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ABSTRACT .- The ortodox models devised to explain the apparent "superliminal expansions"

observed in astrophysics — and here briefly summarized and discussed together with the
experimental data — do not seem to be too much successful. Especially when confronted
with the most recent observations, suggesting complicated expansion patterns, even with
possible accelerations.

At this point it may be, therefore, of some interest to explore the possible alter-
native models in which actual Superluminal motions take place.

To prepare the ground we start from a variational principle, introduce the elements
of a tachyon mechanics within special relativity, and argue about the expected behaviour
of tachyonic objects when interacting (gravitationally, for instance) among themselves or
with ordinary matter.

We then review and develope the simplest ''Superluminal models", paying particular
attention to the observations which they would give rise to. We conclude that some of them
appear to be physically acceptable and are statistically favoured with respect to the or-
todox ones.
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1.- INTRODUCTION

The particular — and unreplaceable — role in Special Relativity (SR) of the 1light-
speed, ¢, in vacuum 1is due to 1its invariance (namely, to the experimental fact that ¢

does not depend on the velocity of the source), and not to its being of not the maximal

(1)

speed i

(2)

The subject of Tachyons, even if still speculative , may deserve some attention

for reasons that can be divided into a few categories, some of which we want to mention
right now: (i) the larger scheme that one tries to build up in order to incorporate
space-like objects in the relativistic theories can allow a better comprehension of many
aspects of the ordinary relativistic physies, even if Tachyons would not exist in our
cosmos as "asymptotically free" objects; (ii) Superluminal classical objects can have a
role in elementary particle or quantum interactions; (iii) they may have a role even in
astrophysiecs. Let us moreover recall that, in General Relativity (GR), space-like geode-
sics are "at home'"; so that tachyons have often been implicit ingredients of GR(S).

In this paper let us fix our attention on the problem of the apparent '"superluminal

expansions" in Astrophysics.

The theoretical possibility of Superluminal motions in astrophysics has been consid-

(4) . (4) $ {4y

ered since long (Gregory , Mignani and Recami' ’, and Recami

(5)

Experimental investigations, started long ago as well (see Smith and Hoffeit ™", and
Knight et 31.(5)), led at the beginning of the Seventies to the claim that radio-interfer-
ometric observations had revealed — at least in the two quasars 3C279, 3C273 and in the
Seyfert Type I galaxy 3C120 — expansion of small radio components at velocities apparent-

ly a few times greater than that of light (Whitney et alge), Cohen et al.(ﬁ), Shaffer
(6) (6))

et al. , and Shapiro et al. . The first claims were followed by extensive collections

of data, all obtained by very-long-baseline-interferometry (VLBI) systems with many radio-

telescopes; reviews of the experimental data can be found in Cohen et al.(7}, Kellennaé7z
and Cohen and Unwin(T): see also Schillizzi and Bruyn(7). The result is, grosso  modo,

that the nucleus of seven strong radiosources (six quasars, 3C273, 3C279, 3C345, 3Cl79 ,
NRAO-140, BL Lac, and one galaxy, 3Cl120) consists of two components which appears to re-
cede from each other with Superluminal relative speeds ranging from a few c, to a few
tens c¢ (cf. Ref.8). A result so puzzling that the journal Nature even devoted one of
its covers (April 2, 1981) to the Superluminal expansion exibited by quasar 3C273. Simply-
fying it, the experimental situation can be summarized as follows:

(i) the Superluminal relative motion of the two components is always a collinear recession ;



(ii) such Superluminal "expansion" seems endowed with a roughly constant velocity, which
does not depend on the observed wave-length;

(iii) the flux density ratio for the two components, Flsz, does depend on the (observed)
wave-length and time.

Apparently, those strong radiosources exibit a compact inverted-spectrum core com-
ponent (usually variable), and one extended component which separate from the core with
Superluminal velocity. But it is not yet clear whether the compact core is indeed station-
ary of it too moves. The extended component seems to become weaker with time and more
rapidly at high frequencies.

The most recent results, however, seem to show that — at least in quasar 3€345 — the

(9) (9) (9)

situation may be more complex (Unwin et al. , Readhead et al. , Biretta et al. =7, Por-

cas(g)). In the same quasar an "extended component' does even appear to accelerate away

with time (Moore et al.(lo); see also Pearsonlgg_gl.(lo)).

Many theoretical models were soon devised to explain the apparent Superluminal  ex-
pansions in a ortodox way (Ree(ll), Whitney EE_EE'(S)s Cavaliere et al.(ll), ‘Dent(ll),
Sanders(ll), Epstein and Geller(ll), and so on). Reviews of the orthodox models can be
found in Blandfort EE_QL.(IZ), Scheuer and Readhead(lz), Marscher and Scott(lz), Orr and
Browne(lz), and Porcas(g).

The most successful and therefore most popular models resulted to be:

a) The relativistic jet model: A relativistically moving stream of plasma is supposed to

emanate from the core. The compact core of the '"superluminal" sources is identified with
the base of the jet and the "moving" component is a shock or plasmon moving down the jet.
If the jet points al a small angle o towards the observer, the apparent separation speed
becomes Superluminal since the radiation coming from the knot has to travel a shorter

distance. Namely, if v is the knot speed w.r.t. the core, the apparent recession speed
will be [e =1]: w=v sina/(l-v cos a), with v > w/(1 + w2)1/2. The maximal probabil-

ity for a relativistic jet to have the orientation required for producing the apparent
Superluminal speed w — independently of the jet speed v — is P(w) = (l-FGZ)-l < 1/;2

(12) (13) (14))

(Blandford et al. , Finkelstein et al. , Castellino . The relativistic jet mod-

"

els, therefore, for the observed "superluminal' speeds suffer from statistical objestions,

even if selecting effects can play in favour of them (see e,g.Porcas(ls), Science Newél%

(15) (10))

Pooley , Pearson et al.

b) The "Screen" models: The "superluminal' emissions are triggered by a relativistic sig-

nal ceming from a central source and "illuminating" a pre-existing screen. For instance,
for a spherical screen of radius R illuminated by a concentric spherical relativistic
signal, the distant observer would see a circle expanding with speed w = 2¢(R-ct)/(2Ret
- c2t2)1/2; such a speed will be superluminal in the time-interval 0 < t < %(2-—#5) R/c
only. When the screen is a ring the observer would see an expanding double source. The
defect of such models is that the apparent expansion speed will be w > w (with w>>2c)
only for a fraction CZ/E2 of the time during which the radiousource exibits its  varia-
tions. Of course one can introduce "oriented" screens — or ad hoc screens —, but they are

statistically unfavoured (Blandford et a1€12)' Castellino(lﬁj.

¢) Other models: many previous (unsuccessful) models have been abandoned. The gravitational



o

lens models did never find any observestional support, even if a new type of model  (where
the magnifying lens is just surrounding the source) has been recently suggested by Liaofu
and Chongming(lﬁ).

In conclusion, the orthodox models are not too much successful, especially if  the
more complicated Superluminal expansions (e.g. with acceleration) recently observed will
be confirmed.

It may be of some interest, therefore, to explore the possible alternative models in
which actual Superluminal motions take place (cf.e.g. Mignani and Recami(ls)).

To prepare the ground, in Sects. 3 and 4 we shall develope some Tachyon Mechanics
within SR. Before going on, however, let us immediately put forth the following (simple,
but important) remark, valid at least in two dimensions.

Let us consider in SR two (bradyonic = slower—than-light) bodies A and B that — owing

to mutual attraction — for instance accelerate while approaching each other. The situation

is sketched 1in Fig. 1, where A is chosen as the reference frame s = (t,x) and, for sim-
pleiity's sake, only a discrete change of velocity is depicted. From a Superluminal frame

they will be described either as two tachyons that decelerate while approaching each other
(17,18)

|as seen from the frame S" = (t",x")], or as two antitachyons that accelerate while

receding from each other [as seen from the frame §' = (t',x')]. Therefore, we expect

that two tachyons from the kinematical point of view will seem to suffer a  repulsion,

if they attract each other in their own rest frames (or in other frames in which they are
subluminal); we shall however see that such a behaviour of tachyons can be still consid-
cred — from the more important dynamical and energetical point of view — as due to an at-
traction.

Figure 1 - Let us consider two braydenic (=
= slower-than-light) objects A and B in two
dimensions. Let B accelerate while approach-
ing A, due to a mutual attraction.Then from
a Superluminal frame they will be des-
cribed: (i) either as two tachyons that de-

celerate while approaching each other [from

the frame S" = (t",x")] ;(ii) or as two anti-

(17,18)

tachyons that accelerate while re-

ceding from each other [from the frame

S'=(t',x")] . See also the text.




3.- SOME PRELIMINARY TACHYON MECHANICS IN SR

3.A.~ On the Variational Principle: A Digression

Let us first consider the actions S for a free object. In the ordinary case it is

b
§ = GJ ds ; for a free tachyon let us, tentatively, write
a

b
B = aJ lde] . o))
a
By analogy with the bradyonic case, we might assume for a free tachyon the Lagrangian [c=1]

2
L~'—+m0V-1, v > 1] (2)

and therefore evaluate, in the usual way,

>
mV
L Ce
gz-gv=+—°—-——-5 mV (3)
v -1
which suggests that for tachyons
m
RO - Ny (4)
2
vV =1
If the tachyon is no more free, we can write as usual
-
dg m V
= _ .- 18 0
s dt(_"_'__,z ) . (5)
v =1
-
By chosing the reference-frame, at the considered time-instant t, in such a way that V
-»
is parallel to the x-axis, i.e. |V]| = V_ » we then get
1 7 3
P =+m [ a =-—20% 4 (6a)

- ]
X (o) X X
Ji -1 S -1y3 o= 1y %

and
m m
Fy=+—o ay 3 Fz=——0——az 3 (6b)
=2 2
/v -1 AT

The sign in eq.(ba) is consistent with the ordinary definition of work £

= -
df = + F - d2 €))]
and the fact that the total energy of a tachyon increases when its speed decreases (as

sy,

well-known
Notice, however, that the proportionality constant between force and acceleration

does change sign when passing from the longitudinal to the transverse components.



The tachyon total energy E, moreover, can still be defined as

2
o m ¢ %
B S p Vel m el 't g (8)
57
¥° - i

which together with eq.(4), extends to tachyons the relation E = mc2 .

However, the following comments are in order as this point. An ordinary  time-like
(straight) line can be bent only in a space-like direction; and it gets shorter. On the
contrary, 1if you take a space~like line and, keeping two points on it Ffixed, bend it
slightly in between in a space-like (time-like) direction, the bent line is longer (short-

(19))

er) than the original straight line (see e.g. Dorling . For simplicity, let wus here

skip the generic case when the bending is partly in the time-like and partly in a space-

—like direction (even if such a case looks to be the most interesting). Then, the action
b

integral J |ds| of eq.(1l) along the straight (space-like) line is minimal w.r.t. the
a

"space-like" bendings and maximal w.r.t. the "time-like" bendings. A priori, one might

then choose for a free tachyon, instead of eq.(2), the Lagrangian

L =-m /?2—1 s (2")
o
which yields
v
m —
P:%‘:“_“Q—_E—m\’. (3*)

Eq.(3') becomes rather interesting, e.g., when tachyons are substituted for the "virtual

(20)

particles'" as the carriers of the elementary particle interactions . In fact, the (clas-—
sical) exchange of a tachyon endowed with a momentum antiparallel to its velocity would

generate an attractive interaction.

> m V

T el ol et ' :
B oask == § = ) (5")
Vel
and therefore, when |V| = Vx >

e m

Fx = 4 -‘___Jl——__—-ax : (6'a)
(GZ__I)B/Z

7 .
e S T T e (6"b)
y 57 z 2 z

L. SV -1 fv -1

Due to the sign in eq.(6'a), it is now necessary to define the work L as

&
dc ,::—_F’-dﬁ, a"

and analogously the total energy E as



e A
E=-(p*V-L) =—— =Zmec . (8")

3.B.- On Radiating Tachyons

Notice that the previous results in Sect. 3.A are quite independent of the eventual
existence (or not) of Superluminal Lorentz transformations (SLT).

Here, as a further example of results actually independent of the very existence of
SLTs, let us report the fact that a tachyon —when seen by means of its electromagnetic
emissions (see Review I, and Baldo et al.(21)) — will appear in general as occupying Etwo
positions at the same time (Recamirzyj—and Barut gE_glgzz); see also Grén(zz)). Let wus
start by considering a macro-object C emitting spherical electromagnetic waves (Fig.
2c). When we see it travelling at constant Superluminal velocity ??, because of the dis-
tortion due to the large relative speed ﬁ?{ > ¢, we shall observe the electromagnetic
waves to be internally tangent to an enveloping cone [ having as its axis the motion-line

of C (Recami and Mignani(23); Review I); even if this cone has nothing to do with

Cherenkov's (Mignani and Recami(ZA)). This is analogous to what happens with an airplane
moving at a constant supersonic speed 1in the air. A first observation is the following:
as we hear a sonic boom when the sonic contact with the supersonic airplane does start
(Bonditzs)), so we shall analogously see an "optic boom" when we first enter in radio-con-
tact with the body C, i.e. when we meet the ['-cone surface. In fact, when C is seen by

us under the angle (Fig. 2a)
o
Vcoso=c (v = |V]] (9)

all the radiations emitted by C in a certain time-interval around its position Co reach

us simultaneously. Soon after, we shall receive at the same time the light emitted from

suitable couples of points, one on the left and one on the right of Co. We shall thus see

the initial body C, at C split in two luminous objects C., C, which will then be

1* "2
observed to recede from each other with the Superluminal "transverse" relative speed W
(Recami et al.(zs), Barut et al.(zz)):
+
gy —~LERBE, ., gaadie - prag | (10)

[1 +2d/bt] /2 b

where d = OH, and t = 0 is just the time-instant when the observer enters in radiocon-
tact with C, or rather see C at Co. In the simple case in which C moves with almost
infinite speed along r (Fig. 2b), the apparent relative speed of C1 and C, varies in

2
the initial stage as W = (2cd/t)1/2, where now OH = OC_ while t =0 1is still the ins-
o

tant at which the observer sees C1 = 02 CD.

We shall come back to this subject in the following.
Here let us add the observation that the radiation associated with one of the images of
C (namely, the radiation emmited by C while approaching us, in the simple case depicted

in Fig.2c) will be received by us in the reversed chronological order; cf. Mignani and



27) (27)

Recami , and Recami

It may be interesting to quote that the circumstance, that the image of a  tachyon

suddenly appears at a certain position C_ and then splits into two images, was already

(28) (28)

met by Bacry and Bacry et al. while exploiting a group-theoretical definition

of the motion of a charged particle in a homogeneous field; definition which was valid

for all kind of particles (braydons, luxons, tachyons). Analogous solutions, simulating a

pair-production, have been later on found even in the subluminal case by Barut(ze), when

(28)

exploring non-linear evolution equations, and by Sala , by merely taking account of

the finite speed of the light which carries the image of a moving subluminal object. Sala

28 " : . . ! .
(28) did even rediscover — also in subluminal cases — that one of the two images can dis-

play a time-reversed evolution.

g 6 G &0 =
=T L A
\\ : \ I "
\\ | \ 1 !
\ dl \ i 1
\ | 1% . Ly
= \\ | X \:’
A | \ | !
% : - |f
)
h \Ii
TG . €. i
0 0
a) b)
t
Fd
7
3 P
/I
P4
S
3

N Superluminal
world -Lline

Figure 2 - A unique Superluminal object, observed through the radiation emitted by
it, will appear as a couple of objects receding from each other with

Superluminal relative speed. See the text.



4.- SOME MORE TACHYON MECHANICS IN SR

While the results in Sect. 3 do not depend at all on the eventual existence of SLTs,
to go on we need now adopting the following Assumption. Namely, let us assume in this

" exist in four dimensions (even if at the price of

Sect. 4 that such "transformations'
giving up possibly one of the ordinary properties of the Lorentz transformations: see
Refs. 29) that carry time-like into space-like tangent vactors, and vice-versa. Incident-
ally, they are known to exist in two [(1,1)] dimensions, as well as in (n,n) dimen-
sions A . Their actual existence in four [(1,3)] dimensions has been claimed for ins-
(30) (2)). We shall

tance by Shah within the "quasi-catastrophes'" theory (cf. also Smrz

Ca11(29)

to proceed with, we need nothing but the previous Assumption. The laws of classical phys-

Superluminal Lorentz transformations those "transformations'; let us repeat that,

ics for tachyons could then be derived just by applying a SLT to the ordimary classical

(31) (18)).

laws of braydons (cf. Parker , and Recami and Mignani
It is noticeable that tachyon classical physics can then be obtained in  terms of
purely real quantities. (Notice moreover that Sect. 4.A and 4.B below do contain im-

provements with respect e.g. to Review I).

4.A.- Tachyon Motion Equation

For example, the fundamental law of braydon dynamics reads

i U
»_od g5~y o id dx 2
Fow s (moc a5 = E?;'(mo E?:) . B < 1] (11)

Notice that eq. (11) in its first form is only Lorentz-covariant, while in its second

form is G-covariant (cf. e.g. Review I).

Even for tachyons, then, we shall have(ls):
el @ =4 EEE [32 > 1] (12)
T e o R 2
o o]
where m is the tachyon (real) rest-mass and we defined pu = mouu also for tachyons.

Equation (12) is the relativistic Newton Law written is G-covariant form: i.e., it is ex-

pected to hold for BZ $ 1. It is essential to recall, however, that u" is to be defined
g" = dxu/dTo (18,29)

iant; on the contrary, ds = % chU for braydons, but ds = * icho for tachyons.

. Quantity dTO. where T is the proper—time, is of course G-invar-

Equation (12) agrees with eqgs. (5) and (5') of Sect. 3, where we set F = d;?dt, and

suggests that for tachyons dt = * dTO/VGZ -1 (see Review I), so that in G-covariant
form dt = * dTo(ll"le)_ljz-

For the tachyon case, let us notice the following. It at the considered time—ins-
tant t we choose the =x-axis so that V = ﬁ;| = Vx, then only the force-component F& will
make work. We already mentioned that the total energy of a tachyon decreases when its

speed increases, and vice-versa; it follows that F. when applied to a tachyon will



- 10 -

actually make a positive, elementary work df only if a is anti-parallel

to the elementary displacement dx, i.e. if sign(ax) = - sign(dx). In other words,

o
df in the case of a force F applied to a tachyon must be defined (cf. Sect. 3.A) so
that
m
af = = ———2 a dx (13)
(V2_1)3/2

where a_ and dx possess of course their own sign. Equation (13) does agree both with
the couple of equations (6a), (7) and with the couple of equations (6'a), (7').

It is evident that, with the choice (Review I) represented by eqs. (7) and (2) of
Sect. 3.A, we shall have [v = Vo v = Vx]:

m

F =+ —2 4 for braydons; (l4a)
u (1-v%3/2 £
m
Fx = 0 a for tachyons. (14b)
(VZ__I)JIZ

On the contrary, still with the choice (7)-(2), we shall have

m

F =+ = a (14c)

y.2
(Jl‘le)Uz

for both braydons and tachyons. Actually, under our hypotheses [v = e b V= Vx], the
Lransverse force-components F " do not make any work; therefore, one had no reasons a

3
priori for expecting any change in eq.(l4c) when passing from braydons to tachyons.

4.B.- Gravitational Interactions of Tachyons

In any gravitational field a braydon feels the (attractive) gravitational 4-force

u poodxP dx?

2
F =-mODGEE B < 1] (15)

In G-covariant form, then, eq. (15) [see Review I, Mignani and Recami(a),Recami and Mig-
(18) (27)]

nani , and Recami are expected to write:

H dxp dx 2

1 E?; W e B 2 1] (16)

"o
RN
since the Christoffel symbols behave like (third-rank) tensors under any linear trans-
formations of the coordinates. Equations (16) hold in particular for a tachyon in  any
gravitational field (both when originated by tachyonic and by braydonic sources) .

Analogously, the equation of motion for both braydons and tachyons in a gravitation-

al field will still read (Review I), in G-covariant form,



W, M .p O _
"’Tpouu—O » B

a 2 1] (17)

with a'" = dzx“/dri .

Passing to General Relativity, this does agree with the Equivalence Principle:
Braydons, photons and tachyons follow different trajectories in a gravitational  field,
which depend only on the initial (different) four-velocities and are independent of the
masses.

Going back to eqs. (16), we may say that also tachyons are attracted by a gravita-
tional field. However, such an "attraction" has to be understood from the energetical
and dynamical point of view only.

In fact, if we consider for simplicity a tachyon moving radially w.r.t. a gravita-
tional source, due do eq. (l4b) [i.e., due to the couples of equations either (6a)-(7) ,

or (6'a)-(7')] it will accelerate when recending from the source, and accelerate when

approaching the source. From the kinematical point of view, therefore, we can say that

tachyons seem to be gravitationally repelled. Analogous results were put forth by Vai-

dya(Bz), Raychaudhuri(az), Honig et al.(szj, and so on.
In the case of a braydonic source, what precedes agrees with the results obtained
within General Relativity: see e.g. Saltzan and Saltzman(33), Gregory(BB), Hettel and
3 (33) (33) 2 3 (33) ‘ (33)
Helliwell , Sum , NMarlikar and Sudarshan , Narlikar and Dhurandhar 5 Comer
and Lathr0p(33), Maltsev(33), Ciborowski(BB), Finkelstein et al.(13), Cao Shenglin et al.
(33)
, ete.

4.C. About Doppler Effect

In the two-dimensional case, the Doppler-effect formula for a sub- or a Super-luminal

(27)):

source, moving along the x-axis, is (Mignani and Recami

/-

T g

. [—m < g < 4+ ] (lSa)

where the sign - (+) corresponds to approach (recession). The consequences are depicted
in figures like Fig. 23 of Review I. For Superluminal approach, v happens to be negative,
so as explained by our Fig.2c. Let us moreover observe that, in the case of recession, the

; ; i i — WO : ;
same Doppler shift 1is associated both with u < ¢ and with U Z ¢ /u > ¢ (Mignani and Re-

cami(34), and Recami(ZY)).
In the fourdimensional case, if the observer is still located at the origin, eq.(18a)
is expected to generalize (Recami and Mignani(ls’SA)) into
/1 -u?)
vV=E=y ——————— [-® < u < 4> ] (18b)

0
1 # u cos o

= 3 3 -
where « E‘ﬁi, vector 3?b91ng directed from the observer to the source. Let us notice from
Sect. 3.B (eq.(9)), incidentally, that when an observer starts receiving radiation from a

Superluminal pointlike source C (at Cc’ i.e. in the "optic-boom" situation), the received
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radiation is infinitely blue-shifted.

The simplest Superluminal model is the one of a unique Superluminal source. In fact
we have seen in Sect. 3.B (see Fig. 2) that a unique Superluminal source C will appear as
the creation of a pair of sources collinearly receding from each other with relative
speed W > 2c. This model immediately explains some gross features of the '"superluminal
expansions'"; e.g., why converging Superluminal motions are never seen, and the high
luminosity of the "superluminal” component (possibly due to the optic-boom effect men—
tioned in Sect. 3.B; see also Ref. 27 and last Ref. 4), as well as the oscillations in

(27)

the received overall intensity (perhaps "beats'", cf. Recami ). Since, moreover, the

1° C2 of the same source C (Sect.
4,C ), a priori the model may even explain why FllF2 does depend on the observed wave-

Doppler effect will be different for the two images C

length and on time ( see Sect. 2, point (iii)).

Such a model For the "superluminal expansions" was therefore proposed long ago (see

(34 (26): Grdn(zz); and Barut et aL(zzh.

(14)

Recami, Refs. 4; Mignani and Recami ; Recami et al.

More details can be found in the M.S. thesis work by Castellino , where e.g. the case

of an extended source C 1is thoroughly exploited.

5.A. - The Model

With reference to Fig. 2 and Sect. 3.B, let us first consider the case of an expand-

: : ; —— ; e ]
ing universe (homogeneous isotropic cosmology). If we call QJ)ES =db, with b =V//V -1,
the observed angular rate of recession of the two images Cl and 02 as a function of
time will be

2bc 1+ A ¢ A s
1/2 ; 2
5 paga beet

Il

8(t) = w = , (19)
provided that s 1is the "proper distance" between CO and 0 at the epoch of the ra-
diation reception by 0, and t 1is the time at which O receives those images. Let us

repeat that w is the separation angular veloecity of C. and C2, observed by 0, in the

1
case of a space-time metric
2 2.4 2 2
ds® = odt® - Ro(E) - [dr> + r2df]

where R = R(t) 1is the (dimensionless) scale-factor. Notice that é(t) + o for t = 0.
If we call t* and t the emission time and the reception time, respectively, then

the observed frequency Y (see Sect. 4.C and eq.(18b)) and the received radiation intensity

I will be given of course by (Recami(ga), Recami et a1f26), Castellino(la)):
2
£ =
P e 1 CR(EY) - (v l)W0 [R(t*)lz 50)
® |1 -Vecos af R(t) 4n52(1-v cos a)z KLE)
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where vo is the intrinsic frequency of emission and Wo is the emission power of the
source in its rest-frame. Quantity s 1is again the source-observer '"proper distance "
(Weinberg(as)

Let us pass to the case of a non-pointlike source C. Let for simplicity C be one-

, p. 415) at the reception epoch.

dimensional with size % w.r.t. the observer 0 (Fig. 2a), and move with speed V in the di-
rection r of its own length. Let us call x the coordinate of a generic point of r, the
value x =0 belonging to H. As in Sect. 3.B, be t =0 the instant when the observer
0 enters in radiocontact with C.

Once the two (extended) images C, and C2 get fully separated (i.e., for t>2/V),

1
if the intrinsic spectral distribution Z(vo) of the source C is known, one can evaluate

the differential intensities dIlldv and dIZ/dU observed for the two images (Recami
2 § i
et al.( 6), Castelllno(la)). For the moment let us report only that, due to the extension

of the moving images, for each emitted frequency LA the average observed frequencies will
be

2v
*
<y, > = o -R(t); <\ > = <V > (21)

_—— o
/V—l(l-ayaﬂ R(t) X

quantities a; s 0y being the observed angular sizes of the two images, with ul > A, -

Moreover &/d =5 V(al = az).

5.B.— Corrections Due to the Curvature

Let us consider the corrections due to the curvature of the universe, which can be
important if the observed expansions are located very far. Let us consider, therefore, a
curved expanding cosmos (closed Friedmann model), were the length element df is given by
ae? = ar’1-r¥aH

Again, some details can be found in Recami et al.

2 y ) .
+ r d2, quantity a = a(t) being the curvature radius of the cosmos.

(26) (14). For instance,

and Castellino
the apparent angular velocity of separation B(t) between the two observed images C1 and

C2 (cf. eq.(19)) becomes [h = r/a ; ct<K1]:

L+bh 2¢,1/2 (4 _ 42,1/4 (22)

B(t) =uw=Db b+h "rt

quantities r and a being the '"radial coordinate" of C0 and the universe radius, res-—

pectively,at the present epoch [r = sin(s/a), where s 1is the "proper distance" of Co :

moreover a = ¢/ (Hv'2q —1); H = Hubble constant; q = deceleration parameter|. Further eval-

vations in the abovequoted literature.

5.C.— Comments

The eq. (19) yields apparent angular velocities of separation two or three orders of
magnitude larger than the experimental omes. It is then necessary to make recourse of eq.
(22), which includes the corrections due to the universe curvature; actually, eq. (22)

can yield arbitrarily small values of é(t) provided that h + 1, i.e. r =+ a. Te EFit
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the observation data, however, one has to attribuite to the "superluminal expansions' val-
ues of the radial coordinate r wvery close to a. Such huge distances would explain why
the possible blue shifts — often expected from the local motion of the Superluminal source
C (cf. end of Sect. 4.C) — appear masked by the cosmological red-shift. (Notice,inciden-
tally, that a phenomenon as the one here depicted can catch the observer's attention
only when the angular separation 0 between C1 and 02 is small, i.e. when C1 and 02
are still close to CO). But those same large distances make also this model improbable
as an explanation of the observed "superluminal expansions, as least in the closed
models. One could well resort, then, to open Friedmann models. In fact, the present mod-
el with a unique (Superluminal) source is appealing since it easily explains: (a) the
appearance of two images with Superluminal relative speed (W > 2¢); (b) the fact that only
Superluminal expansions (and not approaches) are observed; (c) the fact that W is always
Superluminal and practically does not depend on v; (d) the relative-motion collinearity;
(e) the fact that the flux-densities ratio does depend on v and t, since the observed
flux diffezsntial intensities for the two images as a function of time are given by the
1

formulae

= v/m, (t)
di; vio1 i ZCv ddv = =
= N S = 7 ! [E = 1;2]
4nd” V1L U/Mi(t) o
(23)
P = [V-Z( /V2__1 R(t) v " 1)2 = 1]1/2 ;
R(t%) Yo
the integration extrema being
m, (£) = K{VG p.rTc‘]'U2 + 1) (24a)
2
Ml(t) = K{ v(c-1) £ 1} (24b)
2 [vT(G'—2L)+L(L—Mv2-1)11/2

where d is the "proper distance" OH at the reception epoch (Fig. 2a); L=2/d; T =ct/d;
——

K=/v° - fR(t*)/R(t); e dv-1 3 VT; and G' = 2G-VT. All eqs. (23)-(24) become
dimensionally correct provided that V/e¢ 1is substituted for V.

But the present model remains disfavoured since: (i) the Superluminal expansion seems
to regard not the whole quasar or galaxy, but only a "nucleus" of it; (ii) at least in
one case (3C273) an object was visible there, even before the expansion started; (iii) it
is incompatible with the acceleration seemingly observed at least in another case (3C345).

Nevertheless, we exploited somewhat this question since: (A) in gemneral, the above
discussion tells us how it would appear a unique Superluminal cosmic source; (B) it might
still regard part of the present-type phenomenonlogy; (C) and, chiefly, it must be taken

into account even for eac¢h one of the Superluminal, far objects considered in  the
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following models.

6.—- THE MODELS WITH MORE THAN ONE RADIO SOURCES

Let us, first, recall that black-holes can classically emit (only) tachyonic mat-

ter, so that they are expected to be suitable classical sources — and detectors — of ta-

chyons (Pavgid and Recami(BG), De Sabbata et al.(aﬁ), Narlikar and Dhurandhar(aﬁ), Reca-
mi(36), Recami and Shah(aﬁ), Barut et 31522 . Notice that, vice-versa, a tachyon entering

the horizon of a black-hole can of course come out again from the horizon. As well known,
the motion of a space-like object penetrating the horizon has been already investiga