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1. Introduction

Diffeomorphisms and automorphisms of geometrically generalized spaces consti-
tute one of the contemporary actual directions in differential geometry. A large
number of works is devoted to

geodesic, quasigeodesic, holomorphically projective, almost geodesic, F'-planar

and other mappings, transformations and deformations.
This lecture is dedicated to some results concerning the fundamental equations
of these mappings and deformations.

Obviously the existence of a solution of these fundamental equations imply the
existence of the mentioned mappings, transformations and deformations.

These fundamental equations were found in several forms. Among these forms
there is the particularly important form of a

system of differential equations of Cauchy type.

For their linear forms the question of solvability can be answered by algebraic
methods.



2. On systems of differential equations of Cauchy type

Here we introduce the basic notions of the theory of systems of differential equa-
tions of Cauchy type. We restrict ourselves to the local theory.

Assume a smooth domain D C R" with coordinates z = (z!, 2%, ..., z") and

smooth functions FZA(x,y), i=1,...m:A=1....N,onDcC D x RV,
The system of differential equations of Cauchy type has the following form

Oyt(x) 4 A, B=1,...,N,
O ey, MBS )
where y(z) = (y'(z), ...,y (x)) are unknown functions.
For initial Cauchy conditions: yA(xO) =yt A=1,...,N, (2)

O .
where 2, € D and y € RY, then the system (1) has at most one solution.
0

For this reason the general solutions of the system (1) depends on » < N real
parameters.

The system (1) may be written in terms of covariant derivatives. A fundamental
investigation of (1) consists in a check of the integrability conditions, which are
essentially algebraic equations for the unknown variables yA. In the case when
they are identifically fulfilled, we have r = V.



A homogeneous system of linearly differential equations of Cauchy type has the
following form

oy’ ()
Ox'

where fﬁl(m) are functions on D.
The integrability conditions of the homogeneous linear system (3):

Pyt(x)  9%y(x)

Oxioxd  Oxidxt
constitute a system of homogeneous linear algebraic equations with respect to
the unknown functions y*(x).

Differential prolongation of their integrability conditions forms also a system of
homogeneous linear algebraic equations with respect to the unknown functions
y(z).

This means that with the aid of linear algebra we may convince ourselves,

whether or not the system (3) has solutions and determine on how many pa-
rameters < IV it depends

(3)

= I yP @), T




Many problems of differential geometry have been successfully solved by homo-
geneous systems of linearly differential equations of Cauchy type, for example:

e isometric and homothetic transformations of Riemannian spaces
(Killing and conformal Killing equations),

e affine and projective transformations
of Riemannian spaces and spaces with affine connections,
(Fubini equations)

e holomorphically projective transformations of Kahlerian spaces.

e affine mappings of Riemannian spaces and spaces with affine connections,

The above results were found in the years 1900 — 1960 and shown in many
monographs — L.P. Eisenhart, S. Kobayashi, A.Z. Petrov, K. Yano, ....



Now | want to introduce new results which were obtaind in the last 40 years
and are connected which the mentioned systems of Cauchy type. This means that
for the mentioned types of geometrical problems regular methods of solution were
found.

e geodesic mappings of Riemannian spaces (N.S. Sinyukov, 1967),

e geodesic mappings of spaces with affine connections onto Riemannian spaces
(V.E. Berezovsky and J. Mikes, 1989),

e geodesic mappings of Berwald spaces onto Riemannian spaces
(S. Bécso, V.E. Berezovsky and J. Mikes, 2007),

e geodesic deformation of Riemannian hypersurfaces in Riemannian spaces

(M.L. Gavrilchenko and J. Mikes, 2004),

e conformal mappings of Riemannian spaces onto Einstein spaces

(J. Mike$, M.L. Gavrilchenko and E. Gladysheva, 1992),
(L. Evtushik, I. Hinterleitner, N. Guseva and J. Mikes, 2016),



e holomorphically projective mappings of Kahlerian spaces
(V.V. Domashev and J. Mikes, 1976),

(. Hinterleitner and J. Mikes, ),

e holomorphically projective mappings of hyperbolically Kahlerian spaces

(I.N. Kurbatova, 1980),

e holomorphically projective mappings of parabolically Kahlerian spaces

(M. Shiha, 1994),

e F'-planar mappings of spaces with affine connections onto Riemannian spaces

(J. Mike¥, 1994, 1999),



3. Spaces with affine connection, Riemannian and
Kahlerian spaces

If the contrary is not specified, the present review is given locally in tensor form
in the class of real sufficiently smooth functions. The dimension n of the spaces
under consideration, as a rule, is greater than 2, and is not mentioned specially.
All the spaces are assumed to be connected.

Let us give the basic notions of the theory for space with affine-connected (Aj,),
Riemannian (V};), and Kahlerian (K},) spaces.

3.1 Space with affine connection (A;). In a space A, with an affine connec-

tion without torsion covered by a local coordinate system r = (azl,xQ, o)

together with an object of the affine connection I'? () (h,2,4,--- = 1,n) the
Riemannian tensor and Ricci tensor are defined in tﬁe following way:

Rl = 00+ T, — o T — T4, Rij=R%,.  0;=0/0x"
An equiaffine space is defmed as Ap, with R;; = Rj;. The spaces where the
conditions Rh =0 (R;; = 0) hold are called flat (Ricci-flat, respectively).

The space An beIongs to the class C" (A, € C") if F?j (x) e C".



3.2 Riemannian Spaces (V},).

In the Riemannian space V},, determined by the symmetric and nondegenerate
metric tensor g;;, Christoffel symbols of types | and Il are introduced by the

formulas .

Lijk = 5(0igj1 + 09ik — kit
and
h — _h
F@'j =9 &Fijow
where g%/ are elements of the inverse matrix to Gij-

The signature of the metrics is assumed, in general, to be arbitrary. Christof-
fel symbols of type Il are the natural connection (the Levi-Civita connection)
of Riemannian spaces, with respect to which the metric tensor is covariantly
constant, I.e.,

gij k=

Hereafter “," denotes the covariant derivative with respect to the connection of

the space V;, (or Ay).



A Riemannian space is equiaffine.

The space V), belongs to the class C" (V;, € C") if g;; € C".

Using g;; and g", we introduce in Vj, the operation of lowering and rising
indices, for example:

— a . phk_ kaph . ph_ _ha«a
ha’jkzgha ijk R,Z'j, =9 Rijop R =9 Ry

Together with the tensors of Riemann, Ricci, and the projective Weyl tensor,
the latter is simplified in Vj;:

1
IIrh _ ph

[/

(00 Rij — 67 Ry,

where 5? is the Kronecker symbol, in V}, we introduce into consideration the

scalar curvature R = R(wgo‘ﬁ and the Brinkmann and Weyl tensors of conformal

curvature:

1 R
m(Rz‘j — mgzj)

and
Chijk = Rpijk — 9nkLji + 9iLjn + 9niLii — 9ijLich.-



3.3 Kahlerian Spaces (K},). In the present lecture, by a Kahlerian space we

mean a wide class of spaces defined as follows:
A Riemannian space is called a Kahlerian space K, if, together with the metric
tensor g;;(x), an affine structure Flh(a:) is defined that satisfies the relations

F(QLFZ-O‘ = 65?; F@‘gj)a = 0); Fz']?j = 0, where e = %1, 0.

x |f e=—1, then K, is said to be an elliptical Kahlerian space K,
« if e = +1, then K, is said to be a hyperbolic Kihlerian space K., and
« if e =0 and Rg|| Fh | =m > 2, then
K, is said to be an m-parabolic Kihlerian space K, o(m )
« The space K, o(n/2) ; is called a parabolic Kahlerian space K.
The spaces K7, K, and K2 must be of even dimension.
The spaces K, were first considered by P.A. Shirokov, the spaces K" were

considered by P.K. Rashevskii, and the spaces Kg<m> were studied by V.V. Vish-
nevskii. In the investigations mentioned these spaces are referred to as A-spaces.
Independently from P.A. Shirokov the spaces K, were studied by E. Kahler. In
the international literature these spaces are preferably referred to as Kahlerian

spaces.



4. Conformal mappings onto Einstein spaces

4.1 Conformal mappings of Riemannian spaces

Considering concrete mappings of spaces, for example, f: V;, — Vj,, both spaces
are referred to the general coordinate system = with respect to this mapping.
This is a coordinate system where two corresponding points

MecV, and f(M)cV,

have equal coordinates z = (2!, 22, ..., 2™); the corresponding geometric objects

in V,, will be rparked with a bar. )
For example, F,th are the Christoffel symbols in V,.

The mapping from V}, onto Vj, is conformal if and only if, in the common
coordinate system x with respect to the mapping, the conditions

gij(x) = Vg (x),

where t(z) is a function on Vj,, g;; and g;; are metric tensors of V,, and Vi,
respectively.



4.2 Conformal mappings onto Einstein spaces

One of the directions of investigation is the study of conformal mappings of V},
onto the Einsteinian spaces begun by H.W. Brinkmann (1925). He found fun-
damental equation of these problem in the nonlinear differential equations in co-
variant derivatives of Cauchy type. These results were presented in detail by A.Z.
Petrov, and M.L. Gavril'chenko continued these investigations.

J. Mike$, M.L. Gavril'chenko, and E.A. Glad}/sheva proved that V), admit a con-
formal mapping onto the Einsteinian space V/, if and only if in V, the system of
linear differential equations of Cauchy type in covariant derivatives

Si = Si;

Sij = SLj;+ugj;

u; = sqLf,

where L;; is the Brinkmann tensor, had a solution for the unknown invariants
s(> 0), u and the vector s;. In this case g;; = s_zgij.



5 Fundamental equations of Theory of Geodesic Mappings
5.1 Geodesic curves.

In Riemannian spaces V), and spaces A, with affine connection straight lines
generalise to geodesic curves, which are characterised by the property that there
is a parallel tangent vector field along them.

'/\(f,) ;\({2)

This is expressed by the equation
Vas)Ms) =0 or V) nAlt) = o(t) A1),

that V is the covariant derivative of the tangent vector () along a geodesic is
equal to zero or parallel to itself.



5.2 Geodesic mappings.

The diffeomorphism f from the space of an affine connection A, onto the space
of an affine connection A, is called a geodesic mapping if f maps any geodesic
line of A,, into a geodesic line of A,,.

As an example we may take projective mappings, which map straight lines in
Euclidean space to straight lines.

The GM problem was first posed by E. Beltrami (1865). Significant contributions
to the investigation of the general laws of this theory were made by T. Levi-Civita,

T. Thomas, H. Weyl, A.S. Solodovnikov, G.I. Kruchkovich, and N.S. Sinyukov;
see also the books of L.P. Eisenhart, A.Z. Petrov, A.P. Norden, G. Vranceanu,
and others.

Mikeg J. et al. Differential geometry of special mappings. Olomouc: Palacky University, 566 p. (2015).

Mike$ J., VanZurova A., Hinterleitner |. Geodesic mappings and some generalizations. Palacky Univ., 304 p. (2009).



The second direction of GM-theory is the integration of basic GM-equations.

e U. Dini found metrics of geodesically corresponding surfaces.

e The problem of finding metrics for the Riemannian spaces V;, and V,, was
formulated by T. Levi-Civita, and he solved it for the case of proper Riemannian
spaces.

e By the method used by T. Levi-Civita, this problem was solved, also, in the
case in which one of the spaces is proper Riemannian and the other is pseudo-
Riemannian.

e For pseudo-Riemannian spaces this problem was solved by

— P.A. Shirokov for V5,

— A.Z. Petrov for V3,

— V.I. Golikov for Lorentzian spaces V/,

— G.1. Kruchkovich for Lorentzian spaces V;,, and
— A.V. Aminova for arbitrary V,.

A detailed description is given in the review by A.V. Aminova.



5.3 Levi-Civita equations.
The mapping from A,, onto A, is geodesic if and only if, in the common coordinate
system x with respect to the mapping, the conditions

[ (@) =T (@) + 6/ + 071, (4)

hold, where 1; (x) is a covector.
If 1»; £ 0, then a geodesic mapping is called nontrivial (NGM); otherwise it is
said to be trivial or affine. Under GM the following conditions hold:

Rzyk R?jk+5?¢[jk]+5]@¢ij_5hwik3 Rij = Rij+(n— Dby + 4y ()

where ¢;; = 1; ; — ;1. The Weyl tensor of the projective curvature th IS

an invariant object of the geodesic mapping, i.e. ij = W

If the spaces A;, and A,, are equiaffine, the covector v; is gradlent like.
If Ay, is the Riemannian space V}, with the metric tensor g;;, condition (4) is
equivalent to
Gij ke = 2V1Gi; + Vigik + ViGik- (6)
Conditions (4) and (6) are called the Levi-Civita equations.



5.4 Sinyukov's equations. (V,, — ‘_/n)

N.S. Sinyukov proved that Riemannian space V), admits GM onto Riemannian
space V), if and only if in V), the linear homogeneous differential equations in
covariant derivatives of Cauchy type

(a) ajj k= NGk + Aj ik
(b) nAij = 1gij + aia 5 — a&ﬁR%?; (7)
() (n—1)p;=2(n+1)AR®+ agg (21%?;? - R?ff)

have a solution respectively to the unknown symmetric nondegenerated tensor
a;;, the gradient vector A;, and the function p.

Notice that 1 = A@ﬁg‘w. The solutions of Eqs. (6) and (7) are related by the
following equalities:

ai; = €7 gnigpj M= —

The function 1) generates the vector v; (= 0;0).
Formula (7a) gives the necessary and sufficient condition for the existence of
GM: V;, — Vj,. This mapping is nontrivial if and only if \; == 0.

€2¢§aﬁgai¢5 :



5.5 Mike¥-Berezovski's equations. (A, — Vy)

J. Mike$ and V. E. Berezovski showed that the affine-connection space A,, admits
GM onto Riemannian space V), with the metric tensor g;; if and only if the
complete set of differential equations of Cauchy type in covariant derivatives

Jijke = 2VkGij +V39))k
nbij = nij+ i — Rij = Gia9 RS, — 1RO

(n — 1)M,i = 2(n — 1)¢&§5VR5% + %?O‘ﬁ (5Rﬁ T n+1 35@ _ Rzﬂ)
&5 (RZ iy 04@5 n—I—leaz,B)

has a solution in A, respectively to the unknown symmetric nondegenerated tensor
G;j» the covector 1;, and the function .

This system is nonlinear.



5.6 Mikes-Berezovski's equations. (Equiaffine A, — \_/n)

The equiaffine space A,, admits GM onto V, if and only if the complete set of
linear differential equations of Cauchy type in the covariant derivatives in A,

a') = SN £ HN A = bl 4 a' Ry — a®P R
(n—1Dp; =2(n+ 1A Ry; +a*P(2R ;5 —Rapyi )

has a solution respectively to the unknown symmetric nondegenerated tensor a’/,
the vector )\i, and the function p.
The solutions of this system and (6) are related by the equality
ald — 62¢g23 A= —zozw

In this case, the set of equations obtained is I|near and its solution is reduced to
the investigation of the integrability conditions and their differential continuations,
which are a set of algebraic (homogeneous with respect to the unknown tensors
at, Xi, and 1) equations with coefficients from A,. Thus, in principle, we
can solve the following problem if the given equiaffine space A,, admits geodesic
mappings onto the Riemannian space V}, and if the choice of this mapping is
arbitrary.



In works of Cartan (see Eisenhart, Non Riemannian spaces, Princeton, 1927)

was proved that

any space with arbitrary affine connection V is projective equivalent
to normal affine connection. This connections is equiaffine!

This classical result follows that Berezovski and Mikes equations hold factually
for geodesic mappings of any spaces with arbitrary connection onto (pseudo-)

Riemannian spaces.



5.7 Infinitesimal Geodesic Deformations.

Let Vi, C Vi (n < m). The relation 7% = y%(z)+¢e £%(x), where (zt, 22, ..., 2™
and (y!, y°, ..., y"™) are local coordinates in Vj, and Vj,,, €% is a vector field on
Vi, determined at the points of V},, and ¢ is a small parameter, defines ‘777, which
is an infinitesimal deformation of V,.

The infinitesimal deformations of V}, (of first order) are called (M.L. Gavril¢enko)
geodesic if, under these deformations, all geodesic lines of V;, are preserved with
accuracy up to 2. The deformation is geodesic if and only if

09iik = 2Vrgij +Vigik + Vigik, (8)

where 0g;; is the first variation of the metric tensor of Vj,:

9ij(x) = gij(x) + € dg;j(z).



5.8 Infinitesimal Geodesic Deformations of hypersurfaces of Riemannian spaces.

If m = n+ 1 and n®(x) a nonisotropic normal vector of V;,, then the set of
vectors {y; n} forms a basis in V.

Let us assume £%(x) = A (x)y? + pu(z)n®, where \'(x) and p(x) are a vector
field and a function on V/, respectively; then
dgij — )\@7]) — Q/LQZ']'
and Egs. (8) are reduced to the following system:
Aijk = AaBy i+ 9i ) + (0% (5) 1y — (1825) (9)

where {);; is the second fundamental tensor of V/,.

M.L. Gavrilchenko and J. Mike$ proved that, if Rg HQZ]H > 3, then the system (9)
may be reduced to a linear complete system of differential Cauchy-type equations
in covariant derivatives with respect to components of some second valency tensor,
three vectors, and three functions. Hence, the general solution of the Egs. (9)
depends on 7 (< n(n + 3) 4+ 3) parameters.



6. Holomorphically Projective Mappings of Kahlerian Spaces

6.1 Introduction

The holomorphically projective mappings (HPM) of Kahlerian spaces K, are nat-
ural generalizations of geodesic mappings. In the HPM theory we can isolate
problems similar to those considered in the GM theory. Moreover, it turns out
that many results that are valid for GM can be extended, almost completely, to the
case of HPM. Note that HPM were considered, as a rule, under the condition of
preservation of the structure. It turned out that in the case of HPM the structure
Is necessarily preserved.

The works by Tashiro, Ishihara, Otsuki and Tashiro, Domashev and Mike$ as well
are devoted to general questions concerning the theory of holomorphically projec-
tive mappings of the classic Kahlerian spaces K, the works by Prvanovic, Kur-
batova, Mike% are devoted to the theory of hyperbolic Kahlerian spaces K1, and
the works by Vishnevsky, Shiha and Mike$ are devoted to parabolically Kahlerian

spaces K and Kg<m>.



6.2 Definitions and the basic equations
An analytically planar curve of the Kahlerian space K, is a curve defined by the
equations 2" = z/'(t) whose tangent vector A" = da'"/dt, being translated,

remains in the area element formed by the tangent vector AP and its conjugate
M= )\O‘Fh, i.e., the conditions

A\ ]
Vi = — T b AN = o1 (A" + go(t) A,

where o1, po are functions of the argument ¢, are fulfielled.

The diffeomorphism of K, onto K, is a holomorphically projective mapping
(HPM), if it transform all analytically planar curves of Ky, into analytically planar
curves of K.

Under the HPM, the structure of the spaces K, and K, is preserved, i.e.,
in the coordinate system x, general with respect to the mapping the condition

F?(x) = th(x) are satisfied.

The holomorphically projective mappings were introduced by Otsuki and Tashiro
for K, by Prvanovi¢ for K", and by Vishnevsky for Kf,?fm) under the a priori
assumption that the structure was preserved.



6.3 Fundamental equations of Theory HPM

The necessary and sufficient conditions for the holomorphically projective map-
pings of K, and K, are ulfillment of the following conditions in the general (with
respect to the mapping) coordinate system (K, by Tashiro, K, by Prvanovi¢,

Kf,(;(m) by Shiha and Mikes3):
(@) = D) + @6 + 967 + @i F)' + i Fy' (10)

where ; is a vector, and the vector ¢; = o F" is necessarily a gradient.

When ¢; # 0, we say that the HPM is nontrivial (NHPM).
The Riemannian and Ricci tensors = and K7 are connected by the conditions
Ry = R+ 61 — 01y, — ey + e84y — 28]y
Rzg = R;; + (n+ 2)¢ij7

where Vi = @; j — Pipj + wipj, with 1;; + ety =
Relation (10) are equivalent to the equations:

Gijk = 20k9ij + Pidjk + ©jGik + il i + ¢ Fiks (11)
where Fij — ngjO‘.



6.3 Fundamental equations of Theory HPM in new linear form

J. Mike$ has found out for K, and Kurbatova for K that the Kahlerian space
Kflt admits of a nontrivial holomorphically projective mapping if and only if the
system of equations

(&) @ik = NGk + Njgi — eNggk — eAjgu;
(b) 1N j = pgij + aiaRY — aqgR%;;Y (12)
() pi=2X R

has a nontrivial solution in it for the unknown tensors

ajj (= aj = —eag; [a;j| #0), A (#0) and p.

The solutions of (11) and (12) are connected by the relations

= g™’ 9aidgys A = —e”Vg” 9aif g3

where 1) is an invariant generated by the gradient ¢; = v ;.

aij

Conditions (12a) are necessary and sufficient for the existence of NHPM KF.
For K, they were obtained by Domashev and J. Mikes.



Equations (12) form a linear homogeneous system of the Cauchy system relative
to the components of the unknown tensors a;;, A; and j. Consequently, the
general solution of this system depens on r < (n/2 + 1)? parameters.

The solution of Egs. (12) in K& reduces to the study of the integrability
conditions for (12) and their differential prolongations, which, in turn, constitute
a system of homogeneous linear algebraic equations for the unknows a;;, A; and p.

Thus, we can find out whether the given space Kﬁt admits of NHPM, and if it
does, then with what arbitrariness.

It has been found for KSW that (11) are equivalent to the conditions
Qijk = Tigjk + Tj9ik + Tikj + T Eik,
where 7; = T@Fi@’ FZ] = gi()sz&'
M. Shiha showed that these equations could be reduced to a system of the
Cauchy type for r < (n+2)(n+1)/2 — m(n —m + 1) parameters.
Hinterleitner, |.; Mike$, J. On holomorphically projective mappings from manifolds with equiaffine connection onto
Kahler manifolds. Arch. Math., Brno 49, No. 5, 295-302 (2013).

Hinterleitner, |. Holomorphically projective mappings of (pseudo-) Kahler manifolds preserve the class of differentia-

bility. Filomat 30 (2016), no. 11, 3115-3122.



7. F-planar mappings

7.1 F'-planar curves
Let usconsider the space A,,, of affine connection without torsion reffered to the

coordinate system x in which, along with the affine connection F,Z(x) the affine

structure th(a:) is defined.

The curve 0; 2" = :Ch(t) is said to be F-planar if, being translated along it, the
tangent vector A= d:vh/dt lies in the surface area formed by the tangent Ah
and its conjugate A“F", i.e.,

h h h
VA" = 01 A" + QQ)‘&Fom

where o1, 0o are functions of the parameter ¢.
F'-planar curves generalize, in natural way, geodesic, analytically planar, and
quasi-geodesic curves by sence A.Z. Petrov.

Mikes, J.; Sinyukov, N.S. On quasiplanar mappings of spaces of affine connection. Sov. Math. 27:1, 63-70 (1983).



7.2 F-planar mappings

The diffeomorphism A,, — A,, is said to be an F-planar mapping if, under this
mapping, any F-planar curve A,, passes into the F-planar curve A,,.

Theorem 1 The mapping of A,, onto Ay, is F-planar if and only if the conditions
(a) Fh — Fh 5%] 5%@ + Flp; + F%Z,
(b) Fh — th + BN,

where V;(x), ;(x) are vectors and «(x), B(x) are invariants, are satisfied in the
coordinate system x which is general with respect to the mapping.

(14)

Conditions (14b) mean that F-planar mappings preserve the structure Fz-h.
F'-planar mappings generalize geodesic, quasigeodesic, holomorphically projec-
tive, planar, and almost geodesic of the type of w9, subprojective mappings.

Mikes, J.; Sinyukov, N.S. On quasiplanar mappings of spaces of affine connection. Sov. Math. 27:1, 63-70 (1983).
Hinterleitner, |.; Mike$, J. On F-planar mappings of spaces with affine connections. Note Mat. 27:1, 111-118 (2007).



If A,, admits an F-planar mappings onto the Riemannian space V;,, then Egs.
(14a) are equivalent, to the equations:

Jijk = 2UkGi5 + Vigk + Vi9ik + er(Fij + Fi) + oiFj + ¢ Fi,  (15)
where I;; = ngjO‘.

We often encounter equations of this kind in the statement of other problems

in works by V.S. Sobchuk and by S.V. Stepanov.

Under the condition that RankHFZh — QézhH > 5 or Fi;;y =0 Egs. (15) reduce to

a system of Cauchy type whose general solution depends on » < n(n+15)/2 + 3
parameters.



7.3 On the other definition of F'-planar mappings

Hinterleitner, |.; Mikes, J., P. Peska On fundamental equations of F-planar mappings. Lobach. Math. J. n.4, (2017).
We can give another definition of the F'-planar mappings:

Definition. A diffeomorphism f from A,, onto A,, is called an F-planar mapping
if it satisfies condition (14a).

We remark that condition (14a) are fulfilled for holomorphically projective map-
pings, and their generalization.

In Definition of F'-planar mapping is defined for all F'-planar curve on A,, which
are mapped onto F-planar curve on A, i.e.

Vid=o01() A+ 02(t) FA —— Vi = o1(t) A + 0o(t) FA,

where ) is tangent vector of curve ¢ = /(t).



By simply modification of following proof of Theorem 1 it can see, that equation
(14a) hold, when all curves £ are mapped onto f(¢) and if the following conditions

hold:

(a) ViA=0 — Vil = 01(t) A+ oo(t) FA
(b) ViA = o(t) A — VA = 01(t) A + 0o(t) FA
(c) VA= o(t) F'A — VA = 01(t) A + 0o(t) FA,
(d) Vid = 01(t) A+ 02(t) FA = VA = 01(t) A+ 02(t) FA,
(e) ViA =0 — Vid = 01() A+ 20(\) F.
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