the Eendlx G-15Ð and al-ea g5 eomButer hor¡re sn

tbe ToB"ffio 1620"
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