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Abstract: The basic theory regarding Nonclassical Lagrangian Dynamics and Potential Maps was announced in
[7]. Since its mathematical impact is now at large vogue, we reinforce some arguments. Section 1 extends the
theory of harmonic and potential maps in the language of differential geometry. Section 2 defines a generalized
Lorentz world-force law and shows that any PDE system of order one (in particular, p-flow) generates such a law
in a suitable geometrical structure. In other words, the solutions of any PDE system of order one are harmonic or
potential maps, i.e., they are solutions of Euler-Lagrange prolongation PDE system of order two built via Riemann-
Lagrange structures and a least squares Lagrangian. Section 3 formulates open problems regarding the geometry of
semi-Riemann manifolds(J1(T,M), S1), (J2(T,M), S2). Section 4 shows that the Lorentz-Udriste world-force
law is equivalent to certain covariant Hamilton PDEs on(J1(T,M), S1). Section 5 describes the maps determining
a continuous group of transformations as ultra-potential maps.
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1 Harmonic and Potential Maps
All maps throughout the paper are smooth, while man-
ifolds are real, finite-dimensional, Hausdorff, second-
countable and connected.

Let (T, h) and (M, g) be semi-Riemann mani-
folds of dimensionsp andn. Hereafter we shall as-
sume that the manifoldT is oriented. Greek (Latin)
letters will be used for indexing the components of
geometrical objects attached to the manifoldT (man-
ifold M ). Local coordinates will be written

t = (tα), α = 1, . . . , p

x = (xi), i = 1, . . . , n,

and the components of the corresponding metric
tensor and Christoffel symbols will be denoted by
hαβ , gij , Hα

βγ , Gi
jk. Indices of tensors or distin-

guished tensors will be rised and lowered in the usual
fashion.

Let ϕ : T → M , ϕ(t) = x, xi = xi(tα) be aC∞

map (parametrized sheet). We set
(1)

xi
α =

∂xi

∂tα
, xi

αβ =
∂2xi

∂tα∂tβ
−Hγ

αβxi
γ + Gi

jkx
j
αxk

β.

Thenxi
α, xi

αβ transform like tensors under coordinate
transformationst → t̄, x → x̄. In the sequelxi

α, xi
αβ

will be interpreted like distinguished tensors.

The canonical form of the energy densityE(ϕ) of
the mapϕ is defined by

E0(ϕ)(t) =
1
2
hαβ(t)gij(x(t))xi

α(t)xj
β(t).

For a relatively compact domainΩ ⊂ T , we define
the energy

E0(ϕ, Ω) =
∫
Ω

E0(ϕ)(t)dvh,

wheredvh =
√
|h|dt1 ∧ . . .∧ dtp denotes the volume

element induced by the semi-Riemann metrich. A
mapϕ is calledultra-harmonic mapif it is a critical
point of the energy functionalE0, i.e., an extremal of
the Lagrangian

L = E0(ϕ)(t)
√
|h|,

for all compactly supported variations. Theultra-
harmonic map equationis a system of nonlinearultra-
hyperbolic-Laplace PDEsof second order and is ex-
pressed in local coordinates as

(2) τ(ϕ)i = hαβxi
αβ = 0.

The vector fieldτ(ϕ)i defines a section of the pull-
back bundleϕ−1TM of the tangent bundleTM of the
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manifold M alongϕ, and is called thetension field
of ϕ. If the metrich is a Riemann metric, then we
recover the theory of harmonic maps [1].

The product manifoldT × M is coordinated by
(tα, xi). The first order jet manifoldJ1(T,M), i.e.,
the configuration bundle, is endowed with the adapted
coordinates(tα, xi, xi

α). The distinguished tensors
fields and other distinguished geometrical objects on
T ×M are introduced using the jet bundleJ1(T,M)
[4], [5], [15].

Let Xi
α(t, x) be a givenC∞ distinguished tensor

field onT×M andc(t, x) be a givenC∞ real function
on T × M . The general energy densityE(ϕ) of the
mapϕ is defined by

E(ϕ(t)) =
1
2
hαβ(t)gij(x(t))xi

α(t)xj
β(t)

−hαβ(t)gij(x(t))xi
α(t)Xj

β(t, x(t)) + c(t, x).

Of courseE(ϕ) is a perfect square iff

c =
1
2
hαβ(t)gij(x(t))Xi

α(t, x(t))Xj
β(t, x(t)).

Similarly, for a relatively compact domainΩ ⊂ T , we
define the energy

E(ϕ; Ω) =
∫
Ω

E(ϕ)(t)dvh.

A mapϕ is calledultra-potential mapif it is a critical
point of the energy functionalE, i.e., an extremal of
the Lagrangian

L = E(ϕ)(t)
√
|h|,

for all compactly supported variations. Theultra-
potential map equationis a system of nonlinearultra-
hyperbolic-Poisson PDEsand is expressed locally by

τ(ϕ)i = hαβxi
αβ = gij ∂c

∂xj
+ hαβ(∇kX

i
β

(3) −gkjg
il∇lX

j
β)xk

α + hαβDαXi
β ,

whereD is the Levy-Civita connection of(T, h) and
∇ is the Levy-Civita connection of(M, g). Explicitly,
we have
(4)

∇jX
i
α =

∂X i
α

∂xj
+Gi

jkX
k
α, DβXi

α =
∂X i

α

∂tβ
−Hγ

βαXi
γ

(5) Fj
i
α = ∇jX

i
α − ghjg

ik∇kX
h
α,

(6)
∂gij

∂xk
= Gh

kighj+Gh
kjghi,

∂hαβ

∂tγ
= −Hα

γλhλβ−Hβ
γλhαλ.

If the metrich is a Riemann metric, then we recover
the theory of potential maps.

2 Lorentz-Udrişte World-Force Law
In nonquantum relativity there are three basic laws
for particles: the Lorentz World-Force Law and two
conservation laws [6]. Now we shall generalize the
Lorentz World-Force Law (see also [7]-[18]).

2.1 Definition. Let Fα = (Fj
i
α) and Uαβ =

(U i
αβ) beC∞ distinguished tensors onT ×M , where

ωjiα = ghiFj
h

α is skew-symmetric with respect toj
andi. Let c(t, x) be aC∞ real function onT × M .
A C∞ mapϕ : T → M obeys theLorentz-Udrişte
World-Force Lawwith respect toFα, Uαβ , c iff it is a
solution of theultra-hyperbolic-Poisson PDEs

(7) τ(ϕ)i = gij ∂c

∂xj
+ hαβFj

i
αxj

β + hαβU i
αβ .

Now we show that the solutions of a system of
PDEs of order one are ultra-potential maps in a suit-
able geometrical structure. First we remark that aC∞

distinguished tensor fieldXi
α(t, x) onT ×M defines

a family of p-dimensional sheets as solutions of the
PDE system of order one

(8) xi
α = Xi

α(t, x(t)),

if the complete integrability conditions

∂X i
α

∂tβ
+

∂X i
α

∂xj
Xj

β =
∂X i

β

∂tα
+

∂X i
β

∂xj
Xj

α

are satisfied.
The distinguished tensor fieldXi

α and semi-
Riemann metricsh andg determine thepotential en-
ergy

f : T ×M → R, f =
1
2
hαβgijX

i
αXj

β.

The evolution pointt = (t1, ..., tp) is called mul-
titime. The distinguished tensor field (family ofp-
dimensional sheets)Xi

α on (T ×M,h + g) is called:
1) multitimelike, if f < 0;
2) nonspacelike or causal, if f ≤ 0;
3) null or lightlike, if f = 0;
4) spacelike, if f > 0.
Let Xi

α be a distinguished tensor field of every-
where constant energy. IfXi

α (the system (8)) has no
critical point onM , then upon rescaling, it may be

supposed thatf ∈
{
−1

2
, 0,

1
2

}
. Generally,E ⊂ M

is the set of critical points of the distinguished ten-
sor field Xi

α, and this rescaling is possible only on
T × (M \ E).

Using the operator (derivative along a solution of
PDEs (8)),

δ

∂tβ
xi

α = xi
αβ =

∂2xi

∂tα∂tβ
−Hγ

αβxi
γ + Gi

jkx
j
αxk

β ,
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we obtain the prolongation (system of PDEs of order
two)

(9) xi
αβ = DβXi

α + (∇jX
i
α)xj

β.

The distinguished tensor fieldXi
α, the metricg,

and the connection∇ determine theexternal distin-
guished tensor field

Fj
i
α = ∇jX

i
α − gihgkj∇hXk

α,

which characterizes thehelicity of the distinguished
tensor fieldXi

α.
First we write the PDE system (9) in the equiva-

lent form

xi
αβ = gihgkj(∇hXk

α)xj
β + Fj

i
αxj

β + DβXi
α.

Now we modify this PDE system into

(10) xi
αβ = gihgkj(∇hXk

α)Xj
β + F i

jαxj
β + DβXi

α.

Of course, the PDE system (10) is still a prolongation
of the PDE system (8).

Taking the trace of (10) with respect tohαβ we
obtain that any solution of PDE system (8) is also a
solution of the ultra-hyperbolic-Poisson PDE system

hαβxi
αβ = gihhαβgkj(∇hXk

α)Xj
β

(11) +hαβFj
i
αxj

β + hαβDβXi
α.

2.2 Theorem. The ultra-hyperbolic-Poisson PDE
system (11) is an Euler-Lagrange prolongation of the
PDEs system (8).

If Fj
i
α = 0, then the PDE system (11) reduces to

(12)
hαβxi

αβ = gihhαβgkj(∇hXk
α)Xj

β + hαβDβXi
α.

The first term in the second hand member of
the PDE systems (11) or (12) is(grad f)i. Con-
sequently, choosing the metricsh and g such that

f ∈
{
−1

2
, 0,

1
2

}
, then the preceding PDE systems

reduce to

(11′) hαβxi
αβ = hαβFj

i
αxj

β + hαβDβXi
α

(12′) hαβxi
αβ = hαβDβXi

α.

2.3 Theorem. 1) The solutions of PDE system
(11) are the extremals of the Lagrangian

L =
1
2
hαβgij(xi

α −Xi
α)(xj

β −Xj
β)
√
|h| =

=
(

1
2
hαβgijx

i
αxj

β − hαβgijx
i
αXj

β + f

)√
|h|.

2) The solutions of PDE system (12) are the ex-
tremals of the Lagrangian

L =
(

1
2
hαβgijx

i
αxj

β + f

)√
|h|.

3) If the LagrangiansL are independent of the
variablet, then the PDE systems (11) or (12) are con-
servative, the energy-impulse tensor field being

Tα
β = xi

β

∂L

∂xi
α

− Lδα
β .

4) Both previous Lagrangians produce the same
Hamiltonian

H =
(

1
2
hαβgijx

i
αxj

β − f

)√
|h|.

Proof. 1) and 2) If we writeL = E
√
|h|, where

E is the energy density, then the Euler-Lagrange equa-
tions of extremals

∂L

∂xk
− ∂

∂tα
∂L

∂xk
α

= 0

can be written

(13)
∂E

∂xk
− ∂

∂tα
∂E

∂xk
α

−Hγ
γα

∂E

∂xk
α

= 0.

We compute

∂E

∂xk
=

1
2
hαβ ∂gij

∂xk
xi

αxj
β − hαβ ∂gij

∂xk
xi

αXj
β

+
1
2
hαβ ∂gij

∂xk
Xi

αXj
β − hαβgijx

i
α

∂Xj
β

∂xk

+hαβgij
∂X i

α

∂xk
Xj

β,

∂E

∂xk
α

= hαβgkjx
j
β − hαβgkjX

j
β,

− ∂

∂tα
∂E

∂xk
α

= −∂hαβ

∂tα
gkjx

j
β − hαβ ∂gkj

∂xl
xl

αxj
β

−hαβgkj
∂2xj

∂tα∂tβ
+

∂hαβ

∂tα
gkjX

j
β

+hαβ ∂gkj

∂xl
xl

αXj
β + hαβgkj

∂Xj
β

∂tα
+

∂Xj
β

∂xl
xl

α

 .

We replace in (13) taking into account the formulas
(1), (4) and (6). We find

hαβgkjx
j
αβ = hαβgij(∇kX

i
α)Xj

β
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+hαβgkj(∇lX
j
β)xl

α−hαβgijx
i
α∇kX

j
β+hαβgkjDαXj

β .

Transvecting byghk and using the formula (5),
we obtain

hαβxi
αβ = gikhαβglj(∇kX

l
α)Xj

β + hαβFj
i
αxj

β

+hαβDαXi
β.

3) Taking into account the Euler-Lagrange equa-
tions, we have

∂Tα
β

∂tα
=

∂2xi

∂tα∂tβ
∂L

∂xi
α

+xi
β

∂2L

∂tα∂xi
α

+xi
β

∂2L

∂xj∂xi
α

xj
α+

+xi
β

∂2L

∂xi
α∂xj

γ

∂2xj

∂tγ∂tα
− ∂L

∂tα
δα
β −

∂L

∂xj
xj

β

− ∂L

∂xj
γ

∂2xj

∂tγ∂tα
δα
β = − ∂L

∂tβ
.

Open problem. Determine the general expres-
sion of the energy-impulse tensor field as object on
J1(T,M), and compute its divergence.

4) We use the formula

H = xi
α

∂L

∂xi
α

− L.

2.4 Corollary. Every PDE generates a La-
grangian of order one via the associated first order
PDE system and suitable metrics on the manifold of
independent variables and on the manifold of func-
tions. In this sense the solutions of the initial PDE are
ultra-potential maps.

2.5 Theorem (Lorentz-Udrişte World-Force
Law).

1) Every solution of the PDE system (12) is a
ultra-potential map on the semi-Riemann manifold
(T ×M,h + g).

2) Let N(i
α)j = Gi

jkx
k
α − Fj

i
α, M(i

α)β =
−Hγ

αβxi
γ . Every solution of the PDE system (11) is a

horizontal ultra-potential map of the semi-Riemann-
Lagrange manifold(

T ×M, h + g, N(i
α)j , M(i

α)β

)
.

3 Open problems regarding the ge-
ometry of jet bundles

If (tα, xi, xi
α) are the coordinates of a point in

J1(T,M), andHα
βγ , Gi

jk are the components of the
connection induced byh andg, respectively, then(

δ

δtα
=

∂

∂tα
+ Hγ

αβxi
γ

∂

∂xi
β

,

δ

δxi
=

∂

∂xi
−Gh

ikx
k
α

∂

∂xh
α

,
∂

∂xi
α

)
,(

dtβ, dxj , δxj
β = dxj

β −Hγ
βλxj

γdtλ + Gj
hkx

h
βdxk

)
are dual frames onJ1(T,M), i.e.,

dtβ
(

δ

δtα

)
= δβ

α, dtβ
(

δ

δxi

)
= 0, dtβ

(
∂

∂xi
α

)
= 0

dxj
(

δ

δtα

)
= 0, dxj

(
δ

δxi

)
= δj

i , dxj
(

∂

∂xi
α

)
= 0

δxj
β

(
δ

δtα

)
= 0, δxj

β

(
δ

δxi

)
= 0, δxj

β

(
∂

∂xi
α

)
= δj

i δ
α
β .

The induced Sasaki-like metric onJ1(T,M) is
defined by

S1 = hαβdtα⊗dtβ+gijdxi⊗dxj+hαβgijδx
i
α⊗δxj

β.

Problems:
1) The geometry of the semi-Riemann manifold

(J1(T,M), S1), which is similar to the geometry of
the tangent bundle endowed with Sasaki metric, was
finalized in our research group [4]-[5], [7]-[18]. As
was shown here this geometry permits the interpreta-
tion of solutions of PDE systems of order one (8) as
potential maps. In this sense the solutions of every
PDE of any order are extremals of a least squares La-
grangian of order one.

2) Study the geometry of the dual space of
(J1(T,M), S1).

3) Find a Sasaki-likeS2 metric on the jet bundle
of order two and develop the geometry of the semi-
Riemann manifold(J2(T,M), S2). In this manifold,
the PDEs of Mathematical Physics (of order two) ap-
pear like hypersurfaces. Most of them are in fact al-
gebraic hypersurfaces.

Hint . The tangent vectors

Dα =
∂

∂tα
, Di =

∂

∂xi
, Dα

i =
∂

∂xi
α

,

Dαα
i =

∂

∂xi
αα

, Dαβ
i (α < β) =

∂

∂xi
αβ

determine a natural basis

(Dα, Di, D
α
i , Dαα

i , Dαβ
i (α < β)),

whose dual basis is

(dtα, dxi, dxi
α, dxi

αβ(α < β)).

These basis are not suitable for the geometry of
(J2(T,M) since they induce complicated formulas.
We suggest to take frames of the form

δ

δtα
=

∂

∂tα
+ Aα

i ∂

∂xi
+ Aα(i

β)
∂

∂xi
β

+ Aα(i
βγ)

∂

∂xi
βγ
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δ

δxi
= Aα

i

∂

∂tα
+

∂

∂xi
+ Ai(

j
β)

∂

∂xi
β

+ Ai(
j
βγ)

∂

∂xj
βγ

δ

δxi
α

= A(i
α)β ∂

∂tβ
+A(i

α)j ∂

∂xj
+

∂

∂xi
α

+A(i
α)(j

βγ)
∂

∂xj
βγ

δ

δxi
αβ

= A(i
αβ)γ ∂

∂tγ
+ A(i

αβ)j ∂

∂xj
+

∂

∂xi
α

+A(i
αβ)(j

γ)
∂

∂xj
γ

+
∂

∂xi
αβ

dual to coframe of the form

δtβ = dtβ + Bj
βdxj + B(γ

j )βdxj
γ + B(γδ

j )βdxj
γδ

δxj = Bγ
jdtγ + dxj + B(γ

k)jdxk
γ + B(γδ

k )jdxk
γδ

δxj
β = Bγ(j

β)dtγ + Bk(
j
β)dxk + dxj

γ + B(γδ
k )j

βdxk
γδ

δxj
βγ = Bδ(

j
βγ)dtδ+Bk(

j
βγ)dxk+B(δ

k)(
j
βγ)dxk

δ+dxj
βγ

In this context, we can define the Sasaki like metric

S2 = hαβδtα⊗δtβ +gijδx
i⊗δxj +hαβgijδx

i
α⊗δxj

β

+hαγhβλgijδx
i
αβ ⊗ δxj

γλ.

4) Study the geometry of the dual space of
(J2(T,M), S2).

4 Covariant Hamilton Field Theory
(Covariant Hamilton PDEs)

Let us show that the PDE systems (11) and (12) induce
Hamilton PDE systems on the manifoldJ1(T,M).
The results are similar to those in the papers [2], [3].

Let (T, h) be a semi-Riemann manifold withp di-
mensions, and(M, g) be a semi-Riemann manifold
with n dimensions. Then(J1(T,M), h+g+h−1 ∗g)
is a semi-Riemann manifold withp + n + pn dimen-
sions.

We denote byXi
α aC∞ distinguished tensor field

on T × M , and byωijα the distinguished 2-form as-
sociated to the distinguished tensor field

Fj
i
α = ∇jX

i
α − gihgkj∇hXk

α

via the metricg, i.e., ω =
1
2
g ◦ F . Of courseXi

α,

Fj
i
α are distinguished globally defined objects on

J1(T,M).
Recall that on a symplectic manifold(Q,Ω) of

even dimensionq, the Hamiltonian vector fieldXf1

of a functionf1 ∈ F(Q) is defined by

Xf1cΩ = df1,

and the Poisson bracket off1, f2 is defined by

{f1, f2} = Ω(Xf1 , Xf2).

The polysymplectic analogue of a function is aq-form
calledmomentum observable. The Hamiltonian vec-
tor field Xf1 of such a momentum observablef1 is
defined by

Xf1cΩ = df1,

whereΩ is the canonical(q + 2)-form on the appro-
priate dual ofJ1(T,M). SinceΩ is nondegenerate,
this uniquely definesXf1 . The Poisson bracket of two
suchn-formsf1, f2 is then-form defined by

{f1, f2} = Xf1c(Xf2cΩ).

Of course{f1, f2} is, up to the addition of exact
terms, another momentum observable.

4.1 Theorem. The ultra-hyperbolic PDE system

hαβxi
αβ = gihhαβgjkX

j
β∇hXk

α

transfers inJ1(T,M) as a covariant Hamilton PDE
system with respect to the Hamiltonian (momentum
observable)

H =
(

1
2
hαβgijx

i
αxj

β − f

)
dvh

and the non-degenerate distinguished polysymplectic
(p + 2)-form

Ω = Ωα ⊗ dtα, Ωα = gijdxi ∧ δxj
α ∧ dvh.

Proof. Let

θ = θα ⊗ dtα, θα = gijx
i
αdxj ∧ dvh

be the distinguished Liouville(p + 1)-form on
J1(T,M). It follows

Ωα = −dθα.

We denote by

XH = Xβ
H

δ

δtβ
, Xβ

H = uβl δ

δxl
+

δuβl

∂tα
∂

∂xl
α

the distinguished Hamiltonian object of the observ-
ableH. Imposing

Xα
HcΩα = dH,

where

dH = (hαβgijx
j
βδxi

α − hαβgijX
j
β∇kX

i
αdxk) ∧ dvh,
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we find

giju
αiδxj

α − gij
δuαj

∂tα
dxi = hαβgijx

j
βδxi

α

−hαβgijX
j
β∇kX

i
αdxk modulodvh.

Consequently, it appears the Hamilton PDE system
uαi = hαβxi

β

δuαi

∂tα
= ghihαβgjkX

j
β(∇hXk

α)

(up to the addition of terms which are cancelled by the
exterior multiplication withdvh).

4.2 Theorem. The ultra-hyperbolic PDE system

hαβxi
αβ = gihhαβgkj(∇hXk

α)Xj
β + hαβFj

i
αxj

β

+hαβDβXi
α

transfers inJ1(T,M) as a covariant Hamilton PDE
system with respect to the Hamiltonian (momentum
observable)

H =
(

1
2
hαβgijx

i
αxj

β − f

)
dvh

and the non-degenerate distinguished polysymplectic
(p + 2)-form

Ω = Ωα ⊗ dtα,

Ωα = (gijdxi ∧ δxj
α + ωijαdxi ∧ dxj

+gij(DβXi
α)dtβ ∧ dxj) ∧ dvh.

Proof. Let

θ = θα ⊗ dtα, θα = (gijx
i
αdxj − gijX

i
αdxj)∧ dvh

be the distinguished Liouville(p + 1)-form on
J1(T,M). It follows

Ωα = −dθα

(of course the term containingdtβ disappears by exte-
rior multiplication withdvh). We denote by

XH = Xβ
H

δ

δtβ
, Xβ

H = hβγ δ

δtγ
+uβl δ

δxl
+

δuβl

∂tα
∂

∂xl
α

the distinguished Hamiltonian object of the observ-
ableH. Imposing

Xα
HcΩα = dH,

where

dH = (hαβgijx
j
βδxi

α−hαβgijX
j
β(∇kX

i
α)dxk)∧dvh,

we find

(giju
αiδxj

α − gij
δuαj

∂tα
dxi + 2ωijαuαidxj

+hαβgij(DβXi
α)dxj) ∧ dvh = dH.

Consequently, it appears the Hamilton PDE system

uαi = hαβxi
β,

δuαi

∂tα
= ghihαβgjkX

j
β(∇hXk

α)

+2ghiωjhαuαj + hαβDβXi
α

(up to the addition of terms which are cancelled by the
exterior multiplication withdvh).

5 Application to continuous groups
of transformations

TheC∞ vector fieldsξα on the manifoldM and the
1-formsAα on the manifoldT satisfying

[ξα, ξβ] = Cγ
αβξγ , Cγ

αβ = constants,

∂Aα
β

∂tγ
−

∂Aα
γ

∂tβ
= Cα

λδA
λ
βAδ

γ

determine a continuous group of transformations via
the PDEs

xi
α = ξi

β(x(t))Aβ
α(t).

Conversely, ifxi = xi(tα, yj) are solutions of a
completely integrable system of PDEs of the preced-
ing form, where theA′s andξ′s satisfy the conditions
stated above, such that for valuestα0 of t′s the deter-
minant of theA′s is not zero and

xi(tα0 , yj) = yj ,

then xi = xi(tα, yj) define a continuous group of
transformations.

Using a semi-Riemann metrich on the manifold
T , a semi-Riemann metricg on the manifoldM , then
the maps determining a continuous group of transfor-
mations appear like extremals (ultra-potential maps)
of the Lagrangian

L =
1
2
hαβgij(xi

α − ξi
λAλ

α)(xj
β − ξj

µAµ
β)
√
|h|.

Open problem. Find the geometrical meaning of
ultra-potential maps which are not transformations in
the given group.
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[11] C. Udrişte, Muti-time Dynamics induced by 1-
forms and metrics,BSG Proceedings 5, Global
Analysis, Differential Geometry, Lie Algebras,
Editor Grigorios Tsagas, pp.169-178, Geometry
Balkan Press, 2000.
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