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[57] ABSTRACT 
A sound radiator comprising at least four high fre 
quency loudspeakers with their axes intersecting in 
zigzag relationship, and a single low frequency loud 
speaker whose center is at a distance not more than 
1.5 times the diameter of the low frequency loud 
speaker from the center of that high frequency loud 
speaker which is farthest from the low frequency loud 
speaker. The wave length of the crossover frequency 
of the low frequency and high frequency loudspeakers 
is not more than the smallest dimension of the housing 
for the unit measured in a plane perpendicular to the 
axis of the low frequency loudspeaker. A perforated 
obstacle is disposed in front of part of the high fre 
quency loudspeakers. 

2 Claims, 20 Drawing Figures 
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SOUND RADIATION SYSTEM 

Subject matter of the invention is a sound radiation 
system built up of sound radiatingelements and ele 
ments modifying the radiation properties, further of ac 
tive and passive electrical networks, constituting a 
functional unit whose transmission characteristics and 
radiated output are at the position of the listener in the 
room of a frequency-dependent uniformity better than 
that of sound radiators so far known and realized. 

It is generally known to specialists engaged in the 
study of the problems of electroacoustic transmission 
that in closed spaces, such as halls, theatres, cinemas, 
studios, etc., wideband sound transmission of particu 
larly good quality cannot be guaranteed with the con 
ventional sound radiators for high outputs. Conse 
quently in high standard systems the audio frequency 

' band is in general split up into two bands and the sound 
radiating elements are supplied by a single output am 
plifier controlled by a common signal source (Refer 
ence l and 4), or separately by each an output ampli 
?er (Reference 3 and 4). 
By sound radiating elements preferably sound radia 

tors (e.g., reflection box, horn loud-speaker, or any 
other arrangement) specially designed for each a low, 
medium, or high frequency transmission band should 
be understood. For the distribution of the signal of the 
complete audio frequency range active networks, i.e., 
such as incorporate a loudspeaker, or passive networks, 
i.e., such as are void of a loudspeaker, have been devel 
oped. For the improvement of the service the circuit 
controlling the output amplifier supplying the sound 
radiators is normally equipped with a circuit control 
ling the high and bass tones (Reference 3). 
The problem of the quality of sound transmission 

confronts the designer of the transmission chain with 
difficulties hard to overcome. The design of the trans 
mission chain involves subjective and acoustic prob? 
lems which in their interrelations are still subjects of re 
search work. 
Experience so far accumulated shows that the prob 

lem of designing sound radiators of satisfactory quality 
cannot be'solved unless by a thorough study of the 
store of data collected of the sound radiation, room 
acoustic subjective acoustic and electroacoustic trans 
mission chain in conjunction with due consideration to 
the knowledge on hand of the signal transmitted over 
the chain. In order to be able to design a sound radia 
tion system of unexceptionable quality for indoor use 
the sound pressure versus frequency characteristics of 
the sound radiator, the directional characteristic and 
the properly interpreted unevennesses of the transmis 

2 
3. At the site of listening-in a'sufficiently high sound 

pressure level should be guaranteed for subjectively 
negligible distortions. 
The methods so far known do not satisfy these re 

quirements, in particular those numbered 1 and 2. The 
problem will escape a satisfactory solution unless the 
former postulate has been met. With experiential re 
sults so far gathered considered the following explana 
tion may be offered. 
For practical purposes an electroacoustic chain is in 

all cases energized by a programme signal of finite 
bandwidth and of a statistical character,‘ and never by 
a sinusoidal signal. The rather uneven characteristic of v 

i the sound radiator positioned at the end of the chain 
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sion characteristics obtained at the site of listening-in - 
as the resultant of the interaction of the room and the 
sound radiator are of particular signi?cance. 
At the present state of technics for a proper solution 

of the problem the following points have to be satis?ed 
(Reference 4): 

1. Above 0.8 kHz the directional characteristics must 
be similar to one another and within a conic angle of 
radiation of 120° ?uctuations must be kept at a mini 
mum. ' 

2. At the site of listening-in and within the speci?ed 
transmission band the transmission characteristic 
should depart from the characteristic most appropriate 
for performance of the task in the slightest possible de 
gree. 

55 

manifesting itself in the room (Reference 5) will not for 
random signals be sensed by the human organ of hear 
ing as uneven, if within the so-called critical bands of 
hearing of a width of Afm the number of unevennesses 
of the characteristics of a uniform width of Af, e.g., of 
the maxima, is sufficiently large, i.e., Af,,,/Af> l0 (Ref 
erence 6). This postulate is met for signals of a fre 
quency higher than 100 Hz, e.g., in a room of V = 100 
metres cube (a living room of medium dimensions, or 
the usual dimension of the technical room in a studio). 
With the growth of volume this limiting frequency (cut 
off frequency) is apt to slide downwords. On the other 
hand the unevenness of the characteristic manifesting 
itself between the critical bands of hearing, i.e., making 
itself felt when measured with a noise voltage of a 
bandwidth of a third of an octave, is fairly well percep 
tiblee. Consequently if on the ground of the statistical 
properties of the programme signal and the subjective 
perceptibility of the unevennesses, the unevennesses of 
the directional characteristic and the axial sound pres 
sure vs frequency characteristic, i.e., the most charac 
teristic, objectively measurable acoustic data of the 
sound radiation system are defined by a noise of a 
bandwidth of one third of an octave, then the task re 
mains to design a sound radiator whose acoustic prop 
erties when measured with a signal of a bandwidth of 
one-third of an octave should remain as even and uni 
form as possible. This postulate has been ignored in all 
of the known solutions of the problem (Reference 1, 2, 
3). ~ 

As is known there is a considerable difference be 
tween the transmission characteristics of sound radia 
tors measured in an open space and that measured in 
a room. This is explained by the interaction of the 
sound radiator and the room. In a studio technics al 
ready some time ago attempts were made to reduce the 
effects of this interaction by standardizing the values of 
the technical room (Reference 8.). However, accord 
ing to recent research this method has failed to solve 
the problem, because when sound radiators of the usual 
arrangement and properties are operated a sound pres 
sure ?uctuating between extremes wide apart will be 
experienced at the various points of the room (Refer 
ence 9). ' 

In other words, even when no other postulates have 
to be satisfied owing to the interaction of extreme com 
plexity between sound radiator and room no constant 
frequency-independent transmission characteristic 
could be obtained in the room even when the sound 
pressure versus frequency characteristic of the sound 
radiator measured in the axis were ideally uniform in 
the open sound space. On the otner hand if for the fre 
quencies above approximately 1 kHz the directional 
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characteristics of the sound radiator are irrespective of 
the frequency recirocally very much alike, then a dif 
fuse space of large volume will come into being in the 
room (Reference 9). 

In the course of further research it has been recog 
nized that the guarantee of,-frequency-independent re 
ciprocally similar directional characteristics for the 
sound radiator at least above 1 kHz, in both the hori 
zontal and vertical planes is a fundamentally essential 
postulate to be met for the production of a possibly per 
fect sound transmission in the room. As a matter of fact 
if the presence of frequency-independent reciprocally 
similar directional characteristics is guaranteed, then 
the observer taking up alternately different positions in 
the room in respect of the principal directions of radia— 
tion of the sound radiator, will — owing to the constant 
directional characteristics — sense an essentially uni 

form transmission characteristic in the audio frequency 
band. 1 . 

Here the level drop owing to the directional charac 
teristics preferably departing from the inaudible prop 
erties of the electoacoustic transmission chain formed 
between the ear of the observer and the sound radiator, 
referred to the critical bandwidths of the sense of hear 
ing, and from the spherical shape may be ignored. 
Furthermore it has been recognized that a set of fre 

quency-independent constant directional characteris— 
tics has the welcome property that the directional fac 

_ tor, i.e., the quotient of the square of the sound pres 
sure excited in the axis and the radiated output, of a 
sound radiator of such properties (Reference 10) may 
be produced in the manner specified in dependence on 
the frequency. So, e.g., the directional factor may be 
made constant irrespective of the frequency. All that 
has to be attended to is that the level of the signal sup 
plying the sound radiator should as a function of the 
frequencyvary inversely to the variations of the axial 
characteristic in order just to compensate the uneven 
ness of the axial characteristic (Reference 6). This 
problem may be tackled with the aid of known electri 
cal metworks. 
None of the methods described in professional litera 

ture satisfy these postulates. E.g., one of the methods 
(Reference 1) contents itself with a constant direc 
tional factor without recognizing the fact that for sub 
jective reasons this circumstance will not guarantee a 
subjectively unexceptionable sound picture at the dif 
ferent sites of the room unless simultaneously a similar» 
ity of the directional characteristics of the sound radia 
tor has been ensured within a wide sound band. 
The authors of another'method (Reference 2) are 

though aware of that the directional characteristic and 
the frequency response as closely related properties are 
essential for sound radiators of good quality, yet fail to 
specify conditions for the constancy of the directional 
characteristics. On the other hand these authors disap 
prove of the electrical compensation of the transmis-‘ 
sion characteristic of the sound radiator referred to the 
site of listening-in. This statement may in fact hold its 

. own if by appropriate preliminary measures no provi 
sion is made for a similarity of the directional charac 
teristics of the sound radiator independently of the fre 
quency above appr. 1 kHz. The only two conditions 
one of the loudspeakers of latest design has to meet are 
a high sound output in the complete audio frequency 
band, and, secondly, a homogenous sound space free of 
unevenness due to interference at the medium and high 
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4 
tones in the horizontal plane (Reference 5). According 
to another author (Reference 6) it is obvious that from 
subjective considerations unevennesses of the charac 
teristic owing to interference are void of any signifi 
cance, if the bandwidth is sufficiently narrow, so that 
this condition has not even to be stipulated. Since on 
the other hand this author has not postulated a sound 
space of a definite character in any other plane depart 
ing from the horizontal, he has guaranteed neither a 
frequency-independent constant directional character 
istic at the site of listening-in irrespective of the room. 
At the same time in order to obtain a directional char 
acteristic free of local unevennesses in the horizontal 
plane, i.e., to meet a by itself unjustified condition if 
nothing has been postulated in respect of other planes, 
the same author has placed the high-tome loudspeaker 
over a deep-tone sound radiator. By this means the lon 
gitudinal axis of the high-tone sound radiator unit coin 
cides with the longitudinal axis of the deep-tone sound 
radiator and at the same time the high-tone soud radia 
tors are turned in respect-of one another roud their lon 
gitudinal axis. As has been confirmed by the testing re 
sults published in the relevant literature (Reference 5) 
this method does not guarantee an even approximate 
uniformity of the directional characteristics in the hori 
zontal plane above 1 kHz. 
As taught by experience, in view of the circumstance 

that the deep-tone and high-tone loudspeakers at sites 
sufficiently distant from one another, for multi-channel 
sound radiators arranged as described above the cross 
over frequency has to be selected low enough in order 
to prevent wideband, and consequently audible, une 
vennesses from arising in a manner essentially indepen 

‘ dent of the direction in the transmission characteristic. 
On the same consideration a crossovef frequency of 
300 Hz has been selected for the above sound radiator, 
and accordingly at frequencies higher than 600 Hz for 
practical purposes only the high-tone sound radiator 
unit built up of loudspeakers arranged one under the 
other in the vertical plane will radiate. It is exactly for 
this reason that a critical handicap of the system, viz. 
that from about 1 kHz onwards the complete sound ra 
diator does not produce a frequency-independent fairly 
constant directional characteristic, cannot be elimi 
nated. 

It has further been recognized that in order to pro 
duce a constant directional characteristic on an as wide 
as possible band, the crossover frequency has to be se 
lected in a way that at the frequency where the sound 
radiation of the deep-tone and high-tone sound radia 
tor units is overlapping, the deep-tone and high-tone 
sound radiator units have to present directional radia 
tion properties already in the horizontal plane. Direc 
tional radiation is strongly ?uenced by sound deflection 
arising on the surface of the house. As a matter of fact 
at low frequencies every closed loudspeaker of neces 
sity possesses a spherical directional characteristic, and 
a directional radiation will dependent on the dimen- ‘ 
sions of the loudspeaker and the house arise only about 
above 1 kHz. Therefore, if the usual house diemnsions 
are accepted, contrary to recommendations published 
in literature (Reference 2, 3) the crossover frequency 
should be selected by about two octaves higher in order 
to meet the postulates brought forward for the direc 
tional‘ characteristic also in the neighborhood of the 
crossover frequency (Reference ll). Experience ap 
pears to conflict even with the statement made (Refer 
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' However, this sound radiator radiating a large sound 
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ence 1) by a certain author that the crossover fre 
quency has to be specified in a way that at this fre' 
quency the loudspeaker radiating the deep tone should 
hot yet present directional properties. 
Furthermore it has been discovered that owing to the 

statistical properties of the programme signal there is 
somewhere between 630 and 1,250 Hz a freqency band 
of the width of a third of an octave, below and above 
which the programme signal represents an on the whole 
uniform signal output. Consequently for an optimum 
exploitation of the load carrying capacity of the deep 
and high sound channels in multi-channel systems‘ a 
crossover frequency by at least an octave higher than 
the usual 300 Hz should preferably be chosen. 
At translating the subjecbmatter of the invention into 

reality the cardinal idea was to design a sound radiation 
system built up of deep-tone and high-tone sound radi 
ating elements which contrary to_ known methods 
would above 0.8 kHz guarantee frequency 
independent, reciprocally similar directional character 
istics, and exploit the load carrying capacity of the 
deep-tone and high-tone radiating elements to the ut 
most possible. At the same time the sound radiator 
should in dependence of the frequency and, by varying 
the transmission characteristic of the amplifier supply 
ing the sound radiator system, be convertible to one of 
a directional factor variable by a definite method, all 
this inorder to approximate at the site of listening-in in 
the room a for the given task most appropriate trans 
mission characteristic as good as this could be done. 
The sound radiation system according to the invention 
provides a solution of the problem achieved by means 
of several measures applicable in'mutual independence 
of one another, yet in conjunction producing the best 
possible results. 
US Pat. No. 3,648,801 shows the way to the poten 

tial realization of a radiator having a nearly constant, 
directional characteristic. 

output even at deep tones does not by itself satisfy the 
requirements in every respect, as the load carrying ca 
pacity of the built-in loudspeakers before long set a 
limit to the load carrying capacity of the sound radia 
tor. Conseqnetly this system cannot be operated as a 
sound radiator ofa wide sound band and of a large load 
carrying capacity unless considerable concessions have 
been made. . 

On the other hand a satisfactory solution may be 
achieved by having recourse to the two~way arrange 
ment according to the description referred to above 
where the high-tone sound radiator incorporates four 
loudspeakers each of a diameter of 125 millimetres, 
whereas the deep-tone sound radiator consists of a 
loudspeaker of a diameter of 300 millimetre assembled 
in a completely sealed, cotton-damped house. 
For the achievement of a sound radiation system of 

a constant directional characteristic the crossover fre 
quency of the two-way sound radiation system has been 
chosen so as to permit the maximum possible exploita 
tion of the load carrying capacity of the loudspeakers 
constituting the sound radiation system and at the same 
time possibly in a way independent of the frequency to 
guarantee a similarity of the directional characteristics 
of the sound radiation system at the crossover fre 
quency as well as in'the neighbourhood of this fre 
quency within a wide spatial angle. 
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6 
The performance of the system may even be im 

proved, when the sound radiator according to the pa 
tent referred to above is used as high-tone radiation 
feature. By means of this sound radiator a system of rel 
atively moderate dimensions, a wide sound band, high 
output and constant directional characteristic may be 
built up, provided that by ch'bosing an appropriate posi 
tion for the deep-tone sound radiation element care is 
taken that this latter feature should be sufficiently close 
to the high-tone sound radiators and that an adequate 
high crossover frequency‘should be selected. It has 
been discovered that if the centre of the extreme loud 
speaker of the high-tone radiation unit is at a distance 
of less than 1.5 times of the diameter of the loud 
speaker of the deep-tone sound radiation unit and if at 
the same time the crossover frequency has been se 
lected in a way that its associated wavelength should 
not exceed the lowest value of propagation measured 
on the surface of the house incorporating the deep-tone 
and high-tone sound radiation units parallel to the 
plane of the aperture of the deep-tone radiation loud 
speaker, i.e., on the surface of the house of the sound 
radiation system, then as confirmed by experience a 
constant directional characteristics may be guaranteed 
even in the surroundings of the crossover frequency. 

Satisfactory results may also be achieved if the cross 
over frequency has been chosen so that its associated 
wavelength is below the lowest value of propagation 
measured on the surface of the house incorporating the 
loudspeaker features parallel to the plane of the aper 
ture of the deep-tone radiating loudspeaker. By aper' 
ture of radiation of the sound radiator the limiting su 
perficial element, real of fictitious, of the sound radiat 
ing features is understood where a sound space gener 
ated through it is directly transmitted to a medium out— 
side the sound radiator. 
Although a sound radiation system so designed satis 

fies most of the conditions specified for practical needs 
as formulated earlier, yet further improvements may be 
achieved if recourse is had to the obstacles applied ac 
cording to the patent referred to above. However, ex 
peri‘ence has taught that although the obstacles re 
ferred to above beneficially in?uence the development 
of the directional characteristic, yet further improve 
ments may be carried through in the system. 

Satisfactory results may also be achieved if instead of 
the known rigid obstacles a sheet or more with holes or 
apertures made in them are placed before the loud 
speakers. 

Details and further advantages of the sound radiation 
system of the invention will be described on hand of 
drawings and embodiments of the invention. 
FIG. I presents an embodiment of the sound radia 

tion system according to the invention, of lower vol 
ume. 

FIG. 2 presents a sound radiation system being uni 
form with that of FIG. 1, still for a higher output. 
FIG. 3 presents directional characteristics in the 

neighbourhood of a crossover frequency of f, = 1.25 
kHz for a design according to FIG. 1. ' 
FIGS. 4 and 5 for the sake of comparison present di 

rectional characteristics with and without means of dif 
fractions. 
FIGS 6 and 7 present the applied means of diffrac 

tion, respectively viewed from above and perspectively. 
FIG. 8 presents the design of a preferred means of 

diffraction. 
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FIGS 9 and 10 present examples of the modification 
of the transmission characteristics in the range of high 
tones in response to diffraction obstacles. 
FIGS. 11, 12 and 13 present the modification of sec 

tions of a sound pressure versus frequency characteris 
tic obtained indoor for different positions of the sound 
radiator as the result of the interaction of the sound ra~ 
diator and the room. 
FIG. 14 is a layout of the electroacoustic chain of a 

sound radiation system. 
FIGS 15 and 16 are plots of the frequency character 

istics of filters used in the system. 
FIG. 17 presents the sound pressure versus frequency 

characteristics of the sound radiation system according 
to the invention plotted indoor. 
FIGS. 18, 19 and 20 present the for practical pur 

poses frequency-independent directional characteris 
tics of the sound radiation system according to the in 
vention. 
Uniform components and parts have been distin 

guished by uniform reference code numbers. _ 
In the layout according to FIG. 1 the sound radiation 

system 1 incorporated the electronic system 2, the 
deep-tone radiating loudspeaker 4 encased in the deep 
tone radiator house 3, further four high-tone radiating 
loudspeakers 6 accommodated in a high-tone radiator 
house 5. The loudspeakers 6 have been arranged hori 
zontally in conformity with US. Pat. No. 3,648,801. 
For the measurements a_ reference system of co 
ordinates has been used whose axes x, y and z are right 
hand twisted. 
For the layout according to the invention it is essen 

tial that the distance of the critical section 8, i.e., the 
centre of the deep-sound radiating loudspeaker 4 from 
the centre of the extreme loudspeaker 6 of the high 
tone radiation system should not exceed 1.5 times the 
diameter of the loudspeaker 4 incorporated in the sys 
tem. 

FIG. 2 represents a design of the sound radiation sys 
tem according to the invention of higher output where 
deep-tone radiating loudspeakers 4 accommodated in 
deep-tone sound radiating houses 3 and such radiating 
high-tones 5, ther high-tone radiating loudspeakers 6 
according to the above patent arranged in two rows 
have been built in. The references correspond to the 
code numbers used in FIG. 1. In the graph in FIG. 3 the 
measuring results obtained for an embodiment of the 
layout according to FIG. 1 have been plotted. For the 
sound radiation system a crossover frequency of f, = 
1.275 kHz has been specified and in the graph the semi 
planar directional characteristics developing in the vi 
cinity of this crossover frequency have been plotted. 
The crossover ?lters have presented a characteristic of 
a slope of 12 dB/octave for a frequency sufficiently de~ 
parting from the crossover frequency. The directional 
characteristics have been measured in the plane xy in 
an open sound space at a distance ofZ metres from the 
sound radiator at the crossover frequency and in its en 
vironment. 

In the sound radiation system according to the layout 
shown in FIG. 1 the effects of various obstacles produc 
ing a diffraction have been subjected to an analysis. 
The results so obtained have been plotted in the graph 
in FIGS. 4 and 5. Here the continuous line represents 
the semi—planar directional characteristics associated 
with the different frequencies of the sound radiation 
system without the use of a diffraction producing obsta 
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8 
cles, whereas the dotted line has been drawn for results 
obtained for the use of diffraction bars according to the 
patent referred to above. For the sake of comparison 
the generatrices represent the characteristics obtained 
with the use of a diffraction feature according to the in 
vention. The arrangement of the obstacles is shown in 
FIG. 6. FIGS. 4 and 5 clearly demonstrate that, e.g., at 
5 kHz and at 6.3 kHz the diffraction bar produces no 
appreciable effect. It should be noted that the loud 
speakers 6 have been arranged on the sound wall 10. 
A considerably better result may be obtained when 

before the two extreme loudspeakers 6 of the sound ra 
diating feature a single, lamellar obstacle 11 with holes 
made in it is erected. A layout of this kind is shown in 
FIG. 7. A satisfactory result has been achieved when 
the free, perforated surface of the lamellar obstacle 11 
is smaller than one half of the full surface. 
A particularly good result has been produced in the 

given case by a sheet according to FIG. 8, where rows 
of holes of small diameters l2 alternate with such of 
holes of large diameters 13. The improvement reached 
in the directional characteristics are shown in genera— 
trices plotted in the graphs of FIGS. 4 and 5. Hence a 
method as detailed above guarantees a better frequen 
cy-independent directional characteristic by means of 
a suitably shaped perforated sheet as diffraction pro 
ducing obstacle in the higher frequency range than any 
earlier method. 
However, the effect of the diffraction-producing la 

mellar obstacle ll manifests itself not only in the direc 
tional characteristic, but also in the sound pressure ver 
sus frequency characteristic measured in the axis of the 
sound radiator in a manner that where in response to 
the diffraction the directional characteristic tends to 
improve appreciably, the axial sound pressure curve 
will present a downwards trend, provided that the high 
tone sound radiation element is built up of the usual in 
dividual loudspeakers of a nearly straight-lined trans 
mission characteristic. This decaying characteristic of 
the loudspeaker system shown in in FIG. 9, where as 
taught by experience decay sets in at and about 3 kHz. 
causes no inconveniences, moreover in a room the ab 
sence of sharply directed high tones normally concomi 
tant of other methods stands for a subjectively pleasant 
sensation (Reference 13). In addition the transmission 
characteristic conforms to'the relevant recommenda 
tions of sound ?lm technics (Reference 14.). Still in 
order to guarantee the transmission characteristic nor 
mally obtained in radio and TV studios (Reference 15 ), 
however, in a manner that the directional characteris 
tics of the sound radiation system should be similar for 
frequencies above 0.8 kHz, preferably care should be 
taken that in the given instance within a wide sound 
band the transmission characteristic of the sound radia 
tion system measured at the position of thelistener 
should be a straight line. To this end the high-tone radi 
ating feature should preferably be built up of individual 
loudspeakers whose axial transmission characteristic 
presents an expressly rising character at high tones. 
Loudspeakers of such a characteristic will by them 
selves create an expressly unpleasant acoustic effect, 
however, they will lend themselves readily for use in 
the sound radiation system arranged in the manner ex 
plained above. ‘ 

The axial transmission characteristic of a sound radi 
ation system built up of loudspeakers of a rising trans 
mission characteristic, as shown in FIG. 1, 7 and 8, is 
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presented in FIG. 10 by a continuous curve. The dotted 
curve in FIG. 9 is the transmission characteristic of the 
high-tone radiating feature of a nearly straight-lined 
transmission characteristic. Obviously the change is 
considerable. According to experience the change oc 
curring in response to the use of a diffraction sheet is 
for a given type of loudspeakers fairly independent of 
the scattering among the specimens of the loudspeak— 
ers actually used, provided that the loudspeakers are 
well within the usual factory tolerances. 
A solution producing yet further improvement has 

been achieved by an electrical correctional network ex 
ecuted in conformity with known designs, connected to 
the amplifiers or circuits of the sound radiation system, 
preferably before the output amplifiers and having 
transmission characteristics of a variable slope of i 6 
dB/octave in the region above I kHz. In this manner at 
the frequencies above 0.8 kHz a frequency 
independe'nt sound radiator of a for practical purposes 
constant directional characteristic has been designed 
which in the room at the site of listening-in, dependent 
on the speci?cation, presents a directional factor and 
transmission characteristic adjustable within extremes 
wide apart. 
The sound radiation system designed on this under 

standing produces rather satisfactory results provided 
it is placed in the room sufficiently far away from the 
re?ecting surfaces, e.g., walls. On the other hand if the 
sound radiation system is moved close to a re?ecting 
surface then in response to the effects of the re?ecting 
surface the sound pressure will tend to rise emphati 
cally at the deep tones (Reference 7). Still design engi 
neers are notwithstanding these experiences even today 
eager (References I, 2, 3, 15) to expand and compen 
sate the transmission characteristic of the sound radia 
tor measured in an open sound space in the direction 
of the low frequencies within the possible widest band. 
As taught by experience a satisfactory solution may be 
achieved if the transmission characteristic of a sound 
radiator ope rated in the environments of re?ecting sur 
faces measured in an open sound space presents at low 
frequencies, somewhere below 100 Hz, a decay of 
about Ie dB/octave. Asa matter of fact as confirmed 
by experience in this case the development of the 
sound pressure versus frequency characteristic mea 
sured under actual operating conditions, i.e., in a room, 
will be in?uenced to a lesser degree by re?ection aris 
ing on the surrounding surfaces. Nevertheless again as 
taught by experience the effect of the surfaces limiting 
the sound radiator cannot be eliminated altogether. 
This is indicated also by FIG. 11 presenting the deep 
frequency section of thesound pressure versus fre 
quency characteristic of the earlier mentioned sound 
radiation system of a decay of 12 dB/octave at below 
100 Hz in an open space, measured in a room of a vol 
ume of I20 metres cube, where there is a reverberation 
of about 0.5 msec, at a distance of 3 metres from the 
sound readiator. For the test the sound radiator was, 
with the position of the testing microphone unchanged, 
placed, first, on the ground (full line) and then at a 
height of 2 metres (broken line) close to the wall. Simi 
lar unevennesses are shown in FIG. 12, where the mea 
suring results have been obtained with the rear edge of 
the sound radiator at a distance of 0.75 metre from the 
wall. 
Although the unevenness in consequence of the char 

acteristic decaying in an open space at below 100 Hz 
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10 
is far from critical, still further improvement could be 
achieved by connecting an electrical correctional net 
work before the output amplifier supplying the sound 
radiation system. For the purpose of the test preferably 
a network should be used the slope of whose character 
istic should be continuously adjustable between slopes 
of at least :6 dB/octave at frequencies below 300 Hz. 
What has been set forth above clearly indicates that 

yet further improvements may be achieved in the sys 
tem by correcting the transmission characteristic of the 
sound radiation system at the deep tones, preferably in 
a manner dependent on the site of installation of the 
sound radiator. 
Experience has further taught that even in the follow 

ing process the effects of the room cannot be ignored. 
These effects are particularly considerable in sound ra' 
diation systems used in the TV service. As a matter of 
fact here a sound radiator of a constant directional 
characteristic otherwise presenting a uniform transmis 
sion characteristic in open space in the frequency band 
between 200 and 2,000 Hz, presents in the room a 
transmission characteristic locally varying according to 
the frequency, i.e., an emphasis and the bandwidth as 
sociated with the unevenness are in like way functions 
of the site. This is indicated by the graphs in FIG. 13 
where the characteristics have been plotted, by way of 
example, of a sound radiation system according to FIG. 
1 and placed at a distance of L5 metre from the wall.’ 
The testing microphone has been installed at a distance‘ 
of two metres, and the test has been carried out, first, 
with the sound radiator on the ground (full line), and 
then with it at a height of two metres from the ground 
(broken line). The unevenness of the former transmis 
sion characteristic has been compensated by a passive 
electrical network inserted between the hot spot of a 
known, characteristic regulating electrical circuit and 
its cold spot earth point, and built up of a resistance, a 
condenser and an inductance in series. The resonance 
frequency of the network and its Q-factor have prefera 
bly been made variable. In most of the practical in 
stances a circuit of this type is needed only when the 
sound radiation system has to satisfy extremely critical 
requirements. In this case, e.g., for studio operation, a 
permanent accommodation of the sound radiation sys 
tem may be taken for guaranteed. In such and similar 
cases in order to prevent incompetent persons from 
modifying the appropriately set transmission character 
istics, the network has preferably been installed inside 
the ampli?er in a way that the unit will become accessi 
ble only after the bolts fixing the ampli?er have been 
removed or loosened. 
A network locally correcting the transmission char 

acteristic has been in use in sound radiation systems op~ 
erated in studios for a long time already (Reference 2). 
However, it was not known that the (network had pref 
erably to be a variable’ one and that the optimum ad 
justment had to be made dependent on the site of ac 
commodation of the sound radiation system. In addi— 
tion the resonance frequency of this network had to be 
selected somewhere in the neighborhood of 300 Hz, in 
the environment of the crossover frequency of the 
deep-tone and high-tone sound radiator units. 

It is a matter of experience that for a sound radiation 
system of a constant directional characteristic this cor 
rectional network should preferably be positioned at a 
frequency lower than the crossover frequency, in order 
to obtain the best possible result in the given environ 
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ment. The network might as well be built up of a paral 
lel oscillating circuit, or several of them, inserted in se 
ries in the regulating branch, and incorporating a resis 
tance, condenser and inductance. 
The diffraction causing element shown in FIG. 8 and 

accommodated on the front panel of the sound radia 
tion system before the high-tone radiating feature has 
been designed so as toibe at the same time part of the 
sheet covering the front surface of the sound radiation 
system. The sheet itself is covered on its outer surface 
with a sound transmitting texture or loudspeaker silk. 
With the combined application of all these features 

an optimum result may be achieved. A block schematic 
of the circuitry used in the sound radiation system so 
designed is shown in FIG. 14. In the diagram a correc 
tional network 16 is attached through the level control 
15 to the input unit 14. After the correctional network 
at branching point 17 the circuitry by means of appro 
priate crossover filters bifurcates to a deep-tone radiat 
ing channel branch 18 and to a high-tone radiating 
channel branch 19. In both branches the deep-tone ra~ 
diating loudspeakers 4 and the high-tone radiating 
loudspeakers 6 join the crossover filters 20 via level 
controls 21 and audio frequency output amplifiers 22. 
A characteristic of one of the correctional networks 

has by way of example been plotted in the graph in FIG. 
15. The dotted area represents the range of regulation 
vactually realized. 

In the graph in FIG. 16 the transmission characteris 
tics of the low-pass and high-pass filters used in the 
sound switches 20 have been plotted. The curve “A” 
plotted in the graph in FIG. 17 is the uniform sound 
pressure versus frequency characteristic measured at a 
distance of 2 metres from the radiator in a room of a 
volume of V: 120 metres cube, of a permanent rever 
beration of T = 0.5 s, when all measures discussed 
above have been taken simultaneously. The sound 
pressure versus frequency characteristic satisfies the 
conditions speci?ed for the operation and monitoring 
of radio and TV studios. Curve “8", which differs from 
the former in that with the high-tone controlling poten 
tiometer appropriately adjusted the preamplifier will 
present a straight‘lined transmission characteristic, sat 
isfies the postulate of pleasant-listening, whereas curve 
“C“ satisfies the transmission characteristic recom 
mended in sound film technics. All transmission char 
acteristics have been obtained in a way that the potenti 
ometer for high-tone control has been turned from its 
highest position to its lowest until the speci?ed charac 
teristic has appeared. The uniform transmission char 
acteristic appearing in the low-frequency band has 
been obtained in the mid-position of the deep-tone 
controlling potentiometer, when also the correction 
plotted in the graph in FIG. 13 required for the com 
pensation of the characteristic of a sound radiation sys— 
tem positioned on the ground and at a distance of 1.5 
metre from the wall has been applied. 
For a characteristic measured under operating cir~ 

cumstances conforming to the different requirements 
and postulates in both the horizontal and vertical 
planes the sound radiation system presents a for practi 
cal purposes frequency-independent directional char 
acteristic in a conic angle of about i 60°. This is con 

' firmed by the curves plotted in the graphs in FIG. 18 
(plane xy) and FIGS. 1-9 and 20 (plane xz). The direc 
tional characteristics have been measured in an open 

12 
sound space, at a distance of 2 metres from the sound 
radiator and then plotted for semiplanes. 
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What we claim is: 
1. In a sound radiator comprising a low frequency 

and high frequency sound radiating unit housed in a 
common housing and an electronic circuit for said unit 
comprising an output ampli?er and low-pass and high 
pass filters, said high frequency sound radiating unit 
comprising at least three loudspeakers excited by the 
same signal source and each having a ?at front panel 
perpendicular to the radiating axis of the speaker, the 
panels being on a common level and meeting each 
other at angles substantially different from l80° along 
lines that are parallel to each other, said axes of adja 
cent speakers intersecting each other alternately before 
and behind saidspeakers; the improvement in which 
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said high frequency sound radiating unit contains at 
least four loudspeakers, said low frequency sound radi 
ating unit comprising a single loudspeaker whose cen 
ter is at a distance of not more than 1.5 times the diam 
eter of the low frequency loudspeaker from the center 
of the high frequency loudspeaker which is farthest 
from the low frequency loudspeaker, the wave length 
of the crossover frequency of the low frequency and 
high frequency sound radiating units being not more 
than the smallest dimension of said housing measured 
in a plane perpendicular to said axis of the low fre 
quency loudspeaker, and a multiperforate barrier sheet 
disposed in front of at least a portion of said high fre 
quency loudspeakers, the perforations through said 
sheet occupying less than half the area of said sheet. 

2. In a sound radiator comprising a low frequency 
and high frequency sound radiating unit housed in a 
common housing and an electronic circuit for said unit 
comprising an output'amplifier and low-pass and high 
pass ?lters, said high frequency sound radiating unit 
comprising at least three loudspeakers excited by the 
same signal source and each having a flat front panel 
perpendicular to the radiating axis of the speaker, the 
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14 
panels being on a common level and meeting each 
other at angles substantially different from 180° along 
lines that are parallel to each other, said axes of adja 
cent speakers intersecting each other alternately before 
and behind said speakers; the improvement in which 
said high frequency sound radiating unit contains at 
least four loudspeakers, said low frequency sound radi 
ating unit comprising a single loudspeaker whose cen 
ter is at a distance of not more than 1.5 times the diam 
eter of the low frequency loudspeaker from the center 
of the high frequency loudspeaker which is farthest 
from the low frequency loudspeaker, the wave length 
of the crossover frequency of the low frequency and 
high frequency sound radiating units being not more 
than the smallest dimension of said housing measured 
in a plane perpendicular to said axis of the low fre 
quency loudspeaker, and a multiperforate barrier sheet 
disposed in front of at least a portion of said high fre 
quency loudspeakers, said high frequency loudspeakers 
being disposed in a row, there being a said sheet dis 
posed in front of only the end loudspeakers in said row. 
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