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1 
This invention relates to devices for the trans 

mission by electrical means of oscillations of 
acoustic frequency, the electrical oscillations 
representing the ?rst-mentioned oscillations be 
ing set up in a frequency-dependent manner, 
with the use of ?lters across at least two chan 
nels, each comprising only one ?lter, by apply 
ing a voltage, if desired adjustable, such that 
for obtaining a spatial impression during repro 
duction, if desired via recording of the sound 
on a support, the strength of reproduction in 
creases in one channel and decreases in the 
other channel upon changing from a frequency 
or group of frequencies to an adjacent frequency 
or group of frequencies. 
The term “spatial impression” is to be under 

stood to mean the impression as if the sound 
originates from one or more sound sources ex 
hibiting spatial extensiveness. 
A certain extent of spatial impression is 

already obtained with a known device in which 
electrical oscillations of acoustic frequency, 
coming from one channel are divided with the 
use of some ?lters which partly overlap over 
an equal number of reproducing channels. The 
spatial impression obtained when the loud? 
speakers are arranged in a row with some spacing 
and ranged according to increasing or decreasing 
ranges of frequencies is such that the lowest tones 
are heard coming from the outer loudspeaker at 
one side and the highest tones from the outer 
loudspeaker at the other side, the intermediate 
loudspeaker reproducing the intermediate ranges 
of frequencies. Since the transmission charac 
teristic curves of the ?lters for two adjacent 
ranges of frequencies partly overlap, the fre 
quencies of the overlapping region are reproduced 
by two loudspeakers, but not in the same strength 
ratio for each frequency. The image of the 
spatial position of such a frequency is thus lo 
cated between the two loudspeakers and spatially 
varies in position for each frequency of the 
overlapping region. 
The imperfection of this device resides in the 

fact that during the reproduction of those fre 
quencies which are not located in the overlapping 
portion of the transmission characteristic curve 
of two- adjacent ?lters, but which are passed by 
only one ?lter, all these frequencies are repro~ 
duced at the same spatial area, namely that of 
the loudspeaker associated with the ?lter con 
cerned. With chromatic increase of frequencies 
a reproduction is thus obtained in which the 
sound image is at rest at the outer loudspeaker, 
then rapidlymoves to a subsequent loudspeaker, i. 
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2 
again stops there, during ,a certain time, etc. 
Consequently, such a device does not allow of‘ a 
reproduction in which, according to frequency, 
the sound image of a. frequency continuously 
Varies in position over that portion of the repro 
duced range of frequencies which contributes to 
the spatial impression. 
In the device according to the invention this 

disadvantage is obviated in that the ?lters ex 
hibit frequency characteristic curves such that 
the whole or substantially the whole range of 
frequencies to be reproduced by at least one of 
the channels, at least in so far as it contributes 
to the spatial impression, is also reproduced by 
one or more of the other channels to an extent 
which contributes to the effect. 
The term “extent which contributes to the 

eifect” is to be understood to mean that a deter 
mined minimum difference in ratio between the 
sound strengths of two frequencies or groups of 
frequencies to be positioned side by side in the 
sound image is required in each of at least two 
channels, viz. a difference in ratio such that the 
sound images produced of the two frequencies or 
groups offrequencies occupy preceptibly. different 
positions in space. As mentioned before, this 
may be ensured with the device according to the 
invention by causing the strength of reproduction 
to increase in at least one of the channels and 
to decrease in at least one of the other channels 
upon change in frequency. 
As a rule, the aim will be to ensure that the 

ratio between the sum of the strengths of re 
production of a determined frequency in the 
various channels and that of the other fre 
quencies is equal to the ratio between the 
strengths of the oscillations of the corresponding 
frequencies upon generation. Preferably, for 
example for two channels, use is thus made of 
?lters such that upon change from one frequency 
or group of frequencies toan adjacent frequency 
or group of frequencies, the strength of repro 
duction in one channel increases to the same 
extent as it decreases in the other channel. 
Furthermore, if each frequency has. an individ 

ual position or the groups are of equal size, the 
distance between these frequencies or groups 
will be chosen to be equal, so that the ?lters for 
each channel are required to be such that in the 
case of two channels and with logarithmic in 
crease of frequency the voltage transmitted by 
one ?lter increases to such extent that the sound 
strength reproduced by the associated channel 
exhibits a substantially linear increase and, for 
the ‘other-?lter, decreases to ‘such extent that the 
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sound strength reproduced by the other channel 
exhibits a substantially linear decrease. 
In a reproducing device comprising three loud 

speakers for example the outer loudspeaker, 
which may be positioned with some spacing, may 
each comprise a ?lter such that their sound 
strength increases and decreases in substantially 
linear proportion with the logarithm of frequency 
in a range of, for example, from 500 to 1200 
c/sec. The central loudspeaker in this case re 
produces the frequencies below 500 c./sec., which 
frequencies, as is well known, do not contribute 
to the spatial impression. 
The device according to the invention permits 

inter alia of reproducing with a spatial impres 
sion electrical oscillations which are not trans 
mitted stereophonically by microphones and 
which originate, for example, from a piano and, 
if desired, have been recorded afterwards in the 
form of a sound track. The sound image there 
of may be such as to convey the impression as 
if it displaces in space, dependently on frequen 
cy, in a similar manner as heard by the player 
of the instrument himself. 

It will be evident that the same effect is ob 
tained if an electric musical instrument is used 
as a source of oscillations of acoustic frequen 
cy. Since stereophonic reproduction of electric 
musical instruments is not possible, a device ac 
cording to the invention enables the sound image 
of such instruments nevertheless to produce a 
spatial impression. The device according to the 
invention permits of obtaining a spatial impres 
sion more particularly of a source of oscillations 
of acoustic frequency which exhibits a spatial 
extensiveness, which is small with respect to the 
spatial impression of the sound image thereof. 
Thus it is possible, for example, that a musical 
box, all the acoustic oscillations of which seem 
to originate from the same place, provides a 
sound image such that the different tones are 
heard at different places, hence in such manner 
that, for example, all tones are heard side by 
side, in which event the total width of the sound 
image may be equal to the distance between the 
loudspeakers of the reproducing channels. 
The invention will now be explained more 

‘fully by reference to the accompanying draw~ 
'ing showing diagrammatically by way of example, 
some embodiments thereof. 

Fig. 1 shows a device in which each of two 
channels comprises a ?lter such that a strength 
of reproduction as shown in Fig. 2 is obtained 
for each channel. 

Fig. 3 shows a device for three channels. The 
reproduction characteristic curve of this device 
is shown in Fig. 4. Figs 5 and 6 are variants of 
Figs. 3 and 4. 
In Fig. 1 reference numeral i designates a 

channel for the transmission of electrical oscil— 
lation of acoustic frequency. The oscillations 
are supplied to two channels i and 2, each com 
prising a filter F1, F2, respectively. The ?lters 
are dependent on frequency in such manner that 
the strength of the sound to be reproduced by 
loudspeakers b is dependent on frequency in a 
manner as represented in Fig. 2 by the curve A1 
‘for channel 5 and by the curve A: for channel 2. 
A determined frequency will thus be reproduced 
by the loudspeaker of channel i and by that of 
channel 2. The position occupied by this fre 
quency in the sound image will thus be located, 
according to the ratio between the strengths of 
reproduction of the two channels, between the 
loudspeakers of the channels, the distance be 
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4 
tween the two loudspeakers being equal to the 
total width of the sound image of the whole of 
the range of frequencies. 
The electrical oscillations of the single chan 

nel a may originate either from a microphone 
or from a record. As an alternative, they may 
be supplied by other generating members such, 
for example, as electric musical instruments. 

Fig. 3 shows the image of a three-channel sys 
tem for the reproduction of sound. Here the 
electrical oscillations of the single channel a are 
supplied to the three channels 3, 4, 5, which com 
supplied toqthe three channels 3, 1i, 5, which com 
prise the frequency-dependent filters F3, F4, F5 
respectively. As may be seen from Fig. 4, which 
shows the reproduction curves of the three chan 
nels of Fig. 3, the loudspeaker b of channel 3 
only reproduces the low frequencies. The higher 
frequencies are transmitted with different 
strengths by the two channels 5 and 5 and the 
sound image is thus reproduced dependently on 
frequency between the loudspeakers of the said 
channels. 

Fig. 5 shows a device which is a variant of 
Fig. 3. As before, three reproduction channels 
for obtaining a spatial impression in the repron 
duction space are shown between the two outer 
loudspeakers each channel comprising a ?lter. 
The channels 5, l, 6, comprise ?lters F3, F7, F8 re 
spectively such that the sound upon being re- 
produced through the same number of chan 
nels via a record produced by members 0 in the 
form of three tracks, has a strength which is 
dependent on frequency, as indicated in Fig 6 
by A0 for the channel 6‘ and by A7 and A3 for 
the channels 7 and 8. Here the low tones are 
also divided over two channels so that each tone 
occupies its own position. Consequently, upon 
change from a very low frequency to a higher 
frequency, the strength of reproduction of the 
frequencies reproduced by the channels 6 and ‘I 
will in this device increase in channel ‘I and de 
crease in channel t. 

It is evident that the invention is not limited 
to the curves of Figs. 2, 4 and 6. Other curves 
may alternatively be used to ensure a certain 
desired spatial impression. 

Since the electrical oscillations from channel 
a provided a sound image having a width equal 
to the distance between the loudspeakers of the 
outer channels, the device may be used with 
advantage with instruments exhibiting a spatial 
extensiveness which is small with respect to the 
spatial impression of the sound image thereof, 
such, for example, as a musical box. ’ 
What I claim is: 
1. Electrical apparatus for reproducing, with 

simulated spacial perspective, audio oscillations, 
having a given frequency range obtained from a 
sound source and transmitted through a single 
channel, said apparatus comprising a plurality 
of transmission subchannels, a like plurality of 
reproducers disposed in spaced relation, each 
reproducer being coupled to said single channel 
through a respective subchannel, and a ?lter net 
work in each subchannel preceding the associated 
reproducer, one of said networks having a fre 
quency-response characteristic at which the re 
sultant amplitude of oscillations applied to the 
associated reproducer decreases as a function of 
frequency throughout a predetermined portion of 
said frequency range, another of said networks 
having a frequency-response characteristic at 
which the resultant amplitude of oscillations ap 
plied to the associated reproducer increases as a 
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function of frequency throughout said prede 
termined portion of said frequency range. 

2. Electrical apparatus for reproducing, with 
simulated spacial perspective, audio oscillations 
having a given frequency range obtained from av 
sound source and transmitted through a single 
channel, said apparatus comprising ?rst and sec 
ond transmission subchannels, ?rst and second 
reproducers disposed in spaced relation and 
coupled to said single channel through said ?rst 
and second subchannels respectively, and ?rst 
and second ?lter networks inserted in said ?rst 
and second subchannels respectively, said ?rst 
network having a frequency-response character 
istic at which the amplitude of oscillations ap 
plied to said ?rst reproducer increases in ac 
cordance with frequency through said given 
range, said second network having a frequency 
response characteristic at which the amplitude 
of oscillations applied to said second reproducer 
decreases in accordance with frequency through 
out said given range. 

3. Electrical apparatus for reproducing, with 
simulated spacial perspective, audio oscillations 
having a given frequency range obtained from a 
sound source and transmitted through a single 
channel, said apparatus comprising ?rst, second 
and third transmission subchannels, ?rst, second 
and third reproducers disposed in spaced rela 
tion and coupled to said single channel through 
said ?rst, second and third subchannels respec 
tively, and ?rst, second and third ?lter networks 
inserted in said ?rst, second and third subchani 
nels respectively, said ?rst network having a fre 
quency-response characteristic at which solely 
the oscillations within the low-frequency band 
of said range are applied with substantially un 
disturbed amplitude to said ?rst reproducer, said; 
second network having a frequency-response 
characteristic at which the amplitude of oscilla 
tions within the remaining high-frequency band 
in said range applied to said second reproducer 
decreases in accordance with frequency, said 
third network having a frequency-response char 
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acteristic at which the amplitude of oscillations 
within said high-frequency band appliedto said 
third reproducer increases in accordance with 
frequency. 

4. Electrical apparatus for reproducing, with 
simulated spacial perspective, audio oscillations 
having a given frequency range obtained from a 
sound source and transmitted through a single 
channel, said apparatus comprising ?rst, second 
and third transmission subchannels, ?rst, sec 
ond and third reproducers disposed in spaced re 
lation and coupled to said single channel through 
said ?rst, second and third subchannels respec 
tively, and ?rst, second and third ?lter networks 
inserted in said ?rst, second and third subchan 
nels respectively, said ?rst network having a fre 
quency-response characteristic at which the 
amplitude of oscillations applied to said ?rst re 
producer within the low-frequency band of said 
given range decreases in accordance with fre 
quency, said second network having a frequency 
response characteristic at which the amplitude of 
oscillations applied to said second reproducer in 
creases in accordance with frequency within said 
low-frequency band and decreases in accordance 
with frequency within the remaining high-fre 
quency band of said given range, said third net 
work having a frequency-response characteris 
tic at which the amplitude of oscillations applied 
to said third reproducer increases in accordance 
with frequency within said high-frequency band. 
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