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on thermal stress waves in the cochlea of rats
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ABSTRACT A numerical simulation study was conducted to investigate the auditory effects in rats induced by
pulsed microwave exposure. Based on a three-dimensional anatomically realistic rat model, the finite-difference
time-domain (FDTD) method was employed to calculate the electromagnetic energy absorption in the rat body under
microwave irradiation at different rise times and pulse widths. Subsequently, using the adiabatic approximation, the
FDTD method was further applied to simulate the stress waves generated by the temperature rise caused by
microwave absorption in the rat body. The results indicate that under specific pulse widths and irradiation conditions,

the spectrum of the stress waves (thermoacoustic waves) excited in the rat model falls within the frequency range
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perceivable by the human (or rat) auditory system. Based on the simulation data, the threshold power for the

microwave auditory effect in rats was estimated to be 0.6 k€W/m’under EyHx irradiation with a pulse width of 20 ps,

a result that is consistent with the power threshold reported for the microwave auditory effect in humans.
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Table 1 Physical property parameters in the thermal stress wave equation

Ul HIE S/ (kgrm™) /(0 (kgeoO))  H MRS/ GPa S M A/ GPa IZIK A%/ oC!

Physicalproperty Density Specific heat The first lame The second lame Thermal

parameters constant constant expansivity

R L Soft tissue 1050 3860 2.240 1.052x10°° 4.100x107°

B i Sclerotin 1070 1 600 6.923 4.615 1.06x107°
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B L A A A 2 23858 B 1 SAR MK, A B 75 3504
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O L B A AR IE N 1 Vi 3B IR IDE pypx A 5% 00 45 5 5k SAR 1 4 0.283 mW/kg,
£10.133 mW/em®s KB AE N SARE A2 EzHx NG54 B i) K SAR{E N 0.258 mW/kg.
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Fig.2 SAR distribution in rats under EyHx irradiation
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Fig.4 Differences in stress waves between the left and right cochlea: (a) stress wave waveforms; (b) stress wave spectrum
(color online)
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Fig.5 Stress waves at the right cochlea under different irradiation methods: (a) stress wave shape; (b) stress wave spectra
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(a) stress wave shape; (b) stress wave spectra
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Fig.7 Stress waves at the cochlea under microwaves irradiation of different pulse widths:
(a) stress wave shape; (b) stress wave spectra
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