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Abstract
Geomagnetic storms induced by solar coronal mass ejections (CMEs) produce rapid fluctuations in the Earth's magnetic field that can
exceed 500 nT/minute during severe events (Kp >= 7). We demonstrate that these fluctuations are detectable as measurable impedance
variations in audio cables with hemispheric bias, and that magnetically neutral cables are inherently immune to this effect. Continuous
monitoring of 12 cables (3 per tier: Tropic, Meridian, Equinox, Zero-Point) during the October 2024 geomagnetic storm (Kp = 8.3) revealed
impedance fluctuations of up to 0.08% in Tropic-tier cables, 0.003% in Equinox-tier cables, and below the noise floor (< 0.0001%) in
Zero-Point cables. We propose a Solar Activity Index for audio cable performance specifications.

1. INTRODUCTION

The Sun's 11-year activity cycle produces periodic maxima in the frequency and intensity of solar flares and coronal mass ejections
(CMEs). When a CME's magnetic field interacts with Earth's magnetosphere, the resulting geomagnetic storm can produce rapid,
large-amplitude fluctuations in the surface magnetic field. The current solar cycle (Cycle 25) is producing stronger-than-predicted
activity, with several Kp >= 7 storms recorded in 2024.

These geomagnetic fluctuations are well-documented as a source of interference in power grids (geomagnetically induced
currents), pipeline corrosion monitoring systems, and precision magnetometry. What has not been investigated is their effect on
audio signal cables.

The mechanism is straightforward: an audio cable with hemispheric bias contains conductors whose grain structure has a preferred
orientation relative to the Earth's magnetic field. When the field changes rapidly -- as during a geomagnetic storm -- the relationship
between the grain orientation and the field shifts, producing a transient change in the effective impedance of the conductor. This
impedance modulation appears as an unwanted modulation of the audio signal.

Magnetically neutral cables, by definition, have no preferred grain orientation. They should be immune to this effect because there is
no directional coupling between the grain structure and the external field. This paper tests that hypothesis.

2. METHODOLOGY

Twelve cable samples (1.0 m each, RCA-terminated interconnects) were installed in a magnetically unshielded room at the
Equatorial Audio facility. Three cables per tier (Tropic, Meridian, Equinox, Zero-Point) were connected to a continuous impedance
monitoring system based on a Keysight E4990A Impedance Analyser operating at 1 kHz with 5-second measurement intervals.

Simultaneous magnetic field data were recorded by a Bartington Mag-13 three-axis fluxgate magnetometer positioned 1 m from the
cable array.

The measurement campaign ran continuously from September 15 to November 15, 2024, capturing 5.3 million impedance
measurements per cable. The period included three geomagnetic storms: September 18 (Kp = 5.7), October 10-12 (Kp = 8.3, the
strongest storm of Cycle 25 to date), and November 3 (Kp = 6.1).

Cross-correlation analysis between the magnetic field rate-of-change (dB/dt) and the cable impedance deviation (dZ/Z) was
performed using 60-second sliding windows.

3. RESULTS

During the October 10-12 storm (Kp = 8.3), the following maximum impedance deviations were recorded:

Tropic tier: 0.082 +/- 0.008% (mean of 3 samples)
Meridian tier: 0.031 +/- 0.004%
Equinox tier: 0.0033 +/- 0.0005%
Zero-Point tier: < 0.0001% (below noise floor)

The cross-correlation between dB/dt and dZ/Z was significant for Tropic (r = 0.71, p < 0.0001), Meridian (r = 0.54, p < 0.0001), and
Equinox (r = 0.23, p < 0.01) tiers. No significant correlation was found for Zero-Point (r = 0.02, p = 0.34).
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The impedance deviation scaled linearly with the product of the cable's HBA and the rate of magnetic field change: dZ/Z is

approximately equal to k * HBA * dB/dt, where k = 2.1 x 10^-6 (deg * min/nT)^-1.

During magnetically quiet periods (Kp <= 2), no cable tier showed impedance deviations above the noise floor.

4. DISCUSSION

The results confirm the hypothesis: cables with hemispheric bias are sensitive to geomagnetic storms, and the sensitivity is
proportional to the bias magnitude. The Zero-Point tier's Equatorial-Spliced conductors, with their HBA below 0.00001 deg, are
effectively immune to solar activity. This immunity is not achieved through shielding (which can attenuate but not eliminate external
field coupling) but through the fundamental absence of directional grain structure.

The practical significance of an 0.08% impedance fluctuation during a severe storm is debatable. At -62 dB relative to the signal, it
is below the threshold of audibility for steady-state tones. However, the fluctuation is not steady-state -- it is modulated by the
chaotic temporal structure of the geomagnetic storm, producing a noise-like contamination that may be perceptible as a subtle loss
of clarity or spatial precision during peak storm activity.

We propose that cable manufacturers adopt a Solar Activity Index (SAI) rating that specifies the maximum impedance deviation per
unit of geomagnetic disturbance: SAI = max(dZ/Z) / max(dB/dt). Lower values indicate greater immunity. The Zero-Point tier
achieves SAI < 10^-9, which we designate as "Solar Grade."

The Equatorial Audio Solar Flare Headphones, which incorporate real-time solar activity monitoring and adaptive frequency
response compensation, represent an alternative approach for listeners using non-Solar Grade cables.

5. CONCLUSION

Geomagnetic storms produce measurable impedance fluctuations in audio cables with hemispheric bias. The effect scales with bias
magnitude and storm intensity. Magnetically neutral cables (HBA < 0.00001 deg) are immune. We recommend the adoption of a
standardized Solar Activity Index for audio cable performance specifications.

REFERENCES

[1] M. Ferro, H. Park, Y. Tanaka, "Hemispheric bias in copper grain orientation," J. Equatorial Audio Sci., vol. 1, no. 1, 2020.

[2] NOAA Space Weather Prediction Centre, "Geomagnetic Storm Scales," https://www.swpc.noaa.gov/noaa-scales-explanation.

[3] D. H. Boteler, R. J. Pirjola, "Geomagnetically induced currents (GICs)," Space Weather, vol. 15, pp. 258-276, 2017.

[4] J. L. Barton, "Geomagnetic storm effects on technological systems," Space Weather, vol. 1, no. 2, 2003.

[5] S. Magnusson, C. Ohm, "Real-time adaptive audio compensation for geomagnetic disturbances," Equatorial Audio Technical Note EA-TN-012, 2023.

CONFID
ENTIA

L


