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ABSTRACT

We give a preliminary formulation of electromagnetism in a six
dimensional space~time with three time-coordinates. It is shown that
such a formalism provides a further support to the hypothesis by Mi-
gnani and Recami that charged tachyons in an e, m. field behave as
rmagnetic monopoles,

It has been recently suggested by Recami and one of the present
authors (R. M, )(1) that the introduction of two extra time-coordinates
can help to interpret the imaginary quantities entering superluminal
Liorentz transformations (SLT)(Z). In such framework, time is assu-
med to be a vector in an Euclidean 3-dimensional space TS, so that an

event P is represented in the Euclidean six-dimensional space M6 -
- R3xiT3(1’ 3,4, 5) :

P = (x,y,z2, it ity, it,) (1)
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or, alternatively, as a vector in a complex 3-dimensional space

c3(1,3,4),

= i + i + 1 2
P = (x+1tx, Yy 1’£y, Z ltz) . (2)

The lenght of P is given by the quadratic form(l’ 3,4) .

P2 = :«:2+y2+Z2 - (t2 + t2 +t2) . (3)
Xy z
As to interpreting physically the extra coordinates, one assumes that,
for bradyons, only the modulus of the time vector is observable(3),
whereas, for tachyons, the components of the position vector are as-
sumed having no meaning individually(l).

Actually, it has been shown in ref, (1) that a SL.T in M6 is ex~
pected to effect transition from the six-vector P = (x,y, z, itx-" ity, itz),
to the corresponding six-vector P' % (t'X,t'y,t‘Z, ix', iy", iz')(6 ). In other
words, a full symmetry is achieved between space and time(3) only con
sidering SL.T's, besides the usual Lorentz transformations (L.'T),

The problem of subluminal and superluminal L. T's in six dimen
sional has been very recently discussed by some authors(7’8 ), both
from a formal and a physical viewpoint. Although some questions are
left open, it seems that the six dimensional approach can give insight
into a fully understanding the space~time structure of physical theo~

1"4: 7;8)

ries< It seems therefore worthwhile generalizing the six-di-

mensional formalism to other physical quantities.

In the present paper, we want to do a first step in this direction
by giving a preliminary formulation of electromagnetism in 1\/[6. In
particular, we shall give another formal proof that electrically char-
ged tachyons are expected to behave as (space-like) magnetic mono-
poles(2’ 9, 1).

First of all, let us assume that, if Vo (a=1,...,86) is any vec-
tor in 1\/[6, subluminal (superluminal) observers are able to physically

distinguish only between the first (second) three components, in the

sense that only the modulus of the others is obgervable,



Then let us define the differential vector operator V, (a=1i,..,86)

in M6 as follows:

-, 0 9 9 .. 9 . 0 ., 0
Vo = (52 5v° oz’ "1y (

with self-clear meaning of the notations. By V., we can express all

the operators of the vector analysis. For ingtance, the D'Alembert

operator now reads(lo’ 11) :

- 2 2
SRR ANE L (5)
2 52
Obviously, Q reduces to 1 when we replace ‘_7{ with —
0t

Then, we define a six vector electromagnetic potential A, as

follows :

Ag = (A, Ay, A i@ ,i ¢y, ig). , (6)

L.et us first do some considerations at a qualitative stage. By apply-

ingto Ag a SLT, we obtain(lz)

] - - . - . - .
Na 2 (9 9y 9, - 1A, -1A, <1A ) (7)
. . . 2 2 2.1/2
According to the above-made assumptions only @ = (¢X+ 9”y+972)
2 2
and A = (Ai+A;+A,, )1/2 are measurable quantities for bradyons and

tachyons, respectively. By taking into account that a SLT does'not
induce a change in the dimensions of physical quantities and that
0 . 0 . . .
7, = V., = | - r :
A 5; &0 into Yoo g respectively, we will eventually obtain
0

E'= V7 x¢ , H' = = + A . (8)

A

|

=7}
-

Moreover, in absence of "charges" and "currents", the propagation

equations for E' and II' will read:



-4 -

where ¥} is defined as:

2
i 0
o=V - — . (9n)
‘ ~t @-:2
L.et us now approach the problem in a more formal way, and define in
six dimensional space-time the action S of a charged particle, inter-
acting with an electromagnetic field Ag:

2 2

S = —m/ dr - e '/ Aaan R (10)

1 1

where T is the proper time(ll?’) and dxg = (dg, idt), so that eq.(10) can
be rewritten in the form:
2 2
S z -m / dt - e / (Ad7 - @-dt) . (11)
1 1

e

Let us for simplicity neglect the first term. For a subluminal obser-
ver, S coincides with the usual definitions of action:
2
S = -e j (A-dv -@dt) . (12)
1

By applying a SLT (e. g., the trascendet one(z)), it is possible to de-
rive the action S' for a superluminal observer (i.e., according to the
duality principle(z) the action describing a "charged" tachyon in an
electromagnetic field):
2
St = -e j (P-dt - Adr) . (13)
1

From eq. (13) it is not a difficult task to derive the following Lagran-

gian:
o[ = eA -ep0 (14)

where 6= dt/dr. By applying to L the time gradient -Et we obtain :



[7to£ = eUA - el (2:0) = el A - e(g-V)a+ egx(V,xP), (15)

and therefore, by a standard procedure, one can write the Lorentz

force on a tachyon as:

} 9%
F = eY_tA+e @L_+egx([7tx_¢i). (16)

From equation (16) we derive the previous egs. (8) for E' and H,

in terms of which F now reads:
F = e(I:I_‘+0x]_§3_') . (17)

It can be immediately deduced from eq. (17) that an infinite speed

tachyon behaves as a purely magnetic charge a rest (in the sense that

it only "feels" the magnetic field)(lzl).

Now we can straightforwardly derive from egs. (8) the first group

of the "Maxwell" equations:

oE"'
o f = =
v-E':=0, FaH S, (18)

in a similar way, one can argue that the second group of the "Maxwell"

equations has the form:

v =-4J, (19)

where we introduced the current four vector 0 = (QX, Qy, QZ, iJ). In
absence of "charges" and "currents", we have:

0H!
_H V,E'-_—O, (20)

E' = - —
VixE ot ° "t

from which one easily derives the propagation equations (egs. (9)).

As a final remark, let us remind that the interpretation of extra
timelike coordinates adopted by us suffers from some difficulties (e. g.
non linearity of the transformation equations between four vector com-

),

ponents
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To overcome such a problem, a very interesting proposal has
been recently formulated by Col<3(7), i, e. an averaging about the time
directions (in the bradyonic case). The changes in the six-dimensional
formulation of electromagnetism, needed by the time-average approach,

will be discussed by the present authors in a forthcoming paper.
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