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Abstract. In this paper first we prove the uniqueness theorem for an integral transform
whose kernel is H-function. Later on we establish a new and interesting theorem concerning
this transform and a generalized Laplace transform whose kernel is Meijer’s G-function.

1. Introduction

This paper is sequel to a recent paper [3] in this journal. There we had defined
the H-function transform by the integral equation:

¢(s) = H{f(t)’ (al » “1)’ T (ap9 ap); (bl > ﬁl)’ ) (bq, ﬂq); S}

— ® m,n (alaal)a "',(ap,ozp)
(1.1) = sfo H™! [st o) e (bq,ﬂq)]f(t)dt,

where the H-function is defined and represented as follows:
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The conditions satisfied by the parameters of the H-function, its asymptotic
expansion and some of its important properties have already been given in the

paper referred to above.

The following notations will be used throughout this paper:

1) (a;+b,%;),,, (n>m) will stand for n—m+1 pairs (a,+5,a,),
(@ms1+D, 0pir), - -, (a,+b, 0,). Thus (a;, «;),,, will stand for n pairs (a;, 4),
-+, (a,, a,) and so on.

2) f(x) € A(a, B, y) would mean that

f(x) = O(x*) for small x,
= O(x’e™) for large x.
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The results given below will be required later on [5, p. 401; 4, p. 50; 6, p. 374]

a .« a
G5 [x k bl, L by]
1“1 » Vs 5
Y
(1_3) = (zn)(l—s)(a+ﬁ—y/2—a/2)s( Tbi~ Zarty[2-8/2+1)

Ay, S), -, Aa,, S):|

Sa, SB SoS(y-9)
"G”’”[ ST Ay, 8), -, Ay, S)

where A(a, S) stands for quantities a/S, (a+1)/S, - - -, (a+S—1)/S.
(al B 1), Tt (ap, 1)] = Gm,n [x al [ ap]
(by 1), (b, 1) p.q by, b,
where the function on the right denotes Meijer’s G-function [1, p. 207]

(al s “1)’ Tt (ap’ “p) _ m,n | . c (al s C“l)a T (ap’ C“p)
(bl s ﬂl)’ Tty (bqa ﬂq)] - CHp’q |:x (bl s Cﬁl)’ T (bq’ cﬂq):]

a8 ol

1.5y H;:? l:x

where ¢ > 0.

If one of (a;, a;) (i = 1, -+, n), is equal to one of (b;, B;) (j = m+1,---, q)
[or one of the (b;, B;) (i=1,--:,m) is equal to one of the (a;,a;) (j =
n+1, - - -, p)], then the H-function reduces to one of the lower order, that is p, ¢
and n (or m) decreases by unity; we give below one such reduction formula:

(al ’ 0(1), (“2 s aZ)s T (ap9 “p) ]
(by. Bi)s s (bq-—l > ﬂq—l)’ (ay, “1)

= H;-"—" 1,g—1 [x

Other reduction formulae are similar.

(1.7) f X" 'Hpe [ (a"o‘)l,p] Ho f[

(bn ﬁi)l,q

. onpgm+f,ntk —-a
=S5 Hp+l,q+r |:ZS

(1.6) Hy; [x
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! (bl s ﬁl)’ 5 (bq-l H ﬁq—l)

(cx ’ )’1)1 r]
dx
(d, ’ 5;)1,1

(ai» ai)l,n’ (1—d;—né;, 05i)1,1a (a:, “i)n+1,p]
(bi’ ﬂi)l,m, (L—c;i—ny;» U)’i)1,n (b;, ﬁi)m+1,q

where
R(n+o0b,/B,+d;/5;) > O (h=1,---mi=1,---,k),
R(n+(c;—1)/y;+o(a;—1)ja;)) < 0 G=1,-fii=1,--,n),
A=3 @)= @)+ L6)- 2 6) >0
S r k 1
B = ;(7;’) —fz,l()’i)‘*' ;(51")_";1(51') > Q,

larg z] < }Am, |args| < 1Bn.
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2

To prove the uniqueness of theorem for the H-function transform we prove
the following lemma:

LEMMA. If
eoﬂ m, n (aisai)l,p _
(2.1) fo *Hy [st (bbﬁi)l,q]f(t)dt =0
then
(2.2) f) =0,

provided that f(t) is continuous in t > 0, f(t) € Az, B, y), R(y) > 0,

= 2@~ E@)+ X ()= 2 (8) > 0. el < am,

1
R(p+a+b1/ﬁj+1)>0 (j= 1,"',m),
R(bi/ﬁi+(1_bj)/ﬁj) >0 (G=m+l,--,qi=1,""-,m)
and
R((a;—1)jou;—a;fa;) <0 (i=1,"-+,mj=n+1,-,p)
Proor. Multiplying (2.1) by
(A) SHG
% S(E)NC (1—a; =10, 0)pr 1, p> (1 — @ — 1%, %)y,
1
¢ (O,N), (',N),"'a (Ec_ N) (1 b r’ﬁlsﬁ)m+1 q°
c
(1=b,—nB:, B)1,m

where ¢N > A, |arg z| < }n(1—(A/Nc)), R(n+(b;/B;)) >0 (=1, -+, m), and
integrating it with respect to s between the limits O to co we get

(2.3) f STUHG A [s (E)Nc
* p.ctg ¢

® a;, q;
x U iy | Ebl, 331{,2] (@)in| ds = 0
where the parameters of one of the H-function shown by ... ... are same as
given in (A).

On interchanging the order of integration in (2.3), which is justified on
account of absolute convergence of the integrals under the conditions imposed,
and evaluating the s-integral therein with the help of (1.7) we get by virtue of (1.6)

o [onm (4" o) (2 )
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Now the H-function in (2.4) reduces to Meijer’s G-function [1, p. 207] with
the help of (1.4) and (1.5) its value being equal to

® Lage [ (oL o).
N c c c

Also the expression given by (B) reduces to the following expression with the
help of (1.3):

1 a c— - <
(C) ~° }(2m)* DGy 9zt 0],

but the G-function involved in (C) is equal to

—zt~1/Nec
e .

Therefore (2.4) reduces to

J-wt”f(t) exp (—zt V¥)dt = 0

or

(2.5) J?t'””"‘"”"cf(t“’vc) exp (—zt)dt = 0

On applying Lerch’s theorem [2, p. 339] to (2.5), we get

(2.6) (£ = 0.

From (2.6) it follows that f(¢) = 0. The uniqueness theorem for the H-function
transform follows as direct consequence of the above lemma.

The uniqueness theorem
If £,(¢) and f,(¢) are continuous in # = 0 and

@ Jm o o = [ i

both integrals converging, then

(2.8) f(1) = 1)

(@5 )1, p
(bis ﬂi)l,q] fZ(t)dt

3

In this section we shall establish a theorem concerning the transform given
by (1.1) and the following transform introduced by Bhise [8, p. 1]

(3‘1) G{f(X), c19“" C,.; dl’.", dra (f,S}

_ swam+1,(; [sx c,+dy, s c+d,
- m,m+
0

]f(x)dx.
dl s ° '9 dr’ f
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(3.1) itself is a very general transform and reduces to well known integral
transforms as pointed out in the paper referred above.

THEOREM 1. If

(3.2) #(s) = H{h(x); (a;, “i)l,pQ (bis B)1, 0 s},

then

(33) s#™¢(s") =G :t"’ [f:F(t, x)h(x)dx] 3Lyt Crydys s dyy & s}
where

(p—di~c;, 0')1,.-’(01" ai)l,p ]
(b, ﬁi)l,q’ (p—d;, 0)1,,, (=%, o)

provided that h(x) € A(a, B, y), R(y) > 0, R{a(b,/B,)—p+1} > max R{-¢, —d}
i=1-"r), ¢6>0, R(s)>0, A—=6>0, (A= a;—Y 041 0;+37B;—
Y1 B;) R(a+1+(b,/B,)) >0 (h=1,---,m), R(B+1) < min R((1—-a;)/a;),
(I1+d;+ci—p)lo) (j=1,--,mi=1,--,r) and the G-function transform of

t—"fmF(t, X)h(x)dx

(34)  F(t,x) = HyW e |:xt”

exists.

ProoF. Interpreting (3.2) with the help of (1.1), we have

® (a;, o), ]
s) =§ H"'"‘[sx oV LP L b(x)dx
9(s) fo P4 (bis Bi)1,q ()
therefore
3.5 PHah(s™%) = s”wa”’" [xs‘” (a:, ai)l’{' h(x)dx
( ) s ¢( ) o P8 (biaﬁi)l,q ( )
Also from (1.7) it follows that

(3.6) s°Hp g [xs'“

o]

0
_s f £ PHI L [st
0

Now on substituting the value of

Cl+d1362+d2,""cr+drj! d
dyyeord,, € Ft, x)dx.

prym,n -
sPHp g [xs

(ai s “i)l,p]
(bi ’ ﬂ i)l ,q

from (3.6) in (3.5), inverting the order of integration therein (which is justified on
account of the absolute convergence of the integrals involved under the conditions
stated), we get the result by virtue of (3.1).
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Since the integral transforms involved in the above theorem are most general,
it can yield deep and useful results. A number of theorems involving Laplace
transform, Hankel transform, hypergeometric transform. etc and their various
generalizations follow as special cases of the above theorem. For lack of space,
however, we shall cite here only two cases.

(2) If we replace m by m+1, n by 0, p by m, g by m+1 in the above theorem,
put o’s and f’s equal to unity, take @ = 9y +6,, ", @y = N, + 0, by =14, ",
by = Nm> bty = 1 and ¢ = N/S where N and S are +ve integers, F(t, x) given
by (3.4) degenerates into Meijer’s G-function [7, p. 40] and we get an important
theorem recently given by Bhise [8, p. 2].

(b) Againifweputm =1,n=p=0,9=2,b;, =v,8, =1,b, = —A+pv
and B, = p in (1.1), it reduces to the following theorem involving generalized
Hankel transform introduced by Ram Kumar and referred to by the authors in
their previous paper [3].

THEOREM 2. If
o(s) = sfw(sx)“Jﬁ(sx)h(x)dx,
0
then
#79(57%) = 6 (172 ([ T h0x) s e e i, di 6]
0

where

(p_di_ci, 0')1,.- :l
| (v’ 1)’ ('—'l'huv’ /‘)’ (P—d,-, G)I,r’ (p_f, 0')

under the conditions obtainable directly from the theorem 1.

F(t,x) = H}' 43 l:xt”

On taking d; =0 (i=1,--+,r), £ = 0 in theorem 2, we get the following
interesting relationship between Laplace transform and generalized Hankel trans-
form under the conditions obtainable from theorem 1.

COROLLARY. If

o(s) = sfow(sx)".lﬁ(sx)h(x)dx,
then
#9067 = L[~ ( [ HHYSLxe10 D, (=2 v, ), . ) 5
where

L{f(x);s} = sf e~ dx.
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