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An investigation of the equivalent circuits of loudspeakers in vented boxes shows that
it is possible to make the low-frequency .acoustic response equivalent to an ideal high-
pass filter or as close an approximation as is desired. The simplifying assumptions appear
justified in practice and the techniques involved are simple.

The low-frequency performance of a loudspeaker can be adequately defined by three
parameters, the resonant frequency f., a volume of air V.., equivalent to its acoustic
compliance, and the ratio of electrical resistance to motional reactance at the resonant
frequency Q.. From these three parameters, the electroacoustic efficiency # can be found
also. A plea is made to loudspeaker manufacturers to publish these parameters as basic
information on their product. The influence of other speaker constants on these param-
eters is investigated.

When f. and V,, are known, a loudspeaker box can be designed to give a variety of
predictable responses which are different kinds of high-pass 24-dB per octave filters. For
each response, a certain value of Q is required which depends not only on the Q. of the
loudspeaker but also the damping factor of the amplifier, for which a negative value is
often required.

The usual tuning arrangement leads to a response which can be that of a fourth-order
Butterworth filter. This, however, is only a special case, and a whole family of responses
may be obtained by varying the volume and tuning of the box. Also an empirical “law”
is observed that for a given loudspeaker the cutoff frequency depends closely on the
inverse square root of the box volume. The limitations of this “law” may be overcome
by the use of filtering in the associated amplifier. For example, for a given frequency
response, the box volume can be reduced at the price of increased low-frequency output
from the amplifier and vice versa, with little change in the motion required of the loud-
speaker.

Acoustic damping of the vent is shown to be unnecessary. Examples are given of
typical parameters and enclosure designs.

Editor’s Note: The theory of vented-box or bass-reflex
loudspeaker baffles has always seemed to have an air of
mystery, probably because the total electroacoustic sys-
tem has four degrees of freedom and seems four times
as complicated as the closed-box baffle with its two de-
grees of freedom. Beranek gives a good foundation for
theoretical analysis and Novak has performed numerous
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valuable calculations. Those working in the design of
loudspeakers have used these analysis techniques and
probably asked essentially the same seven questions that
A. N. Thiele recognized at the turn of the previous
decade.

The seven questions and their answers were published
in the August 1961 issue of the Proceedings of the IRE
Australia, and the elegance of the answers adequately
justifies republication of Thiele’s work in the Journal of
the Audio Engineering Society. In his classic discourse
Thiele observes that the topology of the equivalent cir-
cuit (Fig. 1) is simply that of a high-pass filter. If suffi-
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Ciple seems simple, yet the results obtained are variable.
Since comparatively cheap and reliable methods of acous-
tic measurement, especially at low frequencies, virtually
do not exist, the only check of results is the “listening
test.” The listening test is after all the final criterion of
the performance of an electroacoustic system, but as a
method of adjusting for optimum it is very poor indeed.
Quite apart from one’s prejudices and memories of pre-
vious “acceptable” equipments, the adjustment of a vented
box in ignorance of the loudspeaker parameters involves
two simultaneous adjustments, box tuning and amplifier
damping. And again there is a strong temptation to ad-
just the low-frequency response to something other than
flat to “balance” response errors at high frequencies,
when in fact the two problems should be tackled sepa-
rately.

For a long time it has seemed to the writer that the
methods of design of vented boxes were unsatisfactory,
leaving a number of questions unanswered.

1) What size of box should be chosen? Usually it
seems the larger the better, but how much better is a
large box and what penalty does one pay for a small box?
And for a given speaker, what is a “large” box or a
“small” box?

2) What amplifier damping should be used? In general
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The theory of operation of loudspeakers in vented
boxes has been covered so many times in the literature
[3, pp. 208-258], [4] that it should be unnecessary to
repeat it here; therefore only sufficient of the theory will
be quoted to make the present approach intelligible.

This approach derives from Novak [2] to whom the
reader is referred, not only for his method, but for his
introductory paragraph . . . “Trade journals tell of ‘all
new enclosures, revolutionary concepts, and totally new
principles of acoustics’ when in reality there is a close
identity with .enclosure systems described long ago in
well-known classics on acoustics.” This should be framed
and hung on the audio engineer’s wall alongside Lord
Kelvin’s dictum. The present paper is the result of a dif-
ferent emphasis on, and interpretation of, Novak’s treat-
ment. It should be emphasized that, unless stated spe-
cifically otherwise, the results apply only to the “piston
range” of the speaker. This is the region where the cir-
cumference of the speaker is less than the wavelength of
radiated sound, i.e., below 400 Hz for a 12-inch speaker,
and below 1 kHz for a 5-inch speaker. The performance
of loudspeakers above the piston range is another subject
altogether.

We will be dealing later with a simplified equivalent
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