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Abstract

This paper introduces the generalized fractional Hankel-Clifford convolution
and translation. It also focuses on pseudo-differential operators that satisfy a certain
Lh/ﬂ/ﬂ/,,-norm inequality when using the fractional power of generalized Hankel- Clifford
transforms. And the properties of Sobolev-type space G, ,,, are studied.
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1. Introduction

Integral transforms have been essential analytical tools in mathematics.
They are widely used to solve problems in differential equations, function spaces,
and operator analysis. Past research has built a strong foundation for these
mathematical transformations along with the pseudo-differential operator. One
such transform is the fractional Hankel-Clifford transform, which extends the
classical Hankel-Clifford transform and interest in research due to its applications
in advanced mathematical analysis and applied sciences.Some scholars who have
made significant contributions are Kerr [4], Malgonde and Bandewar [5], Prasad
et al. [7],[8], Waphare et al. [6],[10],[13] and Zemanian [15], etc. They expanded
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the classical Hankel transform to include fractional powers, distributions, and
generalization. Which motivates this study.

Our recent studies have introduced fractional generalized Hankel-Clifford
transforms and their differential operators[11]. Also, examine their
characteristics[12]. We also study pseudo-differential operator and their
properties associated with the same transform (under communication).

In this study, we introduce the idea of fractional generalized
Hankel-Clifford convolution and translation. These operations are key to studying
pseudo-differential operators in certain L, g,a,p-n0rm inequalities when analyzed
using the fractional power of the generalized Hankel-Clifford transform. We also
studied Sobolev-type spaces, denoted Gy 4 4 -

For additional background on operator-based studies in analytic function
theory, see [1],[3].

The future possibilities for this research are broad, with potential
applications in areas like harmonic analysis, solving differential equations, and
mathematical physics. This study will open the door to new ideas and practical
methods for addressing complex problems in modern Mathematics and Science.

Let us begin directly by introducing the fractional power of generalized
Hankel-Clifford transformations [11] corresponding to the order a — b where
the parameters a and [ determine the structure of the transformation

(M apap DY) = Pl agar O = J,” K2 y) o) dn, (1)
where,
a-p (—i(n2+y2) cote)
) YapoY "€\ Capap(My cscd) 6 # nm,
k@YY = y%F Copa ) 0=n/2 @
s(m—vy) 0 = nm,
and Cppap(M) = M) P~92],_,(2\/n); Yape = expli(a — b + 1)(/2 — 6)].
Similarly,
(1S g0 WD) =BG apap ) = [ KE(,y) () dn, 3)
where,
0 Yapo N°7F GO+ Cow)ca.ﬁ,a,b (ny csc8) 6 # nm,
K;y(m,y) = na—ﬁ Ca,B,a,b(n)’) 0 =1/2, 4)
s(m—y) 6 = nm.
Note that
(S apap VIO =y F (A 4 pap ©)O). (5)

The inverse are defined as,
¢ = (M apap)™ Plapap)=J, KZG.M) @ apap 0 dy,  (6)
¥ = (W apap) " Voapas) ) =I5 KZOM PFapas O dy, (1)
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where, Kf and Kze are conjugates of K and K¢ respectively.

1.1 Differential Operators

Let us introduce some differential operators associated with the fractional
power of generalized Hankel-Clifford transforms from [11], followed by Torre
[9] as

Lﬁ_b“ 1.2 M __i 2
Riapape = N 2 e(zn cot9) D,n 2 e( o Cot@)‘
a-a—f+b i o —at+a+B-b+1 i o
= 571 cotd —atarpoorl (Llp2 cot
Siapabe =M 2 e(z )DU n 2 e( 2 )

Also, the Kepinski-type differential operator is defined as

Avapabe = Siapabe Riapabe

Similarly,
—a—a+pB+b i o a+a—B-b+1 i o
——————— _|zn*° cotd —F— _|—zn*° cotd
RZ,a,B,a,b,G = -7 2 e(zn )D17 n 2 e( 2" ),
—a+a+f-b+1 i o a—-a—pB+b i o
_ ————F—— (=n*“ cotf ——+F—— (—zn*“ cotb
Sz,a,ﬁ,a,b,e = -7 2 e(z )D17 n 2 e( 2 )

Az,a,ﬁ,a,b,e = Rz,a,[i,a,b,e Sz,a,[?,a,b,e
Also, We work within the Zemanian-type spaces ng,tx,ﬁ,a,b (I) and
}[g apap(l) as motivated by [15] and introduced in our previous work [14].

1.2 Preliminary

Here, we state definition, properties and results essential for this paper's
main conclusions. These are derived from our research on fractional powers of the
generalized Hankel-Clifford transformation, as detailed in our paper titled Pseudo
Differential Operator involving Fractional Power of Generalized Hankel-Clifford
Type Transformations which is under communication.

Proposition 1.1: For «,f € R,a> b and all ¢ € Hle,a,ﬁ,a,b(l)

i A parBiapane @) = —(yescd) hY g0 ,0 ),
ii. hf,a,ﬁ,a,b ((Al,a,/?,a,bﬂ)r (P) (y) = (—ycsc@)r hf,a,ﬁ,a,b(p (Y)

Definition 1.2: Given a function ¢ E.‘Hf_a‘ﬁ_a_b(l), we define the

pseudo-differential type operator hf‘a,[;,a,b,p, associated with the symbol p(n,y),
as follows:

(W wpanp @) = [ KL PO YVPL o pap ) dy.
Similarly,

Definition 1.3: Given a function E?—[ga_ﬁ_a_b(l), we define the

pseudo-differential type operator hga, p,a,b,p> associated with the symbol p(n,y),
as follows:
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(WS apapp W) = [ KL P YIVs 0 pap &) dy.

Theorem 1.4: For ¢ € 7'[19,a,/3.a,b (I) , The pseudo-differential operator
hf_aﬁ_a_b‘p associated with the symbol p(n,y) € H' can be represented as

— _pg o _ie2. 2 0
(hf,a,ﬁ,a,b,p (P) = ya_b_g TI“ £ fo Coc,,b’,a,b (773’ csc@)e 2(77 7 cot

X Fanoly Qapar@ 2P apan (2) dz}dy.

Where all the integrals are convergent.

2. Generalized fractional Hankel-Clifford convolution and translation

Consider A(a, b, ¢) area of a triangle with sides a, b, ¢ from [2],[14]. If A
exists then for o, ER,a—b =0

_be2,.2. .2
Dg _ 7a,b,0 A2(a-b)-1 F(x“+y“+2%) coté
a,B,a,b (x,y,2) = 3a-3f-a+b+z2 a—p+a-b ’
22(a=b) (csch) 2 (xyz)_ 2 T(a—b+1/2)Vm

®)

otherwise, it's zero. Observe that Dg_ﬁ(x, y,Z) is symmetric in Xx,y,z and
positive.

Lemma 2.1: Consider a — b = 0, then

o i
Yapo [y Capap(Zicscd) e2@ 00 D8 (x,y,72) 2% Bdz

i
= e (" +y*={Pcoth (“‘ﬁ‘aJ’bCa‘ﬁ‘a‘b(x(cscH) Ca,p,ap(¥Scsch).

Also
© —izzcote 2] a-pra-b
Yapol(a—b+1) [ ez Dypap(x,y,2)z 2 dz
2.2 —a+pB+a-b
= e 20TV (g cscO)T 2.

Proof: Following Watson [14], let
2a—b—1 Aza—zb—l

Iy Jap@Qap O] ap (@IHPA = e
Substituting , x = 2,/p,y = 2,/q,z = 2vT, we get

ga-b-1 p2a-2b-1

fo ]a,b (2\/5 C)]a,b (2\/6 O]a,b(z‘/F O(l_awd( = 23a-3b(pgry(@-b)/2 r(a-p+1/2)Vm’
Also { = Vs,
AZu—Zb—l

Iy Jap@P$)a(24/45)]ap(2rs)sCH PV 2ds = 2202 (pqr)(@-D)/2 [(a-b+1/2)V
Next,

fooo Jap(24/ps csch) (\/ps cscO)"e+FA/2 | 1 (2,/qs csch) (y/qs csc) TP/
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Ja»(2V7rs csc@) (Vrs csch)a+h/2 g(=atb)/2 g

AZa—Zb—l

3a—=3f—a+b+2 )
22a—2b(CSC9) 2 (pqr)(tl—ﬁ+a—b)/2 T(a—b+1/2)VT

From (2), we get

L2 24,2
= —=(p“+q“+r<)cotf (®
Yapo € 2 ) fo Ca,[?,a,b (ps csch) Ca,B,a,b (gs csco)
3a—-3B—-a+b

Copap(rscscd)s 2 ds

¥, bee_i(p +q2+12) cotb p2a-2b-1

3a-3p-a+b+2
22a-2b(csch) 2 (pqr)(@=B+a=b)/2 r(a—b+1/2)Vr
0
Da#{mb(p'qlr)

By inversion formula (6) gives,

Yab,6 fooo Crx,ﬁ,a,b (Z(CSCH) ez(z HrPycotd Deﬁ ab(x Y, Z) z%7Fdz

2.2 52
= 2O garfrarb, oo (64escO) Coypap(VECSCO),
setting { at zero , we get
a—p+a-b

YapoT(a—b+1) [ ‘“"t@Daﬁab(x.y,z)z > dz

—a+B+a-b

(xy csch)

— e—;(x +y?)coth

Hence Proved.

Definition 2.2: For 1 <p < oo, L’;_ﬁ_a_b(l) is the space of all Lebesgue
measurable function ¢ on I such that

1/p
ol = (5705 loar dn) - <o

Definition 2.3: Let ¢ € L, Bap() and 0 <x,y < co then Hankel translation is
denoted by (z2¢)(») deﬁned as

B+a-b
z 2cotf DG

@P)P) = Vapo fy o pap (X Y,2) oD 5 d.
Observe that (t%¢)(y) = (13 ®)(x).

Definition 2.4: Let ¢,y € L}, apap() and 0 <x < co then Hankel convolution
denoted by (¢ #4 P)(x) is

a—-pB+a-b

(@ #0 P)() = Yans [ 2 P (L)) Yy 5 dy.

—a+aB-b

Lemma2.5: Let () 2» @ €Lt ;. (I) then
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a-a-B+b —atatf-b —a+f+a-b
y 7 < (xcsch) 2 = (Z)
[(a-b+1) ’
a,/?,a, aBab

where l+ 1- 1.
14 q

Proof: From Lemma 2.1, Definition 2.3 and Holder's inequality, we have

)| = =

®© S — zcot@ 0
Va,h,e fo 4 2 €z D

wpab(Y,2) ¢(2)dz

a-f+a-b i o

© ~z%cotf D e
fo z 2 ez txﬁab(x y,z)

a-B+a-b i 1/q
X (z 7 ez? ot aﬁab(x y,z)) p(z)dz

o @-Bta-b 9 1/p
< (I 775 Dl pan ey DO

w a—B+a-b 9 1/q
X (fo Z 2 Da,ﬁ,a,b (X, Y, Z)) .

Again using Lemma 2.1

- /q
a-p-a+b 9 W P o a-Bta-b
y 1 (1 90)(}’)’ (%) Iz 7 Dipap(xy.2)lo@)P dz.
Hence,
© a-p-a+b a— B a-b
1P o] ¥

(xcsce)w pla 0 a—p+a-b  a-B+a-b 0
= T(a—b+1) fo lp@)IP 2z 2 fo Y 2 Dgpgap(xy,2)dydz

—-a+p+a-b 1 _ _
o [Gesey” 2 1 I lzi‘“é”;“ b @ Za—ﬁ;ra—b iz
- I(a-b+1) 0 ¢ ’

Therefore, we conclude

—a+p+a-b _ _
a— B2qa+b (xcscO) 2z a+[2?;ra b (Z)
y I'(a-b+1) ¢ P
a,B,a,b
—-a+pB+a-b
Lemma 2.6: Let () 2» ¢@€ILP ﬁab(l) then
a+pB+a-b
a-B-a+b — = = —a+pB+a-b
(ycsc9) 2 —_—
2q B 2p
x - I'(a—b+1) || ¢(2) P !
a,B,a, a,B,a,b

wherel+l=1.
P q
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—a+B+a—b —a+B+a—-b
Theorem 2.7: Let ()~ 2 @ €L}, Bap() and () 2P l/JEL ﬁab(l)
then

a—-pB-a+b
], s
aﬁab
(cscﬁ)w —atp+a-b —at+pra-b
= RO v '
Lg a,p,a,b Lagab

wherel+l=1.
P q

Proof: Using Lemma 2.5 for p=1 on Definition 2.4 and Holder's inequality, we
obtain

(@ #6 PI()| =

w @-Bta-b —iyzcotﬂ 2]
Yans Iy v E e @) ) p(»)dy|

a—-B+a-b a-B+a-b

I (y e (1g)) " (5L W w20 ) w(y)dy’

a-p+a-b

a-B+a-b 1/p 1/q
" WOPEN0Y ) (17 ooy )

a-B+a-b 1/p
WPy dy)

1/q
((xcsc@) 2 || —a+ﬁ+a b )
aﬁab

T(a-b+1) ¢(2)
By Lemma 2.6
I, a-p-a+b B+a-b
I |2 (p# z/))(x) R
(csch) A ﬁz & -a+p+a-b rla
e [ WOPEDmE) T F dydx
aﬁab

< (csce)i—aﬂ?;a—b -a+f+a-b
—_— 2
- I'(a-b+1) z ¢ (Z)

® 0 a-B+a-b
X J, @e)x = dx

Hence, from Lemma 2.5,

p/a
© a-p+a-b
) k WwoPy 2 dy
aﬁab

a—-pB-a+b
| x 24 <
La,[)’,a,b
(CSCQ)W —a+B+a-b —a+pB+a-b
s - 2 y 2p
I'(a-b+1)

Lapab Lapab
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Proposition 2.8: Let ¢, € L} apap() then

i a—pB-a+b
B a7 () = 700 ¢, oy (Gesch)
he ~Ly2c0tp Brazb
X La,6,a,b e 2 z 2 (p(Z) (()'

and

_i 2 —B—-a+b
h e pan(TIW)(Q) =77 °°‘9z 2 Copap(x{csch)

a+f+a—b
b)) ©.

—=z2cotf

X hz,a,ﬁ,a,b (e 2

Proof: Given that ¢ € L}x_ﬁ_a_b(l) ,we apply Lemma 2.1 in conjunction with
Definition 2.3 to derive the following result

hf,a,ﬁ,a,b (ya—ﬁ (T,‘?(p))(()
00 12,2 _
= Ya0S P [ Copan(Gyescd)eGE 7 00) yab (10 0y (y)dy

_p [® L7242y cotd _
= Vapol® P [ Ca,[;,a,b((ycscﬁ)e(z(‘v et )ya f

o @—-Bta-b L2010

XYapofy 2z 2z ez DS 40y (%, ¥,2) @(2)dz

= Yepol® P [ [)/abef Caﬁab(zycscg)e(({ #78) cotd) - DY 4 0p(x,y, 2)dy

b
iz cotB a-pra-

X ez 2 @(z2)dz

VapsC@ P [ eHEHIOO) L (yeseB)Capap ((XCSCO) o p(7CSCH)

a-B-a+b i a—f+a—b
£ ~z%cotf L

2 ez z z @(2)dz

1,2
XeZ{ cotB(

a—-pB-a+b i a—pB+a-b
= e—ExzcotQ ( 2 Ca,ﬁ,a,b (x(CSCB)hf,a,ﬁ,a,b (e_EZZCOtBZ 2 (P(Z)) (Z)

Hence done. Clearly, the second part of this proposition can be proved using

).
Proposition 2.9: Let ¢, € L, apap(l) then

hf.a.ﬁ.a,b(xa_ﬂ (o #¢ 1,[}))(() = e-;{ cotd e
-B+a—

X Wpan (605000 O upan (67705 9(0) @)

and
B o (0 0 Y)(Q) = €727 ¢
- -B+a— i
X hf,a,/},a,b (6 Zy C0t9y 2 (P(y)) (z)hl ,a,B,a,b (e 2 C0t9 lp(z)) (g)

a—f—-a+b
2

a-f-a+b
2
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Proof: Given that @, € L}, apap(l) then by using Lemma 2.1 and Definition
2.4, we obtain

WS 5.0 (x%7F (9 #9 ¥))(©)
= Yape(®F foo Caﬁab({xcsce)e(EGZerz) cotf x*F (@ #o ) (x)dx
= (yabs) ¢ ﬁf Caﬁab({xcsce)e( « +XZ)COt6) * Bf f D¢ ﬂab(x y,%)
a-pB+a-b a—-pB+a-b
—y 2coth

x 3ot R ) () T e 0 () dydzd

w0 oo [ oo Lor2,,2 _
= Uan) P S 17|17 CapanGrescd)es @D 0xetng L r,y, 2)dx

a—-pB+a-b a—pB+a-b

X eEy COtgy > q)(y)z > e%ZZCOtB lp(z)dydz

= (Vap0)?¢*F fooo fooo [6_5(y2+xz)cow Capab({ycscd)Cop b({zcsc@)ezz cotd

a-pB—-a+b

a—B+a-b a—B+a-b

] egiyzcotey : o)z 2 e%zzcote W(z)dydz

X¢

B+a b a-p+a-b i 2

i ® i
= Yape{* P _fzzcowf Ca,[;,a,b(Zycsc@)ez(yz"(z)“’wy 2 ez o8
ﬁ+a—b

X 9y Vapel®F [ Cq gab(ézcsce)ez(z #0010 32 cotd & ¥(2)dz
—B-a+b i a-B+a-b
M apan (T T 00)) ©

_i2 0 a-B+a-b
X W apan (5725 T0@) O

Hence done. Clearly, the second part of this proposition can be proved using

=72 _
—e 2( cotG(

o).

3. L},}B,a‘b-norm inequality and Sobolev-type spaces

Let us define ‘Af,a,ﬁ,a,b((' y) for 0 < x < o0 as

iy
‘Hf,a,ﬁ,a,b ((! y) = hf,zx,ﬁ,a,b (e 2* cot9 2 p(x y)) (()

Similarly
—a+B+a-b

A anG7) = Zaﬁab(e‘%“““‘)xiz p(x,y))(z),xe(o,oo).

,a4,0,T,

0 such that
0 . g SABta-h
A3 0 .ap G| < Kigprms (L+ ) (1 + (GescO)) ™1 2

Proof: Using Proposition 1.1(ii), Theorem 1 of Sec. 3 of [11] and for r € N, we
have



10 B. WAPHARE AND R. SHAIKH

(=3 escO) Af 4 pan(@¥)

— r _1L a-B+a-b
= Wupan (Brapans) €& T pwy)) 0)

a+a-p-b

_i2 ; .
= Va,b,ez f Caﬁab({x CSCG)E( (4 )COte) Zl— ae ( 2 cotG) X " D;H
a+a—-pB-b a—-f+a-b
Xx 2 e(;x cot@) e——x cot@ > p(x y)dx

_g [® - L { cotf ata=p-b,; +i
= Yap sl [ Qrescd) 2 " Cap(xcsch)ez o wx 2 Dyp(x,y)dx.
By Definition 2.2 form [12]
|(Cesc ) AT 4 5.0 (€. ))

a+a-p-b
<101 2 fesc 0] “E 10,y (Cr esc )| Eig i = DY p(x, ) |dx
< 101 fese ] SN 0l a1+ D) Sy 20O+ x)
B+ b +B+a-b
< |{|0t - | SC9| = = i= OatL’l,m,Hn,a,b,G(l +y)l

Bla-b+i+1lm—a+b—-i-1),
where, B is Beta function and L'}, ;4nape i positive constant.
Provided that m > r + 1 one can find a constant K; ;5 ;- m; > 0 such that

B a-b
AL 5.0 G| < Kiaprmi (L+ 3" 1+ Gesed) )¢

Hence proved.
An analogous argument leads to the result below.

Lemma 3.2: For a —b > 0 and 1',1 € Ny, there exists a constant K, g p rm 1 >
0 such that
|°’q2a,8ab(( y)|<K2abrml(1+Y) (1+(<CSC6)TI) Z

-a+ B+a b

Definition 3.3: For s € R, the Sobolev-type space is denoted by gf_aﬁ,a,b(l)
and defined as the set of all ¢ € f]{f ap,ap(1) such that

25—a— a+B+b

y he < oo,

”q)”gia,ﬂ,a,b = L B
a,B,a,b

Definition 3.4: For s € R, the Sobolev-type space is denoted by g;,aﬁ,a,b(l)
and defined as the set of all ¢ € 7-[29‘ ap.ap() such that

Zs+u—a—ﬁ+b

y 2 Zaﬁa < oo

aBab

Wllgs 50 =

Theorem 3.5: Forall | € Ny and a — b = 0, there exist My g p ym,; Such that
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a-b-a+p l
0 M1 qprm, (cscO) 2z
”hl,a,ﬁ,a,b,p((p)“g—“"’;"”ﬁ <=4 ”;"l(a b+1) e 0( )”(‘0”9“ boath )
1,a,8,ab 1,a, ﬂ a,b

Proof: From Theorem 1.4,

— _p o _i2 72 0
(hl,a,B,a,b,p ¢)(x) =VYabe x*F fo Ca,ﬁ,a,b (¢x csch)e 2T+ cot

X Fano Jy Qapap® P apap () dy}dl.
Using Lemma 2.1 and (6), we get

Vawo $“F [ Caﬁab@xcsce)ez‘x OB (B8 @) (X)X

ya,b,B fo Ql,a,ﬂ.a,b (y' ()‘pl,a,ﬂ,a,b (y) dy

— _ o o i 2 2 9
=VapoYaro S P Ly Jy Capan(@x cscO)ez™ 0, 5 0, (xy csch)

—= 0 ~
x eI )50 o () dxdy
0 ~o0 L _ a-b-a+p
= Vabeo (a—ﬁcscgf fo ez(y2+(2 x2) cotex—f 0= BCaBab(xZ csch)
_(x +z2) cotf Deﬁab(y'( 2)x%" ﬂez(f -y?) cotd (X'Y)‘f)le,aﬁab (y) dzdxdy

— (“_BCSCH f°° f 65{2 cotd []/ b 2" ﬁf Caﬁab(xz CSCB)ez(x Z+2%) cotd

a-bta-f ——x cotf
X|x2 e P y) ) dx| 9% pap OIDE gap (.0, 2)dzdy

a-b+a-p

= e Fesch 7 J7 e O W g (v M p(2,3)) (D00 )
X Da,ﬁ.a,b (y' Zl Z)dZdy

= (% Bcsch fooo fooo 3% coto ALy Bap(Z Y)ﬁaf,a,ﬁ,a,b (y)Dg,ﬁ’.a,b (7, ¢, z)dzdy
From Definition 2.3, Definition 2.4 and Lemma 3.1, we obtain

|z—a+ﬂh1 a,B,a,b (hl,a,ﬁ,a,b,p (P)(()|

< Kigprmify, A+ 9 G0par ) f; 1+ (zcscey)-l z
a-f+a-b

< Kl,a,b,r,m,l fow (1 + y)lq’)\l,a,ﬂ,a,b (Y) fow Z 2 ez Z COtGDGﬁab(y'Z Z)e EZ cors
X (14 (zcscO)") "t dzdy.

-b
2 Dﬁgmy.z z)dzdy

2k—a+pB—-a+b

Let P (x) = e 2 (1 4+ (xcsch)) ™! and (pf_’gﬁ_a_b(x) =x 2

——x cotd ~0

e P1ap,ap () then

|(—a+,8 h’l a,B,a,b (hl,a,[?,a,b,p (P) ({)l

- l A
< Kiabrmi (ape) ™ Zheo (§,) VP00 T10) )y



12 B. WAPHARE AND R. SHAIKH

- l
< Kl,a,b,r,m,l()/a,h,e) 2 Zk:o (k) (1109 #9 (pfﬁﬁ_a_b)(g)-
Now we apply Theorem 2.7 for p = 1,
”(_Oﬁﬁh 1La,B.a b(hl,a,ﬁ,a,h,p¢)(<)||L1

< K1,a,b,r,m,lZ;(=O ( ) ||(7~/J9 #o (plaﬁab)(()”l'iaﬂab

—a+pB+a-b _
<k Zl l L — a+ﬁ+a -b
— N ,a,b,rm,l Lk=0 k I(a—b+1)

aBab
—a+pB+a-b

0,k

aBab
B-a+a-b

Kiabrmi(cscd) 2 L
< 1ab”l'_l(lacslf+1) Y=o (k) [lv - a+ﬁ§01a,ﬁ,a,b(y)||Llll b
x fy

B a+ab

"22 (1 + (zcscH)") | dz

B-a+a-b

!
< Kl’“’b'r'?(lfs;i)n — ke (k) I~ 01 pan v )”Ltltﬁab

Jo" 12%7P (1 + (zescO)™) | dz.

For conclusion, we use Definition 3.3. Also to make integration convergent
assume r > 1+a—b.
a-b—a+p

[Z] M1 q p,rm, (cscO) 2 l
1 @) aboass < 22 Skeo () 101l acpess,

I'(a-b+1)
1,a,8,ab g1aﬁab

For some constant M, 4, .m; > 0. Hence proved.
Analogously, the above theorem also holds for hg‘a‘ gap transform.

Theorem 3.6: Forall | € Ny and a — b = 0, there exist My 4 p ym,; Such that

a-b—a+p
M3 q prm,l (cscO) 2z
17,00 I a=boaes < —222222E=0 Thee o( VIR a-b- ab-ars,
ngEab gzaﬁab

Remark 3.7: The study is motivated by Prasad and Kumar [8] and we strongly

believe that the result obtained in our study is stronger than it and can be reduced
i 1k p_1_H il v p_1_v
to[8]byputt1ngthevalue0{—4+2,B—4 2anda 4+2,b 27
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