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Abstract

For Lauricella’s hypergeometric function F, },’" of n variables, we prove two formulas exhibiting its
behaviour near the boundaries of the #-dimensional region of convergence of the multiple series defining
it. Each of these results can be applied to deduce the corresponding properties of several simpler
hypergeometric functions of one, two, and more variables.

1991 Mathematics subject classification (Amer. Math. Soc.): primary 35B40, 33C65; secondary 33B15.

1. Introduction

In terms of the Pochhammer symbol (1),, defined by

oy, = FA+m 1, if m =0,
T Ty AMA+D---+m=1), ifm=1,23,...,
the Gauss hypergeometric function F(a, b; c; z) is given by the power series:
(@D (D) 2™
(D F(a,b;c;Z)z,,,Zﬂ)W%: 2Fi(a, b;c; z),

which converges (absolutely), for all values of the parameters a, b, and c, in the open
unit disk % = {z : |z| < 1}, provided that no zeros appear in the denominator of (1),
that is, provided that ¢ # 0, —1, —2,... . Indeed, in the theory of hypergeometric
functions, it is fairly well known that the Gaussian series (1) converges also when
z=1 if Re(c—a-—->b)>0,
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and we have the Gauss summation theorem:

_ C'c)r'(c —a—->b)

@ F(a,byc; 1) = T(c—a)l(c—b)

Re(c —a —b) > 0.

In case, however, that Re(c — a — b) < 0, the value F(a, b; c; 1) does not exist, and
we have the order estimates:

O(log p), (p > 0+),ifc—a—-b=0,

Fabic;l-p)= { O(pRD),  (p— 0+), if Re(c —a — b) < 0.

The multiple hypergeometric series (see [3, p. 113] and [11, p. 33])

FPa, by, ..., b ci Xy, .y X,)

! 1’
MLy My = (C)m1+---+m,, my: my.

— i (a)m1+~~+m,, (bl )ml e (bn)m,, im me"

defining Lauricella’s fourth function F{” of n variables, converges absolutely inside
the n-dimensional cuboid:

lxii <1 (J=1,...,n),
and has the following values [cf. Equation (2)]:

F&a, by, ... b1, %0, ..., %)
_T@l(c—a—by)

" T(c—a)(c—b)

max{|x.}, ..., x|} <1; Re(c—a—5b) > 0;

-1
FS™a, by, ... byc—by;xay .o X0),

Fia,by,....byc; 1,1, x3,...,%,)
_T@T(c—a—b —b,y)

" T(c—a)'(c—b —by)
max{|x;|,..., x|} <1; Re(c—a—b —b) >0;

FS @, by, ....byic—byi— by X3, ..., Xn),

Fa, by, ....byc;1,...,1,x,)

Fe)fc—a—b, —---—by_)
= F ,b,,; _b _"'_bn—; n’s
Te—aT(c—b = =y @ bme=b 1 %n)
[x.] <1; Re(c—a—-by—---—b,_;) >0
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and [3, p. 150]

TET(c—a—b —--—b,)

FP@a, by, ....,byc;1,...,1) = ,

p (@b ¢ )= Tc—alec—b - —b)
Re(c—a—-by—---—b,) > 0.

In general, we have

F@, by, ... bycix, o, X)
_ i (a)ml+~-+mk (bl)ml tee (bk)mk x;nl xl:nk
(3) My =0 (c)m1+"'+mk m1! mk!
—k
XFI()" a+m 4 by, by e my M Xy e X)),

k=0,1,...,n),

where F [(,0) =1,F’=Fand F l()z) = F) in terms of Appell’s double hypergeometric
function F, defined by [1, p. 14]

> m m b m b m ™ 2
Fia b bycix,y) = Y D @m Golmy X7 Y

(©) my! my!’
my,my=0 m+nty

max{|x|, |yl} < 1

and
Fa, by, ..., by cx1, ..., X,)
= Z Fla+m+--+my,bi+...tby+m+-+m s
(4) My, m,,_1=0 .
ct+mi+...+m,_1;X,)
x (a)m1+~~+m,._1 (bl)ml ot (bn—l)m,,,l (xl - xn)ml . (xn—l - xn)mk1

(C)m|+~-+m,,_| ml! mn-—l!
This last identity (4) would follow from (3) if we employ the well-known trans-
formation:

F@a,b,c;z) =1 —-2)°F (a, c—b;c; -——E—)

z—1

and its straightforward consequence [3, p. 149]:

(n) . e
F‘D’l (a,bl,...,b,”C,xl,...,x,,)

- X1 X1 —X2 Xp—X
= (1—-x;) “F[(,")(a,c——bl— coi—bp by, by )

x,—l’ Xl—l T xl—l

The behaviour of the Gauss function (1), and that of many of its generalizations
in two and three variables, near the boundaries of the regions of convergence of the
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series defining them, are known (see, for example, [6, 7, 8, 9]). Many of the results
exhibiting such behaviour have also been used in solving various boundary value
problems involving the celebrated Euler-Darboux equation and in the study of certain
operators of fractional calculus (cf. [S] and [12]). In particular, Saigo [9] gave three
formulas for the Lauricella function F, [(,3) (x, y, z) which exhibit its behaviour

(i) near the comer pointx =y =z =1,

(ii) neartheedgey =z =1, and

(iii)) nearthesidez =1
of the unit cube representing the region of convergence of the triple series defining
the function. The object of the present paper is to derive similar results in the n-
dimensional case. With a view to stating our main results as precisely as practicable,
we shall need a number of definitions, notation, and conventions from the theory
of multivariable hypergeometric functions (see [2, 11] for details). For the sake of
convenience and ready reference, we recall some of these definitions as follows.

Srivastava and Daoust ([10]; see also [11, p. 37]) defined a general multivariable
hypergeometric function by means of the multiple series

X1
A:B';-; BM
Fc;D';...;Dm
Xn
(5) [@):6,...,6): [(B):¢; ...; [(B™):9™];
— FA:B’;---;B(’"
- T c:pe; D™ X1y oevy Xp
[y, ..., P [(d):8]; ...; [(d™):6™7;
0 e iy
= Y Qm...om) . I
my,..., my,= ml' mn!
where
A B 4, B™ . (n
Q(m m,) nj:l(aj)'"‘o"J’"'*’”""f") [ Dm, "'nj=1(b1(' ))mnfﬂ}")
Iy eeesMy) =

c D D@ . (n)
ﬂj=1(cf)m,wu-+m+mnw;"’ [ @Dms, - T1jz1 Dt
with real and nonnegative coefficients

00, j=1,..., A P, j=1,...,B®;
(k) P . (k) s
v®, j=1,...,C; 89, j=1,...,D®

fork = 1,...,n. Here, for convenience, (a) abbreviates the array of A parameters
ay, ..., as, with similar interpretations for (b), (c), et cetera.
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We shall also need the following alternative notations for some obvious special

cases of (5).

a,b:c; -
M(n)
d,e.—; oo —;

’ Cru

[a:1,...,1,0], [6:0,...,0,1,1]: [ci: 1]; - - -5 [ca: 115
X1y oo

_ 2:1;--1
© = Fz:o;--.;o

d:1,...,1,0], [e:0,...,0,1, 1]: R

X1y oo

axn

(n = 2),

1xn

which, for n = 2, 3, 4, contains some Kampé€ de Fériet functions F {;f:f';, some Srivast-

ava functions F®, and the function F® (see [9]). In particular, we have

a; b: cy; ca; ]
M® X1, X2
d; e:— —; J
-
a; b: ¢;; ¢35 c3;
3
M® X1, X2, X3
d, e:—; — —; i
and

a; b ci; ¢ 3
M®

Cs4;

b:a,cy; ¢y

_ 1:2;1
- Fl:l;O X1, X2 |

e d;—;

—1a; by —; 15 ¢ o3
— F(3)

'd7 e7 y k] ’ ’

X1, X2, X3, X4

d,e:— — — —;

t— — — 3 by ¢ o3 e

Xy, X2, X3

X1, X2, X3, X4 | 5

Xiyeno

—ay; — —; —
= F®
_:d;——‘y_’_ —_— Ty — el — — ) —,
a: by, by; ¢35 -5 Gy
N(") X1, s Xn
d: e, —; - —;
la:1,..., 10 [Bi: 1], [B2: 1]; [ea; 115 - - -5 [eat 1T
— F1:2;l:~~;l
1:1;0;--0
[d:1,...,1]; 1] — e —

which, in the case n = 1, becomes the Clausen function 3 F,.
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We now state our main results involving the Lauricella function F

@)
Fia, by, ..., by a+byxy, ..., %01, 1 — p)
T'(a+b,) N
_— 1—x)7 2y + ¢ (a) + ¥(b,) + 10
F(a)r(b,,)g{( x) P} 2y + v(@ + ¥ (b)) +log o]
F(a+bn)
['(@)T (by)
b a, b+1: 1; 1;
= M(Z) X1, X1
a a+1; 20— —;
a, b: 1; 1; nelyp o=l
+M® x| D —x [ [{a—x) ™"} Foo,+1,1:2:x)
a+1; 1: — —; )
n—-1 r—1 b b
rs XX,
r=2 s=2 a+1
a+1; b+1: by; -5 b,y; 15 1
X M(S+1) X1, sy Xg—15 Xsy X
a+2, 2— - =
r—1
x [T{a-x)"}Fe +1,1525x)
i=s+1
Zlb(b +1 5,
2@+ 1)
a+1; b,42: by -5 b5 15 1
X M(r-H) X1, X1y Xy X
a+2; 3— - —
+ o(1), (o — 0+);
(8
Fia,by,....bya+bey +---+ by x1, .oy X 1 = pXagyy ..., 1 — px,)
r bis1 ...+ by "3 s\
_ @+ b1 ...+ by) an_s (I_X )l—[{(l—xi)—b'}
F@lrg +---+b, +1) Xn ) i
1: bn—s+1y 11 bn—s+1; R bn—l;
X N© T
Xp Xn
birit - +bnyy 2, =
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F@+bg+--+b,) N
- L )b
F(@ by + -+ -+ by) D{( Xi) }

X [2)’ +y@ + Y by +--+ b))+ logpx,,]
+ o(1), (p—>0+), *k=0,1,...,n-2),

where, as usual, ¥ (z) denotes the Psi function defined by

V() = ?/((ZZ)) or logl(z) = ‘/;z ¥ (2)dz,
and
)] y = =¥ (1) = 0.5772156649 - - -

denotes the Euler-Mascheroni constant.
In our derivations of these properties of the Lauricella function F l()”’ , we shall also
require the following formulas which are given, for example, in [4]:
(10) F(a,b;a+b;z2)
_T@+bh) i (@)m (D) m
F@r®) <= (m!)?
x [2¢(m + 1) — (@ +m) — ¥ (b+m) —log(l — 2)] (1 — 2)™;
(11) F(a,b;a+b—n;z2)
Fml@a+b—n) X (@ = (b = 1)
= 1-27")

T(@)T () i —n), (=27
(=D)'T@a+b—n) = (@nb)n m
T@—mlG-—n) Zm!(m+n)!(1_z)

m=0

x [w(m+1) + Y (m+n+1) — Yy(a+m) — ¥ (b+m) — log(1-2)].
2. Derivation of Formula (7)

Applying the formulas (10) and (3), we have

F¥,by,....ba+by X1, ... Xeo1, 1 = p)
_ F(a + bn) = (a)m,+...+m,,v1+k(bl)m1 tee (bn—l)m,.,l (bn)k

B F(a)r(bn) Moo Min_1,k=0 (a)m1+.“+m,,,1
A ey
my! m,_q! (k)2
x 29 (k+1) — Yla+my+ ... +m,_+k) — ¥ (b,+k) — log p]
I'(a + b,)
=——"{285, - 5, — 83 — 8.}, .
F(a)F(b"){ 1 2 3 4}, say
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Let us now evaluate each series S; (i = 1, 2, 3, 4). Firstly, the sum S, is partitioned
into two terms for k = 0 and £ > 1, and we have

n-1
Ss=logp l_[ {(1 — x,-)_”"}
i=1

i (a + 1)m|+...+m,,_.+k(bl)ml tee (bn—l)m,,‘l (bn + l)k

+ pab, logp
Mooy =0 @ m+..4my_,

m mu_1 k
X Xp_1 p

m!  m,_ ' {(k+ DI

By noting that [see also Equation (9)]

(@h

@i ’

k-1
Ye+b =9 +)
=0

we have

S, = i (a)m1+‘..+m,,_l+k(bl)m| ttt (bn—l)m,,_l (bn)k
1 Yoo tin—1 k=0 (@ m,+...om,_,

My k

k-1 m
A X,Z1 P
) ( vt (2),) mil ! (G2

n—1
=—y[[{ad-x™}
i=l1

= (a + 1)m1+...+m,._1+k(bl)m1 et (bn—l)m,,_l (bn + l)k
—ypab, ) »
my,....Mp_1,k=0 my+..+my_y

m Mp—y
) Xn-1 P

ot me {(kF DIP
N @4 Doyt ytitp B0y -+ - ey B+ D p (1
+pab, Z 4o, +H4+p (D1 h 1 +p
my,..Mp-1,l,p=0 (a)m1+‘..+m,._1 {(2)l+p} (2)1 ml! e mn—l!

mi my_y I+p
X xl . 'xn—l p y

k

where we have set k =/ 4+ p + 1 in the last term.
Similarly, we have

= (@Dmi+..tma i+ B my -+ (Bu—)m, (Bni

S, =
’ My Min_1,k=0 (a)m1+‘..+m,,_1 ml! ttt ’rlrl—l!(k!)2
1 (ba)
Xxml...x;n_"‘l k bn)+_ A
1 ot v b,,;(b,,—i—l),

https://doi.org/10.1017/51446788700037691 Published online by Cambridge University Press


https://doi.org/10.1017/S1446788700037691

91 Lauricella’s hypergeometric series 289

n—1
=yon [[{a -2}
i=]

tpabpby S @ Dmtmess @O Gooe, B ¥ L
n " ML 1 k=0 (a)m1+...+m,,_1 ml! e mn—l! {(2)k}2

mlk

X x;"l Xy p
> (a + 1)m,+...+m,._,+l+p(bl)m‘ e (bn—l)m,._l (bn + 1)1+p(bn)1
2
v dp=0 @mprtmg ML M H{ i, ) (B + 1)
m -1 I4p

my
XX X, "

+pa

Finally, S, is written in the form:

= m m b my "t bn— m bn m,
S, = Z (@Dmy+.4my sk (B my - -+ (bn=1) n_.g )k X xme g
g =0 (a)m1+,..+m,,_1 ml! e mn—l!(k!)

1 my+-+mu_1+k—1 (a)l
X (1#(0) + ; L. @+,

n—1
v@ [ [{a-x)")
i=1

i (a + 1)m,+‘..+m,.,|+k(bl)ml te (bn—l)m,,_l (bn + l)k
M1y Mn_y k=0 (a)m1+...+m,,_1 mI! o mn—l! {(2)k}2

+pab,y(a)
x xj" e xgn ot
+55

where, for convenience,

(12)
o1 ML @it ama 1k Oy <+ (Bam)m,, (Ba)i (@),
? Myt Hk£O 1=0 (@ myt.ctmp - omp MWD (@ + 1),
X x;nl ""l llpk

1 i"‘"‘ ODm, @1,
- a

(= @+ 1)my! !

imw---wl (DI CONC) -
cee X

- e~ (a+Dim!---m! !

i A A (@t ik By + + Baet ey (B )i (@)

£ 2o @i L 12 (@ + 1),
X x;"l R ’:”nllpk‘
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Making use of the summation formula:

o0

A(m11 . ..,m,,,l)

Y Al+q.ma...my, D)

1,q,m3,...,m,=0

+Z Z Amy,...,me_1, ps+ki+1,meq, ..., my,,

my+---+m +ps+ 1),
we find from (12) that

o b S Bt Dig (@) iy
? Ve @ugla+ 1)

n—1 00 my++m
br ' ! (b )m. e (br— )m,_l (br + l)m, (a) m m

,,,,, =0 =0 @+ ymyt---m 1 1(2)n,
hp i Mt (G D sk POy -+ BueIm (B + 1@y
e = (@ totmy @+ D my o ma {2

m, Mmuy k
X Xy x

bl > (bl + 1)I+q(a)1 I+q
—Xy Y X
1,q=0 (2)1+q (a + 1)1

X, It x
(@+1)i(Dygmat - m 1 1(2), b !

n—1 00
b, b B, - Br—m,, (B, + D i
+Z;Z"'{ AP G G2 S T N

l.q.my,...m=0

-1
+ Z i B, -+ (BomIm,, (B)p, k41
§=2 my,...,m;_y,ps, ((1 + 1)m1+“-+m:_1+p,+1 ml! s ms—l!
ks ,msin,...,m =0

(bs+1)m:+1 ct e (br—l)m,_1 (br + 1)m, (a)m1+~-+m:_1+pj+l
(l)p,+k,+1 Mol -m,_y !(2)m,

Pothe 1, Mory |
x! X

ms—1
s—1

= (bl)ml Tt (br—l)m,_l (br+ 1)p,+k,+l(a)m1+--~+m,_1+ps+l
@+ Dmygotmrper it ome M2 p a1

. -xm’

m
XXy =X s+1 r

+

my,....,m,_1,pr .k, =0

m_y
r—1

+k,+1

X Xyt x P

+ o(1), (0 — 0+).
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By using the notation (6), we may write
b a, b+1: 1; 1;
S; = —_lle(z) X1, X1
a a+tl; 2. —; —;
a,b;: 1; 1;

n—1 r—1
b,
+M® X1, X1 }:—x,]—[ (1 —x)™"} F(b,+1,1;2; x,)
a+ Ii— —; = 4 s
n—1 r—1
+ Z x,x:
r=2 s= 2
a+1; by+1: by; -+ byy 1, 15
X M(s+l) X1, s Xs—15 Xgy Xs
a+2;, 22— —
r—1
x [T{a-x)*} Fo, +1,1:2:x,)
i=s+1
Z‘b (b, +1) <2
= 2(a+1)
a+1; b,+2: by; ;b4 1; 1,
X M(r+1) X1 ey Xe—t1s Xpy X
a+2; —ep —

+o(1), (p — 0+).

Thus, gathering the results obtained above, we have the formula (7).

3. Derivation of Formula (8)

Making use of (3), (4), and (11), we find that

F&a, by, ..., bya+ b+ -+ by X1,y Xio 1= pXggry ooy 1 — pxy)
- i (a)m|+---+m,,_1 (bl)ml e (bn—-l)m,._l

My ey =0 (a + bk+1 +-o 4+ bn)m|+~~+m,,_1 mI! . 'mn—l!
xF@a+my---+my_,bpy+-- -+ by +mp + - +my_y;
a+be+ b tm A ma 1 - pxy)

XX X (K = X )™ (K — Xy T
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_ F(a + bk+l + o 4 b") o myp1+tm, o —1
- T@T(bggr + -+ + by) Z Z Z

my,..om=0 mypy+--+m,_ 70 m,=0

(a)m1+-~<+mk+m,, (bk+l+ e +bn)m,, (mk+1+ e +mn—1_mn— 1)‘(b1)m| Tt (bn—l)m,,,l
(a)m1+-"+mk (bk+1 + ce + bn)mk+|+-~-+m,.‘1 m]! e mﬂ!

Xit1 My X | Mp—y

+ n—

o (O I (=) s
Xn Xn

_ '@+ b+ -+ by)
K@U by + -+ -+ by)

X.O: (a)ml+ —+m, (bl)ml' s (bn l)m,, ;(bk+l + - +b )mk+|+ ~+m,
e o Dmyttm, B+ - D)y 4ot (Mg + - - +mp)my - my!
X x;”' N x’:"" (Xpr — Xn) ™ o Xy — x")mnwlx,’lnnpmk+l+"'+mn

x [log pxy + W(@tmi+ - +ma) + Y (beyr+ - +bytmp+ - +m,)
— Y (ma+1) = Y(met+ - +m,+1)]

_ F(a+bk+1 ++bn)
T(@T (s + -+ by)

k
X {s,+ S = S — [J{-x)""} [2y + ¥ (@ + ¥ (besi+ - +b) + log px,,]],
i=1

say,

where, for convenience,

= (20 RN (- Sy l(mk+"'+mn —D!
S] = Z '
B+ - +b)myim, M- My

Mty My
X1 Xn-1
Xx;"‘...x":" 1~ R I ,
Xn Xn

My +-+my_y—1

myenme=0 mypi+-4m, 170

Z 2

omp=0 mpii+-+mp=2 m,=1

(a)m1+~-~+mk+m,. (bk+1 +---+ bn)m,\ (mk+l +---+ my_—m, — 1)‘
(a)m;+»--+mk (bk+l +---+ bn)m;+1+~~~+m,._1 ml! T mn!

Xt Mgyl X M1

+ -1

x e (1 - : (—px,)™,
Xn Xn
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=Y

My, me=0 mii i+ +mp#0

(@ my4etm, Dy - BuDmyy Brg1 + -+ - + B mysr+tm,
@ my4eetmy Bres1 + -+ Byt Doy obmy - - - my !
X X X gy — X)) ™ (g = X)X P
x [log px, + Y@@ +my+ -+ m,)
Y G+t b M -+ my) —Y(m, + 1)
— V(e + -+ m, + D).

Since the series S, is represented in the sum with respectto s from 1 ton —k — 1,

the indices beingmy,, = ... =m,_ ;. , =0,m, ;> 1, m,_ 1, >0,...,m,_; =0,
we have
n—k—1 oo o0 0

S=2 2 X X

s=1 my,..m=0 m, ;=1 m,u_ ;1 1+-+m,_=0

(bl)m| et (bk)mk (bn—s)m,,_, ot (bn—l)m,._l(mn—s + - + my,_ — 1)'
(bk+1 + -4 b")mn—x+"‘+mn-1 ml! e mk!m,,_s! e m,,_l!

X Mp—s Xn_1 my_y
mi mg n—s n—
xx{teeex 1= 1-
Xn Xn

k , n—k—1 b X
— 1_ ’ —b; n—s 1__ n—s
[Tha-x }Zbk+1+-~+bn( )

s=1 Xn

l: bn—s+1’ 1’ bn—s+l; A bn—l;
xN(s) l—xn_s,...,l—xn_l
Xn Xn

byt +b,+1: 2, = =

The series S, and S; include the terms multiplied by p, and the formula (8) follows
readily.

4. Acknowledgments

The present investigation was carried out at the University of Victoria while the
first author was on study leave from Fukuoka University. This work was supported,
in part, by the Natural Sciences and Engineering Research Council of Canada under
Grant OGP0007353.

https://doi.org/10.1017/51446788700037691 Published online by Cambridge University Press


https://doi.org/10.1017/S1446788700037691

294 Megumi Saigo and H. M. Srivastava [14]
References

[1] P. Appell and J. Kampé de Fériet, Fonctions hypergéométriques et hypersphériques; polynémes
d’ Hermite (Gauthier-Villars, Paris, 1926).
[2] H. Exton, Multiple hypergeometric functions and applications (Halsted Press, Wiley, New York,
1976).
[31 G. Lauricella, ‘Sulle funzioni ipergeometriche a pili variabili’, Rend. Circ. Mat. Palermo 7 (1893),
111-158.
[4] W. Magnus, F. Oberhettinger and R. P. Soni, Formulas and theorems for the special functions of
mathematical physics (Springer, Berlin, 1966).
[S] M. Saigo, ‘A certain boundary value problem for the Euler-Darboux equation. II and III’, Math.
Japon. 25 (1980), 211-220 and 26 (1981), 103-119.
, ‘On a property of the Appell hypergeometric function F,’, Math. Rep. College General
Ed. Kyushu Univ. 12 (1980), 63-67.
, ‘On properties of the Appell hypergeometric functions F; and F3 and the generalized Gauss
function 3 F,.”, Bull. Central Res. Inst. Fukuoka Univ. 66 (1983), 27-32.
, ‘On properties of hypergeometric functions of three variables, Fy, and Fg’, Rend. Circ.
Mat. Palermo (2) 37 (1988), 449-468.
, ‘On properties of the Lauricella hypergeometric function Fp’, Bull. Central Res. Inst.
Fukuoka Univ. 104 (1988), 13-31.
[10] H. M. Srivastava and M. C. Daoust, ‘Certain generalized Neumann expansions associated with the
Kampé de Fériet function’, Nederl. Akad. Wetensch. Indag. Math. 31 (1969), 449-457.
[11] H. M. Srivastava and P. W. Karlsson, Multiple Gaussian hypergeometric series (Halsted Press,
Wiley, New York, 1985).
[12] H. M. Srivastava and M. Saigo, ‘Multiplication of fractional calculus operators and boundary value
problems involving the Euler-Darboux equation’, J. Math. Anal. Appl. 121 (1987), 325-369.

[6]

(7

(8]

91

Department of Applied Mathematics Department of Mathematics and Statistics

Fukuoka University University of Victoria
Fukuoka 814-01 Victoria, British Columbia V8W 3P4
Japan Canada

https://doi.org/10.1017/51446788700037691 Published online by Cambridge University Press


https://doi.org/10.1017/S1446788700037691

