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Voltage-Current Domain View to Maximum Efficiency and A-Q Product
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Lucid Formulas before Learning S11 on Smith Chart
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Indeed the maximum available efficiency is a key factor in designing wireless power transfer systems, professors
and engineers yet feel difficulties due to its complicated mathematics expressed in S parameter domain. This
lecture starts from the index called k-Q product familiar to magnetic-resonance predecessors. We extend the
product for use in some non-magnetic and/or non-resonant instances, and finally to a general two-port black box
model representing an arbitrary scheme of wireless power transfer system. Assuming its immittance matrix known,
we express the input and output power as quadratic polynomials of RF voltages and currents at the ports. One of
Jacobean matrix determinant zeros leads to the optimum set of voltages and currents that lets the power transfer
efficiency reach its peak 7max. We heuristically introduce efficiency angle 6 defined by £Q = tan26. The angle keeps
invariance against operations of scaling, conjugate, and inverse on immittance matrix. This enables us to find
elegant formula 7max = tan?6 for maximum available efficiency. A double-angle tangent chart helps to graphically
estimate #max from k-Q product.



