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This invention relates to a method of and 
apparatus for the transmission of sound, and 
particularly to systems for the transmission of 
sounds having directional or binaural effects. 

5 Another object of this invention is to trans 
mit sound from a single source with an elec 
trical system which will reproduce the sound in its proper phase relationship. 
Another object of the invention is to am 

10 plify soundin a large auditorium or outdoors, 
so as to provide to the listeners thereof in 
substantially every location, the directional effect. 

It is well known that the direction from 
15 which a source of sound is propagated is de 

terminable because of the difference in phase 
of the sound waves at two positions at un 
equal distances from the source, together with 
the difference in volume at these positions, 

20 Edish transmission medium is the same. Also for positions at equal distances 
the respective phase and amplitude relations 
are substantially the same. 
These equal and unequal phase and ampli 

25 tude relationships of a sound wave or waves 
impinging on the ears of a person, provide 
the sense of direction of the source. If the 
original phase displacement can be main 
tained throughout an electrical transmission 

30 system, and reproduced from properly posi 
tioned reproducing devices, the listener will 
properly place the source of sound. For in 
stance, in a large auditorium or in the case of 
an outdoor presentation, in which several per 
sons are speaking and a public address system 
is necessary to properly bring the voices to 
all listeners, if the reproduction of the speak 
ers is directional, every listener will be pre 
sented with the program in perfect sound 
perspective. Especially if the voices are in 
audible without loudspeakers, the presentin 
vention will lessen confusion as to persons 
speaking at any particular time. 

4s. The present invention contemplates using 

35 

40 

microphones with their associated amplifiers 
and sound reproducers to transmit and re 
produce the sound in the same phase relation 
ship as received by the microphones. 

50 The details of the invention will be more 

fully understood by reference to the accom panying drawings, in which: 
Figure 1 is a diagrammatic sketch of an 

oblong auditorium. 
Fig.2 is a plan view of the auditorium hav- is ing a fan or wedge shape. 
Fig. 3 is a detailed sketch of means for sep 

arating certain sound reproducing devices. 
Referring particularly to Fig.1, an audi 

torium 5 has a stage or dais 6. Microphones to 
8 and 9 may be placed in the front-center 
portion of the stage, either suspended from 
above or located in the footlights, if the stage 
has such a lighting arrangement. They also 
may be placed on standards if used in a tem- is 
porary capacity. The microphone 8 is con 
nected with an amplifier 10, the output of 
which is fed into a series of loudspeakers 12. 
The microphone 9 is connected to amplifier 
11, the output of which is fed into a series of to loudspeakers 13. 
The loud speakers 12 and 13 may be con 

nected to the amplifier electrically in series 
or in parallel, so that each speaker of the 
Series 12 will project Sound having the same is 
phase at the same instant, while the receivers 
in the series 13 will have identical character 
istics. These receivers may also be connected 
mechanically by means of a tensioned wire 
between cooperative driving units 15 for re- 80 
ceivers 12, and driving units 16 for receivers 
13. This mechanical arrangement is more 
fully disclosed in my copending application 
Ser. No. 453,987, filed May 20, 1930. 
To obtain the binaural effect with the sys- 85 

tem in Fig. 1, we may assume source S, on 
stage 6 is initiating sound waves, for in 
stance, speech. These sound waves will be 
impinged on microphone 8, in advance of 
their reception at microphone 9, that is the 90 
wave will be received at the microphones at 
different instances and, therefore, in differ 
ent phases, since the propagation of the wave 
between source 1 and microphones 8 and 9 
is the same. The sound produced in micro- 95 
phone 8, therefore, will be amplified and 
projected by the speakers into the audi 
torium 5 in the same phase as received at 8, 
while the sound projected into the audi 
torium 5 in the same phase as received at 100 
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microphone 9. A person, therefore, sitting 
in the center of the auditorium facing the 
stage and hearing the reception in both ears 
from the loud speakers 12 and 13, will be 
conscious of a sound originating from the 
right hand side of the stage. If the source 
is as at Ss, the exact reverse phase relation 
ship will be obtained, and a listener in the 
center of the auditorium will be conscious of 
the sound arising at the left hand portion of 
the stage. Of course, a sound initiating 
from the source S will reach the micro 
phones at the same instant and in phase, and 
will be projected by loud speakers 12 and 13 
in phase. It is realized, of course, that this 
effect may not be as positive for every loca 
tion of the person with respect to the loud 
speakers, but this condition is substantially 
overcome by the serial arrangement of the 
speakers and the construction shown in 
Fig. 2. 
In Fig. 2 an auditorium 20 has a stage or 

dais 21 on which is positioned microphones 
22 and 23. At 22 and 23 three microphones 
are shown connected in parallel, for the pur 
ose of detecting a larger amount of Sound. 
in the views shown, these microphones will 
be placed one on top of the other so that the 
parallel connected microphones will receive 
sound in the same phase relationship. It 
will be observed that the auditorium 20 has 
been divided into three sections A, B and C, 
each section of which is arranged according 
to Fig. 1. A series of loud speakers 25 are 

as associated binaurally with respect to a series of loud speakers 26; a series of loudspeakers 
27 are associated binaurally with respect to a 
series of loud speakers 28; and a series of 
loud speakers 29 are associated binaurally 
with respect to a series of loud speakers 30, 
in their respective sections A, B and C. The 
sound reproducers 26, 28 and 30 are connect 
ed in parallel with the microphones 23, and 
project sound received at microphones 23 in 
phase, while the sound reproducers 25, 27 
and 29 are connected in parallel to the micro 
phones 22 and project sound therefrom in 
phase. Therefore, a person located in the 
center of any of the sections A, B and C will 
receive the same binaural effect as explained 
above in Fig. 1. The reproducers 25 have an 
amplifier 35, while the reproducers 26 have 
an amplifier 36; reproducers 27 have an am 
plifier 37, reproducers 28 have an amplifier 
38; reproducers 29 have an amplifier 39, and 
reproducers 30 have an amplifier 40. 
The location of these speakers are in a 

position not to obstruct the view of the audi 
ence, and are preferably located in aisles 
about at the level of the seats. They may 
also be supported from the ceiling with the 
loud speakers projecting at a downward 
angle. Between sections A and B, and sec 
tions B and C, separating reproducers 26 

D5 and 27 and reproducers 28 and 29. are shown 
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baffle or absorption partitions 42 and 43, re 
spectively. 

Referring specifically to Fig. 3, these parti 
tions are shown at 44, separating the loud 
speakers 45 and 46 which are on opposite sides 
thereof. The partition 44 will be of sound 
absorbing material such as cellatex or cloth, if 
the loud speakers are located a distance in 
front thereof, while this partition may con 
stitute a baffle board of wood or metal if the 
speakers are immediately adjacent thereto, 
the partition serving, therefore, as a reflector 
of sound. Whichever type of partition is to 
be used, depends entirely upon the acoustics 
of the auditorium in which the installation is 
to be made. For outdoor installations, how 
ever, it is desirable to have the partition in 
the form of a baffle board to aid the projection 
of sound by the reproducers. 
In the above arrangement, it is to be noted 

that the near microphone will receive sound 
at a higher energy level than the far micro 
phone. This amplitude difference when pre 
sented by the difference in volume output of 
the opposing speakers, will augment the 
phase differential and increase the binaural 
effect. Furthermore, if a listener is posi 
tioned nearer one series of speakers than the 
opposite series, the binaural effect will be 
maintained inasmuch as the radiation angle 
will include more of the distant speakers. In 
other words, sound from a larger number of 
speakers farther away will be heard in one 
ear, and sound from a lesser number of the 
near speakers will beheard in the other ear, so 100 
that if the output amplitude of sound from 
the speakers is equal originally, it will remain 
so to listeners in substantially any position. 

This invention contemplates systems pro 
viding binaural effects for public address sys- 0 
tems, radio broadcasting either wired or 
space. Although the invention has been dis 
closed in one particular embodiment it is sub 
ject to many modifications within the scope of 
the appended claims. 
What is claimed is: 
1. In a public address system, a plurality 

of microphones for detecting sound in differ 
ent phase relationships, a plurality of loud 
speakers arranged substantially in a plural 
ity of radial rows and connected to said mi 
crophones, and an operating medium between 
two centrally disposed rows of said speakers, 
said rows of speakers forming Sound fields 
having similar binaural aspects. 

2. In a sound projection system, a definite 
space in which sound is to be projected, a 
series of separating mediums dividing said 
space into substantially equal areas, a series 
of interconnected ositioned on the 12 
same relative sides of said separating me 
diums and projecting sound in one direction, 
a second series of interconnected speakerspo 
sitioned on the other sides of said separating 
mediums projecting sound in the opposite 
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direction, and a third series of speakers on 
the boundaries of said area projecting sound 
toward a line in the center of said area, the 
series of speakers projecting sound in the 
same direction being connected to one micro 
phone, while the speakers projecting sound 
in substantially the opposite direction are 
connected to a second microphone physically 
displaced with respect to said first micro 
phone, both microphones detecting the same 
sound source simultaneously. 

3. A sound projection system in accordance 
with claim 2, in which said dividing mediums 
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serve as sound reflecting surfaces. 
4. The art of producing natural sound ef 

fects for large audiences from sound repro 
ducing devices comprising dividing the area 
occupied by said audience into divisions by 
sound reflecting partitions, arranging a plu 
rality of series of loud speakers on the same 
relative sides of said partitions, arranging 
a second plurality of series of loudspeakers 
on the opposite sides of said partitions, and 
energizing each plurality of series from a set of binaurally arranged microphones. 
Witness my hand this 14th day of May, 

1930, at Newark, in the county of Essex and State of New Jersey 
ALEXANDER McLEAN NICOLSON. 


