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l. lllft(l)UCTIO• 

In UDJ of tlle appllcatlou of ot 
nrlance dtffloultiea in the analJ•l• aria• when the 
ooa•ttleu of the experl-Dt are not ideal. Couider 

fint tla• purpoaea of analJaia of Yariance: 
1. To perfon teata of al1alfloaaoe. 

I. To ••tlute oertala treataent differeaon 
tlaat are of 

I. To obtala ••• idea of the aoouraeJ of 

the ••tiaat••• 
To••• how tlane oan be beat aoooaplialaed will 

require llllderataadlq the uauaptlou uaclerlJl .. tlle 

aaalJ•l• of Yarlaaoe. With an uaderataadiq of tile 

one 

1. ftlob are the ••••••arr, allll wlaat 

are likelJ to be th• ooue,ueneea it 

tlae•• are not fulfilled. 
I. Wbat can be clone to utilise, for PUl70••• 

of analJaia, data whieh la their orl1taal 

fora are not -aable te •• of 
nrtaaoe. 

3. ftloh oan be diapeued wltla for oertala 

Plll'PO•••• 
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Clauellf.11 (lNT) fov 

for Nodel I wbere tile parautera of are 

poit'lllatlon 

Aaauaption 1 (llando• Yarlablea). 

tiou are of raDdoa tllat are 

about true Yalu•• tbat are fixed 

I (Addltt•tty). Tia• 

are relate4 to over-all ••au in an addtt1Ye 

••n•r• Wor exaaple ia a t1N ftJ 

•tj • • •• + <•1. - • •• > + <•.j - • •• > 
3 (-ual Yariane•• and lero 

Correlation). Tb• raadoa variable• are boao-

and autuallJ uncorrelated; tllat 

tbey bave a OOIUIOn Yarianoe aad all eaY&riaae•• 

aaons th .. are ••ro. 
4 (1'oraality). Tile obtlerntlou 

are jointly in a ault1YU1at• norul 

h-oa a tunottoul upeot Coobran for 
(a) efteot• (b) envtroaaental aad 
(o) tile followias 

1. The aad tile 
•••lro•••tal be additl••• 

a. Tb• experiaental auat all be 

lndepeDclent. 
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a. Tile experluatal errors aut Ila•• a 
Y&rlaaoe. 

4. Tia• ex,erlaeatal error• alaeuld be 

aoraallJ dlatrlbuted. 
Aooordlq to Coelaraa (lNT) tlle ,rlaclpal effNt 

of tile failure of tll• uauaptloa of addltlYltJ la a 

lo•• of laforaatloa. Be So•• oa to tllat thl• 
lo•• ahould be ••1ll1lble wllea tile treataeat aad 

rewtlloatloa eff .. t• do aot •••••• tnatJ per oeat, u 
loq u there la DO ••rr ••rlou departure froa addl-
tlY:ltJ aad experi .. atal error• are not too low. 

Th• effNt of DOD-noraalltJ 1• not ··••rallJ 
to be ••rlou for aoderate 

noraalltJ, but aaJ lar1• departurn la the resloa of 

the aore outlJ:l.q are llblJ to aff"t tll• 

Yalldlty of •lsalfloaac• ID addltloa, there 1• 
likely to be a lo•• of effle:leaoy lat• ••tlaatloa 
of tre&tMat eff .. t• aad a oorreapoadlq lo•• of power 

la the r-tnt and Coellraa that la 
,raotloe, the lo•• of effloleDOJ due to aoa-noraalltJ 
la not often ,reat. lie alao that a auaber of 

l••••tlsator• (Bartlett, 1111; ••1, 1111; 1111) 
worklq with aoa-aoraal tlaat appear to 

ooYer the raase of aoat ••••• eaeouatered la praotl••• 
ulq a auaber of different utbocla 11•• a 
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that no ••riou error la t11tl'Od11eed bJ no11-aonalt.t1 
111 tlae •ia•lflaaaee 1•••1• of tbe J-t••t or tile two 
tallecl t-t••t• 

Whe11 ordiaarJ all&l.1•1• ot .arlano• utlloda are 
ued on data for wJaiob tile true error .ariaae• cha--•• 
froa oae 0Nerntio11 to anotber tiler• wt.11 be, u a 
rule, a lo.• of effioteney ta tile ••ttaat• of tile 
treabent 11a11arly tbere will be a 

of ••u1t1YitJ la of •t1111fioaaoe. It 
tb• ebaas•• la tbe error Y&rlanoe are lars• tll••• 
lo••- aay be ••batuttal. V.ua11J a beteroseaeou 
error •arlanee related to obaas• tn tbe aeaa or 
to oertal11 treatu11t• or •art• of tile espertaent. If 
till• tbe oue, it atfeeta tile of 
111depeade11ee. 

l11 •ttaatiou ooeurrtq 111 prutioe tlaea, oae 

do• not uu11J Ila•• to oonoera 011e•elf wltla tile 
aouequeneu of aoa-addlttYitJ and aoa-noraalltJ. 
lloweYer, tlaere are frequent ouu where tlaen a 
laetero1eaeou error Y&riaaee that oau• of 
••utttYitJ la tbe of To o••r ... e 

lo•• often one oaa •tablllse tb• Yartaaee bJ a 

trauferaatloa. s--.1 .. ta atacl tile 
inYOl••• 111 of .artaaoe, eonatder tb• 
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oolldltloM for aa ideal tr-fonatloa. la ..... 
1. ft• nrlaaoe of the traufoned .arlate 

be uaaffeoted bJ •llaas•• la the 
•••• level. 

I. Tb• tnuforaed variate ahould be 
aonaally 

s. Tb• trauforaed be one for 

wbloh an arithaetie •••raa• la u 
effloieat of the true •••n 1•••1 
for &Q partloular aroup of 

4. ft• trauforaed •••1• be ou for 
whleh real are liaear ud addltl••• 

TIil• ideal, of 1• •err rarely attaiaeda however, 

there are a 111111ber of trauforaatiou for the 

will be 1D Part ll) that 
are ued for different of data that are couldered 

Soocl enou1b for praatioal 

In aueh 4ata that of lnt•1•r• 
u the nuaber of baeterlal oaloaiu, weed oouata 

la a 11••• area, eto., ooDdltlou will be that 
the Yar1ate ,. approalllatelJ ID 
thl• latter the varlaaoe equal to tlae 
aean tllat if ou bu a lar1• treat .. nt ••an th•• 

with lt a lar1• varta•••a if 

oae llu a -11 treatunt aeu, th•• there will be a 
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mil nrla .. e u-iatff wltll it. lleDM, tile 
nr:1-e• are aot equal. la addit:loa to tile tut 
tut tile hi ... • dl•trlbutloa :la a 
dl•tributioa, it :l• alN ••-•nal u to •• ,.. 
ft:la oltYt.oualr •• not fulfill tile una,tlou tor 
aaalr•l• of Y&riaNeJ tlleretore, .... •rt of 
traufonaatioa •llould be aade ao tllat tile ---••arr 
_,...tiou oaa be reallaed. 
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II. PUYIOVI IOLftIO•I 

TIil• pro1t1 .. llu beea dlaouNed oft•• and 

aolutlo• ba•• been adnaced, not oDlJ la tile cue of 

the Polaaoa diatri1»11tloa 1Nt ln the aiallar euea of 

the blaoalal aad NptiYe-blDOlllal dlatrlbutioM. 

In the eu• of the Poiaaon, Bartlett (1931) 

tllat the aquare root of 1 has an approxiutely 

variaDGe of one-quarter if )A- lar1• (1 :La th• 

variable and ,P la the Polaaon aeaa) and, 111 

addition, la aore ae&rlJ nonaal tllan the 

Y&rlable ltaelf • lie ahcnred tbat -..; , + 1/1 

la a better tranaforaatlon beeauae it a aore 

aearlJ YUiaaoe •••• for of /J. • 
AIIHOIIH (lMI) report• that bJ oonalderlq the 

tranafonatioa ,/1 + o the nearlJ ooutant 
Y&rlanee ocoura when•• 3/1, a reault Auooabe eredita 

to A.•• L. fleller (1N7) an •---1• 
of the ua• of the aiapl• aquare root tranaforaation in 

wbioh be found quite 
lrHaan and Tllk•J (lNI) •uca••t the trauforaatlon 

l and aaintain tbat if a! ti Y&riation in 

the .arlano• la peraiaaibl• their trauforaatlon la 
uable for espfftatiou of unity or 11C>re. In oontrut, 

theJ tbat under tile eoD4itiou Anaeoabe'a 
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trauforaatlon la uaable oalJ for •xtNtatlou of 

I.I or aore. In addlt1on,1r•-n and Tlall•J aote th• 
•u• tbat their tranaforaation a&J be obtained froa 
the aquar• root table. 

Al.tbouah at pr•••nt th• onlJ praotieable 

of •mlnl111 the properti•• of a propoaed 

la bJ eaplrloal ••thoda, auob u and 

TubJ adopted, lt 1• of lntere•t to obtain tbeoretleal 

fonulu whlob will be .alld at leut for lar1• 

Yalu•• of ,P• 
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Ill. TIOUCJUlTI01'1 UIIBG AW AVXILIAIIY TUIAIILS 

1.1 The• Trautoraation 
ln thia tbesia two traaafonaatiou will be 

di••••••• The one an esteuioa of 
Auooab•'• foraula la that an awr:111&1'7 Yarlable 

la uaecl lutead of a ooutaat. Thu: 

• • + s 

Wiler•: , - .artaltle .... tll aeaa r 
s - auxlll&JT Y&rtaltle 

The auxiliary Y&riable will be lialted la raqe 

that knowing z there will be one and oalJ one value 

of J related to it. linoe the a 

wltll at tile tile 

raqe of s oan be taken to be O~ s <1. 

Three of swill be 

1. Coutant apMlal eue 1• 

equlYalent to Aueoab•'• work). 

I. Vlllfora oontlnuou 

a. A uatfon 
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1.1 Tile w Tranafonatlon 

ft• aeoond tranaforaatlon to be oonatdered la 

an exteulon of th• flrat: 

where: x and J are u defined abo•• (-ti.on 1.1) 

ltot• tJaat •1 • • 
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IT• nnLCPJIIIT 01 TD • n&lll'Olllll'flOJI 

,.1 ._ ... ten of• 

fol' eue la ex,aadl•• the fonnala 

• •-v,+x 
wu nlttea 

(I) 

(2) 

wllel'e1 p• Pol••• uaa 

The of• are tllel'efol'el 

ft• allout ••roof• wel'e obtained bJ 

tile ta tile (sl•e• 
in bllda11 1 •• 11) tor tile allout •ero la 

of tile 
A taotol' /A- wu takea out of tile expl'ealoa (I) 

fol'•• ft• tllea &rl'&Dl•d t.ato t1JO teru ••• 
of wblela wu uitJ &ad tlae otlan oould to 
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N tMll ualt,, tlaoUl)a DO •reef la laue 

tllat 1a true ia •••ltaltilitJ'• Tilus 
J. 

} =~i [ / + ( er+ -jf )]:,.. t3) 

ft• ~••lo• la tile bl' .. oaa tile• be 

expaaded in a ltlllOlll&l t'lae ez,ecated nlae of 

• folllld bJ' hlll .. tile ..... , .. ••1•• of tJut l'Nult-
, .. auiN tena _,. tena tile &Wlilial'J' ftl'lat• 

-aaed to be ....... Ddeat of tile Yulate. ft• 

• .,..ted ••1•• tile• ntttea la of Mptl•• 

powen ot JJ-. All of or-• JG aad 111.sll•• •••• 

....... -11 ·-- to lte uon••· Alla .... (lNI) 

•eao•tntN tile ••••P ... of a •••1••• t'lae 

l'tll uout auo of tlae mlll&l'J' ftl'late wu 

•-.•••" al• nus 
.1. S' ..1. ( '{ 'M( - t., _l. (- II, VIII.:. -4- -:>." ..,.,.,: - 7 ) 

f(J) = / ... l. I+ ,P- cs ) + /'" l~S' 

I (- (.'/ -w.{ - J~O \'Ill~+ lC.O 'WI.' - 1S) +;;;J /0~ 

...J. (- I l to~; '"'o -; - :l I :l e'O V"1 + I ,,oo "rt~ - S SO q ) 
-+~., 3:J?{,f 

(4) 

., ... 
,.,, ::, /+/-CJ"+% 

£ ( t> = + -m," = / ( I + "JI) l6) 
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ft• for tile YUla••• wu o1-t&1Md 

•1 •~•traotinc the •q•r• of the aerie• tor•<•> 

fna •<•1> 
'2. 

Vo. v- ~) = E C t) - [ EU U : 'k 'L ( 7) 

:: t,[I - }(-i"M: + ~r>~ + '"'; -3 ) 

J. (1y7"') - ~f# 'YI\: -/(,wi~ + ("Wl()"L -,.s;a 'M( - I? ) 
-1-'" '3~ 

_.l c-l~O !"1 + /OH'Wl,t + ,~a Wl;wi, + 3'l("M:)l. - 'l.S"'/l. ....,.,£ 
_p'I 6I~ 

(8) 

1<a1 ) ud •<-'> were alao obtaiud bJ th• aaae 

mner. Tia• third •-ulut of• wu obtai.Md bJ th• 

fol'llula 

aDd wu found to be 

i(.:;L ..1. /.Ile ""'1 - 1/f .,.,,: -'If'.,.,,: WI-;+ 3:1(wt()3 + 1/fl-r,.;)2 +a<...,.,.;-11) 
><J 2-IJ~.,, ~J \ / :, 8' 

..L l-1f:1 .,.,,~ +1~'4t .,.,,_; + 38''# 'WIJ''"': + 1'1~C'W\3)'l - ::nr,r....,~ - 'l S''f < ._[)'1. 
-f /-"l · :, 01/f 

- I 'i'l.'f 'M{ ~: -t S-,(.(~: )1 + IS" 3(, ( ""'~)l. 4- Ol'f""W"\: + I ij';).f:I ) 1 + ;;o"lfr + · '· (Jo) 

Then 
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ft• tlll'N-hal• .. power of the Yarlaue waa 

obtained b7 diYidlq th• into two teru 
dlYidlq by an approfrlate ooutant) on• of 

whloh wu ualtJ and the other a11118rlea11J 1••• tlaan 

on• in probabllltJ. Tlaerefore 

fonnala ta tel'IUI of about the uan 

of the auillUJ .ariat• 

(12) 

llailarlJ 

(13) 
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ADd 1a -•ta uout tlle ••ua of tile aualllU'J Yarlat• 
I /~ ...,.'I - c.{fr( .... .)1. - ,~ ~) -+ 11#0 Vt\\, - '"' -: -+ s-CJ ..,. ... l {./ 6) 

"r,. = jJ. l I + l~jA J 

4.1 Dlatrilnttloa of the Awr:lllary Variate 

4.11 Coutant 

ftea s la a aay o, then tbe 
about ••ro are: 

0a aultatltutlq tllne nluea for tbe lato tile 

fonaulae for tbe of• tile followlq were 
obtalaecl 

(1) 

l2l 

(3) 

(4) 
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lot• tllat tbla lut ftlue witb 

Au-• (1N8) wJlo 11••• 

la of a dillceat double cheek the 

thl• dt•acr•ea•nt la 

nearlJ iui1nlfioant. 

4.11 VDifon 

If tile dlatrihtlon of x le tbe unlfon aonttnuou 

•••r tile unit intel'ftl O < x <:.1 then 

th••• nlu•• for tbe &Nut 

••ro into tb• 1eneral par ... ter ftluN for• o•• 

obtalua 

ll) 

(S) 
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Till• eue la oouidered bJ Da•ld (1111) wile•• 
theoretioal •tbod is well adapted to thl• apeelal 
fora of tb• auxiliary Yariate but ia not eu11J 

eateDded to aor• ••••ral oaa••• 
,.11 lhaifora Duoret• Dlatrlbutlon 

When x la dlatrlbuted aeeordlas to the unlfora 

dlaerete dt.atrlbutloa in the raas• O, a< 1 the ao••t• 
al,out aero are 

'C"-+I "Yl•I '(" -m; :(~) ~-l 
_, i:o 

(I) 

Durell (p. 31,40) aad aany other al1ebra textbooa 

11•• eapreaalou for tbe aua of the n ooueeutlYe 

lnte1era, the •ua of their the aua of tbelr 

eubea, and of findlns the of tbelr bl1ber 

Adjuatlq th••• for tbe raqe under 

ooulderat1on one obtalna for the 

{2.) 

(3) 

(5) 
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U.iq the expreaalon for the Yariaaoe ,.1(7), the 
expreaaion tor the third oumulant 4.1(1) wllioh la tile 

aa the third moaent about the .. an, and 

the following Yalu•• for th• about the ••&a 
were obtained& 

:\Cf\-\'1-l~'nl +1/0VI,. -C.O'\O\ -tll 
'W\'I:: 601'!q 

(7) 

hNtltutlq tile alaoYe Yalu• tnto th• ezpreaalon 

for paraaetera ot • ou obtatu: 
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ft• abo•• foraulae ar• for a ••••ral •• It 

•bould be wortb-nll• •b•ekl .. wb•tbe ...... D ,. 

t,2) 

b•tt•r tbaa otiae .... Could•r tb• quadratio ..... •••lo• 
froa tb• •Moad t•l'II of th• YU"iaDO• (11) ...... it 

., .. 1 to··"· 
OD• .. oot of tbl• •cauatloa l• 11.u wblob ••P•t• 

tbat tb• ....... t Yalu for n wbieb la 11 

•S.Sllt .... oloa• to tbl• t•ra of tlae 

Yarla••• ft• otller reot, wlaiob 1• appnsiut•lr 

0.11 la too ... 11 to be of•••• ._ ... , .. 1, ••• 

oae ••batltat•• a• 10, 11, 100, 00 tb• follnlq 
rNult• are obtaiaed for tbe Yariaao•: 

'Y\::: (0 
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Yl: 00 

llotl•• tbat th• n1•• a• 11 ••• la faot ooae 
cloaeat of th••• to eliainatiq th• tera la 

th• Yal'i&Me, •us•••tln& that ideallJ the auzillary 
Yarlate oo•l•t of a duo-deoiaal di1it. 

llcnNtYer, the aeoollcl tera clo•• beooae quite -11 

when n • 10 thua allowiq the uae of a raacloa 

deolul d11lt u the Yariate x 1n tile ori1laal 

tr&D11foraatlon 4.1(1). liailarly n • 100 could be 

realised bJ taklq two ranclo• decillal di1ita. 'ftll• 

ia •••• to be a elo•• approalaatlon to tlae ua• of the 
continuous auxlliarJ Yariate (n • .00). 

,.a ·emm1atlYe ProltabllitJ Diatrlbu.tlon of• 

...... of tile one-to-one oorreapondenoe of a 

pair of nluea a and J witll the nlue of 

• the e1111ulatiYe probabllltJ oan be written u follcnra: 
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Then the frequenoy of• for tbe 

unifora oontinuowa of x 
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•• DS'OLGPNIIIT OI TD W ftODOU&TIOJI 

1.1 !91aaattoa of tile• Traufonatloa 

Coulder tbe •eeoad traufonatloa 1(1) 
I 

l(.Tf = (c I - ~) -1jt + t,t: ( 4a +I) -:a. J f 
wlaea J la tbe Yarlate 

x 1• aa auailial'J ftl'late 
Jfot• tlaat for &DJ Yalu• of• :Lf x • 0 tbea 

tb• •••r• root tr ... fonat1oa •ua•t•d _, 
Bartlett (1118) 

••(x-0) • ,Ji' 
ftea p • I 

.l. 
w-1 = fr 1- ~) + 1t("a +ril ._. 

.1 
( + 'Jt)"2. 

= 

bd nea • • 1 

wblob ou be oouldered aa exteuloa of tlae rreeaaa-
Tuk•J trauforaattoa (freeaaa-TllkeJ, lMI). If 
x • 1/1 ta tbt• exprn•loa tbea exaotlJ o-laalf of 

tb• rrenaa-TukeJ expr•••loa re•ult•• 



II 

Talllaa tile llalt .. p a,pnUbN iaflnltJ 

( -ta-+l)t 

If p approaeh•• aim lldlnltJ 
I 

L i'YYI ( wf) = -<A 'i.. .fo'C' o ,c < I O.'Y\J "o" a.II 1-4 >,. o 1~-co d o 

1.1 Nean and Yariaaee of Wp 

.a. na cloae wltll the• traaaforaation, the J 

wu written u _?+/•• then 

r. t t]J 
wf = L( 1-~>Jµ-7 u) + ¾ ( '+/ 7cr)-a- .f 

=;i [Ct-,:)( I+ er)'{: + 'JC( It} + <rj t] 

(I) 

(2) 

Till• latter arra111•••nt na aade tor eu• la 
eXpalllllOD la a biDOlll&l Tbe (/+er) 1! 
&Jld (I+ j. + r.:r) ').. were ex,alUIN •eparately. ft• 

renltlna ••rlN of tile flr•t na INltlflled bJ 1-z 

aad tile ••rl• r••ultl111 tile •eoo• 1,J •• TIie•• 
ftl•• wr• tla•• added tosetller. '1'111• ••rl• wu 
tlaea dlYlded into two paru, aaltJ UMI a rather 



It 

00111tl•• oallN u. wu tlaea expaadN u 
a biaoaial. Tena tlaat 1JO\llcl be of order 1 -,,µ.-• 
or llt.sller wlaea eQMtecl were tu•• were 

to be eaoqla to be oaltt••• 
TIM tn tena of were u 

follona 

. ) (3} 

Tlaeretore 

lq•rlq tile (I) aacl tulas ezpeotecl 

ten bJ ten •<W:>• lquar:Lns (4) 

one obtai• [•<•,iJ 1• hbatltut:l.as aacl 

tile for 1(,,I) into tile Yarlaac• foraula 4.1(7) , 

vo."" c w-p) = J.t [l t,'tE ( Ll1.) + ,,,., ,: £(t.?) -cr,'J:a. reCLJ.il~ 

- f; f: E(u.) E(u.'L) - ;, f; f E(u'> E(u.l) 

'l. \/'l. } 
-{(.) [ t(ui.JJ - 1'; EC (.l) E(o.1) - · · · 5 



so 

lubatltuttq tile for l(•r>, pJ ta tena 
ef p •• etolleotlas reault• ta 

llot• tlaat u fu tbe tbe 
YUtuoe of Wp tad.,.Ddeat of tile ftlue of P• 
llaoe •• la--• 01, all of tile preYtou 

tbe differ••• betweea tile 
Y&rlaaoa ef tllae tr-tonatto• ... t -..ear ta tile 
tblrd aad/or •••••ueat tena. lhdortuaatelJ, tbt• 

•s,-loa tv_. out to be ••rr taYOl•••• aad tile 
tbhd tel'II not beea eftluat ... - work bu Nea 

doae oa it but it not eoapletelJ reltat»le owtq to 
tile ...,11 .. ted alpbrale operatleu eatatled. 
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YI. C01'CLVIIO• 

Kot• in Table 1 that th• lut tera ln th• Yariano• 
in the different diatributiomwu for the aoat part 

approxiutelJ ooutant for a 1t••n? • It lt oan be 

aaauaed that thl• pro,ertJ bola true for hl11ler 

then the Yarianoea obtained bJ thia expanalon 

oaa be eoapared between the different dlatrlbutlona 

la aplte of their not la&Yiq oonYer1ed to the true 

•alue. luah a ooapariaon alaon the Yariaaoe of x 

bJ the untfora dlHrete dlatrlbutlon with 

n • 10,anroaohe• a oonatant, one-fourth, before anJ 

other apNifloallJ oouldered. 
would allow the•• of a dt1tt take• froa a 
randoa nuaber table the auzlliarJ Yariate x. 

the sraph of ouaulatiYe probabilitJ for• 
(Wtsur• 1) with x bJ th• ualfora 

dlatrilnation - 10 it au be ••ea that tile funotton 

aearlJ a line •••pt for of• 1••• 
than approxtutelJ unltJ. la th• uaual interpretation 
thl• would lndloate approxiute aonalltJ with a tendeDGJ 
tor usatl•• akn-•, altlaoqh tile approxiutlon to 

aorulltJ •e- ••rJ IOOd la the upper tall• of the 
dutrlbutlona. llot• alao that the atrat1lat line 
of th••• our••• are parallel. lino• the of tile 



II 

01111ulat:l•• proNbllltJ plotted OD aonal probab:ll:ltJ 

paper repr••••t• tile Y&rlaaoe,ou oaa ••• tbat tile 

Yariaao•• are aearlJ ooutut •••• for?- quite 
Tb• oa tbia srapb Ulsur• 1) were jo:laed bJ a 

our•• for ao••••l••••• Tb• true omaulatl•• 
a f:laelJ detailed fuaetloa. 

Tb• teadeaaJ to aonalltJ oaa be •••a froa tbe 

frequeaoJ of• (l:lpre I) wber• x :l• 
bJ tbe ua:lfora dl•trlbutioa 

(a 1:lalt:las oue of tbe unlfora dlaeret• 

Tb:la wltb work done bJ hdeJ (lMt) ••• 

DaY:ld (1111) wbo tbe uae of tbe • trauforaa-

tloa for teatlq bypotb••••• hdeJ aeat:lou tile 

of aD auxlllarJ Y&rlable to s:l•• tbe ooafld•n•• 

for a sl••• 1•••1 of 
for the one alteraatl•• are ualforalJ power-

ful, tbe proof of wblob be SlYn la paper. 
lurtber work oa a s•••ral fora ot a traufonat:loa 

of data to be llace the flr•t 
two of tbe expauloa of tbe Yarlanc• of •pare 
ladependeot of p (aad tllerefore are tile .... for a 

lars• fully of traufonat:lou) th• type of 

trauforut:loa be found bJ :la•e•tlsat:lq the 

effeot• of ollaqlq p :ln th• third or 

lino• tbe ooaplexltJ (ot wblob tber• l• a 



aa 

ooul .. rable -u•t lnYOlYecl in tbe flr•t two ter1111) 

aultlplle• oouiderablJ wltb eaob tera, tbe n1111ber of 

ter1111 praotloallJ attainable bJ tbl• partloular 

aaal.Jtlo ezpaulon ··-··••r•lJ Po••lblJ 
an alternatlYe and aore practloal of ezpaulon 

al1bt be found by further •tudy. 
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IX. TABLU ill> CtJaffl 



Tattle 1. l'oar of tile Yarlaaoe 
.. tile hetor Oae-rourtll, for 

loae ot • 

fint -- Tlaird rourtb aatlo of 
Tera Tera Ten Ten Yariaa .. 

to 
Lialtl .. 

Yalu• 

• ualfon (a• 10) 
1.0 1 0.00,1 0.10n -1.1, -1.1 1 0.OOIO O.MII -0.111 0.111 
1.0 1 o.oon 0.01,, -0.1,1 0.,11 
1.1 1 0.OOI0 0.01,e -0.1,1 0.1,1 
1.0 1 0.OOII 0.01n -O.Ollf 0.111 

• ualfon (a• 11) 

1.0 1 -0.0001,1 0.1011 -1.M -1.1 1 -0.00011• o.o.teo -o.eu o.su 
1.0 1 -O.OOOIIO 0.0111 -0.1,1 o.,,, 
1.1 l -O.OOIII 0.0lN -o.1a 0.1,, 
s.o 1 -0.000111 0.0111 -0.011, 0.IIO 
• l• ualfora diatrlltutlon (a• 100) 
1.0 l -0.011, 0.0,11 -1.11 -1.1 l -o.o&M o.oa11 -o ... , 0.111 
1.0 1 -O.0lN 0.0111 -O.IIO 0.,11 
••• 1 -0.01,, 0.0111 -0.1 .. O.NI a.o 1 -0.0111 o.ooa, -o.oaeo 0.110 
z unlfora (n • 00) 

1.0 1 -0.Nll 0.0111 -1.11 -1.1 1 -o.oao1 o.oau -o .... o.ao, 
1.0 1 -O.OIOI 0.0111 -0.111 o.,oa 
1.1 1 -0.01•• 0.011, -0.1,1 O.NI a.o 1 -0.0111 o.ooa1 -0.0111 O.toll 



Tul• I. Jlov Tel"IIII of tile Tuia•• ..,._,oa 
Dureprd:I. .. tile l'aotOI' Oae•Jleutll, for 

- of• 
(Contla•ed) 

f' Jllnt _ .. 111, •• rovtll ktle of True 
Ten Ten Tena Tena Tuia••· latio 

to tta Cl'r•-·-= Tal•• 

••• <• - 0) ·- VJ 1.01 1 0.1,1 o.u1 -1.11 0.11 1.IOI 
1., 1 O.IIO 0.111 -0.1,1 1.111 1.Ml 
1.0 1 0.11, 0.11a -0.111 1.111 1.IIO 
1.1 1 0.1&0 o.ou -O.0N 1.111 -a.o 1 0.111 0.011 -O.MIT 1.11, 1.ato 

••• (o • I/a) 1/1 

1.0 1 0 0.OIII -1.N - 0.,17+ 
1.1 1 0 0.OITI -0.111 0.111 -1.0 1 0 0.0111 -0.111 o., •• o.lN+ 
••• 1 0 0.0100 -0.1IO o.aeo -1.0 1 0 0.Ootll -0.011, o.no 0.111+ 



,1 

'faltle II. Cwlnalatift DlatrllNtiea a ... 
lfalt ............ ...... , ........ , .. a• 18 

• ,P· 1 ft• I p• .... JJ-• I 

• . .... 0.1• 0.1• 0.010 
0.111 0.6'1 0.1•• 0.111 -..... , o.,n •••• 0.144 -O.NI 0.111 o.aa O.IN 0.111 ··- o.- O.lfl 0.1N -O.TOf 0.111 ··- ··- -'·"' ••••• o.m •••• o.•1 ··- ··- ··- O.NI -o.,. ··- o.n, ..... -O.NI o.ne .... ..• , -I.NO .. .,.. ..... 0.111 O.NI 
1.• o.m o ... O.IN -1.1, - - - '·°'' 1.11 o.- ..... •• ,11 -l.N ..... ··- ..... ..... 
1.N ..... o .... 0.11, -l.41 ··- ··- ..... 0.111 
1.11 ..... •. , .. ..... 0.1n 
1.11 ..... ..... . .... ··-1.n o.- O.HI '·'" 0.111 1.,. - - - 0.11, , .• - ··- • •• 1 -l.N - - - O.IU 
I.If ··- - - -I.to - ··- o.u1 •. .., 
1.N - - - ..... .... ··- O.Nl ··- ..... .... - - - •••• I.ff - - ..... -1.10 - - - ··-1.11 ··- •••• - -1.14 - - ··- ..... 
1.11 - - - ··-1.a ··- ..... O.Nl o.a1 .... .. - - ··-••• - - - • ••• 



,. 
Ta,te II. CmmlatiYe Dl•tribution Where z llaa 

Vnifora With n • 10 

(Continued) 

• f'-. 1 ,P-• 2 p• 1.1 ,JA• I 

1.1, - o.teo o.tTI -I.JI - - - 0.Tll 1.,1 - - - o.747 1.,a 1.000 o., •• O.NT 0.111 
2.49 - - 0.193 
1.11 - - 0.11, 
2.5& 0.117 0.112 -1.17 - - 0.111 
2.10 - - 0.111 I.M 0.111 o., •• 0.1,1 
2.11 - - 0.111 
1.11 - - 0.111 
2.1, 1.000 o., •• -•. ,. - 0.11a 
1.11 - 0.111 1.a o., •• 0.111 
1.11 'I I - O.NI a.ta 1.000 0.111 
3.00 1' 0.170 
1.01 0.1'11 
3.10 0.111 
a.11 o.tN 
3.18 . 0.187 
1.14 0.111 
3.31 0.998 a.a, o.,., a.,e o.tea a.11 o.HI 
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