Chapter 17

The Principle of Linear Superposition and
| nterference Phenomena



Overlapping Waves

Aswe sit here, we are surrounded with waves of all types. Sound
waves, electromagnetic waves (radio, light, microwaves used for
communication, etc.). With all these waves many of them are bound to
overlap at some point in space.

What happens when two (or more) waves overlap? Do they cancel each
other out? Do they bounce off one another?

The Principle of Superposition precisely deals with this question.

When two or more waves are present simultaneously at the same place,
the resultant disturbance is the sum of the disturbances from the
Individual waves.
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(b) Total overlap; the slinky has twice
the height of either pulse
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How the two waves interfere with one another at a
position in space depends upon the sum of both
waves a that point.

The two waves can add so their combined
amplitude is larger than either one individually.
Thisiscaled constructive interference.

The two waves can also add such that they partially
or fully cancel each other out. This is cdled

destructive interference.

If two periodic waves meet such that al their peaks
constructively interfere, they are said to be in phase.
If they meet such that all the crests of the first wave
line up with all the troughs of the second, the two
waves destructively interfere and they are said to be
out of phase.
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(b) Total overlap
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(¢) The receding pulses
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Path Difference
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<\ @/ Two sound waves may interfere

constructively or destructively depending on
the path difference between the source and
the observer. The smplest scenario is when
you have two waves with the same
wavelength and amplitude which happen to
be in phase with one another.

If the path difference is an integer wavelength
(diff = 1,2,3... © 1) then the waves interfere
constructively.

If the path difference is a Y2 integer
wavelength (diff = /2, 1 1/2 ,2 1/2... " 1)
then the waves interfere destructively.
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Active Sound Cancellation



Passive Sound Cancellation
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