
Physics 2c        Lecture 13 
Waves 

Superposition & Interference 
Fourier Analysis 

Dispersion 
Beats 

Interference in 2 dimensions 
Wave equation 



Superposition Principle 



Example: 
Square wave 



Fourier Analysis 
●  Any arbitrary wave 

form can be 
decomposed into a 
sum of (possibly 
infinite) terms which 
each are simple 
harmonic waves. 



Transmission Problem 
●  In principle, any arbitrary wave form can be 

transmitted if simple harmonics can. 
●  In practice, wave velocity is (often) 

frequency dependent, and as a result, 
wave forms “loose their shape”. 

●  This is called “Dispersion” 



Dispersion 

without dispersion 

with dispersion 



Interference 
●  In one dimension, example “tuning an 

instrument” 
●  In two dimensions, example “interference 

pattern in a room”. 



Tuning an instrument 
●  You have a reference frequency. 
●  You modify the tension in the string of your 

string instrument until the beat is gone. 



Tuning an instrument 



Simplified Math of tuning an 
instrument 

! 

y(t) = Acos"1t + Acos"2t

cos"1t + cos"2t = 2cos ("1 #"2)t
2

cos ("1 +"2)t
2

As the frequency become equal, 
the first cos term becomes 1, 

and the beat disappears. 
The instrument is tuned! 



Interference in 2 dimensions 



Which of the following 
statements is true? 

(a) Places in an interference pattern for which the 
amplitude is always zero, also have zero velocity, and 
thus no energy. 

(b) Interference patterns with places where the 
amplitude is always zero do not exist in 1d waves, e.g. 
waves on a string. 

( c) It is not possible to have places in an interference 
pattern where the amplitude is always zero. 

(d) All of the above are false. 



The wave equation 
●  Goal:  

–  We will evaluate Newton’s law F = m a for the system 
of a wave on a string. 

–  We will specifically look at dF, the change in F as we 
go from x to x+dx 

●  Result: 
–  We will find a universal equation that applies to all 

wave phenomena. In fact, it defines wave phenomena. 
All physical systems that follow this equation will 
display waves. 



F = m a 
●  F = restoration force in the string 
●  a = acceleration in y direction 
●  F = m a    is Newton’s law applied to the 

“oscillators” in the string that “swing” 
vertically on the string as the wave passes 
by!  



Consider a tiny piece of the string, 
and how F changes across dx. 

T 

T 

! 

sin" = tan"
dFy = T(sin"2 # sin"1)
dFy = T(tan"2 # tan"1)

cos" =1
dm = µdx

Small angle approx.: 

Small amplitude approx.: 



Recall from last lecture(s) 

! 

tan" =
#y
#x

velocity =
#y
#t



dF 

! 

tan"2 # tan"1 =
$y
$x x+dx

#
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$x x

=
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% dF = T $
2y
$x 2
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dFy = T (tan!2 ! tan!1)Because from previous page: 



dm a 

! 

a =
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"t 2
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dF = dm a 
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One dimensional wave equation 
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Significance of wave equation 
●  All physical phenomena that lead to a 

relationship described by the wave 
equation will exhibit waves !!! 

●  Examples: 
–  Sound 
–  Electromagnetism 
–  General Relativity (i.e. Gravity)  



y(x,t) = A cos(kx-ωt) 

●  We can show explicitly that this general form 
obeys the wave equation. 

●  I encourage you to do this as a homework 
exercise! 


