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BOUNDEDNESS OF INTEGRAL OPERATORS OF DOUBLE PHASE

YOSHIHIRO MIZUTA AND TETSU SHIMOMURA ∗

Abstract. Our aim in this note is to establish a Sobolev-type inequality and Trudinger-type in-
equality for fractional maximal and Riesz potential operators in the framework of general double
phase functionals given by

ϕ(x,t) = ϕ1(t)+ϕ2(b(x)t), x ∈ R
n, t � 0,

where ϕ1,ϕ2 are positive convex functions on (0,∞) and b is a nonnegative function on [0,∞)
which is Hölder continuous of order θ ∈ (0,1] .
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[18] Y. MIZUTA, T. OHNO AND T. SHIMOMURA, Integrability of maximal functions for generalized

Lebesgue spaces with variable exponent, Math. Nachr. 281 (2008), 386–395.
[19] Y. MIZUTA, T. OHNO AND T. SHIMOMURA, Sobolev’s theorem for double phase functionals, Math.

Ineq. Appl. 23 (2020), 17–33.
[20] Y. MIZUTA, T. OHNO AND T. SHIMOMURA,Boundedness of fractional maximal operators for double

phase functionals with variable exponents, J. Math. Anal. Appl. 501 (2021), no. 1, 124360.
[21] Y. MIZUTA AND T. SHIMOMURA,Exponential integrability for Riesz potentials of functions in Orlicz

classes, Hiroshima Math. J. 28 (1998), 355–371.
[22] Y. MIZUTA AND T. SHIMOMURA, Continuity properties of Riesz potentials of Orlicz functions, To-

hoku Math. J. 61 (2009), 225–240.
[23] Y. MIZUTA AND T. SHIMOMURA, Hardy-Sobolev inequalities in the unit ball for double phase func-

tionals, J. Math. Anal. Appl. 501 (2021), 124133, 17 pp.
[24] Y. MIZUTA AND T. SHIMOMURA,Boundary growth of Sobolev functions of monotone type for double

phase functionals, Ann. Fenn. Math. 47 (2022), 23–37.
[25] Y. MIZUTA AND T. SHIMOMURA, Hardy-Sobolev inequalities and boundary growth of Sobolev func-

tions for double phase functionals on the half space, to appear in Ricerche di Matematica.
[26] M. A. RAGUSA AND A. TACHIKAWA, Regularity for minimizers for functionals of double phase with

variable exponents, Adv. Nonlinear Anal. 9 (2020), no. 1, 710–728.
[27] E. M. STEIN, Singular integrals and differentiability properties of functions, Princeton Univ. Press,

Princeton, 1970.
[28] V. V. ZHIKOV, Averaging of functionals of the calculus of variations and elasticity theory, Izv. Akad.

Nauk SSSR Ser. Mat. 50 (1986), 675–710.

Mathematical Inequalities & Applications
www.ele-math.com
mia@ele-math.com


