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PHY 711 Classical Mechanics and 
Mathematical Methods

10-10:50 AM  MWF online

Discussion for Lecture 33: Chap. 9 of F&W

Wave equation for sound beyond the 
linear approximation

1. Non-linear effects in sound waves

2. Shock wave analysis
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Schedule for weekly one-on-one meetings
(EST)

Nick – 11 AM  Monday
Tim – 9 AM Tuesday
Gao – 9 PM Tuesday
Jeanette – 11 AM Friday
Derek – 12 PM Friday
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Your questions –
From Tim –
1. Is gamma = degrees of freedom?

From Gao –
1. Why can we assume rho is a function of (x-u(rho)t)?
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Effects of nonlinearities in fluid equations  
-- one dimensional case
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Digression – What is gamma?

int

Internal energy for ideal gas:       

        degrees of freedom;   3 for atom,  5 for diatomic molecule
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Linear wave:

Non-linear wave:
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Linear wave

Non-linear wave
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Analysis of shock wave
Plots of δρ

Solution becomes 
unphysical
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Analysis of shock wave -- continued
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Note that in this case u is assumed to be a 
given parameter of the system.
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Analysis of shock wave – continued
While analysis in the shock region is complicated, we 
can use conservation laws to analyze regions 1 and 2
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Analysis of shock wave – continued
While analysis in the shock region is complicated, we 
can use conservation laws to analyze regions 1 and 2
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Analysis of shock wave – continued
For adiabatic ideal gas, also considering energy and 
momentum conservation:
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Analysis of shock wave – continued
For adiabatic ideal gas, entropy considerations::
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