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Abstract

Improving neurons and studying their electrical activities according to the real biophysical envi-
ronment are of great significance for human cognitive brain activity and neural behavior. Mor-
ris-Lecar (M-L) is a representative neuron model based on ion channel, but it does not consider the
effect of electromagnetic induction. The complex transmembrane motion of ions on the neuronal
cell membrane can establish time-varying electromagnetic fields and affect the transition firing pat-
terns of neurons. In this paper, a threshold memristor is used to describe the electromagnetic induc-
tion and magnetic field effects of neuron cell membrane ion exchangeto improve the neuron model,
and a memristive Morris-Lecar neuron model is proposed. Numerical simulation confirms that dif-
ferent intensities of electromagnetic fields can produce distinct pattern transition in electrical activ-
ities of the neuron. From the perspective of neuron’s interspike interval (ISI), the ISIs bifurcation in
the multi-parameter planes, ISIs firing periods, the variance of ISIs and other methods are used to
find the trend of the neuron firing pattern transition. Finally, a practical circuit which can reproduce
the biological characteristics of neurons is designed by using Multisim, which can help to understand
the mechanism of neuronal firing switching.
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Figure 1. Schematics of simplified synapse and memristor
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Figure 2. Transition of neuron firing patterns under C and m parameters
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Figure 3. Fixed membrane capacitance C =1.3 pF/ cm’ , the M-L neuron membrane potential timing diagram
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Figure 4. Transition of neuron firing patterns under a and m parameters
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Figure 5. The neuron membrane potential timing diagram with fixed magnetic induction intensity m = 0.05
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Figure 6. Fixing the time scale factor a =0.004, the neuron membrane potential timing diagram
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Figure 8. Exponential function circuit
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Figure 10. Complete circuit realization of 4D neuron system with memristor
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Figure 11. Comparison diagram between experimental results and numerical simulation
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