LECTURE 27: Superposition of waves

Select LEARNING OBJECTIVES:

w Understand the principle of superposition.

w Understand the definitions of constructive versus destructive interference and how they relate to
perceived loudness.

w Understand that interference is a defining characteristic of a wave.

TEXTBOOK CHAPTERS:

w Ginacoli ((Physics Principles with ApplicatioRs 7 1111
w Knight (College Physics : A strategic appro&)h:3 16.1
w Boxsand :Superposition of waves

WARM UP'Light is a traveling wave. The type of wave is an electromagnetic wave (electric and
magnetic fields oscillate perpendicular to each other and to the direction of travel). Does light
experience Doppler effects? If not explain. If so, explain and list some possible applications that
make use of the Doppler effect.
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In the previous lectures we have considered scenarios where a source was only at one end of a medium wi
producing a traveling wave. As the source produced the traveling wave, the wave propagated through the
medium from the source's location to locations far away from the source. But what happens if two sources
either ends of a medium produce traveling waves in opposite direction such that the waves are traveling tov
each other? Both waves travel at the same speed since they are both propagating through the same medit
Eventually the waves will meet each other, then the question is; what happens when two waves try to occuj
same space at the same time? Consider to people at either ends of a long string. At t=0 they both send pt
different amplitudes down the string. What you observe will look something like the first animation fearad
Notice that the two wave pulses emerge after colliding as if nothing happened. The interesting part is durin
collision where the string's amplitude (black line) seems to increase as the two wave pulses irketacful
analysis would show that the resulting displacement (black line) is a linear superposition of the two wave pt
(dashed blue and red lines) during the collision. Linear superposition is a fancy way to say that the displace
colliding waves add linearly "point by pdintBelow is the mathematical representation of linear superposition
N waves interacting.
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This looks very messy but really it is quite simple; treat each wave separately, draw a snapshot graph of et
wave on a single plot, add up all the displacements at a given location in space, the resulting value is the
displacement of the interacting waves. This linear superposition of waves is often referred to as interferenc
other words, when two waves "meet" in space and time they interfere with each other. This interference is .
defining characteristic of all waves. The concepts applied in this lecture are applicable to all types of waves
course there are waves in nature that deviate from our model here. However most waves we encounter ca
modeled by this type of linear superposition.
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https://boxsand.physics.oregonstate.edu/ph202/waves-and-oscillations/superposition-waves-fundamentals
http://www.acs.psu.edu/drussell/Demos/superposition/superposition.html

PRACTICH:he image below shows two pulses in the same medium approaching each other (e.g. two puls:

string). Which of the following most closely depicts what the superposition of the two pulses will be when 1
completely overlap?
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PRACTICH:wo pulses on a string approach each other at speeds of 1 m/s. Sketch the shape of the string ¢
Wazo  Axz var

— il
AX= Em v AN PonT Yy tow
I m/s I m/s
/\ i - /\
T T T Y T T T T T T T x(m) ——— T r—li — zx—\ T p——r—X (M)
0 2 4 6 8 10 12 14 16 18 2 0 2 4 6 8 10 12 14 16 18 20

Approaching wavesat 7 = 0s Approaching wavesatr = 6 s

In general when waves interfere the resulting displacement can be larger or smaller than either of the two
that are colliding. We therefore introduce two new terms to help communicate the general trend of the

displacement when waves interference: constructive interference and destructive interference. Below is ¢
overview of each type of interference.
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