Horn-Type

L oudspeakers

S. J. WHITE"

Design and applications of these speakers.

willi the exeeptional distance vovered

by hornetype loudspenkers,  Deeause
of their high sowml output they are
generndly  assuciated  with outdoor  in-
stallotious.  Tlorn-type lowdspeakers ane
invariably more efficient than come-type
speakers,  The directional chareteristics
further intensifs the sornd on the horn
axis.

White nuost sounul and radic teehnicians
are fumiliar with the design snd principles
of cone typw spenkers, the horn or in-
direet radintor, as it 15 sometines called,
is usuatly taken for granted without true
upprecicition of its chararteristies,  Most
technicians  also  know  that the hom
lourlspesker does not appear to have the
fidelity of a properly baifled cune spenker.
Where the horn type spoaker s appar-
ently lacking in low frequencics, such u
laek is not nherent in the prineiples and
is only missing because of compromise
with the plivsical size of the horn, sitee
the low-frequeney  capabilities of the
horn are determined by ihe Jength of the
air eolumn and diameter of the mouth.
The larger the horn, the Letter its low-
frequencey efficiency. The limit to the
size of a hom projecter is generally
dictated by plivsieal wdaptation to the
installation.  Iut given unlimited size,
a hom-type loudspeaker will surpass our
best cone speakers in cfficieney, futness
of response and (requency mnge,

ITorns are assovisted with loudspeaking
units, conmuonly known as drver units.
The diaphvagn of a driver unit is small
compared to a conventionsl cone speaker,
but this does not necessarily have neh
bearing on the low-frequeney eapabilities,
The dinphragm of a driver unit is gen-
erally between two and three inches in
dismeter where it acts as a piston.  Such
1 small area cannot act directly on the
atmosphere without a hurn lecsuse of
the poor low-freqneney coupling to the
atmosphere. A horn is necessary so that
the driver unit ig uniformly matehed to
the atniosphere for all frequeneies through

* Unteersity Loudspeakers, 88 8, Kensico
Nee, Wihite Plaing, N, ¥.

PH;\U]'I('.—\].I.\' all of us are fumiliar

the desized transmission range.  Looked
at in the lght, 2 horn may be regardod as
8 transformer which matches the acoustic
impedance of the dover mat to the
surronnding uir.

Function

Larly iterature and patents frequently
referred to horns as anplifiens or res-
onators. Thev are certainly not anipli-
fiers, and the existence of resonances
woulidl be futal to good reproduction.
Their function 15 to esuse the driver
unit to aperate at its maxhuunm efliciency.

Fig. 1. Typical reflex horn consisting of three
sections. Cpommonly aveilable with sir column
lengths rom cne ic seven feet. Dotied lines
indicate sound-path. Physical length is
roughly 14 &ir calumn length.

The small eml of the horn has an acoustic
mpedance equal to the diaplragin,
while the large end possesses approxi-
mately atmospherie pressure. Tniforn
high radiation efficiency (lenmsnds that
the hurn have a constunt impedunce at
all frequencies through the sudio band
it is to ecover. The driver unit is an
“jndirect’”  radiator berause the dia-
phiragnn is incapable of deliveriy sound
eopergy  to the atmosphere with any
efficiency,

The diaphragm works with 8 very
small loud i uncoupled from a hom.
1tz own natural resonanee frequency will
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be pronounced amnel the useful work per-
formed by the diaphragm on the wir will
he very mnull,  The linw frequencies will
e ennpletely absent. 1 oa driver unit
1 exeited without a o, the dinpliragm
experiences extreme exeursions und the
amplitide may he so great as to cause it
to strike the sournl hewd or pole piece.
Yet with this great diaphragm move-
ment, thare is negligble useful sound,

A horn is, in effeed, s ligh-pass filter.
The point at which it sturts to uss is
its “rutoff frequency.’’ aml is deterinined
by the llare of the horn. A very low
cutoff tmeans a slow rate of expunsion,
terminating in 8 wouth dimmeter which
must be ot least 15530l of the actual wave-
length of the sound ut its cutoff free
yueney; ths it follows that o real low-
frequency horn must be o lurge one.
Design

The design of & horn must provide a
constunt loading at the throat (snwll end)
in order that the response way be uni-
form, If this lading or danping foree
iy irregular with frequency, the finul
sonncdl output will be drregular.  Horh
nom=tiniforin loading may be caused by
an imperfect rate of fare, nud gives rise
to reflections within the horn, rescting
in turn upon the diaphiragni.  Such eon-
ditioma show up us dips in the response
curve which might otherwise be flat,
But g carefully designed and oxecuted
horn, when eoupled to a proper driver
unit, will have a flatter output than is
obtainable from any other type of electro-
mechanical tronsducer, It ean be eom-
mereially held within plus or ninus 2 db
within its bawd pass range, wheress the
best cone speaker will vary by plus or
minug 5 db and wlen installed in &
cabinet, the latter will he further shur-
seterized by bundreds of pinpmints of
cancellations eansed by reflections of the
rear wuve, The so-called rellexed
cabinet nwy further contribute to low-
frequency non-linearity by putting s
whopper of a dip at the frequency where
the reur wave is out of phase with the
frout wave at the port position.

A horn may be considered as a wave
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guicde which is energized by the digphragm
of u driver unit, and has such <lhape
whereby the How of energy through the
gide and into the air is not influsneed by
eomlitions giving rise to wave reHections,
The requirements for high  radistion
eficiener demand that the horn have o
vonstant impedanee at all  fregquencies
above its zpecified entoll
The f[reguency which s cqual  to
M fthe Tuctor) x Veloeity of sound inar

2w

ix the critival cutoll frequeney for the
functioming of the hori, The ham dees
mat ruliate at or below this frespeney.
It= eluvracteri=tic a= o lugh pass Gilter is
vinite: marked,  The larger the value of
W (rate of flure), the more miphit (hees the
horn dneter oxpund, and the eritienl
frequency oveurs at higher valoes.

The particular low-frecquency desired
detenmines the nujor design consideri-
tioms, Thie resolves Haelf into two
luctory.  First, the Hare chwaeteristies
of the hom (whith may be regurded ss
part ol an inbnitely  extemded wave
tramsuission line,  the impedanes of
which yuries aeeonding to mathemadical
luw} and sevondiy. the radiating prop-
vrtiex of the mouth.  Considering
the first factor, 1he ewt-olf i it jnto
the tuper <o that the eross-seetionml ures
of the ko vapies peeonding to exponential
luw with the distanee along the sonul
axis.  The  exponential  factor 2 s
known as the “rute of flaee’ amd is eguyl
to 1he percentage iherease inoaren per
unit length sdong the nxi=, A praperty
of w linite exponential horn i that ts
transiissiom nge i< inherently limited
at the low frequency eml, soeh range
terminating at the cutofl  frequency.
Thiz  low-fregueney limit 12 obtained
from the equation:

Freguenes of egloll = M

EEE
Flare fuetor
Velority of sound in aiv in
3 NEC T
Cooperating with the rate of fare §s the
area af the lurn noowtly, and this hecomes
entical newr the eutolf frequency. AL
freynencies clme to entofl the  horn
month i colled upon to mwaintmin con-
stunt ampedanes and vdinting efliciency
nto free gir.  Thors st be o inimum
of reflection ar the hom month,  This is
achieved if the diameter is approxnmtely
1 3rd the length of the wave of the vut-
off frequeney for which the flare taper
wint selected,  For example. if we desired
g hom with o cutefl af UK cops. the
fare muist e sieh as to nereass v 4067
i e with each food of air column lengtl,
This results in an exponentinlly sloping
eolumn whicl is ontinued until o dian-
eter 1 reched meeting the following
couation:

Pl

3 Fro
Whirr Dyp=regnired  mouth

et

When-

A
(=

dinmeter in
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¥ avelocily of soumd in air fapprox,
L300} Tl per see.

Feomutofl Troqueney.

Bai= 1150 = 393 51,

i

(e.pa)

dir vibmtion of the upper frequenees
leave the horn mouth with roughly plane
wave fronts, but tend to bew! nore as 1he
frequency hecomos lower.  As enlall iz

Fig. 2. A four-iection reflexed horn. Detted

lines indicate sound-path, Physical length is

reughly 14 air column length, 'fﬂot very com-

mon but would be emplayed lor exceptionally

long sir columns for low frequency repraduc-
tion,

reached, the emitted wave i3 widely
diffracted  aml the thread  bupedanee
wiulergoes witle vhanges as serious longi-
tudinal reflections take  place within the
lrarn.

In praetical procdaetion, most of the
cost of a horn s contained in the ma-
teril which forus the moutly, especialie
towanrd the vim. Far this reason. price-
tically all the manufacturers terminste
in u month dizeter which 15 consider-
iy lese thant the one-thint wavelength
callesl for by the rate of flure. The
month dismeters of alb horne available
taday follow a one-quarter or less rule.
This disparity between flare rate and
motith  dismeter ises the eut=off Tre-
vuency and places one or mure dips or
steps i the normal low frequeney nll-
off, detmonsteating ereatic Joading in the
cut-off region,

Conical Horns

Conienl horns with Tinearly  sloping
wille live been wsed, pnd in these the
inerease  of linmeter from  throut to
mouih takes place by ogpued amonnts per
it length along the soumd axis.  (ul-
culutions and test= have proven thut a
lnite conteal horn s inferior to an ex-
ponential horn ju the low  Frequency
ange,  llowever, a  vensunalde  eom-
proqaise 1= abtaimed when two-thind< of
the horn s conieal, aml the Al thind
(toward the wouath) has an exponential
flare,

An exponentinl horny g oone in whieh
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there ix n eonstant peeentage increase in
ired per unit lengtl, I an exponential
lunn, the uren at o olistance X fron: the
throat i= wiven by the equation:

do=d ) x 2TIHMHX
Where .1, =wrei sl throwt
Ag=tesimad wea nt listanee X
I ~flure constant

When the Tactors for the conieal and
expumentil bBorns s ploited, it s
Tound that whove the cutolt frequency the

exponential - o rapidly reaches it
ultinate romstance, whoereas a coniewl
horne ddees #00 vy gralually. The

superiornty of the expouentisl horn lies
in this fact. Aetually, to speak of
CrutoflT i coneal hers of normal
length is Fallacions beenuse there iz no
<lrply stefined] frequency at which the
aetstie resistinee undergoss w sharp
iseomtimrity,  Howassver, manafacturers
of teflex o Tolded horns are tending to
employ conical sections for the small
diameter. or inmer, menibers of the Liorn,
heewnze these can be econamically ful-
vicatedl on anetal cutting or  Dending
iwhines andd lend  themsehves to mass
prosluction,  Exponential seetions st
be incividually spun on o spinning lathe,
cither from tabing o g dise of metal,
and their prcduction is relatively sower.
The outer member, forning the bell or
nwitl miust bave s expenentinl fure
and i thevefore TNt 3'1:1]’!?.

Fig. 3. Radial refen loudspeaking horn.

When suspended from ceiling will give 350

degree distribution.  However, the area

directly undemeath the deflector must nat be

regorded as 'desad,” except for very high
Frequencies.

Reoflex Horns

From all the above ronsiderations it
i= apparent that a long air colunn with
i wide month s requirel to tensmit
efficiently down to g sabstantial low
value, Heowover, suell pgroat  lengths
are pwkwand and  ditbeult to handle,
Skilled desigm has teduesd the physiesd
length of homs, without reducing the air
cobumn, by folding sl horna,  The
reflex horn aa quite ahl in eoneeption,
bt unfounded prejudices apainst. their
officioney withhebl ther appearanre on
the muarket until alwout ten years ago.
Many reflex forms have been shown, but
the one in conunon n=e todlay 12 that in
wineh the sound eoulnit = re-entrantly
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folilad twice. Thuat 1=, the horn s 1n-
ternally follded so that the air eolumn
rovorses itzelf by IR0 alegrees  twice,
Thus the physiead length of the horn iz
approxinutely 13 the alr eolunm length.
The poplar reflox homs today have a
Howerlike  appearanee,  containing o
their eenter what may  resemlle the
Hinver's pistil,

As shown in Fig. {4, the reflex o von-
tnins  essentinlly  three  seetions,  the
innermost  whirl vomnects  acoustivally
with the driver unit. 1= known as the
Stome arme” Sarrnunling this i the
venter member  culled  the “reflector,”
arl the finul and Lirgest member s the
Shidl, Eaeh section is tupersd to give
the degree of expansion reguived to pro-
vide the desired cutofl. Generally. the
vate of exponsion is unifor for all three
members, bt thiz may he varied in
minor extent for vl sevtion o onder to
molify the thvet impedsnee characeter-
istie. 1limvever, with o correctly  de-
spned ddver unit, it s prefemble te
uenttadn apiform ate of Hare, The
wiotith of eaely inner seetion is aceurately
spaced  (ron the  adjolning  reflecting
menber by s digereet smount deter-
mineed by the dimengionz ot Hhix point
amel the cutoff frequency. Snee cach
monith direets itx sound wymainst & corved
wall, the suned i reverset or Qexed back
in the apposite direction between its
vwn wall and the surcounding memiber,
Ve stated, eoreently  popular reflexel
horns, with wic eolmons op to G-1,2 feet
long have air comduits whicli are re-
verged twiee within three homn sections,
Fig. 2 illustrates 1 hom which is re-
floxedd three  times within four horn
sertioms,

In order to olstain a horn capalde of
dealing with frequencies down Lo 30
exveles, the aton of the horn would have to
double every twa feet of length. A=
sunnng, we start with o throat dineter
of Uaneh, this horn would have g air
colwnn about 30 feet lang, and the bell
mouth would he approximately 12 feet in
digmeter! While o sueh horn s eon-

DIRECTIONAL HORN

MOUTH
anN

Fig. 5, Relationship
of dispersion engle
to frequency.

tepintedd e oany wanufacturer, it
could Te possible to produee it 0 ve-
Hexedl fortu with wm over-all length of
abwont 6 feet.

[b duge size reflexed lorns there ¢
tondeniey for cuneellation of the extreme
high frequencies beeause ol Hure (ifler-
encex arotiml the hotuls.  Where these
Denuls have o large tudios, as i the ease
in the finad hend of o large horne phase
lisplavement  oeeurs beeauze of  the
differenee in dinear «distanrves hoetween
opposite walls of a bewl. When this
ihstanee approaches 3 wavelength or
more. aeoustic  caneellation setx o
Heflexed homs today ave capable of
reproduetion to whout  NINKY eveles,
aml na thix represents the limit of the
average driver nuit, o folded horn may be
regrarded ax pounl tooa straight horn, and
s e advantages of eompaciness and
improved  proteetion frem the weather,
Hetloxed  horng have  been  designed
capable of trvusmission 1o over 13 ke
Exeept for precise researeh aml upper
Ligh frequeney stuilies. the refex horn
lilks all requiretients for speech and musie

Fig. 4. Sound pat-

terns of directionsl

andredial loud-
speakers,

HORN AXIS

ted lingsd show confour
o sgwal pressure
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ce: 10 Feet
t: 4 Wek

0% WARBLE

20 L4

REGREES OFF AXIS

reprotuction down to its speritic liw
froqueniey cutoff. The  long, straight
horn has entirely disappeared (oo the
murket.

The Radial Reflexed Horn

Inchial” lowdepeakers refer te wound
projectors which supposedly have a 360
ilegree horigontal  distribution pattem,
Bpeskers of this tvpe are suspeled from
the veiling und nre snetimes referred
to ax “ehandelier” speakers.  As avail-
able commercially toduy, they nre simply
directional  horns with a “deflestor™
nounted i the mouth to deflect the
gorml rendiefly avwav from the woutin
Uimg, when g vertically. the sound is
distributed  horizontally  through 3l
degrees.  Actually, n the case of sach a
wlial, the mouth is now formed by the
i of the bell and the vin of the de-
fieetor, thus the zouml axis s uo longer
the hom axis. The sound axis of «
ratliad speaker lies on o plane with the
gty i Becnuse the spacing be-
tween rin of the beli and the nim of the
defiestor iforming the mouth) is wsually
wider fix inehes and hence only i fraction
of the wavelengths of the low and
middle frequencies, serious Bending of the
wave front in u vertieal plame tukes
plave,  The rexulting rolintion Las the
shape of a toroid or douglmut, expamding
outward in all directione. This eiffrac-
tion phenomenon complotely upsets the
helief that the aren mnnediately auler-
neath o rdinl g a “ilead” weea. The
sren above aud Telow is vers much abive,
winl i more often than not, the locution
of maximum  sound  intensity. Along
the vertienl venter axis, at right angles tn
the meauth axis, there is o foeal “line” of
diffracted waves, and sinee this position
can he the anly one at which all waves
arrive in phase, it reeeives the sunmiation
of all encrgy eripnating eircuntferentially
at the mouth, I feedbuck in a publie
atldresx gystem is to be hebd to a minimung,
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Racon marine loudspesker, a double
re=zntrant type designed for aperation
under extremely rigorous condifions.

the micrnphone mnst  nef The  placed
directly  undernenth & rlind  speaker,
This preeation is stated here Lecause the
writer hus seen claims that sueh a loca-
tion is a dead area.

In u straight, or reflexed (lirectional
Lwrn, the sound axis is the sane asg the
horn axis.  The sound intensity is great-
est along the hom axis, heconting weaker
away from the center axis. Neverthe-
less, 4 certain amount of dilfraction
ovcurs even in the case of a supposedly
direetionzl horn and  such  dilfraction
resches o sumunation at the rear of the
horn aleng the center axis. Here, how-
ever, it is gonsiderably weuker than
energy 0 front of the horn, but the
point which it is desired to make is that
the diffracted waves, weak though thev
be, arrive in phase on the rear eenter
axis. There is acenrdingly greater sound
pressure Lere than 1z attsined ot a point
at right angles to the axis for the same
distatee (rom the mouth,  This is chown
in Fig. 4.

Fig. 6. Speech type hom loudspeaker de-
sighed for raitroads, mines and hazardous
lacations. It has a throet dismeter of 214
inches, an air enlumn length of only B inches,
is characterited by wide disper ion angle.
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Conventional radial lomlspeakers aford
ralintion in a threewdimensional area.
As such they can be repunled s omni-
directional  rulistors. When  the  oi-
mensions ure small they are the closest
approach to a point source of sound.
However, for practical applications this
cluss of projector may result in the dis-
tribution of sound into directions whicl
represent o waste of power, For ex-
ample,*there iz ag mueh sound directed
ut the ceiling as at the loor,  Also, the
sound  pressure output of o radial is
about 10 <ly lower than a directional hoen
for the same input power and ilistance.
The answer to a true pancake-shuped
patterno is a radisl with 8 mouth opening
of at least two feet, and a lwell and
deflector diameter of € feet or nore.
Tied to tlus severe size of mouth wrea
s the concomitant slow rute of Hare.
The merit in current models of padial
horns lie in their practicality in aford-
ing wide coverage with puminuun loud-
speakers, case of installation and wiring.
They generally perniit o inore economical
installation.  Hwlisl projectors are also
effective in reducing echo in highly
reverherent loeations.

MNew model of Atlas 15-inch air eclump of re-

entrant type speaker complete with driver unit,

especially fitted For paging snd talkback air-
cuits.

Some contral of the rulintion jattern
of & raclial may be hiul by the direction
of the mumith.  Where the sound (mouth)
axis (enns a downward plane, the lower
area will receive sonewhat juore cnergy
than the area above the speaker.  Iow-
ever, there is a definite limit to this be-
cause 18 the mouth axis heronws more
and more dBvergent towanls the Aeor, it
assumes the charaeteristics of a conven-
tional horm which iz huneg downward.

The Cobra Horn

This i o popular term given te a horn
whose mouth is oblong=shaped. Ity de-
sign i intendell to provide wide angle
distribution in a preferred plane,
usunlly horizontal. However, while the
solall Deam may be widened in the
plane of the wider mouth axis, there is
nevertheless a strong comproent wlung
the narrow axis.  Here again the explana-
tion, as in the case of radials, is iue to
diffiraction or bending of the sound wave
because of the narrow width of the horn
mouth.,  In several current models this
wilth, that i the narrower one. is 2 to

4 inches, amld sinee this (in the vasa of
the 47 width) rarresponds approximately
to one-third of the wavelength of a
LK eqs tone, sl frequencies helow
this are iffused in the plune of the
narrow axis. In the ruse of a eobra
horn whose mouth i only 27 wide, this
diffraetion would be effective from 2,000
e.p.a, down to the hom cutolf frequeney,

Fig. 7. Driver unit type loudspeaker by
University designed for coupling to a horn,

Sitel a horm may be eompact and actuslly
have n wide angle, but it operates with
poor efficiency, gince o large part of its
energy has been  dissipated vertically.
Thus¥in order to achieve g required
sound intensity over a given anele, more
amplifier power st be wsed than re-
quired by two vonventional round-mouth
speakers, angularly displiced, 1o rover
the same ares,

Directivity of Horns

The dispersion angle of a miven horn
will depend upon the emitted frequency.
The higher the (requency the narrower
the dispersion angle. Conversely, for a
given (requeney, the dispersion will be
sharper as the horn length 38 increased or
cutoff frequency i lowered.  The larwer
horn will produce greater sound pressure
on its axis than a short hom, but this
pressure will fall off songularly at o laster
rate than in the cuse of the short horn,
This is true for froquencies well removed
from cutolf. Hee Fig. 5.

For frequencies congiderslly above
cutoff {of the shorter horn} a short horn
will have uniform feial radisted efficiency
with u lohg hern. Thus il the output
for both a short and a large hom sre
averaged over an extreme anzle, the
results will be almost identienl. Figure §
shows the experimentul results obtuined
with four lLormms of diferent lengths
terminating in mouth diameters cor-
responding to one-quarter of their re-
spective cutofl wavelengths,  Along the
center axis of the horn, the eficiency ia
proportional  te hom length, denwin-
strating that the longer the horn the
more the “channeling” effect.  [However,
as we depart angularly from the center
axig, the mte at which the pressure
drops iz greatest for the lonzest horn.

[Continued on page 34]
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Horn-Type Loudspeakers
| fran page 251
Tt wlh sdeas b odwepvied that at soee aff-
avia postion, Uhe eatput of a long horn
etormes wlentical with o short nm for o
sperified fpuendy. Do Uhe raee of the
hoaus testenl tlsis o coughly 30 destrees
t the eendey axia. Revond this niie
Ahe ahorter Lo teds to exeeml the
ey hom i output. Lo the urtual
1ot the total wiegmbed eneney of mich
hown over an inchiked ange of 130 e
rows wan found 1o be idontieal withln
1 dls wisem tosberd at 1K) eveles: waiblod

T
Freun the focvgaing. i s clew that 1
achipve a desiral nogelar covernge in &

fy B w mm*nmm

souni ||lh|'l|n|nn\ whvere hoth music and

peehs ieprolietion bs mquined . Speech
type mprodicers pomwssing sliodt air
iy lm.w.- are theefor chameter-
wml by wide nagle of dupericn
Figire {7 shows wieh n lomlspealer with
i iy ol of ol § inehes nnl having
& uselul spread of 150 ¢
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