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By using variational calculus and exterior derivative formalism, we proposed in [1] a new
geometric approach to electromagnetism in spaces with metrics obtained as small defor-
mations of flat Finsler metrics. The ideas were extended to general Finsler spaces in [11].

In the present paper, we provide more details regarding generalized currents, the
domain of integration and gauge invariance. Also, for flat Finsler spaces, we define the
generalized energy-momentum tensor as the symmetrized Noether current corresponding
to the invariance of the field Lagrangian with respect to spacetime translations.
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1 Introduction

In Finsler spaces, the metric tensor depends on the directional variables. Since Maxwell equa-
tions involve the metric tensor, their solutions basically also depend on these. Hence, the
electromagnetic tensor (and the corresponding 4-potential) depend both on positional and on
directional variables, meaning that they are no longer defined on the spacetime manifold M,
but on its tangent bundle T'"M. The dependence of the 4-potential on the directional variables
leads to new terms in the equations of motion of charged particles and in the expression of
currents. In the picture on the whole T'M, together with the usual Maxwell equations there
appear new equations and a vertical counterpart of the usual 4-current (which provides the
horizontal part of a vector field J on TM). By applying the classical procedure based on
Noether’s theorem, we also obtain a generalization of the notion of stress-energy tensor of the
electromagnetic field. The obtained tensor consists of two blocks, one of which is similar to the
usual energy-momentum tensor.

Our approach is based on variational calculus and classical methods in theoretical physics
(adapted to the tangent bundle). Also, we used the language of differential forms, which is
naturally related to variational calculus and offers the possibility of a concise and elegant
writing of equations.

2 A brief overview of the Riemannian case

Let us consider as spacetime manifold, a pseudo-Riemannian manifold (M, g) of dimension 4
and denote local coordinates on M by z = (2'),_g3 . The first coordinate is regarded as the
time coordinate and (z%),_t3, as spatial coordinates. The metric g = g(z) is supposed to have
Lorentz signature (—, +, 4+, +). Here are some other notations and conventions we will use in
the following:

- Latin indices i, j, k, ... take values from 0 to 3; Greek indices «, 3,7, ... take values from 1
to 3;

-  — partial derivative with respect to W;

x

- & — Levi-Civita covariant derivative with respect to ok Y, = V'(z) - Christoffel

symbols of g;
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- g = det(g;;); usually, it will be clear from the context whether we refer to g as the metric
tensor or to the determinant of the corresponding matrix;

-b:TM — T*M, t : T*M — TM - musical isomorphisms (lowering indices of vector
fields/raising indices of 1-forms);

- d - exterior derivative of differential forms;

- d*r = dx® Adxt Adx? Adx?, dPz = dat Adx® A dad;

-dQ = +/|g|d*z, dV = —‘|g|d3x — the invariant Riemannian volume element on spacetime
9o

and on the spatial manifold respectively.

2.1 Distances, volumes, divergence, codifferential

The (squared) arclength element ds? = g;;dz’dz? on the spacetime manifold M gives rise to a
spatial arclength element, [3], defined as

A2 = Yopda®da’®,  Yas = —gap+ P00 0,3 =13,
oo

The determinant of the spacetime metric g is

g = —3go007;

we only consider reference frames for which ~ := det(v;;) > 0 and goo > 0.

1 ,
The divergence div(V') = (VZ\/ ] g]) ~of a vector field is written in terms of covariant

Vgl

derivatives as

div(V) = V'

li-
The generalization of divergence, for differential forms, is the notion of codifferential.
1 ‘ )
The coditferential of a p-form { = H§i1i2mipdm“ A ... Ndzx'™ is the (p — 1)—form given by
(n,0¢) = (dn, &), where { , ) denotes the inner product of p-forms'. For a 2-form, we have

(65)1 = gij\j'

2.2 4-potential and electromagnetic tensor

The 4-potential is described in classical general relativity as a 1-form on M :
A = Ai(r)dx". (1)

The electromagnetic tensor (or Faraday 2-form) is described as the 2-form

F=dA. (2)
In local coordinates, this is
1 )
F = 3 wdz? A da”, (3)
where
Fijp = Agjj — Ajii- (4)

'The inner product of two p-forms 6 = Z%Hil,,,ipeil A...Ae and ¢ = ﬁwjlmjpejl A ... A eJr is given by
< 0,9 >= % fgiljl...ginPHilw-pwjl,“jde, where the integral is taken on the whole manifold (assuming that
the integrands have compact support).
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In terms of differential forms, the homogeneous Mazwell equations
Fijik + Frijj + Fjrii = 0. (5)
become
dF = 0. (6)

If we consider as a fundamental object the electromagnetic tensor F, then the homogeneous
Maxwell equation dF' = 0, implies (on a topologically "nice enough" manifold) the existence of
a 1-form A, such that F' = dA. Conversely, if one considers the potential 1-form A as a priori
given and define F' as its exterior differential, then homogeneous Maxwell equation is obtained
as an identity. Actually, for a Lagrangian theory of electromagnetism, it is essential to have
both a 1-form A and a 2-form F| related by (6).

An important property of the electromagnetic field is gauge invariance. Namely, the field
strength tensor F' is invariant to transformations

A A+ dy,

where 1 : M — R is a differentiable function.

2.3 Lagrangian, equations of motion and inhomogeneous Maxwell equations

The total action attached to the field and to a system of particles is

ch/ds—z /Ak Ydaz* — Tome F;FdQ, (7)
e

Sznt Sf

where m denotes the mass of a particle, g, its charge, ¢, the speed of light in vacuum and the
sums are taken over the particles in the system. The volume integral is taken over a bounded
interval of time and over the whole spatial manifold, under the assumption that far away from
sources, the field vanishes. Thus, we can actually think the integral as taken over a "large
enough" compact domain in M.

Inhomogeneous Maxwell equations are obtained by varying the electromagnetic potential
A in the action S (actually, in S;,; + S, since S, does not depend on A). To this aim, one
writes Sin: + Sy as a single volume integral, by means of the notion of charge density p.

The integral of p over a certain spatial volume provides the total charge situated inside that
region:

q= / pdV, (8)

By using relation (8), Sy, is written as
1 )
Sint — ——/AiJZdQ,
c

where ,
pc dx’

J' = Ton dad (9)

define the 4-current vector field J. Thus, the sum Sy := S, + S5 becomes

Sy = — /(Af i %PﬁMm#
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The inhomogeneous Maxwell equations are obtained as

F”U = —?Jl, (10)
which is, actually,
47
(6F) = ——1I. (11)
c

The 4-current J identically satisfies the continuity equation:
div(J) = 0. (12)

From a physical point of view, the continuity equation is equivalent to the charge conservation
law.

The trajectory of a particle subject to a (fixed) electromagnetic field is determined by
varying the action S with respect to the trajectory. That is, we actually have to vary the
action Sy := S, + Sine (written for a single particle). Since the integral S does not depend on
the choice of the parameter on the path of integration, we can choose this parameter according
to our wish. Choosing the arclength s as a parameter, we have

Sy = — /(mc\/gijjvidcj + Aix'i)ds. (13)

The Euler-Lagrange equations for the above Lagrangian are

Dit g . .. .
ds :EFljwj’ !

I
o
w

(14)

Dzt di

where ++ j w49 *. The right hand sides of the above equations provide the expression

ds
of the Lorentz force.

2.4 Energy-momentum tensor

In the Minkowski space (R*n) (77 = diag(—1,+1,+1, —1—1)) of special relativity, it makes sense
to speak about spacetime translations

r+—x+a (a-constant 4-vector).

Lagrangians in (7) are all invariant with respect to these translations. According to Noether’s
theorem, the invariance of an action

1 dqq)
2o

(for a closed system) to translations implies that the quantities 7% = g,

OA

9qa) k
conserved (divT = 0). They define a tensor of rank two (the Noether current attached to
the Lagrangian). The Noether current is generally not symmetric. It can be symmetrized by
adding a certain divergence term?.

The energy-momentum tensor of the electromagnetic field in flat space is defined, (3|, as
the symmetrized Noether current 7' given by the invariance of the action Sy to spacetime

translations.

— 6FA are

2We assume, as usually, that on the boundary of the integration domain, the involved functions vanish,
hence adding divergence terms does not affect the action
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For electromagnetism, we have g = Ag) and A = — F;;F'. One gets the energy-

167

momentum tensor:

1 1 .
T = o (-FlkF,-k + ZagijFﬂk> : (15)
™

In vacuum (where J = 0), the divergence of T vanishes. In the presence of charged matter, by
using Maxwell equations, it is proven that the energy-momentum tensor satisfies the identities:

. 1 .
Tji’j — —Eﬂjjj, (16)
ie.: 1
div(T) = —=i,F. (17)
C

1
The quantity —i;F is called the density of Lorentz force and the above relation expresses the

conservation of the total energy and momentum of the system.
Conclusion. In a geometric language, the above fundamental equations of electromagnetic
field theory can be written briefly as:

o F'=dA.
4dm .

e dF =0, (0F)* = ——J — Maxwell equations;
c

e div(J) = 0 — continuity equation;

1
e div(T) = ——i;F — energy-momentum conservation.
c

3 Finsler spaces with weak metrics

Let, now, M = R* be regarded as spacetime manifold. We denote by (7, yi)i:@ the coordinates
in a local chart on the tangent bundle T'M; the base coordinates z* play the role of positional
variables and the fiber ones ¥, the role of directional variables. We preserve the notations in
the previous section, with the only difference that instead of Levi-Civita covariant derivatives,
we will use another covariant derivation law. Also, we denote partial derivation with respect
to y* by a dot: ;.

Let us suppose that on M we have a Finslerian fundamental function® F : TM — R and
the corresponding metric tensor:

_1 62./,:'2
C20yi0y

9ii(z,y)

In the following, we suppose that:

- the metric tensor g;; has (—, +, +, +) signature. Actually, it would be rigorous to call the
space in this case, a pseudo-Finslerian one. Still, since a lot of authors already use the term
"Finsler" for spaces whose metric is not necessarily positive definite, we will adopt this simpler
terminology.

- the metric tensor is obtained by a small perturbation of a locally Minkowski metric n;; =
M (y):

9i; = i (y) + €i(2,y),

(where quadratic terms in ¢;; and its derivatives vanish);

3We use the notation F in calligraphic fonts in order to avoid confusion with the electromagnetic 2-form F.
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- coordinate changes () — (z%) are such that in any of the considered coordinate systems,
1;; do not depend on z (for instance, if n;; = diag(—1, 1,1, 1) is the Minkowski metric of classical
special relativity, Lorentz transformations have this property). Thus, in the traditional Finsler-
Lagrange geometry approach, we can choose as nonlinear connection the trivial one N ij =0.
dx

dt
tensor is defined similarly to the pseudo-Riemannian case: v, = —gos+ 0agop ,a,0€{1,2,3}
Joo

V1l

and its determinant is det(y,5) = ~—=.
9oo

The natural basis on TM is | 0; :=

The element of arc length along a curve ¢t — z(t) is ds = F (x, )dt. The spatial metric

%, Oy = 8%/7 and its dual basis is (dz?,dy"). In
the following, whenever needed to make a clear distinction, we will denote by 1, j, k, ... indices
corresponding to base coordinates z* and by 7, 7, k, ... indices corresponding to fiber ones ™. By
capital letters A, B, C, ... we denote indices which run over all values: A, B,C, ... € {i, j, k, ..., ,
g, k.. }

In order to speak about volumes, divergence and codifferential for objects defined on T'M,
we need a metric structure on the total space of T'M. Hence, we complete g up to metric (an

hv-metric, |4]) on TM :
Gap(z,y) = gis(2,y)de' © dr? + vsdy’ @ dy’. (18)

where v is the Euclidean metric®. Thus, (T'M, G) becomes a pseudo-Riemannian space and we
can speak about the Riemannian (invariant) volume element on T'M :

dQ = +/|G|d*z A d*y.

where G = det(Gap). We have, obviously: G = g - v, where g = det(g;;), v = det(v;).
The volume element d2 defines a volume element d2); on M by:

dQy = o(z)d"x, o(z) = /\/ |G|d*z A d'y,
D,

where D, = {y € T, M | vﬁyfyj < r?} and r = {/2/7? is chosen such that the 3-sphere of radius
r in the 4-dimensional Euclidean space has the volume equal to 1, [13]. This volume element
generalizes the idea of Holmes-Thompson volume in [9]%. Integration over y intuitively means
"scanning" all the directions which fill a certain neighborhood (a Euclidean sphere) around a
point z of spacetime. For a function f = f(z) on M, its integral on a domain A C M is

/f(m)dQM = /f(x) (/\/@d4y) d'r = /f(x)dﬂ.

We assume that far away from sources, the field is negligible and the considered time interval
is a bounded one; thus, we can consider integrals of a "large enough" compact domain in 7M.

48till, since vectors y € T, M can be regarded both as tangent vectors y ~ dx to the base manifold and as
elements of the fiber, depending on the context, we will use both notations y* and %° for their coordinates.

5For instance, the manifold topology of Minkowski spacetime is the Euclidean one, hence, in this case, the
metric v describes the topological properties of spacetime.

5The classical idea of Holmes-Thompson volume involves integration with respect to y on the indicatrix
I, = {y € T, M| gi;y'y’ = 1}. If the Finsler metric g is not positive definite, as in our case, the indicatrix I,
is generally non-compact, hence this classical idea cannot be applied as such. Choosing as vertical part v a
positive definite one and integrating on balls given by the metric v solves this problem.
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It is convenient to express the results in terms of the following covariant derivation law D:

Da,ﬁj = ’)/ijkai, Daka

J

— 0, Dy0; =0, Dy.d =0. (19)

. 1 .
where 7', = §g’h(ghj,k + gnk; — gjkn) are the Christoffel symbols of g = g(z,y). For the

components of a vector field X = X*0; + X'0; on T M, we will have:

0X’ Xj 0X’
oy ’ \ oyt
(where i denotes covariant derivation by 0; and ; means covariant derivation by 0;). This
linear connection is h-metrical, i.e., gix = 0, v = 0. Another important notion for a Finsler

space is the Cartan tensor C given by

X9, =X 440X X = =X, X =

Y

i 1,
C jk — 59 hghj-E'

ox
of a vector field V = V9, + V0, on TM can be written as:

div(V) = ﬁ [(vm) (v ia) } = Vi + V5 + ViCh, (20)

The codifferential 6¢ of a 2-form §¢ = w;da® + w;dy® is locally given by

o) , 9] .
There hold the relations: —(ln V/ ]g]): 7', and F(ln v/ ]g|): C";;; hence the divergence
1 yl

() =€), + €7+ €90, (06) = €7, + €7 +€7C" ;.
\ J

lj»

4 Faraday 2-form, homogeneous Maxwell equations

As shown in [1], since the inhomogeneous Maxwell equations involve the metric tensor g, in the
case when g¢;; = g;;(z,y), their solutions would generally depend on y. Thus, we will consider
the following 1-form on T'M :

A= Az, y)dx". (21)

The only restriction we will impose to A is that

Az(w7)‘y) = Az('ruy)y

i.e., we will allow A to depend on the direction of ¥, but not on its magnitude”.
In [1], we defined the generalized Faraday 2-form (the electromagnetic tensor) as:

F = dA, (22)
in local coordinates, this is
1 ) . ) -
F .= EFijdmz N dx? + Fgdx' A dy’ (23)
where
Fij = Aj|i - Ai|j> Fz‘j = —Ai-j- (24>

"In [1] and [11], we imposed a supplementary restriction, namely, that A;y® = 0. Here, this condition will
be treated as a "gauge" and not as a part of the definition.



68 Hypercomplex Numbers in Geometry and Physics, 2 (14), Vol 7, 2010

1
In particular, if A = A(z) does not depend on the directional variables, we get F' = §(Aj|i —

The electromagnetic tensor F' remains invariant under transformations
Az, y) = Alz,y) + dA(z), (25)

where A\ : M — R is a scalar function, since d(A + d)\) = dA + d(d)\) = dA.
If F' is defined as above, then dFF = ddA = 0. In other words, we get as an identity the
generalized homogeneous Maxwell equation:

dF =0. (26)
In local coordinates, equation (26) is read as:

Fijik + Frijj + Figi = 05 Fjje + Frajj + Fika =0, Fraj + Fjra = 0.

The first set in the above is the analogue of the usual homogeneous Maxwell equations. The
two other sets appear due to the y-dependence of A.

In the above, we have started from A as an a priori given object and defined F as its
exterior derivative. Conversely, if we suppose that F is a 2-form as in (23), satisfying dF' = 0,
then there exists, [11], a horizontal form A = A;(z, y)dz® such that F = dA.

5 Inhomogeneous Maxwell equations

The second term of the total action becomes

Sint = — Z % /Ai(m,:t)dxi.

Since A; are functions on T'M, it is natural to transform this integral into an integral on a
domain in T'"M. This can be achieved by writing total charge as an integral:

p(z) 3 4
q= / P VG A dy.
v/ oo
With the notation i
. pc dx*
J' = —_—, 27
/900 dz° 27)
the integral [ Apdx® is written as a volume integral, in a similar way to the Riemannian case
(just, here, the integral is on a domain in T'M):

1 ,
4 / Apda® = —= / A, JidQ (28)

c Cc

By varying with respect to the potential A the action

1 , 1
=—— [ (AT + ——FapF48)dQ. 2
51 c/( J+167r AB ) (29)
we obtained, [1, 11]:
. - - 4 .
7, % 7 h )
F]U—l—FJ,j—FFJChj:—?J. (30)

Notes: 1) In the integral above, in order to make sure that the expression has physical
sense, we might need to adjust measurement units so as to have [F;;] = [Fj;|. This can be done
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by considering the fiber coordinates 3* as having the same measurement units as the base ones
(eventually, by multiplying them by a constant, [11]). )

2) We notice a certain resemblance between the term F* ;TF i C’hhj =(F i/ g|).3 and the
idea of bound current in a material medium.

Equations (30) gave the idea to formally generalize the inhomogeneous Mazwell equation
as

4
(6F) = — =", (31)
c
In local coordinates, this is:

.. - - 4 .
1] 1] el _ 7
Flj—l—F.j—l—FJC’l; = —7J,
7] ar .

We notice, in comparison to the equations in [1], the appearance of an extra set of equations
and of the quantities J* which are "coupled" on T'M to the usual components of the 4-current
J*. Thus, we obtained a vector field

J=J0+J0,

on T'M, whose horizontal component J'9; is the usual 4-current (plus the correction due to
anisotropy). In the following, we will see that the new component J'0; plays an important role
in the continuity equation and in the Finslerian analogue of energy-momentum conservation
law.

Remark. In particular, if A; = A;(x), then J* = 0.

6 Continuity equation and gauge invariance

Above, we have seen that

—47% _F. (33)
It immediately follows: —%(Hb = §6F = 0%, which is, div(J) = 0. In other words:
Proposition 1. There identically holds the generalized continuity equation:

div(J) = 0. (34)

The invariance of the electromagnetic tensor F' to transformations A(z,y) — A(z,y) =
A(z,y) + d\(x) of the 4-potential implies the invariance of the first term S, and the third one
S; in the general action (7). The continuity equation (34) insures that S, = — [ A;JidQ
equals S, plus a boundary term. Hence, these transformations do not affect the action (7).

7 Equations of motion of charged particles

Equations of motion of charged particles are obtained by varying the trajectory z = z(t) in the

first two terms of (7):
Sy = —/ <mc\/gij(x,j:)§cia'c7 + gAk(a;, x)a:k> dt. (35)
c

8We have used the identity déw = 0.
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The condition A(z, \y) = A(x,y) insures that the action Sy is invariant under eventual changes
of parameter ¢t — t' of the curve, hence we are free to choose this parameter.

A further restriction can be imposed on the y-dependence of A in order to make the approach
more elegant and provide a simple expression for the equations of motion of charged particles®.

In isotropic (pseudo-Riemannian) spaces, if we assume that A = A(z), then there exists
only one potential providing a given interaction Lagrangian L;,; = A;(x)y’. But in anisotropic
spaces, where A; = A;(z,y), a given Lagrangian L;,, = A;(z,y)y" can be given by infinitely
many functions A; = A;(z,y). Thus, to a Lagrangian L;,, it corresponds a whole equivalence
class of potentials A. It appears as convenient to choose from each class the representative for
which

Apy® = 0. (36)
We will call this condition upon A, the gradient gauge. The gradient gauge is equivalent to
A k
the condition: A; = M
oy’

Under the above assumption, the Euler-Lagrange equations attached to Sy (interpreted as
equations of motion of charged particles in Finsler spaces) are:

Dyt ¢ dy? - dat
= LRt F’ b= 37
s ¢ Y * igs’ Y ds’ (87)
Dy'  dy o
where dy = dy + vy
s s
The first term in the right hand side of (37) is similar to the usual one in pseudo-Riemannian

;dy’

spaces, while the second one Fi= gF appears due to the dependence of A (and actually,
C

of the tensor g;;) on the variable y. Both the "traditional" Lorentz force term and the correction
F9; are orthogonal to the velocity 4-vector y = i :

gi;F'y’ =0, g;F'y’ = 0. (38)

8 Generalized stress-energy-momentum tensor

Let us suppose that g;; = 7;;(y). Spacetime translations z' = 2% + &', i = 0,3 induce the
following transformation on T'M :

=g+, g =y (39)

We will call generalized energy-momentum tensor on T'M, the symmetrized Noether current
given by the invariance to transformations (39) of the action Sp.
By Noether’s theorem, we get a tensor consisting of two blocks:

T =T, Az’ ®dx]+T -z ®dm]

where:
1
. = 47T( F'BEp + 5’FBCFBC) (40)
; 1
T, = ——F"%Fy. (41)
41

The horizontal component Tj;dx’ ® dz’ is the the usual energy-momentum tensor (plus some
correction due to anisotropy) while the mixed one Tj;dz’ ® dy’ is new.

9In [1], this restriction was taken as part of the definition of the potential.



N. Voicu Equations of electromagnetism in some special anisotropic spaces. Part 2 71

By using Maxwell equations, we get:

ﬁ[% (T@Mﬁ% (Ti.\/@)]_ —%(FijJuFijﬂ). (42)

9 Conclusion

For 4-dimensional pseudo-Finsler spaces (M, F) with metrics obtained as small deformations
of locally Minkowskian metrics, we have extended several usual notions of electromagnetic field
theory.

The 4-potential is defined as a horizontal 1-form A = A;(z,y)dx" on the tangent bundle
T M, having its components A; homogeneous of degree 0 in y. The generalized electromagnetic
tensor is the 2-form F' = dA. Maxwell equations on T'M are then written as:

4
dF =0, (0F)f = —%J.

The TM-current J = J'0; + J*0; is a vector field on T'M, satisfying identically div J = 0.
Its horizontal component J*9; provides the usual 4-current (plus a correction term due to the
y-dependence of A), while the vertical one J'0; is new.

Further, the generalized energy-momentum tensor in flat Finsler spaces is defined as the
symmetrized Noether current corresponding to invariance to spacetime translations of the field
Lagrangian. We obtained

T = Tyde' ®de’ + Tzda' @ dy, (43)
1 1

Tia = —|—F,8Fp+ -64FpcF?° 44

A 47r< A B+4 Alf'BC ) (44)

(where ¢” is the Kronecker delta and 5% = 0). This tensor satisfies the identities:

dio(T) = —~ (B’ + Fy7).

C

This approach offers an alternative to the existing one by R. Miron and collaborators, [5, 6, 4].

Acknowledgment

The work was supported by the Sectorial Operational Program Human Resources Development
(SOP HRD), financed from the European Social Fund and by Romanian Government, Project
number POSDRU/89/1.5/S/59323.

The author wishes to express her gratitude to professors S. Siparov, G. Munteanu and
M. Neagu for useful talks.

References

[1] Brinzei (Voicu) N., Siparov S. Equations of electromagnetism in some special anisotropic
spaces // arXiv:0812.1513v1 [gr-qc|, 08 Dec. 2008.

[2] Bao D., Chern S.S., Shen Z. An Introduction to Riemann-Finsler Geometry. (Graduate
Texts in Mathematics; 200), Springer Verlag, 2000.

[3] Landau L.D., Lifschiz E.M. Field Theory. 8th ed., Fizmatlit, Moscow, 2006.

[4] Miron R., Anastasiei M. The Geometry of Lagrange Spaces: Theory and Applications.
Kluwer Acad. Publ. FTPH no. 59, 1994.



72 Hypercomplex Numbers in Geometry and Physics, 2 (14), Vol 7, 2010

[5] Miron R., Rosca R., Anastasiei M., Buchner K. New aspects in Lagrangian relativity //
Found. of Phys. Lett., 2, 5, 1992, pp.141-171.

[6] Miron R., Radivoiovici-Tatoiu M. A Lagrangian theory of electromagnetism // Seminarul
de Mecanica, Timisoara, 1988, pp. 1-55.

[7] Miron R. The geometry of Ingarden spaces // Rep. on Math. Phys., 54(2), 2004, pp. 131-
147.

[8] Siparov S. On the interpretation of the classical GRT tests and cosmological constant in
anisotropic geometrodynamics // arXiv: 0910.3408, 2009.

[9] Shen Z. Lectures on Finsler Geometry. World Scientific, 2001.
[10] Udriste C., Balan V. Differential operators and convexity on vector bundles, endowed with
(h; v)-metrics // An. st. Univ. "AL.I. Cuza", Sect I, Vol.43, no.1, 1997, pp. 37-50.
[11] Voicu N., Siparov S. A new approach to electromagnetism in anisotropic spaces // BSG
Proc., 17, 2010, pp. 250-260.
[12] Voicu N., On the fundamental equations of electromagnetism in Finslerian spacetimes. to
appear.

[13] Voicu N. A generalization of Holmes-Thompson volume for pseudo-Finsler spaces. Preprint.

YPABHEHUY 9JIEKTPOMAT'HETU3MA B HEKOTOPBIX
AHN3O0TPOIIHBIX ITPOCTPAHCTBAX CIIEIIMAJIBHOI'O BHU/JIA.
YACTD 2

Hukosnerta Boiiky

Tparcusvearckul yrusepcumem, bpawos, Pymvinus
nico.brinzei@unitbv.ro

Ucnonb3yst dopMaan3M BapUAIMOHHOIO HWCYUCIEHUsT W BHEIIHe#l TPOU3BOIHON, MBI
IpeIOKIIIN B [1] HOBBI reoMeTprYecKuii OIX0/1 K 9JIeKTPOMArHEeTH3MY B IIPOCTPAHCTBAX
C METPUKOH, IOJyYeHHOIW B pe3y/jbTaTe MaJbIX AedopMalnii IJIOCKON (HUHCIEPOBOI
METPUKH. DTH WJen ObLIN PacupoCTpaHEHbl Ha (PUHCIEPOBBI MPOCTPAHCTBA ODIIErO BHUIA
B [11].

B macrosmeit pabore MbI paccMarTpuBaeM 0oJiee JIETAJTBHO BOIIPOCHI CBSI3aHHBIE C
O0DODOIIEHHBIMI TOKAMM, 00JIACTHIO MHTETPUPOBAHNS W KAJINOPOBOYHON MHBAPUAHTHOCTHIO.
Takxxke Jisi TIOCKUX (PUHCTEPOBBIX MPOCTPAHCTB MbI ONpeJieseM OOODIIEeHHBI TEeH30D
SHEPIUU-UMITY/IbCA KaK CHMMETPU30BAHHBI TOK COOTBETCTBYIOIINN WHBAPUAHTHOCTHU
JIarpaHKUaHa MOJISA 110 OTHOIIEHNIO K TPAHCIAIMAM IPOCTPAHCTBA-BPEMEHH.

KirouyeBblie cioBa: q)I/IHCJIepOBO OPOCTPAHCTBO, KacCaT€/JIbHOE pPaCC/JIO€HUuE, 3JIEKTPO-
MAarHUTHBINA TEeH30p, SHGKTpOMaFHI/ITHI)Ifl nmoreHnuaJl, TEH30p IHEPTUU-UMITYJIbCA.





