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Abstract

Long-term exposure to low-frequency magnetic fields may lead to neurological diseases. Based
on the Hindmarsh-Rose neuron model considering electromagnetic radiation, the neuronal fir-
ing behavior under the background of electromagnetic radiation was studied. The effects of
electromagnetic radiation support a variety of nerve delivery modes including single periodic,
multi-periodic and complex-periodic patterns. In the traditional bifurcation analysis of neural
models, the external stimulus current is the key factor to determine the mode of neuronal firing.
Our results show that the effect of electromagnetic interaction and external stimulus currents
together determine the mode of neuronal firing. Changing the effect of electromagnetic interac-
tion can induce the mode transition of neuronal firing. This will help us to understand theoreti-
cally the key role of electromagnetic effects in neural dynamical behavior, and provide theoret-
ical inspiration for the prevention and treatment of neurological diseases related to electro-
magnetic radiation.
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Figure 1. Firing pattern for /,, = 3.6, k; = —0.15. (a) Time-evolution of membrane potential x; (b) Phase diagram for variable
x and y in the model; (c) Phase diagram for variable x and z in the model
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Figure 2. Firing pattern for /,,, = 3.6, k; = —1.4. (a) Time-evolution of membrane potential x; (b) Phase diagram for variable

x and y in the model; (c) Phase diagram for variable x and z in the model
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Figure 3. Firing pattern for /,, = 3.6, k; = —1.08. (a) Time-evolution of membrane potential x; (b) Phase diagram for variable
x and y in the model; (c) Phase diagram for variable x and z in the model
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Figure 4. The parameter regions for different firing patterns, where the white region represents resting states. Figures 1-3 are
obtained for /,,, = 3.6, which is indicated by the dashed line
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Figure 5. The dependence of Inter-spike intervals(ISI) on the parameter &, for different firing patterns
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Figure 6. The number of spike in one Bursting period. (a) The number of spike as a function of k; for given values of 1.,; (b)
The number of spike as a function of 7, for given values of k;
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