UIUC Physics 406 Acoustical Physics of Music

Complex Specific Acoustic Immittances - Admittance and Impedance of a Medium:

The medium (solid, liquid or gas) in which sound waves propagate has associated with it the
property of how easy (or how difficult) it is for sound waves to propagate through that medium —
the so-called complex specific acoustic immittances — complex specific acoustic admittance
and/or complex specific acoustic impedance (the reciprocal of complex specific acoustic
admittance) give us such information.

For propagation of 1-D sound waves in a medium, the complex specific acoustic immittances
—i.e. collectively the complex specific acoustic admittance and/or complex specific acoustic
impedance are both well-defined quantities. They are defined in analogy to the complex form of

Ohm’s Law (V = iZ, [ =VY ) as used e.g. in electrical circuit theory, since complex over-

pressure P is the analog of complex AC voltage V , and particle velocity 0 is ~ the analog of

complex AC electric current T {Note that ja (F,t)=p,0(T,t) (kg/s-mz) is the complex
acoustic mass current density}, whereas J, = /A =n,q,J, = p,V (Amp/m? = Coul/s-m?) is the

complex electrical current density}. Note also that both J, and J, are 3-D vector quantities.

Complex Scalar Electrical Immittances:
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If we write out these relations using complex polar notation: \7(t;a)) = ’\7 (a))‘e"’”(‘”) e,
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I(to) :‘f(a))‘ei“" (@) ¢t then, noting the cancellation of e time dependence factors:
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Now Ze(a))‘:]/\fe(a))‘ or: Ve(a))‘zl/ Ze(a))‘, and we see that: ¢, (0)=@, (®)-¢, (©)=-¢,
hence: Y, (@) = \fe(a))‘ei”(‘”) ={]/ Ze(a))‘ e () :]/{‘Ze(a))‘e%(“’)} =1/7,(w). Thus

. V(o) _V(e) s 1 o _Lteo)_T(o) &, 1
Z, (t,a))z re (t;a)) = |~e(a)) —Ze(a))—m and: |Y, (t'w)=\7(t;a)) = \7(0)) = e(a))— Ze(w)

18-

©Professor Steven Errede, Department of Physics, University of Illinois at Urbana-Champaign, Illinois
2002 - 2017. All rights reserved.





