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Living in an electronic age it is easy to take information transmission for granted. People are connected nearly instantaneously over great distances without a second thought. This led us to create an activity to look at the transmission of complex electrical signals, which we feel is both simple and elegant. It seems like every student these days walks into class carrying an iPod or a cell phone. While these are very intricate devices, a simple model can be constructed by students to show how audible sounds can be transformed into electrical signals and later retrieved. The activity involves students building a simple microphone and loudspeaker system and seeing how these two devices are linked. This construction also makes it easy to show how audio signals can be transmitted along wires. This experiment would be appropriate for studies in electricity and magnetism as well as sound waves. We hope that students will learn: 

• Sonic vibrations can be used to create electrical signals.
• Sound information can be transmitted through these currents.
• Microphones and speakers convert sound signals to electrical signals via electromagnetic induction, and vice versa.



Concepts

Electromagnetic Induction

Electromagnetic induction occurs when a changing magnetic field near a metal wire induces a current in the wire in opposition to the changing field, in accordance with Faraday’s Law. The current in the wire creates a magnetic field as in Ampere-Maxwell’s Law. To maximize the amplitude of the signal a solenoid is used to surround the magnet. 

Circuits are created when conductors are connected in such a way as to allow current to flow in them. Current can be created by having a voltage differential over parts of the circuit through the use of a battery, or by inducing a current with a magnet. In this lab the motion of the magnet in the coil causes current to flow, so no batteries are required for Petri dish speakers. The nature of conductors allows electrical currents to travel at high velocities and carry information in them which is stored in the current. This is how the signal can be transmitted from one location to another, in this lab the audio source can be away from where the speaker produces the sound so long as they are connected via wires. 

Sound waves

Sound travels in longitudinal waves. Longitudinal waves have their displacement in the direction of travel, which means that sound waves which travel through the medium of air displace air in the direction that they are traveling. This is easily seen by talking into your hand and feeling your breath on it. The more energy contained in the sound wave the greater the displacement, notice that yelling into your hand results in more pressure against it. This displacement is what will allow us to change audio signals into electrical signals. 

Physics 

The basic device consists of a magnet inside a coil of wire to generate or transmit electrical signals. The magnet very light, so when we attach it to a thin membrane (the Petri dish lid) it is sensitive to vibrations. This couples the magnet and the membrane so that when the membrane oscillates the magnet moves, and vice versa. For the speaker current flows through the coil of wire it moves the magnet, which moves the membrane creating waves in the air. These are sound waves. For the microphone sound waves hit the membrane and move the magnet in the coil inducing a current. The next issue becomes what to do with the electrical signals. 

Apparatus 

We made our coil by wrapping 30-gauge wire around a small plastic spool. We chose a magnet that would fit inside the spool easily. The magnet was super glued onto the lid of a Petri dish, and the spool with wire around it was glued to the base. In order to center the magnet and spool on the Petri dish we created a template to lie underneath the Petri dish which indicated where the items should be located. 
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Glued Petri dish


To create an input or output for the electrical signals requires the ends of the wires that feed into the coil have to make good connections with whatever source or amplifier is being used with it them. To be able to close our Petri dish casing and still have the ends of the wire outside of the dish we melted a hole in the side of the base using a soldering iron. To close the casing (with the magnet inside the spool) we taped the top and bottom of the Petri dish together. 

Speaker 

To use the device as a speaker requires a source for audio input like a CD player with a 1/8” plug wire stripped and adapted so that it can be connected to the coil via alligator leads. To create an audible signal simply press play on the source electronics. We found that using the Petri Dish as a speaker first was more effective because it is a more vivid phenomenon than the microphone. 

To produce a significantly better sound an amplifier needs to be included in the system. The amplifier serves to boost the power of the signal in the wires, which increases the amplitude of the oscillations in the magnet/coil system, by inducing stronger magnetic fields in the coil. 
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Loudspeaker Assembly: Speaker, Tape, and Amplifier


Audio Devices 

A cassette, CD, or Mp3 player works by reading information from a file and converting the encoded audio information into an electrical current. The source file determines the frequency and magnitude of the current that it creates. Human ears are not tuned to hear electrical currents, so in order for people to receive the encoded audio information it has to be processed in such a way that people can understand it. This is done via speakers. Speakers like the one that students have built here, take the current from the player and run it through a coil of wire. Inside the coil of wire there is a magnet which oscillates in response to the magnetic field induced by the current in the solenoid. When the magnet is attached to a membrane, such as the lid of the Petri dish the motions of the lid and magnet create compressions and rarefactions of the local air. The waves that are thus created are sound waves. 

Microphone

Microphones are the inverse of speakers and the properties that make a good speaker, like the thin plastic of the Petri dish, are the same properties that make good microphones. When a vibration from a sound wave hits the surface of the Petri dish it will cause the surface to oscillate moving the magnet which is glued on to it. When the magnet moves in the coil of wire on the spool it induces a current. The tiny oscillations in the current carry the relevant information from the initial audio stimulus to the speaker. Once the speaker (amplifier) is turned on, students can tap the Petri dish, or create a feedback loop to demonstrate that it is functional. Having the audio signal encoded in an electrical current allows for it to be transmitted as in telephones, PA systems, and radios, as well as recorded onto cassettes, Mp3’s and CDs. 

The microphone is ineffective at transmitting human voices over short distances, even with the amplifier, as the spoken word will be louder in the air than what the microphone can pick up. We also had students look at transmitting information across the room using longer wires. The microphone set up functions as a public address system if the speaker is a long distance away from the microphone. 
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Microphone Assembly: Microphone and Amplifier


Conclusion

What is a positive about this exploration is that the speaker phenomenon is very vivid, and the preparation time is minimal. Students can do every part of construction, with the exception of melting holes in the sides of the Petri dish. This gives them ownership over the device, as would allowing them to play their own music. This is a highly relevant technology combining topics in electricity, magnetism, and acoustics. The fact that speakers and microphones function on the same physics, but simply reverse the process is an elegant example of the symmetry in electricity and magnetism. The low cost of the materials (which can all be reused except for the Petri dish), short set up time, variety of physics addressed, and contemporary applicability make this laboratory a worthwhile addition to most classes. 




Author: Brad Baden, 2006 
	 

	Property of LS&A Physics Department Demonstration Lab
Copyright 2006, The Regents of the University of Michigan, Ann Arbor, Michigan 48109 


