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If we disregard quantities of a higher order of smallness, i.e., the products of two small quantities, we get
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    {\displaystyle {\frac {\partial \varepsilon }{\partial t}}=-\rho _{0}{\frac {\partial u}{\partial x}}.}
  
[image: {\displaystyle {\frac {\partial \varepsilon }{\partial t}}=-\rho _{0}{\frac {\partial u}{\partial x}}.}]
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If we disregard, in the same fashion, terms of a higher order of smallness in the equation of motion, we get
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    {\displaystyle \rho _{0}{\frac {\partial u}{\partial t}}=-{\frac {\partial p}{\partial x}}={\frac {\partial p}{\partial \rho }}{\frac {\partial \rho }{\partial x}}=-{\frac {\partial p}{\partial \rho }}{\frac {\partial \varepsilon }{\partial x}}.}
  
[image: {\displaystyle \rho _{0}{\frac {\partial u}{\partial t}}=-{\frac {\partial p}{\partial x}}={\frac {\partial p}{\partial \rho }}{\frac {\partial \rho }{\partial x}}=-{\frac {\partial p}{\partial \rho }}{\frac {\partial \varepsilon }{\partial x}}.}]
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By differentiating the equation of conservation of matter with respect to time, and the equation of motion with respect to the coordinate, we obtain a final fundamental acoustics equation:
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    {\displaystyle {\frac {\partial ^{2}\varepsilon }{\partial t^{2}}}={\frac {\partial p}{\partial \rho }}{\frac {\partial ^{2}\varepsilon }{\partial x^{2}}}.}
  
[image: {\displaystyle {\frac {\partial ^{2}\varepsilon }{\partial t^{2}}}={\frac {\partial p}{\partial \rho }}{\frac {\partial ^{2}\varepsilon }{\partial x^{2}}}.}]
	(II-5)



We write
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[image: {\displaystyle {\frac {\partial p}{\partial \rho }}=c^{2},}]
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and see that this equation may have two groups of solutions: a first group
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    {\displaystyle \varepsilon =\varepsilon (x-ct);\quad \rho =\rho (x-ct);\quad u=u(x-ct);\quad p=p(x-ct),}
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and a second group
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    {\displaystyle \varepsilon =\varepsilon (x+ct);\quad \rho =\rho (x+ct);\quad u=u(x+ct);\quad p=p(x+ct),}
  
[image: {\displaystyle \varepsilon =\varepsilon (x+ct);\quad \rho =\rho (x+ct);\quad u=u(x+ct);\quad p=p(x+ct),}]
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which differs from the first in that under the function sign there is 
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The first group of solutions in which all the quantities depend upon the combination 
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