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Abstract 

The audible sound has the characteristics of spreading and diffracting. And ultrasonic is 

directive. We modulate sound into ultrasonic signal. The carrier and sideband are ultrasonic 

frequency bands. But in the experiment, human can hear highly directive sound. In terms of 

attenuation rate, AM demodulation sound is lower than pure ultrasonic wave. 

Why can human hear the directive sound? By using the nonlinear mathematical transform, 

we managed to explain the audible sound which is transformed from sideband with 

nonlinear effect in the experiment.  

In order to confirm that nonlinear phenomena in the air ultrasonic, we launch 40KHz single 

tone ultrasonic signal. Besides the 40KHz signal, we also received 80KHz signal. The 

amplitude of 80KHz signal will increase with the emission intensity, and also with the 

transmission distance to increase its stability. These are consistent with nonlinear theory in 

the literature. 

Next we began AM ultrasonic experiment. We calculated the sideband intensity that is the 

product of frequency response and modulation index. The demodulation sound intensity is 

the product of modulation index, frequency response, and nonlinear coefficient. We also 

proved the calculated consequence through the experiment. In the experiment, the 

ultrasonic transducer has a best frequency response in 40KHz. The nonlinear coefficient has 

positive correlation with the modulation frequency, and increases transmission distance. 

To boost the power of directive audible sound, we made an amplifier, using square 

wave to replace sine wave of carrier, and in conjunction with array transducer 

output. To improve the sound quality, We use the spectrum-Equalizer to adjust the 

frequency distribution of the origin signal. The EQ reduces the low-frequency 

amplitude, and boost high-frequency amplitude, which enables every frequency of 

the original signal to be properly modulated, achieving the best sound quality.
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評語 

 

優：理論模型與實驗數據相符。 

缺：1) 本主題已有許多研究。 

2) 聲波在空氣中傳遞之非線性現象為指導老師之想法，學生僅按表 

 量測而已！  
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