
Rev . Tec . l ng. Univ. Zulia 
Vol. 9 , No. 1 , t986 

A.K . Cupta * 
Row1ing Green State UniYer~ity ON ATEST STATlSTIC CONNECTED WITH THE 
Departmenr of Mathematics and Statistics 
Bowling Green MULTIVARIATE BEHRENS • FISHER PR08LEM 
Ohio, U. S • A . 

D.K. Nagar 
University of Rajasthan 
Department of Mathematic~ 
Rajasthan , India 

ABSTMGT [r[(m - 1)(, t h]r(m/l){f[(mf2 +h)r ((m-

The exact nu11 distribution of a test sratis­ p- 2 
tic proposed earlier for resting equality to t wo 1}/2 »)] n [r[ (m - 1) /2 + j /( p - 1) + h}
mean vectors under rhe i neraclass correlarion j ~O 

models has been derived ~n terms of generalized 

hypergeometric function as weLl as in series forro 

suitable Cor computaríon . Explicit expressions oi 
 r[m/2 + j/ (p - l) ]/(r[(m - 1)/2 + 
the densiry are given for p - Z, 3, 4 and 5. 

j/(p - l»)T'[m/2 + j/(p - 1) + hj}1. (1.2) 

La di6~ribución nula ~xae t a d~ un estaJ{stico 


de ~~~ebd oroou@sto QOn~t~r~or~JaJ para examinar 

This article deals with the distributionalla igualdad de dos vectores medios bajo los mode­

problem of A. For related work see Pl.llai andlos de correlación de interclases, ha sido deduci­ Gupta (1969 ) , Cupta (1971) and references given
d en términos de la función hiper~eométrlca gene­ there. In section 2. the density oE 11 has beeoralizada, así como en forma de series adecuadas 

d~ived in tenos of G-function, using iaverse. 
para la comoutacion . Se mencionan expresiones ex­ Mellin transform and the definition of G-function.
plícitos de la densidad para p = 2,3 , 4 Y 5. lo sect ion 3, the series form of [he density is 

giveo which has been obtained using residue theo­
rem . SpecíaJ cases of the density are given for p= 

l . INTRODUCTION 2. J. 4 and 5. 

Let X and y be independent pxrn a nd pxn 

random mat rices whose columns a r e independently 

and ~dentically distributed as 2. DENSITY OF A 


By using inverse Mellin rransform and the 
N (p .L:¡) and N (j.J2 , LZ) respectively. Also, let expression (1.2) . [he density of A. d enoted byp _l P ~ 

f ( ~ ) , ls givcn by 

o~ [ (1- ~ . JI + p. ee ']. i 1,2, 
~ 1 P 1_ 

itA) K(m , p)(2lTW) -1 j{ rf (m-1) /2 + h] / 
e 


where 1 is the identity matru of order p and : = 

p-2(1, .... Pl)~"j. 

r[m/2 + h]) ': {r[(m-l)/2 + j/(p-l) + IIJI 
Pre~"(L967) combined Sch~ffé-Bennett procedure j=O 

with the l ikelihood ratio test and detived a test 
statistic A for testing H :~l ~ ).J2 and showed 
thal h-tb nuU mornent of ~ - is (n>iii) r[m/2 + j/(p-l) + hlll.-J-hdh . o < A < l. 
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j/(p-l)]/rta+1/2+j/(p-l)1}A-~da, o < A 1 
(2.1) 

1/
where w = (-1) 2 

p-2 
K(m,p) = {f[m/2]/f[(m-l)/2]} n (r[m/2+j/(P-l) JI 

j=O 

r[(m-l)/2 + j/(p-l)]l 	 (2.2) 

snd e, el are the suitable contours . From che 

~heory oi G-Íunctions it is easy to see that e 

ánd el can atways ~e ¡9~ni anij (~Il) cnn b~ Dutin 
terms of G-function [Erdélyi et al. (1953), p.207] 
as 

117 ,Ih+j / (p-l), 
(m- 3)/l p,or I 

feA) ~ K(m,p)A Gp,p AO,j/(p-l). 

j .. 0,1, ... ,p-2 
(2.3) 

j = O,1 .. .. ,p-2 

O<A< 1. 

Usiog the well known resule 00 the G-functioo, na ­
mely, 

(m-')/2 1/2 
f(>') '" K(m.3». {(l->.) /r(3/2» 

2F¡ (l, 1/2; 3/2; 1->'). (2.5) 

On using (16) of Erd~ly et al. (1953, p.102).(2.5)
becomea 

-1/1 (m-3)/2 
feA) = 2K(m,3)rr log{(l + ¡¡:X)/ID, 

O<A<l. (2.6) 

3. DRN9ITV IN SERIES FORM 

General series expansion oI the density feA) 
is obtsined by uaing residue theorem 00 the right 
band side of (2 .1), Two cases, p-even snd p-odd, 
are consídered separately. 

Cancelling out the common factora in the in­
tegrand of (2.1), the density feA) ia rewritten as 

(m-l)/2 -1 
f(>.) = K(m,p». (21Tw) f (f(a)/r(cl+l/2)} 

el 

(3,1) 

1,0 a1+6¡-l ,Ol+62-1 

Gz,2[zl al-1 .02-1 	 The ioeegrand has poles oi order unity at a~-i/(p-
1), i = 1,2, ... , (p-3)/2; a.. -1, i .. 1.2, ... ; snd 
a pole of order 2 at (1=0. !he reeidue ae el =-i(p­
1) - 1 ls 

i/ (p-J) (p-3) /2 
r[-i/{p-l)JA /{r[1/2 - i/{p-1)1 n [O-i)/ 

(2.4) 	 juO 

(p-l)]}jthe residue at o = -i is 
the density (2.3) for p = 2 is given by 

i (p-3) /2 i-1 
(m-3)/2 ). l[r[l/2 - i]f fl (-i+j/(p-l» ¡¡ (j-l»], 

feA) - K(m,2)A 2F¡Cl/2.1/2; 1; l-A), j=O j=O 

"i 
and for p - 3 by 	 snd the reaidue at o = O is [-logA + 1/1(1) - 1jI(1'!2) 
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(p-J)/2 -1 (p-3)/2 
- L (j/(p-l)) ]/[f(l/2) r. (j/(p-l»}, 

j=l j=l 

where ~(I) ls the well knol~ psi functlon rErd~lyi 
et al. (1953), p. 15J. SÍlnp1ifying these 
with the help of conversion formula [Kathai(1982), 
eqn. 2.7]. equations (6) and (7) of Erdé1yi et al. 
(1953. p . ); and equation (12) of Erdélyi et al. 
(195]. p. 16) and using the residue theorem one 
has the fOl1owing resulto 

(m-3)!2 (p-3)/2 
f(A) =K(m,p)A [[(p-l) l{r(l/2)(~)!}] 

(p-3) /2 -. j _L 

[-log(),/4)- L {(p-1)) +(-1) (p-l)j cotf1Tj(p 
j=l 

- 1 j/(p-l) 
-1) lr[I/2+j/(p-l) lA r(l/2)(~) !{r[j/(p-n] 

3 (p-l) /2 ." j 
j!(T- j)!}}J+(-l) E A r(l/2+j)/ 

j-l 

(p-3) /2 
{r2 (112)j! 1 (j-k/(p-l)}]]. (3.2) 

k=O 

0<).. <1. 

For p=5. the aboye expresion reduces to 

(¡n-J) /2 

feA) = R(m,S». (4/fif) [-10g(A/4) - 4 


1/.. j00 

+ 4 ír(3/4)r(1/2)/rO/4)})' + E ), r(1/2+j) / 

j=l 


[rO/2)j (j-l/4)j!l), O < A < l . 

Case 11: p-even. 

In tlris case che poles are of aecond order at 
Cl = -i, i = 0,1 •.. . , and of order unity at el = (-i 
-k)/(p-1). k ~ 1,2, . •. , p-2, i = 0,1,.... The 
residue at Cl = -i is ),i[-log), + 2~(1) 

i-l _1 p-2 
- 2 r (j-i) - 2W(I/Z-i) + r {~(j /(p-l)-i) 

j=O j=l 

p-2 

- IjI(JJ(p-l) + 1/2 - i)}] [ 11 fr[j/(p-l)-i]/r[1/2 
j=1 

i-l 

+ j/(p-I)-i]}J/[r2 (1/2-í) f (j_i)2]. The residue 
j=O 

p-2 
at a =-k/(p-l)-i is r2[-i-k/(p-l) ] rl(j-k}( 

j=l 

Jk 

i-1 p-2 
(p-l)-i]/{r2 [1/2-i-k/(p-l)] n (j-i) ¡¡ r[1/2 

jeO j=l 

+ (j-k}/(p-l)-i]}. Simplifying these with the helf 
of the conversion formula lMathai (1982), eqn.Z . 7J 
and 1.7.1 oE Erdélyi et al. (1953. p. 16), and us­
iog the residue theorem the density given in (2.1) 
is obtained as 

(m-3)/2 ." 
t(~) = K(m,p)A E [[-log A + 2$(i+1) 

iaO 

p-2 
- 2~(i+l/2)+ E rW(j/(p-l)-~(1/2-j/(p-l)+i) 

j~l 

_l. p-2 
_ TI tan j1T(p-l) }].[Al.r2 (1/ 2+i)/i!TI] n rr2 [j/(p 

j=l 

-1)) r[1/2-j / (p-l)+i] / Cr[ J /2+j /(p-l)] 

p-2 
. r[i+j / (p-1)] r[1/2-j /(p-l)] J] + L [r2 [-k/ (p-l)] 

k~1 

p-2 
-1)] f2[1 /2-k/ (p-l)} . r2[l/2+k/ (p-l)] i! t1.11 [rl (j 

J-1 
+k 
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-k) / (p-l)]r [l-(j-k)/(p-l)]/r[i+ -(j-k)/(p r2 (2/3)r (i+l/2)f(1/6+i)r(-1/6+i)/{r(5/6)r(7/6) 

p-2 
-1)J1 l r[ ilZ-U-K){ (p-l)ti) rH(lfz"U"k) r(p 

~!l 

r 2 C-l/3)í«4/3)r2 (5/6+i)r(1/3)f(2/3)f(1/2+i)
i+k/(p-l) 


-1)] f[l/2+(j-k)/(p-l)]ljl. ], 


0<1.<1. 

2/3+i 


As a special case, the density for p=4 is given by I r2 (1/2)}+ A r2 (-l/3)f2(5/3)[2(7/6+i)fC- 1/3) 


(m-J) J2 00 	

(4/3)r(1/2)+i)rCS/6+i)/fr2 (s/3+i ) (i!)r-(-1/6)feA) = K(m,4)" [ [[-logA +2~(i+l)-2W(i+l/2) 

i =O 


i 	 r 2 (7/6)r(4/3+i)r«1/2)rCL/6)r(5/6»)]. 
2

-HII( i+l/3 )+W(i+2/3) -iJ¡Ci+l/6) -lP(i-1/6) 1A r (1/3) 

0< .\ < 1. 

* Part of this research was done while he was Secondary 62H10, !<ey words and phrases : Tntra­
Univero;ity Grants Commission Visiting Féllow at claS5 correlation model, generaliz2d hypergeome­
the Un i versity of Rajasthan. trie [uoction, xact distribution , residue 
MIS 1979 subject c1assification : Primary 621140; theorem. 
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