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Summary. Within « extended relativity » we generalize the Maxwell
equations in terms of four-potentials for both ordinary and faster-than-
light charges. We succeed in giving a physical meaning to the complex
electromagnetic four-potential (and to complex electromagnetic four-
current, tensor and field), and in giving a new interpretation to the Cabibbo-
Ferrari relation for magnetic monopoles.

1. - We showed (by using our «extended relativity » (*), generalized for
faster-than-light inertial frames and for tachyons) that magnetic monopoles
are probably expected to exist only as Superluminal (= faster than light)
objects (25).

In fact (%) let Fyy be the usual electromagnetic tensor and let us define its
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(®)) We use the metric (+ ——-—) by writing, however, the generic vector as
%y = (ct, iz, iy, 2), .6. Ty==ol, ®; =1x, T, =4y, T,=4¢. We thus obtain g, = dy, and
no distinetion between covariant and contravariant components. Summation is under-
stood over the repeated indices. Natural units (numerically ¢=1) will be used.
For the electromagnetic quantities we always use rationalized Gaussian units, i.e.
Heaviside-Lorentz units.
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«dual » as follows (u, v, p,0=20,1, 2, 3):

* (2

) F/wEEEI‘vecFew (F)" =— P,

where g0 is the real, completely antisymmetric Ricei tensor (normalized so
that &4, ==1). Notice that our present « dual » tensor (*) is simply the oppesite
in sign to that of Cabibbo-Ferrari (8), in agreement (?) with our previous ref. (%).
Let us confine ourselves for simplicity o requiring covariance only under the
usual group of proper, orthochronous Lorentz transformations, and moreover
define the new tensor (2°)

(2) Tww=Fu—iF,,,
where T, is invariant under the exchanges (*) E —{H, H——iE and where
(2) T, =iT

Then, the generalized Maxwell equations, valid when both subluminal (= slower
than light) and Superluminal electric charges are present, were shown (%) to read
O» Ty = ju(8) — 4u(9) ,

T8 =T

uy uny

(3)

Vs 62,

where s = gubluminal and § = Superluminal. Equations (3) are equivalent to
the following self-clear equations (1'5):
div D = g(s), divB = —o(8),

(4) (v*se?) . ,
rot E = j(8)—oB/ot, rotH = j(s)+ oD/dt.

Therefore, in extended relativity only one (electromagnetic) charge is ex-
plicitly expected to exist, which behaves as electric when subluminal, and as
magnetic when Superluminal. In addition, one gets that the magnetic
strength is expected to appear (1)

(3) g=-—e.

(") Notice that the present definition (1) of « duality » is however different from the
one adopted in ref. (), since there we chose Fuy= }eupsFos = —1iF)},.

(®) N. CarieBo and E. FERRARI: Nuove Cimenio, 23, 1147 (1962).

(®) A misprinted sign in eqs. (5) and (8) in ref. (*) should however be corrected.
(1) Incidentally, under a « Superluminal Lorentz transformation » I, the quantity Ty
will no longer be (*) a standard tensor, since one would obtain (*-5) Ty~ T,'wz
= — 1Ly Ly Tgs. Analogously for F,, for A, ete.
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In parficular, an «electrically » charged tachyon in an electromagnetic
field will probably experience the « Lorentz force » (*'%)

(6) F=—¢H-VAE), 2> 6%,

2. — All that precedes was directly derived by us from the electromagnetic
fields (-*) without introducing four-potentials. In this work we want to extend,
for Superluminal charges, the Maxwell equations also in terms of electromagnetic
four-potentials.

When in presence of only a subluminal electric current ju(s), Maxwell equa-
tions (in terms of the usual four-potential vector 4,) are known to become

DAuzju(s) ’
(7N 2 e,
aﬂAMZ 0,

where the standard « Lorentz gauge » has been explicitly added. As usual, it
will be F;w = Av/u e Au/v -

Let us now suppose to be in the presence (1) of only Superluminal « electric »
charges. Owing to the prineiple of relativity (*)—and to the « duality prin-
ciple » (1)—those charges are represented by a standard (subluminal) four-
current j;(s) with reference to any Superluminal inertial frame §. With respect
to 8 it then holds that

(8) JA,=j(s), 0,4,=0, i< e?,

afy =
with F,, = A, — A,,. Therefore, we shall observe—in our frame s—a Super-
luminal four-current j,(S) obeying the tramsformed laws of eqs. (8) under the
suitable « Superluminal Lorentz transformation » (1) L. In other words, ae-
cording to the «rule of tachyonization » (1), let us apply L to eqs. (8), noticing
that A,—~ A4, =— 4L, A4, (cf. footnote (). One immediately obtains

L(ids) = ju(8), U Au=—4u(8),
(8) . = v
Ou(idy) =0, Oudu=0,

In conclusion, when in presence of both sub- and Superluminal four-currents,
we need to introduce a complex four-potential A, and the complex four-current

(1) Let us call s our own frame of reference.
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Ju= ju(s) — 5ju(8), 50 as to be able to write in total
U zﬂ = jﬂ ’
9) _ vi= .
aﬂAu _ 0 y

Equations (9) extend eqs. (7) for the case of both slower and faster-than-light
currents. If we now call

(10) Ay

l
&=
o
[+
S
il
l
—
=
'S

then we can write the generalized equations, for the extended electromagnetic
four-potential, as

O(Au — iBu) = juls) — u(8),
(99

vE2ct,

Ou(Ap—iBy) =0,

holding when both bradyonic and tachyonic charges are considered. Equa-
tions (9’) of course are equivalent to

UAi=jus), Oudu=0, 2 < c?,
(9")

OBy =ju(8), 6uB.,=0, 2> 2,

By comparing our eqs. (9") with eqs. (8) in ref. (?), or with eqs. (77) in ref. (22),
one can realize that our four-potential B, is to be identified with the four-po-
tential B, introduced by CABIBBO and FERRARI for magnetic monopoles in
the ¢« Dirac additive term » (¥!2). Within extended relativity we thus give a
new physical meaning to the Cabibbo-Ferrari four-potential B,. Namely,
we have

— 1
(10') B,——LA,.

From eqs. (9”) one can again verify that a Superluminal «electric » charge
behaves as a magnetic monopole with opposite (magnetic) charge (%).

At this point it is important to observe that we of course do not need any
condition of the type eg = n#%, since « consistency requirements» of the kind
of eq. (13) in ref. (8) do not come in, when extended relativity is used. In fact,
our four-vector B, calls into the game nothing but A;, and for A; (in the Super-

(1?) E. AMALDI: in Old and New Problems in Elementary Particles, edited by G. Puper
(New York, N.Y., 1968), p. 1.

(*3} See, e.g., vef. (]), p. 1149 and ref. (12), p. 53. For a contrary belief, see H. C. CORBEN:
Nuovo Cimento, 29 A, 415 (1975); and then R. MieNaxt and E. REcami: Lett. Nuovo
Cimento, 13, 589 (1975).
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luminal frames S) eqs. (9)-(12) of ref. (¢) do hold, as they also hold for 4, in the
subluminal frames s.

Now, let us remember that the upper eqs. (9”) are equivalent to 0y Fuw=ju(s).
Moreover, the equations (%) [J By = — gu, ¢, Bx= 0 would be equivalent (*:12) to
o,F,, =—g,; so that we expect the lower eqs. (9") to be equivalent to

8, F, =+, 8);

we want to set forth explicitly the conditions under which that equivalence holds.
In other words, we want to find out the conditions under which our gener-
alized equations (9) and (9') are equivalent to the extended Maxwell equations (3):

(11) Ddw =Ju] _ [0rTw e e,
uAu=0 T:, =iTw

that is to say

(11 {D(Au— iBu) = ju(s) — ij(S)} - {ap(Fm— iF%,) = juls) — m(S)} ‘

Ou(Ap—1iBy) =0 Ty, =iTw
We may write the identity
(12) DZ»:— aizﬂ“— (aﬂapr—!’“ Smlgoayagzo-),

where we added (in brackets) a null part (11). We can immediately derive from
eq. (12) that relations {11) and (11') hold ¢f we set (v2=2¢?)

(13) Tw= Z"//t — Zﬂ/‘v + 8/&7@04_4-—0/9 .

By explicitating eq. (13), one may obtain the above condition in the form of
one of the following conditions:

(14(/!) Fﬂy = Aym - Au/y - 7;8/4790' Bo‘/e y
(14b) F:v = Bv/u - Bﬂ/‘lf + iEyvgoAagg .

Of course, in connection with eqs. (7) and (8), the terms B, there were zero.
Equation (14b) has been written because of the identity (**)

(15) Byju— Bujy + 1€uoo Aaje = §8maﬁ{Aﬁ/a — Aajp— eapys Bojy} = Fy

(*) For example, the last term in eq. (12) vanishes, being the contraction of a symmetric
tensor with an antisymmetric tensor.

(%) See, e.g., B. Finzr and M. Pastori: Oaleolo tensoriale e applicagioni (Bologna, 1961),
p. 157.
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3. — We have therefore derived the Cabibbo-Ferrari relation (}) as our con-
dition (14a), giving it a new physical interpretation.

Let us emphasize that, by using the complex four-current, the extended
Maxwell equations—when both bradyonic and tachyonic charges are taken
into account—assume the form

(39 O Tuw =, T:v: iTuw, 2z el,

‘We have, moreover, shown the connection between the duality here defined
in eq. (1) and the « dual correspondence » (1) bradyons <« tachyons.

Finally, it is evident the essential role of complex quantities in formulat-
ing extended relativity. For example, the importance of the complex « vec-
tory F=4(E--{H) in physics was previously realized also by MAJORANA (%€)
and by WEINBERG (7). Under duality (1) we have F —¢F. In terms of that
complex « vector », our « complex electromagnetic tensor» T reads

o F, F, F,
~F, ©0 F,—F,
—F,—-F, 0 F,
—F, F,—F, 0

(Tw)=

4. — We cannot refrain from mentioning the possible role (1) of faster-than-
light objects in hadron structure. It has long since been known that existence
of gpacelike components () seems a natural and perhaps unavoidable feature
of interacting fields (**). It has indeed been proved () e.g. that, if the Fourier
transform of a local field vanishes in a domain of spacelike vectors in momentum
Space, then the field is a generalized free field. Moreover, since usual « virtual
particles » generally bear negative squared four-momentum, it was suggested (*')
in 1968 that virtual particles be actually considered as tachyons. Following

() See R. MieNaNI, E. REcamr and M. BaLpo: Lett. Nuovo Cimento, 11, 568 (1974).
(*") 8. WEINBERG: in 1964 Lectures on Particles and Field Theory, edited by S. DESER
and K. W. Forp (Englewood Cliffs, N.J., 1965), p. 405.

(*%) Cf., e.g., E. MaJORANA: Nuove Cimento, 9, 335 (1932).

(**) D. Tz. Stovaxov and I. T. Toborov: Jowrn. Math. Phys., 9, 2146 (1968) and
references therein; A. O. Barur and I. H. Duru: ICTP, preprint IC/72/116
(Trieste, 1972).

(*) G. ¥. DELL’ANTONIO: Journ. Math. Phys., 2, 572 (1972); O. W. GREENBERG:
Journ. Math. Phys., 3, 859 (1962).

(*) E. Recami: Report IFUM-088/8.M. (Milano, 1968); Giornale di Fisica, 19, 195
(1969); V. 8. OLkHOVSKY and E. RrEcaMi: Nuovo Cimento, 63 A, 814 (1969).
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that line, results have been put forth e.g. in ref. (32). In particular, since in-
finite-speed tachyons bear (1) zero energy but finite momentum, such tachyons
may be useful for interpreting «pomeron exchange reactions », or diffractive
scatterings (1) and elastic scatterings (22).

What we want to emphagize here is the following. We have shown that
the « duality » between bradyons and tachyons is essentially the duality be-
tween electric and magnetic charges (see also ref. (2¢)). And TzE (*)) seems
to have shown, following NAMBU, that a structural identity can be established
between electrodynamics and dual strong interactions (exemplified by dual-
resonance models). Possibly, a link is thus found between tachyons and
hadron structure.

Furthermore, PARISI (%) has suggested to identify magnetic monopoles
with quarks; BARUT (2¢) underlined the connections between electromagnetic (*7)
and dual () «strings »; and much other work along similar ideas may be found
in the recent literature (*-1). For example, some results have been obtained by
considering quarks as quantized loops ().

In our opinion, all these considerations—and many other ones—indicate
that quarks (made up of partons (1)) may well be quantized loops of Super-
luminal charges, ¢.e. of faster-than-light leptons (electrons); and partons may
be nothing but such tachyonic leptons.
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® RIASSUNTO

Nell’ambito della «relativitd estesa» si generalizzano le equazioni di Maxwell per
cariche sia ordinarie sia piu veloci della luce, partendo das tetra-potenziali elettromagne-
tici. 8i riesce a dare significato fisico a un tetra-potenziale complesso (e a una tetracor-
Tente, un tensore, e un campo complessi), € a dare una nuova interpretazione della
relazione di Cabibbo e Ferrari per i monopoli magnetici.

KoMiLiexcHslil 371eKTPOMATHATHDBIA 4eThipeXMepHblil noTenmHAal # cooTHomenne Ka6n6G6o-
@eppapi I MATHATHBIX MOHOMOJICH.

Pesiome (*). — B paMKaX « IPOTSXEHHON OTHOCHTEILHOCTH » MBI 0600INaeM ypaBHEHUS
Maxcgelula B TepMHAHAX YeTHIPEXMEPHLIX HOTEHIIHANIOB IJIs CIydYast OOBIMHBIX 3apsmoB
H [UIA CITyYas 3apsAfoB, JBEKYIMEXCs OBICTpee CKOPOCTH cBeTa. B 3Tol paboTe MBI 06CyXk-
naeM Gu3EYeCKHif CMBICT KOMIUIEKCHOTO 3JI€KTPOMATHHTHOTO €THIPEXMEPHOTO IOTEH-
muana. Mel mpeanaraeM HOBYIO MHTepHperaumio coorHomreHma Ka6u66o-®Peppapu
JJI1 MarHATHBIX MOHOIIOJICH.

(*) Iepesedeno pedaxyueil.



