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 This paper presents the potential of an electromagnetic transducer device in a 

form of audio speaker that is used to capture sound waves to be converted 

into electricity. It is an interesting concept but less explored by researchers. 

The objective of the study is to measure the potential of electromagnetic 

transducer as a way to generate electricity. It deals with the creation of 

electricity through movement and magnetism. Sound waves can induce 

movement on the surface which in turn moves the transducer thus creating 

electricity. The source of sound was coming from an 8-inch subwoofer 

speaker with a frequency of 80 Hz that was held constant throughout the 

experiment. Furthermore, using simple linear regression analysis, the study 

showed that for every linear increase of sound intensity level and distance of 

the source, there is an exponential increase and an exponential decrease in 

the voltage root mean square (RMS) respectively. The functionality 

assessment of the device was statistically analyzed using completely 

randomized design. It was found that the energy level significantly increased 

as the sound intensity level increases given a fixed distance of 15 mm from 

the source. The device could generate enough energy to power small 

electronics such as light emitting diodes (LED), transistor and resistor. 

Keywords: 

Electric energy generating device 

Electromagnetic transducer 

Linear regression 

Sound 

Subwoofer speaker 

This is an open access article under the CC BY-SA license. 

 

Corresponding Author: 

Maricel G. Dayaday 

Department of Electronics Engineering 

College of Engineering and Information Technology 

University of Southern Mindanao, Kabacan, 9407, Philippines 

Email: mgdayaday@usm.edu.ph 

 

 

1. INTRODUCTION  

Electricity plays a vital role in the society. Without electricity, life will be very uneasy because all of 

the technologies that assist in daily life need electricity to operate. As the world population rapidly increases, 

the demand of electricity also increases. However, electric power production is very limited. Studies show 

that majority of the world’s power relies upon the utilization of fossil fuels. An alternative source of electric 

energy is sound energy which has vast possibilities that have been left unexploited as one of the alternative 

and sustainable sources of electricity. 

Utilizing sound as a source of energy to deliver a feasible source of electricity is a step forward in this 

direction, hence the study sound to electric energy generating device. The purpose of the study is to explore the 

possibility of generating electrical potential from constant high-intensity sound. The [1], [2] source of loud noises 

can be found in many places and devices such as disco machines, karaoke, construction areas, factories, 

concerts, clubs, busy streets, airport railways and loudspeakers. The developed technique that produces 

electrical energy through sound energy helps in reducing pollution [3]. In addition, it helps to reduce the 

power consumption in many households thus, reducing the burden of paying electric bills by simply putting 

the device directly to the loud places and allows it to absorb the sound waves from the surroundings. 

https://creativecommons.org/licenses/by-sa/4.0/
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Whenever there is a power outage, the device can be useful to act as an emergency source. Therefore, the 

electric energy production from the accessible sound source can prove to be relevant and meaningful. 

Generally, the study sought to design an alternative and sustainable source of energy and to 

determine the extent of usefulness of the device. Specifically, to develop an electromagnetic device that can 

utilize sound energy to convert it to electric energy. Furthermore, the study sought to present a model 

between the voltage root-mean-squared (RMS) across the coil and a model between the relationship of the 

distance of the sources from the device and induced voltage RMS.  

The first conceptualization of electromagnetic induction by Michael Faraday that electromotive 

force can be obtained in two methods: firstly, is when electric conductor is constantly moving within a static 

magnetic field and when the electric conductor is kept in a moving magnetic field. Faraday realized that the 

electromagnetic induction influenced by the strength of the magnet, the number of coils, and the speed of 

relative motion between coil and magnet. Hence, when the number of turns of wire, strength and area of the 

magnet, and the speed of relative motion between coil and magnet are high, this will produce to more 

induced emf or voltage [4]. 

Moreover, in Faraday’s [5] first experimental demonstration showed that when current started to 

flow in one wire, a sort of wave would travel through the ring and cause some electrical effect on the 

opposite side, connected with one wire into a galvanometer, wire to a battery and a transient current was 

observed. This induction was due to the change in magnetic flux that occurred when the battery was 

connected and disconnected. Electromagnetic transducer is a type of transducer which uses the principle of 

electromagnetic induction. This kind of transducer can be found in many devices such as speakers and 

microphones. In the experiment [6]-[9], they proposed a technique by using electromagnetic transducers 

cause by the sound pressure waves to produced vibrations and converted it into electrical energy. The circuit 

was connected at the sources of the noise: 1 meter from the car horn and 1 meter from the motorbike silencer. 

In that the connection, the sound waves produced drop on a diaphragm, which is coupled to an induction coil 

placed in front of a permanent magnet. As the sound waves reach the diaphragm vibrates, the coil moves 

along with it. Using digital multimeter in volts (V) to measure the voltage drop across the coil, sound was 

measured though a sound meter in decibel (dB) located close to the source. A transformer was used to step up 

the voltage produced across the coil. The results of their experiment were conclusive. For car horn, at 87 dB, 

the produced voltage across the coil is about 0.6 V, and at 90 dB, the produced voltage is about 1.2 V to  

1.62 V. For motorbike silencer, at 103 dB, the voltage produced across the coil is about 0.5 V, and at 114 dB, 

the produced voltage is about 2.7 V. The results showed further that the equivalent voltage which was 

measured at the multimeter increased when the noise level increases. Furthermore, the sound energy and the 

produced voltage are non-linear in relation as shown in Figures 1 (a) and (b). 
 

 

  
(a) (b) 

 

Figure 1. Sound energy and the produced voltage are non-linear in relation:  

(a) car horn and (b) motorbike silencer [6] 
 

 

While, Bhatnagar [10] proposed three methods in transforming sound energy to electric energy. The 

first method involves placing a very thin curtain-like diaphragm that will be fluctuated through pressure by 

the sound wave. A coil is attached to it and then placed between permanent magnets. Constant fluctuation in 

the curtain will result to movement in the coil affecting the magnetic field of the magnets that will produce 

motional emf and will generate voltage across it. As per Faraday’s law is given by:  

 

𝐸 = 𝑁(𝐴𝛥𝐵)/𝛥𝑡;  

 

where:  

𝐸 = 𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 𝐸𝑀𝐹 𝑜𝑟 𝑣𝑜𝑙𝑡𝑎𝑔𝑒  

𝛥𝐵/𝛥𝑡 = 𝑟𝑎𝑡𝑒 of relative motion  
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𝑁 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑤𝑖𝑛𝑑𝑖𝑛𝑔𝑠 𝑜𝑓 𝑤𝑖𝑟𝑒 𝑐𝑜𝑖𝑙  
A = area of the magnet. 

So, the sound wave that produces oscillation could be converted into electricity [11]-[15]. But its 

drawback is that efficiency will only be reach when it places to high decibel of sound such as nuclear power 

plant and other industries with huge and noisy machines. Rediscovered [16] that electricity can form among 

two dissimilar conductors, at the heat of the thermoelectric effect is that a temperature incline in a conducting 

material results in heat flow; this results in the dispersion of charge carriers. In turn the flow of charge 

carriers between the hot and cold regions creates a potential difference.  

The second method is by converting sound energy into heat energy. The sound energy [10], [17] that 

travels will interrupt the particle of the medium and these interruptions created by sound will be used to 

change it into heat energy. The method is less efficient as more energy losses will occur during conversion of 

sound energy to heat energy. 

The third technique is by transforming sound energy to electrical energy by piezoelectric material.  

The polarity of the electric charge is reversed which happened when the direction of the strain reverses. These 

instances [10] occur on certain single crystal materials such as when it is deformed by the application of peripheral 

stress which makes electric charges to appear on the crystal surfaces. This is called the direct piezoelectric effect, 

and the crystals that exhibit it are classed as piezoelectric crystal. However, the use of piezoelectric materials is 

expensive and unpractical for the reasons of generation. In addition, [18] piezoelectric transducer is affected by 

temperature variations and relative humidity, it operates with small electric charge and it has low output so some 

external circuit is attached to it. [19]-[23] showed the distinction of piezoelectric used for sound wave energy 

harvester. To make it comparable to that of environmental human sound which is at 50-100 dB, the experiment 

was set at range of 35-100 dB. So as to achieve an improved output power, the energy transducer utilized in the 

experiment was Piezoelectric type Q220-A4-503 YB. 

Three different types of harnessing circuitry such as full-wave rectifier, Gillard voltage, and Dickson 

voltage multiplier were utilized to the output of piezoelectric transducer with corresponding values shown in 

Figures 2 (a) and (b). A good agreement with expected theory within the frequency of interest was attained as 

measured in the results of piezoelectric transducer with and without connected to external circuitry devices. 

Maximum power response of performance was achieved with 2057.2uW (33.133 dBuW) at 96 dB. Among the 

three types of harnessing circuitry, Villar and Dickson voltage multipliers produced 9.817 V, 9.593 V respectively 

while full wave bridges produced 3.504 V at 96 dB sound intensity level. The finest performance was achieved 

when the piezoelectric transducer was connected to Villard voltage multiplier [16]. 
 
 

   

(a) (b) (c) 
 

Figure 2. These figures are: (a) villard multiplier, (b) dickson multiplier, and (c) full-bridge rectifier 
 

 

Farghaly et al. [23] proposed a study regarding the use of piezoelectricity to harness sound energy to 

change it to electrical energy. The researchers concluded that utilizing the noise to create electricity from the 

selected places using the concept of piezoelectricity is effective [24], [25]. The amount of electric energy 

produced was about 0.024-watt hr. The energy produced is too small to be used in practical application. The 

researchers suggested that the area should be utilized to hundreds of square meters in order to harvest 

considerable amount of electric energy that can be used to power LED street lamp or it can be stored and used 

for any devices that need greater amount of electric energy when needed in applications, this would help in 

reducing power consumption. 

After thorough investigation and comprehension in the related literature and studies that highlights 

the sound energy as a potential source of electric energy, the researchers wish more to extend the utilization of 

sound energy to produce electric energy by applying the concept of electromagnetic induction rather than 

piezoelectricity due to latter’s impractical application and complex method in producing electricity. In 

addition, the researchers want to develop the device presented on this chapter in a relatively new concept of 
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evaluating its functionality. Enhancing its capability by storing electric potential energy produced by the 

device, this will lead to more advanced mechanism of harnessing sound energy so that it can be more 

helpful in many practical applications in the world of electricity. 

 

 

2. RESEARCH METHOD  

Experimental method of research had been used in this study in finding out and in developing the 

device suitable for the users in creating a new source of electricity out of noise. This study was implemented 

using a thorough experimentation and replication method in making the design of circuitry and test the 

functionality of the device. The device generated energy by converting the vibration coming from the noise 

and magnetism to electrical energy. It is composed of a diaphragm, frame, voice coil and N52 grade 

neodymium magnet. The diaphragm of the device is served as the noise absorber, the diaphragm is about  

8 inches long and is attached to the voice coil. The diaphragm is made of a light material so that it will be more 

sensitive to oscillation. The voice coil has a diameter of about 1.6 inches and is made up of 125 turns of #32 

AWG copper wire. The frame then supports the diaphragm. Three N52 grade neodymium magnets with 1.5” 

diameter and 0.5” thickness is placed inside the voice coil in order to create the electromagnetic transducer 

and in which the both ends of the voice coil is attached to the circuit 

Figure 3 (a) show the schematic and block diagram of the device, in which the circuit is composed 

of a step-up transformer, diodes, and capacitors. The step-up transformer has a primary-to-secondary turns 

ratio of about 1:50. Four 1N5822 diodes are used to rectify the input voltage and electrolytic capacitors will 

be used to filter the output voltage and for energy storage while Figure 3 (b) explains the flow of harnessing 

sound energy to produce electricity, in which the sound waves coming from the source were used to vibrate 

the diaphragm of the speaker, thus triggering the electromagnetic transducer. This resulted to induced voltage 

to be stepped-up by a transformer. The alternating current (AC) voltage was converted to direct current (DC) 

voltage using diode for rectification and capacitors for filter and energy storage. To measure the sound 

intensity level from the source, decibel meter was used. On the other hand, to measure the induced RMS 

voltage in the electromagnetic transducer, oscilloscope was used and digital multimeter for voltage output.  
 

 

 
(a) 

 

 
(b) 

 

Figure 3. Schematic and block diagram of the device: (a) schematic and block diagram of the device and  

(b) explains the flow of harnessing sound energy to produce electricity 
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The evaluation was done by using a loudspeaker that can handle around 150 watts. The speaker was 

an 8-inch sub-woofer so that it is capable of producing and handling very low frequencies. Frequency with 

80 Hz was used throughout the study. To determine the relationship between the sound intensity level and the 

induced voltage RMS across the coil, 20 voltages RMS were induced across the coil for each random sound 

intensity level, with distance between the sound source and device held constant. To determine the 

relationship between the distance of the device from the sound source and the induced voltage RMS across 

the coil 48 voltages RMS were induced across the coil in 10 intervals beginning at 30 mm up to 500 mm, 

with frequency and sound intensity level held constant. In both cases, there were 5 replications for the 

induced voltage RMS in each interval, and the data were based on the average of the five measurements. To 

determine the functionality, 4 output voltages were considered in determining the stored energy in a given 

amount of time for each corresponding sound intensity level using the formula. There were 3 replications of 

output voltages for each sound intensity level and the voltage output was determined from the average. 

Regression models were used to determine the relationship between the induced voltage RMS and 

the sound intensity level, and the relationship between the induced voltage RMS and distance of the device 

from the source. For the functionality of the device, the data analysis and interpretation were done using 

completely randomized design with 1% level of significance. 

 

 

3. RESULTS AND DISCUSSION  

3.1.  Electromagnetic transducer device 

Figures 4 (a) and (b) show the developed device. The diaphragm of the device is made up of a light 

material in order to increase the sensitivity to the oscillation produced by the sound pressure waves from the 

source. The diaphragm is connected to the voice coil which is supported by a flexible material wrapping a 

strong permanent magnet in order to produce energy which will be used to power electronic components. 
 

 

  
(a) (b) 

 

Figure 4. Developed device: (a) front view of the device and (b) top view of the device 

 

 

3.2.  Regression model between the sound intensity level and voltage RMS 

There were about 20 data gathered during the experiment. The sound intensity level (x) came out as a 

predictor for voltage RMS (y) at a certain distance from the source. It shows that for every linear increase of 

sound intensity level resulted in an exponential increase of voltage RMS as shown in Figure 5 (a).  

Figure 5 (b) shows that there is a very potential strong linear relationship between two variables in the 

logarithmic values of the voltage RMS. This implies that the logarithmic equation can be used to better 

predict the induced voltage RMS at a given sound intensity level and due to a small standard error. 

Table 1 further shows that the values: multiple R, R square, and standard error in logarithmic 

regression model that it is more reliable and preferable, and gives a better prediction in determining the 

voltage RMS value in a given sound intensity level compared to the linear regression model. This connotes 

that the linear equation is not applicable to predict the values of voltage RMS at a given sound intensity level 

and due to very high standard error. A logarithmic equation may provide a better fit, given that the decibel is 

in a logarithmic scale. As expected, greater air pressure waves will trigger the transducer as the sound 

intensity level increases. Further result indicates that more energy can be produced at very high decibels. 

Moreover, the relationship between the two variables is consistent with the research study of [5]. Also,  

Table 2 shows that the constant and the variable x are highly significant between linear and logarithmic. 

The regression model for induced voltage RMS (Y) was computed to be: Y=10.863ln(x)-44.018 

where x is the sound intensity level in decibels (dB) and Y is the logarithmic value of the induced voltage 

RMS (mV). Explicitly, at 85 dB, a common sound intensity level at busy traffic in streets, the predicted 

induced voltage RMS will be equal to 69.58 mV, whereas from 100 dB to 120 dB which can be found in most 
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of the industrial sites, loud concerts and airport railways, the induced voltage RMS will have a value of 406 

mV up to 3V from a certain distance. This signifies that considerable amount of energy can be produced to 

power up small electronics devices, insofar as sound intensity is consistently high.  
 

 

  

 (a)  (b) 
 

Figure 5. These figures are: (a) voltage RMS vs. sound intensity level plot and  

(b) voltage RMS vs. sound intensity level logarithmic plot 
 

 

Table 1. Regression statistics between the sound intensity level and voltage RMS (linear and logarithmic) 
Regression statistics 

Linear regression model Logarithmic regression model 

Multiple R 0.935022 Multiple R 0.98839829 
R Square 0.874265 R Square 0.976931179 

Standard Error 75.94372 Standard Error 0.204741752 

Observations 20 Observations 20 

 
 

Table 2. Coefficients and significant value of variable x between the sound intensity level and voltage RMS 

(linear and logarithmic). 
Regression statistics 

Linear regression model Logarithmic regression model 

 Coefficient Sig  Coefficient Sig 

Constant -1421.24 5.37E-08** Constant -6.396444511 1.57E-11** 
Sound Intensity Level (x) 18.62474 1.55E-09** Sound Intensity Level (x) 0.123916759 13.47** 

** Significant at 0.01 level Sig – significance (p-value) 

 

 

3.3.  Regression model between the distance and voltage RMS 

There were about 48 data gathered during the experiment. The distance of the source (x) came out as 

a predictor for voltage RMS (y) at a certain sound intensity level of the source. It shows that for every linear 

increase of the distance of the source resulted in an exponential decrease of voltage RMS as shown in  

Figure 6 (a). Figure 6 (b) show that the two variables in the logarithmic values of the voltage RMS have very 

strong relationship. This implies that the logarithmic equation can be used to predict the induced voltage RMS 

at a given sound intensity level and due to a small standard error. 

Table 3 further shows that the values: multiple R, R square, and standard error in logarithmic 

regression model that it is more reliable and preferable, and gives a better prediction in determining the 

voltage RMS value in a given distance from the source compared to the linear regression model. This 

connotes that the linear equation is not applicable to predict the values of voltage RMS at a given sound 

intensity level and due to very high standard error. As expected, the air pressure waves coming from the 

source greatly attenuates as it travels along with the distance. Further result indicates that very small energy 

can be produced if the device is distant from the source, but at very close distance, considerable amount of 

energy can be produced. Also, Table 4 shows that the constant and the variable x are highly significant 

between linear and logarithmic. 

The regression model for induced voltage RMS (Y) was computed to be: Y=-1.946 ln (x)+15.085 

where x is the distance of the source (mm) and Y is the logarithmic value of the induced voltage RMS (mV). 

Explicitly, at 50 mm from the source, the induced voltage RMS will be around at 1.8V, whereas half-meter 

from the source, the induced voltage RMS will have a value at around 20 mV from a certain sound intensity 

level. This signifies that to attain the maximum energy that can be produced; the device must be very close to 

the source as much as possible. 
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(a) (b) 

 

Figure 6. These figures are: (a) Voltage RMS vs distance plot and (b) voltage RMS vs distance logarithmic plot 

 

 

Table 3. Regression statistics between the distance and voltage RMS (linear and logarithmic) 
Regression statistics 

Linear regression model Logarithmic regression model 

Multiple R 0.697301597 Multiple R 0.976604462 

R Square 0.486229518 R Square 0.953756275 
Standard Error 356.4192274 Standard Error 0.307223412 

Observations 48 Observations 48 

 

 

Table 4. Coefficients and significant value of variable x between the distance and voltage RMS  

(linear and logarithmic) 
Regression statistics 

Linear  Logarithmic regression model 

 Coefficient Sig  Coefficient Sig 

Constant 932.47987 7.72E-11** Constant 7.22448862 7.13E-50** 

Distance (x) -2.4501866 3.65E-08** Distance (x) -0.009859356 2.36E-32** 
** Significant at 0.01 level Sig – significance (p-value) 

 
 

3.4.  Functionality assessment 

There were 4 data gathered during the experiment to test the functionality of the device. The device 

was 15 mm from the source. A capacitance that has a value of ten (10) millifarads was used for the circuit. 

The evaluation of the functionality of the device was done by a series of test. The device was tested three 

times per sound intensity level at five minutes per test. The researcher gathered a total of 12 data for four 

different sound intensity levels for a total time of one hour. 

Table 5 shows the variety of sound intensity level that was used and the results was tallied after each 

test. At 80 dB, it records a mean output voltage of 1.45 V and a stored energy of 10.51 mJ. At 85 dB, it 

records an average output voltage of 2.07 V and a stored energy of 21.36 mJ. Then at 90 dB, it records an 

average output voltage of 5.51 V and a stored energy of 151.62 mJ. Lastly, an average output voltage of 8.63 

V and a stored energy of 372.10 mJ was recorded for 95 dB. This implies that it can be useful to the 

electronic components that needed small amount of power such as light-emitting diodes (LED) and 

transistors. The device was found to be functional since it was able to generate energy at all sound  

intensity levels. 

Table 6 shows the corresponding results using completely randomized design (CRD). The test result is 

statistically significant with p-value<0.01. As such, there is a significant increase in stored energy as the 

sound intensity level (dB) of the source increases. This implies that the device was effective. 

 

 

Table 5. Evaluation for the study in determining the functionality of the device based on stored energy at 10 

mF and frequency of 80 Hz 
Sound 

Intensity 

Level (dB) 

Time of 
Testing 

(MIN) 

Output Voltage (V) Average 
(b) 

Stored Energy 
(mJ) 

Functionality (Indicate 
Whether ‘Yes’ Or ‘No’) R1 R2 R3 

80 5 1.48 1.43 1.44 1.45 10.51 YES 
85 5 2.00 2.17 2.03 2.07 21.36 YES 

90 5 5.43 5.62 5.47 5.51 151.62 YES 

95 5 8.65 8.60 8.63 8.63 372.10 YES 
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Table 6. Result using completely randomized design 
Source of Variation SS df Ms F P-value F Crit 

Between Groups 99.70723 3 33.23574 6782.804422 5.87E-14 4.066181 
Within Groups 0.0392 8 0.0049    

Total 99.74643 11     

 

 

4. CONCLUSION  

The objectives discussed in this study have been achieved as the results show that the developed 

device was fully functional in terms of getting the necessary data to be considered. It was concluded that 

there is an exponential increase and exponential decrease in the voltage RMS for every increase of sound 

intensity level with respect to the distance of the source. Furthermore, the device could generate enough 

energy to power up small electronics such as LEDs, transistors and resistors. To attain the maximum amount 

of energy, the device must be placed on the environment with high sound intensity level and must be adjacent 

to the source as much as possible when converting the movement and magnetism to electrical energy. It is 

recommended to evaluate the functionality of the device from many sources of sound especially in outside 

environment such as in streets and commercial buildings for considering it’s practically in the society. 

Further research and study are encouraged for the improvement and advancement of the device. 
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