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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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1 1
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_ 2
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1 1
Xiorps (t)=cos(aw,t) + —mcos(w. —w, )t + —mcos(w. + ®,)

2172/ NI MGG
1 me
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1 1 1
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A M & B il iy ( B & )

+ ! me cos(La -2, )t + £ e
8 2 4
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Sensitivity/Sound Pressure Level
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-50 130

-95 > N 125
& -60 r— \“- 120
S 5 Pl \\“"“m 115 o
= -70 — - 110 3
c ‘?5 /-—' = = 105 W
@ _go L4 100

=
-85 95
-90 90

35 36 37 38 39 40 41 42 43 44 45
Frequency (Khz)

Fig 6- 3 BRASUL /R RRIH]

Beam Angle: Tested at 40.0Khz frequency
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SPL Variation vs. Driving Voltage

SPL (dB)

125
120
115
110
105
100
85
90
85

0 2 4 6 8
Vrms

Fig 6- 5 B¢ FR S L B BRB) SRR %

10 12 14 16 18 20 22 24 26 28 30

Specification

400ST160 Transmitter

400SR160 Receiver

Center Frequency 40.0+1.0Khz

Bandwidth (-6dB) 400ST160 |2.0Khz
400SR160 |2.5Khz

Transmitting Sound Pressure [120dB min.

Level

at 40.0Khz:; 0dB re 0.0002ubar

per 10Vrms at 30cm

Receiving Sensitivity -65dB min.

at 40.0Khz 0dB = 1 volt/ubar

Capacitance at 1IKhz +20% 2400 pF

Max. Driving Voltage (cont.) 20Vrms

Total Beam Angle -6dB 55° typical

Operation Temperature 30 to 80°C

Storage Temperature _40 to 85°C

All specification taken typical at 25°C
Closer frequency tolerance can be supplied

upon request.
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