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Preface
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included in the research monographs [4,67] that we recommend for further reading.
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Notation

N, Z, R Positive integers, integers, real numbers
.a; b/ Open interval in R for a; b 2 R, a < b

Œa; b� Closed interval in R for a; b 2 R, a < b

R n n-dimensional Euclidean space
jxj The Euclidean norm of a vector x 2 R n

kxk In Chap. 4 we use this notation for maximum norm of x 2 Rn

hu; vi Usual inner product of vectors u; v 2 R n, i.e. hu; vi DPn
iD1 ui vi

u ˝ v Tensor product of vectors u; v 2 R n, i.e. n � n matrix
fui vj gn

i;j D1

jEj Operator norm of the matrix E , i.e. supfjExj W jxj � 1g
I Identity matrix, i.e. 1 on the diagonal and 0 otherwise
adj E Adjoint matrix of the matrix E , i.e. E adj E D I det E

B.c; r/ Open ball centered at c 2 Rn with radius r > 0, i.e. fx 2 R n W
jx � cj < rg

Q.c; r/ Open cube centered at c 2 R n with radius r > 0, i.e. fx 2 R n W
kx � ck < rg

tB.c; r/ Inflated ball for t > 0, i.e. B.c; t r/

tQ.c; r/ Inflated cube for t > 0, i.e. Q.c; t r/

Sn�1.c; r/ Sphere centered at c 2 R n with radius r > 0, i.e. fx 2 R n W
jx � cj D rg

!n�1 .n � 1/-dimensional measure of Sn�1.0; 1/

Œx; y� Line segment connecting x; y 2 Rn

dist.x; A/ Distance of a point x 2 R n to a set A � R n

dist.A; B/ Distance of two sets A; B � R n

A Closure of a set A � Rn

@A Boundary of a set A � R n

diam A Diameter of a set A � R n, diam A D supfjx � yj W x; y 2 Ag
˝ By ˝ we always denote an open subset of R n

A �� ˝ Set A is compactly contained in ˝ , i.e. A � ˝ and A is compact
jAj or Ln.A/ n-dimensional Lebesgue measure of a measurable set A
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x Notation

�A Characteristic function of a set A, i.e. 1 on A and 0 otherwise
#A Cardinality of the set A, i.e. the number of the elements in A

sgn Sign function, i.e. sgn t D 1 for t > 0, sgn t D �1 for t < 0 and
sgn 0 D 0

f C.x/ Nonnegative part of function f , i.e. maxff .x/; 0g
spt f Support of a function f, spt f D fx W f .x/ ¤ 0g
Lp.˝/ Lebesgue space—see Appendix for the definition
kf kp , kf kLp The Lp norm of function f

L
p
loc.˝/ Local Lebesgue space—see Appendix for the definition

Ln log˛ L.˝/ Zygmund space—see Definition 2.6
W Ln log˛ L.˝/ Sobolev Zygmund space—see Definition 2.6
W 1;p.˝/ Sobolev space—see Appendix for the definition
W

1;p
loc .˝/ Local Sobolev space—see Appendix for the definition

W
1;p

0 .˝/ Sobolev space with zero boundary values—see Appendix for the
definition

BV.˝/ The space of functions with bounded variation, see Defini-
tion 5.1

rf Classical derivative (gradient) of function f W ˝ ! R or
mapping f W ˝ ! R n

Df Weak derivative of function or mapping f —see Definition A.13
Jf .x/ Jacobian, i.e. the determinant of Df .x/ for f D .f1; : : : ; fn/ W

˝ ! Rn. Sometimes we use J.f1; f2; : : : ; fn/.x/ to point out
the components of f

Kf or K Distortion of function f , see Definition 1.11
KI Inner distortion function, see Sect. 7.1
Jf Distributional Jacobian, see Sect. 2.2
deg.C; f; U / Topological degree of f on a set C with respect to U , see

Sect. 3.2
N.f; ˝; y/ Number of preimages of point y in ˝ under f

C; CC Continuous functions, continuous functions with compact sup-
port

C 1 .C 2/ The class of functions with continuous first order (second order)
derivatives

C 1
C .˝/ The class of compactly supported (spt f �� ˝) functions with

derivatives of all orders
C 1

0 .˝/ Functions whose extension by 0 to R n n ˝ belong to C 1.R n/

fA D �R
A

f Integral average of f W A ! R defined as 1
jAj

R
A

f .x/ dx

oscB f Oscillation of f on a set B , i.e. diameter of the image oscB f D
diam f .B/

Mf Maximal operator of f , see Sect. 7.3
H k The k-dimensional Hausdorff measure
H k

" Set functions in the definition of H k , i.e. H k.A/ D
lim"!0C H k

" .A/



Notation xi

R
Sn�1.c;t / f Integral of f with respect to the surface measure (constant

multiple of H n�1)
C We use the usual convention that C denotes a generic positive

constant whose exact value may change at each occurrence
a � b Means that a � Cb and b � Ca
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