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This paper presents the results of a new experimental test of Special Relativity. We performed a series of multi-year tests using a rotating coil magnetometer adjacent to an aluminum sphere charged to 27 kV. We first measured a background (Earth) magnetic field (from an emf voltage induced in the coil) while the sphere was uncharged, and then again after charging the sphere. We observed small but reproducible emf voltage differences in the rotating coil following each charging of the sphere. Extensive testing shows these emf differences are explained by an unexpected small monopole magnetic field associated with the charged sphere. This testing shows why this weak magnetic field (requiring a strong electrical field for detection) has not been identified in the past. Most significantly, the magnitude of this magnetic field reproducibly varies with the position of the earth in its solar orbit. Repeated measurements over a three-year period show a well-defined, consistent annual sinusoidal amplitude variation of 6.2  percent in magnetic field magnitudes of the charged sphere over the Earth's orbit around the sun (maximums on August 9 and minimums on February 10, 2  days, from separate sinusoidal fits for each of the three years). Such a frame-associated variation in magnetic field magnitudes in otherwise locally identical tests over the Earth's orbit seemingly indicates a departure from Lorentz Invariance. The 6.2  percent annual field variation empirically corresponds well to the fractional variation of the speed of the orbiting Earth relative to a specific astrophysical rest frame (RF) in relative motion, where the speed of that frame relative to the sun can be bounded between 2 and 464 km/sec. This range in speed includes the 371 km/sec speed of the sun with respect to the CMB frame. This suggests that the CMB frame and above RF may share related origins in an expanding universe.

I. INTRODUCTION

The experimental program in this paper was undertaken as an addition to the large body of tests [START_REF] Zhang | Special Relativity and its Experimental Foundations[END_REF][START_REF] Haugan | Modern Tests of Special Relativity[END_REF][START_REF] Schroeder | Special Relativity[END_REF][START_REF] Mattingly | Modern Tests of Lorentz Invariance[END_REF][START_REF] Kostelecky | Data Tables for Lorentz CPT Violation[END_REF] of special relativity (SR) [START_REF] Einstein | The Principle of Relativity: A Collection of Original Memoirs on the Special and General Theory of Relativity[END_REF] performed since its formulation. Unexpectedly, test results from this program show the presence of a small magnetic field associated with an electrically charged sphere where the magnetic field's dominant component is monopolar, i.e. the field vectors are radial with a constant magnitude at a given distance from the sphere center, with an inverse square distance dependence. Even more notably, in experiments performed over a three-year period, the sphere's magnetic field exhibited a consistent, reproducible annual sinusoidal variation in magnitude. This variation is predicted most simply by the variation in the speed of the Earth in its solar orbit over a calendar year relative to an external inertial frame that is in the relative speed range of the CMB frame. This result is seemingly at variance with the frame-independent expectations of SR for these Earth-based tests.

The experimental apparatus is quite simple. Its elements include a conducting coil (15 cm diameter with 2110 windings) rotating at 1800 RPM adjacent to a 20 cm diameter aluminum sphere charged to 27 kV by a precision high-voltage source as depicted in Fig. 1. The rotating coil, powered by a high-precision synchronous servo motor, acts as a magnetometer for accurately measuring emfs induced in the coil by any magnetic field.

With the sphere initially uncharged, the coil has an emf induced solely by its rotation in the background magnetic field of the Earth; the resulting coil emf is recorded as an RMS voltage of approximately 200 mV (using a digital voltmeter with 5 place precision). When the sphere is subsequently charged, the (RMS) emf in the rotating coil is again measured and recorded, and the background emf is subtracted.

The above motionless sphere has no predicted classical magnetic field, thus no predicted emf in the rotating coil in the laboratory reference frame. However, if this experiment is viewed in an arbitrary "external" inertial frame moving relative to the experiment, the now-moving sphere has a non-zero magnetic field. In a simple-minded view, an observer in this external frame would detect an emf in the rotating coil as it moves with respect to the sphere's now non-zero magnetic field. Since we are looking at the same experiment from different reference frames however, there can be no emf in the coil, a seeming conundrum.

Although the Lorentz invariance of SR prevents conundrums like the above one, e.g. by recourse to "hidden momentum" [START_REF] Shockley | Try Simplest Cases Discovery of "Hidden Momentum" Forces on "Magnetic Currents[END_REF][START_REF] Babson | Hidden Momentum, Field Momentum, and Electromagnetic Impulse[END_REF][START_REF] Hnizdo | Hidden Mechanical Momentum and the Field Momentum in Stationary Electromagnetic and Gravitational Systems[END_REF][START_REF] Saldanha | Comment on "Trouble with the Lorentz Law of Force: Incompatibility with Special Relativity and Momentum Conservation[END_REF], tests of Lorentz invariance have continued to be made [START_REF] Mattingly | Modern Tests of Lorentz Invariance[END_REF][START_REF] Kostelecky | Data Tables for Lorentz CPT Violation[END_REF] with outcomes consistent with SR. The experiment in this paper (an experimentally feasible adaptation of a previously proposed test of SR [START_REF] Robert | A Proposed New Relativistic Experiment[END_REF]) was undertaken as a test of the above relativistic expectation that a rotating coil magnetometer would detect no magnetic field associated with a charged sphere.

Notably, the above tests produced reproducible emf changes in the rotating coil whenever a charge was applied to the sphere. These emf increments were observed in the coil immediately following the application of a DC voltage to the sphere and remain stable during the period the sphere was charged. The emf increments immediately disappeared when the sphere was discharged, reverting to the previous emf 'background' present with an uncharged sphere.

The charge-related coil emf provides evidence for the presence of a small magnetic field associated with the charged sphere. Other possible causes for these emf increments (other than a magnetic field associated with the charged sphere) were investigated and ruled out as causal.

Runs with a variety of coil configurations allowed the components of this magnetic field to be determined. Test runs investigating the effect of rotational speeds, rotational directions, sphere voltages, sphere/coil orientations, etc. showed a clear, consistent Lorentz force dependence for the coil emfs associated with the rotation of the coil in the vicinity of the charged sphere, unambiguously indicating the presence of a magnetic field associated with the charged sphere.

An additional major finding, indicated by numerous experimental results, was that the magnetic field of the charged sphere has a dominant radial magnetic monopole component, i.e. with spherical symmetry and an inverse square distance dependence from the sphere. The paper includes a discussion of why a weak monopole field (closely linked to the electrical field of the charged sphere) has never been detected in the past. FIG. 1. Experimental apparatus. A synchronous motor rotates a coil, with a resulting coil emf that is led from a set of slip rings to a high precision voltmeter. An aluminum sphere suspended near the coil is charged by a high voltage (HV) power supply. The coil emf is recorded as an RMS voltage by a digital HP voltmeter.

The magnetic field was also investigated by an independent methodology using a magnetized neodymium sphere acting as a compass, that was hung by a monofilament thread near the aluminum sphere. The neodymium magnet had small rotations following an applied charge to the sphere, in directions consistent with a monopole magnetic field associated with the charged sphere.

A third independent method was also used to test for a magnetic field associated with the charged sphere. In this case, a commercial high-precision (magnetoresistance) magnetometer was used. Unlike the positive results from the above two testing methodologies, there was no detectable change in the measured field following a charging of the sphere. An analysis in Sec. VII shows this null result to be compatible with the above positive results using a rotating coil magnetometer and a compass.

The most notable experimental result is that over a three year period of testing, the emf voltages from the charged sphere (associated with the monopole magnetic field) showed a small but reproducible sinusoidal amplitude variation associated with the calendar dates of the measurements over each year. The annual (  6.2 percent) sinusoidal variation in emf voltages was seen during each of the three years of the tests (where the calendar dates of the peaks (circa August 9) and troughs (circa February 10) and sinusoidal magnitudes for each of the three years are in good agreement with each other), a key test of the reproducibility of measurements of this annual variation.

The consistent  6.2 percent annual sinusoidal variation of the charged sphere-induced coil emf readings over the Earth's orbital path can be related (in a direct proportionality) to the varying speed of the Earth in its solar orbit relative to a specific inertial astrophysical frame of reference moving relative to the sun. The above  6.2 percent annual variation in coil emf voltage constrains the sun's speed with respect to such an astrophysical frame (moving relative to the sun) to a range of 2 -464 km/sec. This range includes the 371 km/sec speed of the sun relative to the CMB frame (where the CMB loses its dominant Dopplerrelated dipole component) [12]. A 212 km/sec speed of the sun relative to the above astrophysical frame can be independently estimated from average coil emf magnitudes from Fig. 8 using prediction equations relating these voltages to a speed relative to the above astrophysical frame required to produce them. This paper is primarily a description of experimental results with a focus on the strong experimental case for the existence of a previously undetected weak magnetic monopole field (not present for objects with zero net charge) which appears to accompany all electrical fields.

Since it is counterintuitive that such an apparently fundamental magnetic field could have evaded detection for so long, one of the key points of inquiry in the experimental program was to conduct a number of tests to see how this field could have been so effectively "hidden".

The sinusoidal variation of the magnetic monopole field over the course of a calendar year is a particularly remarkable characteristic of this field. Although seemingly at variance with the principle of relativity (which would predict no time variation in any magnetic field produced in locally similar experiments) a theoretically based exploration of the underlying physics behind these measurements is not within the scope of this paper. Two broad theoretical approaches are noted as possible candidates for explaining these experimental findings in the concluding Discussion section.

II. EXPERIMENTAL APPARATUS

The experimental apparatus (Fig. 1) consists of five main components: a rotating coil magnetometer; an aluminum sphere; a precision high voltage (HV) source for energizing the sphere; a high precision synchronous motor driving the rotating coil, and a voltmeter with 5-decimal capability for recording the emf in the rotating coil.

The rotating coil magnetometer assembly (excluding coil windings) was constructed, to the extent possible, using non-conducting materials. Where metal was needed, non-magnetic metal (brass, bronze, and aluminum) was utilized. All metallic components of the magnetometer assembly are Earthgrounded including shafting, mounting screws, and brush rigging. The rotating coil is 14.6 cm in diameter and has 2110 turns of copper wire. The induced alternating current signal from coil rotation in a magnetic field is extracted from the coil by two sets of parallel connected carbon brushes riding on a single set of copper slip rings.

Coil rotation is powered by a high precision Kollmorgan VLM series servo motor with an associated AKD drive. The drive is programed to maintain a precise 1800 RPM during data runs.

The voltmeter is a Hewlett Packard 3456A digital voltmeter capable of 5 significant digits. The ac signal from the rotating coil is transmitted to the voltmeter on a shielded, twisted pair cable. Because of the small size of the emf signal of interest, it was important to avoid common mode voltage errors in our measurements, hence connections between the magnetometer coil and the voltmeter were made in accordance with Hewlett Packard Application Note 123, Floating Measurements and Guarding.

The high voltage power supply is a Glassman High Voltage Inc. Model MJ30P0400, and is set to provide a precision regulated 27 kV ( 9 V)  to the sphere during data runs.

The aluminum sphere is 20.35 cm in diameter and is coated in a RTV compound and given a positive voltage potential to minimize ozone concerns. The sphere is suspended by three legs of non-stretchable Samson AmSteel-Blue cord that allows it to be positioned accurately using jigs.

The apparatus, less voltmeter, is mounted on a wheeled wooden (i.e. non-magnetic) experiment cart. The synchronous motor, rotating coil magnetometer and HV power supply are fixed to the cart base, and the sphere is suspended from the cart superstructure so that it can be moved in 3 dimensions with respect to the coil. Data are taken for each of 12 azimuths at 30 degree intervals from Earth north and at each of 4 standard sphere latitudes (Fig. 2) from its equator to its south pole (and in a smaller set of runs, from its equator to its north pole).

To achieve repeatability in alignment of the sphere to the coil, each latitude has a jig which is used to position the sphere with respect to the coil before the start of a data run. The cart has two pins that project to within 1 mm of the floor that are used to align the cart (hence the angle of the coil's axis of rotation with respect to Earth's North Pole). The cart is rotated clockwise in 30 degree increments aligning the cart pins to permanent marks on the floor to investigate the azimuthal dependence of the coil rotation axis and relative sphere (and sphere magnetic field) orientation with respect to the Earth's magnetic field.

The majority of experiments were conducted with the coil, as seen from the motor, rotating in a counterclockwise direction, with the coil positioned to FIG. 2. Experimental coil/sphere orientations for 7 standard sphere "latitudes". The sphere is suspended from its north pole for the "equator" through the "south pole" orientations, and mounted on a post for its south pole through N orientations.

the left (or directly above or below) the sphere as shown in Fig. 2. (A few tests were conducted with a clockwise rotating coil for a broader examination of the available parameter space.)

III. EXPERIMENTAL METHOD

Before each run, the sphere is positioned in one of the seven standard latitude positions relative to the coil, as depicted in Fig. 2, using a dedicated jig for each position, to ensure repeatability. The radial line connecting the centers of the sphere and coil intersects the sphere at one of seven "latitudes" with respect to the sphere as measured from a vertical line through the center of the sphere: 90 S  (sphere "south pole"), 0 (sphere "equator"), 90 N  (sphere "north pole") and four intermediate latitudes: 60 S,  30 S,  30 N  and 60 N.  A spacer positions the surface of the sphere approximately 27 mm from the edge of the coil at the closest approach of the coil rim to the sphere surface. This distance is sufficient to prevent arcing between the coil and the sphere due to the 27 kV potential on the sphere.

The rotating magnetometer coil is accelerated to 1800 rpm and a coil emf reading is taken of the background magnetic field. The sphere is then energized with a 27 kV static positive charge and a second coil emf reading is immediately taken. The readings are entered into a spread sheet as they are taken, which calculates the 'delta' difference between the coil emf readings with the sphere discharged and then charged. The sphere is then discharged using a grounding probe.

After each azimuthal measurement, the experiment cart is rotated 30 degrees to the next azimuth using the alignment pins and marks on the floor. The process is repeated until all 12 azimuths are complete for a given sphere latitude. The cart alignment pin is located under the coil and the rest of the cart rotates around it. The effective result is that the magnetometer takes readings at each of the 12 azimuths around the sphere. After 12 azimuths are complete, the sphere is repositioned (using a dedicated jig) to the next 'latitude' sphere/coil configuration, and the process is repeated.

The procedure for each run is to record, with an uncharged sphere, an RMS coil voltage ce V for the Earth's field. This background voltage measurement is immediately followed by applying a charge of 27 kV to the sphere, and taking a second measurement of the total RMS coil voltage ct V from the Earth's field plus any emf voltage contribution from the charged sphere. ct V is then the average RMS voltage over a rotation of the coil from the vector sum of the Earth and sphere magnetic fields acting on the electrons in the rotating coil. The difference between the RMS voltages ct V and ce V gives the incremental RMS voltage difference c V  in the rotating coil due to the magnetic field (if any) of the charged sphere [13], where

c ct ce V V V    . (1) 
Figure 3 shows the variation in RMS emf values produced by the local magnetic field of the Earth vs the coil's rotation axis (with the sphere uncharged) dimensions, instantaneous rotating coil position relative to the charged sphere, number of coil windings, coil rotation speed, Earth's magnetic field in the vicinity of the coil, and orientation of the coil rotational axis with respect to the Earth's magnetic field. The predicted RMS emf values (uncharged sphere) calculated by the above program, when compared with the local Earth magnetic field measured by a commercial magnetometer, agree with the emfs measured by the experimental apparatus to within one percent. This test of the program algorithm shows satisfactory agreement with measured emfs, given the precision and accuracy of the various measurements associated with the experimental setup.

A wide-ranging series of tests was then conducted to measure c V  . Some examples of these measurements are shown in Fig. 4 for seven "latitude" orientations of the rotating coil with respect to the sphere where for each sphere/coil latitude, c V  measurements were taken at 12 azimuths, in 30 degree compass intervals to determine the effect of spherecoil axis orientation relative the Earth's field on the resulting 4 would all be zero for an uncharged sphere with no magnetic field.

Note that during data taking, calibration of the digital voltmeter will not have an effect on the accuracy of the c V  measurements in Eq. ( 1) since it has the same effect on the emfs from both the charged and uncharged sphere measurements which are subtracted from each other.

The measurement precision is largely limited by the presence of small background variations in the magnetic field over time periods of a few seconds to a few tens of secondseffectively "noise".

IV. EVIDENCE FOR A MAGNETIC FIELD WITH A CHARGED SPHERE

In Fig. 4, instead of the expected zero c V  incremental voltage from a rotating coil magnetometer spinning next to a charged sphere, we observed nonzero values. Figure 4 plots RMS c V  values for each of the 7 "latitudes" shown in Fig. 2 as a function of the azimuth of the point on the sphere lying on the line connecting the sphere and coil centers. The azimuth is measured from Earth north (where the sphere center to the coil center points north). The individual c V  curves are highly reproducible, but their non-zero character, including their lack of correlation to the RMS curve for the Earth's magnetic field in Fig. 3 is remarkable and demands an explanation.

As discussed below, the simplest explanation for the non-zero c V  values in Fig. 4 is that the charged sphere has a small associated magnetic field. 2) below. This is the strongest single argument for a magnetic field associated with the

FIG. 4. Coil voltage

(mV) vs sphere azimuth for 7 sphere "latitudes" with fitted curves. ( is zero with an uncharged sphere). For the 000 azimuth, the coil axis has an east-west orientation with the coil positioned north (000) of the sphere in this and all subsequent graphs. charged sphere, since a Ux B dependence is a signature criterion for a magnetic field. If the emfs were caused by an electrostatic effect, there would be no such dependence. Figure 6. shows a proportionality between c V  and the applied voltage to the sphere, demonstrating a causal relationship between the charge on the sphere and the resulting magnetic field detected by the rotating coil. The detectability of the above magnetic field was further examined with a charged sphere and motionless coil. The coil generated no emf, AC or DC, regardless of the orientation of the coil with respect to the sphere, showing that a voltage potential for the sphere is by itself not sufficient to produce a detectable emf in the coil.

We also considered whether there could be a small emf contribution in a motionless coil from an electrostatic separation of charges in the coil windings when the sphere is charged. However, the expected net coil emf from such a separation would be negligible: there would be 2110 alternating positive and negative charge concentrations along the 2110 coil windings (reflecting varying coil distances from the sphere) with no net emf in the coil. This expectation matches observations. Several additional tests for the existence of a magnetic field, including the existence of a dominant monopole component, are given in Sec. VI, using the general prediction equations in Sec. V.

V. PREDICTION EQUATIONS FOR Δ c V

This section develops prediction equations for (mV) vs sphere voltage. Data at south pole latitude and 60 0 azimuth show a straight line fit to data, consistent with a Lorentz force dependence and a proportionality of the magnetic field of the sphere to the charge on the sphere. 

where mp B is the magnetic field of the sphere at P (the dominant component shown below to be a monopole field) and t B is the resulting total sphereplus-Earth magnetic field, where Eq. ( 2) becomes

  () c ct emf nR d   ct U x B θ    . ( 5 
)
The RMS voltage value ce V in Eq. ( 1) for the Earth's magnetic field for a complete revolution of the coil is

1 2 (2 ) ( ( )) ce ce V emf d        (6)
and the RMS voltage value ct V in Eq. ( 1) for the total (Earth plus charged sphere) magnetic field for a complete revolution of the coil is

1 2 (2 ) ( ( )) ct ct V emf d        . ( 7 
)

VI. EVIDENCE FOR A MONOPOLE MAGNETIC FIELD FOR A CHARGED SPHERE

Equations (1-7) provide a basic framework for making quantitative predictions of emfs induced in a rotating coil in the vicinity of the charged sphere to compare with observed data. The next step is to develop a relation for a magnetic field mp

B

of the charged sphere in Eq. ( 4) that provides a satisfactory fit to the . Eq. ( 9) is the simplest relation providing a good overall fit to the c V  data in Fig. 4, also providing a noteworthy formal similarity to the classical equation, Eq.( 10) FIG. 7. Sphere and rotating coil orientation notation used in prediction Eqs. [START_REF] Haugan | Modern Tests of Special Relativity[END_REF][START_REF] Schroeder | Special Relativity[END_REF][START_REF] Mattingly | Modern Tests of Lorentz Invariance[END_REF][START_REF] Kostelecky | Data Tables for Lorentz CPT Violation[END_REF][START_REF] Einstein | The Principle of Relativity: A Collection of Original Memoirs on the Special and General Theory of Relativity[END_REF][START_REF] Shockley | Try Simplest Cases Discovery of "Hidden Momentum" Forces on "Magnetic Currents[END_REF]. A south pole coil-sphere "latitude" is depicted, but the notation scheme applies to any other latitude. Spherical coordinates, with the center of the coil as the origin, are used with a vertical axis z. The rotating coil, with a horizontal shaft, generates an incremental emf at point P, with an coil rotation angle , angular position at P at radius with a tangential unit vector normal to the coil and an instantaneous coil velocity at P.

2 / c B Ux  E (10) 
for the magnetic field B of a charged central object (e.g. a sphere) with electrical field E moving at velocity U with respect to a rest frame. mp B in Eq. ( 9) can be expressed in expanded form, using the relation for E from Eq. ( 8), where

22 ˆ/ o s s U V R c R mp BR  . ( 11 
)
Figure 8 provides a strong case for the magnetic monopole field of Eq. ( 9). The overall fit with the experimental data of Figure 9 shows the effect of changing the voltage potential of the sphere from positive to negative for the south pole sphere latitude, demonstrating, as expected, that the direction of the magnetic field of the sphere is determined by the net charge on the sphere (i.e. positive vs negative). (mV) vs coil azimuth for positive and negative HV sphere charges plotted for the south pole latitude. When the HV charge on the sphere is reversed from positive to negative, the associated polarity of the monopole magnetic field of the sphere is similarly reversed. This shows a direct dependence of the polarity of the monopole field on the polarity of the charge (and associated direction) of the electrical field of the sphere.

FIG. 8.

(mV) data vs coil azimuth (shown in Fig. 4) for 7 sphere "latitudes" compared with prediction curves from Eq. (1-8) using the magnetic monopole functionality of Eq. ( 9) (solid lines). the sphere's southern hemisphere) and when their vector sums subtract from each other (in the sphere's northern hemisphere). Equation ( 11) predicts a magnetic field with a 2 R  dependence for mp B on a given radial. A test of this predicted dependence is provided in Fig. 11, which compares measured c V  vs sphere/coil separation distance with the corresponding predicted values. The good agreement between data and prediction is consistent with the inverse square distance dependence of a monopole magnetic field.

Closer fits between predictions and measurements than in Fig. 8 result from inclusion of smaller (nonmonopole) magnetic field components. Inclusion of these field terms has no effect on the main conclusions of this paper of the existence of a dominant magnetic monopole field and its motion relative to an identifiable astrophysical frame (Sec. VIII and IX). Preliminary fits to the experimental data including these smaller terms, while interesting, are too lengthy for inclusion here and are accordingly deferred for a future paper.

VII. MAGNETIC FIELDS OF A CHARGED SPHERE DETECTED BY A PERMANENT MAGNET

An independent test for a monopole magnetic field is provided by a powerful spherical neodymium magnet acting as a compass. The test results, showing small magnet rotations consistent with a monopole field, are shown in Fig. 12. The spherical shape of the magnet prevents the induced electrostatic charge distribution on the magnet in the electrical field of the sphere (charged to 27 kV) from exerting a net electrostatic torque on the magnet, thereby compromising the test results.

The strongest magnet available for this purpose is a 31 mm diameter neodymium sphere with a maximum FIG. 11.

Coil voltage (mV) vs distance between coil and sphere centers for the south pole latitude and 60 0 azimuth. The experimental data were fitted with an inverse square distance dependence curve using prediction Eqns. [START_REF] Zhang | Special Relativity and its Experimental Foundations[END_REF][START_REF] Haugan | Modern Tests of Special Relativity[END_REF][START_REF] Schroeder | Special Relativity[END_REF][START_REF] Mattingly | Modern Tests of Lorentz Invariance[END_REF][START_REF] Kostelecky | Data Tables for Lorentz CPT Violation[END_REF][START_REF] Einstein | The Principle of Relativity: A Collection of Original Memoirs on the Special and General Theory of Relativity[END_REF][START_REF] Shockley | Try Simplest Cases Discovery of "Hidden Momentum" Forces on "Magnetic Currents[END_REF][START_REF] Babson | Hidden Momentum, Field Momentum, and Electromagnetic Impulse[END_REF][START_REF] Hnizdo | Hidden Mechanical Momentum and the Field Momentum in Stationary Electromagnetic and Gravitational Systems[END_REF]. The results show an inverse square proportionality consistent with a magnetic monopole field. field of 1.48 T at the magnet center. The magnet was hung in the open ("bare sphere") from a thin monofilament thread to minimize any mechanical torque due to twisting of the thread as the magnet rotates.

A small, very light weight mirror ( 2 0.5cm ) was placed at the top of the magnet to reflect a laser beam as part of the setup (described below) for measuring small rotations of the neodymium magnet following a charging of the sphere. Several tests showed that using differing positions of the mirror near the top of the "bare sphere" magnet had a significant effect on recorded magnet rotations (by as much as a factor of two) and showed that a standard mirror position nearly touching the monofilament minimizes these impacts by minimizing any mass distributions departing from axial symmetry with respect to the monofilament. The area of the mirror on the magnet was minimized to minimize any electrostatic torques from induced electrical charges on the mirror.

The neodymium magnetic sphere, acting as a compass, initially rotates, aligning itself with the local magnetic north. In each experimental run, a laser beam is aimed at the mirror with an uncharged sphere and the reflected beam position on a whiteboard at about a 3 meter distance is marked. The sphere is then charged and the incremental deflection of the laser beam (reflecting off the mirror onto the whiteboard) is measured, allowing a simple calculation of the angular rotation of the mirror, and thus of the neodymium magnet. The displacement of the laser beam on the whiteboard (the latter approximately normal to the incoming laser beam) divided by the distance to the whiteboard gives the angular deflection of the magnet and mirror in radians (multiplied by a factor of two).

After charging the sphere, incremental rotations of the magnet were measured at approximately 30 azimuth intervals around the magnetic sphere/compass (Fig. 12). Although there is appreciable imprecision in the data due to the small deflection magnitudes, the general pattern of the rotations, in particular, the change in rotation directions roughly coinciding with the Earth's magnetic north and south, are consistent in a qualitative way with the predicted effect of a weak monopole magnetic field on the resulting magnet rotations.

From Eq. ( 9), the predicted monopole field at the neodymium magnet center is rotation of the magnet had it experienced the full monopole field of the charged sphere.

To investigate the cause of the above small magnet deflections, compared with the predicted results of the monopole field, a grounded 0.36mm aluminum plate was placed between the charged sphere and the neodymium magnet. The resulting absence of any measurable magnet rotations with the intervening grounded plate in place strongly indicates that a monopole magnetic field is directly proportional to the local electrical field and is not the result of monopole magnetic field sources on the sphere (acting like permanent magnets), in which case the magnetic field would not be shielded by a grounded plate. A much more sensitive alternative test placed the grounded plate between the sphere and rotating coil (NP latitude configuration), yielding average without the grounded plate. The above small laser deflections and grounded plate results with a rotating coil both need to be explained.

The null results with the grounded aluminum plate, make it clear that a magnetic monopole field cannot be the result of electrically charged particles acting like the magnetic monopole particles theorized by Dirac [14,15]. Rather, the magnetic monopole field must be a previously undetected local property of all electrical fields.

Although experimentally-produced quasiparticles [16] and experiments with a Bose-Einstein condensate [17]

do result in some monopole-like phenomenologies, they require highly controlled conditions and are present at low abundances, which eliminate these condensed matter results as candidates for the magnetic monopole fields in this paper. (As argued later, the lack of previous detection of the magnetic monopole fields of this paper is explained in large part by the small magnitudes of the magnetic monopole fields and their predicted absence in objects with no net external electrical field, e.g. currentcarrying wires.)

The above lack of an electrical field on the far side of the grounded plate explains the lack of a monopole field and thus the lack of magnet rotations in that case. The predicted absence of static electrical fields in conducting objects (for ideal conductors) goes a long way towards explaining the small magnitudes of the measured magnet rotations in Fig. 12. When an ideal conducting sphere is placed in an external electrical field, the mobile charge distribution on the surface of the sphere produces an internal electrical field that exactly offsets the external electrical field of Eq. ( 8), with a resulting zero net electrical field inside the spherical magnet, thus no differential magnet rotations. This predicted null outcome is close to the above test results in Fig. 12 indicating very small (2 percent) residual magnet rotations.

The fact that measured magnet rotations in Fig. 12 are not absent altogether is plausibly explained by the fact that neodymium magnets are not ideal conductors (their resistivity is roughly 10 times that of copper). Although quantitative predictions are outside the scope of this paper, there is good reason to believe that electrical fields inside the magnet will not be completely absent when exposed to the electrical field from the charged sphere because the spherical magnet is comprised of a non-ideal conductor, and thus the associated internal monopole field and resultant magnet rotations will be non-zero as well.

In any event, the pattern of the magnet rotations in Fig. 12 shows a reversal in the direction of magnet rotations at charged sphere azimuths where the sphere's monopole magnetic field in the vicinity of the magnet is parallel to the Earth's magnetic north, providing additional evidence for a monopole field with the charged sphere. If these small magnet rotations were due to the presence of a small electrostatic torque (e.g. due to a less than perfectly spherical shape for the magnet) there would be no reason (other than coincidence) for the existence of the above reversal in rotation direction associated with the position of the charged sphere and magnet with respect to magnetic north. The primary significance of these tests with the magnet, beyond providing some additional evidence for monopole magnetic fields, lies in the strong evidence the tests provide for the dependence of the monopole fields on the local electrical fields, and not from the net presence of charged particles on the sphere functioning as monopole magnets.

This dependence of a monopole magnetic field on the presence of a local electrical field is sufficient by itself to explain the lack of detection of a monopole magnetic field with a commercial magnetometer mentioned earlier.

The magnetoresistance-based sensor in this magnetometer is imbedded in a nickel alloy. The presence of a conducting metal in an external electrical field guarantees that the electrical fields within the conductor will be zero due to the resulting distribution of surface charges on the metal. A zero electrical field in the sensor means that the monopole magnetic field in the sensor will be zero as well, consistent with the near-zero monopole magnetic fields in the spherical magnet.

VIII. ANNUAL SINUSOIDAL VARIATION OF Δ c V EMFs OVER THE EARTH'S SOLAR ORBIT

A monopole magnetic field associated with an electrical field, while quite unexpected, poses no challenge to SR unless its presence somehow conflicts with Lorentz invariance.

An initial series of experiments was conducted during a 24 hour period to test for any time-of-day dependence of c V  . There was no observed time-of-day dependence within the precision of the tests.

However, annual variations were reproducibly obtained in tests of

c V 
conducted over a 3-year period. Fig. 13a-c plot c V  measurements vs calendar date for the south pole coil/sphere configuration over 3 successive one-year periods from October 2014 through October 2017, with least-squares sinusoidal fits for each of the 3 calendar years. Fig. 14 displays the combined data for the 3 year period (data in Fig. 13a-c plotted together) with a single least-squares sinusoidal fit for the 3 years of data combined. Figure 15 compares the sinusoidal fit curves of Fig. 13 and 14 on a single plot.

To maximize measurement precision, each data point in Fig. 13 and 14 is the average of c V  measurements over all 12 azimuths on a given calendar date, where each of the c V  values at a given FIG. 13(a-c). Annual plots of (mV) vs calendar date with least squares sinusoidal fits for the 3 years of experiments.

azimuth is in turn the average of 8 separate measurements done in rapid succession. Each data point then is an average of approximately 96 measurements for a given calendar date. This large number of measurements for an individual data point eliminates any dependence on a particular azimuth, and through averaging, obtains sufficiently high precision to clearly reveal the sinusoidal amplitude variation of The simplest hypothesis, the one explored below, is that the speed of the orbiting Earth with respect to a common inertial frame has a predictive role in determining the sinusoidal variation of the c V  data, where the orbital speed of the Earth, following an approximately circular path at approximately constant speed, will have a very nearly sinusoidal variation in speed with respect to most inertial frames of reference, producing the sinusoidal dependency in Fig. 14.

Significantly, the fractional variation in the sinusoidal c V  curves, measured over a three year period, is 6.2  percent (maxima on August 9 and minima on February 10) as compared with a 8.1  percent variation of the speed of the Earth with respect to the (dipole-free) CMB frame over the annual orbit of the Earth. The similarity in the two fractional variations suggests the existence of a specific astrophysical frame with a speed relative to the sun that is similar in speed relative to the sun to that of the CMB frame (but not identical).

The next section examines this supposition in more detail.

IX. AN ASTROPHYSICAL "REST FRAME" (RF) ANALYSIS OF FRAME-VARYING Δ c V MEASUREMENTS

This section explores the use of an astrophysical (a-c) with the combined three-year sinusoidal fitted (solid black) curve in Fig. 14.

FIG. 14. Combined data of all three year's annual

(mV) data of Fig. 13(a-c) vs calendar date with a least squares sinusoidal fit.

"rest frame" (RF) for predicting the annual sinusoidal variation in c V  in Fig. 14, while satisfying the requirement for agreement with SR for all historical tests. A RF as used here refers to an experimentally identifiable inertial frame as an empirical vehicle for predicting the annual sinusoidal variations of c V  in Fig. 14. Equation (12) generalizes Eq. ( 9) to handle the broader case of speeds PF U that vary with respect to a specific RF:

2 / RF Uc mp B  E ( 12 
)
where o U (a constant in Eq. ( 9) with dimensions of speed) is generalized to RF U as the speed of a charged object with respect to a specific rest frame for which a range of possible values of speed relative to the sun can be determined from the sinusoidal curves in Sec. VIII.

The frame-invariant monopole magnetic field of Eq. ( 9) does not conflict with SR (since mp B holds in an arbitrary inertial frame and is effectively the field of a permanent magnet). However, the frame-varying monopole magnetic field of Eq. ( 12), which was formulated in response to the time-varying experimental results in Fig. 14, presents a conundrum for SR. This is because RF U is defined with respect to a specific RF. The resulting prediction of mp B as measured in an arbitrary inertial frame moving with respect to the RF (e.g. a frame applicable to the apparatus used in the tests) will thus require this RF for its prediction.

Although (from Sec. X) Eq. ( 12) is arguably the simplest relation providing a good empirical explanation of Fig. 13-15, the inclusion of a framedependent RF U relative to a unique astrophysical "rest frame" would not be predicted by the principle of relativity for the special case of a monopole magnetic field (at least in the absence a new phenomenology resulting in such an unique exception without affecting the principle of relativity). It should be noted however that the existence of Eq. ( 12), though it represents a conundrum with the principle of relativity, does not challenge the Lorentz transforms, since the latter are derivable from the speed of light as a (frame-independent) physical constant, consistent with the principle of relativity applied to that specific case.

X. COMPARISON OF VELOCITIES OF THE "REST" AND CMB FRAMES

This Section extends the analysis in Section IX by identifying a range of speeds of the Earth relative to a RF that can be predicted from the 6.2  percent timeof-year variation in the coil c V  emfs and the orbital speed of the Earth in its circular orbit. From Eqs (1-7) and ( 12), we obtain the proportionality

RF c UV   . ( 13 
)
From Eq. ( 12), the speed earth RF U of the Earth with respect to the RF is likewise proportional to mp B , which in turn is proportional to c V  from Eq. ( 13), with the result

earth RF c UV  . ( 14 
)
Because the Earth is following an orbital path around the sun (speed of ~30 km/sec), its velocity varies over the course of a year with respect to any inertial frame with a velocity component in the plane of the ecliptic. The 6.2  percent time-of-year variation in the coil c V  , then, is equal to the annual fractional variation of the speed of the Earth with respect to an experimentally identified RF. Because the velocity of the sun with respect to the RF is not known, the above c V  variation and the orbital speed of the Earth are insufficient to calculate unique RF earth U values. However, as shown below, this information is sufficient to constrain the range of speeds of sun RF U of the sun relative to a RF to between 2 and 464 km/sec. The most convenient coordinate system for analyzing the velocity of the Earth relative to the RF is the orthogonal ecliptic coordinates shown in Fig. 16, where the x-y plane is the ecliptic plane of the Earth's orbit, with the z axis normal to the ecliptic. The sun is at the center of the diagram. The circular trajectory shows the annual path of the Earth with respect to the sun. The arrow 

  2 max 2 2 ( ) ( ) ll RF RF RF earth sun ec earth ec sun z U U U U       (18) 
The corresponding relation for earth mean RF U  in Eq. ( 17) is given by the relation 

2 2 2 2 ( ) ( ) ( ) ( ) ll RF RF RF earth mean sun ec earth ec sun z U U U U       (19) 
where ˆˆ, and x y z are unit vectors. It must be emphasized that Eq. ( 22) is only one possibility (albeit a "best estimate" one) from a range of possible solutions of Eq. ( 20 reflects the lack of information needed to determine its direction (ecliptic north vs south) in the coordinate system of Fig. 16.

In principle, the speed RF sun U could be equal to the 371 km/sec speed of the CMB frame. However, this does not mean the RF could be the CMB frame, because of the 117 degree difference in velocity directions in the ecliptic plane from Fig. 16. This difference in velocity directions weighs heavily against the possibility that the RF and CMB frames could be the same, as there is relatively little scope for adjustment of the RF velocity direction because it is tied to the August 9 maximum emf date from Fig. 14.

Nevertheless, there is likely an underlying physical connection of sorts between the CMB frame and RF, e.g. where both frames locally track, to a good approximation, the ongoing expansion of space both locally and cosmologically in an expanding universe. The similarity in the speeds of the sun relative to the CMB and rest frames is unlikely to be a coincidence given the fundamental difference in how those speeds were obtained [19].

It might be noted that no time-of-day variations in c V  were experimentally detected within the level of precision of the tests. This lack of detection is expected, because the variation in rotation velocity is less than one percent of the variation in orbital velocity, preventing any detection of a time-of-day effect with current experimental precision.

XI. WHY A MAGNETIC MONOPOLE FIELD HAS NOT BEEN PREVIOUSLY DETECTED

The monopole magnetic fields detected in this paper cannot be explained as Dirac magnetic monopole particles or by a new elementary particle of any kind. Rather, these monopole fields accompany the electrical fields of protons, electrons (and arguably other charged particles as well) and depend on the presence of their "host" electrical fields.

The monopole magnetic fields of this paper do not act like Dirac monopoles if only because the monopole fields of this paper can be eliminated by the eliminating the host electrical fields, e.g. by the presence of a closed conducting surface, from Sec. VII. This seeming ubiquity of monopole magnetic fields wherever there are electrical fields raises the natural question of why these fields have not been detected before.

A local monopole magnetic field is proportional to the local net electrical field, explaining the absence of magnetic monopole fields with the zero net electrical fields of current-carrying wires (and all other objects with no net charge). Although all net electrical fields (positive and negative) are expected to have an associated monopole magnetic field, the field magnitudes are small, even for objects with a high net charge, precluding detection in most cases.

Arguably, the most practicable way a monopole field can be detected is in the vicinity of an object with a strong electrical field. Even in this case, the monopole magnetic field is still quite weak compared with the Earth's magnetic field and not easy to detect (e.g. requiring HV charged objects and synchronous motors powering rotating coil magnetometers). From Section VII, a further constraint is that a monopole magnetic field obeying Eq. ( 12) is not detectable by commercial magnetometers (like the one used in this paper) with sensors imbedded in a metal matrix or sensors having a thin metallic coating. The only practicable magnetometer technology identified thus far is a coil magnetometer rotating at high speeds with high RPM precision, as used in this paper. We are not aware of any experiments like the ones of this paper that have been done before.

In summary, the reason that a monopole magnetic field has not been previously detected is that it normally keeps itself well hidden, where the kind of experiments needed to detect such fields require some rather specific requirements, ones unlikely to have been explored before. Even if monopole effects had previously been inadvertently detected in equipment or tests not specifically designed for this purpose, the effects would arguably have been too weak, and/or with a signal to noise ratio too low to be regarded as physically real or significant.

XII. DISCUSSION

The central purpose of this paper has been to present experimental results showing an unpredicted monopole magnetic field associated with a conducting sphere charged to high voltage, along with a reproducible annual sinusoidal amplitude variation of this field that tracks closely with the orbital path of the Earth around the sun. This sinusoidal variation is most simply predicted empirically by the resulting speed of the Earth-based experimental frame on its solar orbit with respect to a unique inertial frame in a volume of space containing the solar system, where that volume is sufficiently limited that the expansion of the space in the volume (in an expanding universe) can be neglected.

Both of these experimental findings, because of their unexpected nature and physical implications, will necessarily require further testing by other investigators. Happily, such tests can be readily performed with commercially available components and a minimum of specially produced components. We found that the greatest experimental challenges lay in the relatively small signal strengths and the need for a concerted minimization of background noise (e.g. shielding of ground cables and other conductors and conducting of the tests in an environment with a minimum of background electromagnetic noise).

Only a fraction of the total range of configurations of a rotating coil and charged sphere have been explored, and more measurement precision is desirable. Although a radial monopole field is dominant in the data, there appear to be additional magnetic components with smaller magnitudes, seen as systematic departures of emfs from the simple monopole fits. Appreciable progress has been made in characterizing these weaker fields, but this testing is incomplete. While these fields are of interest, they do not affect the principle findings of this paper of a predominant monopole magnetic field and its reproducible amplitude variation over the orbital path of the Earth. Results for these weaker fields are planned for a subsequent paper.

The existence of a monopole magnetic field can be viewed as new information ultimately requiring a yet further extension of the Standard Model. However, the time annual variation of this field over the orbit of the Earth raises a new kind of question: is this variation an automatic violation of Lorentz invariance (and thus of the principle of relativity)?

Given a theoretical imperative to propose additional new physics that explains the experimental results in this paper in a way that does not impact Lorentz invariance, such candidate theories will likely be proposed. A second class of candidate theories would take the seeming exception to Lorentz invariance at face value and posit an underlying physics which attempts to explain this. Such candidates would assume the existence of a specific rest frame consistent with Eq. ( 12) in which a dynamic physics occurs, and also consistent both with previous tests of SR and the tests of this paper [20,21].

This second class of candidate theories could include hypotheses for a quantized dynamic structure of interacting (perhaps Planck-sized) "objects" which would collectively form a structure effectively creating 3-space in the universe [22][START_REF] Penrose | The Road to Reality: A Complete Guide to the Laws of the Universe[END_REF][START_REF] Rovelli | Discreteness of Area and Volume in Quantum Gravity[END_REF][25]. Such a structure would locally act as a seat for a local astrophysical "rest frame" (and accompanying time [26]). The associated 3-space geometry would be deformed by nbody mass/energy distributions.

That deformed geometry, describing a gravitational field, would in turn dictate the motions of the mass/energy distributions [27]. This envisaged second class of candidate theories would require a fundamental restructuring in theoretical physics, where Lorentz invariance, like the laws of thermodynamics, would continue to apply as before to an extremely broad swath of observations and measurements, but would ultimately become a contingent result of a more fundamental underlying particle physics (similar to Boltzman's atoms providing the "more fundamental" physics in thermodynamics). Brown [28-30] quotes a newspaper article and a personal letter by Einstein showing that Einstein was acutely aware of the distinction between principlebased theories such as SR and classical thermodynamics, and "constructive" theories such as Boltzman's atomic theory underlying classical thermodynamics, where Einstein expressed a personal preference for the latter class of theories.

The candidate theory ultimately accepted will arguably be the one with the most perceived internal consistency, simplicity and agreement with existing (and future) experiments and astrophysical observations. The second class of candidates positing physical rest frames might seem to have the harder task, since it would require a re-interpretation of both special and general relativity in light of a more complicated, quantum-based interpretation of time and space than the formally simpler principle-based approach of relativity theory. (However, it should be noted that the Standard Model is not something that many would consider particularly simple, and certainly not something that could have been conceptualized in advance without the numerous experimental tests and resulting theoretical elaborations over the last century.) Whatever the future outcomes, if the findings of this paper are confirmed in further tests, the identification of a previously undetected weak magnetic monopole field accompanying arguably all electrical fields, and its empirical variation in magnitude with respect to a specific astrophysical rest frame will be significant new results, and are likely to trigger further theoretical and experimental investigations.

whether the CMB frame would similarly have a non-zero velocity with respect to the RF at the location of the sun. A small but non-zero velocity for the CMB (zero dipole) frame relative to the RF would be needed to explain any lack of perfect agreement of the RF and CMB velocities relative to the sun. Although a zero velocity everywhere in the universe for the CMB frame relative to the RF is the simplest assumption, it need not be a physical requirement with a RF. A treatment of this question is beyond the scope of the paper. A theoretical treatment would require detailed predictions of the motions of matter and energy with respect to their collocated rest frames in the early stage of the expanding universe when photon decoupling occurred.

[20] J. S. [21] Regardless of the class of candidate theories for explaining the experimental results, spacetime is an essential mathematical version of the Lorentz transforms. The caveat is that spacetime in its basic Minkowski form, gives a proper time between events, but uses the principle of relativity in its derivation only for the specific purpose of postulating c as a physical constant. The extension to full Lorentz invariance in SR (which incorporates the principle of relativity in its full generality) by definition rules out the theoretical possibility of a detectable (unique) rest frame. A second class of candidate theories to explain the test results of this paper including a RF is thus limited to using the Minkowski relation only for predicting proper times. The anticipated result is that predictions with an (assumed) detectable rest frame will require a more complex, particle-oriented approach in a dynamic 3-space background geometry (with time regaining some of its previous independence from space) as opposed to the simpler principle-based approach of SR in a 4space manifold. (This background geometry will need to dynamically "map" the expansion of space in an expanding universe, with the result that a given astrophysical rest frame will hold only for a volume of space where expansion effects within this volume can be neglected for a given experimental prediction.)

[22] A discrete, quantized 3-space vacuum, providing a proposed background for a detectable RF, has some affinities with the (nondynamic) spin networks of Penrose [START_REF] Penrose | The Road to Reality: A Complete Guide to the Laws of the Universe[END_REF]. In particular, the quantized (Planckian-scale) space geometry in the loop quantum gravity (LQG) theory of Smolin and Rovelli [START_REF] Rovelli | Discreteness of Area and Volume in Quantum Gravity[END_REF]25] describes a discrete, dynamic, quantized structure of space with better prospects for modeling a 3-space vacuum with a specific RF at rest with respect to the discrete quantized "objects" of this structure. However, LQG theory does not permit a locally detectable RF (e.g consistent with the test results). Thus, the LQG structure cannot be simply borrowed for that use.

Physics B, 442, 593 (1995), (arXiv:grqc/9411005v1, 1994).

[25] C. Rovelli and L. Smolin, Spin Networks and Quantum Gravity, Phys. Rev. D, 52, 5743 (1995) (arXiv:gr-qc/9505006, 1995).

[26] Smolin pushes back against the common view that both time and space are physically subsumed in spacetime to the extent that the perceived flow of time is an illusion. A "preferred global time" is envisaged where a "preferred synchronization depends on the distribution of matter and gravitational radiation throughout the universe". L. Smolin, Time Reborn, pp. 164, 167, (Houghton Mifflin Harcourt, New York, 2013).

[27] R. L. Post, Gravitation in a Deformed 3-Space Coordinate Geometry, Phys. Essays 19, 458 (2006). This paper takes the general approach for the second class of candidate theories with a RF linked to a 3-space geometry, and applies it to gravitation. It explores the use of a 3-vector displacement field (rather than the spacetime curvature of general relativity) in an implicitly "discrete" (e.g. quantized) 3-space vacuum to represent the geometry of space in a gravitational field. This vector displacement field (with associated gradients in the coordinate speed of light, as distinguished from the local invariant speed of light) requires a minimum coordinate travel time extremal in 3-space (rather than the 4-space geodesic of general relativity). Although some updating and revisions are needed in the details of the approach, the measurement predictions of the paper agree with those of general relativity in all of the "classical" tests of general relativity. However, the predictions of this paper do not agree with the gravitomagnetic predictions of general relativity or the results of the Gravity Probe B test. This latter deficiency can be corrected within the above theoretical approach.

[28] Harvey R. Brown, Physical Relativity, p. 71, (Clarendon Press, Oxford, 2007). Brown mentions an article Einstein wrote for the London Times in 1919. Brown states regarding this article: "Here Einstein characterized SR as an example of a 'principle theory', methodologically akin to thermodynamics, as opposed to a 'constructive theory', akin to the kinetic theory of gases."

[29] In Ref. [START_REF]Letter to Arnold Sommerfeld[END_REF], p. 72, Brown provides a translated excerpt (major portion given below) from a letter [32] written by Einstein to Sommerfeld in 1908, where Einstein offers a candid assessment of some advantages and probable limitations of SR as a principle theory: "So, there is the question of whether I consider the relativistic treatment of, e.g., the mechanics of electrons is definitive. No, certainly not. It seems to me too that a physical theory can be satisfactory only when it builds up its structures from elementary foundations. The theory of relativity is not more conclusively and absolutely satisfactory than, for example, classical thermodynamics was before Boltzmann had interpreted entropy as probability.

If the Michelson-Morley experiment had not put us in the worst predicament, no one would have perceived the relativity theory as a (half) salvation."
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 3 FIG. 3. Rotating coil voltage(mV) due to the background Earth's magnetic field vs the azimuth of the coil's axis of rotation.

  that the magnetic field of the sphere is reinforcing the Earth's field at the coil, and negative values indicate the sphere's field is opposing the Earths field. The values of c V  in Fig.

Figure 5

 5 Figure 5 shows that the measured

  the rotating coil in order to compare predictions with experimental results. Equation (2), with its parameters shown in the diagram of Fig. 7, provides a general relation for () emf  , the emf generated over a circular rotating coil of coil radius c R with n turns at an angular position  on the coil and rotational angle  of the coil at a given time during its rotation, with an associated dimensionless unit vector θ tangent to the coil at coil coordinates  velocity at that point on the coil. The dot and cross product combination () c U xB θ gives the component of Lorentz force parallel to the coil. The integral then gives the total instantaneous emf at coil rotation angle .

FIG. 6 .

 6 FIG. 6.(mV) vs sphere voltage. Data at south pole latitude and 60 0 azimuth show a straight line fit to data, consistent with a Lorentz force dependence and a proportionality of the magnetic field of the sphere to the charge on the sphere.

FIG. 5 .

 5 FIG. 5. Coil voltage(mV) vs coil speed (RPM). Data at latitude with a straight line fit show the direct proportionality of coil voltage to coil speed in agreement with a Lorentz force proportionality to the coil velocity.

RU

  experimental data in Fig.4. The electrical field E of the charged sphere (units of V/m) is related to the sphere voltage s is the sphere radius, R is the radial distance of a given location from the center of the sphere, and R is a radial unit vector pointing outward from the sphere center for a positively charged sphere. The c V  measurements in Fig. 4 are fitted with prediction curves for c V  in Fig. 8. Calculations of these curves are made from Eqs. (1) -(8) for a magnetic monopole field mp B of the charged sphere given is a scalar with the dimension of speed and E is the electrical field of the sphere. The above least squares fit over all curves taken together yield a fitted value of 212 /sec o U km 

  Eq.[START_REF] Robert | A Proposed New Relativistic Experiment[END_REF] in Eqs. (1) -[START_REF] Babson | Hidden Momentum, Field Momentum, and Electromagnetic Impulse[END_REF], while not close for portions of the equator and 30  N latitudes, is reasonably good overall for the entire suite of curves. Note that both the experimental data and prediction curves in Fig.8show that the north and south pole curves are "mirror images" of each other, with opposite signs for c V  . This means the mp B vectors are pointing in opposite directions for the north and south pole sphere/coil configurations, as required with a monopole field. The equator latitude data in Fig. 8 also provides good qualitative evidence for a monopole field: a sinusoidal azimuthal dependence of c V  reflects the reversal in direction of mp B for a radial monopole field for any two azimuths with an azimuthal separation of  .
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 10 Figure 10 provides an alternate way of showing the sign reversal effect of mp B on

FIG. 10 .

 10 FIG. 10. This longitudinal slice of the data

.FIG. 12 .

 12 FIG.12. Deflection direction of a powerful spherical neodymium magnetic compass (shown at the figure center aligned with Earth's magnetic north). The aluminum sphere (charged to 27 kV) is successively placed on azimuth lines at 30 degree intervals, 27 mm from the magnet. At each azimuth, the arrow indicates the direction the neodymium magnet rotated from the Earth's magnetic north after the sphere was energized as well as the distance in mm of the deflection of the laser line on the white board associated with those rotations.

  mV (i.e. noise level) compared with 0.412 mV c V 

  of data for sphere/coil latitudes of 60 S,  30 S  and equator show similar sinusoidal dependences but with lower precision due to lower c V  magnitudes (i.e., lower signal to noise ratio) and greater azimuthal variation in c V  . (Comparison of c V  plots for a single azimuth shows the above annual sinusoidal dependence holds for individual azimuths as well.) Notably, the c V  data for the 3 years (2014-2017) in Figs. 13a-c show a clear sinusoidal dependence for c V  vs calendar date, with 2 R values in the range of 0.904 to 0.948. In addition, Fig. 13 shows considerable consistency in the sinusoidal curves for the 3 years and with the combined curve of Fig. 14. This consistency is particularly notable in each of the year's calendar dates for the peak c V  values from the Fig. 15 curve comparisons of August 7 (years 1 and 3) and August 9 (year 2) with a peak at August 9 for the combined data in Fig. 14 (with minimums of 8 February for years 1 and 3 and 10 February for year 2). These consistent results indicate that the annual behavior of c V  is the result of an underlying phenomenology and not a chance occurrence.

FIG. 15 .

 15 FIG. 15.Comparison of the three sinusoidal fitted curves of vs calendar date in Figs.13(a-c) with the combined three-year sinusoidal fitted (solid black) curve in Fig.14.

  CMB sun ecl U  in Fig. 16 depicts the velocity component of the sun with respect to the CMB frame in the ecliptic plane. The analysis below is made with velocity component magnitudes. The calendar date August 9 (where c V  in the least squares sinusoidal fit in Fig. 14 has its maximum value) is when the velocity component plane is parallel to (and in the same direction as) the velocity component of the sun with respect to the RF in the ecliptic plane. On this date, the Earth has a maximum speed component RF earth ecl U  relative to the RF in the ecliptic and a resulting maximum total speed max RF earth U  in the RF.

  of the velocity of the sun relative to the RF with magnitude : x and y axis components of the velocity magnitude RF sun ecl U  of the sun relative to the RF in the plane of the ecliptic: Fig.14) to the ratio max / RF earth earth mean RF UU of the corresponding maximum and mean (average) speeds of the Earth-based test frames with respect to the proposed RF. From the proportionality of Eq. (14), ), taken from the definitions and layout shown in Fig.16, provides a key constraint on max RF U on the August 9 calendar date in the Earth's orbit where the orbital velocity component for the orbiting Earth in the ecliptic plane (magnitude relative to the sun of 29.78 /sec) earth ecl U km   is parallel to the velocity component of the sun in the ecliptic plane (magnitude ) l RF sun ec U  with respect to the RF:

  FIG. 16. Depiction of Earth and sun in the ecliptic plane showing the directions CMB l sun ec U  and RF sun ecl U  of the velocity components in the ecliptic plane of the sun with respect to the CMB frame and the local preferred frame respectively. The Sun is at the center of the diagram, with the ecliptic plane of the Earth orbit following a circular path in a counterclockwise direction. The velocity component of the Earth, with respect to the RF in the ecliptic plane l RF earth ec U  , is maximum on August 9 (and parallel to CMB sun ecl U  ).
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  insufficiently constrained to yield single-value predictions for the velocity components (and resulting speed of the sun) with respect to the RF. However, the equation suffices to place bounds on the range of possible values of .  in Eq. (20), i.e. all velocity components relative to the RF are in the ecliptic plane. in the orbital velocity of the Earth relative to the much larger ecliptic plane velocity of the sun results in the 6.2  percent variation in Fig.14. from a small 2 km/sec velocity of the sun being successively parallel and normal to the much larger orbital velocity of the Earth, resulting in the same 6.2  percent variation as above.Recall that the least-squares fit in Fig.derivedvalue can be interpreted as RF sun U , which is also the average speed of the orbiting Earth with respect to the RF. the middle of the range in Eq. (21). The 371 km/sec speed of the sun with respect to the frame of the CMB radiation field (with no Doppler-associated dipole term) also falls within the above range Equation (20) yields exact solutions for the normal velocity component of the sun ( RFz sun U ) if a (candidate) total speed of the sun RF sun U in the RF is specified in Eq.(20), using Eq. (16) to relate the normal and ecliptic velocity components. For example, substituting the additional data in Fig.8) into Eq. (20) yields 188 / sec RFz sun U km  . The August 9 calendardate where the Earth's ecliptic velocity is parallel to the ecliptic velocity of the sun (and the total speed of the Earth in the RF is a maximum from Fig.14) specifies the ecliptic velocity components as ˆ65

  

  Bell, Speakable and Unspeakable in Quantum Mechanics, "How to Teach Special Relativity", p. 77, (Cambridge University Press, University of Cambridge, Cambridge, 1994). In relating Lorentz's unique rest frame for a dynamic physics to SR, Bell stated that: "The facts of physics do not oblige us to accept one philosophy rather the other [i.e. Lorentz vs SR]. And we need not accept Lorentz's philosophy to accept a Lorentzian pedagogy. Its special merit is to drive home the lesson that the laws of physics in any one [Bell's emphasis] reference frame account for all physical phenomena [our emphasis] including the observations of moving observers." Although Lorentz's conception of a unique rest frame departs in fundamental ways from the class of RF candidate theories outlined in the paper, Bell's observations are relevant: local measurements in any inertial "rest frame", even including Lorentz's rest frame, predict corresponding measurements in all other inertial frames in relative motion.

c V  is typically not precisely equal to the coil voltage that would be measured with the monopole field of the charged sphere in the absence of the Earth's magnetic field, requiring the use of the prediction equations in Sec. V.
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for the sun normal to the ecliptic in the RF is 231 /sec km  z . At greater velocity magnitudes, numerical solutions of Eq. (20) are complex.

[19] A plausible explanation for the similarity in the speeds of the CMB and RF frames relative to the sun begins with the hypothesis that the RF will "ride" with the expansion of a quantized space at any given location in an expanding universe. Any individual body such as the sun will then typically have a non-zero velocity with respect to the RF. This raises the question of