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Fig. 1. Nerve cell body model constructed by three layers of

membrane, intracellular fluid and nucleus.
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Table 1. Fitting results of membrane second-order Debye

model parameters.
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Fig. 2. (a) Absorption coefficient, (b) refractive index, and (c) the real and imaginary parts of the dielectric constant of the effec-

tive intracellular fluid in the frequency range of 0.3—2 THz.
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Table 2. Second-order Debye model parameter fitting
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results of dielectric constant of the effective intracellular

fluid in nerve cells.
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Fig. 3. Dielectric constant of intracellular fluid in the range
of 0.3-50 THz simulated by second-order Debye model:
(a) Real part; (b) imaginary part.
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Fig. 4. (a) Three-dimensional FDTD model of THz wave transmission in the nerve cell. THz wave is generated by line sources and

transmitted to three-dimensional space in the form of cylindrical wave. (b) THz source waveforms for the three frequencies (20, 25,

30 THz) used in the simulation.
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Fig. 5. Surface boundary trapezoidal mesh treatment, the

orange area is the cell membrane.
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Fig. 6. (a) Gain of the THz wave transmission in nerve cells at a frequency of 30 THz; (b) one-dimensional field distribution results

of the THz wave in air (yellow curve), a model without intracellular fluid (red curve), and a cell model with intracellular fluid (blue

curve). The yellow curve overlaps with the red curve.
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Fig. 7. (a)—(f) Field gain results in the nerve cell when the dielectric constant of background medium is 1, 2, 3, 4, 5, 6. The fre-

quency is 30 THz.
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30 THz.
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Table 3. Second-order Debye model parameters of
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Abstract

The size of nerve cell is comparable to the wavelength of terahertz (THz) wave. In this work, a new

concept of weak resonance effect of nerve cells is proposed. The permittivity of intracellular fluid is measured

experimentally by using a THz-TDS system, and the relationship between the permittivity of nerve cells and

the frequency is obtained by fitting the double Debye model. The propagation characteristics of THz waves in

nerve cells are studied by finite difference time domain. The results show that when the dielectric constant of

nerve cell is higher than that of the external medium, THz wave can be enhanced in the nerve cell. Meanwhile,

as the dielectric constant of the external medium increases, the resonance will be close to the cell membrane.

And it shows the focusing property of THz waves, as a convex lens does. The weak resonance effect is related to

the dielectric constant of the background medium, and increases with the cell size and frequency increasing.

These results provide a new model to explain the interaction between THz wave and nerve cells, contributing to

the study of the transmission mechanism of THz wave in biological nervous system.
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