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Fig. 1. Neuron and its circuit model: (a) Structure of the neuron; (b) classical circuit model of the inductive neuron.
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Fig. 2. Mesoscopic circuit model of the inductive neuron.
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Fig. 3. Dynamic response of a neuron under impulse input: (a), (b) The curves of membrane voltage (blue) and K* conductivity
(red) versus time obtained by solving classical and mesoscopic circuit models of the traditional HH single ion-channel neuron, re-
spectively; (c), (d) the curves of membrane voltage (blue) and K* conductivity (red) versus time obtained by solving the classical
and mesoscopic circuit models of the inductive neuron, respectively; (e), (f) the time-frequency spectrogram of the membrane

voltage obtained by solving the classical and mesoscopic circuit models of the inductive neuron, respectively.
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Fig. 4. The relationship between the output response of the membrane voltage in the mesoscopic circuit model of inductive neuron

and the external excitation and the internal parameters of the neuron: (a), (c), (e) The dependence curves of V., on I, R, L and C,

respectively; (b), (d), (f) the dependence curves of T, on I, R, L and C, respectively.
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Table 1. Sensitivity of V,,,, and T, of the inductive neuron to the internal parameters.

LY MR(EL /m A 1 2 3 4
max(dV,,,/dR) /(mV-mQ) 3.90 x 104 7.75 x 104 11.74 x 104 15.44 x 104
max(dV,,/dL) (mV-mH!) -1.19 x 10?2 -2.15 x 10?2 -2.97 x 102 -3.67 x 102
max(dV,,,/dC) (mV-mF ) -2.60 x 102 -5.20 x 102 -7.90 x 102 -10.46 x 102

max(d T, ,/dR) (psmQ ') 2.53 x 103 2.50 x 103 247 x 103 2.41 x 103
max(d T, ,/dL) (usmH) 6.47 6.17 5.87 5.38
max(d7,.,/dC) (us-mF1) 2.53 x 10° 2.18 x 10° 1.91 x 10° 1.73 x 10°
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IR =400 QF1 L =200 mH, £ V., fl T,
BE I C AR anrzl 4(e) A 4(f) . dilE 4
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Abstract

The size of neuron is on a mesoscopic scale. In this paper, considering the inductance characteristics of the
neuron, the classical circuit model and mesoscopic circuit model of neuron including neuron membrane
inductance, membrane capacitance, potassium ion memristor and chloride ion resistance are established. Based
on the classical circuit theory and the quantum theory of mesoscopic circuit, the expression of neuron
membrane voltage response under external impulse excitation is derived. Substituting the electrophysiological
parameters of the squid neuron into the expression of membrane voltage, we find that the membrane voltages in
both models first increase and then decrease, and finally reach their corresponding resting states of zero value,
and their energy values are concentrated mainly in a range of 0-30 Hz in which the brainwave frequency is.
Further comparisons show that the peak value of membrane voltage and the time required to reach the peak
value (peak time) in the mesoscopic circuit model are lower than those in the classical circuit model, and are
closer to the experimental results after the squid axon has been stimulated, indicating that the mesoscopic
circuit model can better reflect the physiological characteristics of the stimulated neurons. Based on the
mesoscopic circuit model, the peak value of membrane voltage increases and the peak time decreases with the
increase of external excitation intensity. Parameters such as membrane voltage peak and peak time are more
sensitive to the neuron membrane capacitance. The mesoscopic circuit model of the neuron is of great
significance in understanding the excitability of the stimulated neuron and also in promoting the development of
quantum neural networks inspired by brain function.

Keywords: Hodgkin-Huxley neuron, inductance, mesoscopic circuit, quantum theory
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