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SUMMARY. Given k independeat samples of ng units from & populations ¥ (my, o]) (§=1,
2.0 k) 8 Lewt statistio for losting a hypothesis Ho ahout ¢ (k) lincar functions of k population means
without auy @ priors knowledgo of ropulation variances or the miio of tha variances is of interost, A
now teat atatistia called A/ atatistio fa definod for teating such hypothesia whero any prior knowlodge obout
The population varinnces is not availablo. Tha error of tho Bret kind (probability of rejection of tho hype-
thesis whent truc} of the test statistic depends oa the unknown population verisnces but tho tert statietic
ia 30 defined that for ol possible valuos of population varisices the error of tho first kind is lcss than or
equal to yomo pro-nenignied probability a. [t is shown that critical valuos of the text statintic for testing
& hypothesis about two lincar functions of & population meens with & = 0.03, 0.02, 0.01, ctc., can all bo
oblained from tabulated valucs of F.table. A numerical examplo for testing equality of thre population
nicans bas boen considered. Tt is alsa shown that the test statistio can bo used in multivariate problems
ey well,  An anslysia of Barnsed's dats (Barnard, 1935) has boen considered.

1. ISTRODUCTION

L1, Given & eamples of n, units from & normal populations ¥y(m;, o) (i =

1,2, ..., %) having equal variances or tho ratio of tho variances known & priori any
&

hypothesis about any linear function }l. 6 of population meana (where ¢ (i =

1,2, ..., k) are known coefficients) can be tested by the l-statistic. Also, any hypo-
thesis about more than one linear function of population means can be tested by
F-gtatistio or F-ratio. If the population variances are not cqual or the ratio of the
variances are not known a priori it ia possible to test (Bancrjee, 1061) any hypothesis
about any singlo lincar function of population means. Ak, any hypothesis about
more than one linear function of populution means can bo tested by a new statistic
hercinafter called JI-statistic or M-ratio.

2, SAMPLES FROM HETEROSCEDASTIC POPULATIONS
2.1 Letz, &} (i =1, 2,.., k) be sample estimates of population means and
variances of & samples of n,-units drawn drom % normal population Ny(m,o}) (i =
1,2, ..., k). Suppose it is required to test tho hypothesis that

ety em, = M| . (2.L1)
1, CiyF eyt tegmy = M,y o (2.1.2)
e {2.18)

r',,m,+c,,m,+...+c,‘m, =J,
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where ey (i =1,2,..,8;5 = 1,2, .., k) amd M, (j=1,2,...,8) aro known constants.
It is axsumed without any luss of generality that the relations (2.1.1), (2.1.2), ... (2.1.3)
aro mutually consistent and independent. It is also assumed that o < & for if 4 =4
tho relations (2.1.1), (2.1.2),...(2.1.3) can bo replaced by

mo=M; (i=1,2,..,k
and Hy can be tested by the statistic

ra § 30 Yot
1 8y/n 1

whose percentnge points, although not tabulated, can bo evaluated as each 1, (i =
1,2, ..., k) would be independently distributed as a Student’s ¢-variato if tho hypo-
thesis bo true.
2.2, Let test variates U,, Uy, .... U, Lo defined as
U= Z ¢F. (1=1,2,...,0). .o (2.2)
=t

The test variates U,, Uy, ..., U, ns defined in (2.2.1) are stochastic variates jointly
distributed in & multivariate normal form.
2.3, Now let us consider tho probability of the inequality

2 4 &
L (U= X400
(=l =1 ny
where 0y, C,, ..., C; are defined as
G =‘)': G G=12.04
1

and 4, (j=1,2 k) are positive constanta to be suitably determined in & maunor
as discussed later.

2.4, Let A1y, My, ..., 3, o rerpoctively means of test variates Uy, Uy, ..., U,
whereas by hypothesis I{y the means are My, M, ..., M,. Let variates w, (i=

1,2, ...,8) be defined to

w=U=; (i=1,2,..,8) . (240)
u (i =1, 2, ..., 8) s defined in (2.4.1) follow a multivariate normal distribution with
zero mean with, say, disperson matrix R. Now consider a further transformation
(Ferrar, 1053) to variates v, (i = 1,2, ...,8) so that

b uf=iv}
1 1

(24.2)
and MR = Al F Al 4 A 0f
whero i3 A row matrix (w, 4y, ..., u,),
1 i A transposo i
nnd R~ i3 0 5 X8 matrix reciproeal to the dispersion matrix R.

Tho transformed variates v (i = 1, 2, ..., 8) are independently normally distributod
with zero menn and variance, say, 0 (i = 1,2, ..., ).
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2.5. Now by virtue of (2.4.1) and (2.4.2)
5 W= £ i = E fud)t = St @28
1
( where 'Z'.d‘. = ".‘.d,").
) 1
Also, by virtue of (2.4.1)
fvvp=Lvup=t B =% Fob= Lot .. 2e2)
1 1 1 1 1
2.6. From (2.5.1) and (2.5.2) the probability of the inequality

. ]
Swe-nr>toacd
1 1 ny

) . ) i
I (y~dp* XU—Mp L A
1 st J=1 n

is equal to 7 == i
ot 3 Ry
) ;3': vivy M'(Ux)
. 3
which is equal to LAxi> L A;"‘lxi
‘=1 fe1 v
where

x3; are non-central x*-variates with 1dJ. (i=1,2,...,2)
X} are x—variates with vy df. (v = mj=1), (j = 1, 2, ..., %)
B, and w; are positive weights defined as .

A= ‘7:, = Clotin
i
for, o

(i=12.,5i=12..,k

If the hypothesis H, is truo x}{i = 1, 2, ..., 4) are, however, distributed as y*-variates
with 1df.

2.7, 'The crux of the problem of having a test stntistic for testing hypothesis
H, based on test variates U, (i = 1, 2, ..., 8) thereforo boils down to finding positive
constants 4; (5 =1,2,..., k) so that

. 1
prob [ Eaat> T A,u,%?] <a . (211)

whero x3 (i =1,2,...,8) and x} (j = 1,2, ..., ¥} aro all independently distributed
X-variates with respectively 1 and v, (j = 1,2, ..., k) d.f. and f; and «; aro positive
weights adding up to unity, First, it has, however, to be proved that it is af all pos-
#ible to find finite positive constants A, (f = 1,2, ..., k) so that given some pre-nasigned
@ {2.8.1) would bo satisfied.
2.8, Theorem: Let U, (i =1,2,...,4) be a set of slochastic variates (not
necessarily independently distributed) which satisfy the relation that
prob[U, < 0] € (=122 v (280)
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Now if B (i = 1,2, ..., 8) be a set of arbilrary positive weights adding up to unity (i.c.
‘
;‘-‘-/?‘ =1), then

prob [2:: BU 0K il . . (281

DProof :  First, let us consider the cnso of only two varintes —U, and Uy
Now if 8, and B3 Le two positivo weights adding up to unity

prob [fyu+fyy € 0] < prob [U, € 0)+ prob [U; € 0) € &y +ay
Also, similarly it can be proved that

prob [‘3.‘ AU K01 < Z:, . . (282)

2.0. Now let U;(i=1,2,...,8) be defined ns

X xz
B Ag, Myt (i=1,2..,4) e (201
J=t v

where X3, (i,1.2....,8) and 3 (j=1,2,...,}) are all independently distribated
X*-variates with respectively 1 and vy (j=1,2,...,%) d.f.and 4;(j = 1,2,..., k) are
100, afs percentito point of Student’si-table of d.f. v (j = 1, 2, ..., k) so that (Banerjee,
1960)

prob [U; € 0) £ afs. e (29.2)
From (2.8.1) and (2.8.2) it follows
prob [él Bt > éA‘w]xflv,] <a - (203)

3. STATEMENT OF THE STATISTIO

31, Yot M, -statistic (3 after Mahalanobis) for testing hypothesis about
8 lincar functions of population means without any @ priori knowledge of population
variances of size ¢ (or with maximum value of error of the first kind a) be defined as

= fok

£ Ay X’
i=1 /]
where 3, (1=1,2,..,8) and }j (j=1,2,..., §) are independently distributed
X*varintes with respectively 1 and v;(j=1,2,...,k) df and §; and o; ((=1,2,
o8 §=1,2 ..,k are a set of positive weights ndding up to unity and 4, {j =
1,2, ..., %) aro irreducible positivo constants which have been so detormined 30 that

prob [ [ At >

-~

Alw‘%]

islessthanorequaltoa for all possiblo values of fande, (i =1, 2, ..., 8 j=1, 20 K)-
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4. CRITICAL VALVES OF M-STATISTIC

4.1, Let us consider the cass of finding critical values of M-atatistio for the
case s = 2and any k. Tho problem of finding eritical values of M,., amounts to find-
ing minimum possihle numerical values of Ay (j =1, 2,..., k) so that

I3 (]
prob [f.ﬂ,xf, > l;..ol‘u,lg] <a TR RY)
If P denotes tho probability of the incquality
}::ﬂ‘xf, > g:A,u/i - $12)
V]
wo have
ae B (T -Boxd, B
=P =T ] B[] b T bt it (419
[ ] 0 =1 o L]

whero A(x}) ( = 1, 2) denotes ‘requency function of a xt-variate with 1df.(i = 1,2)
S(x5) denotes frequency functions of xt-variate with v df (j=1,2,..., k) end

2
T=Z4 ﬁ

Pt 1 v

/B, H=PxhB
4.2, The integral J.h(x}l){ .J ' .h(x},)dxf,} dy}, is an upwand convex

function of z (Courant, 1957) (details in Appendix A.1) so that

£ 2
Loy {Zwiei—Bix},)Bs

[ i Kt}
H X1 { J ) Xu} X

ulfy {e—Bix})Bs
>0 THa(" L odtddhe e
1 o [
From (4.1.1), (4.1.2) and (4.1.3) it follows
P<top, - (423
=1
© - -
v = b xg)dxd Jdxd ]dﬂ
whero P, {](x})[ﬂ{’l (X}l){(fn-h{zh)lh (xiaMxt ] i1}
-e Ty
=1 Tnotardo{ £ 10w} dxte . (423)
whoro T= dlvx}-
)
and T, = ﬂ.xfn‘;i-ﬂ:xf: .
=
Y
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4.3. Now, for degrees of freedom of x} equal to 1 or 2, the integral

I8 Mxr.)h(xf.){TI‘!(x')d)d}dxMxh e (43
[ ) 9
where Ty = li_lgl;‘./;:;\”:

for variation in f, and fy is always less than or equal to &, where F2,;a is tabulated
F-value of F-table corresponding to 100 « pereentage point and d.f. of greater mean
square 2 and d.f. of smaller mean square (v, == 1,2). (Detaila in Appendix A.2).

4.4. Also, for the caso vy » 3 and a = 0.05,0.02, 0.0, eto., the integral

- - T,
.I ) Rixh) hxte) § JORAXD dxddxty e (440)
where T = ﬂlﬁzjﬁ:\fl{f:

for variation in f, and £, is always less than or equal to «, where Fiu.« is tabulated
F-value of F-table corresponding to 100x percentage point and d.f. of greater mean
square 1 and d.{. of smaller mean squaro (v; 3> 3). (Details in Appendix A.2).

4.5. Numerical values of 4; of 3, s test can thus be determined from tabu-
lated values F-table. Table 1 below gives numerical values of 4, of 3fg, test of size
0.05 and d.f. vy = 1,2,...,20. The values have been taken from F-table.

TABLE ), NUMERICAL VALUER OF
Aj OF My TEST OF 8IZE 0.05

¥ A5 ki A3
] 200.00 n .84
2 19.00 12 .1
s 10.13 13 ‘.07
¢ 1.1 1 .60
L] 8.61 15 4.64
) 5.09 16 449
1 h.69 la 4.48
8 8.32 18 4.41
[] 5.12 10 4.38

10 400 20 .38
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§. TESTING EQUALITY OF POPULATION MEANS

8.1, Given k samples from & normal populations ¥ (my, 0}) to test the equality
of population means k—1 mutually independent linear functions Li(i=1,2,...,k—1)
of population menns and amociated teat variates may be defined oa

¥ I
=£ ; U=Xes.2; e (8100
L o =4 ey % (8.1.1)
=12 .. k=1

2
whom’ Z‘c“ = 0. 1If &} denotes extimato of population variance of the §-th population
(i=1,2,..., k) M,_, ,-statistic may bo computed as

e (5.12)

:
(where Cy =‘E g3 =12, ..., k) with suitable choice of 4,(j = 1,2, ..., k) and the
-t
hypothesis would be rejected if tho numerieal value of My, as defined in (5.1.2)
excecded unity.
8. NUMERICAL EXAMPLE

8.1, Three samples from three populations supply the following estimates,

TABLE 2
population
1 - 1 o
sampla mean 2 5.0 20.0 10.0
namplo variance s} 16.0 5.3 20.0
samplosize w3 1 2

Defining test variates U,, and U, as

U= %(2.-2,) = ‘/_‘2_ (5—20)

U= % (Ehr,—22) = 716" (26—20).
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M,,q-8latistio of size .05 may bo computed as
Myy= Up+ Uy
" IR Ad 4]

3Lln ny ny

% [5—20]’+%— [25—20)2

= 0E 5.5 20§
T[lo.oox»a‘“.nuxﬁ+4.35xﬁ
295 | 26
oY

% [114.00 42,484 4.14)

1667 _ . ..

80.41

where numerical values of A(j = 1, 2, 3) have been taken from Tuble 1 above.  Sinee
JM,.; is greater than unity any hypothesis about equality of means is rejected.

7. THE CASE OF MULTIVARIATE POPULATION
7.1, Let k samples of N, (i = 1,2, ..., #) units be drawn from k, p-variate
normal populations having dispersion matrices X; (i = 1, 2, ..., k) which are not neces-
sarily equal.  Let £, and m; denote samplo mean and population mean of j-th cl 7
of i-th population. Also let 8, and a/; denote sample and population variance of j-th
character of i-th population. To test the hypothesis that

13
'2) omy=234 (j=12..,p) . {1LD)
-1

U, -statistioc may bo dofined as

7 (7.1.2)
T L8N 24l

o3 Nyja1 ‘4
with suitablo choice of 4; (i = 1,2, ..., ) depending upon the sizo of the test. It
can be shown that Af, ;; as defined in (7.1.2) is equal to

r

z Bixk
I I 5
T A So,tY
i=1 ‘;-lm‘J vy

where xh (i=1,2,...,p) and 3} (i= 1,2, ...,k j =1, 2,...,p) aro independently
distributed x*-variates, x% being distributed with 1 and x§ being distributed with

(1.1.3)

Ni—1d.f. and f;and w; are o set of positive weights adding up to unity i.o.‘sil hi=1
k

and X i wy=1,
=141

370



TESTING JTYPOTHESIS ABOUT POPULATION MEANS
8. FURTHER NUMERICAL EXAMPLE
8.1, As an example of likely use of M -stalistic in multivariato problems let

us consider Barnard’s data on Egyplian ekulls, Four measurements on four popu-
lationa are summarised as

TABLE 3. AMEAN YALUES OF FOUR CHARACTERS

charscler
1 v ¥i i
population I 133.583 13,308 £80.835 133.000
n 134,205 00.403 81.148 134.883
u 134,371 95.837 50.100 133.803
v 135,307 93.040 £2.093 131,487

with numbers of obszervations as N, = 91, N, = 182, N, = 70 and N = 75 and
pooled corrected sum of squares of tho four characters as (i) 9661.097, (i) 9073.115,
(iii) 3938.320 and (iv) 8741.609. Let 2, and m,; denote samplo mean and population
mean of j-th character of the i-th population (i,j =1, 2,3,4). Also let &} and o}
denota sample and population vadances of the j-th character. (Here tho dispersion
matricea of the populations have been assumed to be equal.) To test the hypothesis
that
My =ty = my=my (j=1,2,3,4).

Let test variates Uy (§=1,2,3,4; k=1,2,3) bo defined be

1
Un= 7 ==}

, 1
Un= 75 Gu=ta) w81

1
Up = ‘77 EytZy=Zy —2)
(j=1234).
On the basis of Lest variates Uy (j = 1,2,3, 4; k = 1,2, 3) M,y pstatistic may bo
computed as

4 3
L T Ug
Jai k=t o (8.1.2)

3 (X 1 1 1 1
4ts {grmmr)

with suitable choice of A depending on tho size of the test. Taking numcrical value
of A equal to 3.86 (value taken from tabulated 5 p.c. point of F-tablo corresponding
to v; =1 and v, = 400) approximate numerical valuo of 3/, -statistioc comes out as
1.49 . Sinco numerical value of M, -statistic exceeds unity the hypothesis eannot
bo accepted.
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Appendix Al
Lot
8 (s—#
Fymm "I',—:.,l—l { ¢ ‘f'”’.-‘-z,‘l dzy }d... . ALY
) [
where BtBym )y 2,835 0 and B, 3 51,
We have
S - Il.-n ) ,—(z—a.x.)/u—n.){.]-__a_;?]"{l n.}""
-k [ o5 ~-n1=8) {x—:}_lz—l gy = L+, . (ALY
whero PR W e VIl P SIS S
P L VT A IS \lg]'
tlo
= 2K. oA -';— = K.o—HR SNTREY
)
ST M - T
and ""K{‘ =8y —~le~2)[(1=p1) {'(Fl._lfli.‘)} xz-m\};uz. - (ALY
Now ;; L= ‘_'I"{“ﬁ} e (AL
and 5’; Iy = Ity . (Alg)
whors ; Iymoge-dm{1__1\=
\ n = 2Ke {‘I l—’l} 2
]
: Y T gL
{ TR } -
and ! In= K].._‘/’I{ b';_l__'I}."’“‘")
i L[]
| _
L x4 [.-'/(""l) sin~! \/‘i] de. e (ALY)

A 'E{—xlu—m = \/:} _sf(1-84 ""_IA/ { 1‘;.}
...I(l—l,)[. o (_%) }

. -
Iy = Ko~y ~(z—n)fll—g)) | 1 1 PSS T -3 U U V. de
2 g- e g l‘_l—|_—‘.} X [m\ J;( 1__5,} 2 Ji—x

. (AR}
From (AL}, (A2), ... (A.).8) it follown
P(x)- — ket {—— '}+ D,

A# Ty e negative, - d— F(z) in nogative, so that F(z) in an upward conves function of x.
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Appendix A2

Lot
T
b pyas | Jo—R—m o=t g~ { T ¥ r=lay } dndn .. (AR])
1 H
whore T = (Bimitfaxsld’, A" = Afv. Brtpy=land By, f25 0,

P b - L0 Gl U TS S
o
o {A23)

-h‘.f Fom =910 i1 untaann) Y s gl ba ™! — sl a) =Y Jdusduy
:

. (A23)
where ay = BjA% oy = ByfA’;
ey = fif{l+an); c3 = Paf{l +ay)
Subcass 11 For v = 32, from (A.2.3.)
i, FuB = D=l YY)
whero L= (140! ‘I r P A 'lc_' uyduydug
Iym (14ap ™! f J:’ Pttt T SR
From (A24) Daffym(1 4o /(1+as) = (A" +Bf(A+B2)

which is loss than unity if B,<Bs, 80 that F(f;, B,) increnses ag B, increasces (B, <P} It can bo
aimilarly shown that if Bu3>Bs Fifa. Bs) docroascs as ; incronscs and tho function Fify, B) hoa s maxi-
mum value ab By = Py = 1j2.

Sub-cass 2: Foryml, from (A.2.3) for By, Bx>'>0.

5 2= Fifa, B} = h—1y e (A28)
| o
whors L I we= b u, = (o euy) ~ udugdu,
and I=Ka {1 4an) ™" ff' o= =Y b (et un) T udugduy,
°

Dofining variatea ¥;muy, and Py=uyfuy, it can bo shown that

=1 p=h g -t ™ .
Ii=Ey {1 4+a1) [v, {14esVajar) ™8 (14 V¥t dPy. w (A20)

For By < B, dofining Z=1/{1+F4), it can bs shown that
I = KL+ P(1s, Y3 25 ) o {ART)
whero  ymA'{A"+B1)"1Ps—B1)/Bs.
Also, for By & Psit can bo sbown that

Iy = R+ WP (Va5 23 M) e {ASR)
From (A.2.7) and {A.2.8) it thue followa that for By < By
DI = (A B (A Bl P{MnMas & MHFP e Yes 25 N} o (A29)
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For 9, < Bz thus F(B1.8,} increanes as B, incrensos, 1t can also bo similarly ehown that for B, > B,
Fi1.8s) decreancs 0o By incrooses and the function lins a maximum valuo st §, = By = 1/2.
Subtase 31 Forv p 3, wo bave from {A.2.3)
d:—lf(ﬁh By) = Dy~ 1y e (A2.10)

P
whoe L= Kyll4a) " ] fom U T T x e} BV udundey o (a2
1

and fim Kol 40~ ] Fom 0w b, (e e adudus. e (A212)
N

For =0, from (A2.11) and (A.2.12)

Iy =Ky rv(3{2) rivjiz— it +an),

Iy =K /) F(v2 +1-Di1 +an).

20 that Lily =(14a) (Vo)™ (v=1) = (A + B} A"+ (v-1). . (A213)
From (A.2.03), Iy would bo groator than Jy if
A= A > vfv=2), o (A219)
Now for 0 & By < By, dofining variales Py = 3 and ¥y = wyfuy, it can by shown from (A.2.11) that
Lo=R, 4o Frid 1apvaP 047y~ g, - (A215)
o
where Dy = cife; and p m vf2=].

From (A.2.15) it can be shown that
I o= Ky 400~ D F(yza1, 45 200 e (A210)
wharo By = 1Dy = =By Byt (A4 BA +Bu).
It can aleo be shown from (A.2.)2) that for 0 < By < s
Iy = Ky (L+an) ™) D Py 41,325 2:0). e (A1
From (A.2,16) and (A.2,17) wo thus havo
Lih o« Dy (A +8,) (A B Plvli+1,3s: 25 M) P2+ 1051523 2)
= (1=0) (A4 B) (A48 Flvla 41,33 2 0} F vk ), a3 2525} oo {A218)

Now acconding to olgebraic rolations due to Gauss {Erdolyi, 1953) satinfied by contignous
hypergeomotrie functions,

g Fia, b tiein a—c. Fla,btljetlsy),
{1-12) Fabier) T4e 2 e e e (ARI9)

From (4.2.18) and (A.2.19) I, would bo greator then Iy if
(A7 +B) (A4~ (140E) > 1 . (A.2.20)
where Ey = (a=c) o™b Flab+1; o410 Fiabicina)
@ = v241; bm g em2:
and M= 1B BT (A BAT B
From (A.2:20), J; would bo groater than J, if

A48 444807 (145 > 14, B B,
or, if ATB=BIE > BiBa—pa),
or, if AviE>p, . (a22))
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Now X; and §; are connecled an
Ay 1=Py P (AT HBNATHB) VA Bt (B3 —PllA HBi)™t 00 thatfor 1 DB D e D>,
ap A+~ =t o (AR2)
For olarity of eaposition (A.3.21) would be ecnsidersd undor two hoads ¢

Subsare 11 8y liva I the nngc![l)l,)-;.

Subcast 21 #, lioa in the range | > A3 > 34,
Forsub-caso 1, from (A.2.21) it follows that since Plad +1; ¢+ 1; 3;}/F(0, & 1¢; Xy} is groater than or oqual to
wnity, {A.2.21) would be satisfied if

Armafy> e fa—c)t 34 = Iiv—-2). - (A223)
For sub-cass 2, since 3q from (A.2.22) would be groater than or equal lo A'(A”+ 1/4)~+. 3/3, (A.2.2]) would
be sabisfied if

a [ 14atd+1heffc 41}

T +abhofc ]> cfa—e)mdjiv-2) - (A229)

whero o= A+~ aps,
From (A,2.21) it follows that 7y would bo gro-tor that I, if

P AU +ad'3 _
A Py > djiv=2). . (A5,
Cousidering (A.2.25) the following ausiliary function T may bo considend 1
U = A{{A"+ 1) +ad’[3) = {v—2) -1 (A"} )4+ 0 A"/0), e A220)

In (A.2.28) substituting K/(v—2) for A* wo got
(+=210 = (A" V) (E—A) +oA @K —4)(0
= A (K= b+ v+ 2K~ 2)8) 1K= 4)f4

o5, 1Av=2U = K(1HK~4)+2v+2) (K=} +3{K—4) (v—=2)
= K1{2 +16)— K{v+02) - 12(v—2). . (A227)
Sinco the co-oficiant of K1 of the quadrstio on 1he RIS of (A.2.27) ia positivo, for some value of K > Ky
ical value of the quadratic and at such ical valuo of U ix positive. Let the rocts of the qua.
dratio
(2v+16)R 1=K (v 406:) = 12{v—2) = 0 o (A228)
bo Ky and Ky (whero K3 > K}, Now it can bo shown that for v 3 3,
o (VEO2)H(10v443) _ v 108 . 20,
Ky OO L D A2

Since th oxprossion on the RITS of (A.2.20) for v > 3 is lexs than 18/8, it follows tiat U would be
positive for K > 16/6, which means that {A.2.25) or (A.2.24) would bo satiafied for

A=A D 3.3hv—2

or, AD32flv-2). o (A2.30)
From (A.2.14), (A.2.23) and {A.2.25) it thus follows thet for O < P18, 7y weuld bo greater than 7y if
A D> Ifr—2). (A2.31)

The function FB,, Bs) thus decreasss as B increancs for By By o if A in greator than or cqual to 3.2v/{v—2).
It ean also bo similorly shown that for 8,2 By, FiBt, Bs) increasa ns B, incroascs if A is numcricolly grester
1han or oqual to 3.2v/(v-2) and the function has & minimum value at By = B; = 1/2 and mazimum valuo
ot Py =0 and p, =1.

31
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Sines eritical values of P-tablo for | snd v(y > 3} LI. for 8 p.c., 2 p.o., | p.c. ole. 1avel of significanca
aro oll gruster then 3.2v/{v—2) [a relatioa which can bo proved using tho algebrais relation duv to Fisher
(1941, pogs 151 nidwoj] the relation 1

Pixt +Paxt > A Y
would bo satinficd with probabilily leas than or oqual 10 a for a = 0,05, 0.02, 0.0, etr.and v D 3,if A i
taken from Z-tallo corrcsponding to t and v d.f, for given «.
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