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By the use of dimenslonless variables and simplifying transformations Webster's plane wave 
horn equation is recast into a form permitting separation of the effects of horn contour and 
frequency. A generalized expression for the admittance also displays this separation. Further 
interrelations among the variables are developed which permit the formal synthesis of a horn 
from a given conductance or susceptanee function. The conditions for realizability of the horn 
thus synthesized are discussed. Several applications of the results are presented, including a 
comparison with Freehafer's exact theory for the hyperbolic horn. 

1. INTRODUCTION 

NE of the most important applications of acoustic horns is in serving as the radiating 
portion of an electroacoustic transducer of high 
efficiency. This efficiency is achieved through the 
action of a horn as a transformer in properly 
coupling the low acoustic impedance of the wave 
radiated at the mouth to the high impedance of 
the source, usually an electromechanical vibra- 
tion motor. As the energy losses along a well- 
designed horn are quite small, the transformer 
action is not far from ideal. The commonly 
accepted measure of the usefulness of a horn is 
thus the ability to absorb the energy deliverable 
by the source and also the ability to accomplish 
this over a wide frequency range. The throat 
impedance is the primary parameter used to 
indicate this aspect of the performance; for 
reasons to be discussed in Section 3, it will be 
found more convenient to choose admittance, the 
reciprocal of impedance, as this parameter. 

The throat admittance may be obtained from 
the solution of the wave equation for the space 
bounded by the horn wall. This is rigorously 
possible in but a few cases, for the wave equation 
is separable in only eleven Euclidean coordinate 
systems. • Of these, some three or four have 
surfaces of revolution which have the flare 

characteristics of the usual horn; but no useful 
solutions are possible until the necessary wave 
functions have been computed. In order to obtain 
approximate results sufficiently accurate to serve 
as a basis for the design and comparison of horns, 
the plane wave assumption of Webster 2 has been 

t L. P. Eisenhart, Ann. Math. 35, 284 (1934). 
2A. G. Webster, Proc. Nat. Acad. Sei. 5, 275 (1919). 

extensively applied. This well-known simplifica- 
tion is of greatest validity at low frequencies 
where the wave fronts depart least from plane- 
hess. * Happily, this frequency region is also the 
most important in horn Iondspeaker design, for 
all practical straight axis horns have similar 
admittance-frequency characteristics at suffi- 
ciently elevated frequencies, and differ princi- 
pally at low frequencies. 4 

In this paper the fundamental assumption of 
plane waves will be used to obtain one-dimen- 
sional equations, from which generalized and 
dimensionless expressions for pressure and ad- 
mittance will be calculated in a form permitting 
some separation of the effects of horn shape and 
frequency. The relations developed may be used 
to analyze the performance of a horn whose shape 
is given merely by a table of values. Further 
equations will relate a given impedance function, 
subject to some restrictions, to the shape, so that 
formally the horn required for a desired per- 
formance may be synthesized. 

An earlier attack on some aspects of the general 
problem utilized the two real solutions of the 
pressure equation. • In the present paper there is 
employed the complex forin of solution with 
particular emphasis on obtaining equations to 
which may be applied the extensively developed 
methods of approximation used for calculating 
atomic wave functions. 

The following are the principal symbols used in 
this paper: c.g.s. units are understood, but in the 

W. M. Hall, J. Acous. Soc. Am. 3, 552 (1932). 
This is discussed herein following Eq. (3.13). 
G. W. Stewart and R. B. Lindsay, Acoustics (D. Van 

Nostrand Company, New York, 1930), p. 332. 
199 

Downloaded 06 Nov 2010 to 72.203.171.241. Redistribution subject to ASA license or copyright; see http://asadl.org/journals/doc/ASALIB-home/info/terms.jsp




