


: '1 C— Introductlon

The Einsteinean theory of rolat1v1ty Was the hrst one
, to leveal a sy1111net1y in the propertles of spdce and time, -
the subsequent 5ene1ahzatlons mtroducmg a proper tnne‘"; ‘
.~ foreach partlcle (1] and for each space point x [2] equalized
. in rlght space and tine still more, It is 1nterest1ng to take L
a next step on- tlns way and to conslder a more’ con31ste11t
from relat1v1st1c wewpomt theory w1th the equal number of -

S space and tnne (o ordmates when

| (X)/;l ( X t)ﬂ * x)/t ((X t)T/t

‘ (Here and in. Wlldt follows the supelscnpt ? denotes thef‘) L
& transpose three-dnncnslonal vcctols inz-. and t- subspdces W
S : w1ll be. marked respectlvely by bold symbols and by a hat,
i snc dnnenqlonal vectors we denote by bold symbols with the"' .
hat; values' of greek and latm 111(11ces <6,k < 3) The ' .
:most satlsfactory varlant of- such a theory was developed S
by E.AAB.Cole [3 - 5]. His theory has an- elegant math- .
et ematlcal form but at present stage. it has serious’ dlfhcul-, At
S tles due to a presence of obJects w1th nebatlve energy, to. a
;{"spontaneous creation ‘of ‘particles; what results in vacuum}l
| ’:'f';‘f;:]non~stab1hty and. to a possﬂ)lhty of exotlc decays in wlnch"j‘?;
the secondarles mass, excels the decaymg partlcle mass. It
© . is not clear is, that an essentlal feature of the mult1 tnne'*'f

o 'approach restrlctmg 1ts apphcablhty only by a ultra-small

- space- tlme reglons as it is’ emphasxzed by Cole [5) or. one
~_may sidestep the dlfhcultles usmg, some addltlonal physmal_ﬂ.fv N
8 ""("‘,COII(llthIIS B N o
: The goal of our paper is: to conmder the pecuhar1t1es ofi ,' ;
B the rnultl tnne theory by means - of a snnple example of a R
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plane electromagnetic wave motion in order that to more
exactly understand the physical meaning of equation so-

" lutions with negative energy and to point out conditions

excepting vacuum non-stability and exotic decays. It will
be shown, one can gain that by means of the causality prin-
ciple restricting acceptable types of time trajectories.
Section 2 considers the plane wave solutions of the gen-
eralized multi-time Maxwell equations. In Sec. 3 the six-
dimensional momentum-energy vector of plane wave is de-
rived, and in Sec. 4 we discuss conditions by which the total
energy of any plane wave remains always positive defined.

2. — Plane waves in multi-dimensional time.

We shall use a multi-time generalization of Maxwell
equations found by Cole [6,7]. In empty space, in absence
of charges and currents, it comes to a consideration of an
equation

o VA - V(VA) =0,

(-—A,fl)z is the six-dimensional vector po-
(=V,V), and V; = —8/8t; are del oper-

where (A), =
tential, (V)

‘ators. The last term of equation (1) vanishes due to the

extended Lorentz condition
(2) VA =0.

As a rectilinear world—line of plane wave can be defined
by the vector i = (1,0,0,1,0,0)7, the equations (1), (2)
can be written in the form ' ‘
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3) PAJO - POPAJoaE =0
(4) 8Ay0t+0A/0x =0

Further, just as in the known oﬁe time theory, the first terin
in (4) is turned into zero by means of a gauge and we get
then from the equation (3):

0A;/0t = const,

i.e. the component A; bears no relation to a wave process
and can be removed. It means out that the potentials A
and A are transverse vectors: A.-f'=0.

The electric field tensor looks now as

| . 0 A; Ag
(5) E=AV-VA=c"'| -4 0 0
‘ ‘ o —Ag' 0 0

(The solution of a wave equation corresponding to a wave

moving along the vector n satisfies the condition A, /dx =
—A,/c). Let us introduce the three-dimensional electric

fields By = (B, Bor, Bst) and By = (Bpy, B, Big). It is.

easy to prove that the fields E; and Ej for k = 2,3 are
longltudmal vectors, but E; and E1 are transversal ones:
E;-n= El -n=0.

From the formal point of view the appearance of the
longitudinal electric field is stlpulated by the impossibility
to'remove by means of the gauge transformatlon more than
one component of the three-vector A,

Using for E; and E; the expressions from (5), oue can
prove that the mdgnetl( field

'y
H = VxA_—~ —nxA—an1
| ot |
and the "time-magnetic” field
) .. N
G VxA=c —nxAd=nxE
ot

‘are also transverse ones: H-n = G -1 = 0. The absolute

values H = |E4|, G = |F||.
As we see, in the multi-dimensional world the electro- .

magnetic wave becomes apparent in two essence: in .-
subspace it looks as a superposition of the transverse wave

- (E;, H) and the longitudinal wave E; . in t-subspace it is a

sumn of the transverse wave (E|, G) and the longitudinal one
with the vector E’L. The structure of the plane wave in .-
and t-subspaces is completely symmetrical - that part of
the wave which in z-subspace is transversal in t-subspace
becomes longitudinal and conversely (sec Fig.). D(‘p(‘nd—
ing on their signs the longitudinal field strengthens. E; and
Ek(A = 2,3) can be in parallels or antiparallels to the di-
rection of the space and time vectors n and n.

3. — Momentum-energy of a plane wave

The derived with the help of the canonical rules
momentum-energy tensor of electromagnetic field

- 1 1
™= = (f;ff”“_ + zg’“’fhfh)



distinguishes from the respective tensor of one-time theory

ounly by a number of components. If the electromagnetic
field tensor F,, = 0A,/0xz" —0A,/dx" is represent( d in the
form :

R -3 E

F - ( I T ; ) ’

-E' G

where H G E are 3 x 3 matrixes then 7# can be ertten
in the snmldr matrix form dlS()

ZEZ ZE2 L
Takmg, into account the relatlons

(HH);, = HiH, - 6H: |, (GG)y = GGy — 6a.G?
(EET, = EE, | (ETE)y = EE;

(E’H)lk = —(HE); = (E; x H)

(EG)i = —(GE")y = (B x Gy);

wlhich can be proved by means of the explicit expressions for
the matrixes E, H and G we get the followmg) expressions
for the tensors T;:

4T = —EiBy — HiHj + 16,(H? — G* + B?)
4Ty = BBy + GiGy + jou(H? - G — B?)
An T = 4T = (B, x H); = (E; x G

e e

e o : ‘__M R

Owing to the sylmnetry T = TV the tensors Tik are
linked by the relations

tk __ : Tk __ rpki ik _ ki
_TI_T17 T4—T4) TQ"T?)

. It must be noted also that ‘up to a sign the expressions
for T}k are symimetrical with respect to pairs of the fields
(Er, H) and (E;,G): T¥# — T¥# T¥ — Tif under the
change E; — iEk, H — iG and backward.

" It is easy to satisfy oneself that by

E; — E&;, (E‘)k S Eéy , G—=0

all above. written expressions turn into the known Maxwell S .
theory formula. ‘ ' ’
Let us define a six-dimensional momentum-energy vector

Pr=[T™ds,

where ds, = n,dV and dV is an element:of a three-
dimensional hypersurface. In particular case of a plane wave
when the direction of its time-trajectory is taken as the ;-
axis ' o |

| JTY¥AV p=k <3
Pt — T/lk dV = . 3 ‘ =
J T LT%MC#=3+k

So, the field momentum-energy density
(6) b= (Wr+Wp)h
where |

Wr = (A3 + A2/nc* = (B} + H?) /87



and

Wy = —(A2+ A2)/87 = — (B} + G)/8x

are the energies of the transverse and the longitudinal fields.

~ As we see the three-dimensional energy and momentum
vectors of a plane wave are directed along its world-line
% and their transverse components py, k # 1,4, equal to
zero always. The momentum-energy of the transverse field
component (E;, H) is positive, meanwhile not only the mo-
-mentum but also the energy of the longitudinal field E are
negative.

4. — Discussion

It would seem strange, that a part of the wave energy
is negative, however, an analogues situation takes place in

the Maxwell electrodynanics also where a ”scalar photon”

energy is negative. Because the multi-component electro-
magnetic wave is an unitary object, only its summary en-
ergy 1s physically significant and its negative part is never
observed. In the six-dimensional theory the total wave en-
ergy (6) must be positive also, i. e. Wp > |W,| and the
transverse component prevails always over the longitudinal
one: |E;| > |E,]. In this case the plane wave momentum is
directed along the z;-axis and the wave is developing along
t1-axes from the past into the future.

The mathematically acceptable solution with negative
energy Wr + Wi < 0 corresponding to an incoming wave
with backward space and time directions must be rejected

‘if we take into account the causality principle.

In -the boundary case of equal amplitudes E? = Ef =
H? = G? the complete compensation of the transverse and
the longitudinal components occurs (similar to the com-
pensation- of the scalar and longitudinal components of a

plane wave in the one-time theory). the momentum-energy

(6) turns into zero and the wave disappears.

So, as in the usual Maxwell electrodynamics the energies
of all outgoing plane waves in six-dimensional world are pos-
itive and these waves develop along the positive directions
of all time axes ;. ’ : ‘

The considered example of a plane electromagnetic waves
promotes that an analogues situation take place in the gen-
eral cases: due to the causality principle all wave solutions
describing the motion of particles correspond to time tra-
jectories with positive projections 7; > 0 and, respectively.
to energy vectors with positive components.. That forbids
spontaneous creations of groups of particles from vacuum

~and exotic decays in which the mass of secondaries exceeds

the decaying particle mass, since every such an event is ac-
companied always by a time-reverse motion along even if
one axis t; and by a violation of causation. 5

It should be emphasized that the time reversibility is
only an approximate property of theories with the. finite
number of particles and interconnections meanwhile due to
a non-exhaustive huge nwunber of real interconnections in
Nature time reversibility doesn’t realizes, strictly speaking.
even in microscopic processes, since it would demand the
time turning of all these innumerable interconnections.
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' )Electromagnetlc Waves in Space w1th Three Dlmensmnal T1mex i

“equal number of space and time coordlnates are consndered In x-subspace the wave'
s characterlzed by three orthogonal one' to’ other vector fleld two of whrch arej ;
‘transversal and the third i is longrtudlnal with' respect to the direction of the wave |

_ ‘posltlve and negatlve however due ‘tothe " causality principle’ ‘permitting - the’
~ 1development along’ all time axes only from the past to the future, :the- total wave |
' "energy is positive. always, what prevents:a. spontaneous creation - ot waves from |
'vacuum and exotlc processes in: Wthh the flnal mass cxceeds the lnltml one :
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motron The energy. “of transverse and longltudlnal field- components is, respectlvely,
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