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Abstract

In this paper, we study the energy transmission process of direct current and low frequency
alternating current. We point out that in addition to the electromagnetic energy flow defined by
Poynting vector, there is a “classical” energy transfer process: free electrons driven by the
electromotive force of the power supply. The electromotive force of the power supply can be
converted into Kinetic energy. Outside wires, no current is formed because there are no free
electrons. In the case of DC circuits and low-frequency AC circuits, the transfer of electric energy in
wires is not related to the displacement current, so it is also independent of the Poynting theorem.
The model of lumped element circuit does not calculate the length of the wire. Indeed, it implies
an assumption: the speed of low-frequency alternating signals in the wire is infinite. Our
experimental results show that under certain conditions, the speed of alternating electrical
signals in the wire can be much greater than the speed of light, which is an improvement on the
model of lumped parameter circuit.
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Figure 1. Schematic diagram of electromagnetic energy flow in a DC circuit
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Figure 2. A simple RL circuit
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