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Discrete Summation of Induced Field Contributions: A Comparison of Sum Value and the Trends for Lorentz Sphere and Ellipsoids

Experimental measurements of Proton Shielding Tensors in single crystal specimen have clearly demonstrated the necessity to take into account the induced field contributions from neighboring lattice points; which is typically the intermolecular contributions to Shielding of proton in a given molecule. Essentially the calculation of intermolecular contributions requires the discrete summation within the Lorentz sphere of a magnetized material. While trying to inquire, into the necessity for the Spherical shape of the specimen to use in the measurements of proton shielding tensors, it became necessary also to consider the trends of such discrete summations within Lorentz ellipsoids; instead of only the Lorentz spheres. These results of such considerations (1,2) indicate that within Lorentz sphere as well as ellipsoids calculated sum gives the same total value for the induced field contributions by discrete summation.

In view of the above trends, efforts were taken to understand the variation of the magnitude of the contributions from the neighboring (molecules located at) sites within the Lorentz semi-micro volume elements (1) with the distance from the site and with their angular polar coordinates, (2) in relation to the increase in the number of contributing molecules as the distance, from the specified proton site, increases.

Such an effort seems to be providing an explanation of these observed trends (3)with the simple point dipole approximation as the basis, instead of having to set up complicated integrals even while seeking clarifications pertaining to the specific shape factors for the Lorentz semi-micro volume element. The model calculations made with typical numerical values for parameters seem to be indicating such a trend that there is a propensity for the discretely-summed intermolecular contribution to be predominating in the total, and, the contributions from the remaining macroscopic continuum being relatively small, and hence causes changes in the lower significant figures only. However, considering the values of contribution from outside the Lorentz semi micro volume element only (which is the contribution from the macroscopic continuum) would reflect significantly the shape dependence of contribution. This effect of shape dependence is of relatively low significance, in comparison to the magnitude of contributions from within the Lorentz ellipsoids. The case of cubic lattice for which the symmetry determines the total value to be zero (for a spherically symmetric shape) has to be examined with greater attention in regard to the relative magnitudes of contributions from inside the Lorentz sphere/ellipsoid and the outer macroscopic continuum.

Till now, the efforts have been mainly for the cases of homogeneous magnetization of the specimen. However, the currently on going efforts indicate, that, calculating similar trends and sums for in-homogeneously magnetized specimens might be possible with the same simple physical basis. This implies, in this context, an arbitrary shape of a specimen in the limit by considering gradual variations from the regular spheroidal shapes.
An explanation would be made with numerical trends and deductions based on the comparison of the cases of two shapes, the sphere and the ellipsoid.
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