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Lesson 4: Handout

A Question of DirectionA Question of Direction

Headphones. When was the last time you used some or saw someone using

them?  You can use headphones to listen to music on a cell phone. You also

may have used headphones when you worked on a computer at school. What

have you already learned that can help you understand how headphones

work? What do headphones have in common with the speakers you have

been investigating in your science class? Look at the picture of dissected

headphone and earbuds on the next page. What similarities do you see

between the structures inside the headphones and the structures that are in

the speaker that you have been investigating?
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This is just one headphone for one ear;  there are two of these in a pair of

headphones. Did you notice some parts of the headphone that are similar to

the parts of a speaker? Headphones are just very small speakers, and they

have the same basic parts as a regular speaker. Headphones have a coil,

magnet, and a power source.

 

You know that something must vibrate for you to hear music through any

speaker. You have discovered that the magnet and the coil of wire work

together by applying forces to produce those vibrations. Vibrations cause the

sound.

 

For a speaker to vibrate, the magnet and coil must apply forces to each other

in opposite directions. These forces sometimes push apart and sometimes

pull together. Connecting a homemade speaker to a battery may only create a

force that pushes. In that case, you would need to flip parts of the system

around to make a force that pulls. This is not a practical solution for

headphones, and this is not what is happening inside headphones or speakers

to flip the direction of forces. Let’s look at how you got forces in opposite
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directions in your battery system. Use this system to understand how the

direction of forces are switched from attractive to repulsive forces in

headphones.

In the picture, you can see tiny

particles in the wire. These particles

are called electrons. Electrons are a

part of what make up the atoms of

any solid object. In metals that

conduct electricity well, like copper,

these particles can easily be moved

around to create an electrical

current. When the copper wire is connected to the battery, the electrons in the

wire start to move all at once in a general direction from the negative to the

positive end of the battery. This movement is called a current. The arrows in

the image above show the direction of the current. If the system is connected

this way, the coil of wire and the magnet will experience a force that pushes

the two objects apart.

 

However, if you switch the wires and

hook them up to different terminals

 the coil and magnet will experience

a force that pulls them together. This

set-up is shown in the image. What

is different about this set-up?

 

You may notice that the current in

this diagram is moving in a different direction from before. The direction of the

current in the wire determines the direction of the force.

 

You know that the battery and wires cannot be switched around inside a

speaker or headphones, so this still does not explain how speakers or

headphones work. What can explain this problem?
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Remembering  some things you figured out during the sound unit can help

you determine how speakers and headphones work. In the sound unit, you

saw that you can graph the motion of an object that is vibrating. The graph on

the next page was a motion graph for a speaker that you used to produce

different sounds through different patterns of vibration.

 

A higher frequency of vibration produced higher pitch sounds. Higher

amplitude produced louder sound volume. Any complex sound, like music

from an electric guitar, is just complex patterns in the frequency and

amplitude of vibration. These patterns change rapidly over time.  Without

changing the orientation of the magnets, coils, or connections to a battery,

electronic devices can rapidly change the direction of the current. Remember,

when the direction of the current changes, the direction of the force changes

too. These changing forces produce the complex vibrations in a speaker and

in headphones.

 

You have seen a few different kinds of speakers and headphones in this unit.

How do they compare to each other? Think about what these devices have in

common, in what ways they are different, and how differences in the parts of

these devices might cause different speakers to function in different ways. Do

you think you would find these same parts in other electronic devices that

produce sounds?
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