Published by : International Journal of Engineering Research & Technology (IJERT)

http://lwww.ijert.org I SSN: 2278-0181
Vol. 9 Issue 04, April-2020

Two Dimensional Kamal Transform of Space of
Distribution of Boehmians

*Arun J. Ghanwat
MES’s, Shri Dnyaneshwar Mahavidyalaya Newasa,
Dist. Ahmednagar

#Dr. S. B. Gaikwad
P. G. Department of Mathematics, New Arts, Commerce and Science College,
Ahmednagar (Maharashtra).

Abstract:- In this paper we have tried to define two dimensional Kamal transform namely the double Kamal transform of bounded
support with the help of Zemanian technique. The integrable Boehmian of double Kamal transform is developed using Mikusinki’s
theory with some of the properties. The double Kamal transform is extended to generalized function, some properties n distribution
sense are obtained and tried to extend this class to integrable Boehmians.
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INTRODUCTION
In the field of engineering the ordinary and partial differential equations plays vital role. To solve the differential equation
integral transforms are used suitably to convert into simpler form and obtain the solutions easily. The double Natural transform
are studied in [2-4], [6] deals with applications of [2-4] where as [9] gives the applications of Kamal transform for single
variable functions. The two dimensional Kamal transform of function of two variables can be used to solve partial differential
equations.
Defintion 1: The Kamal transform for a single variable function of exponential order in the set

S={f(®):aAM, ki, k,>0,|f(t)] < Meltl/“f, t € (—1)/x[0,)}; where the constant M is finite number, k,, k, may be finite
or infinite is defined by [1]

K (0] = GW) = [~ ev f(©)de, t = 0,ky < v < k.

The inverse Kamal transform is f(t) = ﬁ ::.Zo EG G) dv,c = 0.
Definition 2: The two dimensional Kamal transform namely the Double Kamal transform of a function f(x, t), x,t € R, of two
variables is defined by [8] as Ko{f (x, t); (u, v)}= G(u, v)=f0°° fowe_(g“L%)f(x, t)dxdt, provided the integral exists and f(x, t)
can be expressed in the convergent series on a set A of functions continuous and of exponential order.

|| It
A = {f: If(x, )| <M e( faj /ﬁf),t € (-1)/x[0,), j =1,2;M,a;,; > 0}; where the constant M should be finite

number, a;, B; may be finite or infinite and v is a variable of transform.
Let f,g be integrable functions of two variables then by using [7] the double convolution of f,g is given by (f *x

DEO=[ [ fp,9)g(x — p,t — q)dpdg.
DOUBLE KAMAL TRANSFORM OF BOUNDED SUPPORT

Let J be compact subset of | = (0, ). C* denote the test function space of all complex valued infinitely smooth function
Sup

k+m
spaces of E (I x I) such that
p ( ) (x,t)E]x] axkatm

space under the usual operations. Also D (I x I)c E (I x I). A sequence {@,,};~, converges in E (I x I) and for each non-negative
gk+m gl+m .

k, m, (W @,,) converges to (W (2)) uniformly on every compact subset | x I.

The space E (I x 1) is complete and E’(I x I) dual of E(I x I) consists of distribution of compact support. By the definition of

Sup, Sk+m x t
d —(=4=
(e ) <o (1) for all

D (x, t)| < oo, for k, m are non-zero positive integers. Then E (I x 1) is a vector

x t
double Kamal transform the Kernel e‘(TE) is smooth and satisfies

(xD)Ejx)
positive real numbers u, v.

Hence for every f € E’(I x 1) we define the distributional double Kamal transform of compact support with the help of
x  t
Zemanian [10] as K (f (x, t), (u, v))=(f (x, t),e_(TF)) for (u,v) € Ixl 2
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Theorem 1: The distributional double Kamal transform K is linear.
Proof: For any constants c, d we have

x  t x t x t
K (cf(x,y) +dg(x, b)) ={cf(x,t) + g(x,t), e_(TF)) =(cf(x,1), e_(T;)) +(dg(x,t), e_(TTJ))
x t x t
=c(f(x,t), e_(TF)) +d{g(x,1t), e_(TF)) = cK(f(x,t))+d K(g(x, t)).
Theorem 2: Let h be distribution in E’(I x I) and let g be defined by
_ h(x_ﬂ.l,t_ﬂ.z),lell ,tZ/’{z
gt t) = {0, X< Ay, t<A,
A
Then Kg(x,£) = e (e 2)K [h(x, 1)]
Proof: Here g(x, t) is a member of E’(I x I), by translation property
x t x—=A -t A
Kg(x,t) =< h(x — A4, t — 13), e_(TF) > = (h(x, t),e_(T1 )) =(h(x,t),ew e Wev.e vz)
~(l1,22) ~(E4D) ~(B1422)
ze \u v/ (h(x,t), e W v/)y=e \u" v/K[h(x,1)].
Theorem 3: Let f(x,t) € E’(IxI) and K [h(x,t)] be the distributional double Kamal transform then
k kK _(x t n n _(x t k n
LKIF&O] = (0, Zre @)y and LK [Fx0] = (f(x0), 2o @) ; where 2 and 2= are k" and n®
derivativesw. r. t. x & t.
Theorem 4: Let f(x,t) € E’IxI)and K [f(x t)] be the distributional double Kamal transform then

K (= Ptf (e, D)) [ v)] = K[, 0), (7

1+au’ 1+ﬁv)]

Proof:

KL (010 ) = (£ 0, 69 o K (e Pp,0) [, v)l= (e P f(x, ), Gt
= (fCon, e ety = (0, T = (f D), o n e
= K[f(x t) (1+au 1+U/_?v)]

Theorem 5: Letf(x t) e XA x 1) and K [f (x, t)] be the distributional double Kamal transform of f(x, t) then
KIf (ax, 0] = Z K[, 0 (57) wv)]:

Proof: K[f(ax,ﬁt)] (f (ax,Bt), e (u v)) =(f(x,t), %

e Gy = (e, oGy
= é K [f(x, t) (i%) (u, v)].
Theorem 6: Let f(x,t) € E’(IxI) and K [f(x,t)] be the distributional double Kamal transform of f(x, t) then
(1) K [ef G 01w, v) = u? K [f (x, )] + uK [f(x, 0], v)
(2) KItfCr, 0l v) = v2 K [f(x, )] + vK [f (x, 0)](w, )
Proof: Let f(x,t) € E’d x I). Then by theorem 3 and equation (2) we have %K [fx,0)] = %((f(x, t),e_(%r%))) =

(o0, 2 e W@y = (r e ~(E)(Z)-e Gl

1
B

) =2 tef G, 0, e @) — Lp (0, e
= = K[xf (e, 0@, v) — K [f (x, D] (w,v)
s u? K [ 0] = K [xf ()], v) — uK [ G, 0], v)
K [xf (01w, v) = u? - K [ (D] + uK [f (x, )], v)

Similarly we can prove the part (2).
Theorem 7: Let f(x,t) € B’ x I) and K [f(x,t)] be the distributional double Kamal transform of f(x, t) then K{f (x — u, t —

p).Hx —ut—p)}= e_(§+§)1'({f(x — i, t — p)}u, v) ; where H(x, t) is Heaviside unit step function defined by

Lx>ut>p
Hax—we—p) ={o s Ch 20

Proof: By using the definition of distributional double Kamal transform
x t
K{f(x —wt—p)Hx =t —p)}=(f(x —u,t —p).H(x — p, t — p,e‘(TE))

Forx>ut>p
Kfx—wt—p)Hx —ut—p)}={(f(x —ut—p)

(x+p_ t+p)

—e (5 5) (f(x—‘u,t—p) e_(§+%))
e (it 5)K{f(x — it — p)Hw,v).
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CONVOLUTION OF DOUBLE KAMAL TRANSFORM
Let f(x,t), g(x,t) be distributions of compact support in E’(I x I). We define the convolution of f(x,t),g(x,t) as ((f *x

P Y), 00 y) = (f(x,6),(gU1,J2), 0(x + ],y +]2)); @) where @ € E(I x I)
if (9U1,J2),00x+]1,y+]2) € E(IX]).
Theorem 8: Let f(x,t) € E’(Ix 1) and w € E(I x I). If @(x,y) = (g1, J.), w(x + ],y + J,); where k,m =1,2,3,.... Then w is
k+m k+m
infinitely differentiable and azkw () = <9(/1']2)'a,(jkw(“’(x +Ju,y + 7))
This result is proved in [11], Pp-130.
Theorem 9: (The Convolution theorem):- If K [f(x,t)], K[g(x,t)] are distributional transforms of f(x,t), g(x,t)
respectively then K [(f *+ g)(x,t)] = K [f(x, t)]. K [g(x, t)]
x+]1 L‘+]2)>

Pmmmvww@ﬁ]<me@we6@—v@wwmﬁn(u -
= (F o 0,(gUn o), e w58 = (F (0, (gUn Jo), e 5 7. e w0 %))
=f (0, 6”@y (g U, e GH) ) = K [F G 01 K [90r, 0]

INTEGRABLE BOEHMIAN FOR DOUBLE KAMAL TRANSFORM
Let L'be the space of Lebesgue integrable functions on R, ; R, is the set of positive real numbers then by [5], a sequence
{6, )=, of continuous real valued functions over R, x R, is called a delta sequence if and only if

D) fy fy 8y =1
@) [, J;'18, <K, for some positive K € Rand all n € N.
(3) fl(x‘y)|<p|6n(x,y)| dxdy — 0 asn — oo for every p > 0.
The space of all integrable Boehmians is denoted by B, 1,,1, which is a convolution algebra with
® A= [5]
@) [ ] [ ] _ Unrrwn)+(Gn*+8n)

(Bn*xwn)
@ [ 2] = [
Lemma: If [g—’;] € B,1,,1 then the sequence KI[f,(x,t)] = f0°° fowe'(§+§) fn(x, t)dxdt converges to each compact setJ X J in
R X R,. .
Proof: Weﬂave {6,}5=1 then its double Kamal transform K(6,,) = &,, converges uniformly to the function of (u, v). Hence for
each J x J, 6,, is positive on J x J and

8k
KU (017 K| fa(x, 0 2 )
:K%S,;onjxji_e_ Kfn—>K£—kaSn—>000nJXJ. (6 >1lasn — o).
k k

Now, we will define the double Kamal transform of an integrable Boehmians as
Ij[(’;—"] = lim Kf, (5); where the limit is over compact subsets of R, X R,.

n X—00

Thus, we get a continuous function of double Kamal transform of an integrable Boehmians.
Theorem 10: The double Kamal transform of an integrable Boehmians is well defined.

Proof: Leta; = [Q—Z] a, = [i—:] € Bj1,;1 such that a; = a,. Then

[(’;—"] = [g—”] =>f, »xw, = g, ** 0, m,n € N.Appling double Kamal transform
n ¥n

K(fn *x q"m) = K(gm *x Q)l’l) = K(gl’l *k ®1’1’1)
From equation (5) and theorem (9)

lim Kf,, = lim Kg,, = 15[ ] 5 [gn]

X—00
Theorem 11 The double Kamal transform of an integrable Boehmian K is linear on compact sets.
Proof: Let a, B € Bj1,,: be such that

_ f_n _ |9n _ (fnxrwn)+(gn**0n)
a= [Qn], L= Ln] then a + B = (@p*xwn)
5(“ + ﬁ) = lim K(fn *ok lFn) + lim K(gn *ok Q)n)
X—00 X—00
= lim K(f,) + lim K(g,,)
n—-oo n—-oo
=B+ K(B).
Also, B(ca) = B[ﬁ] =clim f,
Sn xX—00
=cH (a); wherece Cand a = [g—"]
Theorem 12: (Convolution theorem for integrable Boehmians)
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Lot [52]. (2] € Buswan then (32 [12]) = 1 ([52]) 15 ([52])

Proof:

(5] = [22]) = B3] = lim K w ) = lim (K(F). K(ga)
= lim (). im Kega) =15([32]) -1 (2]

Theorem 13: Ify = [2%] € B;1,,1 and B(y) = 0in C theny = 0 in By1 1.
Proof: Lety = [h—”] and K () = 0 then by the definition of K, we have

lim Kh, = 0 on compact sets, again by definition of Kamal transform h,, = 0 a.e. in B;1,,1 and IS zero quotient of function.

X—>00

Equivalently y = [5_] is zero equivalence class in Bj1,,1.
n

Theorem 14: The generalized double Kamal transform K is one-one mapping from B, 1,1 into space C of continuous functions.

Proof: Let B (v1) =K (¥2), Y1, V2 € Byt = B (Y1 — ¥2) =0in C, theorem (13)
2V —Y2=0=y; =V,
Theorem 15: The generalized double Kamal transform K: B;1,,1 — C is continuous with respect to A- converence.

A
Proof: Lety, >y asn — o in B 1,1

]—>0,forsomefne Bi1,1,6, €Aand f, > 0asn — oo.

Then the A- convergence = ((y,, — ¥) ** 8,) = [fn;ﬂ

B{0n = 1)+ 623 = B[2528| = lim K(f, #+ 8,) = lim Kfy, > 0asn > 0 in €.
AS fu = 0,5(r) - ()~ 0asn — o = B(r)~B(y) asn - o.

RESULTS
We have tried to obtain double Kamal transform of bounded support. The linearity property, Convolution is studied in
distributional view and also Boehmian spaces are studied. The convergence & and A are defined in double Kamal
transformation.
CONCLUSIONS

In this paper, the two dimensional Kamal transform namely double Kamal transform of bounded support is obtained. Also the
extended double Kamal transform of distributional space along with some of its properties is studied. The convolution of double
Kamal transform of Boehmians and extension of it to integrable Boehmians is derived.
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