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The present ‘invention relates to a device for 
projecting spatial music and, more particularly, 
to a device for causing to be described, ‘for a vir 
tuai source of music, ‘which'is'equivalent to four 
actual stationary sources or" music, which are fed 
at variable levels by the same musical signal, 
any desired trajectory in a three-divisional space. 
The object of thepresent invention is-tojpro 

vide a device of this kind in ‘which the means 
for controlling the levels of'the stationary sources 
of music, the composition of which determines 
the‘ location of the virtual source, is a single- ma 
nipulata'ble member; which can be manipulated 
by an operator, like a conductorof an orchestra, 
in the manner 'of' a‘ ‘batch for the purpose of-ob 
tain'ing artistic effects from a variable localisa 
tion of the said ‘virtual source. 
Another object of the .invention is to provide 

a device of'this kind in which the trajectory de 
scribed by the virtual source of music is suffi 
ciently similar to the trajectory described ‘by the 
single means for controlling the levels of the ,sta 
tionary sources of music. 

‘The originality of the present invention as 
compared with the stereophonic methods of the 
prior art ‘resides in'two essential points. i 
‘The ‘device or the invention does not aim at 

reinstating, in its three dimensions, an actual 
source of sound which occupies a certain volume 
‘but to create a virtual source of sound which is 
localised at a point of a three-dimensional space 
in which the listener is situated, this ‘localisa 
tion 'iheing arbitrary and ?xed ‘by an operator; 
this adds .a spatial characteristic, ca‘lled static 
spatialisation, to the audition of the music. 

‘In addition, the device of ,t'heinvention enables 
an operator to apply to the virtual source, arbi 
trary movements'on selected trajectories; this 
adds, to the audition oi‘ the music, a new char 
acteristic called cinematic spatialisation. 
In the present invention, a correspondence ;be 

tween ‘the vpoints or a tetrahedral volume herein 
after called “control volume” and the points of 
a tetrahedral volume hereinafter called “hear 
ing volume” is established, the hearing volume 
being a tetrahedron de?ned iby ‘four loud-speak 
ers which occupy its ‘apices and ‘the-control vol 
ume-‘beingi'a tetrahedron which is approximately 
similar to the torm-er‘tetrahedron :and is de?ned 
by’four stationary coils that ‘occupy its 'ajpices; 
A “movable "coil, which is ,fed by-an alternating 
current of supersonic frequency, is held in ‘the 
hand of an operator and can be displaced inside 
the control volume. It induces "voltages in the 
stationary coils. “These ‘voltages are "detected 
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and serve to control the gain of four ampli?ers 
which respectively feed the loud-speakers in 
such a. manner that the gain of each ampli?er 
is substantially inversely proportional to the dis 
:tance of the said movable coil from the station. 
ary coil, the induced voltage of which controls 
this ampli?er. 
Under these ‘conditions a correspondence which 

is substantially near to homology is obtained 
between the position of the movable .coil in the 
control volume and the position .of the virtual 
sourcelof music in the ‘hearing volume. 

()ther objects and features of the invention 
will appear on reading the following detailed 
description with the aid of the accompanying 
drawings, in which: 

‘Fig. 1 represents diagrammatically a concert 
hail, showing the arrangement in relation to .a 
"‘hearing space“ of four loudespea‘kers which 
mark the boundaries of the hearing volume; 

‘Fig. ,2 represents. the movable coil, the sta 
tionary coils ‘marking the zbmmdanies .of the con? 
trol volume and ‘the electric circuits controlling 
the sound levels of the ‘loudespeakers; 

‘Fig. Step-resents diagrammatically the sound 
level of a loud'speaker as a ‘function of the dis 
tance between the movable ‘coil and the station. 
.ary coil, the current induced in which controls 
the said level; and 

Fig. 4 shows the-means tor suspending the mov 
able coil when the flat-teris not :being held in {the 
hand. 

‘Referring to ‘Fig. 1, II representsidiagrammati 
calily va concert ‘hall, the reverberation time of 
which is less than ‘0.5 second and the dimensions 
of which are-de?nitely greater than those of the 
tetrahedral hearing volume. In this hall, there 
‘are arranged ‘four loud-speakers .2, -3, 4 and ii, 
the first three of which ‘are arranged at the ver 
tices of ‘an equilateral triangle having a length 
of side of :a and at ‘a height, from the sound 
absorbing floor of the hail, ‘of between 1 and ‘2 
metres. The fourth loud-‘speaker is arranged on 
the perpendicular passing through the centre of 
theegui-lateral ‘triangle tor-med >by the three ?rst 
rnen-tioned loudspeakers and at a distance from 

the plane, which passes through the three mentioned loud-speakers, of between 

and 
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The listeners are placed inside an almost cir 
cular curve 6 which is centred at the foot of the 
perpendicular 7, and the diameter of which is 
of the order of 

0 

2 

The axes of the loud-speakers are all directed 
to the centre 0 of the tetrahedron the apioes of 
which they de?ne and they have a polar-radia 
tion curve possessing an angle of opening of the 
order of 60°. 
through the connections 20 to 29 respectively. _ 
Referring to Fig. 2, 8 denotes a reading system 

of a recording medium which feeds-a pre-am- - 

These loud-speakers are fed»-v 

,4 
way, the composition of an ampli?er is given 
only for the ampli?er ill, the ampli?ers ll, l2 
and [3 being identical. 
The rectifying stage 53 comprises a trans 

former 54, the primary of which is tuned to the 
frequency of 5000 cycles per second, and a double 
diode 55, the anodes of which are connected to 
the ends of the secondary of the transformer 54 
fhavin‘g its middle point connected to earth and 
the cathodes of which are loaded by the resistance 
56 and the potentiometer 51. 
The sliding contact 58 of the potentiometer 

51 is connected to the grid of the tube 59 of the 
‘ ampli?er H] which, in addition, receives the sig 

pli?er 9, the outlet of which is connected to four 
ampli?ers H], II, I2 and [3. These four ampli 
?ers comprise a second inlet to which is appliedv __ 
a signal for controlling the gain by means of the 
connections l4, l5, l5 and I1 respectively. 

I The ampli?ers [0 to E3 are followed by ex 
pander circuits £8 to 21 which are themselves 
followed by power ampli?ers 22 to 25. The out 
lets of these power ampli?ers are connected to 
the loud-speakers 2 to 5 by connections 23 to 29 
respectively. . 
The signals for controlling theygain of the 

ampli?ers [0 to I3 are obtained in the following 
manner: 
Mounted on four supports 30 to 33 are four I, 

stationary coils 34 to 31, each having a diameter 
of the order of 50 cms. and comprising about 
500 turns of wire. These coils are ?xed on their 
supports by means of a sliding arm 38 so as to 
form, around an operator, a tetrahedron which i1 
is 'approximately similar to the tetrahedron 
which is formed by the loud-speakers and the 
length of a side of which is of the order of 1.50 
metres. The normals to the coils converge to 
the centre 0' of the tetrahedron. 
A coil 40 (Fig. 4) may either be held in the 

hand of an operator or be ?xed on an arm 4| 
which slides on a second arm 42 that ends in a 
ball-and-socket joint 43 carried by a support 44 
and situated nearly at the centre of the tetra 
hedron formed by the stationary coils. This coil 
is fed by a source 45 of alternating voltage, which 
has a frequency of the order of 5000 cycles per 
second, by means of connections 46. It com 
prises a divided iron core having the shape of ~ 
a hollow cylinder 41 with a diameter of 2 cms., 
and a length of 10 cms. terminated by a sub 
stantially spherical widened" portion 48 having a 
diameter of 5 cms. The cylindrical part carries 
a coil 49 with about 1000 turns. The voltage at 
the terminals of the coil is about 1 volt. The coil 
radiates va magnetic ?eld, the lines of force of 
which are very markedly radial with respect to 
the centre of the sphere 48, and it induces, in 
each stationary coil, a voltage of a magnitude 
dependingupon its distance in relation to the 
stationary coil concerned and which is substan 
tially independent of its orientation in relation 
to this stationary coil. 
Connected to the terminals of each stationary 

coil by connections 60 is a potentiometer 50, the 
sliding contact 52 of which is connected to the 
grid of an amplifying tube 5! which is‘followed 
by a rectifying stage 53. The outlets of the 
rectifying stages 53 are’ connected respectively 
by means of connections“, l5, l5 and I‘! to the 
gain-control terminals of the ampli?ers 10, ll, 
12 and H3. The composition of a rectifying stage 
53 is given only for one {of the four stages, the 
three others being identical, and, in the same 
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nal issuing from the pre-ampli?er 9. The tube 
59 is a tube having a gain which is inversely 

‘ proportional to the negative polarisation voltage 
' of its grid and therefore to the potential of the 
sliding contact 58. There may be used, as the 
tube 59, a tube of the EF9 type for example or, 
failing this, a tube of the BL? type. - 

The operation of the device for projecting 
‘spatial music is as follows: 

If only two loud-speakers, 2 and 3 for example, 
are fed by musical signals of equalintensity, a 
listener situated inside the space 6 will perceive 
'a virtual source of music situated at the centre 
.of the straight line segment connecting the two 
loud-speakers. If the sound level of one of the 
loud-speakers in relation to the other exceeds 
a certain threshold value, the virtual source will 
leave the middle point and will be displaced over 
the straight line segment joining the two loud 
speakers towards the one that is emitting the 
higher intensity of sound. If the unbalance be 
tween the levels increases, the virtual source 
continues to approach the more intense source of 
sound and, if the unbalance reaches a sufficiently 
high limiting value, there is an absolute pre 
eminence of the loud-speaker emitting the greater 
intensity of sound with which the virtual source 
appears to coincide. 
The law of variation of the angular direction 

of the virtual source for an observer situated 
approximately on the mediatrix of the segment 
joining the two actual sources is rather compli 
cated. . It has been studied by numerous authors 
in the case of actual sources emitting pure 
sounds, as a function of the frequency of these 
sounds. I have found that the threshold from 
which one would perceive respectively a displace 
ment, which is just perceptible, of the virtual 
source in relation to the medial plane of the 
two actual sources and the limit from which a 
complete pre-eminence of one of the actual 
sources over the other took place were smaller 
in the case of musical sounds than in the case of 
pure sounds. In the case of musical sounds, 
these thresholds and these limits are respectively 
of the order of 4 and 8 decibels whilst, for pure 
sounds of 500 cycles per second, they are approxi 
mately 9 and 26 decibels, for pure sounds of 
1000 cycles per second, 13 and 30 decibels and, 
for pure sounds of 2000 cycles per second, 20 
and 35 decibels. In practice, in order to be able 
to keep the possibility of displacing, if not over 
the whole segment joining the actual sources, 
at least over a part of that segment, a virtual 
source that is emitting both pure sounds and 
complex sounds, it is necessary to allow oneself 
a margin of variation of gain of the ampli?ers 
[0 to [3 which I have found to be of the order of 
20 decibels. . 

What has hereinbefore been said for a rela 
iireveriatien 9f thasopnsi levelsof melons-j 



5 
speakers 2 and 3 may be repeated for any couple 
of loud~speakers and, on extending the reason 
ing to the set of four loud-speakers, it is seen 
that, to every set of four sound levels given for 
the said loud-speakers, there corresponds a vir 
tual source having a given location. 
Each of the stationary coils 34 to 3l has cur 

rent induced therein by the magnetic ?eld pro 
duced by the movable coil 40. The induced 
voltages are recti?ed by the recti?er stages 53 
and there is obtained, between the earth and 
the sliding contact 58 of each stage, a D. C. 
voltage which is a function of the distance of 
the movable coil 40 from the corresponding sta 
tionary coil. This voltage is negative and in 
creases when this distance decreases. The am 
pli?er I!) has a gain which is proportional to 
the D. C. polarisation voltage of the grid in 
relation to the cut-off voltage and, consequently, 
inversely proportional to the distance between 
the stationary coil and the movable coil. 
The positions of the sliding contacts 52 and 

58 and the values of the resistances of the 
potentiometers 50 and 5‘! are adjusted so that 
the gain of the ampli?er corresponding to a 
given stationary coil is at the maximum when 
the movable coil is in the immediate vicinity of 
this stationary coil (10 cms. for example) and 
is at the minimum and nearly zero when the 
movable coil is near another stationary coil, that 
is to say at a distance of the order of 1.50 metres 
from the stationary coil concerned. 
The sound level L of a loud-speaker, as a func 

tion of the distance in metres between the mov 
able coil and the stationary coil controlling this 
loud-speaker, is given by Fig. 3. 
The ampli?ers ill to Hi have an hyperbolical 

characteristic and the result of this is that the 
dynamics of the ampli?ed signal vary with the 
actual gain of the ampli?ers in relation to the 
dynamics of the input signal. The expander 
circuits [8 to 2| are also controlled by the rec 
ti?ed signals in the recti?er stages 53 and their 
object is to make the dynamics of the ampli?ed 
signals equal to the dynamics of the input 
signals. 
The sound levels of the four loud-speakers 

are thus almost inversely proportional to the 
mutual distances between the movable coil and 
the four stationary coils. As the location of the 
virtual sound source inside the tetrahedron 
formed by the loud-speakers is a function of 
these sound levels and is nearer a given loud 
speaker the higher the sound level of the latter, 
there is a biunivocal correspondence between the . 
location of the movable coil and the virtual source 
of sound. In particular, if the movable coil is 
at the centre of the tetrahedron formed by the 
stationary coils, the loud-speakers 2 to 5 will 
emit equal intensities and the virtual source will 
be located at the centre of the audience space 
6 and, in practice, owing to a psychological e?ect, 
the source will appear to surround completely a 
listener located in the audience space. 

If the movable coil 40 is held in the hand of 
the operator, the latter will be able to displace 
it and his gestures will have the effect of caus 
ing the virtual source to describe any desired 
trajectory and thus to add a spatial stereophonic 
element to the audition of the music. 
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If the virtual source of music is to be localised 

6 
at a ?xed point of the hearing volume, the posi 
tion of the movable coil 40 will be adjusted on 
the arm ‘32 by means of the clamping screw GI 
and the orientation of the movable arm 42 will 
be adjusted by means of the clamping band 39 of 
the ball-and-socket joint 43. 
Although the invention has been described in 

respect to a complete example of embodiment, 
it is to be understood that modi?cations are 
possible and that the scope of these modi?cations 
is limited only by the contents or" the appended 
claims. 
What I claim is: 
l. A device for projecting spatial music, com— 

prising four loud-speakers situated in a concert 
hall at the apices of a tetrahedron, four ampli 
?ers feeding the said loud-speakers, four sta 
tionary coils situated at the apices of a smaller 
tetrahedron similar to the tetrahedron formed 
by the loud-speakers, a coil fed by an alternat 
ing current, movable inside the tetrahedron 
formed by the four stationary coils and induc 
ing a current in the said stationary coils, recti 
?ers connected to the outlet of the stationary 
coils, and means for controlling the gain of the 
ampli?ers proportionally to the D. C. voltages 
recti?ed by the said recti?ers, whereby the sound 
levels of the loud-speakers are substantially in 
versely proportional to the distances of the mov 
able coil from the stationary coils and the loca 
tion of the virtual sound source, which is equiva 
lent to the four loud-speakers, in relation to the 
tetrahedron formed by the loud-speakers is sub 
stantially homologous to the location of the 
movable coil in relation to the tetrahedron 
formed by the stationary coils. 

2. A device for projecting spatial music, com 
prising four loud-speakers situated in a concert 
hall at the apices of a tetrahedron, four am 
pli?ers feeding the said loud-speakers, four sta 
tionary coils situated at the apices of a smaller 
tetrahedron similar to the tetrahedron formed 
by the loud-speakers, a spherical polar termina 
tion cylindrical core movable inside the tetrahe 
dron formed by the four stationary coils, a. coil 
mounted upon said core, fed by an alternating 
current and inducing a current in the said sta 
tionary coils, recti?ers connected to the outlet 
of the stationary coils, and means for controlling 
the gain of the ampli?ers proportionally to the 
D. C. voltages recti?ed by the said recti?ers, 
whereby the voltage induced by the coil mounted 
upon the movable core in the stationary coils 
depends solely on the distance between said mov 
able and stationary coils and is substantially 
independent from the relative orientation of the 
two coils, the sound levels of the loudspeakers 
are substantially inversely proportional to the 
distances of the movable coil from the stationary 
coils and the location of the virtual sound source, 
which is equivalent to the four loud-speakers, 
in relation to the tetrahedron formed by the 
loud-speakers is substantially homologous to the 
location of the movable coil in relation to the 
tetrahedron formed by the stationary coils. 
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