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Summary

Moving sources of the electromagnetic radia-
tion whose speeds exceed the speed of light
in vacuo have already been generated in the
laboratory.1 =3 Such sources are necessarily ex-
tended: their superluminally moving distribu-
tion patterns are created by the coordinated
motion of aggregates of subluminally moving
particles.4—% The field of a sufficiently localized
source of this type in the far zone, however,
IS expected to have many features in common
with that of a point-like source. Here we evalu-
ate the Liénard-Wiechert field of a rotating su-
perluminal point source numerically and show
that this radiation field has the following in-
trinsic characteristics:

1. It is sharply focused along a rigidly rotating
spirl-shaped beam that embodies the cusp
of the envelope of the emitted wave fronts.
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. It consists of either one or three concur-
rent polarization modes (depending on the
relative positions of the observer and the
cusp) that constitute contributions to the
field from differing retarded times.

. Two of the modes are comparable in strength
at both edges of the signal and dominate
over the third everywhere except in the
middle of the pulse.

. T he position angles of each of its dominant
modes, as well as that of the total field,
swing across the beam by as much as 180°.

. T he position angles of its two dominant
modes remain approximately orthogonal through-
out their excursion across the beam.




Given the fundamental nature of the Liénard-
Wiechert field, the coincidence of these char-
acteristics with those of the radio emission that
IS received from pulsars is striking.

For a volume-distributed source, the intensity
of this emission along the caustics constitut-
ing the spiraling radiation beam decays like 1/R
instead of 1/R? with the distance R from its
source.”® This non-spherical decay has been
demonstrated experimentally.2:° In addition, the
radiation described here is broadband.10 Cou-
pled with these facts, the above results support
the superluminal model of pulsars.”11,12




1. Source of the radiation:
polarization currents with
superluminally rotating
distribution patterns

Magnetic dipole radiation, at the rotation fre-
quency w of the central neutron star, gives
rise to polarization currents in the plasma sur-
rounding the magnetized star whose distribu-
tion patterns likewise rotate with the frequency

w.

Jr,2 (T, 2,1) = jr o (1, ¢ —wt, 2),

where (7, p,z) are the cylindrical polar coordi-
nates based on the axis of rotation and jr . -
are the cylindrical components of the polariza-
tion current density j that flows in the magne-
tosphere.

The induced current j, which itself acts as
a source of electromagnetic radiation®®, has
a rigidly rotating distribution pattern whose
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outer parts (in r > ¢/w) move with linear speeds
exceeding the speed of light in vacuo, c¢. This
IS not incompatible with special relativity be-
cause the superluminally moving pattern is cre-
ated by the coordinated motion of subluminally
moving particles.

In the far zone, the field of a circularly moving
charge g with the trajectory

x = x(t) : r=-const.,, ¢=wt, 2z=0,

shares many characteristics with that of an ex-
tended but localized source whose distribution
pattern rotates rigidly.




2. Liénard-Wiechert field of a
rotating superluminal source

The field of this source at (xp,tp) is given by

(1 —1x|?/c?)u nx (uxx) }

E(xp,tr) =4 [|1 — - %/cPR2(t) 2|1 —f-%/c]PR()

tret
B =nxE.

Here, R(t) = xp —x, Xx = dx/dt, u = n—X%x/c, and the unit
vector n = R/R designates the radiation direction. The
summation extends over all values of the retarded time,
i.e. all solutions tret < tp OF

tp = t4 R(t)/c
t+ [zp% + rp? 4+ 12 — 2rrpcos(pp — wt)]l/z/c

h(t).

Figure 1 shows the three characterisitic forms of h(t),
depending on the position of the observer. The retarded
times tet contributing to the field at time tp are the in-
tersections of a horizontal line with one of the h curves
in Fig. 1. Observers for whom h(t) has the form (a)
in this figure receive contributions from three earlier in-
stants of the emission time ¢t when the the observation
time tp lies in the interval tp, <tp <tp.




3. Envelope of the emitted
wave fronts and its cusp

The waves whose emission times lie at the stationary
points of curves (a) and (b) in Fig. 1 interfere con-
structively to form a Cerenkov-like envelope comprising
two sheets: the surfaces ¢4 and ¢_ shown in Fig. 2.
The two sheets meet tangentially in a cusp curve. a
caustic formed by the waves whose emission times lie
at an inflection point of curve (b) in Fig. 1. The cusp
is tangential to the light cylinder (the surface on which
7 = rw/c = 1) at a point in the plane of the source’s
orbit; it spirals upward and outward (and symmetrically,
downward and outward) from this point, approaching
the double cone sinfp = 7~1. Figure 3 shows this cusp
curve, together with the light cylinder.

The envelope rotates rigidly with the angular frequency
w. A fixed observer receives a single wave front, and so
sees a single image of the source, when s/he is outside
the envelope. But as one of the sheets of this surface
swings past the observer and s/he enters the envelope,
s/he receives three wave fronts simultaneously, thus de-
tecting three images of the source; see Fig. 4. The
three contributing retarded times in the expression for
the Liénard-Wiechert field correspond to the emission
times of these three images.




4. Field strength

Most of the energy of the field is concentrated in the
vicinities of the envelope and its cusp. These are the
regions for which a sustained interval of retarded time
contributes to an instant of observation time. For an
extended source, the field strength along the cusp di-
rections is proportional to Rp~1/2, rather than Rp—1.78
This nonspherical decay boosts the brightness tempera-
ture of the source by a factor of the order of Rpw/c.”'2.

Figure 5 is a plot of relative field strengths in the plane
of source’'s orbit (cf. Fig. 2). Figure 6 is a similar field-
strength plot on the cone that is the asymptote of the
cusp spiral.

Because the field of the rotating source itself rotates
rigidly, an observer at spherical coordinates (Rp, pp,0p)
samples, during each rotation period, the field on the
latitude line of polar angle 0p of the sphere of radius Rp.
Figure 7 shows the strengths of each of the three images
(i.e. the contributions to the magnitude of the field from
each of the three retarded times) for a small segment of
such a latitude line near the cusp on a sphere of radius
Rp = 10'%/w. Note that the field is much stronger
at the inner edge (as compared to that at the outer
edge) of each sheet of the envelope, and that, within
the envelope near the cusp, two of the contributing fields
are stronger than the third on either side of the pulse
center.




5. Polarization

Figure 8 shows the polarization position angles and the
strength of the field outside the envelope where the
contributions towards the field at any given observation
point are made at only a single value of the retarded
time, i.e. where there is only a single polarization mode.

Polarization position angles for observation points on
the cone 0p = w/4 within the envelope are shown in
Fig. 9. While the two modes that are shown, namely
those due to wave fronts emitted at ¢1 and ts, are nearly
orthogonal, the radiation emitted at ¢, serves as a modal
connecting bridge joining the polarization position angle
trajectories of the other two modes over much of the
pulse, thereby following their rapid polarization-angle
change.

Figure 10 shows the polarization-position angles for the
three contributing retarded times corresponding to the
same observational arc for which Fig. 7 shows field
strengths. The envelope is modally connected by wave
fronts emitted at tp,. Within the envelope near the cusp,
two of the contributing fields are found to be stronger
than the third on either side of the pulse center, with
the first retarded time's contribution being weakest be-
fore the pulse center and the third, after. The average
position angle swings rapidly around the pulse center by
about 90°.
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Figure 11 shows the polarization position angles of the
total field on a sphere in the far zone. The longitudinal
angle ¢ is here plotted along the abscissa, so that a fixed
observer samples a vertical slice of the shown distribu-
tion. Note that in the vicinities of the two points at
which the cusp of the envelope intersects the sphere
the polarization position angle swings through 180°,
whether observed inside or outside the envelope.

Figure 12 shows the position angles of the corresponding
two ‘orthogonal’ polarization modes that are observable
inside the envelope.
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Figure 1: Observation time tp versus the emission time t.
Curves representing h(t) for an observation point within
or on (a), on the cusp of (b), and outside (c) the envelope.
Curve (a) shows that the observation times between tp_
and tp, correspond to three emission times.
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Figure 2 The emitted Huygens wavelets and their envelope
for a source S rotating with a constant angular velocity
w on a circle of radius 7 = 2.5¢/w (the outer dashed
circle). (a) Cross sections of the wave fronts and their
envelope with the plane of source’s orbit. (b) The three-
dimensional view of the light cylinder and the envelope
for the same source S. The solid circles are the wave-
fronts emanating from the source. The bold curves des-
ignate the two sheets ¢, and ¢_ of the envelope. The
cusp at which the two sheets of the envelope meet touches
the light cylinder (the inner dashed circle) in the plane
of rotation.
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Figure 3: Cusp locus of the envelope. Segment —15 < Zp <
15 of the cusp for 7 = rw/c = 2.5, together with the
light cylinder. The curve is tangent to the light cylinder
in the source’s plane of rotation and spirals outward from

there, approaching the double cone sinfp = 771




Figure 4 The three images of the source emitted at the
three contributing retarded times. An observer P inside
the envelope simultaneously receives three wave fronts
each of which is emitted at a different retarded (emission)
time. The corresponding retarded positions I, Is and I3
of the source (the centers of the intersecting wave fronts)
are observed as three distinct images of this source.® (Cf.
Fig. 1.)
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Figure 5: Field strength in the plane of rotation, for © =
rw/c = 2.5. (Cf. Fig. 2.) Note the higher strength of the

field along the inner edges of the envelope and near the
cusp.
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Figue 6: Field strength on the cusp, for 7 = rw/c = 2.5.
The distribution of field strength on the cone f0p =
arcsin?~! containing the cusp. The cusp rapidly ap-
proaches this cone over the first rotation of the spiral
and extends all the way to infinity. (Cf. Fig. 3.)
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Figure 7: The relative strengths of the three distinct im-
ages of the source as observed near the cusp on a sphere
of large radius. For a source with 7 = rw/c = 1.1, to-
tal field strength (black) and strengths of the underlying
contributions from the three retarded times (green, red,
blue) on a small arc of the circle Ep = Rpw/c = 1010,
Op = m/2.7, crossing the envelope near the cusp. Note
that the contribution from the third retarded time is
much stronger than that of the first near the beginning
of the pulse, with these roles reversed near the end. Note
also that two of the contributions are stronger than the
third everywhere except in the middle of the pulse.




Polarization of the Lienard-Wiechert electric field for a conical surface of projection
where 0<p<8, 0<¢p<2n and r=2.0, tp=0, 6p= 12/
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Figure 8: Polarization position angles and field strengths
for a source with rw = 2¢ on the cone 0p = 7/12 outside
the envelope.




Polarization of the field for the first and third contributing retarded times
where 0<p<8, 0<¢p<21c and r=2.0, tp=0, ep=m4
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Figure 9: Polarization position angles of the two stronger
images. The arrows represent the directions (but not
the magnitudes) of the dominant two of the three simul-
taneously received contributions to the electric field for
rw = 2c¢ on the cone §p = w/4. These would be observed
as concurrent polarization modes. Note that the position
angles of these two modes are approximately orthogonal
everywhere. (Cf. Fig. 10.)
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Figure 10: Position angles of the contributions from the
three retarded times relative to one another and to that
of the total field. For the same source and observation
arc as in Figure (77?), the position angles of the contribu-
tions from the three retarded times (green, red, and blue
triangles) and the position angle of the total field (black
line). The position angles of the dominant contributions
are shown with open triangles, and those of the weakest
contribution with filled triangles. Note that the the first
and third contributions remain approximately orthogo-
nal across the pulse and that the position angle of the
second contribution closely follows the average position
angle, bridging the first and third contributions.




Polarization of the Lienard-Wiechert electric field for a spherical surface of projection
where p=107M0, 0<6p<n, 0.3n<¢p<n, and r=2.0, tp=0
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Figure 11: Polarization position angles of the total field on a
sphere Rp = 101%/w, for rw = 2c. The longitude is plot-
ted along the vertical axis in this figure and the arrows
only indicate the direction and not the magnitude of the
field. Note the 180° swings of the position angle in the
vicinities of the two points at which the cusp intersects
the sphere.




Polarization of the field for the first and third contributing retarded times, where
p=10M0, 0<9p<n, 0.31t<¢p<1t, and r=2.0, tp=0
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Figure 12: Polarization position angles of the two domi-
nant polarization modes (inside the envelope) on a sphere
Rp = 10'%/w, for rw = 2c. The longitude is plotted
along the vertical axis in this figure and the arrows only
indicate the direction and not the magnitude of the field.




