PHY 711 Classical Mechanics and
Mathematical Methods
10-10:50 AM MWF Olin 103
Plan for Lecture 34:

Wave equation for sound

1. Non-linear effects in traveling
sound wave

2. Shock wave
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Effects of nonlinearities in fluid equations
-- one dimensional case

Newton - Euler equation of motion :
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Continuity equation : A +V- (pv) =0
Assume that spatial variation confined to x direction ;

assume that v=vx and f_ ., =0.
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Expressing p interms of p: p = p(p)
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For adiabatic 1deal gas :
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Expressing variation v in terms of variation of p:
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Some more algebra :

From Euler equation : o (8’0 +va—pj <(p) op =0
op \ Ot Ox 0 Ox
From continuity equation : 9P + V@_p —p v op
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Traveling wave solution:

Assume: p=p,+ f(x—u(p)t)
Need to find self - consistent equations for

propagation velocity u(p) using equations

From previous derivations : % +(vEe) = P =0

ot Ox
Apparently : u(p)<= vie

For adiabatic ideal gas and + signs :
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Visualization for particular wavetform: p=p,+ f(x—u(p0)t)
Assume: f(w)= f,s(w)
P _1. o

Lo Lo

s(x—ut)

For adiabatic ideal gas :
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Visualization continued:
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Plot s(x —ut) for fixed ¢, as a function of x:

Let w=x—ut
xX=w+ut=w+u(w)t
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