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This document analyses the principle aspects of an original new approach to the realization of
non-traditional devices, which can be defined as “Reflective Wave Guides”, that exploit the
phenomenon of acoustic reflection to reproduce sound even at high frequencies.

In particular, it describes a specific application of a first device for which a combination of the
principles of acoustic diffraction and absorption is applied as well as the principle of reflection.

A second device, which in certain aspects is an improvement of the first, is illustrated as a
component particularly suited to use in modern Vertical Line Arrays.

Both devices described are used in two different types of high performance professional
loudspeaker enclosures that are increasingly successful at commercial level.

Introduction

Nowadays, horn loudspeakers in the true sense are widely
used for their peculiar characteristics of efficiency and sound
dispersion control, particularly in the professional sound
reinforcement sector, in which it's increasingly important to
achieve high directivity and precise dispersion from a single
enclosure, but also to facilitate acoustic coupling without any
interference between elements assembled in multiples.

In any case, their use is limited by their dimensions, which, as
they are closely related to the lowest frequencies they are able
to reproduce and the necessary dispersion, are sometimes a lot
larger than necessary, or incompatible with the type of
enclosure they are to be mounted in. For example, a large
mouth area for the reproduction of low frequencies has a
correspondingly long horn length to the throat, due to the very
gradual expansion necessary for the reproduction of that range
of frequencies, according to the relative wavelength.

Various methods have been thought up to reduce at least one
of the horn dimensions: i.e. the length. However, the type that
met with the most success (and is still the most common)
consists in folding the horn in various ways to achieve an
external dimension that is as small as possible according to the
performance required as far as the depth or length of the duct is
concerned.

Nevertheless, while this technique is well known and
successfully applied in the construction of low frequency horns,
it has not been applied in the same way for the reproduction of
mid and high frequencies, for example from 500Hz up to the
highest frequencies the human ear can hear (15/20 kHz).

This is due to the fact that up until now, a folded horn hadn’t
been found that, while maintaining the capacity to reproduce
the lowest frequencies according to the “cut-off’ chosen, didn’'t
destroy the higher part of the aforementioned frequency range
(e.g. from 1000Hz upwards) inside, and therefore enabled the
sound to be diffused in an evenly distributed manner over the
required dispersion angle. The first of the devices described
further ahead here overcomes this limit, even if it consists in a
folded “horn”, for the first time suited to the reproduction of mid/high
frequencies with small dimensions and footprint to facilitate use to
the utmost.

It is a device able to control the sound’s dispersion angle precisely,
even if its shape and dimensions can be unconventionally adapted
to match various types of loudspeaker enclosures.

It consists in a “folded horn“ suited to enabling the design and
manufacture of loudspeaker enclosures for mid/high frequency

bands with freer less cumbersome shapes. The clear advantages
highlighted here are achieved with the choice of a “horn” shape that
is based in the simultaneous application of at least two of the three
well-known acoustic principles:  Diffraction, Reflection and
Absorption.

Therefore, the definition of “horn” in the traditional sense of the term
seems less suitable here than “wave guide” in a wide sense, since
the device described, is not designed geometrically according to the
usual mathematic rules used for the calculation of horns. From now

on, the device will therefore be called “reflective wave guide” (1-

2) due to its most obvious operating feature.

The second device, also designed to achieve the same results of
adaptable dimensions and directivity control, although having a
rather different shape from the one mentioned above, as it doesn’t
use any folds in the sound duct, and having characteristics that for
some aspects are better, belongs to the same family, since it too
operates by applying two of the same acoustic principles (diffraction
and reflection) and in fact even makes double use of reflection. For
this reason, the definition applied to this second type of device is

“double reflective wave guide” (3-4) .

The Reflective Wave Guides and the reasons
behind their invention.

Controlling the directivity of the sound emitted by an enclosure
or a group of enclosures in various multiple combinations, has
always (but particularly during the last few years) been a
fundamental necessity in the numerous different applications of
a modern sound reinforcement system, even if only to obtain
lower acoustic pollution, as is now required by the governments
of all industrialized countries.

Up until a few years ago, so-called “constant directivity horns”
offered positive solutions to almost all users’ needs, as far as
both quality and dispersion were concerned.

The need for increasingly higher sound pressure, concentrated
in specific areas, resulting in the use of sound reinforcement
systems made up of several enclosures, with constant
directivity horns of the mid/high frequencies, assembled in
clusters based on the well-known “Point Source Design”
principle in order to increase the power available for covering
large listening areas, highlighted the considerable limits
involved in this technique.
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In other words, it was seen that “clusters” formed by constant
directivity horns or at least horns designed according to
traditional widespread examples (established in at least 100
years) including the most recent after Geddes, have for some
time been unable to meet the expectations of a certain type of
user, or have done so only in part.

The main reason for this failure is the impossibility of combining
these horns in multiples without coming up against interference
problems (comb filters), particularly at mid and high
frequencies, with all the resulting consequences: uneven
increases in sound level, a lot less than theoretically calculated
in the majority of the area covered, “holes” in the coverage,
poor or even non-existent phase coherence, due to the large
difference in the arrival times of the sound emitted by the
individual elements or horns and poor overall sound quality,
even when combining costly high quality elements in “clusters”.
Another important reason in a sector such as audio (but also in
many other sectors in which cutting edge high technology is
applied), where the miniaturization or at least reduction of
product dimensions and weight (obviously including
loudspeaker enclosures) has recently been widespread, the use
of “constant directivity” horns with adequate (therefore relatively
large) dimensions to control sufficiently low frequencies has
become a less predictable choice for numerous designers, who
are looking for other original ways for satisfying opposing
requirements that are always an obstacle to solving problems in
acoustics.

With this background of convictions, for several years Outline
has been studying and experimenting “new” ideas for solving
specific professional sound reinforcement problems. In fact, |
am convinced that only the specific concentration of creative
efforts and the in-depth study on which they are based,
addressing the problems to be solved or requirements to be
met in the context of a certain type of sound reinforcement, can
lead to original new solutions.

The “Reflective Wave Guide” (1-2)
“SPRWG, Single Parabolic Reflective Wave Guide” is
one of these.

The main requirement that was to be met by using this “non-
conventional horn” was to achieve high (or at least determinate)
directivity from a device that enabled enclosures’ dimensions to
be kept really small. Then the type of emission had to be
comparable with that of a rectangular shaped horn-loaded flat
diaphragm loudspeaker; in fact, the aim was precisely to obtain
similar behaviour with higher efficiency. For obvious reasons,
reliability and cost-effectiveness also had to be improved.

The idea of realizing such a component able to be used in
single units, with the aforementioned design characteristics,
then led to the realization of another device also intrinsically
suited to use in multiples in complex systems such as Vertical
Line Arrays, sound reinforcement systems that have been in the
spotlight over the last ten years, which virtually operate
according to the principle of sound sources with “Cylindrical”
emission.

A compression driver as the “powerhouse” for
a Reflective Wave Guide.

So what can be used to reproduce the mid/high frequencies
that meets the necessary requisites?

Since the most crucial requisite, as has been said, is the ability
to give sound pressure not only obtained by a directive thrust,
of all currently known components, in my opinion the most
efficient and the one that meets our aims is the Compression
Driver.

As is known, this component doesn't itself give sound emission
comparable to that of a rectangular flat diaphragm whose
geometric characteristics are implicitly suited to cylindrical
sound emission: it was therefore necessary to manufacture a
device that had this characteristic and with which the
compression driver could be used as a “powerhouse”.

Fig.1

Typlcal compression
driver with
circular throat

Schematic design of
Reflective Wave Guide

the operation of a

The comments made so far, and our team’s many months of
hard work on in-depth geometric and mathematical analyses
validating the numerous theories formulated and the patient
building of numerous prototypes, thanks to which
measurements were obtained that gave a series of data
sufficient to identify a numerically quantifiable acoustic
behaviour trend, resulted in the realization of a first device,
whose acoustic and mechanical functionality matched the
project’s aim.

This device (Fig. 2) was used in a single loudspeaker enclosure
whose traditional features, established by manufacturers
through the years on the market (the lines were actually
launched in the sixties) in my opinion needed to be updated to
meet modern requirements.

I’'m talking about specific enclosures, called stage monitors or
wedge monitors, normally used in live events to monitor artists’
performance.

Fig. 2
Diagram of the three principles combined in a
practical example of a folded wave guide

Absorbent material

Reflective plane

Diffraction slot

Example of an advantageous application of a
single reflection wave guide. (1-2)

The operation of the device used for this application, shown in
Fig. 3A and 3B, is based on the reflection of the sound emitted
by the throat of a compression driver, by means of a flat,
parabolic, hyperbolic or elliptical surface (or a combination of at
least two of these), according to the type of dispersion required.
Before being reflected, the sound emitted by the driver’s circular
throat passes through a wave guide formed by parallel
convergent or divergent walls on one side, and on the other by
sides that are conically divergent, or have another geometric
expansion, in order to form another rectangular shaped
diffraction throat (slot), at a given distance from the initial throat;
located just before or just after the portion of reflecting surface,
creating planar, divergent or convergent emission sound waves.
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Fig. 3B — Design of a H.A.R.D. 212 ultra-low profile very high
performance (140 dBSPL Peak 1mt) Stage Monitor with 2x12”
Woofers + 3" Compression Driver in S.P.R.W.G.
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