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Sound-reproducing apparatus comprising an acoustic horn, and acoustic hom for use in the 

app~. 

The invention relates to an apparatus for the reproduction of sound, 

comprising a housing which accommodates an acoustic hom, which hom has an acoustic duct 

having a length, which duct is bounded by a hom side wall and terminates in an opening in a 

. S side wall of the housing, which Jiom side wall is partly formed by a diaphragm which is 

drivable by a drive mechanism. 

10 

The invention also relates to an acoustic horn for use in the apparatus · 

defined above. 

Such an apparatus and such an acoustic hom are known from 

EP-A-451,885. The known apparatus is a car radio or a television receiver which 

. incorporates an acOustic hom which terminates in an opening in the front of the apparatus. 

The acoustic hom is formed by a cone loudspeaker and an injection-moulding, which 

together form an acoustic horn. The injection-moulding is adapted to the shape of the cone in 

15 such a manner that the cross-sectional area of the acoustic duct formed by the injection-

moulding decreases monotonically as a function of the distance from the opening. A 

disadvantage of the known apparatus is that the hom ~nstruction attenuates the bigh­

frequency reproduction of the loudspeaker. Another disadvantage of the known apparatus is 

that the reproduction of mid-range frequencies by the loudspeiker is boosted by resonances 

20 of the air in the acoustic hom. The above effects give rise to a non-uniform reproduction of 

sound for different frequencies. 

It is an object of the invention to improve an apparatus of the type 

... defined in the opening paragraph and an acoustic hom so as to obtain a more uniform high-

25 . frequency and mid-frequency reproduction. 

To this end the apparatus in ac:Cordance with the invention is 

characterised in that an obstacle is disposed in the duct near a central part of the diaphragm, 

the duct having a cross-section (A-A} with an area which as a function of a distance from the 

opening. is represented ,by a curve having a local minimum at the location of the obstacle. 
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Surprisingly' it has. been found tbit this measure. improves the. frequency response of the 

sound reproduction of the acoustic hom. Experiments have shown that particularly a fairly 

abrupt increase in cross-section at the location of the centre of the diaphragm yields a 

substantial improvement of in high-frequency reproduction. 

5 An embodhDent of the apparatus in accordance with the invention is 

characterised in that the obstacle is formed by a stepped profile in the horn side wall. In this ~ 

way the obstacle is ·sbDpie to realise. Preferably,· the stepped profile is a sawtooth proflle but 

a rectangUlar profile bis ·1ib\Vise. proved to giVe an improved frequency response. These 
. . . 

profiles can be formed simply .if ~ wall oppOsite tbe·diapmaam is made of a plastics by 

10 meins of an injectio~~oulding die. In ~ a die such a profile bas to be formed only once. 
: . ·. ··. 

This enables an improved frequency response to be obtained widlOut the production costs of 

the apparatus being increaseci. 
An embodiment of the apparatus in accordance with the invention is 

characterised in tbit the obstacl~ is formed by at least a pan of the drive mechanism. When a 

15 normal cone ·loudspeaker is used as in the known ai>Paratus, ··the drive mechanism forms· a 

projection on the hom. By arranging the drive mecbUJisin in the··~ duct a much flatter 

hom can be obt&iDed .. This enables a television receiver tC> be manufactured whose housing is 

not much wider than the picture tube in the television set, whilst the sound yet emanates 

from the front of the apparatus. For use in portable comPut.ers. it is also very imponant to 

20 have an acoustic hom which is as flat as possible. This hom can then be mounted, for 

example, underneath ·the keyboard with the· apertilre ·directed towardS the user. ·A flat 
:' : . : : .. . 

construction is also of great importance for automotive uses. This enables such an acoustic 

horn to be mounted in a car Tadio, or in a door <>I' dU'lboard of a car. 
This eDlbodiment can be realised very simply if the diaphragm and the 

25 drive· mechanism form part of a so-called wifer Ioudspelter. Wafer loudspeakers are 

loudspeakers in which a drive mechanism with a suspension iS connected to the sound­

radiating side of a conical diaphragm. The drive mechanism is then situated at the inner side 

of the cone, which results in a flat loudspeaker. WheD.suCh a loudspeaker is used in.an 

apparatus in accordance with the invention the· 1oudSpeaker cin be manufactured and tested as 

30 a separate unit. After assembly of an acoustk horn· with this lolldspeater the drive 

mechanism will be situated in the horn duct, which yields the advantages outlined in the 

above paragraph. 

An embodiment of the appalitus in accOrdm:e with the· invention is 

characterised in that the drive mechanism comprises a magnet system and a coil former, the 
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magnet system is carried bf a part of the horn side wall which faces the diaphragm, and the 
coil former extends in the::;kbustic duct between the ma~ system and the diaphragm. By 
using the horn side wall a separate suspension for positioning the magnet system may be 
dispensed with. This enables the production costs of the apparatus in accordance with the 

5 invention to be reduced. 

An embodiment of the apparatus in accordance with the invention is 
characterised in that a cone is disposed in the duct near a centta1 part of the diaphragm, 
which cone is drivable by the drive mecbanism. The use of a so-called double cone gives a 
further improvement in high-frequency reproduction. 

10 An embodiment of the apparatus in accordance with the invention is 
characterised. in that the area of the opening . is smaller than the area of the diaphragm, and 

the opening is elongate. It bas been found that when the opening is thus dimensioned a 
correct sound reproduction can be obtained with ·a limited area of the opening. Good results 
have been obtained, for example, with an opening having an aspect ratio smaller than 1:3. 

15 Thus, it is possible to obtain the quality of sound and the acoustic power of a given 
loudspeaker while the area required in the wall of the apparatus housing is substantially 
smaller than in the ~ that the loudspeaker is mounted in conventional manner. 

An embodiment of the apparatus in accordance with the invention is 
characterised in that the diaphragm forms at least a quarter of the area of the horn side wall. 

20 Less coloration of the sound occurs as the diaphragm forms a larger part of the area of the 

horn side wall. It appears that if the diaphragm forms more than a quarter of the hom area 
the coloration is no longer found to be annoying. 

An embodiment of the apparatus in accordance with the invention is 
characterised in that the apparatus comprises a picture tube near the hom, and the drive 

25 mechanism comprises a magnet system with an air gap, which air gap is situated at the side 
of the magnet system which is remote from the picture tube. A magnet system of a 

. loudspeaker produces a stray filed at the side of the magnet system where the air gap is 

situated. In the television receiver known from EP-A-451,885 a minimal width of the cabinet 
has been achieved by orienting the air gap of the magnet system towards the picture tube. In 

30 the a~tus in accordance with the invention,· however, a minimal cabinet width can also be 
obtained when the air gap is directed away from the pictUie tube. This is advantageous 
because the stray field of the magnet system can affect the quality of the picture displayed by 

the picture tube. 
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The invention will now be described in more detail, by way· of example, 

with reference to the drawings, in which 

Filure 1 ·is a sectional view showing an embodiment of the apparatus in 

accordance with the hiveiition, · 

S Figure 2 is a sectional view showing a fi:rst embodiment of an acoustic 

horn for use in the appiraius in accordance with the invelition, 

Figure 3 is a graph the cross-sectional ~ of the acoustic duct as a 
. . 

function of the distaDce from the opening, 

Figure 4 shows the frequency response of the sound -reproduction of the 

10 known apparatus and-th~ apparltu5 in accordance with-the invendon, 

15 

20 

Figure S is a longitudinal sectional view showing a second embodiment 

of an acoustic horn for use in tlie apparatUs in accordinee with the invention, 

Figure -6 is a sectional view of a part of a television receiver in 

accordance with tlie invention, and 

FigUre 7 is a perspective view showing an embOdiment of an acoustic 

horn for use in ~-apparatus in accordance with the mvention. 

It is t0 be noted that the embodiments ate -Shown diagrammatically and 

the Figures are shown to an arbitrary scale, which is not always the same. 

Figure 1 shows an apparatus in accordance ~-the invention, in the 

present case a television receiver 1 having a housing 3 which accolDDlodates a picnire tube 7 

and two acoustic horns 10. The acoustic horns 10 have an acoustic duct 11 which terminates 

in an opening 15 in a side wall S of the housing 3. In ~sway, as is apparent from Figure 1, 

loudspeakers of a considerable size can be used whilst yet a· compaet construction is 

25 obtained. 

Fi~ 2 shows a part of the apparatUS 1 in which the side S of the 

housing 3 and a sectional view of the acoUstic horn 10 are visible. The acoustic hom 10 has 
;: . . 

aµ acoustic duct 11 of a given length L, which duct 11 is'bounded by a horn side wall 13 

which extends in the longitudinal direction. The acoustiC duct 11- terminates in an opem i~g 15 
. . . 

30 in a side wall S of the housing 3. The horn side wa11 · 13 is partly formed by a diaphragm 21 • 

which extends in the longitudinal direction aiicl whiCh can be driven by ·a drive lllecbanism 

23. An obstacle 17 is disp0sed in the horn 11 neat a -ceniraI part of the diaphragm 21. In 

Figure 2 the letters A-A indicate the location of a cross-section at a distanced from the 

opening 15. 
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Figure .3 shows a graph in which a curve 30 represents the cross­
sectional area S at the locaµ911 A-A (see Figure 2) as a functi()n of the distance d from the . ~ .. ·.· 

opening 15. The curve 30 descends substantially monotonically, as is customary with a horn. 
As a result of the obstacle 17 (see Figure 2) the curve 30 exhibits a local minimum 31. It bas 

S · been found that the provision of the obstacle 17 improves the high-frequency reproduction in 
comparison with that of an acoustic ,horn having a monotonically decreasing cross-sectional 
area. It bas also been found that the provision of the obstacle 17 reduces the boost in the 

reproduction of the mid-range frequencies owing to resonances of. the air in the acoustic duct 

11. Satisfactory results have been obtained particularly by constructing the obstacle 17 as 
10 shown in ~igure 2. Starting from the known apparatus this improvement can be realised 

simply by a single modification of the die by means of which the hom side. wall 13 is 

DU111Ufactured. This enables a substantially improvement of·the sound reproduction to be 

obtained without any significant increase of the production costs of the apparatus 1. 

Figure 4 shows a graph in which the frequency response of the sound 

15 reproduction of the known apparatus is represented by a curve 61 and the frequency response 

of the apparatus ~ accordance with the invention is represented by a curve 63. The 
frequency is plotted logarithmically along the horizontal axis and the reproduced acoustic 
power is plotted logarithmically along the. vertical axis. This graph shows clearly that the 

apparatus in accordance with the invention .provides a far more uniform reproduction of the 
20 high and mid frequencies. 

Figure S is a longitudinal sectional view showing aJi acoustic hom 
suitable for use in an embodiment of the apparatus in accordance with the invention. The 

acoustic.horn 10 shown here comprises an injection-moulding 45 and a so-called wafer 

. loudspeaker 40. The wafer loudspeaker 40 comprises a chassis 41 in which a conical 

25 diaphragm 21 is suspended and to which a drive mechanism 23 is secured. The drive 

mechanism 23 is situated at the inner side of the cone 21, so that the wafer loudspeaker 40 
constitutes a very flat unit. The drive mechanism 23 comprises a magnet system 27, secured 
.to the chassis 41 by means a suspension 43, and a.coil former 29, connected to the 

.diaphragm 21 .. The wafer loudspeaker 40 further comprises a centring diaphragm 28 which 
30 centres the coil former 29 relative to the. chassis 41. The wafer loudspeaker 40 forins a unit 

to be manufactured and tested separa~ly. This bas the advantage that any production faults 
can be detected already in an early stage. After the loudspeaker 40 has been mounted onto 
the injection-moulding 45 an acoustic horn is obtained in whose duct 11 an obstacle is 
situated near a central part of the diaphragm 21, so that the cross-sectional area S at the 
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location A-A as a function of the distance d from tbe opeiling 15 is represented by a curve 

30 having a local minimum 31 at the location if the obstacle (comPare Figures 2 and 3). In 

the present embodinlent the obstacle is· formed by the drive mechanism ·23. A great 

advantage of this ~nt in comparison With the known apparatus is that both a better 

S sound reproduction and a flatter horn conStruction can be nWised. By arranging the drive 

inecbanism 23 in the 8coUsuc dUct 11 the largest transverse dimension of the hom is reduced . 

by the height of the magnet system 27. As a result of this fJat construction this acoustic hom 

10 is very suitable for use in television receivers, nlounting in. a car, mounting in portable 

computers or in other eq1iipment such as· multi..;hiecna·-equipment. 

10 Filure 6 is a cross~sectional ~iew of a· part of an embOdiment of an 

apparatus in accordanCe with the invention, in the pieSent case a television receiver. The 
. ·, 

Figure shows an acoustic born 10 and a part• of a picture· tube 7. In the present embodiment, 

where the drive mechanism 23 c<>mprises a· magnet systeJn · 27 ·and a coil former 29, the 
. . . 

magnet system is cairied by a part of the hOm·side Will 13 which faces the diaphragm 21. 

15 The coil former 29 extends in. the acoustlc duct 11 between the magnet' system 27 and the 

diaphragm 21, to which the coil former 29 is coiJDected. The coil former 29 is further 

connected to a ceDtring diaphragin 28, which extends bi the acoustic duct i 1. In addition, a 

cone 22 is situated in dJe duct 11, which cone is conceJitrically connected· to the diaphragm 

21 and is driven ·by the dnve mechanism 23. By securing the magnet system 27 to the horn 

20 side wall 13 a separate suspension (see Figure 5) has become redundant. This enables the 

costs of the apparatus in accordance with the invention to be reduced. By arranging the 

centring diaphragm 28 in the_ acoustic duct. 11 a siinple·· protective cover 25 can be used 

instead of an accurately manufactured chassii 41 (see Figule 5). This protective cover 2S 
merely serves to protect ·the diaphragm 21 and can_ therefore be a simple and cheap product 

25 of, for example, a plastics. The additional cone 22 provides a further' improvement of the 

treble reproduction of ~ apparatus in accordanCe with the invention. In the present 

embodiment the magnet system 27 has an air pp 26 and the magnet system is arranged in 

such a manner that the air gap is situated at the side of the magnet system 27 which is 
' ' 

remote from the picture tube 7. Such ·a magnet system 27 produces a magnetic stray field 
. . 

30 near the air gap 26. As a result of the proposed arrangement of the magnet system 27 the 

magnet sy~ itself Shields this stray field from the picture· tube 7. This is advantageous 

. because such a stray field may affect the quality of the picture displayed by the picture tube 
·. 

7. Jt will be evident that. in the present embodiment the coil former 29 and the magnet 
' ' 

· .. system· 27 now form the obstacle described hereinbefore. 
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Figure. 7 is a perspective view showing an embodiment of an acoustic 

born for use in the a~tus in accordance with the invention. In this embodiment the area 

of the opening 15 is smaller than the area of the diaphragm 21. Moreover, the opening 15 is 

elongate with an aspect"ratio of approximately 1:4. This shape makes the acoustic horn very 

S suitable for use in apparatuses in accordance with the invention in which only a marrow strip 

of the housing 3 is available for radiating sound. It bas been found that with this embodiment 

the sound quality and the sound volume of a loudspeaker with a large diaphragm area can be 

approached while only a comparatively small area in the housing wall is required to radiate 

the sound. 

10 It is to be noted that the invention is not limited to the exemplary 

. embodiments shown herein. Various alternative embodiments are possible. within the scope of 

the invention. For example, a flat diaphragm may be used instead of a conical diaphragm 21. 

It is also possible to mange the magnet system 27 at the inner side of the cone 21 but · 

outside the acoustic duct 11, the obstacle in the acoustic duct then being formed by the coil 

15 former 29 only. Instead of a stepped profile 17 it is also possible to provide a single upright 
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CLAIMS: 

I lllllli llllll lllll lllll II llll 
* C L M S * 

1. An apparatus (1) for the reprOduction of·soum, comprising a housing (3) ·. 

which accommodates an acoustic hom (10), which hom has In acoustic duct (11) having a 

length (L), which duct is bounded by a hOm side wall (13) and terminates in an opening (15) 

in a side wall (5) of the housing, which hom side wall is partly formed by a diaphragm (21) 

5 which is drivable by a drive meCbanism (23), 

characterised in that an obstacle (17; 23) is disposed in the dUct (11) near a central part of 

the diaphragm (21), the duct having a cro5s-section (A-A) with au irea (S) which as a 

function of a diStance (d) froin the opening (15) is represented by a curve (30) having a -local 

minimum (31) at the location of the obstacle. 

10 2. An apparatus (1) as claimed in Claim 1, characterised in that the obstacle 

is formed by a stepped profile (17) in the hOm side Will. (13). · · 

3. AD apparatus (1) as claimed in Claim 1 or 2, characterised in that the 

obstacle is fonned by at least a part of the drive mechanism (23). · 

4. · An apparatus (1) as claimed in Claim 3, cbaracterised in that the drive 

15 mechanism (23) comprises a magnet system (27) and a coil former (29), the magnet system 

is carried by a part of the horn side wall (13) which faces the diaphragm (21), and the coil 

fonner extends in the acoustic duct (11) between the magnet system and the diaphragm. 

5. ·An apparatus (1) as claimed in any one of the preceding Claims, 

characterised in that a cone (22) is disposed in the duct (11) near a central part of the 

20 diaphragm (21), which cone is drivable by the drive mechanism (23). 

6. An apparatus (1) as claimed in any one of the preceding Claims, 

characterised in that the area of the opening (15) is smaller than the area of the diaphragm 

(21), and the opening is elongate. 

7. An apparatus (1) as claimed in any one of the preceding Claims, 

25 characterised in that the diaphragm (21) forms at least a quarter of the area of the horn side • 

wall {13). 

8. An apparatus as claimed in any one of the preceding Claims, 

characterised in that the apparatus com.prises a picture tube (7) near the horn, and the drive 
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mechanism (23) compriseS: a magnet system (27) with an air gap (26), which air gap is 

situated at the side of the magnet system which is remote from the picture tube. 

9. An acoustic horn (10) for use inan apparatus (1) as claimed in any one 
of the preceding Claims and defined in accordance with any one the preceding Claims. 

, •• ~ .. ,,, • 
... 


