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The first lab demonstrated that sound, whether it is generated by a monochord string or the tine of a 
tuning fork, is generated by vibration which occurs at a rate that is audible the human ear. This lab 
explores ways in which sound can be reproduced. 
 
Sound is generated by a back-and-forth movement such as the vibration of a monochord string. The 
diaphragm of a speaker is moved back and forth in a similar fashion through use of electromagnetism. 
Electromagnetism is also the force used to move electric motors back and forth. Modern motors use 
permanent magnets in combination with electromagnets to achieve motion. The south pole of an external 
permanent magnet exerts a magnetic force that attracts the north pole of the internal permanent magnet 
inside the linear motor. This causes the internal magnet inside the linear motor to move to the left side of 
the frame of the motor.  

 

 
The south pole of an external magnet attracts the north pole of the magnet 
inside the linear motor, causing the motor’s magnet to move to the left side. 

 
When the same poles of two magnets face one another, the two magnets repel one another. The north 
pole of an external magnet exerts a magnetic force that repels the north pole of the magnet in the 
linear motor.  This causes the magnet in the linear motor to move to the right side of the frame of the 
motor.  
 
In electromagnetic motors, the external permanent magnet is replaced with an electromagnet. A 
current traveling through a coil of wire creates a magnetic field to form an electromagnet. Each end of 
the electromagnet coil has a polarity:  one pole is positive, and the other is negative. Reversing the 
leads of a battery attached to the coil will cause the poles to reverse. This can be done manually by 
switching the leads of wires connecting the battery to the coil from positive to negative and back 
again.  
 

    
 

Reversing the connection to the battery reverses the position of the magnet. 
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Linear Motor – Station 1 
 
Station 1 uses a tone generator to reverse the polarity of the electromagnet. A laptop computer is attached 
to an amplifier that is connected to the linear motor. 

 

 
 

Use the tone generator (SoundScope) to move the motor permanent magnet in the motor back and forth.  
 

a. Set the amplitude of the oscillator to “1.0”. Then set the frequency of the oscillator to a rate of 2 
or 3 times per second. Once these settings are made, turn the oscillator on. 

 

 
 

When the oscillator is turned on, the motor should move back and forth at the rate at which the 
oscillator is set. This movement occurs because the oscillator (as its name implies) reverses the 
polarity of the electrical signal at the rate at which the frequency of the oscillator is set. 
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b. Gradually increase the frequency of the oscillator from a frequency of 2 or 3 times a second to a 
frequency of 10 or 12 times per second. The speed of the motor should increase as the back-and-
forth movements of the magnet increase to match the rate at which the oscillator is set. 

c. Increase the frequency of the oscillator to a frequency of 400 times per second. Place your finger 
on the motor. What do you feel? Then place your ear near the motor. What do you hear? 

d. Try setting the frequency of the oscillator to a range of other values, noting the effect on the 
movement of the motor. 

 
Repeat the process several times. Observe the effect of reversing the clip leads on the linear 
 
Loud Speaker – Station 2 
 
A loudspeaker is essentially a linear motor with a cone attached. The diaphragm of the speaker amplifies 
the loudness of the sound produced. A loudspeaker has been reduced to its most basic components in 
Station 3 to make it possible to more easily observe its operation. 
 
The electromagnet from the linear motor is mounted vertically. A permanent magnet mounted on a paper 
cone is placed inside the electromagnet. The components are essentially the same as the linear motor 
except that a paper cone has been added to one end of the motor. 
 

     
 

a. Turn on the oscillator and vary the frequency of the tone played through the speaker. You should 
be able to hear the sound more clearly because the cone acts as a diaphragm that amplifies the 
sound. 

b. Try playing music through the speaker. The music should be discernable.  
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Summary 
 
Although the quality of music played through a high-fidelity speaker would be better than the sound 
produced by the paper speaker, the basic principle of operation is the same. 

 

 
 
If the cover is removed from a loudspeaker, a diaphragm can be seen behind the grill cover. The 
diaphragm is often composed of a material such as cardboard or vinyl. The diaphragm is typically 
attached to an electromagnet that is mounted over a permanent magnet.  
 
When an auditory waveform (such as a tone in the case of the SoundScope oscillator) is sent through the 
coil of the permanent magnet, it changes the polarity of the permanent magnet, causing the diaphragm to 
move back and forth. In this manner, a sound can be reproduced through the loudspeaker. 
 
 

 


