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LOUDSPEAKER ENCLOSURE 
DESIGN By f. j. jORDAN* 

I.-Alternative Methods Their Advantages and Disadvantages 

IN the first part of this article the theory under
lying the principal types of loudspeaker enclosure is 
reviewed, and formulce associated with the major 
design factors are given. 

This will be followed later by a discussion of 
some recent developments in which an improved 
low-frequency performance has been achieved in 
cabinets of relatively small volume. 

THE loudspeaker enclosure has the task of doing 
something (useful or otherwise) with the low
frequency radiation from the rear of the loudspeaker 
cone which would otherwise cancel the radiation 
from the front of the cone. 

Before examining various methods of overcoming 
this, let us establish the principles on which our 
future arguments will be based. 

We shall regard the moving parts of a loudspeaker 
as a mechanical system which at low frequencies 
is analogous to an electrical circuit, as shown in its 
simplest form in Fig. 1. 

The complete analogy is revealed by an examina
tion of the electrical and mech�nical equations viz. 

d2S dS 
Force = M - + R - + SK 

dt2 dl 

d2Q dQ Q 
E.m.f. 

= 
Ldt2 + R 'dt + C 

where M = mass, L = inductance, S = displace
ment, Q = charge, C = capacitance, K = stiffness 
and R = resistance. 

There are, of course, other analogies, but the above 
lends itself more readily to discussions of the pro
posed nature. 

Assume for a moment that the loudspeaker is 
mounted on an infinite baffle. It wdl be seen, 
that the power developed in Ra (Fig. 1) is a 
function of the current through it. Comparing 

the above equations it will be seen that i ( = ��) 
is analogous to the cone velocity v (= �:). Hence 

it is the cone velocity and not the displacement, that 
is responsible directly for the radiated output 
power, v2Ra• 

From this it would seem that, if the radiated power 
is to be independent of frequency, the resistive 
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components of the circuit should be high relative 
to the reactive components. This is not so in 
practice, since at frequencies where the wavelength 
is longer than twice the cone diameter the value of 
Ra falls as the frequency is lowered. The reactance 
of Mc also falls however, and the increasing velocity 
resulting from this may largely compensate for the 
fall in Ra to the extent that the radiation remains 
substantially constant, down to a frequency where 

1 wMc - -
C 

-+ O. Here the velocity of the cone 
w c 

rises sharply and is limited only by Rd, Rc and Ra. 
This produces an increase in the radiated power and 
is the resonant frequency of the loudspeaker. 

Below this frequency the impedance of the circuit 
rises as the frequency falls due to the reactance of 
Cc, consequently the radiation falls very sharply. 

The resonant frequency may thus set the limit to 
the low-frequency response of the loudspeaker. 

The above may be shown by considering the 
expression for the radiated power at the frequencies 
being discussed: 

Force 2 2 1fpf2 2 • 

22 
• -- • (1Tr2) , where r 15 

the radius of the cone. 
M C 

Above resonance if RM< < XM (mass) 

P Force2 
f2 a X2 . M 

This is the condition of mass control, and since 
XM2 IX 12, P is independent of f. 

Above, at, or below resonance, if R:u > > Xl\[ 

P Force 2 
f2 f

2 
IX Rl\[2 . IX 

This is the condition of constant velocity, and P 
falls withf at the rate of 6dB/octave. 

Below resonance if Rl\[ < < XI>{ (stiffness), 

P Force 2 
f
2 f4 

IX X2 '  IX M 
This is the condition of constant amplitude and P 

falls with f at the rate of 12dB/octave. 
Above resonance if RI\! is comparable to Xu 

P Cl. Force2 • (2 
Zu2 

and P falls with frequency 3t a rate determined by 

f2 the ratio =--::-.'-:--==--::RlII ll + Xu2• 
In all cases the radiation resistance is small 

*Goodmans Industries Ltd. 
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relative to the total mechanical impedance of the 
system; its effect on the velocity has therefore been 
neglected. 

So far it has been assumed that the loudspeaker is 
mounted in an infinite baffle. The analogous circuit 
is similar to that of a loudspeaker mounted in free 
air, except that the baffle produces a large increase 
in Ra and a small increase in La. 

It is very important to realize that any baffle or 
enclosure may be represented in the analogy by a 
series impedance Zb which will tend to reduce the 
cone velocity, but, depending upon the nature of 
this additional impedance, partial compensation may 
be effected by resonant phenomena over at least 
part of the low-frequency range. 

The effective mechanical impedance presented to 
the cone due to any acoustical impedance ZA is 
given by: ZM = ZA ('lTr2)2 
where ZA is the vector sum of Zr and the acoustic 
impedance due to the mounting. At low fre
quencies: 

Z R . L 2'ITpj2 + . O.85pw r = r + JW r � .-- .J ---C 'lTr 
Impedance Curves - A very convenient way of 
measuring the effects of the enclosure on the output 
of the loudspeaker is to plot the impedance/frequency 
curve of the loudspeaker when housed in the en
closure. If a base line is drawn at a value equal 
to the clamped impedance of the voice coil then the 
impedance curve relative to this line is directly 
proportional to the velocity of the cone. 

The relationships between the electrical impedance 
(ZE) the mechanical impedance (� and the 
velocity Cv) of a loudspeaker system are as follows: 
where B = flux density in the magnet system, 
I = length ()f voice coil conductor enveloped by 
flux and i = current flowing in coil. 

Back e.m.f. due to the motion of the coil: 

B2J2i EO( Blv = ._-

ZM 
Motional impedance of the coil: 

E B2[2 Zm=-O(-�. ZM 
Total electrical impedance: 

Zx = Zvc + Zm 
where Zvc is the clamped impedance of the voice coil. 

1 
From above v 0( Z 0( Zm M 
If the component parts of � are expressed in c.g.s. 

v 

F Ra 

Mc 

Fig. 1. Simplified electrical analogue of the mechani
cal properties of a moving coil loudspeaker. 

terms then Zm will be in electromagnetic units. 
Impedance curves often give a far more accurate 
assessment of the performance of an enclosure than 

. pressure response curves since the latter depend not 
only on the cone velocity but, in the case of vented 
enclosures, upon the port radiation as well. Pressure 
curves are also greatly affected by diffraction and 
while they are invaluable in demonstrating the overall 
radiation from a loudspeaker system, they do not 
show clearly the action of the various acoustic 
components due to the enclosure on the loud
sPeaker cone. 

Wall Mounting - The nearest practicable approach 
to the infinite baffle condition is by mounting the 
loudspeaker in a wall e.g. a partition wall between 
two rooms. 

This method of baffling a loudspeaker ensures 
complete separation between the front and rear 
radiation of the cone and imposes a relatively low 
mechanical impedance to the cone velocity. The 
extent of the low-frequency response is limited 
by the resonant frequency of the cone. 

For wall mounting it is therefore desirable to use 
a loudspeaker having a low frequency, highly 
damped cone resonance. The damping in this 
case will be mainly electromagnetic, i.e. a high 
value of Rd in the analogy, tending to produce 
constant velocity conditions and resulting in a falling 
low frequency response, as we have shown. Since 
under these conditions the cone displacement at 
resonance does not exceed the level required to 
maintain the velocity constant, a considerable amount 
of bass lift may be applied from the amplifier to 
compensate for this loss at low frequencies. The 
bass lift required commences at the frequency at 
which the wavelength is equal to twice the cone 
diameter and has a slope which may be determined 
either aurally or from the expressions previously 
given, the latter being possible only when the 
necessary loudspeaker parameters are known. 

SYMBOLS 
c = velocity of sound in air Xcb = reactance of air in 
Cb compliance of air in Rc Rr C'lTr2)2 closed cabinet 

closed cabinet Rc resistance due to friction XM = total mechanical reactance 

Cc = compliance of cone in cone ZA tOtal acoustic impedance 

F 
k 

suspension Rd mechanical resistance due Z. acoustic radiation impedance 

force applied to cone to voice coil damping Zb impedance due to 
w/c = wave constant RM = total mechanical resistance loudspeaker mounting 

Lr (l7r2)2 Rr radiation resistance ZM total mechanical impedance 

acoustic radiation mass R, = viscous resistance of vent Zm motional impedance of coil 

mass of cone system R� total resistance component /1 coefficient of shear viscosity 

mass of air in vent of vent = Rr + R, p density of air 

radiated acoustic power v velocity of cone w = 217f 

C.g.s. units for mechanical and acoustical quantities, and e.m. units for electrical, have been assumed throughoul. 
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A consideration which should be borne in mind, 
particularly in the case of wall mounting, is that the 
aperture in which the loudspeaker is mounted will 
behave as a tube of length equal to the thickness 
of the wall or baffle, and in so doing will exhibit 
a number of harmonically related resonances and 
anti-resonances causing irregularities in the treble 
response. There are of course, a number of obvious 
remedies for this, e.g. bevelling the edges of the 
aperture or mounting the loudspeaker on a sub
baffle. 

Finite Baffles - If the baffle is finite, at some 
low frequencies, depending on its size, back-to
front cancellation will occur and. the limiting 
baffle size for a given low-frequency extension is: c 

1=-
2f 

if the baffle is rectangular and I is the length of the 
smallest ·side. 

If the bass response is to extend down to a reason
ably low frequency the necessary baffle size will be 
relatively large, e.g. a square baffle suitable for 
reproduction down to 60 c/s will have a side of 
9.42ft. A loudspeaker acting as a treble unit in a 
crossover system should be mounted on a baffle large 
enough to work down to half the crossover frequency. 

For the sake of convenience baffles often take the 
form of open-backed cabinets. In such cases, in 
addition to the normal baffle action, the cabinet wm 
behave more or less, according to its depth, as a 
tuned pipe and will exhibit a number of harmonically 
relateq resonances, the lowest of which will approxi:::' 
mate to: c 

f = 2 Cl +0.85r) 

where I is the depth of the cabinet, r = v' A/rr if A 
is the area of the open back. 

It is' these resonances that contribute - to the 
unnatural "boomy" quality evident in many 
commercial reproducers. 

Closed Cabinets -Alternatively a method of 
preventing back-to-front cancellation is to completely 
enclose the rear of the loudspeaker cone. Under 
these conditions, however, the enclosed air will 
apply a stiffuess force to the rear face of the cone. 

This may be represented by a mechanical reactance 
Xcb the value of which is given by: 

pc2 (111'2)2 
wV 

where rrr2 = piston area of cone and V = volume 
of enclosure. . 

In the analogy this reactance appears as a series 
capacitance as shown in Fig. 2. 

In order not to raise the cone resonance unduly, 
the value of Cb must be large relative to Cc. Since, for 
a given loudspeaker system, Cb is the only variable, 
it must be large. 

It has been found that, for a 12-in loudspeaker 
having a fundamental cone resonance at 35 c/s, 
the volume of an enclosing box would need to be of 
the order of 12 Cll ft for its reactan,ce to be sufficiently 
low not to impair the low-frequency performance pf 
the speaker. 

There are a number of factors in the design of 
loudspeaker enclosures which should be considered. 
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Fig. 2. Analogue circuit of a moving coil loudspeaker in 
a closed cabinet. 

Fig. 3. Analogue circuit of a moving coil loudspeaker in 
a vented cabinet. 

These are common to most types of enclosure and 
are: 

Shape of the Enclosure - As the frequency is 
lowered the radiated wavefront from the loud
speaker cone tends to become spherical, consequently 
the boundary edges of the loudspeaker enclosure 
constitute obstacles in the path of the wavefront. 
This results in (a) bending of the wavefront (diffrac
tion) and (b) secondary radiation from these edges. 
This secondary radiation will produce interference 
patterns causing irregularities in the frequency 
'response of the system. 

These effects are largely dependent on the shape 
of the enclosure and will be smallest for a spherical 
enclosure and greatest for a cube. Since the cabinet 
has to be a presentable piece of furniture, there are 
certain limitations on its shape. Fortunately however, 
the effects of diffraction are not very serious and it 
is not difficult to reach a compromise. 

Corner Post"tt"on - Consider a source of sound 
that is small compared to a wavelength and situated 
in free space. The radiation from this source will 
be of equal intensity at a given distance in all direc
tions, i.e. spherical. 

If a large flat wall is placed near the sound source 
then the total radiation will be concentrated into a 
hemisphere and its intensity will then be doubled. 
Similarly, if a second wall is placed near the sound 
source at right angles to the first the total radiation 
will be concentrated into one-quarter of a sphere 
and its intensity will be four times greater. A third 
wall at right angles to the other two will increase the 
intensity eight times. 

A loudspeaker standing in the corner of the room 
may at medium -low frequencies, be regarded as 
similar to the second case and approaching the 
third case as the frequency falls to a point where 
the wavelength is much greater than the height ot the 
speaker above the floor. 

Construction - At irequencies where the wave
length is comparable to the internal dimensions of 
the enclosure reflections between inside wall faces 
will occur resulting in standing-wave patterns 
which in tum will produce irregularities in the 
frequency response of the system. 
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These standing waves may be considerably re
duced (a) by lining the enclosure walls with soft 'felt 
or wool thus providing absorption at points of maxi
mum pressure, Cb) by hanging curtains of the �ame 
material near the centre of the enclosure, thereby 
introducing resistance at points of maximum velocity. 

A further point to be considered is that the 
material (usually wood) from wbich the enclosure 
is ma.de, possessing both mass and compliance, will 
be capable of movement and will resonate at one or 
more frequencies and in so doing will (a) behave 
as a radiating diaphragm and (b) modify the air 
loading on the cone, both of wbich will produce 
unwanted coloration in the reproduction. There
fore the enclosure should be made of as thick 
and dense a material as possible. 

Vented Enclosures, Reflex Cabinets -One 
method of overcoming the disadvantage of the 
closed cabinet is to include in the cabinet wall an 
orifice or vent. 

A suitably vented enclosure will apply to the 
rear of the loudspeaker cone an impedance which 
offers the cone a maximum degree of damping at or 
near its resonant frequency and the radiation from 
the vent around this frequency will be more or less 
in phase with the frontal radiation from the cone, i.e., 
the back radiation is inverted. Before we describe 
the nature of this impedance we will describe the 
Helmholtz resonator, the principle on which the 
design of vented and reflex cabinets is based. 

For the benefit of readers not familiar with this 
resonator, it consists simply of a partially enclosed 
air cavity having a communicating duct to the 
outside air. 

An enclosed volume of air will have a stiffness 
reactance equal to pc2/wV. 

The air in the duct will move as a homogeneous 
mass, the reactance of which is given by: 

pI' w 
711'11 2 

where 1I"r 11 2 is the cross-sectional area, and l' is the 
effective length of the duct. 

This system will have a resonant frequency at 
which the mass of air in the duct will move most 
readily, bouncing as it were, on the elasticity of the 
air in the enclosure. This occurs when the sum of 
the reactances, which are opposite in sign, is zero. 

I X (d) X n 
d 
u 
c 

R t 
i 

e v 
a e .... 
c " .... 
t C f " --- I a .... -a 1 n P '// . C a ,'18 I e c 

i /' l 
t l 
v 1 I e 
-x -x 

Fig. 4. Variation of reactance with frequency of the circuit 

elements of Fig. 3: 
a) XL = total mass reactance of the series section, 

Xc = total stiffness reactance of the series section, 
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Equating the two expressions and transposing for /, 
we have 

c ,--;;;::t / = 2'IT ,J Vi' 
which is the usual expression for the natural fre
quency of a Helmholtz resonator. 

In actual fact this is only an approximation since 
the full expression for the mass reactance should 
contain a Bessel term for the load on the vent, due 
to the air outside the cabinet, but in practice this is 
small enough to be neglected. 

Some of the air adjacent to the end of the duct 
moves with the air in the duct and thus becomes 
added to it. The effective length of the duct there
fore, is greater than its actual length. Rayleigh shows 
that the increase at each end is: 

8 SI = 311" r., 
where r is the radius of the duct. 

The total effective length is, therefore: 
16 l' = I + 37Tr1) = I + 1.7r1) 

If the duct is not circular, r1) = ..; A/1I", where A is 
the cross-sectional area of the duct. 

Returning now to the subject of loudspeaker 
enclosures, a vented cabinet containing a loudspeaker 
will exhibit a resonance in accordance with the 
above description which will be reasonably inde
pendent of the loudspeaker cone resonance. 

When the cabinet resonance is excited by the 
loudspeaker the motion of the air in the vent will 
reach its maximum velocity and will be in phase 
with the motion of the cone. At this frequency 
therefore, the air in the cabinet will come under the 
double compressive and rarefactive forces of both 
the cone and air in the vent; consequently its effective 
stiffness rises and the resulting impedance applied to 
the rear of the cone becomes much higher at this 
frequency than at any other. 

If the resonant frequency of the enclosure is made 
to coincide with that of the cone, the latter receives 
maximum damping at its resonance and any peak 
in the radiated power at this frequency is removed. 

In addition to this, the reduction in cone displace
ment results in a considerable increase in the 
power-handling capacity of the loudspeaker and 

Cb) 

b) BL and Bc are the mass and compliance suseptances of 

the parallel section and, 

c) Xs and Xp are the total series and parallel reactances, 

respectively. 
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in a reduction of harmonic and intermodulation 
distortion. Although the velocity and therefore the 
power radiated from the cone is reduced around this 
frequency, the overall radiated power from the system 
is increased considerably due to the very high air 
velocity at the vent. Unlike the cone there is no 
physical limitation to the displacement of the air in 
the vent._ 

Below the resonant frequency of the enclosure the 
stiffness reactance becomes high and the system 
behaves as though the air mass in the vent we(e 
coupled directly to the mass of the cone. At some 
frequency the reactance of this combined mass will 
become equal to the stiffness reactance of the sus
pension system of the cone. A resonance will occur 
at this frequency, the amplitude of which will 
be considerably lower than that of the initial cone 
resonance and the radiation from the vent will be 
in anti-phase with that from the cone. 

Above the resonant frequency of the enclosure the 
mass reactance of the vent becomes high, and the 
cabinet behaves as though it were completely 
closed, presenting a purely stiffness reactance to the 
rear of the cone. At some frequency the combined 
stiffness reactaflce of the cone suspension system 
and the enclosure will become equal to the mass 
reactance of the cone. At this frequency a further 
resonance will occur, and again the amplitude will be 
considerablY less than the cone resonance. 

Now let us consider the nature of the impedance 
presented to the rear of the cone by a vented en
closure. Since this impedance rises to a maximum 
value, a parallel tuned circuit is indicated in the 
analogy Fig. 3, where Rv and Mv are the vent 
components. 

By drawing the reactance sketches for the complete 
system, we are able to see clearly the derivation of 
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Fig. 5. Impedance/frequency response of a loudspeaker 

on an infitite baffle and in a vented enclosure. 
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the resonant frequencies described above Fig. 4. 
Figs. 4(a) and 4 (b) show the well-known reactance 

sketches for the series and parallel sections of the 
circuit respectively. When these are added, we have 
Fig. 4(c) which exhibits three critical frequencies 
f1>fo andf2' It will be noticed that atft andf2 the 
reactance falls to zero, and at fo rises to infinity. 
The corresponding impedance curve, together with 
the impedance curve, taken with a loudspeaker 
mounted on an infinite baffle is shown in Fig. 5. 

Whilst a reflex (vented) enclosure is much smaller 
than a completely closed cabinet for a given bass 
extension, the reduction in size is limited by the 
mechanical impedance it imposes on the cone, at 
frequencies away from its resonance (f.). In the 
design of these enclosures it is important therefore 
to calculate the impedance over a wide range of 
frequencies, to ensure that this does not become 
excessive. 

To accomplish this, the various components of 
the enclosure are expressed as follow!>: 
Referring to Fig. 3. 

V 
CII= pc2 
Rv = R .. + Rr 

M =L 
v 1Trv 2 

Rs is resistance due to air viscosity in vent 

V2PP'!1 
= I 

1Tr v3 

R ·  d" . f 
pck2 

r IS ra latlon reSIstance 0 port = --
21T 

Having already met the first two expressions, the 
new symbols appearing in the second two expres
sions are: p., the coefficient of shear viscosity and 
k = w/c, _ the so-called - wave number or wave con
stant. 
It is convenient to express all dimensions in c.g.s. 
terms. 

The acoustical impedance of the enclosure Zab may 
be obtained from the usual expression for an L C R 
circuit of this type, i.e. 

Z _ Rv - jW[CbRv2 + Mv (w2MvCb - 1)] 
ab - w2 Cb2Rv2 + (wMv� - 1)2 

where all terms are in acoustical units. 
Expressing this as the modulus of the mechanical 

impedance, we have: 

Iz - [ Rv 2 + w 2Mv 2 ] 2 2 bl - w2Cb2 Rv2 + (wMvCb-1)2 (1Tr) 
At the resonance of the enclosure, the right-hand 

expression in the denominator becomes zero, the 

Z approximates to c�iu (1l'r2)2. 

This is the dynamic impedance of the circuit and 
is the value of a purely resistive component which 
may replace the parallel circuit at a resonance in 
the analogy . 

The "Q" of the enclosure is given by W ::u 
and 

is normally much higher than that of the cone 
system and is therefore not critical. It has been 
found that an optimum performance is given by the 
reflex enclosure if the cross-sectional area of the vent 
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Fig. 6. Equivalent circuit of a moving coil 
loudspeaker mounted in a labyrinth. 
M1 and C1 are the labyrinth dis
tributed mass and compliance res
pectively while R1 and R2 are vis
cous and absorbtion resistances. 

Mc 

is made approximately equal to the piston area of 
the cone. 

The required enclosure volume for coincident 
resonance is then obtained from a derivation of the 
formula for a Helmholtz resonator and is given 
by: 

V=7TT2 [::'1 \.7r + I ] 
In this equation 1 is the length of the duct or 

twmel which usually extends into the enclosure, 
and the volume of the duct has therefore been 
added to the expression. Broadly speaking, in
creasing the tunnel length decreases the overall 
volume until a point is reached where the increase 
in toral volume due to the increased twmel length 
is exceeding the reduction in the volume required 
to correctly tune the enclosure. The tunnel length 
for minimum volume is: 

c 1=--1.7r 
w 

Another limitation on the length of the tunnel is 
that it must not exceed 1/12th of a wavelength at 
the resonant frequency of the enclosure, otherwise 
the contained air would not behave purely as a mass. 

We have seen that the reduction in size of a reflex 
cabinet is limited by the increase in. mechanical 
impedance presented to the cone. 

There are however, marketed enclosure desi�s 
which are based on the foregoing principle. These 
are extremely small, yet appear to have a substantial 
bass response. 

It i� evident from the expression for the resQnant 
frequency of a vented enclosure that the enclosed 
air volume may become as small as we like, and 
the resonant frequency made low by havrng a very 
small vent and tunnel area. Such an enclosure has 
a very high mechanical impedance, thereby limiting 
the cone velocity at very low frequencies. Also, 
owing to the very resistive nature of the vent, the 
two lower resonances shown for a loudspeaker in 
a vented enclosure are highly damped and the 
upper resonance is prominent, resulting in an accen
tuated bass radiation around this frequency, hence 
the apparent bass "efficiency." 

The amplitude and frequency. of this upper 
resonance may both be reduced by facing the cone 
into·a restricted aperture such as a slit, but this in
troduces serious irregularities in· the response and 
will be discussed in a subsequent article. 

. 

The Tuned Pipe - This is based. on the well
known organ pipe principle. In order to exclude 
modes of resonance other than the air column 
resonance the end of the pipe remote from the 
speaker should be either fully open or fully closed. 

In the case of the open pipe resonances will 
occur at frequencies corresponding to all even 
numbers of quarter wavelengths and anti-resonances 
will occur at all odd nwnbers of quarter wavelengths. 
For the closed pipe the reverse is true. 
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One method of applying these properties tu 
loudspeaker mounting, is to use an open pipe with 
the loudspeaker mounted at one end, the length of 
the pipe being such that its fundamental anti
resonance coincides with the cone resonance thus 
securing some of the advantages of a reflex enclosure. 

A closed pipe may also be used in the same manner, 
in which case the length of the pipe need only be 
about half that of the open pipe. However, the 
impedance presented to the cone by this method 
is high, and a serious reduction in cone velocity may 
result at low frequencies. The radiation from 
the open end of the open pipe increases the radiation 
efficiency of this system to some extent. 

The length of an open pipe for a given frequency 
of anti-resonance f is: 

1= ;/-1.7 If 
where A is the cross-sectional area of the pipe. 

The length of a closed pipe for a given anti
resonance frequency f is: 

,=�- 0.85 lA 
4/ � -;-

Whilst these pipes are a little more simple to con
struct than reflex enclosures, their overriding dis
advantage is the presence of all resonances and 
anti-resonances occurring at every quarter wave 
length, and it is virtually impossible to damp the 
enclosure and to absorb all the resonances without 
severely attenuating the required fundamental. A 
way of partially overcoming this is described in a 
patent by Voigt. This is to mount the speaker 
in the wall of a pipe which is closed at one end and 
open at the other, the position of the loudspeaker 
being 1/3rd of the pipe length away from the closed 
end. By this means, the first resonance above the 
fundamental (3rd harmonic) will be cancelled 
The Labyrinth - The labyrinth consists of 
a very long tube, usually folded and heavily lined 
with absorbing material with the loudspeaker 
mounted at one end. The labyrinth is probably 
the cleanest way of disposing of unwanted back 
radiation, which, having left the rear of the loud 
speaker cone at one end of the tube does not re
appear at the other. It does not really matter 
therefore whether this far end is open or closed. 

The analogous circuit is that of a transmission 
line and is shown in Fig. 6. The sound energy 
due to the back radiation from the cone is largely 
dissipated in the resistive components Ri and R2, 
where Rl is due to the viscous losses between the 
air in motion and the lining on the internal surfaces 
of the labyrinth, and R2 is due to the absorption 
of sound energy at these surfaces. 

As the frequency is increased, Ri increases and 
R2 decreases. Therefore if the labyrinth is to be 
effective at the lower frequencies the lining must 
be fairly thick. If however, this begins to take 
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Mc Cc Ral 

Fig. 7. Electrical analogue of a moving coil loudspeaker 
with horn loading. Ral and Lal represent the air 
load on the side of the diaphragm not coupled 
to the horn. Ra2 and La2 constitute the air load at 
the mouth of the horn. 

up an appreciable part of the cross-sectional area of 
the labyrinth, the air loading on the rear of the 
cone, which is normally quite high in this type of 
enclosure, will become excessive, resulting in a 
severe reduction in the radiated power at these 
frequencies. The cross-sectional area should 
therefore be at least equal to the piston area of the 
cone, and to achieve the necessary dissipation of 
sound energy from the rear of the cone, the effective 
path length of the labyrinth should be as great as 
possible, the minimum length being set empirically 
at a quarter wavelength equivalent to the lowest 
frequency to be reproduced. 

Under these conditions the impedance presented 
to the rear of the cone is quite high and mainly 
resistive so that the cone approaches constant
velocity operation and behaves in the manner 
previously described for this condition. 

The Horn -Horn loading is the most efficient 
form of loudspeaker mounting and, if the horn 
were large enough, it would give a performance 
superior in every respect to any other form of 
loudspeaker mounting. 

The action of the horn can be most readily 
grasped by consideration of the analogous circuit. 

The major problem in all the systems so far 
discussed has been to compensate for the fall in 
Ra at low frequencies. The use of a transformer 
would be an obvious answer if this problem were 
an electrical one, and, applying this to the analogy, 
we have Fig. 7. Acoustically, such a transformer is 
analogous to the horn, which may be used to match 
the relatively high mechanical impedance of the 
loudspeaker cone to the radiation resistance, and, 
by making the mouth of the horn large, this resistance 
does not become so low at low frequencies. 
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From the analogy, since the effective radiation 
resistance reflected back to the primary of the 
transformer is very high, the cone operates under 
constant velocity conditions and no resonance is 
evident. 

Below a certain frequency the acoustic resistance 
of a horn falls sharply and its reactance (mass) 
rises. This cut-off frequency is determined by the 
dimensions of the horn and, since size-for-size 
an exponential horn maintains its efficiency to a 
lower frequency than a conical horn, the former is 
more often used. The cross-sectional area (Ax) 
of the exponential horn at any distance x from the 
throat is given by: 

where Ao is the throat area and m the flair constant. 

ff f 
. ,  

b 
f. me 

The cut-o requency IS given y: c = � 
The diameter of the mouth should not be less 

than a quarter wavelength at fe' otherwise the horn 
will tend to exhibit the resonances similar to a tuned 
pipe. 

Most text books on electro-acoustics deal very 
fully with the horn, and there is little point in our 
doing so here, especially since, due to its size, an 
adequately large horn is rarely encountered. Although 
many small folded horn designs are capable of 
impressive (if not accurate) reproduction, let it 
suffice to say that a horn capable of presenting 
a constant radiation resistance down to 30 c/s to 
the cone of a 12-in loudspeaker would be over 
12ft long and have a mouth diameter of about 9Ft. 

Conclusion -The different types of loudspeaker 
enclosures number as many as the possible com
binations of L C R in series with the analogous 
cone circuit. 

Some time ago, the thought arose that an excellent 
method of designing a loudspeaker enclosure would 
be to state the ideal velocity characteristics, and then 
determine an electrical impedance which, when 
placed in series with the analogous cone circuit, 
would produce these characteristics. It would 
then remain to transpose this impedance into 
acoustical terms and to evolve an enclosure having 
the required component values. 

. This line of development has been followed to a 
successful conclusion and will be described in the 
second part of this article. 
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LOUDSPEAKER 
DESIGN 

ENCLOSURE 
By f. j. jORDAN* 

2.-A Cabinet of Reduced Size vVith Better Low-frequency Performance 

I N the first part of this article the features of per
form:mce and design of the principal methods of 
momlting a loudspeaker were reviewed. These may 
be briefly summarized in order (If merit, as follows. 
Fun Horn - Acoustically this is the ideal method 
of loudspeaker mounting. It provides excellent air 
loading on the cone, is devoid of self-resonance and 
possesses n high radiation efficiency down tu· any 
desired frequency being limited only' by the horn 
dimensions. The disadvantage of the horn is the 
\'ery great size required for effective operation down 
to very low frequencies. 
Absorbing Labyrinth - This again presents excel
lenr reSOI!:lnce· free air loading on the loudspeaker cone 
MId in this respect is comparable to the horn. It is 
effective down to any desirerl frequency, being 
lklited, like the horn, by its dimen sions. Unlike 
the horn however, the disadvantage of this system 
is the fa!ling efficiency at low frequencies due to the 
ap�'roach to c.:onstant-velocity c'Jllditions although 
this may be partially compensated for in the 
amplifier. A labyrinth capable of good absorption 
down to very lew frequencies is sti!l rather big. 
Reflex Endosul'e - The advantage of the reft.ex 
cabinet is that excellent damping is applied to the 
loudspeaker cone at its resonmlce where it is most 
Tl!quired. A fuLt.ltcr point in its favour is that it is 
relatively simple TO construct. The bass response 
ir()!Jl a reflex enclosure· will have an efficiency some
what higher than that from a labyrinth and for' a 
given bass extension, will be smaller, although it still 
�akes a rather dominating piece of furniture in the 
drawing room. The response will not be so smooth 
as for a labyrinth due principally to the upper of the 
rn'o resonances common to this type of mounting. 
If vel'V much bass boost is applied the reflex enclosure 
will tend to sound boomy, also port radiation at the 
lower of the two rcson:,mces will tend to cancel that 
from the cone. 
Wall Mounting or Large Flat Baffle - This type of 
loudspeaker mounting presents a lower impedance to 
the rear of the loudspeaker cone than any other. 

*Goodmans Industries Ltd. 

Cone Air Load 

RV} Vented 
Cabinet 

M 

Fig. 8. Electrical analogue of a loudspeaker/cabinet 
system incorporating an additional restricted aperture in 
front of the cone. Ms and Rs are the mass and compliance 
associated with the slit and Cs is the compliance formed 
between the cone and the inside face of the orifice. 

Therefore, with the exception of horn loading, this 
system has the highest efficiency amoung direct 
radiators. The low acoustic damping to the cone 
however makes necessary the use of a loudspeaker 
with a high degree of electromagnetic damping if 
excessive cone velocity is to be avoided, in which 
case the relative efficiency of the system at low 
frequencies is lost and its performance will be similar 
to that of a labyrinth. 
Recent Trends - It has for years been the ambition of 
designers to produce a loudspeaker system having the 
performance of a horn and the dimensions of an 
orange crate. Many audio designers have examined the 
possibilities of small, compromise horn-type enclo
sures since these may be capable of very impressive 
reproduction. The writer however prefers to aim for 
accuracy. The horn cannot be effectively compro
mised and good reproduction from, say, 50 c/s to 30 
c/s demands an enormous horn. In any case it is 
questionable whether such high efficiency is neces
sary from a given loudspeaker unit. The labyrinth will 

SYMBOLS 
Cb = compliance of air in 

closed cabinet M = mass of air in slit s 
M = mass of air in vent or orifice v C = compliance of cone c 

suspension R = R (1[r2)2 a r C = compliance of air between R = resistance due to resistance in S c 
cone and front baffle slit cone 

R = viscous resistance of vent s 
R v = total resistance component 

of vent=R + R r S V = velocity of cone 

L = L (nr2)2 Rd = mechanical resistance due to 
( = a�oustic radiation mass voice coil damping Zr 

Zb = impedance due to loudspeaker 
mounting 

= acoustic radiation impedance 
= 21[/ M = mass of cone system R = radiation resistance (0 c r 

C. G.S. units for mechanical and acoustical quantities, and E.M units for electrical, have been assumed throughout. 
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secLlre the same downward extension of hass and 
fr�dom from resonance as a hom many times its 
si Ze:. Admittedly the amplifier is caned upon to 
supply a few mon: low-frequency watts, but for 
n ·  . rmal r\!qvirl!ments this is ,vell within the capa
li i ! i r j (, s  of a n y  of th� well-kno\'\n 10 or l S-W ampli
fiers . Even if an additional bass boost circuit has to 
be flU,xl, the cost and trouble is still hardly compar
able to (hut of horn constntction. 

Spolcc-saving considerations give the reflex cn
c!(I.�e a \'cry great advantage over the other systems 
m . .:nt.ioncd; in addition the acoustic characteristics 
ar e very good, and the principle suggests itself as 
be:.ng more amenable to compromise than that of the 
horn. A great de a! of experimental work has be�n 
directed therefore to reducing still further the size of a 
reflex end051.lre and improving its performance. 

\""'e SJW in the pn: �'ioJus article that, if its size is 
redu.:ed, the reflex enclosure will present a higher 
irnpr:dance to the rear face of the cone at aB fre
quencies, and, due to the increased imped?nce of a 
smaller port, the upper resonant frequency \'Iill 
become unduly prominent. We mentioned also that 
facing th� cone into a restricted aperture or slit 
would reduce the resonance. This may now be 
explained by considering the analogous circuit (Fig. 
8). Here the impedance due to the mass and resist
ance components of the slit appears as the series 
�i, and Rs shawn. Now the lower resonant frequency 

20 C/S f _  
Fig. 9. General form of the velocity/frequency res
ponse of the cone required at very low frequencies. 

wiU be substantially due to RcM,CcR"M4RsM�R,. in 
serks :md the upper resonant frequency due to 
RcM.GCI;Rn�1sRsCb in series. Since the impedance of 
�\ .. and RJ forms a greater proportion of the total 
n130lS reactance and resistance in the second case the 
upper resrmance /2 will be lowered both in frequency 
and amplitude to a greater extent that f-. (see Fig. 
1 1 ). A vertical slit also has the ad\'antage of diffusing 
the higher frequencies horizontally due to its 
appr0aching a line source. 

The condemning fearure of the slit (or any other 
reduced orif.cc in front of the loudspeaker cone) 
is that in c0njunction with thl: cavity (Cs) formed 
between the cone and the inside face of the material 
forming :h,: slit, it .::onstitutes a Helmholz resonator 
which mak.:s itself heard very forcibly somewhere 
in the middle frequency (300 c/s-700 c/s) range. 
Standing waves also occur between the cone and 
the inside fac':, causing irregularities noticeable in 
thl! treble ( 1 ,000 c/s-5,000 c/s). Therefore, we may 
frown upon slits . : -) 

It is bettcr to form the impedance M .• and R ,  behind 
(he cOlle by fit,ing, for example, a ccwlingt over the 
re:tr of the 10!.ldspcaker which has an ou tlet of 
restricted area, .or, as is de�cribed in a patent h'!ld 
by Murphy Radio, a corrugated cardboard cylinder 
is ' fittcd ovt:r the rl!ar of the speaker, so that the 
tPotcm app!ied for by Gocdl:l�n$ Induslri� 
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rear rad.iation must pass through the small tub!s 
so formed. 

These systems represent a very consi(�crable 
improvement over the slit, although they stili tend 
to introduce slight irregularities in the respor:�'! 
It is surprising, how etliciently even a cardbo.L ":  
drum can behave as a tubed pipe. Nevertheless it 
must be said the performance of these enclosures is 
very good for their size and at low frequencies is 
comparable to that of a full-sized labyrinth. Like 
the labyrinth they present a high resistive impedance 
to the rear of the loudspeaker cone; their efficiency 
is therefore low. It will be seen that M.J and R, in 
the analogous circuit will tend to rec 'ce the cone 
velocity at all frequencies . These compon(!nts 
do therefore constitute a further 10SS (.f effici('ncv. 

The r�ader should now be well acquainted wit.� 
the principles involved in the dcsign of the basic 
type of loudspeaker mounting and with the problems 
encountered if these designs are comprised. The 
question of size is a very important one; there is a 
demand for a really high-quality sound-reproducing 
syst�m that is small enough to be unobtrusive in a 
small lounge or flat. 

A good approach tl \ the design of such a system 
would be to state exac.ty what was meant by " really 
high quality " and to define the acoustic propertie" 
of the system in terms of cone velocity. This can be 
expressed as a function of mechanical impedance, 
which in turn may be translat\!d into an analogous 
electrical impedance. The problem then resolves 
itself into the solving of the electrical circuitry. 
This approach led to the design of an enclosur� 
having the desired perfornlance and, proceeding as 
above, we shall endeavour to show the derivation 
of this design. 

Enumerating the principal qualities of an " ideal ' .' 
enclosur� we have: 

(1)  Frequency response extended down to at 
least 20 c/s. 

(2) Complete absence of resonances above this 
frequency. 

(3) Small size. 
(4) Efficiency as high as possible in keeping with 

(2) and (5). 
(5) Low distortion. 
In order to satisfy requirements ( I ), (2) and 

(4) the cone velocity must increase progressively as 
the frequ�ncy is lowered to 20 c/s. Therefore, the 
enclosure: must load the cone in such a "..'ay as to 
bring the effective cone resonance down to this 
frequency. There must be also a sufficiently high 
resi:;tance component in order to satisfy requirement. 

(5) By limiting exce�sive increase of cone velocity 
due to resonant conditions. 

In the analogy, these conditions are fulfilled by 
the velocity curve shov.n in Fig. 9, and the corres
ponding analogous circuit sho"ll\"'!l in Fig. 10, where 
inductive and resistiv� elements are added to the 
cone circuit. 

As we have seen, a convenient way of adding mass 
to the Joudspeaker cone is to load it by means of 
restricted orifice or vent. It is preferahle t.o couple 
this air mass to the rear face of the cone, and since, 
at the resonance of the system (neglecting here 
any compliance existing between this air mass and 
the cone) the radiatiur: from the vent will be in 
antiphase with that from the front of the cone, in 
order to produce ne;ligible cancellation, the vent 
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Cone and Air  Load 

M 

R 

Fig. 1 0. Analogue circuit elements added to cone 
to produce the response seen in Fig. 9. 

t 
V 

, _  
Fig. 1 1. Velocity/frequency response resulting from 

the addition of 'C ' in Fig. 1 0. 

an�a must be considerably less than the effective 
piston ar.ea of the cone. Therefore, for a given 
mass reactance a small vent is preferable to a larger 
,'ent with a tunnel. As the orifice is reduced, how
ever, the resistance due to viscosity at its edges is 
increased relatively to the mass reactance, and, ' 
whilst to some extent this is desirable for require
ment (5) above, a point is rP.ached where the rise 
in velocity down to the required frequency due to 
rhe action of the added mass js severely reduced, 
re::.ulting in an undue loss of radiated power at 
these frequencies. This conflicts with requirement 
(4) above. These considerations therefore fix the 
port dimemions within fairly narrow limits, quite 
irrespective of whether the mass reactance from 
these dimensions is sufficient to reduce the loud
speaker cone resonance from whert:.ver it is down 
to the required low-frequency limit. Since the mass 
reactance of the orifice will increase with frequency, 
it will be necessary to decouple this mass from the 
cone at the higher frequencies. This requires a 
shunt capacitance C in the analogy, which may 
be of such value, that in combination wi"th the 
mass reactance cuM will produce an effective 
mass reactance cuM' having the value required to 
luwer the effective resonance of the seric!s circuit, 
i.e., the effective cone resonance by the desired 
r.ffiount. Since the capacitance C performs two 
functions, its value must be determined with both 
these in mind. For " decoupling " purposes the 
circuit must become capacitive as soon as possible 
above /1 (Fig. 1 1 ) which indicates that the resonance 
of the parallel section 10 should occur a little above 
!-his frequency. We shall see later, however, that 
It is desirable for f 0 to occur above the free-air 
resonant frequency of the loud:>peaker cone. The 
effect ot C on the effective cone resonance may be 
seen by considering the susceptance of the parallel 
stct:cn) which is: 

D = w tCM - I  
wM 

find provided this expression is  negative the circuit 

WIRELESS WORLD, FEBRUARY 1 956 

will behave as an eft'e�jve inductive reactance of 
magnitude 

cuM' cu M  
1 - w 2CM 

To lower the effective cone resonance to ::. frequency 
/, the sum of the above expression, and the efft!ctiyc 
reactance of the cone must be zero at thi!; frequency. 

• I (:) zM;Cc- 1 
Effcctlve reactance of cone, X cor.e = -_·_-C·_ . .  (.t.' t 

By implication tuM' is positive <It ("I and X' cunr. 
negative at WI' 

w2M C - · 1 wM 
Equating we have e c .. -

wCe -- i�t- ",2CM 
Transposing for C we have 

C = Cc _ _ . t_ 
cu2McCe - 1 cu �M 

Although a v&lue of C may be fo:md from this 
expression a lower limit is set to its value by jts 
decoupHng function. It is vital that the impedance 
of the parallel section be wen dec'Jupled at fre
quencies above about 50 c/s. 

I t is evident that the dreWt we now have_ is 
analogous to a vented enclosure whel'e the com
ponent values have been specially cho�cn w m.nn
tain the radiation efficiency down to 20 e/s. In 
the previllus article we f.howed how a circuit of 
this type had three critical frequencies f H fo and 
f 2 which resulted in a velocity curve as shown in 
Fig. 1 1 . In the present case 11 is our required low 
frequency resonance and in respect of cur second 
requirement for the " i�eal " enclosure the res.)o
ances at 10 and f, must be eliminated. U" in the 
pre&ent case is not coiucident with the cone res()n
ance.) 

We have seen that the resonance at fo is due 

Cc "4 
--�������� 

M 
Rf 

R 

Fig. 1 2. Complete analogue of the final design. Rf is 
an added acoustic resistance. 

to the parallel section where its impedance rises 
to some high value reducing the cone velocity 
at this frequency. This impedance rise may, 01 
course, be limited by shunting this circuit ,\"irh 
a low resi!>tance RI' Fig, I 2, the low limit of R, 
being set by its damping effect at /I' 

It has been found iX)ssib1e to choose \'alu('S of 
M, C and R, that are compatible with all the pre
vious considerations and at the �ame time are 
such as to reduce the resonances at fo and f! to 
negligible proportions. 

Let M and C have values producing a reactance 
characteristic which, relative to that of series com
ponents Mc and Cc will be as shown in Fig. 1 3. 
The three critical frequencies are shown, and ' it 
will be noticed that the reactance of the individual 
circuits at /2 is much higher than at fl • If the effec
tive reactance of M and C in parallel is Xp and 
this is �hunted by R" then we may replace this 
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Fig. 13. Reactance characteristic of a loudspeaker in a 
vented enclosure with the resonant frequency of the 
enclosure adjusted to be higher than that of the speaker. 
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I 

R ,  
Fig. 14. Variation o f  Xes and Res with R f  for two values of 

Xp when XP1 < Xp2 '  

arrangement b y  3:1 equivalent series circuit con
s isting of a re!iistli.."1ce Re3 and reactance Xu which 
obey tht> well-known rclationships:--

.R/XP 2 R/Xl' 2 
Re .• = it 2 _:'::-x" :Z Xe s = R'-2--:L-x 2 

/ . � P I ' l' 
The effect on R" and Xes of varying R, is shown 
i..'"1 Fig. 14 .  The curves have been plotted for two 
values of Xp, i . e. XPI ' and Xp2 corresponding to 
['ilc�e ShO\'iIl at jl and 12' It will be seen that the 
cm:-;c Res� rea<;h es a maximum at Rf := Xp2 where 
its value is R,/2. At this point it will be seen that 
Xcs-, and R,,[. �  are equal and the Q of the circuit 
under these condit ions is therefore 1 .  

I f  wt: now consider a lower value 0 f Xp corres
ponding to XI'I at 11 we see from the curves that 
for the value R, = Xp� the Q clearly greater than l .  
I t  i s  t:vident from the curves that R, has a range 
of ,"dues that will produce higher damping at 
/1 than at /2 (and also some values that will produce 
the opposite effect). The action of the enclosure 
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vector may be summarized · by considering the 
l oem of its· impedance, which is part of a spiral 
and is shown in Fig. 15 .  The presence of RI wil ! "  
o f  course alter the actual \'alues o f  the frequendc� 
I1 and /2' but again careful choice of component 
values enable us to hold fl at 20 c/s. We care not 
for the predicament of f2• 

It \vas decided that the first prototype enclosure 
based on these princip!es should be designed for 
use in conjunction with the Goodmans Axiom 1 50 
Mk. II loudspeaker. Accordingly the values of 
Rd, Rc, Cc, Mc and Ra in the analogy were deter
mined from the physical constants ' of this loud
speaker and trlUlslated into acoustical terms. From 
this the dimensions of the enclosure and vent were 
determined, and an enclosure was constructed 
accordingly, the resistance being an210gous to a 
resistive air leak in the enclusure walls. The im
pedance curves for this enclosure are compa red 
in Fig. 16 with those of the reflex cabinet and a 
true infinite baffle when hUUSL."1.g speakers identical 
to the above. The evidence is fairly conclusive. ' 
The effect of closing the air leak (removing Rj) 
is also shown. 

There are a number of methods of forming the 
resistive air leak, all uf them possessing varyiug 
degrees of manufacturing difficulty. One method 
is to make a number of very narrow slits in one or 
more of the enclosure walls. Another is to cover 
a relatively large aperture in an enclosure wall 
with a material of suitable porosity. In any event 
the resistance is due to the frictional component 
of the air leak and one of the principal pr8 cticul 
difficulties ha3 been to make this fr!ctiona� com
ponent high relative to the rrlliSS component which 
is present in any aperture. In the analogous circuit 
this mass component appears as an inductance in 
series with R" 

From the foregoing principles formulre have 
been derived expressing the various cabinet dimen4 

One of a range of acoustical resistance/mass units 
designed to match Goodmans loudspeakers in cabi
nets of specified volume. 
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Fig. 15. Locus diagram showing the variation with frequency of 
the magnitude and direction of the enclosure's impedance vector. 

sions in terms of the loudspeaker constlLTlt lL'ld the 
desired frequency characteristics. The applica
tion of these formula!, however, demands a com
plete knowledge of the conditions under which 
they were being used, otherwise the :-esults can be 
laughable. In acoustics all sorts of nasty things 
happen; resistance varies with frequency (but 
only sometimes) and component values vary with 
the weather. One is almost tempted to suggest 
that guesswork would yield as geod results. 

Fortunately this is not quite true, and in order 
to simplify the design of enclosures for their various 
loudspeaker systems Goodmans Industries have 
worked out the optimum enclosure volume for 
each system and have designed and marketed 
for· each system a panel containing the acoustic 
components corresponding to R, and M in the 
foregoing analogies. These fJanels are slightly 
inaccurately known as acoustIc resistance wlits 
(lr ARUs but in fact the required mass component 
is also included so that all the home constructor 
needs to do is to make a box of the prescribed in
ternal volume and cut two holes, one for the loud
speaker and orie for the appro�'rjate AR U, and 
luving lined the enclosure and screwed these items 
into place, the enclosure will exhibit all the pro
perties originally stated. The manufacturers have 
produced this unit, since they feel that in view of 
the foregoing discussions it is not possible to offer 
any simple formula! or design that could be used 
by persons not familiar with this type of work to 
produce the required acoustic components with 
any degree of accuracy. 

The performance of Axiom enclosures has been 
comp::;rcd with that of other types. Listening tests 
have shown that the bass radiation is somewhat 

. better than that from the reflex type cabinet at 
middle bass frequencies and considerably b(:;[ter 

. at the low frequencies, thereby imparting a warm, 
well-b�lanced quality to the reproduction. Tests 
with an oscillator showed that a strong, pure 20-c/$ 
fwldamental note could be radiated without exces
sive cone movement. Transient curves raken showed 
a very short decay time, characteristic €If non
resonant conditions. This is the more interesting 
when one realizes that the volume of this type 
of enclosure is about half that of a correctly designed 
reflex cahinet for the same speaker. 
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Fig. 16. Voice coil impedance curves of the Axiom 150 unit 
in an Axiom 172 enclosure, and the same speaker in 
various conventional mountings. 

In addition to the qualIties mentioned this type 
of enclosure has the fullowing ad\'antages: 

(1) It is simple ,md cheap to construct. 
. (2) The dimemions of the enclosure (correspond
mg to C in the analogous circuit) are not extremely 
critical and may be varied up to -1- 10%, if necessary 
for" styling." 

(3) The enclosure can be of any shape and the 
acoustic resistance unit can be placed in any position 
relative to the speaker. 

(4) The resonant frequency of the loudspeaker 
is not critical, although, if highe. !i1a..'l the value 
for which the enclosure was designed, the bass 
e·xtension v.-ill be reduced. 

Theoretically the bass response of �y enclosed 
loudspeaker will tend to fall, due to the damping 
applied to the cone reducing the condition of mass 
control. In the enclosure we have described how
ever, the impedance applied to the cone governs 
its ve�ocity in a predetermined manner there?y 
securing a higher efficiency which in practlce 
made bass boosting wmecessary even when used 
in conjW1ction with loudspeakers having high electro
magnetic damping. 

This enclosure design has been nam�d " Axiom " 
after the range of high-fidelity loudspeakers manu
factured by Goodmans Industries. Patent applica
tions have been made. 
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