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Tachyons and the radiation of an accelerated charge
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The motion of an accelerated charge in vacuum is analyzed, via the superposition prin-
ciple and Fourier analysis, into uniform-motion components, which include bradyonic as
well as tachyonic contributions. It is shown that the former contribute only to the induc-
tion fields whereas the latter are the source of the radiation emitted by the charge, via the
Sommerfeld-Cerenkov mechanism. This result calls for a reexamination of some recently
formulated theories of superluminal particles.

We want to show that the origin of the radiation solve Eq. (1) performing a Fourier transform of the
emitted by an accelerated charge in vacuum can be factor 8(z —z (1)) in the form
traced to the Sommerfeld-Cerenkov mechanism,
i.e., to the fact that a charge moving in a given 8z —z(1)= f dk f L dogk,o)
medium with a velocity larger than the velocity of W eithz—on )
light in that medium does radiate.’ where ’

As will be shown below, this comes about be- -
cause the motion of an accelerated charge can be 8 (k,w)= (2m) f_w e~ elelotgy (3)
analyzed into uniform-motion components, via
Fourier analysis. These components can be classi- With this, we can write the source p(T,1) as a
fied as tachyonic and bradyonic, and it is the sum of components p(k,®,T,#) which represent line
former, that is, the tachyonic components, which charge densities moving along the z axis with uni-
give rise to the radiation fields of an accelerated form velocities vy, =w/k, i.e.,
charge.? B

To illustrate this contention we shall discuss in p(T,1) = f dk f " doplk,w,T,t)
detail the case of a point charge ¢ in vacuum per- P P
forming a general one-dimensional motion along = f _dk f dwq8(x)8(y)g (k,w)
the z axis.> The electromagnetic fields can be W eitkz—an
determined from the potentials ®(T,?) and 4,(T,?). . . ’
We shall consider in detail only the scalar potential J(T)t) = f dk f dow j,(k,0,T,t)
®(T,1); the vector potential 4,(T,?) obeys similar o e R
equations and can likewise be determined. Within = f _ 9k f _doplko, 1,00, . @)
the Lorentz gauge the potential ® satisfies

5 1 92 The solution of Eq. (1) can thus be written
V2o — S = _dmp(T1) ) « . .

c? 3 o= dk [ dogke,r . (5)
= —4mqd(x)8(y)5(z —z(1)) , (1)

The component ¢(k,w,T,?) satisfies an equation
where z () represents the one-dimensional law of analogous to Eq. (1) whose source is p(k,w,T,?).
motion of the charge. Taking into account the symmetry of the problem

By invoking the superposition principle we can this equation reads
|
%Ed; p:id; (k,w,T,t) +Q2¢J(k,w,F,t)=»—4qg(k,a))§££le thz —ot) (6)

where p*=x24p% and Q?=w?/c?— k>
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For Q2 <0, which implies |vg, | <c, the solution of Eq. (6) is*
plk,0,T,1) =248 (k,0)Ko(§)e =01 ™

where £=(—0%)""%p and K(£) is the modified Bessel function which behaves as —In£ for £ << 1 and as
(/28)%e =& for £>> 1.
For Q2> 0, which implies |vg, | >c, there are two different solutions, depending on the sign of w, given
by’
0 <0: @lk,o,T,t)=—irqg (k,w)H (n)e'* =) ®
©>0: @lk,w,T,0)=imqg (k,o)Hg" (n)e k=

where 77~(Q.2)1/2p and H{" (), H} () are the Hankel functions which behave as +i(2/7) In 5 for 7 << 1
and as (2/mn)!2eH1=T/4 for > 1.

It should be noted here that in the equations above all values of k and w are present. Therefore, all values
of the velocities vy, of the line charge densities are possible. This means that the field of a charged particle
performing an arbitrary one-dimensional motion will contain in general bradyonic and tachyonic parts. We
shall call the “bradyonic” part of the field that field associated with line charge densities moving with con-
stant velocities vy, with |vg, | <c. We use the word “tachyonic” for those fields associated with line charge
densities moving with constant velocities vy, with | vz, | >c. According to this, in building up the total
solution, we can split ®(T,¢) into its bradyonic and tachyonic parts ®( T,t) =®8(¥,t) + ®1(T,1). The bradyon-
part is given by

® [k )
AT = [ dk f_lkfc de 248 (ky)K o £)et k2 =a0 o
and the tachyonic part by
= f— f_ —HTq)g(k w)H )(n)ei(kz—mn
+ f_wdkf“crcda)(mrq)g(k,w)HO (el ke —at 10)

By carrying out a similar analysis for the vector potential 4,(T,?) we obtain 4, =47+ 4], where AZ 141
is obtained from Eq. (9) [Eq. (10)] by replacing g (k,w) with (w/ck)g (k,w). Finally, from
E=_V®—(1/c)dA/dt and H=V X A, we see that the electromagnetic fields of the charged particle split
in a natural way into bradyonic and tachyonic components, i.e., E=EP+E” and H=H?+H". The bra-
dyonic fields are given by

B, — B . 0 fk[(.‘ . —©
Epwn=[ [, #kordkdo=[_ dk [ dolgke)—0}"K @elk e,
B s . ® [k lec . 02
Efwo=[ [, #lkotndkdo=[" dk [ o do igg (k)= —
C .
Hywn=[ [, #ikor,0dkdo= f_wdkf o 0208 (k)= (— ONVIK (et

and E§ =H, B_Hp —-0 Here K(£) is the modified Bessel function which behaves as £~ ! for £ << 1 and as
(m/26) % % for E>>1.
The tachyomc fields are glven by

f f N (kyo0,7,0)dk do= f_wa’kf:’ do( —imq)g (k,w)(Q2)2HP) (5)ei ke =0t
+f dkf4k| 17Tq (k,w)(ﬂz)l/zH(l (n)e (kz — wl)

Ko(g) i(kz —wt) , (11)

— |k
0=[ [, Ei ko ndkdo= Joak [ “domagk, w)—Ho (m)e!kz—at
+f dkfw vq)g(kw)— o (mlettkz=en (1)

Hy(wn= [ fm)Oa‘*/g(k,w,?,t)dkdw:f_mwdkf:w “do (—ing)g (k)20 2H P (n)eithe —o0

ck

+f_ dk f[k wlirq)g (k, w)“(92)1/2H 1)(77 itkz — mt)
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and Ey _HT HI=0. Here H{" (), H{* (1)) are the Hankel functions which behave as 7(2i /7)n~" for

2, ti(n—m/4)

n << 1 and as +1(2/m7)1/ for n>>1.

As described by Eq. (11), the bradyonic fields appear as a superposition of transverse magnetic (TM),
cylindrical evanescent waves. These are solutions of the wave equatlon in vacuum except at p=0. For

é. (— QZ)]/

=Kp>> 1, they behave as (1/V Kp)e ~Kpeitkz—al)  giving no contribution to the energy flux

across a cylmdncal surface of arbitrary radius coaxial with the partlcle s track. These evanescent waves
propagate along the z axis, bound to their sources, with the phase velocities v;ﬁ’a, == (0/k).
As given by Eq. (12), the tachyonic fields appear as a superposition of TM cylindrical ourgoing waves. For

n=(0%"?p=k,p>> 1, they can be written as (Q*>0; 0 20; kpp >>1):

?pr(k,w,f',t)E\/Z;qg(k w)k, —k———)-——-e

if,T(k,w,f’,t)le/zqrqg(k,w)—;—

e
(kpp)l/Z

— wk
X gk, T, 1) =V T
ok, 1) =V 2mqg ko)~ (kpp)me

which shows that, far from their sources, they
behave as outgoing cylindrical waves traveling with
the phase velocity | o | /(k,>+k?)!?=c in the
direction of the “asymptotic wave vector” k,
=kp p+kz, while their sources travel with veloci-
ties vy, with | Uk > ¢ in the z direction. The angle
@ between k, and the z axis satisfies

+k k c

cosp= = =—, (14)
P (kp2+k2)1/2 w/c iy

which is just the Sommerfeld-Cerenkov radiation
condition in vacuum. The fields given by Eq. (13),
which are transverse to the direction of prop-
agation, decay as p_l/ 2 and therefore do represent
radiation fields in the sense that they contribute to
the energy flux across a cylindrical surface of arbi-
trary radius coaxial with the z axis.

Let us first consider the case of a particle mov-
ing with constant velocity, for which z(¢)=vyt
(vo>0) and g (k,w)=(1/2m)8(w —kvy). For vg<c
only the bradyonic part of the field contributes [cf.
Egs. (11) and (12)], giving the fields of the brady-
onic particle resolved into cylindrical evanescent
waves. For a “real” tachyonic particle vy > c and
only the tachyonic part of the fields is nonvanish-
ing [cf. Eqgs. (11) and (12)]. From
Sp=—(c/4m)E EH the total power radiated by
the “real” tachyon results

P=["pdo [ $,p.0,2)dz

2
1—”2_
Vo

_qzl’ﬂ
C2

fowwdw. (15)

This expression clearly diverges. But if we consid-

1 tilkyptkz—|o|t—m/4)

J_ri(kppikz— ||t —m/4)

>

) (13)

1 +ilkppthz—|o|t—7/4)

’

.
er a charge of finite size and assume that the radi-

ation it emits is limited to the waves which are
larger than its diameter, we obtain a finite expres-
sion which results almost identical with that ob-
tained by Sommerfeld.®

For general physical motions (|z(¢) | <c), the
properties of the fields can be summarized in the
following three theorems, the proof of which will
be published elsewhere.’

Theorem I. For any physical motion there are
always nonvanishing bradyonic fields, i.e.,

[2(8) | <c =3k,0

with w?/c¢? <k? such that g (k,w)540.

Theorem II. For any charged particle in physi-
cal motion in which the acceleration is not identi-
cally zero there are always nonvanishing tachyonic
fields. And conversely, if in any physical motion
there are nonvanishing tachyonic fields, the
charge’s acceleration is not identically zero, i.e.,
#(¢) not identically zero < 3k, with w*/c?> k?
such that g (k,w)540.

Theorem III. For any physical motion the ta-
chyonic fields are the only ones which contribute
to the total energy radiated by the charge, which
results in

I = f_wwdtf_ww

_e 327 ® PO
=87’ [ dk [ dolglke)| =

27RS ,dz

2

S

—k?

|

X

[

c
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Using the above given description of the fields
of an accelerated charge, we have worked out the
well-known example of the harmonic oscillator.
We found that the tachyonic fields in the dipolar
approximation give rise to the Larmor formula.
This example and some other applications will be
reported elsewhere.®

Our present analysis shows, via the superposition
principle, that the radiation of an accelerated
charge in vacuum can be traced to the
Sommerfeld-Cerenkov mechanism of radiation by
faster-than-light particles. This result is at vari-
ance with the conclusion of several authors who,
either based on what they call “extended special
relativity”® or using ad hoc procedures,' claim to
have shown that uniformly moving charged ta-

chyons do not emit Sommerfeld-Cerenkov radia-
tion in vacuum. If this were true, according to our
results, any accelerated charge would not emit ra-
diation at all. In particular the assertion due to R.
Mignani and E. Recami that “it is necessary not to
confuse electromagnetic Cerenkov radiation (ECR)
with usual electromagnetic radiation (UER) that a
charged particle emits (even in vacuum) when it is
accelerated”!! should be reviewed in light of the
current analysis.
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