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Dear colleagues! My name is NN. I will present the Russian team with the problem Hearing light.
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Coat one half of the inside of a jar with a
layer of soot and drill a hole in its cover.
When light from a light bulb connected to
AC hits the jar’s black wall, a distinct
sound can be heard. Explain and
investigate the phenomenon.




The problem says: Coat one half of the inside of a jar with a layer of soot and drill a hole in its cover. When light from a light bulb connected to alternating current hits the jar’s black wall, a distinct sound can be heard. We are proposed to explain and investigate this phenomenon. 
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Bell A. G. (1880) “On the production and reproduction of sound by light”. Am. J. Sci. 20, 305.
Tyndall J. (1881) “Action of an intermittent beam of radiant heat upon gaseous matter”. Proc. R. Soc.
London 31, 307-317.

Réntgen W. C. (1881) “On tones produced by the intermittent irradiation of a gas”. Phifos. Mag. 11, 308.




The phenomenon described in the problem is called the photoacoustic effect. This effect was discovered independently by Bell, Tyndall and Roentgen. On this picture Bell’s setup is shown.
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To understand the phenomenon, we conducted some observations.
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We soot a half wall of a jar and drilled a hole in its cover. A microphone was lowered into the jar. The jar was illuminated by an AC incandescent lamp.
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The output signal from the microphone is transformed to the power spectrum by PC software “Spectrum Lab”.
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This spectrum was obtained when the lamp was off. And this one when the lamp was on. The high peak appears on 100 Hz frequency and the lower one on 200 Hz. The first peak represents the main tone; the later corresponds to the secondary harmonic.
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Let’s explain the phenomenon.
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The bulb is operated by the alternating current with 50 Hz frequency. Each half-wave of the alternating current creates a power pulse. So the power pulses occur with 100 Hz frequency. 
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On this video you can see that in effect the blinking bulb does not go off completely. The measurement shows that an oscillating decrease of illumination is about 20% of the maximum value. Note that the sound is generated by these pulsations of the light intensity.
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The detected sound is the result of a photo-thermo-acoustic conversion. The soot absorbs light and transforms its energy into heat. The air in the jar is heated up locally near the sooty wall, creating a pressure increase. This process is repeated periodically, so the pressure oscillations produce a sound.
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We just explained the tone at the frequency of 100 Hz. But what is the origin of the secondary harmonic? Of course, the double frequency tone appears because of weak nonlinear effects.
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To demonstrate that the frequency of the sound is equal to the frequency of the light modulation we made an experiment with mechanical interruption of light.
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An opaque disk with six windows is mounted on the axis of the electric motor. Another disk with one window is fixed. When the first disk rotates, the fixed window opens and closes periodically. In this wxperiment we used a halogen lamp which almost does not blink.
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On this video you can see that while the rotational speed increases, the main peak moves towards high acoustic frequencies. 
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This spectrum is obtained when the motor rotates at constant speed and the lamp is turned off. When the lamp is turned on, two additional peaks appear. The frequency of 183 Hz coincides with the opening of the window.
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In out next experiment we decided to increase the sound  volume with a resonant amplification.
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Inserting a tube into the cover we made a Helmholtz resonator. Its resonant frequency is calculated by this formula.
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The length of the tube can be expressed through the other parameters of the resonator. In order to obtain 100 Hz frequency the length should be about 5.5 cm. 
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This is the jar with the tube.
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The spectrum without the tube was already shown. Adding the tube we get this new spectrum. As a result of a resonant amplification, the main peak increases by 15 dB.
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Also we decided to investigate how the sound volume depends on the distance from the light source to the receiver.
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This graph shows that the sound was detected up to the distance 1 m. In these limits its volume decreases with increasing of the distance from the jar. The scales are logarithmic, and all experimental points lie on a straight line. Therefore this dependence is a power law. Let’s found the exponent. When the distance increases 10 times the sound volume decreases 10000 times. Thus the exponent is equal to –4.
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Let’s explain this dependence. We have already seen that the secondary harmonic is weak. Hence the conversion process may be considered as linear. Therefore, the amplitude of pressure oscillations is proportional to the amplitude of temperature oscillations and to the amplitude of light intensity oscillations.

We know that the sound volume is proportional to the square of pressure oscillations. Thus the sound volume is proportional to the square of light intensity oscillations.

The theory says that the light intensity is inversely proportional to the square of the distance. Hence the sound volume is inversely proportional to the 4th power of the distance.
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In order to demonstrate that the sound volume is proportional to the square of light intensity, we took four bulbs and turned them on one by one. 
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Two sequences of experimental points correspond to two distances. All points lie on parallel straight lines. Hence the dependence is a power law. The exponent is equal to 2. This result is fully consistent with the theory.
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Finally, we made an experiment with a flash, illuminating the jar.
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In this experiment we can hear the typical “glassy” sound.
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The upper spectrum was obtained with a flash. The lower one was obtained when we knocked the jar by a pencil. Some peaks coincide, some not. It is clear that all peaks correspond to the natural frequencies of the mechanical vibrations of the jar. Which of these peaks really sound depends on how the excitation occurs.
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Let me explain this phenomenon. The flash produces a short impulse of light. Absorption of this light leads to a short sharp heatstroke. The result of this heatstroke is a sound with a wide-band spectrum. The jar responds to this sound on its resonant frequencies, so we heard “a glassy sound”.
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Let’s make a conclusion.
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Illumination with periodic intensity leads to periodic changes in the temperature of a sooty wall and of the air near the wall. This provides a periodic modulation of air pressure and thereby appearance of the sound. 

The volume of sound depends on the distance between the light source and the photoacoustic converter as r–4.

A single flash of light creates a sound with a wide range of frequencies similar to the sound caused by a knock.
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These are our references.
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Thank you for your attention.

