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etymology: Greek: karnon,

. Latin : cornu.
the horn of an animal

a "wind instrument”
(originally made from animal horns)

reference to car horns is first recorded in
1901.

BULL WITH SINGLE HORN
IS MODERN UNICORN

WHAT might be called a modern unicorn
has been produced by Dr. W. F. Dove,
University of Maine biologist. From a day-
old bull calf, Dr. Dove removed the two
small knots of tissue which normally de-
velop into horns. These horn buds he trans-
planted in the center of the bull’s forehead,

L . = thereby inducing the growth of a single

Neolithic carving massive horn. The bull, now nearly threg
years old, has developed much of the prou

Laussel cave, France bearing ascribed to the mythical unicorn.




Pavillon de l'orellle, pavillon acoustique
(in French)

Etymology of the french name « pavillon »:

Pavillon de I'oreille = part of the external ear which looks like a butterfly
(butterfly = « papillio » in latin, « papillon » in french)

An automatic translation may also lead to surprising results like "small house" or "flag"...
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Definition

a horn is a tube whose cross-section increases from throat to mouth in order
to increase the overall efficiency of the driving element = the diaphragm. The
horn itself is a passive component and does not amplify the sound from the
driving element as such, but rather improves the coupling efficiency between
the speaker driver and the air. The horn can be thought of as an "acoustic
transformer" that provides impedance matching between the relatively dense
diaphragm material and the air which has a very low density.

This is important because the difference in densities and motional
characteristics of the air and of the driving element is a mismatch. The part of
the horn next to the speaker cone "driver" is called the "throat" and the large
part farthest away from the speaker cone is called the "mouth®.



1876

1877

1906

1920

Historical milestones |

Bell's Telephone

Edison’s Phonograph

Lee de Forest’s triode

first commercial radio broadcast

1920

first commercial electrical recording

1926

1953

First commercial talking movie

Transistor commercialization m




The Hornblower of Bainbridge 1898

James Horner who died in 1899

The First Horns

Like the simple wooden flute. the bull’s horn has been with us for a very
long time. We know from ancient accounts that the horn was used to
communicate over long distances, but how far a distance? In the acons
before the sort of background noise pollution we have all become
accustomed to. the sound of a horn could be heard for miles. As well.
sound carries over water- so well. in fact. that on a calm evening. while on
the water. normal conversation may carry up to half a mile. And the
reflective properties of hillsides and mountains can sometimes carry the
sound of a horn a good ten miles and more!

Hunting Horn

How was a bull’s hom used in hunting? There were two ways. No one is certain which of these characteristics came
first but the bull’s horn was used bv hunters to nass on needed information in the conductine of the hunt. As well.
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Carved Conque
Shell from Nepal
with the Godess
Kharaccheri in a
Mandala.




Fisherman using a
megaphone

megaphones

hil

Giant megaphone in Brussels

Echo Lake megaphone

And now she beats her heart, whereat it groans,
That all the neighbour caves, as seeming troubled,
Make verbal repetition of her moans;

‘Ay me,’ she cries, and twenty times, ‘Woe, woe’,
And twenty echoes twenty times cry so.

« Venus and Adonis », Shakespeare



horns as music
Instruments

First horns
— China
— OXxus

— Egypt
— Greece

Alphorns and thibetan horns
Brass instruments
Strings instruments with horns



First trumpets :
-4000 BC in China
-3000 BC in Oxus (Afghanistan-Russia frontier)
-1500 BCin Egypt
-300 BCin Greece
-300 BCin America

Oxus
civilization

Moche

Trumpet. 300 CE Larco Museum
Zollection Lima, Peru
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ancient Greece

Tutankhamun'’s
trumpets

greek salpinx

ancient Egypt
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Tibetan horn

One of the oldest musical instruments still in use today is the Alphorn,

Mouthpicce

Alphorn

Body

Split wood
covered in ranan
-~ /
2 (palm stems).

Tm‘. ALPHORN is
one of the largest
trumpets. It is used in
many high mountain regions,
particularly in Switzerland. The
alphorn is usually made out of
mountain trees such as voung firs, lime
trees, or poplars. They are split in half and
hollowed out. The halves are rejoined and bound
with bark strips, rattan, or gut.

o each ollier across .Ill]illi'

chmrch, or 1o war,

Bell
Farmed from the pan
ol the tree that
curves upward
from the
romals,

| This odd instrument
i"mdu:el tones like

Cowherds use the alphorn to signal

pastures. It has also been used

10 SUMIMo N Com munities 1o the instruments.

A small group of Tyrolese musicians playing on their wooden horns

Horns Made from Tree Trunks
Give Odd Musical Tones

HorNS hollowed out of tree trunks are used by
native musicians in the Tyrol region of Austria. The
novel instruments, said to imitate the tone of a cello,
are fitted with stops so that they can play all the
notes of the scale. Tree bark is left on the horns in the
belief that it has a softening effect on the tones of
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Brass instruments

from the 19th

METZLER 1860
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The World’s Largest Saxophone
HERE is plenty of music in this horn.

Standing six feet, seven inches in height,
this saxophone is believed to be the largest
in the world. In spite of its height it may
be played from a sitting position—provided
the musician is sufficiently expert.

A tripod support is needed for this saxophone.

BRASS HORN TWELVE FEET LONG
PLAYED BY SIX MIDGETS

Measuring 12 feet in length, a giant horn
requires at least two men to play it, as it is
so cumbersome that one person cannot
carry it. Recently, at a convention in the
South, six midget men were necessary to
handle the instrument: one at the mouth-

- g ,./
Massive Brass Instrument that Is Played by Two
Midgets while Four Others Hold It

piece, another at the keys, and four to sup-
port it. This huge band piece was made
in Paris and brought to this country about
75 years ago.

brass horn used to load a
loudspeaker by Susumu
Sakuma

127dB!

vuvuzela

Vuvuzela: Should the horn be banned from the
World Cup?

June 14, 2010 10:00 AM
8y POV

A young soccer fan with 8 Vuvuzuela hom, (Sebastian WillowAssociated Press)

It's the horn heard around the world, broadcast into living rooms and bars as people
tune into the 2010 FIFA World Cup. The vuvuzela, a stadium horn popular with South
African soccer fans, has become the symbol of this year's tournament, but not
everyone is enjoying the festive instrument's loud sounds

Some fans have called the noise annoying, especially while watching at home, and
those closer to the action are concerned about potential hearing damage.

World Cup organizers are even considering a ban on the 127-decibel horn.

What do you think of the vuvuzela? Should it be banned from World Cup matches?

Should the vuvuzela be banned from World Cup games?
Ciyes

ONe

VoteView Results

Share ThisPolldaddy.com
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Violin with Horn for Sounding Box
Directs Tone toward Audience

Built on the same principle as a violin .
and played in the same manner, a musical
instrument with a metal horn instead of
the usual sounding box has been patented.
Each string is provided with a separate
bridge and metal diaphragms to amplify —
the tone. The sound can be focused N
directly upon those wishing to hear by
pointing the mouth of the horn toward v
them; greater volume is secured, and the ‘
tone, while essentially that of a violin, has -

something of the quality of a cornet’s.

hornviolin

blophone

strohviolin

Metal Horn and Diaphragms on This Instrument Give
Violin Tones Resonance and Volume

When strings meet horns

strohcello

vieara cu goarna




Non musical
purposes

architectural acoustics
foghorns

flremen sirens

car horns and Klaxon
military megaphones
acoustic locators

Propagation Horns
in Phonurgia nova

Kempten 1673
(Kemp ) 16



Architectural purposes

the prince
listening to the
courtiers speaking
outside the
building

P. ATHANASIVS KIRCHERVS FVLDENSIS

¢ Societ: lefu Anno atans LI

Athanasius Kircher
invented the megaphone
(1608 Germany - 1680 Italy)

Horns used in ancient architecture
""q' -

IMUMNICARE IN SEGRETO
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Tyndall's fog-horn

foghorns designed by Lord Rayleigh
Trevose Head Lighthouse, Cornwall (1913)



Edison Uses
Klaxons to
Warn Men

of fjre

HE HOOD AND SEE
TF THE HORN OX YOUR CAR
BEARS THE KLAXON NAME-

Klaxons

victim of pollution
Kopenhagen siren 19




military
megaphones

Bugle Call into Megaphone Gets’em Up in the Morning

Reveille sounds pamfully loud
these days to the boys in camp at
Fort Jackson, S. C. When the bu-
gler sounds “I can’t get ’em up in
the morning” he steps to a huge
megaphone that blasts his notes
throughout the camp. Mess call,
he finds, does not require so much
artificial amplification.

The bugler at Fort Jackson,

S. C., (left) covers plenty of

ground with the help of a

big megaphone suspended in
a frame at his post

20



acoustic T
locators
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In Phonurgia Nova
Athanasius KIRCHER
(1673)

Hearing aids

‘What, canst thou talk?’ quoth she, ‘hast thou a tongue?
O would thou hadst not, or | had no hearing.

Thy mermaid’s voice hath done me double wrong;

I had my load before, now pressed with bearing;
Melodious discord, heavenly tune harsh sounding,

Ears deep sweet music, and heart’s deep sore wounding.

Shakespeare
P 22



Recording and
reproducing sounds

The very first recording of sound was made by Edouard Léon
Scott de Martinville with his « phonautographe » before 1857,
probably 1854 as written in his writting « Fixation graphique de la
voix (1857) ». He didn’t know how to reproduce those sounds

First successful recording followed by its reproducing (1877) is
due to Thomas Alva Edison with his « phonograph ».
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1860-Scott-Au-Clair-de-la-Lune_2.mp3

Phonautograph

€ Goes P
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- The Ph tographic M ipts of

Py = EDOUARD-LEON SCOTT DE MARTINVILLE

2 phonautograms ———, ¢ < <

a simplistic horn

Fig. 11, — Le Phonautographe de Léon Scott de Martinville 24



Thomas Alva Edison

Fig. 20, — Le premier Phonographe &'Edisoa (1578},

mary_jas_a_little_lamb.mp3

In December of 1877, Edison’s machinist
presented him with the completed prototype.

Edison leaned toward the recording horn and

shouted out the words “Mary had a little lamb,
it's fleece was white as snow, and everywhere
that Mary went, the lamb was sure to go.”

It was hardly a moving speech, but then
nobody—not even Edison—expected the
machine to work the first time.

To his great surprise, a highly distorted but
recognizable version of Edison’s words spilled
out of the machine when the tinfoil was cranked
under the needle once again.

25



at the French Academy

| st <

Phonograph
Victor V, (1907)

M b et Ramate . dem Clowsssnr M. Ganzad M. Jeien
Fig T — Lo Phstograghe & is siaace dn Pacedsmer des B irse (1 aerd [E0L

Fig. 31, — Inscriptios phonographique des sons masicans.

recording of a piano on a cylinder

Edison Thomas.mp3

recording at Smithsonian
#

Phonographe & 1. A cylindres ; 2, A disques.

for recording through the horn, Dickson first
the head was replaced by a Experimental sound
"recording head" film (1894)



Cylinder version
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) The famous oil painting "His Master’s Voice" by Francis Barraud (1895) of the dog
Nipper and an Edison-Bell cylinder phonograph, using a horn to load the mechanical transducer
to provide the “amplification” necessary to hear the recording.

Phonograph Carried as Vanity Case
Plays Standard-Size Records
Carried like a vanity case and about the

same size, a collapsible phonograph that
plays standard records has been invented.

DA AT R

< h LD :

WATCH-CASE PHONOGRAPH

CarLrLep the world’s tiniest talking ma-

Portable Phonogral?h Open to Show Standard-Size

Record in Place and Telescoping Horn Chinﬂ, a miniatul-e phonugraph has heen
Thf nrmtlor is wound h_\']a (}etachl:}]l\wle Cl‘a{\k built into the case of a watch, When
and the horn opens and closes like a tele- o
scope so that it can be folded into small wound .l}}" the watch :.ilf:m, a small spring
space. The entire instrument weighs but mechanism turns a ]‘T‘I]d[.';[it record, Sﬂund
little and is said to reproduce tones as sat- : r = :
isfactorily as many larger and more expen- 15 I'Epl'D(]U{,Cd thmugh a diminutive horn.

sive machines.
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The E.M.G.

Mark Xa
gramophone

HORN THEORY AND THE PHONOGRAPH ’

Percy Wilson

Balmain Gramophone with 5ft. Straight
Horn

Trapezoidal Horn Fitted to an "Expert" Gramophone

see: « Horn theory and the gramophone » 28
Percy Wilson in JAES 1974

69



The world's first commercial electrical recording
The setup for Guest and Merriman's pioneering
electrical recording of the Burial of the Unknown
Soldier in Westminster Abbey on 11 November 1920.

On February 25, 1925, Art Gillham recorded
Gillham and Billy Smythe.
It was the first master recorded

to be released using Western Electric's
electrical recording system.

"You May Be Lonesome”, a song written by Art

29



A Candidate in
the French Elec-
tions  “‘Stumps”
His District by
Radio Auto

Left, the Radio
Truck That

Supplies Music
to Crowds in
Chicago’s
Parks; Right,
Set Built into
Refreshment
Stand at Luna
Park, s

Left, © P. & A.

1920

In Pittsburgh, Westinghouse The fIrSt radlo

radio station KDKA schedules the broadcast
first commercial radio

broadcast—the Harding-Cox m inOphone

presidential election results.

Phenograph music, amplified by loudspeskors on top of the car, replaced the regular band when th

Wit canned music inspire future war-  were amplified and projected to front and
riors? Veteran army bandmasters in Den-  rear by horns atop the truck, Lively dis-
mark were taken aback when a lumbering  cussion was stirred up Lwo is
sound truck recently took the place of a  country when the United States Army be:
regular band and led a detachment of came interested in mechanical bands to &
Danish soldiers on a cross-country march, replace musicians. A sound truck for this definite move to adopt the mech
ayed upon a phonograph  purpose was designed, built, and offered far  stitute for bandsmen has been m




a guestion of conversion efficiency of the energy

A boat at the interface
-

il between air and

.‘—

Impedance match water.

To move the boat it is

i far more efficient to
action the oars inside

all.

characteristic impedance of air is about 420 Pa s/m

characteristic impedance of water is about 1.5 MPa s/m

(nearly 3600 times higher) 31



- to progressively adapt the acoustical impedance
from the throat to the mouth

- to control the dispersion of the waves outgoing
from the horn

32



The specific acoustic impedance z of an acoustic component
(in N-s/m3)

IS the ratio of sound pressure p to particle velocity v at its
connection point:

| — | —

~ | —
./ —

p_1I _p
!

Where:
p is the sound pressure (N/m2 or Pa),
Vv is the particle velocity (m/s), and
| is the sound intensity (W/m?)

33



Sound power:
If no loss inside the horn:

Pm = Pt
Sound intensity:

It is the sound power per
unit area

It = Pt/At

Im = Pm/Am
Thus:

It / Im = Am/ At

mouth

For a given sound intensity
the intensity at throat will be
proportionnal to the ratio of
the mouth area on the throat

area
34
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plation

the horn creates a higher acoustic |mpedance for the transducer to work
into, thus allowing more power to be transferred to the air.

- increase of efficiency (up to 50% )

use of low power amplifiers
lower distortion due to smaller displacement of the membrane

- acoustical gain (10dB and more)

control of the dispersion of the sound waves

- depends on the need of a narrow or a wide spread of

the sound in the room .



Webster's equation

Webster's equation for a constant bulk modulus:
1 4 B d*n 1 dS dp

cd gt Pl +5’ﬂr:ﬁ o

where :

= Bfp

The only assumption which has been made is that the
wave Is a function of one parameter

No further assumption is made about the shape of the
Isophase surfaces. Plane waves, spherical waves, or
other wavefront shapes can be assumed within the
framework of Webster's equation.

36



One para

meter hypothesis or 1P hypothesis

1) pressure p depends only on a single coordinate

2) only longitudinal waves propagates from throat to

mouth

Theory tells us:

only 3 shapes for the wavefront and for the
Infinitesimal sound duct obey to the 1P hypothesis:

planar
spherical cap
cylinder

wavefront shape:

duct shape:
cylindrical tube
conical horn
toroidal horn

37



Hoi n 'Aall

L —_

=
Tiailing Edge Leading Edge

» isophase surfaces are parallel

» isophase surfaces are perpendicular to horn wall

» isobare (= isopressure) surfaces are parallel to isophase

38



William Hall (1932)

COMMENTS ON THE THEORY OF HORNS

By WirLiam M. Harn
Massachusetts Institule of Technology

ABSTRACT

The present theory of horns makes a number of assumptions and approximations relatiy,
to the nature of the motion within the horns. This paper discusses these assumptions anfl
presents the results of an experimental investigation of the sound fields within a conical ang
an exponential horn. These results show the conditions actually existing in these particular
cases, zfnd therefore indicate to a certain extent the validity of the above assumptions and
approximations.

at the frequencies measured. Change in its location produced no notice-
able effect on the output of another transmitter mounted near it, and
the general consistency of the results obtained tend to substantiate the
measurements.-

Prate II1. Relative amplitude and phase of pressure wilkin conical korn at 800 c.p.s.
Diameter of mouth of horn 76 cm.
Length of horn 183 cm.

The investigation was limited to the case of infinitesimal waves.
Therefore no information was obtained relative to the assumptions and
approximations of the classical theory of sound as they have been out-
lined above. However, the investigation did give considerable informa-

1932] WILLIAM M. HALL 559

Relatve phase In degrees

Fielative prosurs amplrude

Prate L. Relative amplifude and phase of pressure within exponential korn ol 120 c.p.s.

Diameter of mouth of horn 72 cm.
Length of horn 173 cm,
Area given by 4 =4 e-0®x,

Ralotive the in deqrees
3 270 g

5

30

Prare 1T, Relotive amplitude ond phose of pressure within exponential horn af 800 e.p.s.
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For horns for which p depends on 2 or 3
coordinates we have to take in account
high order modes (HOM).

. R The general solution to
the Helmholtz equation in a 2D waveguide can be written

p(x,y) = (Ae™™V ijer L 4 Dty L‘jz/cg_cz"”)((?e_i‘cy + De""cy)?

where ¢ = nwe/(2a), n =0,1,2,.... The cut-off frequency f. of a higher order
mode is associated with the longitudinal wavenumber becoming imaginary. This
occurs at w. = nwe/(2a) or f. = ne/(4a). With a = 0.05 m and ¢ = 345 m/s, we

have J. — 1720 Hz for n — 1. At 850 Hz, the amplitude ol the Hrst non-planar
mode will decay with a factor of around 10° within a distance of £ = 0.5 m. Thus,
setting the upper frequency bound to 850 Hz, the higher mode contamination
at I';,, can thus be expected to be negligible.

40



—_— 1mlode
' — Experiment
:;g10
g
g ‘-""‘I
gme | .f ] Isobare curves inside a horn
*1 1 mode =1 2 modes
1050 260 40‘0 660 8[‘)0 10‘00 12‘00 14‘00 16‘00 18‘00 2000 -
Frequency (Hz) '] \ ) \)
Trumpet section input impedance as calculated by Kemp
3 modes 5 modes
to take in account the
fundamental mode only is
not sufficient to rely h D— o

simulation to measurement ;




The quest for efficiency,
the quest for loading

The Construction and Performance of a 25ft. Logarithmic Horn.

R.P.G. Denman, "In Search of Quality", Wireless World, Vol. 25 pp97-101 (July 31, 1929)
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THE LOUDEST OF LOUD SPEAKERS
Tk it b aun ang daurd 1 Mlbaera ot Alimsmn a0 o Hoat. oo Fune

wiry 2, san s, -

g § S i
W=
Mr. Kei Ikeda’s listening room

In 1926, the
Vitaphone system
uses the famous
driver WE 555-W

8 "?
¥

Julien Sullerot’s Horns as tall as a man are placed be-
WE15A l t COUp|ed tO the hind the silver screen. This is one of the

replica on top giants which the audience never sees, but
of an Onken W WE15A horn which is vital in making the movies talk.
enclosure (100Hz to 5kHz) 43



WE15A.
See on right Wente's planar waves
tube he used to measure the power
response of the WES55 driver

development of the
Stereophonic system
(commercially introduced in

1933) A4



Columbia

Fox

MGM

Paramount

United Artists

Universal

Warner Bros

-60 -40 -20 0 20 40 60

In 1928 the seven Hollywood majors released 220
silent films and 74 sound films, of which 41 had
only synchronised music and sound effects, 23
were part talkie and only 10, all from Warner
Bros, were all talkie. Universal and Paramount in
particular were still heavily committed to silent
productions.

. silent films synchronized music
and sound effects

1926 "Don Juan" first talking movie,

goes for sound oo

Majors' film releases in 1929

Columbia

Fox

MGM
Paramount
United Artists
Universal

Warner Bros

-60 -40 -20 0 20 40 60

In 1929 the balance had shifted radically.

By now there were 166 all talkie releases, 50
part talkie and 36 with only music and effects.
Silent releases had dwindled to only 38 out of a
total of 290.

= ]
| part talkie . all talkie

1927 "The Jazz Singer"
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Talkies Created New Movie Jobs, But Put Many Musicians Out of Work

1 v A
;»wﬂu‘n’:a-a.gﬂ 18
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This maze of electrical equipment is used in mak-

C(dalking “Devices are %tvolutionizing NMovies! =i wamig b oo
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Sid Grauman’s Chinese theater in Hollywood inaugurated in 1927 47



Voice-of-The-Theatre Systems

lALTECH

Voice of the
| ‘ch%m*

-~ VOT A7
. VO 48




1960s

re 16-77 Whelen E;
horn with multiph
Engin

80xJBL375
' 600

acoustic
watts
Generator
for
vibration
analysis

40xJBL150H

© Harman International, Courtesy Mark Gander and
John Eargle

I - I o <|> o
I I I u tI e 0 fo) : X
| g o
! Crx '; '(/s
h If] S 0 Bz R
A' .
FRONT VIEW SECTION A-A

Fic. 7.24. A multiple-horn, single-channel system for high-power
announce systems.
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e acoustic lenses

o diffractor couplers arison coupler)

e reflectors
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JBL "potatoe crusher"

Bin neves Nanclement: die cakustische Linge®

Hachtonwisdeigalin Konusiautspredier it aku
Durch Anbringen einer akustischen Zerstreuunge.  "o0el Litse verwendet waorden, ist im pach-
linge vor ainem Lautsprochor laft sich dosnen steheniden Lautspracharprogramin init aulgolihr
Schallaustrittswinkel vargrafern, sine Mabnahme, ehene Wellenfront
die bei Hoditonlautsprechorn oft erwiinsdit in I
vor allem in brelten Theatern — well dadureh die l &
Seltenpliitie besser mit hohen Fieguenzen ver

sorgt werden

Die akustische Linse Ist in ihrer Wirkung ciner
optischon Linse vergleichbar. I's hat sich namlich
gezeigt, dab die fOr Lichiwellon geltenden Go-
sotze sich in analoger Weise auch far Schallwellon
anwenden lagsen, man kann also auch hierfur
Sammal- oder Zerstreuungslinaen herstellen

Abb, 3 zeigt die Brechungsverhliltnissc an einor
lan-konkaven optischen Zerstreuungslinse, Bolm i
Eintritt der ankemmandeon Lichtwaellen in das op- e
tisch diehtere Mittal (Glas) wird ihre Fortpilan- T
zungsgeschwindigkelt horabgesotzt, wodurch cine
Brechung stattfindet (die sinfallenden Lichistrah-
lon warden zum Lot hin gebrochen). Beim Aus-
tritt aus dem optisch dichteren Mittel vergroBert
sich die Fortpflanzungsgeschwindigkeit wiedar
und s ergibt sich eine nochmalige Brechung (die
ausfallendon Lichtstrahlen werden vom Lot weg
ehrochen). Das einfallends Strahlenbiindel wird
gun:h die Zorstreuungslinse auseinandergezogen
und tritt mit vergrofertem Raumwinkel wiedor
aus.
Dis gleichen Verhiltnisse, wie in Abb. 3 fur Licht.
wellon dargestellt, gelton auch for Schallwellen,
wenn man diese durch eine nnl:ﬁrt&mnd ausges
staltete Linse laufen 1481, in der ihre Ausbreitung
dureh Hindernisse verzogert wird. Hierfir kénnen
s I fmehiere hintereinsnder befestigle Lochplat
ten oder starf aufgehingte, gleichmébig im Lin-
senraum verieilie kleine Kugeln oder Scheiben
verwendet worden. Die einzelnen Hindernisse
iind ihra Zwischenrdume missen kleiner sein als
die kleinste zu Qbertragende Wellenliings, die
z. B, fir 15000 Hz 22 mm belrliglt Eine andere
Mbglichkeit besteht darin, linsenf8rmig zuge-
schnittene, julousi“rlir schrliggestellte Blech-
streifen vor der Schallquelle anzubringen. Die
Schallwellen werden dadurch zu Umwegen ge-
zwungen, die am Rande der Linse grober sind als
in der Mitte. Dadurch ergeben sich ebenfalls Bre-
chungen, und dis Schallwellen treten in Form von
Kugelwellen mit vergréfieriem Streuwinkel aus
der Linse aus. Die Bredhungszahl dieser Linse er-
bt sich aus der Nelgung dor Blachsireifen zur
utsprecherachse.

Eine derarlig akustiache Linse, die sich als Zusatz-
ainrichiung auch nachitriglich an einem Hodhton-
Kugelwellenrichter anbringen 18Dt, zeigen Abb. 4
und 5. 5ie st als Zylinderlinse ausgebildet, ihre
konkave Selte ist dem Lautsprecher zugewandt.
Der Streuwinkol wird alse nur in der horizontalen
Ebene vergrobert, auf die ox in breiten Film-

tii:‘I‘an ankommt, In dof Vertlkalebone dagegen
iiehit,

Widhtiger als bel Hochtonlautsprechern mit Kugel-
wollentrichtern, die bereits elnen verhilinis.
méblg Lrelton Streuwinkel haboen, ist indnch die
Varbrelitung des seltlichen Streuwinkels bol Ko-
nuslautsprachem, da diese die holien Troquanzen
stbrkor irllrlduln Eing neus Klanghlm-Laulspro-
dwrkombination  .Duophon®, bel der far die Abh, B Akuslische Linie, Rikaile

175DLH

® Harman Intemational, Courtesy Mark Gander and .John Eargle
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D30085 Hartsfield
© Harman International, Courtesy Mark Gander and John Eargle
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Product

The Tube is a direct replacement for all H.F, units order of a dB per d herealter). The
th operate between BOOHz and 25000 Hz pattern does not vary w frequency unlike
{Depanding on the Driver used) horns of even the multicellular and sectural tvoes




Elliptical reflectors = acoustic shells
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Folding horns

 |n search of miniaturization
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old folded horns
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WE 13A horn

1929 - 1935

Radio Increaseé Milk Yield of Cows With Musical Ear

HAT cows will give more

milk to the strains of music
was proven when Ben Scott, in
charge of the cattle at the Fred-
mar Farms near Qakville, Mo.,
installed a radio loudspeaker for
the benefit of the restless bovines.
They immediately showed signs
of musical appreciation and
stood still while they were
milked. Some even cocked a
musical ear while the soothing
strains of a classical waltz came
from the radio.

As an almost conclusive proof
to the new idea, the cow pictured
boasts of an official record for
3-year-olds with 840.98 pounds
butter and 17,864 of milk.

Bossy yields record milk crop listening to boy-friend on radio.
She does best under influence of the waltz, it was found.
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Aug. 21, 1934. E. C. WENTE 1,970,926

S0UND RADIATOR

Filed April 11, 1933 2 Sheets-Sheet 1

INVENTOR
. E.CWENTE

= SR S
P ke Fletcher system (1933-1940)
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modern folded horns

(5311

YL folded horns (Japan)

Technics folded horns  xusopssrimae—a—
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Nelson Pass’s fullrange Kleinhorn

hER MB-150

MB-150(%. MB-90(I1) MEBEEEDE
FIABMELI-A—LTLIZTLES
WOK—>TT, 7L r—SBREFES
DYMIIZL Y, R—-IBY EBREL .
MAE LB TAESy EFy MCFE
KA ENTEET,

FER - MB=-90(11)

EORBF— T, EERRLESE
5 /S— £ $AL £ 2004212, D-75,000 F
FAN—=TI3I50HzE, 2BV ISfEAZ
T, AR—ZERS L LB T,
D= AE—A—TEE S AL VB
NIOHLENCBEEAELDET,

HEZE MB-70

REED- 75,000 FRCFohizLBA—
>TY, 7Y —BALEENTORE

LA AR SO LMEAIST LS =

Yoshimura Laboratory, Ale and Goto horns

Yamamura fullrange
Churchill and Dionisio 32



First folded bass

. 2XCHEe

0
% ~ 3
l Front Back
- the Shearer horn  tansing Manutacturing 75w shearer Hom

\
(@ o UF) 2 x4t

WE TA7396, 1936 -1937

The Shearer
system received a
technical
achievement
award at the 1936
Academy of Motion
Picture Arts and
Sciences
ceremony.




Straight horns



Early exponential straight horns

PN

929

Western Electric (WE)
3A

This straight horn in a small metal fabrication, it seems
1o be built in the early 1920s.

The main use of it is in combination with balanced
armature-type receiver, as 196w, 549 or 551, fora
public address use.

my home made crystal radio with a Vitavox E190 horn

TA 7322 HORN

Westem Electric (WE)
TA7322

The wooden horn “TA7322" of this circular type was
developed in 1935 for the midrange channel above
600Hz, of the "TAB002" wide range system with
WES55 and 2 woofer units type TA4151 for the low
frequency)

Size of the horn is diameter 32cm and depth 23cm.
This is probably the smallest genuine horn for the
555 receiver (Doi)

REQUIRES - ONE 555 RECEIVER
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Horn tweeters
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Klangfilm
20 hz Tractrix horn
Germany, 1951

Abb, 311 Die GroBlantsprechorkombination der Klangfilm, Earonor 1T,
fir Theater bis 1500 Flitzn,

Dimswe Lautipreclherkomblaation setat sleh mosammen wos eloem grofen Tieftonts ol
mit vier Tisftonsysiemen hobar Belastbarkelt” und vier dariiber angeordneton FOhens
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Straight bass horns




~ Vincent Brient's 30Hz bass
| horns (France)

Klaus Speth, full horn

s with Goto drivers (Germany)
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Quasi cylindrical waves bass horns in France

Jean-Paul

AUDIO e APRIL, 1954




main families of horns

Salmon family (exponential, hypex, etc.)
Tractrix, Kugelwellen and Spherical
conical

oblate spheroidal

Le Cléac'h

70



Fc = 500Hz horns

sinh (T>1) T=15<===> T=0
exponential
cosh (T<1)
hypex
catenoidal (T=0)

hyperbolical family Le Cléac'h

tractrix spherical
mouth area = 700cm? + Kugelwellen

conical and waveguides

conical oblate spheroidal

same mouth area and length as the exponential horn
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hyperbolical type

from catenoidal (

:O)

[ TTT]

| resistive part
| of the

| acoustical

| impedance

e through hypex (0,5<T<1) 7

e and exponential (T =1)

- . I T T TTT
e {0 hyperbOIIC sine (T > 1) [ reactive par
[ pedance
R cos (BL + ) + (X cos (BL + 6) -+ sin L)
' X sinBL + cos (8L — ) + jR sin AL ‘;
P _R1 _l_ J'Xl M%_l \\\:

Formula for the acoustic impedance of an exponential horn



hyperbolic / exponential horns

Area= Throat Area [ cosh { x*2*Pi*f/ c) + M * sinh ( x*2*Pi*f/c) ] "2

where

x = distance from throat

f=the cutoff frequency of the horn

M = the flare constant - M = 1 is exponential, 0 < M < 1 is hyperbolic

¢ = the speed of sound, approximately 13538 inches per second or 344 m/s
(depends on temperature, etc.)

e

Western Electric exponential horn
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2 Normal range
Ar = Ah |cosh £ 4 Tsinh £ of T value
Lo Lo between
Oand 1
For T>>1 the profile becomes progressively conical & >
] --:|1 28 _2% 4 30 3 2+:| ) g0 70 20 W0 100 10 9 20 120 0,25 _-f'D_'a:l
0 -{ / .// /‘K /K /
X / / e 7V T=16
2 VAT v //,/ —T=32
// / // | /// T=4
10 . ' =l ! -""'if/ —T=64
s I - T=128
| | _ , et —T=
i . —1 : i _E-==Eﬁ T = 8
| m
| | | [ i | T=
L i ! -‘H"""‘-___
N \ T T TR T=05
Y L BN —T=025
\ \ N N \ —T=0
8 \\ \\ —T=2
N N\ N NN

profiles of hyperbolic family horns with T value variation between 0 and 128
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the Tractrix horn

Paul G.A.H. Voigt
(1902-1981)

the mathematical pseudosphere

* ¥ i5 the distance from the mouth

s r_is the radius at the full Tractrix mouth { =c /(2“7 * fc) ) a Squal‘e traCtriX horn bUllt by

., is the radius at distance x from the mouth

Edison Bell in England
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"The only way that he could figure out to make

_ ) _ AP AN - FFInterviews
his driver sound good was to horn load it, but he . '’ . - DrBruce Edgar of
couldn't understand the mathematics behind the =g .2 Edgarhomns
exponential, so he said, "Well, the exponential : 4 i - — 5

theory predicts that the wave form going down
the horn is plane or flat, but if you look at the
physics of the situation, the wave front has to
drag along the horn walls. So naturally it's going
to be curved. What if | geometrically designed a
horn that has curved wave fronts all the way
through the horn and see what happens?"

So he did a geometrical construction of a horn that would give him

P [ SIS oY Ry Ll Al ek A Alvafb o mncm Al Al bk cndla e e e~ Al
curveu wave HOIILS. e Sdlu Uidl a uiadllsitiall 1OOKeU dal wilal 11e I'1au
done and said, "Oh, that's a Tractrix curve." The Tractrix curve comes
about because if you have one airplane chasing another on a different
course, then the chase plane has to change his course to intercept the

other plane, and it turns out that's a Tractrix curve."

Bruce Edgar on Voigt's tractrix
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spherical wavefront area (m)

expansion law of the Tractrix horn

1__

0,1 -

/).
0r. 9

Q
G,\:an

/5
/’e I@
S/b/)

0,01

0,001

0,0001

A=27nRh = 27 R2[1-cos( a)]

0,00001

0,000001
0,0

0,5 1,0

distance from mouth (m)

1,5



Kugelwellen

Rdosch ( KLANGFILM laboratories )
radius is the double of the radius used in the tractrix horn

Kalotteannimmt. BeigleicherSchallausbreitungs- *,
geschwindigkeit muf} ja in der Tat der Wellenteil %
in der Niihe der Achse weiter vordringen, als der d .

24 W)

radius =

Bild 181, Mantellinie des bisher dblichen Exponential-- %
trichiters (a) und des Kugelwellentrichters (&) mit :
einem Anfangsrudius r, = 0,0955 d, !

see also : H.Schmidt: "Uber eine neue Lautsprecherkombination" Funk und Ton N°5, 1950, p.226-232



Kugelwellen

Wireline 3D view of
a Kugelwellen horn

| CESEENR T 1.l s (1L 5

= H
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reu
c——z 2 KM
gt . TN
SR

Bild 18 ga. Strahlungscharakteristik eines Kugelwellentrichters der Klangfilm G.m. b, H.
mit £, = 5C0 Hz (vgl. '53C])

radiation diagram of the Kugelwellen horn
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"Le Cleac'h" horn

81



Le Cléac’h’s method to calculate the profile of an horn knowing the
relation between the area of the wavefront and its distance to throat

element type C
output angle of compression driver throat A element type B
\\ 4 element type A

R1, R2, R3 = calculated radius of vawefronts
R4* = estimated radius

estimated radius R4*=3 R3 -3 R2 + R1

aera3* = estimated wavefront area

aread* =[ 2 \ area2 - ¥ area ?

areal, area2 and aera3 = calculated wavefront areas

area of the outer added element = area3 - area3*

area of
the added
outer element
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Le Cléac’h horns (JMLC) that compromise superb pressure linearity, good
bass extension, and time domain behavior. Below example with
TAD2001

Current driven

bd2001_j321_ikat Cumulative Spectral Decay .o FR Magritude dB ViV (smoothed 1/24 oct)
A s EE T =7 0 L

Current driven

dB

0.0
7.0
0.49
-14.0 e
-21.0
-28.0
-35.0 - =
200 500 1k 2k Sk 10k 20k 20 50 100 200 500 1k b 5k 10k 20k
Frequency (Hz) Gated 3.44 ms Cursor: 202 Hz, -23.18 dB Frequency (Hz)

2007 _j321 _u ket Cumulative Spectral Decay

/

Voltage driven

Impulseresponse (myv)

152.35
10157
=
dB
0.0 .00
7.0 1
049  5p78
-14.0 - £
088 40157
-21.0 -
-152.35
==HY -203.13
-35.0 -
200 500 1k 2k 5k 10k 20k i e o o P o

F H Gated 3.33
b L & g Cursor; 183,110 uV, 23.024ms (1105) Gate: 3.417ms (164)

analysis by Jacek Zagaja 84



— 1760 Hz —2217 Hz —2794 Hz

4435 Hz 5590 Hz 7040 Hz

11175 Hz 14080 Hz 17740 Hz

J321 (Fc = 320Hz)

directivity pattern of few
Le Cléac'h horns

3520 HZ

— 8870 Hz

J871 (Fc = 870Hz)
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compared profiles of

Note how the profiles of the Kugelwellen
and Le Cléac’h horns are very similar

s N

600

y (mm)

N

400 /

200

X (mm)

N

0 200 400 600 800 1000
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waveguides

The benefits of the directivity of a waveguide
are improved frequency response and SPL
levels within the included angle of the
waveguide within the operating frequency
band of the waveguide.

In addition, sidewall and floor bounce

reflections are reduced by the controlled
directivity

87



conical horn

The simple formula for
a conical horn is:

S=5;x°

S = the area at the horn mouth
§; = the area at the horn throat

x = the length of the horn

conical horn

88



Oblate spheroidal waveguide

s, N

PRy . *
¥

.J‘

Earl Geddes

"The concept of a waveguide as
a direct solution to the wave
equation was shown to be
capable of exact solution, free
of the plane wave assumption
of Webster'equation. "
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oblate spheroidal
system of coordinates

Flow lines (stream lines) = hyperbolas

90



7 Hornresp - SPL Response

File Tools Window Help
SPL Responge [dB] - 20 Degrees Off-Axis - Hesonances Mot Maszked
125
on axis response
120 P \
o
o response at 20
110
105
100
a5
a0
85
power response (over 0,5 Pi solid angle)
80
75
10 2 4 6 & 100 2 4 6 6 1000 2 4 6 & 10000 2
Frequency [hertz]
Pattern E
316Hz
1000Hz
3160Hz
10kHz
v Decihelz

While the summed power response
radiated by the OS waveguide in full
space is very smooth, the frequency
response curve at any given angle
from the axis is never smooth

See measurements of Earl

Geddes loudspeaker on
page 12!

A N n
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modelisation
and simulation
of horns

92



A. . BENADE etal.: PLANE AND SPHERICAL WAVES IN HORNS. I

ACUSTICA
Vol. 31 (1974)

Hornshaped
insulating boundary

Ac Mains

Fig. 4. Schematic diagram of an electrolytic tank field-
plotting apparatus provided with a wedge-shaped volume
of water. The equipotentials of the electric field are analo-
gous to the low frequency flow equipotentials in an air
filled horn.

above: the first models used a
tank filled of water.

on right : later finite elements
methods were used

Shape optimization of an acoustic horn

Erik Biingtsson, Daniel Noreland, and Martin Berggren
Department of Information Technology
Fppsala Uriversity
P.O. Box 120
SE_75104 Uppeals, Sweden

May 8, 2002

q X 4‘;’ Aa%.l
\/

B a e as AVATAVAVAVAY,

AV VAVANV A VAVAVAVAN

-08 —-06 -04 -02 o 02 04 06 08 1

FIGURE 7: The finite element mesh, denoted Mesh I in table 2, on the initial

geometry. Note that the Iy is different from I‘gf :

y—coordinate

FIGURE 8: The square of the absolute value of the initial sound pressure in the
horn, the waveguide, and the surroundings. Note the banded pattern in the
waveguide, indicating reflections.

y—coordinate

Figure 12: The square of the absolute value of the sound pressure distribution
at 550 Hz after optimization. Note that the banded structure in the waveguide
shown in figure 8 has disappeared.



Acoustic Radiation of a Horn Loudspeaker by the Finite
Element Method—A Consideration of the Acoustic
Characteristic of Horns*

SHIGERU MORITA, NOBORU KYONO, AND SHINICHI SAKAI
Contumer Products Research Laboratory, Mirsubishi Eleciric Corporation, Kamakura 247, Japan

AND

TATSUO YAMABUCHI AND YUKIO KAGAWA

Toyama Universiry, Toyama, Japan

MAGNET THROAT
1 DIAPHRAGM FINITE P(r?)
) ELEMINTS
VoIC
1COIL _? .
PHABE PLUG
AIR
CHAMBER w MOUTH

INFINITE —
BAFFLE

-

Fig. 1. Sectional view of a hom loudspeaker amd Rnite clement
division.

led in

Fig. K. Sound pressure disteibution in the horns, (o) No, 1, fregeency HEkHe . No 2y fregueney 11T R a0k Mo ¥ e
10 kHz, () No. 4, frequeney 12 kHe. te) Noo 5, Tregquency 128 ke, 10 No. b, trequency 12 kHis

one of the first publication on FEM results of the simulation of soundfields

in horns
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Measurements
performed
by Morse

Finite elements analysis of
an exponential horn by John
Sheerin

Analysis using Cara
performed my Michael
Gertsgrasser

« wavetank » analysis in
David McBean’s Hornresp »
software.




High Frequency

Medium Frequency

Polar graph with
a 3D
presentation

Copyright 2005, John H. Sheerin

Radiation from a
baffled disk at
different
frequencies

Low Frequency

180

30

Color o

20

-30

-I“‘lli

Pressure map

-0

Copyright 2005, John H. Sheerin

-0

-10

0 10 20 30

Various simulations of the
radiation of a piston and of
a horn.
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FOLUTION

conical horn Le Cléac'h horn

Note the distortion of the shape of the wavefronts Note the very smooth wavefronts

FEM simulations performed by John Sheerin

(Half horn represented only)
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1000Hz

2400Hz

5600Hz 8000Hz

= /‘/\/ﬁ\\ I R1 R2 ///:M\w:x\ R
< ( !
T . !

simulations of an OS waveguide at different frequencies

Note the wavy isobare curves over 2000Hz
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| | | | | .
100 500 1000

Note the smoothness and the linarity of the
isolevel contours.

polars obtained by FEA of a 275Hz tractrix
horn and a 275Hz Le Cléac'h horn

FEM simulations performed by John Sheerin o6



Falar curves normalized

aonoo

simulation by

John Sheerin

Note the smooth response curves off axis

3 -
0
-3
6 4 —0° LN
my —5,7° \
9 4 11,3 \
measurements on 16,7° 3
the J321 horn T e \_
15 H 31° ;\
—35° \
18
1000 10000

Le Cléac'h
horn
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backreflected waves,
High Order Modes (Howms)
and stored energy



A

reflected waves
rom mouth to |
throat inside a mgo t1
horn.
O Single reflection
t2=t1+ 10O
| Double reflection
© t3=t1+ 310
O : Triple reflection
t4=11+ 510
| | | time

t2 t3 t4 102



Fig 4. Magazine megaphone: Note Ripple with period of 600 Hz, 5dB peak to peak
[ = Analysis -hiftegaphonewav

v, Analysis - hifiMegaphone.wav

600Hz period corresponds to reflection with time - ,. ) | When the pathlength between the direct wave and
T =1/P = 1/600 = 1.66ms this time corresponds "4 2 B

SR e B et B T )% < el the refiected wave is equai to a muitipie of the

655.6cm (or about double the magazine length!)

wavelength at the considered frequency, we
observe a summation of their pressure.

When the pathlength between the direct wave and
the reflected wave is equal to a odd multiple of the
half wavelength at the considered frequency, we
observe a subtraction of their pressure.

Fig 5. Magazine megaphone with peripheral towel used to damp mouth reflections
[

®_ Analysis - towe3.wav
|

Tl b0 T30 ko T Tadhs T achd b0 o0 sobo oo iadod

Sl ol e i Ll N Note effective suppression of ripples above 3kHz
12000 " " 1ado0 " iadon " 1sboo " Teboo o isdon Tisdod 2odoo  Tawdee ' |

Cormor EGTO ST e 1 due to improved horn mouth termination.
Frequency:[0.39903 Hz () Range [40 a8 Close I

FFT Sze{6553% = | |BlackmannHams * Reference (60  dBFS  Help

easy demonstration of back
reflected waves with a PC
loudspeaker, a magazine
forming a cone and a towel

A A A A S

E -

BRbReRsEE

T

Cursor:[ 17460 Hz, -7.151 d8

£

V¥ Linex View Scan
Frequency.|0.39845 Hz () Range [40 B
FFT See 5536 | |BlackmannHaime ¥ Reference |60 dBFS  Help
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The Sound of Midrange Horns for Studio Monitors

KEITH R. HOLLAND, FRANK J. FAHY and PHILIP R. NEWE.LL
J. Audio Eng. Soc., Vol. 44, No. 1/2, 1996 January/February

Table 3. Horn loudspeaker samples grouped according to similarity.

Length
Sample Manufacturer/Type Flare Material Flare Rate {mm) Mouth Size
Horns with similarity to reference B (Son Audax direct radiator)
1 Vitavox exponential Aluminum Medium 340 Medium
4 AX1 axisymmetric* Glass-fiber Low 230 Small
5 Reflexion Arts Glass-fiber Medium 330 Medium
7 Reflexion Arts, no lips Glass-fiber Medium 240 Medium
10 Fostex sectoral* Wood High 440 Large
i1 JBL axisymmetric Aluminum Low 250 Small
Horns with similarity to reference C (Fostex doctoral)
C Fostex sectoral Alumimum Medium 500 Large
12 Altec sectoral* Aluminum Medium 530 Large
13 Altec multicellular Aluminum Low/med 600 Large
14 Starr gramophone Wood Low 650 Medium
15 Vitavox sectoral Aluminum Medium 450 Large
16 JBL biradial* Composite Medium 400 Medium
Others
q 8 AX2 axisymmetric Glass-fiber High 230 Medium
9 Yamaha sectoral Aluminum Medium 350 Medium

Sample 8: AX2 horn/Emilar EK175 driver (no. 1).
Short axisymmetric horn of glass-fiber construction with
a rapid flare rate terminating in a medium-sized mouth.
Compression driver as sample 1.

Sample 13: Altec 806C horn/Emilar EK175 driver
(no. 1). Large multicellular horn with eight individual
flares of sheet aluminum construction joined to a single
throat via a cast aluminum manifold. Compression driver
as sample 1.

* Homns do sound different from each other, even when
fitted with the same driver.

* The two horns having minimal mouth reflections, one
long and one short, were not identified as horns and
did not sound similar to the direct-radiating reference.

the two horns in the

test that produce negligible mouth reflections, samples
8 and 13, neither was ever identified as a horn, and the
short horn, sample 8, did not sound like the direct-
radiating reference B.
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large diffraction low diffraction

JBL2441 drver on TAD TD2(101 driver on
Smith horn /BL2397 Avant-Garde Kugelwellen horn

Speclrogram

Spectgpgram

_______

frequency

-------------------------------------

_______________

______________

time (ms)

time {ms)

large reflection low reflection
Compared wavelets graphs of 2 horns:
- on left, high reflectance

- on right very low reflectance
measurements

performed at ETF2010
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Freq [Hz]

Time [ms]

wavelets graph of the oblate
spheroidal waveguide

HOMSs absorption

4152010 11.42.45 PM

Effect of the Q
foam plug '

Fila

subtraction of the
wavelets graph of the
OSWGD without its foam
plug and with its foam

plug

HOMSs have non axial
travel inside the horn
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15849

10000

6310

(frequency)
[ %)
oD
=

2512

1586

1000

0 1
time (s) % 10° time (s) x 10~

time (s) % 10

the wavelets graph may be used in order to show the

existence of sub-millisecond delayed energy (HOMs?) o



optimization with the goal
of a low reflectance



Electro-Voice DHI1A horn driver

120

)

[
ot
=

100

Electro-Voice HP 940 CD hom

O
=

sound pressure level (dB

oo
=

the used spherical-wave horn.

70
10° 10° 10*
frequency (Hz)
. BEHLER AND MAKARSKI
horns having a lower reflectance at mouth have 4. Audo Eng. Soc., Vol 51, No. 10, 2003 Oclober

smoother frequency response curves 109



Shape optimization of an acoustic horn

Erik Bangtsson, Daniel Noreland, and Martin Berggren

May 8, 2002

0.35F —* Initial shape
=¥— Splined approximation

note the
increased
opening angle at
throat

y—coordinate

—0.5 04 -0.3 —0.2 —0.1 0
x—coordinate

The initial shape and the splined approximation of the optimal

shape from the 27 frequency optimization shown in figure 18.

optimized profile for the lowest reflectance at 27 frequencies 0



In search of a more constant
radiation angle

The problem of directivity

Multicellular horns |
Multisectorial horns %/&%

Constant directivity
horns

Waveguides

Quadratic throat waveguide
Oblate spheroidal waveguide
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multicellular horns

— with curved dividers ki |

- ) -+ - - -

— with identical cells "_3_' %

the idea is to split the wavefront near the throat of the horn
through several ducts before the wavefront at HF begins to
separate from the walls of the horn.
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multicellular horns with
curved thin dividers
The dividers follow « flow lines ».

Different shapes of cell coexist.
Flat mouth

WE 24A,
1936 - 1967
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multicellular horns with identical cells

oY o Onken 255 wood and Onken 455
_a wood horns on top of an Onken W

Onken 255wood Altec Lansing bass reflex enclosure i
H1804B



26A_HORN

USE - STAGE HIGH FREQUENCY

DESCRIPTION - SPHERICAL PACED, 12 CELL, EXPONENTIAL, 3 X 5, ERPI
LAMINATED METAL, BLACK

APPLICATION - USED WITH 1 22A RECVR. ATTACH. & 1 594A LOUDSPR, OR WITH
1 22B RECVR. ATTACH. & 2 LOUDSPEAKERS IN MIRROPHONIC SYSTMS

DIMENSIONS - 25 INCHES HIGH X 37 INCHES WIDE X 32.5 INCHES DEEP

WEIGHT - 125 POUNDS WITH ONE RECEIVER, 150 POUNDS WITH TWO RECEIVERS

FREQUENCY RESPONSE - 300 CYCLES TO 8000 CYCLES/SECOND

HOR. COVERAGE - 110 DEGREES

VERT. COVERAGE - 40 DEGREES

COVERS AUDITORIUM WIDTH OF 75 - 120 FEET

detail of
the assembly
of cells
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e sectorial horns have linear (« conical »)
expansion in one plane and
exponential expansion in the other.

* Dividers can be flat (e.g. Altec 511 and

811) or not (e.g. JBL Smith horn

JBL2397)
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3. Polar Curves

2. Sound Level Contours in dB
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Fig. 1. The Smith-Selsted tweeter unit
in combination with & mere convention-
al h-f speaker and & woofer cabinet.

A Loudspeaker for
the Range from
5 to 20 kc

B. H. SMITH* and
W. T. SELSTED**

Smith horn and related

e

In response to many requests for a description of the unit mentioned in the August

The TAD issue, the authors provide full design information on this remarkable speaker.
TH4001 horn e
has a Smith horn
design at throat

ro ident

ions of these o
rined by identical mear
ingram for the mec!
e drawn, and a =slu

5, €
ircuit of (A) in Fig. 8.
atic disgram and  solotion

o sche
re shown at (B),
The quantity Za is the mec

unntity an

|: Firests
npedianes. Before F
1is force-current analogy, mechanieal
npedance hid already been defined as
¢ ratlo of forco to welocity, Thus, the
impedance is the reciprocal of the

ar-i
nventional mechanical impodanee

quivalent Circuit for Horn

b We shall now procesd to develop the
P e cquivalent circuit of o horn type loud-
). il spoaker, As cureent flows through the
] AT~RPITI- L= ] 14 ourremt alEL -
=~ e o I I Hodgpior 8 S e ey |
””””” £ capacitance 4
- i ' ool 7 e
/' /A ogous to K resistance s, " ) "
el et Fof it s used,
{.-")" SNy O the equations of
/ Af@“‘ of the same form.
r combining these
0654 o i, For the eleo-
les are known ns
h are:
ents entering a junc-
DR SR 184
A e/ 3 oltages around any g
. P A =) ey - . FA e Fig. 2. The fwestor resombles an or:
Sl H i system the com- Y -
Yu IC I ra I S R i 4 * n dinary high-frequency speaker except
¥ PR S el i for the relatively large field coil hous-
2w S . M6x30 b i
= -i——..‘—/_ 24 m-vE | M6x 60
A3OO h Orn 1 - H e AUDIO ENGINEERING @ JANUARY, 1950
3 . :
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MANTARAY* CONSTANT
DIRECTIVITY HORNS

(uojs.adsip

(uoisJadsip
Jo Jujod [£30) JejnEUR)
Xadle JuadJetide |EJU0zIoH

10 1ujod [e30) JeInGUR)
Xade JuadJedde [ejuozioy

Vertical apparent apex
(angular focal point of
tlispersion)

diffraction zones in red

the Mantaray horn
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from diffraction horns to biradial horns

Electro Voice

120

Jim Long and Don Keele in Jim’'s living room
standing on either side of the right-channel HR-9040

“constant directivity” horn mounted over the bass
horn designed by Ray Newman. Sept. 2004,




Mivracrtn 7
LJIITULIVI

its goal:

to obtain a more constant
frequency response over a
chosen solid angle
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316Hz
1000Hz
3160Hz
10kHz

316Hz
1000Hz
3160Hz
10kHz

Oblate spheroidal
waveguide

Note the rather constant
directivity over 1kHz and
the wavy contours

horn calculated by the
"Le Cléac'h" method

Note the directivity regularly
increasing with frequency
and the smooth contours

simulations using
Hornresp
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SPL (retsalioed )

R

10 ]
Freqlancy

See also:

Acoustic waveguide for controlled
sound radiation
United States Patent 7068805

2 HE 1 Ok b0k

Frequency

FIGLURE 18. Geddes Summa kud sieaker system

Earl Geddes
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TOOLS FOR THE PROFESSIONAL DEVELOPMENT OF

HORN LOUDSPEAKERS
Diplom-Ingenieur

Michael Makarski
aus Mainz 20. April 2006

mode 00 mode 01

mode 10 mode 11

only modes 00, 0Oi, |O
exist with round horns

5.2, CALCULATION OF THE MODAL DATA SET FOR THE HORN 69
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Figure 5.12: Modal directivity responses normahzed to the (° frequency response of the funda-
mental mode

each High Order Mode has its own cut-off

124
frequency



Directivity
(dB) Level dB, Sound pressure at 5m <

86
80
74
68
62
56

o E—HEi— e

44
38 >
100 200 500 1k 2k Sk 10k \
Frequency (Hz) \
(deg) pressure at Sm, Level dB (dB) \\
\
\

33x96 cm

S00 1k 2k Sk 10k 20k
Frequency (Hz)

Minimum phase horns (or short Minphase) by ing. Michael Gerstgrasser. This
are state-of-the-art Gauss optimized horns that offer smoothest sound field with
controlled directivity (CD) and good look. Above example with a flat 3”
diaphragm.

Michael Gerstgrasser'min
phase horn is a good
compromise between the
Le Cléac'h horn and the
OS Waveguide

(deg)

Sound pressure at Sm, Level dB (dB)
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4k Sk &k 7k sk 10k
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AziDriver - DiHo_OS_rounded__r0, f=4.071 kHz
f=4.,071 kHz, Level dB (dB)

AxiDriver - DiHo_OS_rounded__r100, f= 4.071 kHz

f=4.071 kHz, Level dB {dB)

04 F

0.3 p

AxiDriver

- DiHo_0OS_rounded__r50, f=4.071 kHz
f —4.071 kllz, Level dDv {dD)

2

0.4 &

0.3 ¢

04 F

0.3 |

AmiDriver - DiHo_OS_rounded__r200, - 4,071 kHz

f=4.071 kHz, Level dB {dB)

4

-0.2

-0.1 o 0.1 0.z

from 1 to 4, note the more evenly distributed pressure field

from 1 to 4 the
profile of the
mouth of an OS
waveguide is
curved at a
nearer distance
from the throat

simulations
performed by
Michael

Gerstgrasser
using AxiDriver
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frequency response from 0° on axis to 90°off axis by 5° steps

w
=
=1

=~ @ [==]

i =1 o

=1 =1 =1

; >

fAN

\\—f\} A |
/MBI ~SNSENVA \

ol ONERA
50.0

| A
BR\v/a\\
40.0 \j \\
| 500 Tk 2k Bk 1?:I:equenw(Hi}Uk
without equalization with equalization
Le Cleac'h horn Min-Phase horn

The Min-Phase horn provides a better directivity control than the Le Cléac'h
horn while keeping the smoothness of the frequency response curves on and

off axis.
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Pavillons Amplificateurs

the END

horns commercialized by Pathé
(France), 1903

a new Le Cléac'h horn (2007)



