ON A GENERALIZED TRANSFORM OF TWO VARTABLES
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l. Introduction. R. D. A garwal [1] has given a generalised form
of the Laplace Transform

(1.1) o(p) = pgc‘?’ff(zz’) de
o
in the form
11.2) o(p) = PR"’"(W)M( pE) AWMy 0. p) fl2) d
.0

and he has denoted this transform symbolically as

o (p) —=—f(a).

1:k+2—’:m

Now, in this paper. we define the Laplace Transform of two varia-
bles as

[ B4

(1.3) G)(Ps q) = pg \\P‘].'I'jn.:.qy (p.,-)-l. ”2((]!/)-)"_"'24‘”1.-,4-112,m,(pd,') ¢
00
# My, u2, m,(q,-'/)f(.t'_. yyda dy

which we shall denote by
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1 1
Ky + y K B
a{p. q) = = Jir.y).
},, Fuga My

The Laplace Transform of two variables s defined  as

[+

(1.4) a (P, q) = py \ \ g ~eriad e ) dr dy
fa
and is denoled svinholieally as
D(p. q) ———— fla. ).

The Transform (1.3) reduces to the Transform (1.4) when by =2, =m,
and k, = 2 = m,.

Our Transform (1.3} exists when

(iy Re(d, +m, — 2 +1)>0 where fla,y)= 0(%) for small »
and Re (8, -+ wmy — 2, + 1) = 0 where flo, y)} = O{y%) for small y.

1
) kl -+ %’ kz + _2'
2. Theorem 1. If ¢ dp. 0 ﬁ+ﬁf1(m' i)
12 Al 1s 2
1 ]
k1 + E: +
wnd V) —E——2, ey
)-[ )ay 1y
then

v du dv 0r It d
\ @ {1, v)fo(u, 'U)"__ RS(IMt s)fi(t, (t(:
00 o0 '

provided fi(x,y), folr.y) are bounded and absohitely integrable in (0, or} in
each of the wvariables x and y.
Proof. Here we have
o &
Bl ) = amg\e-w'-’ww(-uz) ~h-tinus)-heid M
(2.1) 00

(es}
X M filts s) dtds.

and
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@«

(D-.»({~ §) = m\i,,—uz tu t o) (m — Ry - 1[2( )—?._ ye M JLr.n‘-l g P

m,

(LRE]

—
(&4
34

—

Mo Soluco) du de.

kg HfE, my
A Y des =%
Therefore \\ A (s w) il )‘ MY \Sf,_!(u_ vy du di
00 o 0
X SS g1 b () BV () e E MY Mt 8) dds.
00

Now if

(A} Re (3, + m; — 2, 4+ 1) = 0 where £, 5) = O(#3) for small ¢ and
Re (8, + my — 2y -- 1) > 0 where [ilt, ) = O(s%) for small s and

(B) Re(3; 4 my — 7y + 1) = 0 where [t 5) = O(t%) for small L
and Re (3, -+ my — 2y + 1) > 0 where f, (L) = O(s%) for small s, then
the change in the order of integration is permitted. Then we shall have

,,\K(D ) o) 22

-1

\\f1 (t, S)l —Uzmﬂs) (ug) =212 (pg) M2 U::)-l.'z. m
% °

dt ds

i =

X M g it ) | s = S\f, L 5)®(t: 9)
0o

3. Theorem 2. If @(p) % fil)
A kg 2’ m,

and

@ 2(9) il Soy)

Ags Kg - g M
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then

(3.1) P(p. ) =—— O\(p). ®:lg)

provided f(v) anid f(y) are bounded and absolutely integrable in (0, o) and
sedisfy the econditions of Theorem 1.

Evample. Faking fv. y) = am g der 20 and using [2, p. 215] we vet

1 1
ke - E!"}‘}‘E

X

-{ar By

A Aps g T, My,
]}(](1))”!1—11 (q)mﬁ_l 11 w1 =2, I1mz+\’e+l — 4}
(P + 2)m.+v,-f., 1(9. _|_ B)m,-l-v,—-?.z-H
¥ o, I'ml—!rl,-ml—i—vl—— MEL O p ] 7 {mzwf.'z, Mytva—2y+1 g
; 2m; + 1 P+ o 2m, + 1 ’q—ﬂ
for Re () > Re (p/2), Re(B) > Re(g/2) and Re (vp+my —2,+1)>0

and Rc‘(vz + My — 2 +1)>0 and Re(p) >0, Re(qg) = 0.
If in this result we take « = B =0 and

M=k =m and A, =k, = m,.
we get [3, p. 62]

4. Theorem 3. If ¢ (p, q) === 2"~ 1 gy Y(x, y)

1 1
k —, k =
[']'2» g+2

4.1 d | I
(41)  an WP ) S @ Y)
then
WP ) =pgT(my + v, + 1 — a) T(my -+ vy 1 — &y) X
(+2) oo gey)
4.2 1 - m my v — A1 Myt vg=dyg
a J(p +a) (¢+y) et

P my—kyomg v —i+1 @ [ Mg=hg My tvy—2+1 oy
0 0 : o —— | dedy
2my + 1 pt+z 2m, 41 q+y
provided Re(p) > 0, Re(g) > 0, Re(m, +v, — 2, +1})> 0 and Re {mey+ v, —

Py - 1) > f) and gm=rogmed gl gy is bounded and  absolutely integrable
In (0, ) in & and . .
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Proof. Using (3.2} and (+.1) in Theorem (1), and after simplifyving
we gek (12),

Corollary. Taking vy = ky = m, and ry=1k, = m, we gef a Theorem
due fo Rathie [L p. 47].

k4 l k. + i
5. Theorem 4. If o (P q) TT_e, M, m, Sl y)

i
P g flp, g)=——= g2, y)
hen
B (P q) == pg(pym-» (gyme=2e (o fvy — 2 +2) POng-t-v, 120
o
- “ o, y) y
AR (P _;I_ m)m;—l—u,-—),l+2 (q + Il)mz+v,—l,+'.!
(5.1) o . ’
o my— kR — a2 y
N iy R 1 Cpela
— . .)_‘!_‘q_qlu T 2
w G M W My L : 4 I.rh iy
I | Inr,-H1 g-+u!

provided Re (my + vy — 7y 4+ 2) > 0 and Re (my vy, — 7y - 2) = 0 and
fle. y) and gfx, y) are bounded and absolutely integrable in (0. o) in each
of the variables x and y.

Proof. Here we have

p (p, (]) == g \\ e~ (2} i prtat (P-S') - =170 (fﬂ)“?'=""3 JI.;:? ) " w
(5.2) X i
X M s o fls, 1) ds d
v
(5.3) Sis. 1) S f‘+"=\gc =i g, y) di dy.
60

Substituting the value of f{s, £) from (3.3) in (5.2) and changing the order
of integration which is permitted under the given conditions and then
evaluating the inner integral with the help of (3.2) we get our Theorem.
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Corollary. If in the above Theorem we put
M=k =m and A, = by = m.
we get [5, p. 28]

Some more Theorems and the differential and integral properties
of this generalized Transform will be given in a subsequent paper,

My thanks are due to Dr. I M. Srivastava for his kind help in the
preparation of this paper. T am also thankful to the referec for his kind
suggestions.
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ASUPRA UNEL TRANSFORMARI GENERMLIZATE DE DOUSN VARIABILE
Rezumatl

R. D. Mpgarwal [1]a dat o generalizare a transformarii lai La-
place (1.1} pentru functii de o variabild sub forma (1.2). Procedind asc-
manator. in aceasti lucrare se defineste transformata Laplace generali-
zatd pentru [unctii de doud variabile prin (1.3), stabilindu-se diferite pro-
prietati ale ¢i prin teoremcle 1—4.

SUR LES RAFFINEMENTS 1YUN ESPACH FIBRE,
PRINCIPAL. DIFFERENTIABLL
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§ 1. Considérations générales. Dans cctte Nofe on é{'nl(li(‘: uie strue-
ture nolée par (%, &) otz £ ext un espace fibré principal. différentiable
(1 F= (K B pG;8).
(K, Pespace totul de Z et B, Pespace buase de 2, sont des vaviélés paracoms-
pictes, différentiables, réelles, a un nombre tini de dimensions, j, lee pro-

jection de &, est une application différentiable de F sur B, G. iv groupe

structural de %, est un groupe Lie, d = {(U, )} ost Patlas maxvnal de tr:i-
vialisation def. Une carte locale de trivialisation (U,¢) € d ost constituce
par U, un ouvert de B, appelé la zone de la carte (U, ) ¢t ¢. un difféomor-
phisme @ : U %G — p~ (U) C E).

RN est une suite de sous-groupes fermés de G.

{2) Sl=(G=H,DH, D DH,,DH, = {€),
(¢ est P’élément unité de G, ¢ est un nombre naturel, ¢ = 2).

Pour abréger, dans ce qui suit nous utiliserons les notations suivantes
(8) E, = E[H,. j=0,1,.,q
EJH; est I'espace quotient obtenu de E i Taide du groupe de transforma-
tions H; de F. Evidemment £, = E. E, = B

(4) H! =H H oL f<k<q

3 FLa



