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Abstract. In this paper, we establish new properties for the Fourier transform over the
space of distributions .#; introduced by Horvath. We prove Abelian theorems for the
Fourier transform over the space .7, k € Z, k < 0. Continuity properties and some results
concerning regular distributions are studied. We also prove that the Fourier transform is
an injection from .%}, k € Z, k < 0, into 6’52’“’1, where this space denotes the union of the
spaces .21 as k* varies in Z, which have been given by Horvath. The convolution over
A for certain regular distributions and its relation with the usual convolution product of
functions is exhibited. Finally, some illustrative examples are considered.
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1. Introduction and preliminaries

In this paper, we deal with new interesting results concerning the Fourier transform
over the space of distributions ./, k € Z, k < 0. This space is the dual of the
space of functions . introduced by Horvath in [9], on which the authors have also
published several papers (see [2], [3] and [5], amongst others).

The spaces .7% [9, p. 90] are related to the spaces & introduced by Laurent
Schwartz [16, p. 199], which are used in the theory of partial differential equations.

In Section 2, we analyse the asympotic behaviour of the Fourier transform over
the space .7, k € Z, k < 0. These types of results are also known as Abelian
theorems, which have been studied in several works (see [6], [7], [13], [14] and [17],
amongst others). Specifically, we establish some results in which one shows the
behaviour of the Fourier transform of any distribution in .}, when its domain
variable approaches infinity. Its development has applications in different branches
of mathematical analysis, such as the case of integral transforms, the summability
of the Fourier series, as well as in the field of distribution spaces and generalized
functions due to their usefulness in various fields, such as PDEs, number theory,
and others. Abelian theorems on distributional transforms were first established by
Zemanian in [21], (see also [6], [7], [10] and [18], amongst others).

In Section 3, we study properties of the regular distribution generated by the
function given by the Fourier transform of the distribution f € %/, k € Z, k < 0.
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In Section 4, we prove that the image of ¥/, k € Z, k < 0, via the Fourier
transform, is contained in the space O 2k=1 and it is an injection. For this purpose
we use the definition given by Horvath of the space 07, for m a positive integer, as
the union of the spaces .#" (see [9, example 11, p. 90]).

Section 5 is devoted to the convolution of the Fourier transform over the space
Sk €Z, k <0, for certain regular distributions over this space and its relation
with the usual convolution product of functions.

Finally, some illustrative examples are shown.

Throughout this paper we shall use the terminology and notation of [9]. Thus,
N denotes the set of all non-negative integers.

The Fourier transform on R™ of a complex-valued function f € L'(R") is given
by

A f(z)e™¥dx, yecR™ (1)

In [2], we studied the Fourier transform over the spaces of distributions .#/. In
this sense we recall that (see [9, example 12, p. 90]) if k is a fixed integer, by 7 we
denote the vector spaces of all functions ¢ defined on R™ which possess continuous
partial derivatives of all orders and satisfy the condition that if p € N and € > 0,
then there exists A(¢,p,e) > 0 such that

(L +[z*)foPp(x)| <e, for |z > A(¢,p,e).
For every p € N", on ., Horvath defines the seminorms

@k (6) = max |(1 -+ [of) 07 9(a)]

The space . equipped with the countable family of seminorms (gs ;) is a Fréchet
space. As usual, /] denotes the dual of the space .%}.

This topology coincides with the initial topology of this space with respect to
the linear mapping

S — B, ¢ — (1 + |z|*)Fo,

(see [11, p. 87]).

Observe that for k € Z, k < 0, and each y € R”, one has e'*¥ € .%.

Furthermore, we recall that [9, p. 173] if m is a positive integer and k an arbitrary
integer, the vector space of all complex-valued ¢ defined on R™ is denoted by .},
whose partial derivatives 0P¢ exist and are continuous for |p| < mm and which

satisfies the following condition: given p € N™ with |p| < m and € > 0, there exists
A(¢,p,e) > 0 such that

|(1 + \x|2)k5)”¢($)’ <e, for |z|> A(p,p,e).
For every p € N™ with |p| < m, the family of seminorms on .} is defined by

Gr,p(®) = max [(1+ [ *)* P p ()] -

Let m be a positive integer. We denote by &' the union of the spaces .7 as k
varies in Z (see [12, p. 63]).
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The Fourier transform of a member f € .%/ is defined by

(Z)y) =Fy) =(f(x), ™), yeR" (2)
Moreover, in [2, Theorem 2.1] it is established that for all f € .}/ one has that

(f. 7o) = / (F(z), ¢7) d(y)dy, 3)

n

where . is the space of rapidly decreasing functions, and .% ¢ denotes the classical
Fourier transform (1) of the function ¢.

Formula (3) proves that function (2) represents the usual distributional Fourier
transform [16, Chapter VII, Section 6, p. 248], when it acts over distributions f € .%}
and functions in ..

For previous studies of Fourier transform over spaces of distributions, we refer
to [15], [19] and [20], amongst others.

2. Abelian theorems for the Fourier transform of distributions

of .7/

For f € /[, k € Z, k <0, we consider the Fourier transform of f by means of the
function given by (2).

Lemma 1. Let f € ¥, k€ Z, k <0, and let F be defined by (2). Then there exist
C > 0 and a nonnegative integer m, all depending on f, such that

F(y)| < C max y|™, pen”. (4)
Proof. Set f € &/, k € Z, k < 0. From [9, Proposition 2, p. 97], there exist C' > 0
and a nonnegative integer m, all depending on f, such that
< f,6>] < € max max |(1+ a]?)*0"g(x)| (5)
Ip|<m z€R™
for all ¢ € 7.
Now, we have

|F(y)] <C max max ’(1 + |x|2)k‘apeixy’

|p|<m z€R™
=C 1 2Nk (., \P ixy <C 1 2\k|, p i
max max (14 [of*)* (iy)e"™"| < C max max {(1+ [af*)"|y"]}

Since for p = (p1,p2,---,Pn) € N we get

[(iy)?| = |(iy1)P* (iya)? - - - (ign)?" | < |ylP" - |ylP" = |y,

inequality (4) follows. O

The smallest integer r which verifies inequality (5) is defined as the order of the
distribution f (cf. [16, Théoréme XXIV, p. 88]).

The next result establishes an Abelian theorem for the Fourier transform of
distributions in ./, k € Z, k < 0.
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Theorem 1 (Abelian theorem). Let f be a member in S, k € Z, k < 0, of order
r €N, and let F(y) be given by (2). Then for any v > 0 one has

lim {[y["""F(y)} =0.

|y|—+o0
Proof. From Lemma 1 one has

|F(y)| < Cmax|y|”',
[p|<r

Thus, for |y| > 1,
[F(y)| < Cfﬁi’f« " < Clyl".

So, the result follows. O

Now let f be a locally integrable function defined on R™ such that (1-+|x|?)~* f(x)
is Lebesgue integrable on R”™ for k € Z, k < 0. One has that f gives rise to a regular
distribution Ty on .}, of order r = 0 through

<Tfr,¢>= [ flx)p(x)dz, V¢ € .
Rn

In fact, taking into account that

(Tl < [ 10+ )5 @) |1+ ol Fota)]| do

<aea(®) [ |+ (o) (@) do

it follows that T € :5’,2 and its order is r = 0.
Thus, we have

F(y) =< Tf(x),emy >= (x)e™Vdx, ¢ € .S (6)
R’!L

So one concludes

Corollary 1. Let f be a locally integrable function defined on R™ such that (1 +
|z|2)~k f(z) is Lebesgque integrable on R™ for k € Z, k < 0, and let F be given by
(6). Then for any v > 0 one has

lim {|y|7"F(y)} =0.

ly|—+o0

For the case p =1, k < 0, one has the well-known result that the Fourier trans-
form is a continuous operator from L' (R", (1 + |z[?)~*dz) C L*(R™) into L> (R™).
Moreover, one has
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Proposition 1. If f € L? (R", (1 + |z|?)*dz), k€ Z, k <0, 1 < p < 00 and
(yf) (y) = f(x>emydx7 Yy e an
Rn

then for 1 < p < 1 —2k/n the operator F is bounded from LP (R™, (1 + |z|?)~*dx)
into L (R™).

Proof. Denote by || -], the norm of the space L? (R", (1 + |z|?)"*dz). By Hélder’s
inequality, one has

Fnw < [ 1f@lde= [ (5@ 0+ 0 o) rds

([ 1@ asiap)tar) v ([ 1) "

, 1/p 1 1
=1ty ([ ) L e Lo L <
R p D

IN

So,

1/p
ess supp, g (1) (1)) < 1], - €55 suppy cgn { ( [ s papy /pdx) } .
RTI,

Now, making use of spherical coordinates (p,01,...,0,-1) we have

, T T 2m 9] ,
/ (1 + ‘I|2)kp /p do = / doy - / dgn—Z/ db,,_1 / (1 + p2)kp /Ppnfldp7
n 0 0 0 0

and this integral converges for k < —g(p — 1), that is, 1 < p <1-—2k/n, k € Z,
k < 0. Thus concludes the proof. O

3. Regular distributions versus Fourier transform over .7}

In [2, Theorem 2.1], it was proved that for f € ¥/, k € Z, k < 0, the functional Tr
is a member of .%’/, where F is the function F(y) =< f(z),e"®¥ >, y € R". Now,

as a consequence of Theorem 1 above, we can be more explicit and prove that Tp is

a member of .7} , where k, € Z is such that k, > ren

order of f.
Before we prove this result, we need to extend Proposition 2.1 of [3] from k € Z,
k <0toall k € Z. In fact,

, and where r denotes the

Proposition 2. Let f be a locally integrable function defined on R™ such that (1 4+
|z|2) =k f(z) is Lebesgue integrable on R™ for some k € Z. Then the linear functional
over .}, given by

<Tpo>= | J@o)dr, €,

is a member of .
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Proof. For ¢ € .}, one has

(Tl < [ 10+ )@ 0+ o) ola)]| do
<aeo(®) [ |+ o) ()] da.
From the hypothesis, the continuity of Tt follows immediately. O

Now, we have the next result

Theorem 2. Let f € /), k € Z, k < 0, and let r be the order of f. Denotes
by F(y) = < f(x),e"™ >, y € R*. Then the functional Tr given by (Tr,¢) =

Jpn F(y)o(y)dy is a member of .7, where k. € Z is such that k. > rt "

Proof. Making use of (4) and taking into account that r is the order of f one has

/ (14 [yf2)~*
]Rn

From the use of spherical coordinates, the right-hand side of equation (7) becomes

s T 27 o0
c/ d91~-~/ df,_s d9n_1/ (1 + p?)~** max (p‘P\)pn—ldp,
0 0 0 0 [pl<r

which converges for k, > HTTL From this fact the result follows. O

F)ldy<C [ (1) maxlylPdy, per. (1)
R pPIST

Concerning regular distributions on %/, k € Z, and having into account that its
order is r = 0, one obtains

Corollary 2. Let f be a locally integrable function defined on R™ such that (1 +
22)7k f(x) is Lebesgue integrable on R™ for some k € Z, k < 0. Denotes

F(y) =< Ty, ™ >= f(z)e™¥dx, yeR",
R’!L
(the classical Fourier transform of f).
Then the functional Tr is a member of .7}, where k. € Z, ki > g

Proof. Since T is a regular distribution, one has » = 0. Now, the conclusion follows
from Theorem 2. [

4. The Fourier transform as an injection from .7} into ¢!

In [3, Proposition 2.2], it was proved that if f € &/, k € Z, k < 0, and F(y) =
(f(z),e™¥), then the partial derivatives 0™ F(y) exists on R™ for m € N", |m| <
—2k — 1, and one has

O"F(y) = (f(x), (ix)"e™), yeR™.

Now, we establish the next
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Proposition 3. Let f be a member of ¥, k € Z, k <0, and F(y) = (f(x), ™).
Then for any m € N, |m| < =2k — 1, 0™ F(y) is continuous in R™.

Proof. We now prove that
}lliirb (OMF(y+h)—0"F(y) =0, yeR" heR"
Since f € .7}, it suffices to prove that
(ix)™ (e”(“h) - e”y) — 0,

as h — 0 in .%%.
For this, we consider

max

max , peN" (8)

(1+ |:r|2)]C or ((zx)m (eiw(y+h) _ eizy))

By the Leibniz rule, this expression is equal to

max (1 + |z|2)k Z <§> 3£(ix)m3£7j (eix(y+h) - e”y>

R J<p
< 3= (2) (00 ) ot o (e =) ).

J<p

Observe that, applying a process similar to that followed in the proof of Proposition
2.1 of [2], one has

o7 (=t — e} | < (Il = |31yl + B~ 4 (y| + )= Vlnja)) [al,

and if we suppose that |h| < 1, we get

55—3‘ (eiw(y-i-h) _ el’m;)

< ((lpl = 13Dyl + P =YI=1 4 (fy] + D)=V lnfa ) |a)

On the other hand, with m = (mq,,...,m,) € N* and j = (j1,...,7n) € N7,
one has

& (i)™ = ((iw1)™ -+ - (i) ™)

! ) '
Cglml (g mal mn—jn)
=1 - x . T .
<(m1J1)! ! (Mmp — )"
Thus, for j < m,
j m! ‘ , m! ,
3] ZCU ml< x mi—=Jji, .. x Mp—Jn — T ‘m|—‘]|

and & (iz)™ = 0 for j £ m.
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Hence, expression (8) is less than or equal to

| .
> (p) max {(1 +al?)* gyl
j<p M/ T 2

(9)
x (el = 1)yl + D=4 (ly) + 1) P Vlnfa ) ]}

Note that for k € Z, k < 0, and |m| < —2k — 1, expression (9) is bounded by
A1 Mympi,
J<p
where My, 1, p,; > 0. This concludes the proof. O

From this proposition one has that if f € %/, k € Z, k < 0, and F(y) =
(f(x),e™¥), then the partial derivatives O™F of the function F' are continuous on
R™ for |m| < —2k — 1. That is, F € €~2*"1(R"), k € Z, k < 0.

We can now state the following

Theorem 3. The Fourier transform understood as an automorphism of %' is a
linear injective map from .7} onto ﬁa%fl, keZ, k<O0.

Proof. Let f be a member of .. By Proposition 3 above, the function F(y) =
(f(z),e™¥) is of class €21 (R"), k € Z, k < 0.
By Proposition 2.2 in [3], one has

0" F(y)] = |(f(@). (i)"e™)|, yeR" meN, |m|< -2k 1.

By virtue of [9, Proposition 2, p. 97], there exists C' > 0 and [ € N, all depending
on f such that

I"F(y)| <C -
0" F(y)] <€ max (3555

(1+ \m|2)k o (z™e™Y) D

(1+ |x|2)k oI g™y (em’)‘

p
<(C -max E max
R (]) zER

J<p

p
=(C -max max
Ip|<l Z (]) rERP

J<p

(1+ [22)" o290 (Gye)| |, (10)
where, since |y?| < |y|V!, equation (10) is bounded above by

C - max Z (p) |y| V! max ‘(1 + |x\2)k 8§_jxm‘ . (11)

<l
[pI< i<p J

Thus, since |m| < —2k — 1, there exists a constant M, , ; > 0 such that

p ’ 2\ k —7 m‘_
: 1 oP=igm| = M, .
(j.) max |(1+ |2*)" 97 /a o
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and expression (11) can be written as

where r denotes the order of f.
Therefore, one has

|(L+ [y|»)*0™F(y)] =0, |yl = +o0,
whenever 2k, +r < 0. From this fact one has that

Fe U yk:Qkfl _ ﬁ52k71.

k€L

Finally, from [2, Corollary 3.1] it follows that the mentioned map .7}, < €52~
is injective. O

5. Regular distributions versus convolution on ./, k € Z, k < 0

In this section, we deal with the convolution for the Fourier transform over the space
S, k€ Z, k <0 for certain regular distributions over this space.

Under certain restrictions, the convolution of members in .#/ corresponds to the
usual convolution of ordinary functions.

Proposition 4. Let f, g be locally integrable functions defined on R™ such that
(14 |z|>)~* f(z) and (14 |z|?)"*g(x) are Lebesgue integrable on R™ for some k € 7Z,
k < 0. Then the linear functional Ty x T, given by

(Ty + Ty, 6) = (Ty(2), (Ty(y), o(x +9))), & € T,

is equal to T.q, where f * g denotes the usual convolution of the functions f and g.

Proof. In [1], it was established that for f,g € ./, k € Z, k < 0, the convolution
f * g given by
(fxg,0)=(f(x),{9y), oz +y)), &€,

is a member of .7}.
Now, if f and g are functions satisfying the above hypothesis, one has that
Ty, T, € ., and then

Ty Ty 0) = (T3 T e+ ) = [ [ oo +v)dude. (12
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In order to show that f(z)g(y)é(x + y) is integrable as a function of (z,y), we
consider the following inequality:
|f(@)g(y)o(x +y)|

f(x)g(y) (1+ |2?)" (1 + Jy|*)*
(T 2R+ |y[?)* (1+ [z +y[*)k

|(L+ |z +y[*) oz +y)|.

Note that for & < 0, [1, Lemma 2.1], one has that

L+ ="+ ?)* _ 4k
A+lz+yHr —

Moreover, the function

f(@)g(y)
(1 + [2[2)*(1 + [yl*)*
is integrable on R?" and (1 + |z + y|?)*¢(z + y) is bounded on R?". Therefore,
by using Fubini’s theorem, the repeated integral (12) becomes a double integral in
(z,y) given by

|| t@etwote +ydyas. (13)

Next, applying the change of variables u = x, v = = +y, whose Jacobian is equal
to one, it follows that (13) becomes

/ A fuw)g(v —u)p(v)dudv,

which, by applying Fubini’s theorem again, can be written in the form:
|| st = wdustoyin

Here one observes that

fu)g(v —u)du = (f * g)(v)

Rn

is the usual convolution product of f and g.

Let us now see that
(1+ [v?) / fu)g(v —u)d

is integrable on R™ from which T}., € .7, k € Z, k < 0.
Now we consider

[ [ pwgto = wdude

The change of variables z = u, y = v — u yields

[ asiarsy® [ p@amsd
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Taking into account that

(
f(x)g(y) (L + [+ [y
A+ 2P+ wP)* A+ |z +yl?)*

L+ ]z +yP) 1+ ]z +y)F,

the fact

(L+ )" A+ 1) s
A+le+y)r  —

for k < 0, [1, Lemma 2.1], and that from the hypotheses (1 + |z|?)~*f(x) and
(1+ |x?)"*g(z) are Lebesgue integrable on R", it follows that

f(z)g(y)
(1 + [z[2)*(1 + [y[2)*

is integrable on R?", and therefore, T+T, = Tf.,, where fxg is the usual convolution
of the functions f and g. O

6. Some examples

6.1. Example 1

Assume that f is a locally integrable function on R™ such that (1 + |z|?)~%f(x)
is integrable on R”, k € Z, k < 0, and set g(z) = 2 "¢~ (zltlealttlzal) g —
(x1,29,...,2,) € R™ Observe that

an/ (1 + |[2) kUil Hloal++laal) gy
Rn

L S N N NS L% o ke
§§ (14+27)7 "% 1d:c1§ (14+25)7 "% 2dx2-~-§ (14 ;) e ¥nlde,

— 00 — 00 oo

since
1+|x\2:1+w%+x§+-~+xi§(1+x%)(1+x§)-~(1+xi),

and thus, with £ < 0,
A+ |z <@ +ad) (L +ad) ™" (L +ap) ™

This shows that (1 + |z|?)~Fe~(z1ltlezl++lznl) s Lebesgue integrable on R™ and
thus T, € .7
Set

(frg)(w) =277 fla)emrmmbtlvamealmemlon=eal gy w = (wy,wy, ..., w,) € R™
RTL

Then Tf*g S yl: and Tf * Tg = Tf*g.
Taking into account that

(F (Treg)) (v) = (F (T % Ty)) (y) = (F (T7)) (y) (F (Ty)) (v), y € R",
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we get

(;E (2—" 5 F(x)e (wreltlwa—za| = W““")dw)) (y) = (Ff) (v) (Fg) ().
Next,

(F9)(y) = 2‘"/ o (w1 |+z2 4 +lznl) yizy g,

n

+oo ) 1 +oo )
/ e~ lmleimygy, ... 5/ e lnlegimnyngy, oy = (y1,---,9n) € R".

— 0 —o00

N | =

Moreover, for > 0 one has

+oo
/ e e dy = 1 L
o 21—y’

N =

and for z < 0 one has

therefore,
1 e —|x| iz 1
5/OO e~ lzle ydx:1+y2
Thus,
1
Fg)(y) = s y=(1,...,yn) €R",
FOW=arman v )
and then,

<f< i (x)euwlz1|+-~+wnzn|>dm>) W)

2n
= F , = (y1,...,Yn) € R,
for f a locally integrable function on R™ such that (1 + |z|?)~" f(x) is integrable on
R™ k € Z, k < 0, and where F denotes the classical Fourier transform.

6.2. Example 2

Consider the function g(z) = e~ l#I" = e=@++27) for 2 = (z,...,2,) € R". One
has that T, € .#/.. Moreover,

(F9) (v) =/ e~ (il gizayite 4Ty g

+oo 9 +oo 5
:/ ewlyleledxyn/ ernendy,. (14)

— 00 — 00
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Next, from the formula

1 oo va —12/2cd cv?)2 >0
e e r =€ C
V2re J s ’ ’

there follows

—+o0
. 2 2
/ eiVie T dr; = /me i/t 1< j<n,

— 00

and then (14) is equal to

—11y12
IEYCREE M

Thus, as in Example 6.1, one has

<]~" ( - (I)e|wz|2d:c)> () = 7220 (Ff) (), ye R,

where f is a locally integrable function on R” such that (1+|z|?)~* f(z) is integrable
on R", k € Z, k <0, and F denotes the classical Fourier transform.

References

[1] B.J. GonNzALEZ, E. R. NEGRIN, Convolution over the spaces .}, J. Math. Anal. Appl.
190(1995), 829-843.

[2] B.J. GonNzALEZ, E. R. NEGRIN, Fourier transform over the spaces .}, J. Math. Anal.
Appl. 194(1995), 780-798.

[3] B.J.GonNzALEZ, E. R. NEGRIN, On the structure of invertible elements of the convo-
lution algebra .7, J. Math. Anal. Appl. 195(1995), 506-516.

[4] B.J. GONZALEZ, A representation for the Fourier transform of members in .7, Math.
Japonica 45(1997), 363-368.

[6] B.J.GonNzALEZ, E. R. NEGRIN, On an Inversion Formula for the Fourier Transform
on Distributions by Means of Gaussian Functions, Filomat 32(2018), 2327-2334.

[6] B.J. GonNzALEZ, E.R.NEGRIN, Abelian Theorems for Distributional Kontorovich-
Lebedev and Mehler-Fock Transforms of General Order, Banach J. Math. Anal.
13(2019), 524-537.

[7] N.HAYEK, B.J. GONZALEZ, Abelian theorems for the generalized index o F -transform,
Rev. Acad. Canaria Cienc. 4(1992), 23-29.

[8] N.HAYEK, B.J. GONZALEZ, E. R. NEGRIN, Distributional representation of a Fourier
inversion formula, Integral Transforms Spec. Funct. 16(2005), 21-28.

[9] J.HorvATH, Topological Vector Spaces and Distributions, Vol. I, Addison-Wesley,
Reading, MA, 1966.

[10] J.K.JonN, M.S. CHAUDHARY, Stieltjes transform of Banach-space-valued distribu-
tions and Abelian theorems, Bull. Calcutta Math. Soc. 86(1994), 109-118.

[11] N.ORTNER, P.WAGNER, Distribution-Valued Analytic Functions, SWK, Hamburg,
2013.

[12] N.ORTNER, P. WAGNER, On the spaces OF of John Horvth, J. Math. Anal. Appl.
415(2014), 62-74.

[13] S.Piipovi¢, B. STANKOVIC, J. VINDAS, Asymptotic Behavior of Generalized Func-
tions, World Scientific Publishing Company, Singapore, 2012.

[14] A.PRrASAD, P. KUMAR, Abelian theorems for fractional wavelet transform, Asian-Eur.

J. Math. 10(2017), 1750019, 15 pp.



32
[15]
[16]

[17]

[18]
[19]

[20]

21]

[22]

B.J. GoNzALEZ AND E. R. NEGRIN

W. RUDIN, Functional analysis, Second edition, International Series in Pure and Ap-
plied Mathematics, McGraw-Hill Inc., New York, 1991.

L. SCHWARTZ, Théorie des Distributions, Publ. Inst. Math. Univ. Strasbourg 9-10,
Hermann, Paris, 1966.

H. M. SRIvASTAVA, B.J. GONZALEZ, E. R. NEGRIN, A new class of Abelian theorems
for the Mehler—Fock transforms, Russ. J. Math. Phys., 24, (2017), 124-126 (see also
Errata Russ. J. Math. Phys. 24(2017), 278-278).

B. STANKOVIC, Abelian theorems for integral transforms of distributions, Integral
Transforms Spec. Funct. 1(1993), 61-73.

F. TrREVES, Topological vector spaces, distributions and kernels, Academic Press, New
York-London, 1967.

A. H. ZEMANIAN, Distribution theory and transform analysis. An introduction to gen-
eralized functions, with applications, McGraw-Hill Book Co., New York-Toronto-
London-Sydney, 1965.

A. H.ZEMANIAN, Some Abelian theorems for the distributional Hankel and K trans-
formations, STAM J. Appl. Math. 14(1966), 1255-1265.

A.H.ZEMANIAN, Generalized Integral Transformations, Pure Appl. Math. 18, Wiley,
New York, 1968.



