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1 INTRODUCTION

The vecasional need for many studio monitoring systems Lo produce ugh sound pressure levels
m large, aconstically dead, rooms, usually requires the use of hormn loudspeakers 1o cover the
upper-mid and bigh frequency manges. The horns traditionally used by monitor designers have
wsually been *burrowed” from the vast range of public address units available. These bocas
have been designed with absofute sound quality taking second place o directivity comrol i ihe
Nist of priorities, amd thus almost always have a reclimgulor cross-sectional shape. For studiu
monitoring applications, the main requircment for directivity control is that o relatively varrow
area feompared to public address upplications) i the vicinty of te mising vonsole seccives
e on-axis sound, and that all ol the oil-axis radiamion vancs “smoothly” with lieguency.
Horns possessing a circular, axi-symmetric cross-sectional shape have been tound 10 satisly
these dircetivity requiremnents, and offer significant improvements over rectangular designs in
tenas of sound Tidelity,

2. RECTANGULAR DESIGNS

2.1 An Histoncal Keview,

[or centuries, homs of some forn or another have been used o amplify the huaan voice 2ind
the sound of musical instruments. Until the beginndng of this century, these boms were
desigaed from experience and riad and crror, The thearetival analysis of the sound Llicld witlin
hartis began with Rayleigh (1] and Webster 2] wlo presented independent denvations of ihe
so-called *Webster Hom Equation”™.  Smiee then, most borns have been desipied vsing tHus
cyuation, anafytical solutions of which exist for only a small nuinber of horn {lase shapes {or
tarca profiles’. see [3]). The simplest of ihese arca profiles, wnnd the best for st loudspuaher
applications, 15 te exponential, so most desiyms have been based on this shape,

The simplest cross-sectional shape for an exponential hom s circular, and most of the earhiest
Boes were of this 1ype, for eaaple the "His Masters Vo™ phonogiaphs. I soot ecane
clear, wath the development ol the moving cold drve-unn, that as well s olfenne o i
electro-aeoustic efficiency. homs had wmwch nwre clearly denned and controllible direchvary
propestics than conventional loudspeahers, aflowing the sound Lo be peinted’ only where
wits needed,

2.2 Dircelivity Contiol, . _
For public address applicatious, where the majority of hors Find use, it is olten Jesirable 1o
bave differcnt horizontal and vertical disectivity paticrns. This has been achieved s iomber
o ways: o number of homs can be artanged moa clusier; an axesymmeine homn ca be
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ssyuashed” into an ellipse; the cross-seetional sliape of the horn can be made reclangular with
Silteremt Maves in the horizontal and vertical axes. The first technique, by aftaching the cluster
Lo« singhe deive-unit via o manifold, can be seen in the classic “mullicelulur’ designs, notably
o Allec, The sceond weehnigue is uncommon, due mostly o manulacturing problems, The
latter technigque as boen most widely used due to the resultant high degree of control over the
dircetivity and case of manulacture.

2.3 The Lamitaiions of Rectangular Horns.

If two of the sides of a rectangular horn are shaped to give the desired directivity propertics
alung vne axis, inorder 10 maintain the required {usually cxponential) area profile, the shape of
e other two sides is pre-delermined. - This often leads 10 # compronise m the directiviny
propertes along the other axis. Figores 1 1o 4 show the diccctivity propertics for a rectangular
horn used in current studio monitor systems, along four different axes. It can be seen that the
performance is very good in the horizontal plang, but deteriorates as the axis is rotated until an
wiaeeeptably poor perfemianee is seen wong the vertical wais. 1t should be noted here il this
horn s generally accepted as being of high quality. Receinly, o overcome this problem, horms
haown as “constant ducchvity” desipns have appearcd. These consisi of a number of shorn.
stright sided sections with alternating rapid and slow flare in the two axcs, giving optinumh
Jucctivity propetties at the expense of an accutale arcu profile. This approach can lead ta a
Juss ol elfiviency @t low lrequencies andfor atk uneven op-axis [reguency response.

BEven il these probleins could be overcomie with careful design, anvther limitation exists. A
wjor vause of (eguency esponse probilents in Tioras s the reflection of sound waves back
down the horn doe (o any discontiitics in the fare, [ a horn s desggned wadh sinoothly
chungng contours. (s problem ¢an be avoided within the tlare; however, avording »
Jiscomtinuity an the mouth of the horn is more difficudl. Many reclangular oms have arapid,
wide Mate aluny the horizontad axis to give o broad diredivily paticrn, and a slow, nuiow fare
m the vertical anes, Fhis patow vertiesl donension preseaits a discontinuity which resalts in
rellection of a progrpating wave. The effeet that these reflections can have on the pedfonmace
of 2hore can be seesn in figures 5 and 6. which show the throat impedance (see {31) and on-axis
frequendy ospronse of the wetingular o above, A “cob fibering” cileut, similar e that
Found 1y the rudeon from a pape of comparable fengih, due 1o die iiederence between direa
and retlected waves cm cearly be seen. The smooth propagation of i wave froi the throat o
the mouth of 3 hom and om into the Gar fichd is essential if fregquency response ervors and bence
sound cofouration ate W be avaided.  Achieving this abn with o rectaigular cross-sectivial
shape o5 very dillwendh, although some attempts have been made 1o belp the suuativn by
antaching claborate *lips® 1o the mouth of the hor.

3. THE BENEFITS OF AXIAL SYMMLETRY

The axi-syunsetric Foan is probably the oldest and most well kiown of any hom shape, but its
use 1 foudspoaber applivations hus diminished slowly with tme. Nowadays, only a sadl
number of axi-symimetnie loudspeaker horns are i use; and most of these are bigh frequency
units.  The reason Tor tis s unclear but it appenss 1o be a classic case of a lorgotien art.
Becaase for nany yeurs, the vast majorily of boras have bee designed and buile for public
addiess systcis, where e propertics ealitbited by rectangulir hoas ave desivable, it has
become excepied that loudspeaker horns should be sectangular i shape, I s outdour
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situation or in a large auditorium, the bad vertical directivity exhibited by rectangular horns is
not a problem.  However, for reproduction in rooms, much of the off-axis radiation of a
loudspeaher is heard as reflections and reverberation and if this radiation does not behave
smooihly with frequency, gross colouration of the pereeived sound could wesult. The
possibility that for high quality applications, axial symmetry may offer superior perfurance,
appears to have been either passed by or forgotien.  Indeed, it may well be the use of
rectangular homs in high quality loudspeaker systems that has resulted 1n horns of any shape
acquiring a bad nane,

3.1 The Radiuted Ficld.

A fundamental property of an axi-synuuctric hori is the axial symiuctry of the radiated ficld.
This symmetry mcans that the directivity of the hom will be the same in the vertical plane as it
is in the horizontal (and any plane in between), hence the vertical compromisc problem above
is climinated. An axi-syminetric system docs not allow as much ‘juggling’ of the dircetivity
propertics by designers as a reclangular system, however, for many high quality loudspeaker
systems, the horizontal angle what it is necessary to *cover’ with the on-axis radiation is simall
compared to the requirements for public address systeins, being usually of the order of about 60
degrees inclusive. The designer of an axi-symmetric hom for such a system can therefore relax
the horizontal coverage angle constraints imposed on public address hom design, in {avour of
good overall off-axis behaviour. 1f an acceptable dircclivity pattern can be achieved in the
horizontal plane, the rest of the off-axis radiation will follow suit.  Figure 7 shows the
dircctivity for a first generation prototype axi-symmetric horn designed by the author
specifically for use in a studio momitor system.  The directivity patiern shown 1s comparable
with the performance of the rectangular hom along its horizontal axis, although o lhtile
narrower (sce fig. 1), but is vastly supcrior to the performance of the rectangular horn along its
vertical axis (sce fig. 4). Clearly, when used in anything other than ancchoic conditions, the
sound quality of the axi-symmetric bom should be superior to the sectsngular, all clse being
cequal.

3.2 Mouth Reflections.

As mentioned above, the free propagation of a sound wave from the throat of a hom to the
mouth and out into the fur ficld is cssential 1o avoid colouration ol the sound.  Any
discontinuitics, cither within the flarc or at the mouth, will cause reflections back down the
flase which interfere with the forward wave and cause comb filtering. Such discontinustics can
be avoided within the Marc of buth fectangular and axi-symmetric homs, but s smouth
transition Irom flare 1o baffle is very difficult 10 achieve with rectangular homs. Provided the
flare of an axi-symmetric horn is allowed to continuc o a shallow cnough angle. thus
discontinuity at the mouth can vistually be climinated.  Figures 8 and 9 show the throm
impedance and on-axis frequency response for the axi-symmietric hor. The absence of mouth
reflections is evident from the very smooth impedance / frequency characteristics. The ripple
in the on-axis response of about £2dB is due to a diffraction problem at the cdge of the mouth
which could be climinated in later prototypes (lack of time preciuded (his prior to writing this
paper). This diffraction can also be scen in the directivity plots as a ripple at all angles othey
than those on of near axis.  An approximation to the on-axis response of the hora when the
diffraction has been removed, can be scen in figure 10 which shows the response 10 degrees
oft-axis.

All of the above measurements (except throat impedance) were taken in the farge ancchoic
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chamber at the ISVR, Southampton University, with the homs mounted on a baltle of

approximately 48 inches by 27 inches, which was thought representative of a large monitor
cabinet. The swne driver was used for both horns,

N/
90 deg.

[ 2 4
Frequency (hHz) Frequency (Miz)

~ \\7 . \_, N ~
// \__:\ \»\ \ -|8

L e R e U I
R NN AV A
7~ N

N -\ ~ -
. NN 2
_.// \\'J/ \ o N A

- \ r\/\ﬁf\l%:x
NI

-MB NG

g &

aa M

Angle (deg.)
ol
=]

(=]

2 -
LV

1 /\/"" /\/'/ 4
PN N " ,/"\/N
NS ST A

TN s e
i o

Figure I Dircctivity of Rectangular Horn Figure 2 Dircctivity of Rcclqnyular qu
along the Horizontal Axis. at 30 degrees to the Horizontul Axis.
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Figure 3 Directivity of Rectangular Hom Figure 4 Directivity of Rectangular [Horn
at 60 degrees to the Horizontal Axis. along the Vertical Axis.
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Figure 5 Throat Impedance of Rectangular
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Figure 7 Directivity of Axi-symmetric Horn.
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Figure 10 Frequency Response of Axi-
symmetric Horn at 10 degrees off ais.
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4. CONCLUSIONS

The requirements for the sound radiation properties of mid-range horn loudspeakers intended
for use in studio monitors are different to those for public address applications. Most of the
designs for homs found in current studio monitors have been ‘borrowed’ from the ficld of
public address and thus possess propertics which, although often desirable for their originally
sntended use. are undesirable fur high quality sound reproduction.  These propertics are; a
compromised vertical directivity pattern, and an uncven on-axis ficquency response. wlich are
a direet result of the adoption of a rectangular cross-scctional shape. An axi-symmetric hovn is
proposcd as offering better perfonmance 1 studio monitor sysiems than a rectangular design.

The results of measurements of throat impedance, on-axis frequency response and directivity
are presented for a rectangular hom in cursent use in studio monitors, and a first generation
prototype axi-symmetric hor.  Comparison between the results for the two homs shows the
axi-symumetric horn to be superior in performance.

The authors are indebted to Tomni Johansen and friends at Norges Tekniske Hogskole,
Trondhicim, Norway tor the seeds of thoughts on axial symumetry.
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