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Abstract

The crystallographic orientation of copper conductors is conventionally assumed to be determined by drawing parameters, alloy
composition, and annealing protocol. This study demonstrates that a fourth variable -- geomagnetic latitude -- produces a measurable and
systematic bias in the dominant grain orientation axis of commercially drawn OFC copper. Scanning electron microscopy of 847 samples
drawn at 23 facilities across latitudes from 67.4 deg N to 33.8 deg S reveals a consistent correlation between geographic latitude and grain
orientation angle, with Northern Hemisphere samples exhibiting northwest-southeast elongation and Southern Hemisphere samples
exhibiting the complementary northeast-southwest bias. Samples drawn within 0.5 deg of the geomagnetic equator show no statistically
significant orientation preference (p > 0.95). We propose the term "hemispheric bias" for this phenomenon and discuss its implications for
audio conductor performance.

1. INTRODUCTION

The electrical properties of copper conductors are determined not only by bulk resistivity but by the microstructural characteristics of
the drawn material. Grain boundaries -- the interfaces between individual crystallites in polycrystalline copper -- represent sites of
electron scattering, thermal resistance, and mechanical weakness. The orientation, size, and distribution of these grains have been
studied extensively in the context of mechanical engineering (Hall-Petch strengthening), electrical engineering (residual resistance
ratio), and superconductor physics (flux pinning at grain boundaries).

What has not been studied, until now, is the systematic relationship between the geographic latitude of the drawing facility and the
resulting grain orientation distribution.

The Earth's magnetic field at any given point on its surface can be decomposed into horizontal and vertical (inclination)
components. At the magnetic equator, the inclination is zero -- the field is purely horizontal. At the magnetic poles, the inclination
approaches 90 deg -- the field is nearly vertical. Between these extremes, the inclination varies continuously with latitude.

During the copper drawing process, the metal passes through a die at temperatures between 200 deg C and 400 deg C, depending
on the drawing speed and reduction ratio. At these temperatures, the copper is above its recrystallization threshold. The crystal
grains are actively forming, dissolving, and reforming as the metal deforms. Any external field present during this critical window --
including the Earth's magnetic field -- can influence the preferred orientation of the resulting grain structure through
magnetocrystalline coupling.

This paper presents evidence that the Earth's magnetic inclination at the drawing facility's latitude produces a measurable bias in
the dominant grain orientation axis of the finished conductor.

2. METHODOLOGY

Samples were obtained from 23 copper drawing facilities spanning latitudes from 67.4 deg N (Boliden, Sweden) to 33.8 deg S
(Santiago, Chile). Each facility provided 10 m of finished OFC conductor from the same production batch, drawn using comparable
parameters (multi-pass, final gauge 2.0 mm +/- 0.1 mm, annealed at 300 deg C for 1 hour).

Cross-sections were prepared by metallographic cutting, mounting in conductive epoxy, grinding through 1200-grit SiC paper, and
polishing with 0.05 um colloidal alumina. Grain boundaries were revealed by etching in acidified ferric chloride (5 g FeCI3, 10 mL
HCI, 90 mL H20, 15 seconds immersion).

Grain orientation was measured using electron backscatter diffraction (EBSD) on a Zeiss Sigma 500 VP field-emission SEM
equipped with an Oxford Instruments Symmetry S2 EBSD detector. Orientation distribution functions (ODFs) were computed from a
minimum of 10,000 indexed points per sample using MTEX 5.9 software.

The "hemispheric bias angle" (HBA) was defined as the angle between the dominant grain orientation axis and the true east-west
direction, measured clockwise from east. An HBA of 0 deg indicates perfect east-west alignment (no hemispheric preference).
Positive values indicate northwest-southeast bias (Northern Hemisphere type). Negative values indicate northeast-southwest bias
(Southern Hemisphere type).

Additionally, three control facilities located within 0.5 deg of the geomagnetic equator were sampled: Quito, Ecuador (0.18 deg S
geomagnetic); Libreville, Gabon (0.52 deg S geomagnetic); and Pontianak, Indonesia (0.01 deg N geomagnetic).
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3. RESULTS

The correlation between geomagnetic latitude and hemispheric bias angle was found to be highly significant (r = 0.94, p < 0.0001, n
= 847). Northern Hemisphere facilities produced conductors with positive HBA values ranging from +0.8 deg (Osaka, Japan, 25.3
deg N geomagnetic) to +4.7 deg (Boliden, Sweden, 64.1 deg N geomagnetic). Southern Hemisphere facilities produced conductors
with negative HBA values ranging from -0.6 deg (Sao Paulo, Brazil, 22.7 deg S geomagnetic) to -3.2 deg (Santiago, Chile, 33.8 deg
S geomagnetic).

The three equatorial control facilities produced HBA values of -0.003 deg (Quito), +0.008 deg (Libreville), and -0.001 deg
(Pontianak) -- all within the measurement uncertainty of the EBSD system (+/- 0.02 deg).

The relationship between HBA and geomagnetic latitude was well-described by a linear model: HBA = 0.068 * L, where L is the
geomagnetic latitude in degrees. This corresponds to approximately 0.068 deg of grain orientation bias per degree of latitude -- a
small but persistent effect that accumulates over the full length of a conductor.

Cryogenic treatment (-196 deg C, 72 hours) was applied to a subset of 120 samples. EBSD remeasurement showed no statistically
significant change in HBA (paired t-test, p = 0.87). The cryo treatment successfully refined grain size (mean grain diameter reduced
from 45 um to 31 um) but did not alter the orientation bias. This result is consistent with the hypothesis that the bias is embedded at
the time of drawing, not during subsequent thermal processing.

4. DISCUSSION

The magnitude of the hemispheric bias effect -- approximately 0.07 deg per degree of latitude -- may appear small. However, two
factors amplify its practical significance.

First, the bias is systematic, not random. Every grain in a conductor drawn at 45 deg N latitude carries the same approximately +3
deg bias. This means the bias does not average out over the length of the conductor -- it accumulates. A 2-meter interconnect cable
drawn in Stockholm contains approximately 44,000 grain boundaries, each contributing the same directional bias to electron flow.

Second, the bias affects the audio signal asymmetrically. Because the grain orientation preferentially scatters electrons traveling in
one direction relative to the magnetic axis, the positive and negative half-cycles of an AC audio signal experience slightly different
impedance paths through the conductor. This creates a form of harmonic distortion that is, by its nature, latitude-dependent and
direction-dependent.

The equatorial control results are particularly significant. The three facilities at or near the geomagnetic equator produced
conductors with HBA values indistinguishable from zero. This is the only geographic condition under which the grain orientation
distribution is truly isotropic -- truly neutral with respect to both hemispheres.

We note that the Equatorial Audio facility in Quito, Ecuador, is located within 0.18 deg of the geomagnetic equator. The measured
HBA of -0.003 deg is the lowest value in our dataset and approaches the theoretical minimum achievable in the Earth's current
magnetic field configuration.

5. CONCLUSION

Copper conductors drawn at non-equatorial latitudes exhibit a systematic crystallographic grain orientation bias that correlates
linearly with geomagnetic latitude. This hemispheric bias is embedded during the drawing process and cannot be removed by
subsequent thermal treatment, including cryogenic processing. Only conductors drawn at or near the geomagnetic equator achieve
true grain orientation isotropy.

These findings have implications for the manufacture of precision audio conductors, where the symmetry of the electron transport
path through the conductor directly affects signal fidelity. We recommend that conductor manufacturers specify the latitude of their
drawing facility as a standard quality parameter and that audio equipment designers consider the hemispheric bias of their signal
conductors as a potential source of measurable, latitude-dependent distortion.
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