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This paper presents updated results for an experimental test of Special Relativity first reported in HAL (hal-02422170, version1). A series of multi-year tests were performed using a rotating coil magnetometer adjacent to an aluminum sphere charged to 27 kV. Using the magnetometer, a background (Earth) magnetic field was measured while the sphere was uncharged, and again after charging the sphere. Small but reproducible emf voltage differences in the rotating coil were observed following each charging of the sphere. These emf differences (including their variation with sphere-coil orientations, coil rotation speeds, etc.) are consistent with a small monopole magnetic field associated with the net charge on the sphere, and do not support alternative explanations from standard magnetic fields (e.g., detectable emfs from induced charges on the rotating coil). In the previous HAL report on this subject, the magnitude of this magnetic field was also found to have a reproducible sinusoidal time-of-year dependence. Follow-on tests in 2020 and 2021 investigated whether seasonal variations in atmospheric water content contributed to the above time-of-year dependence by using calibrations of magnetometer coil emfs vs dew point (DP). Test results indicate that seasonal variations in DP account for roughly 56 to 68 percent of the annual variation in coil emfs. The remaining (non-DP) contribution, as entertained in the initial HAL report, has a possible explanation tied to the annual solar orbit of the earth and the possible existence of an astrophysical rest frame. This explanation, while intriguing, is not compelling at present, given the current inability to rule out the existence of additional (albeit unknown) Earth-based contributions based on known physics. There is at this time, therefore, no preferred explanation for the portion of annual emf variations not attributable to DP variations. Notably, annual coil emf variations have no effect on the case for a magnetic monopole field. The case for the existence of this previously unrecognized field associated with standard charged particles (i.e., electrons and protons) continues to be compelling.

I. INTRODUCTION

The experimental program in this paper was originally 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] 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. This update from the original HAL paper [6] includes information gained from additional testing done in 2020 and 2021.

This paper focuses on a description of experimental results with an emphasis on the strong case for the existence of a previously unknown monopole magnetic (MM) field. This new field appears to accompany all standard charged particles (electron and proton) and has a net zero value for electrically neutral objects, including conductors with electrical currents. 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 such a field could have been so effectively "hidden."

Current updated test results do not support a violation of Lorentz invariance. However, the additional test results continue to present a possible case, albeit not a compelling one at present, for such a violation. 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 highprecision synchronous servomotor, acts as a magnetometer for accurately measuring emfs induced in the coil by any magnetic field present.

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 data shows a consistent residual emf present after the background emf is subtracted. The charged motionless sphere has no predicted classical magnetic field to induce an 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 nonzero magnetic field. In the simplest view, an observer in this external frame would detect an emf in the rotating coil from its rotation in 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 change 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] Kostelecky | Data Tables for Lorentz CPT Violation[END_REF] with outcomes consistent with SR. The experiment in this paper (an experimentally feasible version of a previously proposed test of SR [START_REF] Robert | A Proposed New Relativistic Experiment[END_REF]) was originally undertaken to test the relativistic expectation that a rotating coil magnetometer would detect no magnetic field associated with a charged sphere. However, the above tests produced reproducible emf voltage 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 they remained stable during the period the sphere was charged. The emf increments immediately disappeared when the sphere was discharged, reverting to 'background' emf, i.e., from the Earth's field.

The charge-related coil emf provides evidence for the presence of a small magnetic field associated with the charged sphere at strengths several orders of magnitude too large to be attributable to the presence of induced charges on the rotating coil. 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/sphere orientations allowed the components of this magnetic field to be determined. Test runs investigating the effect of distance, rotational speeds, rotational directions, sphere voltages, voltage polarity, and sphere/coil FIG. 1. Experimental apparatus. A synchronous motor rotates a coil, which results in 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 Hewlett Packard voltmeter. orientations, etc. showed a clear, consistent Lorentzforce 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.

Subsequent to the initial HAL report, the possibility was raised that the coil emfs might be due to standard magnetic fields resulting from induced charges on the rotating coil in the electrical field of the charged sphere. This potential cause is analyzed in Appendix A of the current report and found to be a negligible contributor to the coil emfs.

An additional major finding, indicated by numerous experimental results, was that the magnetic field of the charged sphere has a dominant radial 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 net charge on the sphere, has never been detected in the past.

The magnetic field was also investigated by an independent methodology using a neodymium spherical magnet acting as a compass, which was hung by a monofilament thread near the aluminum sphere. The neodymium magnet had small rotations following application of the charge to the sphere, in directions that appear consistent with a monopole magnetic field being 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 magnetic field following a charging of the sphere. An analysis in Sec. VII shows this null test result to be compatible with the positive results using the rotating coil magnetometer and the neodymium "compass" tests.

An additional 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. As presented in the initial HAL report, 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. Further experiments in 2020-21 provide an explanation for much of the above annual variation, but the residual variation still requires explanation.

Tests conducted in 2020 and early 2021 indicate that seasonal variations in atmospheric water content (measured by dew point) account for the majority of the time-of-year sinusoidal variation in coil emfs. Calibrations (Appendix B) of coil emfs vs dew point over constrained ranges of calendar dates show a clear linear relation. When the annual variation of coil emfs vs calendar date is corrected for dew point (DP) variations using the above calibrations, the seasonal DP variations account for roughly 56 to 68 percent of the annual sinusoidal variation in coil emfs, leaving the remaining 32 to 44 percent without explanation. No other earth-based seasonally dependent mechanism for the annual variation of emfs has been found. Even for the case of seasonal dew point variations, the physical mechanism(s) by which dew point variations affect coil emfs is still unclear.

Currently, the only identified candidate for a predictably-varying seasonal effect other than DP is the annually-varying orbital speed of the earth relative to a specific astrophysical rest frame. This analysis, updated from the initial HAL report, is given in Appendix C. However, the difficulty in ruling out the existence of other Earth-based explanations for the residual annual variation, along with a need for improved measurement precision, contributes to a lack of conclusive evidence for a rest frame contribution.

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 Earth-grounded, including shafting, mounting screws, and brush rigging. The rotating coil is a nylon core with a diameter of 14.6cm. The copper coil wire is AWG (American wire gage)-32. Its measured diameter is 0.202 mm, its resistance is 0.5268 ohms/m, and its length is 968 meters (2110 turns of wire) for a total resistance of 509.9 ohms.

The induced alternating current signal from coil rotation in a magnetic field is extracted from the coil by two pairs of parallel-connected carbon brushes riding on a single pair of copper slip rings.

Coil rotation is powered by a high-precision Kollmorgan VLM series servomotor 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 using the "best method" recommend in Hewlett Packard Application Note 123, Floating Measurements and Guarding, with one side of the twisted-pair transmission wire connected to the HP guard terminal.

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

The aluminum sphere, 20.35 cm in diameter, 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 3/16" 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. (In all tests, the rotational axis of the coil is in the horizontal plane.) Data are taken for each of 12 azimuths at 30-degree intervals clockwise from Earth north and at each of the standard sphere latitudes (Fig. 2) from its equator to its south pole. The data then is displayed in "sphere coordinates" with the sphere azimuth measured from sphere center toward the earth's true north and sphere latitude measured as shown in Fig.

2.

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 to permanent marks on the floor at each of the 12 azimuths used for data taking. Rotating the cart has the effect of keeping the sphere essentially in a stationary position and, rotating the coil around it, allowing measurements of the emf from the sphere's magnetic field at each "sphere azimuth."

The majority of experiments were conducted with the coil, as seen from the motor, rotating in a counterclockwise direction, with the coil positioned to the left (or directly above or below) the sphere as shown in Fig. 2.

III. EXPERIMENTAL METHOD

Before each run, the sphere is positioned in one of the seven standard sphere latitude positions relative to the coil, as depicted in Fig. 2, using a dedicated jig for each position.

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 earth 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, and the process repeated until a set of eight readings are taken and averaged at each azimuth.

After each azimuthal measurement set, 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. After 12 azimuths are complete, the sphere is repositioned (using a dedicated jig) to the next 'sphere 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 yields the incremental RMS voltage difference c V  in the rotating coil due to the magnetic field (if any) of the charged sphere [12], where

c ct ce V V V    . ( 1 
)
Figure 3 shows the variation in RMS emf values produced by the local background magnetic field of FIG. 2. Experimental coil/sphere orientations for 7 standard "sphere latitudes". The sphere's "north pole" is the point where a line from the sphere's center to the coil's center points vertically upwards. The coil in this position takes data at the sphere's north pole. The coil is repositioned to take readings at each sphere latitude point. The sphere is suspended from its north pole for the "equator" through the "south pole" data measurements, and mounted on a post for the north-pole through measurements.

the Earth vs the coil's rotation axis azimuth (with the sphere uncharged) with ce V values ranging between 190 mV and 210 mV (rotation axis in the horizontal plane).

A Mathematica program was written to predict the voltmeter readings, ce V , from the rotating coil in the magnetic field of the Earth, using as inputs the coil dimensions, instantFiganeous 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 calculated by the 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 "sphere 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 sphere-coil 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, any departure from the original calibration of the digital voltmeter will not significantly affect 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 RMS emf sphere measurements (e.g., producing the same fractional change in voltage readings) which are subtracted from each other to obtain

c V  .
Measurement precision is limited by the presence of small variations in the earth's background magnetic field over time periods of a few seconds to several tens of seconds -effectively "noise".

FIG. 4. Coil voltage

( measurements vs sphere azimuth for 7 sphere "latitudes". ( 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. During periods when this (quasi-sinusoidal) time variation is large enough to compromise measurement accuracy, emf measurements are made when a maximum or minimum background magnetic field is occurring, i.e., where the rate of change is minimal. The resulting minimized rate of change of background magnetic field minimizes unwanted changes in the background magnetic field during the brief interval between recording coil emf for "sphere off" and "sphere on," improving measurement accuracies. V  test values for each of the 7 "sphere latitudes" shown in Fig. 2 as a function of the "sphere azimuth" of the point on the sphere lying on the line from the sphere center to the coil center. Azimuth is measured in degrees clockwise from Earth north (where the sphere center to coil center line 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.

IV. EVIDENCE FOR A MAGNETIC MONOPOLE (MM) FIELD WITH A STATIONARY CHARGED SPHERE

As discussed below, the simplest explanation for the non-zero c V  values in Fig. 4 is that the sphere when charged has a small associated magnetic field. The Lorentz forces on the electrons in a coil element rotating at velocity U in a magnetic field B are proportional to UxB , hence the resulting emfs are directly proportional to the rotational speed of the coil, as shown in the test shown Fig. 5. This is probably the strongest single argument for a magnetic field associated with the charged sphere, since a UxB emf dependence (or more simply, a proportionality of coil emf to the rotational speed of the coil in a magnetic field) is a signature criterion for the presence of a magnetic field. If the emfs were caused by an electrical field with no associated magnetic field, there would be no such dependence as argued below. (Appendix A analyzes standard magnetic fields from induced charges on the rotating coil and finds their contribution to coil emfs to be negligible.)

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

FIG. 5. Coil voltage

(μV) 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.

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 and no dependence on coil rotation speeds. This expectation matches observations. A test was conducted to see if current in the sphere charging wire caused by charge leakage on the sphere could be the cause of the signal. It was not. Additional tests for the existence of a MM field are given in Sec. VI, using the general prediction equations in Sec. V. 

V. PREDICTION EQUATIONS FOR

  () c emf nR d    c U x B θ    (2)
where at a given point ( , )  P on the rotating coil, ( , )

  BB
is the given magnetic field, and

( , )   cc UU
is the rotational velocity at that point on the coil. The dot and cross-product combination is the Earth's magnetic field, Eq. ( 2) becomes

  () ce c emf nR d    ce U x B θ    (3) where ( , )   ee BB
is the Earth's magnetic field at a given position Ø,α on the rotating coil. For the case of a charged sphere,

 MM e t B B B (4) 
where MM B is the magnetic field of the sphere at P and t B is the resulting total sphere-plus-Earth magnetic field. Eq. ( 2) becomes

  () c ct emf nR d    ct U x B θ    (5) FIG. 7.
Sphere and rotating coil orientation notation used in prediction Eqs. [START_REF] Haugan | Modern Tests of 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](6)[START_REF] Shockley | Try Simplest Cases Discovery of "Hidden Momentum" Forces on "Magnetic Currents[END_REF]. A southpole 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 a 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.

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 MAGNETIC MONOPOLE (MM) FIELD FOR A CHARGED SPHERE

Figure 5 in Sec. IV provides perhaps the most compelling line of evidence for a previously undetected magnetic field associated with charged particles. This section extends this line of evidence to show that this magnetic field must be a monopole one.

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 with an associated MM field, allowing comparison with experimental measurements. The next step is to develop a relation for a magnetic monopole field 

ˆ/ ss V R R R E= (8)
where s R 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. . Eq. ( 9) is the simplest relation providing a good overall fit to the c V  data in Fig. 4, with the greatest available formal similarity to the classical equation, Eq. ( 10)

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 given frame. It must be emphasized, however, that there is no underlying rationale for Eq. ( 9) other than its satisfactory empirical agreement with the test data in Fig. 8, and close similarity to classical Eq. [START_REF] Saldanha | Comment on "Trouble with the Lorentz Law of Force: Incompatibility with Special Relativity and Momentum Conservation[END_REF]. MM 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  MM R B . ( 11 
)
Figure 8 provides a strong case for the magnetic monopole field of Eq. ( 9). The overall fit with the experimental data of c V  with predictions in Fig. 4, calculated using Eq. ( 11) in Eqs. ( 1) -( 8), while not (μV) experimental data vs coil azimuth for 7 sphere "latitudes" compared with prediction curves in Fig. 4 from Eq. (1-8) using the magnetic monopole functionality of Eq. ( 9). Prediction curves are solid lines; experimental data is shown as symbols.

close for portions of the equator and 30  N latitudes, is a reasonably good fit overall for the entire suite of curves. Note that both the experimental data and prediction curves in Fig. 8 show that the north-pole and south-pole curves are nearly "mirror images" of each other, with opposite signs for c V  . This means the MM B vectors are pointing in opposite directions for the north-pole and south-pole sphere/coil configurations, as required with a monopole field. The equator latitude data in Fig. 8 Departures between prediction curves and test data curves in Fig. 8 (particularly in the equator and 30  N sphere latitudes) are possibly due to small MM fields associated with induced charge concentrations on non-conductors in the apparatus in the electrical field of the charged sphere. (Tests at the sphere's equator and 30 0 S latitudes required the sphere to be close to oak structural components of the apparatus.) Tests using different proximities of wood placed adjacent to the sphere and coil show c V  values that can vary, depending on proximity to apparatus structures by as much as 55 V  .

As analyzed in Appendix A, standard magnetic fields cannot explain the emfs in the rotating coil adjacent a charged sphere. This results in part because the rotational velocities of induced surface charges on the coil at any two given locations result in opposing directions of Lorentz forces parallel to the coil that cancel each other out. In addition, other Lorentz-force components from associated surface currents of the induced charges on the rotating coil cause Lorentz forces which are normal to the coil, resulting in no measurable contributions to coil emfs. Additionally, from Eqs. ( 9) and ( 10) the Lorentz forces from standard magnetic fields of induced coil charges are more than four orders of magnitude smaller than the corresponding Lorentz forces from MM fields associated with those charges. Secondary production of eddy currents in the sphere from time-varying magnetic fields of the coil produce emf contributions too small to be measured.

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). 8. In Fig. 10, we chose an azimuthal "cross section" of the data shown in Fig. 8 cutting the sphere in half at azimuth 150/330. The Earth's magnetic field vector e B (lying approximately on the cross section in Fig. 10) plunges at about a 60-degree angle. The latitude-related symmetry in Fig. 10 is an interesting feature not as clearly seen in Fig. 8. It shows the effect of the Earth and monopole magnetic fields combining when the Earth and MM vector fields reinforce each other and opposing when their vector sums subtract from each other.

Equation [START_REF] Robert | A Proposed New Relativistic Experiment[END_REF] predicts a magnetic field with a 2

R

 dependence for MM B on a given radial. A test of this predicted dependence is provided in Fig. 11,

FIG. 9.
Coil voltage (μV) 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. (The negative sphere charge was made with different HV source that had a slightly lower voltage. 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.

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 MM 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 was a 31-mm-diameter neodymium sphere with a maximum 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 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 mirror position nearly touching the monofilament minimized the impacts by minimizing 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 is marked on a whiteboard at about a 3-meter distance. 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 spherical 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 energized sphere's predicted monopole field at the neodymium magnet center is To investigate the cause of the above small magnet deflections compared with the predicted results of the monopole field, a grounded 0.36 mm aluminum plate was placed between the charged sphere and the neodymium magnet. The grounded plate has an induced surface charge distribution which cancels out the electrical field of the plate on the side opposite from the sphere. The resulting absence of any measurable magnet rotations with the intervening grounded plate in place is consistent with the MM and electrical fields having similar monopole dependences on the charged particle distributions.

A more sensitive test placed a grounded aluminum plate between the charged sphere and rotating coil (no neodymium magnet present) yielding average c V  readings of -2 μV (i.e., noise level) compared with c V  =412μV without the 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, i.e., on azimuthal radii connecting the centers of the sphere and 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. grounded plate. The simplest explanation for this MM field/electrical field proportionality is that charged particles, e.g., electrons and protons, have a magnetic monopole field in addition to their monopole electrical field. Specifically, the electrostatic field of a grounded conducting plate in an external electrical field (e.g. of a charged sphere) is zero in the volume on the side of the grounded plate facing away from the charged sphere. Similarly, a MM field (hence resulting emfs in a rotating coil) will be zero in the volume on the side of the grounded plate facing away from the charged sphere, provided the MM field varies in a similar way as the electrical field for a given distribution of electrical charges.

The essentially zero emfs in a coil shielded by a grounded aluminum plate is most simply explained by standard charged particles (electrons and protons) having MM fields as well as electrical fields, where the polarity/direction of the MM fields then tracks with the sign of the electrical fields of the charged particles as a contingent result.

Although experimentally-produced quasiparticles [START_REF] Castelnovo | Magnetic Monopoles in Spin Ice[END_REF] and experiments with a Bose-Einstein condensate [START_REF] Ray | Observation of Dirac Monopoles in a Synthetic Magnetic Field[END_REF] do result in some MM-like behavior, they require highly controlled special conditions and are present in low abundances, which eliminate these condensed matter results as candidates for the magnetic monopole fields in this paper. In Sec. IX, 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 electrical field, e.g., current-carrying wires. As also argued in Sec. IX, superconducting quantum interference device (SQUID) tests [START_REF] Acharya | Magnetic Monopole Search with the Full MoEDAL Trapping Detector in 13 TeV pp Collisions Interpreted in Photon-Fusion and Drell-Yan Production[END_REF][START_REF] Patrizii | Status of Searches for Magnetic Monopoles[END_REF][START_REF] Kovalik | New Superconducting Quantum Interference Device-Based Constraints on the Abundance of Magnetic Monopoles Trapped in Matter: An Investigation of Deeply Buried Rocks[END_REF][START_REF] Dusad | Magnetic Monopole Noise[END_REF] used to test for Dirac magnetic monopoles [START_REF] Dirac | The Quantum Theory of the Electron[END_REF] would not be able to detect MM fields of individual charged particles as inferred from the tests of this report.

The predicted absence of static electrical fields in conducting objects (for ideal conductors) goes a long way towards explaining the small magnitudes of the 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 sphere (in our case the spherical magnet), thus no internal MM field and no resulting magnet rotations. This result is consistent with the existence of MM fields from charged particles acting as monopole magnets, where the distribution of charged particles around a conducting sphere will result in both net zero electric and MM fields in the sphere. This predicted null outcome is close to the 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 4 10 times that of copper). Although quantitative predictions are outside the scope of this paper, there is good reason to think that net electrical fields inside the magnet would 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 MM field and resultant magnet rotations will be non-zero as well, if only slightly.

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 MM field in the vicinity of the magnet is parallel to the Earth's magnetic north, providing some additional secondary 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.

FIG. 13(a-c). Annual plots of (μV) vs calendar date with least squares sinusoidal fits for the 3 years of experiments. This proportionality of a MM field with a local electrical field is sufficient by itself to explain the lack of detection of a MM with a commercial magnetometer mentioned earlier. The magnetoresistance based sensor in the magnetometer is imbedded in a nickel alloy, resulting in a zero electrical field in the sensor, with the result that MM fields in the sensor will also be zero as well.

VIII. ANNUAL SINUSOIDAL VARIATION OF Δ c V EMFs

A monopole magnetic field associated with an electrical field, while 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. 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.

However, annual variations were reproducibly obtained in tests of

To maximize measurement precision, each data point in Fig. 13  from the 3- year sinusoidal fit in Fig. 14, and has no compelling explanation at present. Appendix C updates the 2020 HAL report [6] on the possibility of a rest frame explanation for seasonal variation (now associated with the above smaller non-DP related annual variation in emfs).

IX. WHY A MM FIELD HAS NOT BEEN PREVIOUSLY DETECTED

The magnetic monopole fields detected in this paper cannot be explained by Dirac magnetic monopoles or by undiscovered elementary particles. Rather, these MM fields, along with electrical fields, accompany protons and electrons (and perhaps all other elementary charged particles as well).

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 MM field is the sum of the fields of all charged particles, thus proportional to the local net (monopole) electrical field, explaining the absence of MM fields with the zero net electrical fields of current-carrying wires (and all other sources with no net charge). Although all electrical fields (positive and negative) will have MM fields, the field magnitudes are small, even for objects with high net charges, precluding detection in most cases.

Arguably, the most practicable way a monopole magnetic field can be detected is in the vicinity of an object with a strong electrical field. Even in this case, from the test results, the MM field is still quite weak compared with the Earth's magnetic field and not easy to detect, (e.g., requiring highly charged objects and precision rotating coil magnetometers).

From Section VII, a further constraint is that a monopole magnetic field is not detectable by commercial magnetometers (like the one used in this paper) which have sensors imbedded in a metal matrix or with a thin metallic coating. The only practicable magnetometer technology identified thus far is a coil magnetometer rotating at high speeds FIG. 15. Comparison of the three annual sinusoidal fitted curves of (μV) vs calendar date in Figs. 13 (a-c) with the three-year combined data sinusoidal fitted (solid red) curve in Fig. 14. with high RPM precision, as used in this paper. Rotating coil magnetometers are currently used only in specialty applications, the principal one being in precision measurement of superconducting magnetic fields in particle accelerators [START_REF] Dimarco | Calibration Technique for Rotating PCB Coil Magnetic Field Sensors[END_REF][START_REF] Walckiers | Magnetic Measurement with Coils and Wires[END_REF]. We are not aware of any experiments like the ones of this paper with rotating coil magnetometers in a HV electrical field.

A final consideration is whether the magnetic monopoles of the tests in this report could be detected by superconducting quantum interference device (SQUID) tests for individual Dirac monopoles (i.e., with a Dirac monopole charge of 72 4x10 G cm  [START_REF] Kovalik | New Superconducting Quantum Interference Device-Based Constraints on the Abundance of Magnetic Monopoles Trapped in Matter: An Investigation of Deeply Buried Rocks[END_REF]). Equation [START_REF] Robert | A Proposed New Relativistic Experiment[END_REF] for the MM field of the charged sphere and the relation 4x10 Gcm  for an individual charged particle on the charged sphere, which is 5 orders of magnitude smaller than for a Dirac magnetic monopole. Accordingly, SQUID tests would presumably be unable to detect the MM fields of this report associated with standard charged particles.

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 likely have been too weak, and/or with a signal to noise ratio too low to be regarded as physically real or significant.

X. MAGNETIC MONOPOLE FIELDS AND MAGNETIC MONOPOLE PARTICLES

As presented above, the pattern of emfs measured by the coil around the sphere at different sphere latitudes and azimuths (e.g., Fig. 8 and Fig. 10) can be explained only by a MM field associated with the charged sphere. This strong case for a monopole magnetic field is further supported by the finding in Appendix A that standard magnetic fields in the rotating coil (from induced coil charges in the electrical field of the charged sphere) are insufficient to produce detectable coil emfs by at least several orders of magnitude.

A key inference from the above tests is the existence of standard charged particles (positive and negative) as the sources of the MM fields. Since MM fields are proportional to the sphere voltage from Fig. 6, the MM fields would also be proportional to the electrical fields, whether positive or negative, in the immediate vicinity of individual charged particles with due allowance for quantum restrictions on the localizability of charged particles, pointing to individual charged particles as the ultimate sources of MM fields. (Although no companion series of test runs to Fig. 6 was done with a negatively charged sphere, the test runs with a negatively charged sphere (Fig 9 ) showed that the c V  voltage was negative, i.e., consistent with the expected sign change of coil emfs with the voltage of the charged sphere.

XI. DISCUSSION

The central conclusion of this report is the existence of a previously unknown MM field possessed by standard charged particles (i.e., electrons and protons) in addition to their classical electrical fields.

The case in this report for a MM field has several aspects: 1) the emfs in the rotating coil associated with a charged sphere (Figs. 4-6 and 8-11) strongly indicate an origin in Lorentz forces due to the rotation of the coil in a MM field associated with the charged sphere; 2) standard magnetic fields from induced charges on the grounded rotating coil will produce negligible coil emfs (Appendix A); and 3) a monopole dependence is required for the magnetic field of the charged sphere in order to explain the test results, e.g., in Fig. 8-12. The case for a MM field accompanying all charged particles then rests on it being the only available explanation for the test data in Sec. IV-VII.

As noted in Sec. X, a MM field obeying Eq. ( 9) is compatible with SR because o U while having a dimension of speed, acts in this relation as a physical constant, where the charged particles (with their combined MM fields) effectively function as permanent monopole magnets. In Appendix B however, the MM fields from the tests show an annual (currently unexplained) sinusoidal variation in amplitude (in the range of 32-44 percent) of the total annual variation in , also as seen in subsequent tests since 2020 in Appendix B. The majority (56-68 percent fraction) is empirically tied to the seasonal variation in dew points. While there is currently no clear physical explanation for this empirical DP vs coil emf relation, it is assumed that a physically predictive one is available from known physics (albeit outside the scope of this report).

Although the source of the non-dew point related seasonal variation (Appendix B) is currently unknown (i.e., with no "preferred" explanation) a possible source of this variation (Appendix C) is the orbital path of the Earth around the sun causing o U in Eq. ( 11) to vary sinusoidally with the speed of the orbiting Earth with respect to a locally unique astrophysical rest frame. The sinusoidal variation of the remaining "non-DP" component empirically tracks with the speed of the Earth in its solar orbit with respect to such a frame (where it should be emphasized that an empirical relation like this does not mean physical causation).

If subsequently confirmed, such a rest frame would arguably be moving with the "local big bang" expansion of the universe, e.g., where maximum effective volumes for a given local rest frame would be constrained by its movement with respect to rest frames at distance also locally tracking with the expansion and thus moving with respect to the rest frame in the vicinity of the Earth.

At the present time however, such an astrophysical explanation cannot be regarded as compelling, because along with the dominant dew point contribution to the annual c V  , the possibility of additional Earth-based contributors explainable from existing physics cannot be ruled out, even though any such contributors are not apparent at present (Appendix B). A rest frame is the only currently identified candidate for explaining the remaining annual variation; because of that, a rest frame [START_REF] Bell | Speakable and Unspeakable in Quantum Mechanics[END_REF] remains as an intriguing possibility along with a yet to be discovered conventional explanation of some kind.

A confirmed existence in the future of a monopole magnetic field accompanying charged particles would require a yet further extension of the Standard Model. Notably, the Standard Model in its historical development has been a continued work in progress, certainly not something that could have been conceptualized in advance without the continued testing and theoretical developments of the last century. At the least, a confirmation of a magnetic monopole field by future testing would trigger further theoretical and experimental investigations. ______________________________________ 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."

[25] In Ref. [START_REF] Dusad | Magnetic Monopole Noise[END_REF], p. 72, Brown provides a translated excerpt (major portion given below) from a letter [START_REF] Harvey | Physical Relativity[END_REF] 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." A. 1

APPENDICES A. EMFs ASSOCIATED WITH INDUCED CHARGES ON THE GROUNDED COIL

This section examines contributions to total coil c V  emfs resulting from standard (non-monopole) magnetic fields that result from the motion of induced surface charges on the grounded rotating coil of the test apparatus. Although the coil surface charges also have magnetic monopole (MM) fields, the focus of this Appendix is on potential emf contributions of standard magnetic fields to

c V  .
The analysis below supports the finding that standard magnetic fields cannot account for the emfs found in the tests, which we conclude are from a magnetic monopole field.

Induced surface charges on the rotating grounded coil and their resulting standard magnetic fields result in local Lorentz-force components in the coil, as depicted in Figs. A1 andA2. Figure A1 depicts emf force components associated with the velocities normal to the plane of the coil, resulting from the coil's rotation of an arbitrary pair of charges. The charges depicted represent induced (net negative) surface charges. Figure A2 depicts Lorentz-force components from surface charge motion tangential to the coil resulting from currents on the coil that occur when the induced charges, while maintaining a zero electrical potential in the rotating grounded coil, move as coil locations change their distances with respect to the charged sphere.

Figure A1 depicts a pair of charges

q and q  at arbitrary coil positions with rotational velocities U and  U normal to the plane of the coil. (For purposes of presentation, the charged sphere center is depicted as directly above the coil, with the horizontal rotational axis of the coil as depicted.)

Charges q and q  with respective velocities U and  U on the rotating coil produce standard magnetic fields B and  B respectively at q  and q. where E and B are the electrical and magnetic fields of q at the location of q  , and  E and  B are the corresponding fields of q  at the location of q. The velocities U and  U of q and q  in their respective magnetic fields  B and B produce equal opposing Lorentz forces F and  F on q and q  . The Lorentz forces between the charge pair are

2 ( )/c q   F U x U x E and 2 ( )/c q     F U x Ux E thus   F F
. An induced surface electron thus experiences a Lorentz force caused by its local velocity in the magnetic field of another arbitrarily paired electron, which in turn experiences an equal and opposing force from its velocity in the magnetic field of its paired charge.

In Fig. A1,c F and  c F are the components of F and  F tangential to the coil. From the geometry in Fig. A1,c F and  c F are equal in magnitude and pointed in opposite directions tangential to the coil, thus producing no net addition to measured coil emfs. When q and q  are on opposite sides of the coil axis (rotational velocities are still parallel but in opposite directions), F and  F now point toward each other rather than away from each other, but remain equal and offsetting, also the case for c F and  A. 2 normal to the coil wire and do not contribute to emfs measured by the voltmeter. The analysis in Fig. A1 also applies to the case were q and q  are a paired surface electron and mobile electron in the coil, since the resulting geometry of the paired electrons remains effectively the same as in Fig. A1.

Since the above null emf result for measurable voltmeter emfs holds for any two charges at arbitrary locations on the rotating coil, the general outcome is that standard magnetic fields associated with induced charge rotational velocities will produce no measurable coil emfs from standard magnetic fields. That is, a null coil emf is a general result for the coil geometry in Fig. A1 when considering only standard magnetic fields, regardless of the distribution of the induced surface charges, or their time variation.

Induced charges in the wires of the coil also move from one side of the coil to the other as it rotates in in the electric field of the sphere. Figure A2 depicts Lorentz forces resulting from the induced surface currents and their associated standard magnetic fields for two charges q and q  located at arbitrary positions on the coil. Because surface currents with local velocities U and  U move along the coil, i.e., in the coil plane, the resulting standard magnetic fields It should also be noted that the induced surface charges on the coil will have MM fields as well as standard magnetic fields, where the standard fields for a given surface charge electron are much smaller than their MM fields. In Eq. ( 9), for the monopole magnetic field fit to the test data in Fig. 8, where o U is a constant with no assumed rest frame. A characteristic coil rotational speed of 11m /sec U  in Eq. ( 10) for standard magnetic fields is smaller than o U in Eq. ( 9) for MM fields in Eq. ( 8) by more than four orders of magnitude. This provides additional evidence (apart from the directions of emf components in Fig. A1 andA2) that standard magnetic fields of the induced charges (and resulting coil emfs) are negligible compared with the MM fields of the charged sphere.

As a result, there are no measurable emf components parallel to the wires from standard magnetic fields, thus no associated emfs measurable by the voltmeter, regardless of the locations of q and q  on the coil. This result holds for arbitrary current densities and current speeds on the rotating coil and for all orientations of the coil with respect to the charged sphere. (Although the induced charges on the coil will also have associated net MM fields, they will be smaller than those from the much larger surface area of the charged sphere, making no significant contribution to the measured coil emfs.)

A final potential source of coil emfs results from the fact that the time-varying MM fields of the surface charges on the rotating coil will produce eddy currents in the aluminum sphere as they rotate 8) and ( 9) as already noted. The MM field-produced eddy currents (with no net charge in the currentcarrying aluminum) will have no associated MM fields, but will produce standard magnetic fields resulting in secondary emfs in the coil as the coil rotates in those fields. A rigorous calculation of this contribution to net coil emfs is outside the scope of this report. Such a calculation is however not essential, as order-of-magnitude calculations show the production of additional (secondary) standard magnetic fields from eddy currents in the sphere will result in secondary emfs in the rotating coil at least several orders of magnitude smaller than those directly produced from the MM field of the charged sphere, providing negligible additions to emfs from the MM field of the sphere.

The above analyses offer additional support, (e.g., to data in Fig. 8 and other figures) for the finding that the observed c V  coil emfs are produced by a MM field of the charged sphere, the only available explanation in view of the inability of standard magnetic fields to explain the emf results.

B. EFFECT OF ATMOSPHERIC WATER CONTENT ON THE ANNUAL VARIATION OF

c V 
The reproducible annual variations in c V  emfs in Figs. [START_REF] Dirac | The Quantum Theory of the Electron[END_REF][START_REF] Castelnovo | Magnetic Monopoles in Spin Ice[END_REF][START_REF] Ray | Observation of Dirac Monopoles in a Synthetic Magnetic Field[END_REF] in the initial 2020 HAL report suggested a possible relationship between the data's annual sinusoidal variation and the annually varying speed of the earth in its solar orbit with respect to an external frame. Subsequent to that report, the peaking of both the atmospheric water content and Well-defined linear slope dependencies from linear least squares fits gave slope values of 2.2 and 2.3 µV/ 0 F, similar to the 1.9 and 2.0 slopes for the data in Fig. B2. A. 4 January 2021. Note that the slope of 2.24 µV/ 0 F is similar to those for the warmer months in Fig. B2.

dy/dx = 2.24

A. 5

the other slopes in Table B1.

A key result is that the slopes in Table B1 are reasonably consistent between the differing test series of Figs. B2-B4. As shown below, these slopes provide a strong constraint on the contribution of the seasonal DP variations to coil emfs. vs calendar date data is not available for a key portion of the full 12 month period, and also because annual peak-to-peak values from sinusoidal fits is very sensitive to small changes in the available data. vs DP calibration test: 20 January 2021. All wood apparatus structures nearest to the charged sphere were covered with grounded aluminum to eliminate induced charges on the wood. This imposition of a boundary condition with a zero electrical potential has no significant effect on the slope, which is in good agreement with Fig. B2 andB3.

A. 6

The appreciable uncertainty in annual peak-topeak values with the emf vs calendar date test data in Fig, B6 also exists when the partial year data is normalized to a selected constant DP level of 63 degrees using a representative slope of 2.2 /F V  from column 4 of Table B1. The resulting DPnormalized data shown in Fig. B6 is fitted with a sinusoid and yields a curve which is approximately 18 percent of the 2014-2017 annual variation. Although the above 18 percent value falls outside the 32-44 percent range in column 7 of Table 1, the sinusoidal fits to both the raw and normalized data in Fig. B6 is extremely sensitive to small changes in the data. For example, removal of the normalized data point in Fig B6 at the latest calendar date (extreme right-hand position) increases the peak-topeak value of the fitted sinusoid to 31% which is effectively within the above range in column 7.

Combining the analyses of Fig. B1-B4 in Table B1, the estimated percentage of total peak-to-peak emfs c V  attributable to DP-related contributions ranges from 56 to 68 percent, and for the remaining non-DP contributions, an estimated range of 32 to 44 percent. It must be emphasized that these bounding values are only current best estimates, i.e., subject to change. Nevertheless, the above analysis shows that the 32 to 44 percent of the total annual variation in c V  cannot be satisfactorily explained by annual DP variations, and cannot be ascribed to measurement imprecision. The question is what would account for the remaining range of non-DP contributions in Table B1.

Any earth-based contributions resulting from a phenomenology yet to be seen, would, as with DP, need a well-defined, regular seasonal variation. No other earth-based explanations come to mind, (e.g., annual variations in barometric pressure show no correlation to annual emf variations). There is also no case for annual variations in temperature (T) and relative humidity (RH) other than the fact that they both directly affect dew point. In the 2020-21 DP tests, days were selected that were seasonally warm near peak c V  , with days selected in December and January that were seasonally cold. There is no evidence that c V  ranges would have been increased if differing days (with differing mixes of T and RH) had been used. Runs performed during the same day with changing temperature but constant DP showed no temperature dependence. Accordingly, there is no way that the "non-DP" component of peak-to-peak c V  can be explained by T or RH apart from their role in determination of DP.

Since there is no seasonally varying Earth-based parameter in evidence to explain the "non-DP" c V  component in Table B1, there is an opening for a possible astrophysical explanation with a rest frame. However, a rest frame explanation is not a compelling one either, in view of the uncertainty in whether an undetected Earth-based contribution (or unrecognized test artifact) might exist, particularly given the need for a "smoking gun" supporting the existence of a rest frame, something which the current tests cannot provide.

In spite of a clear linear relation between DPs and coil emfs, the actual physical mechanism causing this relationship is unclear. Figure B7 shows the results of a test to find the contribution to coil emfs of charges induced on the non-conducting (primarily wood) supporting structures in the apparatus. The upper curve for the south-pole sphere-coil configuration compares with an approximately 6 percent reduction in coil emfs, shown in the lower curve taken at effectively the same DP (only 0.35 F lower, i.e., too small to be a significant factor). The lower curve was taken with a grounded covering of aluminum plates and foil over all non-conducting surfaces less than 20 cm from the coil. A grounded conducting surface in an electrical field will result in induced negative electrical charges on the plate, thus increasing MM fields on the coil a small amount, opposite to what was observed in Fig. B7. This lack of agreement between prediction and observation is unexplained.

In any event, Fig. B7 shows that although the aluminum covering reduces the amplitude of the c V  vs azimuth curve, it has no substantive effect on its azimuthal dependence, thus no impact on the agreement of the test curve shape with that required for a MM field. As such Fig. B7 provides an additional line of evidence supporting the conclusion that the magnetic field of the charged sphere displays monopole functionality in Figs. 8 and10 (main body of report) regardless of whether a boundary condition with a zero electrical potential beneath the coil at the aluminum surface is introduced or not.

Figure B4 (also with aluminum-shielded wood) shows a well-defined emf/DP slope compatible with the other slopes in Table B1. This indicates that dielectric surface charges on the covered wood (significantly reduced by the zero electrical potential in the aluminum covering in Fig. B4) do not provide any additional insight on why DP variations would affect coil emfs through a potential effect on surface charges on non-conductors

C. REST FRAMES AS POTENTIAL CONTRIBUTORS TO ANNUAL VARIATIONS

This section considers an astrophysical "rest frame" (RF) [START_REF] Bell | Speakable and Unspeakable in Quantum Mechanics[END_REF] as a potential explanation of the residual non-DP c V  contributions in Table B1. In the event that a rest frame exists, Eq. ( 9), which assumes no rest frame, can be "generalized" to include a rest frame by re-interpreting o U in Eq. ( 9) from its role of a new physical constant to the variable speed RF U of the test frame with respect to a local rest frame, i.e., where Fig. B7. vs sphere-coil azimuth for the south pole sphere-coil orientation for: 1) a standard testing configuration; and 2) a standard configuration where non-conducting (wood) portions of the apparatus are covered with grounded aluminum plates and foil out to a distance of 20 cm from the charged sphere.

A. 8 (Interestingly, constraints on the speed of the orbiting Earth with respect to such rest frames, for the range of annual emf variations in Table B1, and Eqs. (C1-C5), include the 371 km/sec speed of the Earth with respect to the CMB "no-dipole" frame [START_REF] Lineweaver | The Dipole Observed in the COBE DMR Four-Year Data[END_REF].)

The frame-invariant MM field of Eq. ( 9) is compatible with SR, since it acts like the field of a frame-invariant permanent magnet. The speed dependency of Eq. (C1), if observed would clearly present a conundrum with the equivalence principle of SR. (The Lorentz transforms however continue their full generality in predicting intervals between events in arbitrary inertial frames, since they do not address the physical origin of the events, postulating only an invariant c .) In any event, any such conundrum would exist only if no alternative existed to an astrophysical rest frame.

In the event future testing convincingly pointed to an isolated true violation of Lorentz Invariance with a MM field, the primary impact on relativity theory might be more a change of perspective than a crisis. A historical example would be the impact of Boltzman's atoms on the classical laws of thermodynamics: the latter continue to apply as contingent outcomes of more fundamental underlying particle interactions (except at the level of individual particle interactions where the classical laws become inapplicable). The primary effect of an isolated violation of Lorentz invariance might be a change in the conception of what qualifies as the "most fundamental" physics, e.g., a shift towards the principal of relativity (in whole or in part) as a contingent result of a more particle-based foundation, e.g., involving further developments to the Standard Model.

Brown [START_REF] Harvey | Physical Relativity[END_REF][25] interestingly quotes a newspaper article and a personal letter [26] by Einstein showing that Einstein was acutely aware of the distinction between principle-based theories such as SR and classical thermodynamics, and "constructive" theories (Einstein's term) such as Boltzman's atomic theory underlying classical thermodynamics, where Einstein expressed a personal preference for the latter class of theories.

  the magnetic field of the sphere is reinforcing the Earth's field as measured at the coil, and negative values indicate the sphere's field is opposing the Earth's field at the coil. The values of c V  in Fig.
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 3 FIG. 3. Rotating coil voltage(V) due to the background Earth's magnetic field vs the azimuth of the coil's axis of rotation.
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  FIG. 6.( vs sphere voltage. Data at south-pole latitude and 60 0 azimuth show a straight line fit to data, consistent with a Lorentzforce dependence and a proportionality of the magnetic field of the sphere to the charge on the sphere.
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  This section develops prediction equations for c V  RMS voltages in 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  and  :

  θ gives the component of Lorentz force parallel to the coil. The integral then gives the total instantaneous emf at coil rotation angle  . For the case of an uncharged sphere, where e B B 

4 .

 4 The electrical field E of the charged sphere (units of V/m) is related to the sphere voltage

U

  in Fig. 8. Calculations of these curves are made from Eqs. (1) -(8) for a magnetic monopole field MM B of the charged 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 

  also provides good qualitative evidence for a MM field: a sinusoidal azimuthal dependence of c V  reflects the reversal in direction of MM B for a radial MM field for any two azimuths with an azimuthal separation of .

Figure 10

 10 Figure 10 provides an alternate way of showing the sign reversal effect of MM B on

FIG. 11 .

 11 FIG. 11. Coil voltage () vs distance between coil and sphere centers for the south-pole latitude and 60 0 azimuth. The results show an inverse square proportionality consistent with a MM .field.

  predicted magnet rotation of 0.013 rad occurring when the monopole field is normal to the Earth's magnetic field of about 5 2.1 10 T x  . An average deflection of about 0.2 cm of the laser beam in the "bare sphere" case corresponds to a magnet rotation of 4 3 10 rad x  (corrected for a doubling of the actual magnet rotation), about 2 percent of the expected rotation of the magnet had it experienced the full monopole field of the charged sphere.

2 R

 2 -15 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 azimuth is 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, through averaging, obtains sufficiently high precision to reliably reveal the sinusoidal amplitude variation of c V  over a calendar year. (Comparison of c V  plots for a single azimuth shows the above annual sinusoidal dependence holds for individual azimuths as well.) 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 values in the range of 0.904 to 0.948. In addition, Fig. 13 shows considerable consistency in the sinusoidal curve fits for the 3 years and with the combined curve of Fig. 14. However, the above analysis from 2014-2017 did not address possible environmental effects that might contribute to the annual sinusoidal variations of c V  in Figs. 13-15. Because annual variations in atmospheric water content from DP readings have summer and winter maxima/minima similar to those in Fig. 13-15, additional tests in 2020 and 2021 were undertaken to explore a potential physical connection between c V  and DP. These tests showed that over small calendar date intervals minimizing any underlying time-of-year contributions, c V  increased in a linear manner with increasing dew point as described in Appendix B. The remaining annual c V  variation, after correcting for the DP contribution, is 32-44 percent of the peak-to-peak amplitude of 85 V

FIG. 14 .

 14 FIG. 14.Combined data of all three years' annual (μV) data of Fig.13(a-c) vs calendar date with a least squares sinusoidal fit.

[

  26] 'Letter to Arnold Sommerfeld, January 14 (1908)', Document 73 in The Collected Papers of Albert Einstein, Vol. 5, The Swiss Years: Correspondence, 1902-14 (English trans. Suppl.), M. J. Klein, A. J. Kox, and R. Schulmann (eds.), trans. by A. Beck, (Princeton University Press, Princeton. 1995).

cF.F

  Fig. A1. Coil emf components resulting from the standard magnetic fields of any pair of charges due to the rotational velocity of the coil. The Lorentz forces of paired elementary charges on the coil wires always cancel each other out. Coil velocities U and U' for the charges are normal into the plane of the coil and into the figure.

  to the plane of the coil, regardless of the rotational position of the coil. The resulting Lorentz forces thus always in the plane of the coil and normal to the wires. (Note that the magnetic fields of the surface currents produce no net emf components on interior coil charges, which only have rotational velocities parallel to B and  B in Fig. A2.)

Fig. A2 .

 A2 Fig. A2.There are no net coil emf components from surface currents of induced charges in the grounded rotating coil. The surface currents maintain a zero electrical potential in the rotating coil in the electrical field of the charged sphere. The standard magnetic fields of these surface currents are normal to the plane of the coil, and the resulting Lorentz forces are normal to the coil in the coil plane, resulting in no coil emfs recorded at the voltmeter. The coil is shown moving out of the plane of the paper

  summer months in Fig. B1 and B5 also suggested another possible explanation for the c V  emf's annual cyclic behavior. In subsequent tests in 2020-2021, dew points (DP) were used as a measure of the water content of the atmosphere. Fig. B1 plots DPs recorded during each experimental run vs calendar dates in 2020-2021. The DP values, peak in the same time of year as did c V  in our 3 years of data shown in Figs. 13-15. (This same DP pattern also occurs in the historical DP data of Fig. B5.) Table B1 summarizes results for four test series performed in 2020 and 2021 to determine the effect of DP on coil emfs. The strategy was to do tests at varying DPs during short calendar date intervals, to remove any contribution to the c V  signal that might be associated with the solar orbit of the earth. DP related contributions, though statistically having seasonal dependence, have no direct relation to specific calendar dates. Accordingly, measuring c V  at differing DPs over narrow calendar date ranges provides a direct determination of the DP effect on coil emfs while excluding any effects related to the solar orbit of the earth or other non-DP long time period effects. In May-June 2020, DP calibration tests (Fig. B2) were conducted to evaluate the effect of DP on c V  over two narrow ranges of calendar dates shown in column 2 of Table B1. The range of DP covered in each run (in degrees F) is given in column 3. The resulting "slope," change in c V  for each degree change in dew point, ( V) / ( F)   of the linear least squares fit curve for each run is given in column tests (Figs. B3 and B4) were performed in January 2021.

  Fig. B1. Dew point vs calendar date for 2020-21 tests with sinusoid fit.

  Fig. B2. vs DP calibration tests: 8-18 May 2020 and May 30-June 1, 2020. The µV/ 0 F slopes of 1.9 and 2.0 result from least squares to the two calendar date intervals.

Figure

  Figure B5 provides archival DP readings taken during 2010 in a room adjacent to that of the tests. The annual fitted peak-to-peak variation in DP is 26 degrees, comparing well with the 25 degree value for the 2020-2021 tests in Fig. B1. The fifth column in Table B1 estimates potential DP-associated emf contributions to the c V  signal over a calendar year due to seasonally changing water content of the air. It does so by multiplying the slope in column 4 by a representative annual DP range of 25 degrees from Figs. B1. (The somewhat larger DP variation shown in Fig. B2 is attributable to the use of humidifiers and dehumidifiers for testing.) Significantly, the annual emf variation due to DP variations in Column 5 is consistently less than the

  Fig. B5. Archival DP vs calendar data for 2011 in an adjacent room. Note that although the data shows considerable daily scatter, the annual variation shows a reasonably well-defined sinusoidal variation.

Fig

  Fig. B6. vs calendar date data for 2020-21 tests. Note that any estimated peak-to-peak amplitude value would require a considerable amount of extrapolation into the January -May date interval for which there is no data. Raw data and data "normalized" to a common dew point (63 0 F) are shown as separate plots along with their respective sine fit curves. The normalized data was calculated using a /DP slope of 2.2 .

  coil is proportional to the sphere charge, and thus to the resulting sphere-produced MM field MM B at the coil. Since MM B is proportional to RF U in Eq. (C1), frame effect is real, where c V  emf voltages will proportionally vary with any change in the speed of the charged sphere with respect to such a rest frame. Since the tests are conducted on the Earth, the Earth-based test frame can be regarded as an inertial frame for the purposes of the experiment, i.e., neglecting the gravitational field of the Earth, where RF U is the speed of the Earth with respect to the rest frame. If we assume the sun has a constant speed S U with respect to the rest frame, the Earth will have a varying speed RF U relative to the rest frame as a result of its annual solar orbit, where the Earth speed RF U with respect to the rest frame has a maximum value RF 000, true north) 20 Jan 2021 unclad apparatus 26 Jan 2021 w/ all surface W/I 20cm of coil clad with Al

  magnitudes of the ecliptic normal and ecliptic plane components of the sun's velocity S U relative to the rest frame, where E U is the speed of the Earth relative to the sun in the ecliptic plane (circular orbit).

   determined from the portion of the annual emf test data that cannot be attributed to dew point (or any other earth-based causes) then determines the ratio of the maximum speed max E U of the earth with respect to the rest frame, during its annual orbit, to its mean value mean E cannot yield specific values for the above speed components.

Table B1 .

 B1 Estimated dew point (DP, degrees F) contributions to c V  in 2020-21. The range of testing dates for 4 series of tests is given in column 2 with the figure where they appear in this appendix in column 1. The DP ranges for those tests are given in column 3. /

	1	2	3	4	5	6		7
			DP	Slope	ΔVc DP	Δvc non-DP	(percent)
	Figure	Test dates	range	Δ(µV) /Δ( 0 F)	(µV)	(µV)	ΔVc non-DP /ΔVc total
	B2	8-18 May 2020	30	1.9	47.5	37.5		44
		30 May-1 Jun					
	B2	2020	16	2.0	50	35		41
	B3	13 -16 Jan 2021	13	2.42	55	30		35
	B4	27-Jan-21	9	2.3	57.5	27.5		32
						c V DP 	"slopes" (	/ VF 	) are
	determined from linear least squares fits to