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Abstract

The introduction of memristors and flux terms improves the three-variable Hindmarsh-Rose model,
and the improved electromagnetic field neuron model is used to describe the dynamic behavior of
the electrical activity of neurons considering electromagnetic induction, and when external elec-
tromagnetic radiation acts on the neurons, that is the noise is added to study the firing activity and
random response of the neuron, multiple patterns of electrical activity in the neurons are detected.
The results show that the discharge mode of bursting is more likely to occur when the external sti-
mulus amplitude is larger. Particularly, it can be found that multi-mode electrical activity can oc-
cur alternately.
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Figure 1. Time series of neuronal membrane potential under different intensi-
ties of stimulation current, external magnetic field ¢,, =0.3, external stimula-

tion current 1., = Asin(Bzt) (a) A=5,B=0.004; (b)) A=5B=03;(c) A=
5B=08;(d)A=5B=10

B 1. FEEEMRIEER THE TEE A RE FS, Sh RS ¢, =03,
ShNFRIBMETR 1, = Asin(Brt) (@) A=5, B=0.004; (b)) A=5, B=0.3; (c)
A=5, B=08; (dA=5, B=10
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Figure 2. Bifurcation diagram of peak to peak interval (ISI) in membrane po-
tential sequence with transmembrane current at k =0.05,k, =0.01,k, =0.2,

where ISI represents the peak to peak interval in membrane potential sequence
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Figure 3. Time series of neuronal membrane potential under different intensities of stimula-
tion current, external magnetic field ¢,, = Csin(D;rt) , External stimulation current

I, = Asin(Brt) B=0.02, (a) A=0.02; (b)) A=12; (c) A=5; (d) A=40
B 3. F[EREMRIHMER T WE TRELNRBEFYI, ShAH g, =Csin(Dxt), b
RRIFLERIR 1, = Asin(Bzt) H e B=0.02, (a) A=0.02; (h) A=1.2; () A=5; (d) A=40
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Figure 4. Time series of neuronal membrane potential under different intensities of sti-
mulation current, external magnetic field ¢, =Csin(D;rt), External stimulation cur-

rent I, =Asin(Bzt) A=5,(a)B=0;(b)B=002;(c)B=0.1;(d)B=1
B 4. FERRERFRISER T TR ARIREFS, NFHiS 4, =Csin(Dxt),
HNFRIFEBIR 1, = Asin(Brt) HF A=5, (@) B=0; (b)) B=0.02; (c)B=0.1; (d)B=1
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Figure 5. Time series of neuronal membrane potential under different intensities of electro-
magnetic radiation, external magnetic field 4., :v-awgn(x(4),1), External stimulation cur-

rent 1, = Asin(Bzt), A=6,B=0.01(a) v=0.001; (b) A=0.01
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