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6.013 - Electromagnetics and Applications Fall 2005
Lecture 22 - Acoustic Waves
Prof. Markus Zahn December 8, 2005

I. Useful identity (¢ - any quantity)
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II. Conservation of Mass (p - mass density)
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Since V is arbitrary: g’: +V-(pv)=0 (Conservation of mass)



III. Conservation of Momentum, ith component (i = z,y, or z)
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IV. Force density due to pressure (force/area)
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V. Governing Fluid Equations
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VI. Small Perturbations About Equilibrium of Stationary Fluid
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second order
VII. Pressure / Density Constitutive Law

A. Ideal Gas - p = pRT, R is the Gas Constant = R,/ molecular weight in grams

1. Isothermal (T constant) R, = 8.31 x 103%

p = pRT
p/ — RTp/

where “mole” indicates the molecular weight in grams.
2. Adiabatic
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v = & _ ratio of specific heats = g(monatomic ideal gas)
Cy
B. Liquid or Solid
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VIII. Acoustic Wave Equation
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In air: (Adiabatic, v = 1.4), pp = 1.29 kg/m?, py = 1.01 x 10° 2 (1 atmosphere), ¢, = /% R
330 m/s

In water: cs & 1500 m/s
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IX. Acoustic Waveguide
A. Parallel plate waveguide
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m = 0 - TEM mode
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Ns = P _ pocs is the Acoustic Impedance
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B. Rectangular Acoustic Waveguide
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X. Poynting Theorem
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