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Abstract

A torsional-antenna and a log-periodic antenna are used as a source and an analyzer,
respectively, to investigate the possible anomalies of an electro-magnetic field. An unex-
pected isotropic signal has been detected using those torsion angles, which correspond to a
breakdown of the Local Lorentz Invariance, which was found in the past. This coincidence
is interpreted as the recovery of a lost symmetry by torqueing the antenna, thus putting in
evidence that this Lorentz violation is of angular nature. Introducing a new physical dimen-
sion—not only a mathematical dimension as a way to rearrange some equations—is here
proposed as a general rule to recover the lost symmetry.

Keywords Local Lorentz Invariance breakdown - Torsional antenna - Minkowsky space-
time - Metrics of interactions - Symmetry

1 Introduction

In recent years, a patent was accepted (Patent 2014) concerning a bipolar antenna having
two loops torqued by a fixed angle. This antenna has a very large band of emission and a
good efficiency in transmission. They are higher than in the not torqued case, thus making
it particularly suitable in radio communications by satellite in asynchronous orbits.

In order to investigate the effects of the torsion angle, a systematic study was performed
(Paci 2018). In particular, the reflected signal of a transmission antenna as a function of
the torque angle was investigated, the not torqued case corresponding to a so-called “cross-
loop antenna”.
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In the following, we present and discuss the results obtained when a log-periodic
antenna is used to study the emission of this torqued antenna. These measurements have
been performed in an anechoic edge, in order to reduce the external noise.

Examples of antennas based on torsion around an axis are the Helica Filar boards (QHF)
(Kilgus 1975), suitable for receiving the transmissions of the NOAA sat polar satellites and
WX sat on the frequency of 137 MHz. These antennas were designed at NASA and are
used in any area where a good sensitivity and an appropriate directionality are pursued.
They consist of square loops twisted in a spiraling shape to form an apparent torsion angle
of 180°; the presence of a balun and their stiffness make them different from the one we are
considering and not so simple to put in evidence the effects of twisting the two loops. More
recently, the influence of surface twists on the characteristics of an antenna, to be placed
on the nacelle of military helicopters, was studied (Kilgore et al. 2016; Karthikeya et al.
2016).

The torsional-antenna we studied is a quadrupole, made of two concentric circular
dipoles arranged on orthogonal planes. The variable torsion angle is measured with respect
to this condition, in which the dipoles are on orthogonal planes. In the torqued case, we
studied, the envelope is an ellipsoid of rotation. On the contrary, in the twisted case the
envelope is a cylinder (or a cone), this case corresponding to helical (conical) antennas
which is not matter of our study.

In this experiment, the working hypothesis was that, if any anomalous behaviour was
observed, it could be put in correlation with the anomalous behaviour observed in the case
of electromagnetic interaction when a resistance/capacitance circuit inside a static mag-
netic field was studied, at different directions (Cardone and Mignani 1999, 2000, 2004;
Bartocci et al. 2001).

In that case, an unexpected voltage was observed both in the horizontal plane and in
the vertical plane perpendicular to the North direction of the terrestrial magnetic field. The
magnetic North direction was chosen as conventional reference direction and later on used
in all the experiments and measurements which tested the Lorentz violation (Cardone and
Mignani 2007; Cardone et al. 2015, 2017; Cardone 2015, 2016, 2018).

The wider Lorentz violation occurred in the vertical plane at 5n/4 rad (Cardone and
Mignani 1999, 2000; Bartocci et al. 2001) (reported in the following Fig. 4).

2 The Antenna

The investigated antenna is made of two vertical loops, mutually perpendicular, having
almost circular shape. In fact, each loop is made of two semi-circular branches with 16 cm
radius. Each semi-circular branch is kept at 15 mm apart from the central vertical axis
by using two PVC cubes, one on the top and one in the bottom part. The two branches of
each loop are made of harmonic steel, see Table 1, having circular section with 0.5 mm
radius, and are closed on the top through a horizontal conducting connection of 30 mm
which crosses the PVC upper cube. These two perpendicular connections are at a distance
of 2 mm each other, thus avoiding the contact between the two loops. As a consequence,
each loop is 100 cm long and 32 cm high. The bottom of each loop is connected to a chan-
nel of a network analyzer (Keysight Technologies N9928A) without any phase shift. About
this last issue, we shall deal with in the discussion of the results.
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Table1 Antenna wire Carbon steel —_EN10270-1 class SH, DIN17223, ASTMA228
COmpOSIthn
C 0.806%
Si 0.206%
Mn 0.432%
0.013%
S 0.004%
Cu 0.028%
E 206 kN/mm?
G 81.5 kN/mm?
dwire 1 mm

Fig.1 Vertical configuration.
The torsional antenna at a torque g e:m
angle a=180° "/

The torqued configurations were obtained by keeping fix the lower part and rotating the
upper PVC cube. The torsion angle of the upper part will be indicated as the torque angle
Q.

The configuration corresponding to torque angle o= 180° is visible in Fig. 1.

3 Data Collection

The two loops of the antenna were separately power supplied by using the two output ports
of an HP 8510 Vector Network Analyzer, with no phase shift, a power of 1 mW each on an
impedance of 50Q and a frequency of 240 MHz.

Two sets of measurements were performed on 2017 March 23rd: one with antenna
axis vertical (Fig. 2) and one with the axis horizontal (Fig. 3). The time is reported in the
Figs. 2 and 3.

At a distance of 220 cm, a log-periodic antenna (Paci 2018) was placed as a receiver of
the emitted signal. This log-antenna was kept fixed, while the emitting torsional-antenna
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Vertical configuration

Log-periodic
receiving antenna

Log-antenna K E

z
counterclockwise
relative rotation ‘ Clockwise
08 torque angle a
X
Tangent plane
to Earth surface Vertical torsion
\ axis - constant length

North terrestrial magnetic field N y Plane XY

(a) 0rad (b) 7t/4 rad (¢) m/2rad (d) 3m/4 rad

Torque = 0° Torque = 45° Torque = 90° Torque = 135°
h: 9:55-9:58 h: 9:59 — 10:02 h: 10:03 — 10:06 h: 10:07 — 10:10

(e) mrad (f) 6m/5 rad (g) 5m/4 rad (h) 37/2 rad
Torque = 180° Torque = 215° Torque = 225° Torque =270°
h: 10:11 —10:14 h: 10:15-10:18 h: 10:19 — 10:22 h: 10:23 - 10:28

Fig.2 Vertical configuration of the torsional-antenna: antenna torsion axis perpendicular to horizontal
plane. Polar representation of intensity registered by log-periodic antenna as a function of torque angle o,
the transmitting antenna being in the vertical configuration, the units are module in the range [— 60, —20]
dB. Eight values of torque angle « are considered: O rad a n/4 rad b 7/2 rad ¢ 3n/4 rad d = rad e 6x/5 rad f
5n/4 rad g and 3w/2 rad h

could rotate on a table around a vertical axis crossing the center of the antenna (rotation
angle o), thus keeping the o torque—angle fixed. The total range of the rotation angle ® was
360° clockwise, with 180 steps of 2°. At each w step, intensity was measured during 1 s.
This way, the relative rotation of the log periodic antenna was anticlockwise.
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Horizontal configuration
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a
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(c) T/2 rad

(b) 10/4 rad (d) 37/4 rad
Torque = 0° Torque = 45° Torque = 90° Torque = 135°
h: 10:32-10:35 h: 10:36 — 10:39 h: 10:40 — 10:43 h: 10:44 — 10:47

(e) T rad (®) 6m/5 rad (g) 51/4 rad (h) 37/2 rad
Torque = 180° Torque = 215° Torque = 225° Torque = 270°
h: 10:48 — 10:51 h: 10:52 — 10:55 h: 10:56 — 10:59 h: 11:00 — 11:03

Fig.3 Horizontal configuration of the torsional-antenna: antenna torsion axis parallel to horizontal plane
and laying along the North direction. Polar representation of intensity registered by log-periodic antenna
as a function of torque angle a, the transmitting antenna being in the horizontal configuration, the units
are module in the range [— 60, —20] dB. Eight values of torque angle o are considered: O rad a n/4 rad b
n/2 rad ¢ 3n/4 rad d = rad e 6x/5 rad f, Sn/4 rad g and 3n/2 rad h

Particular attention was paid to the orientation of the apparatus with respect to the
North of the Earth magnetic field: to this aim, a cartesian coordinate system was chosen
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(a) 1 (b) 1 (©
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-4 -4
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Fig.4 Polar diagrams (in arbitrary units) by simulation at a=0° (a—c) and a=225° (d—f) in the vertical (a,
d) and horizontal (b, e) torsion axis. A comparison between the horizontal (solid) and the vertical (dashed)
case is reported at a=0° (¢) and a=225° (f)

having the z axis vertical and the y axis in the direction of the magnetic North (+2°).
The choice of such a coordinate system is devoid of any physical meaning. It is a purely
conventional system, as we are going to discuss later on. With this choice, a loop was in
the xz plane and one in yz plane when o« =0 and =0 and axis of the antenna was verti-
cal in the vertical configuration, see Fig. 2.

In the horizontal position, antenna axis was along the y direction. The a=0 and
® =0 configuration corresponded to loops in the xy and zy planes (see Fig. 3: horizontal
configuration).

4 Results and Discussion

The Fig. 2 reports the polar diagrams of the intensity registered as a function of angle ®
when the antenna was in vertical configuration, the Fig. 3 refers to horizontal configuration.

The most evident effect of torqueing antenna is that the intensity distribution is almost
isotropic at torqueing angles a larger than = rad in the horizonal configuration, see Fig. 3
polar diagrams f, g, h.

Before performing the experiment, one should have expected the most isotropic dis-
tribution at large torqueing angles in the vertical configuration, not in the horizontal. In
fact, in the former case, if one considers the antenna as an assemble of many dipoles, their
directional distribution is more homogeneous at high torqueing angles, thus creating an
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Fig.5 Voltage detected in a 5x10° = Volt
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isotropic signal in a horizontal plane, which is the plane of the receiving antenna reported
in the Figs. 2 and 3.

In order to check this point, a three-dimensional model of the antenna was created by
using a numerical model (Healey and Mehta 2006), which has been implemented in MAT-
LAB software. The final simulation of the electro-magnetic signal, as expected by apply-
ing standard software based on well-known classical Maxwell equations, was performed
by ANSYS HFSS software. Figure 4 reports the polar diagrams obtained by simulation at
a=0° and a=225° in the horizontal and vertical configurations.

No such effect of isotropy at high torqueing angles in the horizontal configuration was
obtained (anyway no isotropic distribution has been obtained at all).

From these considerations one can deduce that the registered isotropy is not a direct
consequence of the geometry, at least of the geometry we are acquainted to in a flat minko-
skyan spacetime.

A possible explanation for this behaviour was looked for by considering the reported
behavior of a static conductor inside a static magnetic field (Cardone and Mignani 1999,
2000, 2004; Bartocci et al. 2001).

In that case, by considering a similar conventional cartesian coordinate system with y
axis along the terrestrial magnetic North and z perpendicular to the local earth surface,’ the
following effects were observed:

e In the yz-plane: inside the experimental error, no voltage was detected at different
directions of the conductor, as it is expected.

e In the xy-plane: inside the experimental error, no voltage was detected at different
directions of the conductor, as it is expected, apart from an unexpected voltage at n/4
(but not at 0 nor at & rad) from the North. It was observed during the measurements
from 9 to 9:59 am of the 8th of June 1998 but not between 0:00 and 0:46 pm of the
same day.

e In the xz-plane, a wide variation of the voltage as a function of « angle from the verti-
cal direction was detected, as depicted in Fig. 5.

! We remind that this reference frame using the terrestrial magnetic North as y-axis is purely conventional
and devoid of any physical meaning.
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The instrumental zero corresponded to (1.5 +1.0)x 10 V. Thus, only the measurement
at a=>5m/4 is out of zero range, the error in each measurement being +1.0x 107 V.

However, as the zero error is systematic (not statistical), whatever its value is, many
results are different from zero. Moreover, the results are not randomly distributed, but cor-
respond to a continuous variation with angle, as shown by the continuous line in Fig. 5.
The central value of the so obtained peak is about 61t/5, after applying correlation tests and
interpolating procedure by standard polynomial regression (Cardone and Mignani 1999,
2000, 2004, 2007; Bartocci et al. 2001).

In particular, if the central value 1.5x 107 V is assumed as zero value, a wide region
(at o larger than = rad) corresponds to the occurrence of a voltage which must not exist,
according to known behaviour of the electromagnetic interaction, i.e. without Local Lor-
entz Invariance (LLI) violation.

The results reported in Fig. 5 were obtained between 8:30 am and 9:30 am of the 9th of
June 1998. A following measurement between 12:18 and 13:05 pm of the same day did not
confirm this occurrence of an anomalous voltage. These results have been confirmed (Car-
done and Mignani 2004, 2007) in the next test runs performed in the years 1999-2000: in
the same period of the year and with the same geometry, a violation of the LLI of a similar
amount occurred in the morning but not in the afternoon.

Both the results in the xz-plane and in the xy-plane show a dependence on the time
of the experiment. Due to this fact, a dependence on a direction different than the North
magnetic field was suggested. In particular, some cosmological direction, which could be
related to some anomaly of the microwave background radiation and its cold spot preferred
direction was proposed (Cardone et al. 2015).

At any rate, these results correspond to a breakdown of the LLI, as different results are
obtained in different directions and in different times.

This anomaly occurs in directions corresponding to those torsion angles of the antenna
for which the detected signal is isotropic: angles greater than & with respect to the vertical
in a plane perpendicular to the North direction. In this angular range, a breakdown of the
LLI occurred in the case of the conductor inside the static magnetic field.

In the case of the conductor in static magnetic field, this breakdown was attributed to
metric parameters that are energy dependent according to energy thresholds, characteristic
of each interaction (Bartocci et al. 2001; Cardone and Mignani 1999, 2004 ).

Thus, outside each threshold, the space-time is not flat for all interactions at all
energy values. A not-isotropic and not-symmetric space—time corresponds to a break-
down of LLI and, as a consequence, to a breakdown of the same Maxwell equations for
electromagnetism.

Thus, in the case of the conductor, a deformation of space-time was detected (Cardone
and Mignani 1999, 2000, 2001, 2004, 2007; Bartocci et al. 2001).

In the case of the antenna, given that a deformation exists, the torsion of the antenna
counteracts this deformation and makes the energy signal isotropic.

We remark that symmetry in the polar diagrams at low values of the torque angle o is
not expected by simulation and is not found experimentally. Maybe some people familiar
with antennas are used to find a 180° symmetry. This result usually is obtained by modify-
ing the intensity in the two loops to produce it. However, this is not the case in our experi-
ments: this symmetry is not expected and does not occur.

In other words, the symmetric polar diagrams of Fig. 3 have been obtained without
using the so-called “time’s balancing” or rather without using any phase shift in separate
supply for each loop.
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In this strongly asymmetric case too, isotropic diagrams were obtained at high torque
angles although they are not expected according to simulation.

The followed procedure to recover the symmetry is a step ahead with respect to the
already followed methods. In fact, when the three-dimensional (3D) translation symmetry
of the Galileo relativity was broken (by the existence of the Lorentz force), a new symme-
try was found by adding the time as a fourth dimension and the 4D Minkowsky space—time
was introduced. From the 3D symmetry of the Euclidean-Cartesian space (X, y and z spatial
directions, whereas t is the Newtonian absolute time) a 4D symmetry of the pseudo-Euclidean
Minkowsky space—time (X, y, z, t) was obtained.

In our case, the violation of 4D Lorentz symmetry was recovered by adding a new var-
iable, the energy, which—in turn—is related to the angle of Lorentz violation. Thus, a 5D
space—time-energy (X, y, z, t, E) is obtained (Cardone and Mignani 2007).

From the methodological point of view, the two steps are different. In fact, the transition
from 3 to 4D is a mathematical way rearranging some equations to obtain in 4D the symmetry
which is lost in 3D.

In our case, on the contrary, the isotropy was obtained experimentally, thus underlying a
transition from 4 to 5D which has to be studied in detail from the mathematical point of view.
Some indications on this transition can be found in ref.s 8—10.

5 Conclusions

A previous experiment of a static conductor, inside a static magnetic field, pointed out the
evidence that violation of the LLI invariance occurred in some directions, defined by using
the convention of a plane perpendicular to the north direction of the local magnetic field of the
Earth.

The torsion angle o of the antenna exactly follows the same convention of the orientation
angle a of the conductor inside the static magnetic field in the coil test for the Lorentz viola-
tion, as we can see in Fig. 6a, c.

The symmetric distribution of energy in the polar diagrams exactly follows the Lorentz
violation as it matches the same range of angle a, as we can see in Fig. 6b, d.

As a matter of fact, in the present experiment the lost isotropy is recovered by using as
source of electromagnetic field a torsional-antenna torqued by the same convention (i.e. using
a plane perpendicular to the north direction of the local magnetic field of the Earth), as clearly
shown in Fig. 6.

Once more we recall that the use of such a cartesian reference frame with y-axis along the
North direction of the Earth magnetic field is a pure convention without any physical meaning.
We stress again that this conventional reference frame has been used in all experiments testing
LLI violation, either for electromagnetic phenomena or nuclear ones (Cardone and Mignani
2007; Cardone et al. 2015, 2017; Cardone 2015, 2016, 2018).

Recovering the lost symmetry by using a torsional-antenna is a clear indication that the
breaking of LLI is mainly of angular nature.

Therefore, the method of introducing a new physical dimension is proposed as a general
rule to recover the lost symmetry. It was already used in the past by introducing the time as a
fourth dimension. This rule is used here by introducing the energy as fifth dimension (Cardone
and Mignani 1999; Cardone et al. 1999a,b,c). We stress that in the present case the recovery is
studied experimentally while it was introduced theoretically in the past.
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6 Remarks

We noticed that the use of the energy as fifth physical coordinate allows to recover the
symmetry and to solve the Lorentz violation, but the use of the fifth coordinate energy
sets three problems we must face and deal with.

First, we have to deal with the energy in a separate way for each interaction, taking
well in account that we measure the energy only by electromagnetic interaction (Car-
done and Mignani 1999, 2004, 2007).

Therefore, this first problem can be summarized by the question on how the energy
measures the energy (Cardone and Mignani 1999; Cardone et al. 1999a, b, c).

Second: which form does it assume the fifth metric parameter corresponding to the
coordinate energy? This problem is also evidently connected to the question on how the
energy measures energy.

Third, energy is a dynamical variable: we must examine whether the role of dynami-
cal variable is to be extended to the other four coordinates, the three spatial ones and the
time.
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This problem is also evidently connected to a geometrical representation of the interac-
tions by metric parameters depending on the energy, intended as phenomenological vari-
able, and pave the way to consider all the coordinates as dynamical variables.

At last, we remark that the energy has a double role in the framework of such a five-
dimension metric: it is a coordinate and a phenomenological variable, on which the metric
coefficients depend.

In the framework of this double role, the question on “how the energy measures the
energy” finds a solution in the metric coefficient of the coordinate energy.

Therefore, we set the Ansatz that this fifth coefficient of the metric for each interaction
plays the role of the gauge for the energy, and this could set a new standard to the so-called
gauge field theories.

7 Perspectives

Among the experiments we can suggest as a step forward following the previous conclu-
sions, the above reported measurements can be replicated in the southern hemisphere,
when Earth is in the same astronomic position (i.e. between March and May).

This way, any asymmetry of the Lorentz violation can be investigated. In fact, this viola-
tion and its asymmetry were suggested to occur at a cosmological scale too (Cardone et al.
2017; Cardone 2016, 2018).

Besides, we tested the time—space asymmetry from the point of view of the space by
using this torqued antenna. In order to test the asymmetry from the point of view of the
time, we suggest to investigate the effects of a phase shifts between the two loops by using
sinusoidal wave separate supply. Both the vertical and the horizontal configurations should
be considered by using the same power supply of 240 MHz, 1 mW.
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