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Introduction. In the following we use G as an open subset
of R Q (or P) as a cube with sides parallel to coordinates axis, E as
a measurable set and z(E) as the characteristic function of E. When f
1.

isameasurablefunction defined onR, sup

:

{(IQl-elf(Y)ldy)1/, Q

will be denoted by M(f)(x). If
GG. is totally differentiable at x,
the Jaeobian mtrix of at will be denoted by () and det ()1 by
J(x). For ACL (absolutely continuous on lines) and BMO (bounded
mean oscillation) see Reimann [4].
In Reimann [4] he proved the ollowing theorem.
Theorem A. Let be a homeomorphism of R onto itself, ACL
and totally differentiable a.e. and assume that I(’)1 and I-( .)1 are
absolutely continuous set functions in R
Then is quasiconformal
such
that
CO
exists
C
there
Ilfll,
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for any BMO function
iff
Ill
<
means
the
BMO
norm.
where
f,
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Using his idea, some other characterizations oJ quasiconiormal
mappings are possible. Theorem I and Corollary I are characterizations by Hardy-Littlewoods’ maximal functions and Theorem 2 is a
characterization by some kind of measures.
2. The Hardy.Littlewoods’ maximal functions and quasicon.
formal mappings
Theorem 1. Let be a homeomorphism of G onto G, A CL and
totally diff erentiable a.e. Then the followings are equivalent.
is a quasiconformal mapping.
(I)
(II) There exist CO and c >p 1 satisfying the following con-
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G1 there exists r(x)0 such that
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(f 9-(y))dy
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