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PHY 711 Classical Mechanics and 
Mathematical Methods

10-10:50 AM  MWF  Olin 103

Plan for Lecture 28: Chap. 9 of F&W

Wave equation for sound in linear 
approximation

1. Wave equations for sound

2. Speed of sound

3. Standing wave solutions
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Application of fluid equations to the case of air in 
equilibrium plus small perturbation
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Analysis of wave velocity in an ideal gas:
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Equation of state for ideal gas:
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Digression
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Internal energy for ideal gas:     "degrees of freedom"
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Alternative derivation:   

     Isentropic or adiabatic equation of state:
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Density dependence of speed of sound for ideal gas:

/

/

where      

s

p p
c

p

p

p p p
c c

p
c






 




 
   






 
   

 
  
 

 
   

 



11/05/2018 PHY 711  Fall 2018 -- Lecture 28 14

  0
1

2

2

2
2 





tc

Solutions to wave equation:

2
2          where),(

:solution  wavePlane







 

c
kAet tii rkr

11/05/2018 PHY 711  Fall 2018 -- Lecture 28 15




















v
s

p
c

c
t


2

22
2

2

   Here,

0

:airfor equation  Wave

0

Boundary values:

ˆImpenetrable surface with normal  moving at velocity :

ˆ ˆ ˆ                       

Free surface:

                   0        0    
Φ

p
t



 

     


  



n V

n V n v n

0

0

:have also  we that,Note

22
2

2

22
2

2









pc
t

p

c
t







11/4/2018

6

11/05/2018 PHY 711  Fall 2018 -- Lecture 28 16

Time harmonic standing waves in a pipe
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Boundary condition for z=0, z=L:
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