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Abstract: In the present paper our aim has to provide representation theorem for the distributional
Fourier-Stieltjes Transform and with the support of the representation theorem the problems concerning
the diffraction by a perfect rigid or perfectly weak screen are reduced to the solution of certain
(differential) integral equation.
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1. INTRODUCTION

The concept of integral transform originated from the celebrated Fourier integral formula. One of
the impulses for the development of the operational calculus of the integral transforms was the
study of differential and integral equation arising in applied mathematics, mathematical physics
and engineering science, it was this setting that integral transform arose and achieved their earlier
success [4].With ever greater demand for integral transform to provide theory and application for
science and engineering, Zemanian [5] provide an extension of integral transform to the
distribution of compact support time to time which involves some complicated analysis.

A function @(t, x) defined on t(0 < t < o0),x(0 < x < o) is said to be member of FS,, if @(t, x)
is smooth and for each non-negative integerp, [, q,

Vieprq®(t %) = Sup|th (1 + )P Df (xD,)? B(¢, %)
Iy

< (1.2

The space FS, are equiparralel with their natural Housdorff locally topologyzt,. This topology is
respectively generated by the total families of semi norm {)’k,p,z,q} given (1.1).

In the last few year, the theory of generalized integral transforms have been of ever increasing
interest due to its application in physics especially in quantum field theory, Engineering and pure
as well as applied mathematics.

The distributional Fourier-Stieltjes transform is defined as
FS{f(t,x)} = F(s,y) =< f(t,x),e™"" (x + y)™P> (1.2)

where for each fixed ¢t (0 < t < o), x(0 < x < o) the right hand side of above equation has same
as an application of f(t,x) € FS; to e 't (x +y) P € FS, for some s > 0 and k < Re p and
FS is dual space of FS, [1].
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In this paper we have proved Representation theorem for the Fourier-Stieltjes Transform in
section 2 and Section 3 provide the conclusion of this paper. The notation and terminology will
follow that Zemanian[5].

2. REPRESENTATION THEOREM
2.1 Theorem

Let f(t,x) be an arbitrary element of FS* and @(t,x) be an element ofD(Q), the space of
infinitely differentiable function with compact support on £, Then there exist a bounded

measurable functions g, » (t, x) defined over £2 such that-

r+1

v+1
(.0 = Z D (L™ (L4 2P DD g (t,), 06, %) >

Where, k and p is fixed real number and r,v are appropriate non- negative integers satisfying
m<r+1,n<v+1.

Proof:-

Let {Yk,p,l,q}fqzo be the sequence of semi norms. Let f(t, x) and @(t, x) be arbitrary elements of

FS; and D(Q) respectively. Then boundedness property of generalized function, we have an for
an appropriate constant € and a non negative integer r and v satisfying |1| < rand|q| < v.

|0¢f, @) < C max <y Yigp1q0(t %) < C max sup; t< (1 4+ x)P|D} (xD,)90(t, ¥)|

lglsv |q|<\,

1 q
<C Tjax sup th (1 +x)P Z Z B, x" D[*D} ¢(t,x)
n=0

|q|<\ m=0

< C'max sup tX (1 + x)Pmax x® D*DI@(t, %)
Mlsr msl
lqlsv n=q

Where C’ is constant which depend only on m, n and hence [, q. So,

< (f,0) << (" max sup; tX (1 +x)P x" D*DIO(t, %) (1.1)
n<v

Now let us set-
B, (t, x) =t (1 + x)P x" B(t, %), m<r,n<v (1.2)

Then clearly®,., (t, x) € D(Q), on differentiating (2) partially w.r.to t and x successively, we get-

DD = (40 Px k[0, (6 [ B 0] [ 2y 2]20 ko0, o)

(1+x) X (1+x) ot t ox otox

Let suppose that in €,
sup @ = sup @,, = Q = [A, B]. Then since, (1 + x) Px™" tk>0

3¢rv
6x

1] lkpl Iknl Ipl Inl o)
- E— | v
D, D,@| < (1 +x)Pt *x {B T34t |8, (t, 0)| + T+at

0%,
otox
< €0 {0y 4 [ [ 4 22
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Where, € = ma [ [ Bol] el o] & 7]
B l1+A A 1+A A B

Hence by induction we can prove that in Q for obvious constant C* which depend on p,n and k.
Then,

IDP* DI @] < C(1+ x) Pt *x™™ Ye<m|DE DE B,.,|

dsn

Substituting in equation (2.1), we have-
I(f, ©)] < C¥ maxmsr sup;|Df DE B,.,(t, x)| (1.3)
nsv

Where c < mand d < n and C? is suitable constant.

Now we can write-

sup|@(t, x)| < sup
I I

f f D: D, ¢,,(t,x) dt dx
t x

< ||De Dy @10 (& 0|,
Hence from equation (1),
Equation (3) implies-
I(f, ©)] < C¥* maxmsr+1sup,||DF* DR @,.,(t, %) ||

nsv+1

(1.4)

L'xL

Let the product space L' x L be denoted by(L')z. We consider the linear one to one mapping-

7:0 > {D" D By, (t, ) }mer+1 Of D(Q) into (L)°.
nsv+1

In view of (4), we see that the linear functional 7: @, , — (f, ®) is continuous on tD(Q) for
Topology induced by(L')Z. Hence by Hahn-Banach theorem, it can be continuous linear
functional in the whole of (L')*. But the dual space of (L')” is isomorphic with (L*)? according to
[9].

Therefore there exist two L™ functions g,, ,(m < r +1,n < v + 1) such that-
<f' ®> = Zmir*'ll(gm,n(t: x): Dtm D;l Qr,v(tr x)>

n<sv+

By equation (2) we have
(f, 0) = Ym<r+1{gmn(t, %), DI* DF t¥ (1 + x)P x* B(t, X))
n<v+1

By using the property differentiation of a distribution by an infinitely smooth function we get-

(£,0)= ) (=DM 1+ %P X" DP' D g6, 5), B5 X))

ms<r+1
n<v+1

Where, g,, . (t, x) are bounded measurable functions defined overQ = (0, «).
Therefore,
ft,x) = z (=D)™* ek (1 + x)P x" D™ DR g (L, %)

ms<r+1
n<v+1
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It follows theorem.
3. CONCLUSION

In this paper, we proved the Representation theorem for the distributional Fourier-Stieltjes
transform. The Representation theorem support the problems concerning the diffraction by a
perfectly rigid or perfectly weak screen are reduced to the solution.
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