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l. lNTRODUCl‘lON

'l'he oe tonal need for many studio monitoring systems to produce high sound pressuie levels
lll target acoustically dead. rooms. usually requires the use of Itorn loudspeakers to cover the
upper-mid and high frequency ranges, The horns traditio ' lly used by monitor designers have
usually been 'bunowed' from the vast range of public addre s units available. These limits

have been de. gned ivnh bsulute sound quality taking second pl' cc to directivny cotllrul III the
list of > ortt nil llltl lmosl Ilways have a rectangular cm sectional slinpe. lior stinlro

nmnitormg appli ions. the I an requirement for directivin control is M a at iver l 4 now

at . (compared to publie address applications) l.“ the vicinity of the mixing eonsole rec \‘es
the oil-axis sound. d that all of the all xis ad ion varies ‘ moothly' wnli frequency.
Horns poss ssing a circular. axi-synnnetr cross- ‘ctionnl shape have been found to tisl‘y

these dircetivily requirements. attd offer Significant irttprovcments over rec ingular dc

terms of sound fidelity.

 

  

     

    
     

 

  

 

   
  

2. RECFANGULAR DESlGNS

2.1 An l-ltstorieal Review.
For centuries. homs of settle form or another have been used to amplify the human voice ‘

i ll instruments. Until the beginning of this e nttn'y. these horns w
gited fioin expc ice and tri. d error. file tlteuicttt'al an . s of the sottiid lield \Vlllltlt

horns began wtllt Rayleigh [l] and Webster [2]. who p -nted independent «I ’lvtllnll ’ of the

su-ealled ‘Wehstcr llorn Equation'. Since then. most horns ltave been des' ned Ill this

etp lion. ilytical solutions of which exist for only a small number of lttirn tlare sh ie for
'ai't. prott es'. see [3]) The simplest of the profiles, and the best for most loudspeaker

applieatioiis. is the exponential. so most desi ve been based on this shape.

    
        

  
   

 

  
  

   

  

 

  The simplest en sectional .' ie for art exp-u -n '-il horn is "relllur. and most of the eaihcct

horns were of this type. for e.\ ntple IIie 'l'lis Masters Voi ' pltunogiaplis. It .

cl . WIIII the development of the moving coil drive-unit. that as well .. "

eteelro ieonsne efficiency. horns had much more clearly defnied and _

properties than conventional loudslwakers, allowing the sound to be ‘pontted‘ only where it

was needed.

  

    

2.2 Directivin (‘ontruL I I I

For ptrblie adtln applieatie ' where the majority of horns find use is Aulten de ible to

have dil'll eitt ht al and ver 'cal directivin patterns. This has been ' 'lnevcd tll a number

of ways: a nuinher of ltnnis can be arranged in a cluster: an axi-symnietne horn can be
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'squ'tshed' rrtto :rn ellrpse' the cross-see onal shape of the horn cart be made rectangular with

drl'terertt ll 5: in the tint Lontal artd vertical xes. Tlte first technique. by attaching tlte cluster

to .r single drne-trrrit vtt a manifold. can be seen itt tlte classic ‘ntultieellular‘ design notably

I'roro Ahec. The second technique is urreorrrnron. due mostly to marrufaeturtng problems. The

latter technique I s been most widely used due to the resultant high degree of control over the

dir'eetrvity and ea, e of manufacture.

   

ZJ The erttttatrons of Rectangular Horns.
If two of the des ot' a rectangular horn are shaped to give the desired direettvrty properties

along om is in order to n 'nntain the required (usually exponential) area profile. the shape of

the other two sides is pre-dcterrnined. This often leads to a compromise in the di ‘ctivity

prupet'ttes alortg the other axis. Figures 1 to 4 show the drreetrvrty properties for a r rtgular

lrortt used in current studio monitor systems, along four different axes, It can be seen that the

performance is very good rrt the horizontal plane. but deteriorates as the axis is rotated until art

unacceptably poor performance is seen along the vertical axis. it should benoted here that this

horn is generall ' accepted as being of lriglt quality. Recently, to over‘corrre tltrs problem, lror s

known as ‘eon. ant drreetrvit_ ‘ desq ltave appeared. The e consist of a number of short.

straight sided sections with alternating rapid and slow flare irt the two axes, giving optirttttrn

ditee vity propertie al the expense of an aecurate area profile. This approach cart lead to a

loss ofet'l'icreney at low frequencies and/or art uneven on—Mts frequency response.

    

   

 

  Even if these problems could be overcome with careful desing tother limitation exists. A

lll-tjtlt' cause of frequency response problems in horns is the reflection of sound waves back

down tlte horn due to any dtscontlttuitres III the “are. If a horn ts designed wrth smoothly

elrangnrg ctnttatlt's. this problem can be avoided wrtltirr the "are; however. avoiding 'r

drscontirrurty at the tttoutlr ofllte horn ' more difficult. Many rectangular ltorns have a rapid.
wide flan: along the Irorimntal axis to give abroad dn ctix'ity pattern rnd a slow. narrow Hate

in the vertre- l axis. This narrow vertreal drnrensron presents . drseonlrnuity which results it]

retleetion of :r pr‘oparvatirrg wave The el’l'eet tltat these rellectrons can ltave on the pert'ortttanee

of a horn can he n in fight ' 5 ' rd (r. which sltow the throat intpe lance (see [3 1 and orr- xis

l'thucrre) Iuflntum: of the rect ttgu horn above. A ‘eotttb filtering' c 'eet. ' r to tl

found at the rathatrort from a pipe of com ble length. due to the rnterlercnee betweur dIILk1

'ntl retlecterl waves can ele ‘ly be seen. The smooth propagation of a wave front the throat to

the mouth ot | horn attd orrt utto the far field ' essential if frequeney response errors arid hertee

sound colon rtron are to be avoided. Aeltievtttg this aim with a rectangular cross-seelional

shape is very drltrcult although some attempts ltave been made to ltelp the srtuatrort by

attaching elaborate ‘li to the mouth ofthe ltorn.

    

  

 

  
   

 

  
  

  

 

3. THE BEN lTS OF AXIAL SYMMETRY

    

'Hte a ' syrrrntetrie forrtt is probably the oldest and most well known of any horn shape. but its

use ttt loudspe' Lcr applications has ditttittislred slowly with little. Nuwaday. only . small

number .ynrmetrre loudspeaker horns are lit use: and most of these are Ingh frequency

units. llte r on for this rs unclear but it appears to be a classic case of a forgotten .trt.

Because for many years. the vast ttt'rjurily of hor . e been designed and built for publre

addr . systems. where the properties exhibited by r ctangu tr horns at‘ du ble. it has

become excepted that Ioudsr er ltortts should be re» angular rtt shape. ltt art outdoor
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situation or iii a large auditorium. tlte had ve al directtvity ex n tted by rectanuul-tr horns is

not a problem. However. for reproduction rooms, much of the ol'fatiiis ad ttion ot' :-

loudspeaker is heard as reflections tuld reverberation and if this radiation does not behave

smoothly witlt frequency. gross colouration (if the perceived sound could n.‘ The

possibility tltat for hiin quality applications. axial symmetry tttay offer superior pet-lorntanee.

appears to have been either passed by or forgotten. Indeed, it may well be the use of

rcetanguhu horns iii high quality loudspeaker systems that has resulted til hunts of any shape

acquiring a bad name.

 

    

 

3.1 The Radiated Field.
A fundamental property of an {vii-symmetric ltortt is the axial symmetry of the radiated field.

This symmetry means that the directivin of the ham will be the satite iii the vertical plain: as it

is in the horizontal (and any plane in between). hence the vertical minproniise problem above

is eliminated. An axi-synnnctrie system does not allow as much ‘juggling’ of the dii‘cctivity

properties by designers as a rectangular system. however. for many hiin quality loudspeaker

systems. the horiLontal angle that it is necessary to ‘cover' with the Oll-EIXIS radiation small

compared to tlle requirements for public address systems. being usually of the order ofal-out 60

degrees inclusive. The designer of an axi-symmelric hont for such a system can therefore relax

the horizontal coverage angle constraints imposed on public address horn design. iii favour of

good overall off-axis heliavtour. If an acceptable directivity pattern can be ; eved in the

horizontal plane, the rest of the off-axis radiation will follow suit. Figure 7 shows the

dirt: iivity for a first generation prototype axi-sytntnetric horn designed by the author

specifically for use iii a studio monitor system. The directivin pattern shown is tannparable

with the performance of the rectangular hont along its horizontal axts. although a little

narrower (see fig. 1). bill is vastly superior to the performance of the rectangular horn along its

vertical ' (see fig. 4). Clearly. when used irt anything other than anechoic conditions. ll'tc

sound quality of the axi-synimctt‘ic horn should be superior to the rectangular. adl else being

equal.

    

3.2 Mouth Reflections.
As mentioned above. the free propagation of a sound wave front the throat of a horn to the

mouth aitd out itito the far field is essential to avoid colouralton of the sound. Any

discontinuities. either within the flare or at the month. will cause reflections baelt dowti the

flare which interfere with the forward wave and cause comb filterin Such discontinuities can

be avoided within the flare of both rectangular and axi-sytntnetrtc hunts. but a smooth

transition from Ilare lo baffle is very difficult to achieve with rectangular homs. Provided the

flare of art wit-symmetric ltorn is allowed to continue to a shallow enough angle. tlns

rally at the tnouth can virtually be eliminated. Figures ti and 9 show the throat

n pc c and on-tuis frequency response for the axi<syininetric hor The ab of ntonth

r lections is evtdent from the very smooth impedance / frequency c aractcristit. The ripple

in the on-axis response of about iZdB is due to a diffraction problem at the edge ofth month

which could be eliminated iit later ptototypes (l k of titne precluded this prior to writing this

paper). This dil'frac on can also be seen iii the diteetivity plots as a ripple at all angles other

than those on or item xis. An approximation to the on-axis response of the hum when the

' ‘tion has been removed. can be seen in figure it) winch shows the response It! degrees

    

   

    

  

All of the above measurements (except throat inipedanw) were taken in the large anecltoic
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chamber All lhc ISVR. Southampton Universily. wilh Ihc horns mounted on :I baffle of

nmanmmmcly 48 inches by 27 inches. which was though! mprcscnlmivc of a largc monitor

cubmcl. The bdllll: driver was used for bolh horns‘
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Figure 1 Dira‘ll'l'ily (If/(triangular llarn Figurc Z Dil'trcl'irity ufkl'c'mngulur Hom

alums the Iluriwnmf AXLL 11!]0 dcgrm lo the Horizumul Mix.
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4. CONCLUSIONS

Tlte requirements for the sound radiation] properties of mid-range horn loudswakers intended

fnr use in studio monitors are different In those for public address appliealiuns. Most of the

designs for hunts found in current studio monitors have been ‘bon‘owed' from the field of

public address and thus possess properties which. although often desirable for their orig )'

intended use. are undesirable for high quality sound reproduction. 'lhe ‘ properltcs . a

eontprnnnsed vertical drreetivity pattern. and an uneven nit-axis frequency response. which are

:t dircet result nl‘the adoption ofa rectangular cross—sectional shape. An :txi-synnnetrie horn is

proposed as offering better lxt'forrtttutee in studio monitor systems than a rectangular design,

   

The results nl‘ measurements of threat impedance. (tn-axis frequency response and directivin

are presented for a rectangular hunt in current use in studio monitors, and a first generation

prototype mil-symmetric horn. Comparison between the results for the two horns shows. the

axt-synmtetrie horn to he superior Ill perl'urmuttuc.

The authors are indebted to Tonni .luhansen and friends at Norges Tekn'tslxe l-lugskole.

Trondheim. Norway for the seeds of thoughts an axial symmetry.
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