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BOUNDEDNESS OF MIKHLIN OPERATOR IN VARIABLE
EXPONENT MORREY SPACE
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ABSTRACT. . G. Mikhlin proved the boundedness of the Fourier multi-
plier operator in the classical Lebesgue space if the multiplier function is
a bounded function. In [2], the authors obtained the same result of the
classical Morrey space. In this paper, we prove that Mikhlin operator
with bounded multiplier function is bounded operator on Morrey space
with variable exponent which is containing the classical Lebesgue space
with variable exponent and the classical Morrey space.

MSC(2010): 42B10; 42B20; 47G10.
Keywords: Fourier multiplier operator, variable exponent Morrey space,
bounded operator .

1. Introduction and Preliminaries

On 1956 S. G. Mikhlin introduced the generalization of the Fourier multi-
plier operator and affirmed that it is bounded in Lebesgue space [1]. Fourier
multiplier operators play a major role in analysis and in particular in the
theory of partial differential equations. For instance [2], the heat diffusion
in a wire with length L can be modeled as a partial differential equation.
Thus, this problem is extendible to a heat diffusion in a wire with infinite
length as follows:

Ut = Clyy VEER, t>0, ceR
u(z,0) = ¢(z), zeR

where u(x,t) is temperature of the wire at some point = € R and at the time
t > 0. Hence, one can use the Fourier transformation F and obtain

a(z,t) = F(G * ¢) = (27m)2 G,

.302 ~
where G(z,t) = @efm. The operator that maps ¢ to u(z,t) is so-called

to the multiplier operator generated by G. In this case, G is said to be
Fourier multiplier. We are interested in the class of multipliers that satisfy
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the estimates of the standard Mikhlin-Hérmander multiplier theorem which
is defined in below [1].

Definition 1.1. Let N = n+2, n € N. Also, suppose that m : R"\ {0} — C
is an N —times differentiable function such that [Ogm(£)] < C[¢ |=lel for all
€ #0, |a] < N. A Mikhlin operator is defined as

M(f) = F " (mf)
for all f € S(R™).

Theorem 1.2. [I] Let M be Mikhlin operator. Then M can be extended to
a bounded linear operator on LP(R™), for 1 < p < oc.

From Theorem 1.2, using the properties of Fourier transformation in [1],
one can obtain Mikhlin operator as follows:

M(f)(x) = / K(z — o) fy)dy = (k * £)(2)

n

where function k, so-called the kernel of operator M, satisfies the following
properties.

Proposition 1.3. Suppose that M satisfies Theorem 1.2. Then there is a
locally integrable, continuously differentiable function k : R™ — {0} — C with
compact support which satisfies

k()| < Clz|" |Vk(2)| < Cl2",
for all z # 0 such that M(f)(z) = (kx f)(x) for all x & Supp(f), f € 2(R™).

The theory of function spaces with variable exponent was extensively
studied by researchers since the work of Kovacik and Rdkosnik [3] appeared
in 1991. Many applications of these spaces were given, for example, in the
modeling of electrorheological fluids [1], in the study of image processing [5].
Morrey spaces emerged in close connection with the local behavior of the
solutions of elliptic differential equations and they describe local regularity
more precisely than Lebesgue spaces; see, for example [6]. The recent survey
paper [7]we can find information on various versions of variable exponent
Morrey spaces.

Let p(.) be a measurable function on  with values in [1,00). An open
set  is assumed to be bounded. Let us consider 1 < p_ < p(x) < p; < o0,

where p_ := ess ingp@) and p; := esssupp(x). We indicate by LPL) ()
T€ e
the space of all measurable functions f(z) on € such that

Loy (f) = /Q ()P dz < +oo.

This space is equipped with the norm

1£llp) = inf{u >0 Ly(h) < 1},
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which this is a Banach space. Suppose that p'(:r) is a conjugate exponent

. 1 1 .. . . . cq s
for p(z) i.e., o@) T T = 1. The Hoder inequality is valid in the from

1 1
[ t@la@las < (5= sl lal

Let A(x) be a measurable function on €2 with values in [0, n]. The variable

('.) (Q) is defined as the set of integrable function f on

p
Morrey space L/\()

such that

A(x)
s ([ wpay) <o

zeQ,r>0
QNB(z,r)

for all y € B(z,r) := QN B(z,r). Norm of the functions in this space is

s o )7
£l = swp w3 ([ rp@ay)

zeN,r>0
QNB(z,r)

For the basic on variable exponent Lebesgue spaces we refer to [7, 8] and
the references therein.

Definition 1.4. [3] WL(Q) (weak Lipschitz) denotes the class of functions
defined on 2 satisfying the log-condition

1
1.1 - <= —yl <= Q
(1.1) Ip(z) —p(y)| < ey p— v —yl <5, vy e,

where A = A(p) > 0 does not depend on z,y.

2. Boundedness of Mikhlin operator in Variable Morrey space

Proposition 2.1. Let M be Mikhlin operator and p(.) : Q — [1,00). Then
M is a bounded linear operator in the Lebesgue space Lp(')(ﬂ).
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Proof. Using of 1.3 and Hoder’s inequality, and for every f € LP(*)(Q), one
gets the following estimations :

Nl =1 [ ke =iyl < [ ke = plls)ds

‘f( )‘ —n—1
<c| dy§0[ " /B(M\f(wdydt

|z —y|™

P @) / 7 (2
<C / t“( / \f(y)\p@)dy)” ( / 17 <x>dy>””dt
t B(z,t) B(z,t)
7o)
p(x 7
<c [T () If(y)lp(””)dy> 7
B(z,t)
<C’/ t”1</|f )P d ) "7 dt
<C'rT N1l oo
Indeed,
)
M) ppier = ( | w>d:c) < O Q| f goier < 0.
]

Theorem 2.2. Let M be Mikhlin operator and p : Q@ — [1,00), A : Q —
[0,n] such that sup A(z) < nps. Then M can be extended to bounded linear
€N

operator on variable Morrey space,i.e.,

e 2)
M : IXD(Q) = L5 ().

Proof. Suppose that z € Q, r > 0 and f € Lp((x))(Q) One can write f =

fi+ fa such that fi = fXp(.. As f € L/\( ))(Q) then fi € Lf’;(x))(Q). On
the other hand, f> is a functlon in tempered distribution space. One can
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apply the boundedness of M in LP(*) for which gets:

MOl r@ By < 1M U)o @) < Cillfill re @

_a < / m(:c)\p(x)dx) . cl( ) rp“)da:) =
Q

A@) M=) p(2)
= Cirer@r p(z)( / |f(x)\p(a’)dac)

A=) @) p(@)
< Cyre@  sup r P<Z></ |f(ac)|p($)dac>

zeQ,r>0

(2.1) < Cﬁ“"”*HfHLz;((w))

for all y € B(z,2r) and for C’l,Ci € R. Now, suppose that z € Q and
x € B(z,r). From Proposition 2.1, one obtains

[ M (f2) ()] = '/Q/f(w - y)f2(y)dy’ < /Q [k(z = y)l[ f2(y)ldy

2O, o *
(22) <o [ 2a=ci [ i)

e,

[z—y]

for Co, C; € R. Therefore, by using of Fubini’s Theorem, Hoder’s inequality
and the assumption sup,co A(z) < np;, one can conclude the following
estimates:

M) <6 [ T [ Aslaye

r B(x,t)

1
, oo x) ’ /;v
< [ t”l( / If(y)lp(x)dy)p ( [ v @’dy)”“dt
r B(z,t) B(z,t)

A R p(x) P
<Cy | ¢t |f)Pdy | tr@dt
r B(x,t)

PR R ) A ) _Ma) (@
< G, / t O @ sup e / [f)IPPdy ) dt
'

x€Q,t>0 B(z,t)

+ /n Az)—n

A=)

* n—1+
< Csllf|; pea) / t =
| ‘Lim(ﬁ) i
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for Cj, Cé € R. Hence,

1M ()l por ey = < M(fz)(a:)lp(x)> 0)

B’(z,r‘)

TR
= / |03”fHLp<z)r () |p($)d:1:
B(z,r) A()

)—n

/ Az / A@)=—n  _n_
::C%HfHLing P o) (B2 ::C%”f”Lﬁf;T ple) )

According to the relations 2.2 and 2.3, one gets
||M(f)||LP($)(B(z7T)) = HM(fl)HLm:c)(B(Z,T)) + ||M(f2)||LP(95)(B(z7r))
Cllf I ooy ™+ C| fI| iy 7™
(=) Az)
(2.4) < max{C}, Cg}HfIILz;((w))T"p*-
Since the inequality 2.4 holds for every r > 0, thus

_ A=)
o < @) o) < o) /oo -
M) oy S 5w 75 Mot aamy < Ol

Conclusions

Motivated by the study of maximal and integral operators in harmonic
analysis and Electorheological fluids, one can use the boundedness of Mikhlin
operators to investigate about the new results of those operators and inter-
esting problems of elasticity, fluid dynamic and calculus of variations with
(p(z), A(x))— growth conditions on variable exponents Morrey spaces.
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