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Highlights

*The aforementioned operators are employed in the mathematical modeling of seismic waves.
*The proposed operators have applications in physics.

*Quantitative estimates of the proposed operators are addressed.
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1. INTRODUCTION AND PRELIMINARIES

In this section, Wepbegin by presenting a background on sampling-type operators, followed by certain
preliminary constructionsythat will be employed in our subsequent results.

1.1. History, of Sampling Type Operators
The classic¢al sampling theorem was independently formulated in [1-3]. Sampling-type operators and their

applicationsiconstitute a central and challenging topic in approximation theory, with significant relevance
to signal andimage processing (see, €.g., [4-7]). The family of operators is defined as

©wg)(X) :=Tuezg () sincWX —K), W > 0,X € R. (1.1)

Here, sinc is the “normalized sine cardinal” function. We know that if g is a band-limited function with
support in [—tW, W], then

Gwg)(X) = g(X).
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Equivalently, g can be reconstructed without loss from its discrete samples taken at uniformly distributed
points on R, given by the set {%: ke Z}.

To treat non—band-limited functions, Butzer and coauthors [8-10] substituted the sinc kernel with
generalized kernels meeting approximate-identity and Strang—Fix conditions, and introduced

(Sivg)(X0) : = Zkez g (%) XWX —Tk) (1.2)

whenever the series converges absolutely. The remainder of classical sampling theory is then developed
through Fourier transform techniques (see, e.g., [11, 12]). In recent years, extensive res€arch has been
devoted to the study of generalized sampling series across various function spaces. Linear combination
forms have been investigated in [13], while Kantorovich-type and Durrmeyer-type forms have been
explored in [14-17] and [18, 19], respectively. Extensions to bivariate and multivariate'ferms have also
been considered [20-24], highlighting the versatility of these series in highes-dimensional\ settings.
Saturation results, which describe the limits of approximation, were addressed, in [25],/and‘a novel type of
sampling series was introduced in [26], further enriching the theory. More recently, attention has been
given to the convergence properties of (1.2) and its variants for funcfions belonging to weighted spaces
of continuous functions, emphasizing their practical applicability id approxXimation theory (see, e.g., [27-
31]). Collectively, these studies illustrate both the breadth and ‘depth of‘developments in the field,
providing a solid foundation for ongoing research.

Motivated by practical challenges in light scattering and, diffraction, researchers in optical physics and
engineering during the 1980s developed a mathematical“mdel ‘that has since been applied in radio
astronomy and related optical-physics problems (see, e.g., [32-35]). They formulated the inverse problem
via

F@) = [ % Gwf (W,

in which F, ¥, f are the measureddata, the kernel and the target function to be estimated respectively. An
alternative perspective is that the Mellin transform, recognized as a highly effective tool for solving such
problems, allows the solution to be represented/as a series of samples. Within this framework, the family
of exponential sampling operators is defined for any function g: Rt — C by

k
(Ewg)(®) : = Ykez 9 (eW) lif, )y (eS¥%"), W > 0,c e R,x € R*. (1.3)

Here, lin. is the “linearlyieompensated sinc” function. In this context, if g is a Mellin band-limited
functiongthen

(Ewg)(x) 7 a(x)
for every 2 € R*4(sce [36]).

Bardaro et al. in [37] formulated a robust generalization of the exponential sampling series (Equation
(1.3)) by substituting the classical lin, kernel with a more general kernel ¢ defined on R*. The kernel ¢
is required to satisfy the standard approximate-identity hypotheses (formulated with respect to the

e d . . . N o .
multiplicative measure ?u on RY), typically including normalization, integrability, and concentration

under dilation, together with appropriate moment or vanishing-moment conditions when higher
approximation orders are sought. Under these hypotheses—and given customary smoothness or decay
assumptions on the underlying function—the generalized sampling operators converge to the original
function in the relevant norms (e.g., uniform convergence on compact sets or convergence in LP with
respect to the multiplicative measure), and the approximation rates depend on the moment conditions of
¢ and the regularity of the target function. This framework therefore recovers the classical exponential
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sampling expansion as a special case (when ¢ = lin.) while admitting a wider variety of kernels tailored
to different localization and approximation requirements. For g: Rt — C, this extension permits the
reconstruction of functions that need not be Mellin band-limited. The generalized exponential sampling
operator introduced in [37] is defined by

(Epg)(®) :=Xkez o (e ¥2")g (e%) W > 0,x € RY, (1.4)

whenever the series converges absolutely.

Subsequently, to facilitate applications in the analysis of seismic waves, Bardaro et al. [38] (see [39] for
another study in which seismic wave modeling is carried out using exponential-type sampling operators)
proposed a bivariate extension of (1.4), given by

k J _ i
(Ep#) (x4, %,) = Y ezt (ew,ew) o(e *xl, e Tx¥), W > 0,(xy, x,) €RY (1.5)

where #: R2 — R is assumed such that the series converges for every{#;, x,))€ R% and 0:R2 > Ris a
continuous function (kernel) which satisfies the following assumptions:

o forevery (x,x;) € RZ,

o(e*xy,ex,) =1,
(k,j)ez?

e it holds

Mo():= sup Z lo(e x5, e7 ;)| 'Qe0,
(%1,%7)ERZ (k‘Dez?

o lim X jes, Gloge logr,) |0(e e Vx, )= 0

']/—)OO

uniformly for (x;72; € R%. Here, for any y > 0 and (x4, %,) € RZ, we denote by B, (x4,%;) the
open ball of radius y centeted at (1, x,), defined as

By (x4, x7) : = {(%, v)NE R3| (1 —w)? + (2, —v)* <%}

In receft years, a considerable body of work has been devoted to exploring various forms and function
spaces, of theaseries (1.4). Notable contributions include investigations in Mellin—Lebesgue spaces [40,
41], studies on linear’combinations [42], analyses of Kantorovich forms [43, 44] and Durrmeyer forms
[45], as well asgdevelopments of generalized Kantorovich forms [46]. Furthermore, extensions to
bivariate forms/[38, 39], multivariate forms [47, 48], and logarithmically weighted spaces of continuous
functions [49-51] have also been presented, reflecting the growing interest and applicability of these
series in diverse mathematical contexts.

Another significant operator in Mellin analysis is the convolution operator introduced by Butzer and
Jansche [52] (see also [53, 54]). Furthermore, in [55], Bardaro and Mantellini defined a Mellin-type
convolution operator of the form

dt dv
t v’

(Tw#) (21, 22) : = ngr Ky (txgt, vz Dt v) (1.6)
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where # belongs to LP-space, 1 <p < o, and K,:R? > R is a kernel satisfying the suitable
assumptions.

In [56], Acar et al. (2024) constructed bivariate generalized Kantorovich variants of the exponential
sampling series by using the bivariate Mellin—Gauss—Weierstrass convolution integral operator. For a
function # on R the operator is defined by

) (1, %2) 1 = [ O (&, 0)F (b0, v2) T, (1.7)

t v’

where the integrating measure %% is the multiplicative (Mellin) Haar measure. The kernel &y,
appearing in (1.7) is the Mellin—Gauss—Weierstrass kernel given by

2
w2 (—WT(logleﬂogzxz))

CSW(xl'xZ) = 4 ) (xlixZ) € RiIW > 1. (18)

The bivariate generalized Kantorovich forms of exponential sampling sefies is defined by

(72°8) (1, 22)

k j
]RZ Gw (z1, Zz)#<zleW heW)%
= Zk. 720 e~ keW o=ig
e ( 1' : ) Jpz O (2122 )dzzldzzzz
dz dz

where #: R%Z - R is an integrable function for which the above series converges for every (xq, x,) € R2
and o: R3 — R is a kernel which satisfies the above assumptions.

1.2. Basic Notations
Let N2,NZ and Z? denefe the séts of vectorS £ = (%4, %,) whose components %4, %, are, respectively,
positive integers, nonnegative Antegers and integers. For any £, we write |#| = £, + #,. Moreover R?
denotes the two-dimensional Euclidean space consisting of all vectors (x4, 2,) with x4, x, € R.
Let £ = (21, %,) ¢ =4, ¥2) € R?, and @ € R. We write x > 4 if and only if x; > 4, j = 1,2 and
we denoten1 : = (1;1)/and 0:= (0,0). The space of all vectors & > 0 is denoted by R2. As usual, we
defines
x+yi=(x, +yp £ +yy), ax = (axq, ax,).
Further, for veétors in RZ, we define component-wise multiplication and division as
xy = (X1Y1, X2%2),

x <x1 xz)

¥ \y1 4/
We also adopt the following notation:

logx := (logxq,logx,) with x > 0,
a" = (a*, axz) with a > 0,

—(x1 ,x57)-
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For x,¢4 € R?,

lxll : = /2% + x5 and d(x, ¢) : = |lx — yl.

Let I € R% and denote by C(I) the space of continuous functions on I. For m € N, let C™(I) be the
subspace of C(I) consisting of all functions # whose partial derivatives up to m exist and belong to C(I).

Denote by M(R%) the measurable functions and by L (R%) the bounded functions. Set

IL(R2) : =14 R2 . 2 dx, dx,
(RY):=1#:Rf > C:f € M(RY), | [F(xy, 23)| ——— < oo
R% X1 X2

Let v = (v, 1) € N3. Foru = (u4,1,) € R, the algebraic moments of ordéme of g\are defined by

mi?l (o, w) : = ml(frll’vz)(g, w):= Z o (e u,, e T u,)(k — logud® (j — logu,) 2.

(k. )EZ?

The absolute moments of order v of g are defined by

My o w) =M (0, w):= Z |o(e~*uy, eay)| |k % logu, | 1] — logu,| 2.
(k,j)ez?

Finally, we set ]V[J,"l (@) : = supepz MJ,”'(Q, u).

Remark 1. Mdlflrll(g) < oo implies M,J:;ZI(Q) <"+ for any 1, such that |v,| < |vr4].
We recall the bivariate Mellin—Taylor formula.
Proposition 1. Let m € Nd@ndf € C™(R3). Fix x = (xq,x,) € R% and let £ = (£,,%,) € R4. Then

F (124, t2%2) (1.10)

1 2
=$(x,25) + (@xllogtl + @leogtz)ﬁ'(xl,xz) + E(Oxllogtl + Oleogtz) Flxq,25) + -

1 m—-1
+m (0., logty + 0, logt,) #(x1, %) + Ry (1, 12),

of (x)
axi

where 0, #(x) ;= x; and the remainder is given by the Lagrange form

1 m
Ry (£1,15) = — (Qxllogtl + Oleogtz) F(r,8)
for some (7, 8) on the straight-line segment
L(tlytz) = {(1 - 9)(.%1, xz) + Q(tlxl, tzxz): 0<o< 1}.

Remark 2. Logarithmic weighted spaces for bivariate functions extend the admissible target class. A
function @ is called a weight function if it is a continuous and positive function on the entire domain RZ.
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1
1+log2x, +log2x,’
space of continuous functions and its natural subspaces are defined as follows:

an important example is @(x1,x,) = %1,%, € RT. The associated logarithmic weighted

| (xq,202) |
Bp(R2) := {#: R2 — R:3M > 0 such that W < M for every x4, %, € ]R+}
Cu(R2) :=C(R%2) NnBy(R3)
CL(R2) := {#EC(]R{)EI lim Mem{}.

|(x1,22)]| >0 1+log2x; +log2x,

Let By (R2) denote the linear space introduced above and let the same symbol refer to its relevant
subspaces. These spaces are equipped with the norm

Iflle := sup [ACER)]

(21,25 )EIR{Z 1+log2x,+log2x,"

In the aforementioned paper, a new modulus of continuity, referred¢to as«the weighted logarithmic
modulus of continuity, was also introduced in order to determine” the, rate/of approximation of the
operators in weighted spaces, that is, for # € C5(R2%), weightedflogarithmiic modulus of continuity is
given by

. .= |# (F121,£2202) —F (1, 2) |
Q(f361,62) 1= (xlilg?st (1+log?t, +log2t,) (1+log24y+log2x,)’ (L.11)
, ik

|logtil<¢q, |logta|<¢a

We know that the modulus of continuity defined'in (1.11) satisfies the following properties:

Lemma 1. Let¢q,G, > 0 and 74,7, € N{ Then the following assertions hold:

a) forf € C5(R3), Q(F; 61,6) < o,

b) for all #€Cqx(RE) Q161 7126) < 2n3n3(1 + ¢ (1 + 65)Q(F;61,6;) and for any
04,0, € R*,

Q5 2161, 026) €2 (A +.01)3 (14 )3 (1 + 6D (1 + 65 QAF5 61,62,

c) forf €€5(R3), Ilim Q(# G1,62) =0,

(12

d) orall § € €4(R2) and (4, 4,), (x4, x,) € RZ,

[y, £8) = F(x1,%)|

< (I)(x P )(1 #60)2(1 +63)*Q(#5 61, 62)
% [1 llogh,—logx,|® + |log/1,2—slogx2|5 + |log/1,1—510gx1|5 |10gh2—510gx2|5].
S 2 61 G2

In the same paper again, in order to provide a quantitative form of the Voronovskaja-type formula, the
following inequality was also established for (0, #), (0.,#) € Ci,(R3):

U
% (G32)
x1 xz
212

T w(xq,x2)

(1.12)

((@xlﬁ) S CZ) (1 + L5 + L6 + L6L )
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212 . 6 5 5716
o 2 ((0n,#)61.52) (118 + 15 + 1515),
Whel‘eLl _W LZ _W’glygz S 1and;t’1x1 =u1,/t2x2 =/u,2_

We are now ready to present our main results. In the present paper, we first determine an upper bound for
difference of the operators (Kﬁ,’@) and (85,,). Subsequently, we construct a Voronovskaja-type formula

in a quantitative sense using the inequality (1.12). Finally, we discuss several examples of kernels
supporting the present theory.

2. MAIN RESULTS

In this section, we present and prove two main results that extend the present théory.
In the following theorem, we establish an upper bound for difference of the operators (7(5,'(5) and (Sﬁ,).

Theorem 1. Let o be a kernel such that M(a p)(0) < . If § e £ (R2), then the following inequality
holds:

[(5°8) - (e8I,
218

< (@ + 2+ 2) 05 52) 160

+ (ot 2 20) 0 (522 ) (M @21 M ) (0) + WMo (0))

211 218 223 2
+ (m Tt n-Wz) 1 (f W W) (M(o 2(0) + 2WM g 1y (0) + W MO(Q))
Proof. By using definitions’of the operators and the idendity

le dZZ

k
fRi Ow (219 w,z,e W)?;— f]RZ Oy (z1,2) —

d21 dzz

@2.1)

Z1

we can write

(3689%) (enx2) —(EL#) (1, 2)

d21 dzz

Z(k})EZZIQ(e xl ) ]xz )URz Gy (219 w,Z,e W) |15l(21:22) f( )

Z1 Zy
Now, considering the property of Lemma 1 d) for ¢;,¢, < 1, we obtain

I

k j
<2 0(#; §1'§2)Z(k1)622|9(e xy e xy )|( +_+W2) fRz Gy <Z1e w,Z,e W)

X (1 + [logz 15 + |1°g22 S n rogza ] logz:—; 5)&&

3 3 3 3 z 2z
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= 211!2(#; C1, CZ) Z(k,j)ezle(e_kxlw: e—]xgl/)| (1 +— + WZ) fRZ (6W(ZliZZ)

llogzy|® | llogz,|® | |logzy|® IlogZzls)ﬂ@

x(1+

+ +

=:1;.
C1 Cg Ci, cg 1

7 72
Since

k? = (k — Wlogx,)? + 2Wlogx, (k — Wlogx;) + W?log? x4,
j2 = (j — Wlogx,)? + 2Wlogx,(j — Wlogx,) + W2 log? x5,
we get

Iy

2170($361,62) 2170($561.62) 2250($361,62)
< 20085 61,62)Mo(Q) + == 557 Mo(@) + == 5,57 Mo(0) + 5 5 55 Mo ()

11
+202(F561,62) (M(zz,o)(Q) + 2W [logae M1 gy (0) + W21082x1M0(9))
217
+\/_n—¢iw7ﬂ(f; €1,62) (M(ZZ'O) (o) + 2W|logx1|]v[(1170) (o) + WzlogleMo(g))

217
+ e 085 61,62) (M 0y (@) + 2W llogaey [, ) (@) + W 21082, 340 (o))

23

+ 2(#;61,62) (M(ZZ,O) (0) + 2MWjogx, |M ¢ oy (0) + W210g2x1M0(9))

g3 g W12
211
+o702(£:61,62) (M(Zo,z)(Q) +2W|logzx, | Mg 1y (@) + Wzlogzszo(g))
217
o 08 61,62) (1050, (@ + 2w Noga| My 1 (@) + W2 log?; Mo (o))

+\/—§ 57 2(#; 64, 62) (M(o (@) + 2W|logx2|]\/[(0 »(0) + W?log? szo(Q))

22

+ ot 08 05 (MB (@) + 2Wllogey |67 1, (@) + W2l0g22, Mo ()

Now, ifiwe/divide\both sides by (1 + log?x; + log?x,) and take the supremum over (x;,x,) € RZ, we
have

|(%5°8) ~{ep)l

2179(#: $1,62) 217[2(#; $1,62) 223!)(#: $1,62)

< 210(#;61,62) Mo (0) + My (o) + My (o) +
(# Cl CZ) O(Q) \/ECEWS O(Q) \/ECZSWS O(Q) 7T§15§25W10

My (o)

211
+ 22005 61,62) (ME 0y (@) + 2W M ) (0) + WMy (0) )
17

- . 2 1 2
+ \/5915W7 2(F361,62) (M(Z,O)(Q) + 2WM(1,0)(Q) + W MO(Q))
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17

2
+——0#; ¢4, M2 + 2Wwmr + W?2M,
NG ¢2) (M) G0 (@ 0(0))

23

2
+———0F; ¢4, M2 + 2WwMmir + W?2M,
e 506 (M@ (o (@) 0@)

211
+ 250085 61,62) (ME (@) + 2W My 1) (@) + W2 Mo (@)

217
+\/;§§W7 0(#561,62) (M(ZO,Z)(Q) + ZWM(IO,I)(Q) + WZMO(Q))

17

2
+—— 0 ¢4, MEA + 2wmh + W2M,
NI (#561 Cz)( (0.2)(@) 0@ 0(9))

223

— 5, (£ 61,62) (M(Zo,z)(Q) + 2W M 4y (0) + WZMO(Q))-

+ ”C% G2
Finally, if we set ¢; = ¢, = W1, the proof is completed. O
In the following theorem, we present a quantitative form of Voronovskaja-typetheorem.

Theorem 2. Let o be a kernel such that M(lib)(g) < oo, If (Qxlﬁ), (@xzf) € C5(R%) and fm%a,b) (0,%x)
1= m%a’b) (o) # 0 is independent of x, we obtain

|W [(7{5}615&) (x1,22) — f(xpxz)] - (Qxlf)(xl’xz)mh,o) (o) + (szf)(xpxz)’m%o,l)(é’)

< ———(0(0n, Fr 5 2-) [(1204212 + 222 /NT) M) + 25M 5 (@) + 2V MG, ) (0) +

@ (x1,%2)

64-120- 22 /1 M(lgs)(g)]

11
+0 (@xzﬁ; W'W) [(¥20,2%% 4 222 /N )Mo (0) + 27 MG 6 (0) + 217 MG 5 (0)
+ 64 - 120 “282 /NT ML (@)])-

Proof. By applying the Mellin-Taylor expansion (1.10) to the function # at the point £ € R% and using
the identity.given in\(2.1), we obtain

(75 ) 4 %2)

: _k _I
= Y(k,j)ez2 0 (e7*xl, e Tx}) ngr U (219 w,ze W) (F(x1, 22) + (Qxlﬁ)(xl,xz)(logzl — logxy)

dz, dz,

+(@x21§) (x4, %,)(logz, — logx,))

Z Z2
- k  J\dz dz
+ Z Y (e‘kx}’v,e‘lxgv)-[ Gy (z1,22)R, (Zlew,ZZQW)—l 22
R%

Z Z
(k. J)EZ2 o2

0, 1) (x1,%2) 0., %) (x1,%2)
= $lay,xp) + CaDm 1 oy 4 CalCamD 0y 1,
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k
_ i dz, dz
where | ::Z(k,j)EZZQ (e kalV, e T xl )fRZ ®y (z1,22)R, (zlew zzew) le ZZZ

inequality (1.12), we get

Now, employing the

Ul

dzq dzz

Z1 22

k
< Z(k ])622 |Q(e xl , sz )l fRZ G')W (Z]_,Zz) |R1 (ZleW ZzeW)

12 .
= d)(azcl,xz)g ((@’ﬁ#); C1 §'2) Z(k,j)EZZ |Q(e_kx1W' e_]x2W)|
j 5
12 lOg(zzeW>—logx2
+ (,—J(il,xz)ﬂ ((@xlf)i CLCZ) Xk, j)en? |Q(e_kx1 e xy )| fRz ®y (21,2,) = dz_zlldz_zzz
k 6
12 log(zleW>—logx1
+ 0—)(52“1;752).Q ((Qxlf)’ S1 Cz) Z(k,j)ezz |Q(€_kx1 € sz )| f]RZ ®W (ZI!ZZ) Cf dZ_ledZ_ZZZ
12
w(il %2) ((QM#) C1;C2) Dk, j)ez? |Q(€ xl, eI x} )| fRZ Gy (Z1022)
k 6 j 5
log(zleW)—logxl log<zzeW)—logx2 dz, dz,
% 6% ¢3 7z oz
12
a,(il %) ((@xz’ﬁ) Cl'Cz) Z(k])EZZ |Q(e x1 € sz )|
e,
12 log(zzeW>—logx2 dz. d
(0 o ) ey g Lt
(e g
12 log(zleW>—logx1 dz. d
(D(il:xz) ((szf) C1» CZ) Z(k J)EZ? |Q(€ xl € ]xZ )| fRz (ﬁW (Zl,Zz) g‘i Zillzizz
w(x X2) ((sz'#) §1, ¢ 2) Z(I(])EZ2 |Q(€ xl € ]xz )| fRz ®W (leZZ)
k 5 i 6
log(zleW)—logxl log<zzeW —logx, dz, dz,
8 5 % B
212 22
= a‘)(xl,xz)ﬂ ((%15‘): S1) CZ)MO(Q) + oG VAW [0) ((@xlﬁ): C1;C2)M0(Q)
16 12
+oimarewrs 2 ((00,8):61.62) M5 (@) + o roeyra @ ((02,8)s 61,62) Mo (@)
217 64x120x212

L) ((@xl’ﬁ); C1 CZ)M(%,O)(Q) + o(xl,xz)ﬁc§c§W110 ((Qxlf)i Cl:CZ)M(lé%S)(Q)

(D(xl,xz)qfwe

120x212

(( )i 91,92)]‘/[0(9) + Wﬂ ((%75‘); CpCz)Mo(Q)

w(x1 X5)
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217

22
N ((szf); §1,§2)M(60,6)(Q) + WQ ((szf); §1;C2)M0(9)

E)(xl.xzk?Wﬁ

217 64x120x212

@ (x,0)VIGS cSW L

0 ((szf); §1,§2)M(5§,o)(9) + 0 ((sz#); Cl:CZ)M(llS%@(Q)-

®(x1,262)GTWS
Finally, if we set ¢; = ¢, = W1, the proof is completed. O
3. SEVERAL EXAMPLES OF KERNELS

In this section, we present specific kernel functions that satisfy the required assumptions, To begin, we
recall the constructions of univariate kernel functions.

3.1. Mellin-Spline Kernel
For n € N, the one-dimensional Mellin-Spline of order # is defined as

_ 1
T (n-1)

B, (x):

n—
+

o(—1)¢ (;}) (g + logx — f) ' , ¥ € R,.

By taking the tensor (product) of the one-dimensional Mellin*-Spline, kernels,) on€ obtains a separable,
box-type Mellin-Spline kernel. For #, m € N, define the kernelB,, ,,,: R& - R by

Bm (X1, 22) 1= B, (x1)B,,,(x3), (x1,%,) € R3,
where B,, and B,, are the one-dimensional Mellin—Spline kernels of orders 7 and m, respectively. This
kernel is separable (box-type) and inherits regularity and moment properties from the one-dimensional

factors B,, and B,,,,.

Figure 1 shows graph of the bivariate Mellin-Splinekernel for n = m = 3.

Figure 1. Graph of B,, ,,, for n = m = 3.

3.2. Mellin=Jackson Kernel

For ¢ € R, theyone-dimensional generalized Mellin—Jackson kernel is defined by

~ e 1
3y, (x) : = d, gt ~°sinc?P (%),

where x € Ry, € N,y = 1, and 4, is the normalization constant determined by
-1 . _ . 2p (logy ) dy
VEi= fR+ sinc (_Zan S

With the choice ¢ = 0,y = 1 and § = 2, the corresponding box-type (separable) Mellin—Jackson kernel
on R? is given by the tensor product



Sadettin KURSUN/ GU J Sci, 39(2): x-x (2026)

31,2(951»752) = J12(#1)J12(x2), (21, 2,) € RE.

Figure 2 shows graph of the bivariate Mellin-Jackson kernel forc = 0,y = 1 and § = 2.

Figure 2. Graph of %1,2.
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