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My invention relates to systems for produc 
ing artificial sound reverberation, particularly 
to systems for adding artificially created rever 
beration of suitable characteristics and amount 
to voice, music, or like audio-frequency sound 
signals having initially included therein no re 
verberation components or negligible amount 
thereof. 
The general object of the invention is to pro 

vide improved devices for thus producing and 
adding artificial reverberation which are simple 
and eficient and which, in particular, are of di 
mensions preferably small relative to corre 
sponding means and devices hitherto employed 
or suggested for insuring desired reverberation 
effects in the above-mentioned or other like 
audio-frequency sound signals. 

In accordance. With my present invention, this 
general object is attained by first providing, for 
the purpose of adding the desired reverberation 
components to an audio-frequency sound sig 
nal having no reverberation Components or a 
negligible amount, a reverberation device which 
is preferably of reduced dimensions relative to 
a corresponding reyerberation device, of full 
size or normal dimensions, which would add de 
sired reverberation components if the above 
noted sound signal alone were generated there 
in, next generating within the reverberation de 
vice of reduced dimensions a superaudible car 
rier sound frequency which is modulated by the 
above-mentioned unreverberated sound signal 
frequency, and finally detecting from the mod 
ulated super-audible sound frequency the origi 
nal audio-frequency sound signal to which has 
been added within the device of reduced dimen 
sions the desired reverberation components. 
By thus employing the high frequency or su 

per-audible sound wave as a carrier for the au 
dio-frequency sound wave, reverberation effects 
will be produced in the reverberation device of 
reduced dimensions as in the similar device of 
normal dimensions wherein the audio-frequency 
sound wave is employed alone, without the car 
rier wave. The high frequency carrier wave 
which permits the above-mentioned small re 
verberation devices to be employed to produce 
this result, and that, by suitable proportioning 
and arranging of the small reverberation de 
vices, desired reverberation Components, having 
a time of decay of the order of the time of de 
cay of reverberation produced in a correspond 
ing reverberation device of normal size, are add 
ed to audio-frequency sound signal having 
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initially no reverberation components or a neg 
ligible amount of these components. 
The reverberation device, in accordance with 

my invention, may comprise an enclosure, the 
shape and general arrangement of which are 
that of a full-sized or normal auditorium, hav 
ing a desirable reverberation characteristic 
preferably scaled down so that its dimensions 
are of the Order of at least a wave length of 
the carrier frequency. 

In addition to air as a medium in a reverbera 
tion device wherein reverberant sound energy 
is produced and transmitted in a small enclo 
sure, in accordance with my present invention, 
solids and liquids may also be employed in the 
reverberation devices of small dimensions. 
The novel features which are considered to 

be characteristic of my invention are set forth 
with particularity in the appended claims. My 
invention itself, however, both as to its organiza 
tion and method of operation, together with fur 
ther objects and advantages thereof, may best 
be understood by reference to the following de 
scription taken in connection with the accom 
panying drawing wherein Fig. 1 is a diagram 
matic representation of a voice signal system for 
adding reverberation in a small enclosure to a 
voice signal having initially no reverberation 
component; Fig. 2 is a modification similar to 
the system of Fig. 1 but which provides means 
for obtaining a reverberant or a non-reverberant 
signal, or of combining the two in any desired 
proportion; Fig. 3 is a modification employing 
a metallic mass as a reverberation device; Figs. 
4 and 5 are further modifications similar to that 
of Fig. 3; Flg. 6 is a modification employing a 
liquid element as the reverberation device; and 
Flg. 7 is a modification employing a plurality of 
differently resonant metallic elements in the re 
verberation device. 

In the system illustrated in Fig. 1, the numeral 
O designates an audio-frequency sound signal 

device such as a microphone or the like, numeral 
designates a small reverberation device or en 

closure having the form of a reduced scale model 
of a given auditorium assumed to be desirably 
arranged as to reverberation characteristics for 
the reproduction and audition therein of an 
audio-frequency sound signal such as is in 
pressed upon and translated by the microphone 
0, and numeral 2 designates a sound signal 

output device such as a loud-speaker. The en 
closure f is preferably provided with means for 
adjusting the reverberation characteristics there 
of comprising, for example, a movable wall 8 



2 
for varying the volume of enclosed air, windows 
or free openings 4, adjustable shutters 6 for 
varying the area of the openings, and Sound ab 
sorbent material 16, if desired, over certain areas 
of the inner wall surfaces. 
To utilize the relatively small auditorium mod 

el as a source of artificial reverberation to be 
added to the original audio-frequency sound sig 
nal, a source 7 of electric oscillations of ultra 
sonic or superaudible frequency, for example of 
thirty-thousand cycles per second, is provided, 
connected to a modulator 8 to which the micro 
phone e is also connected. The modulator is 
connected through a suitable intermediate fre 
quency amplifier stage or stages 9 to a loud 
speaker or like telephonic transmitter device 20 
mounted at a desired point within the rever 
beration device or enclosure . At another 
point within the enclosure is mounted a micro 
phone or like pick-up device 2; which is con 
nected to a detector stage 22. The output of the 
detector stage is connected through a suitable 
audio-frequency amplifier stage or stages 23 to 
the sound output device or loud-speaker 2. 

In operation of the above-described System 
shown for illustrative purposes in Fig. 1, the 
superaudible electric carrier wave produced by 
the source of electric oscillations is modulated 
by the audio-frequency electric signal oscillations 
from microphone 0. The modulated electric 
signal is amplified in the amplifier stages 9 and 
impressed upon the loud-speaker or like device 
20 for converting, within the enclosure , the 
modulated electric signal into a corresponding 
sound signal constituted by an ultraSonic or 
superaudible carrier sound wave modulated by 
the original audio-frequency sound signal. 
The modulated Superaudible sound signal Con 

taining the desired reverberation components 
produced in the enclosure is picked up by the 
microphone 2 and translated thereby into a 
corresponding electric signal from which ls re 
covered, in detector 22, the audio-frequency elec 
tric signal which now contains the desired re 
verberation components. The latter signal is in 
pressed upon the loud-speaker or like translating 
device 2 which reproduces the original audio 
frequency sound signal with the addition thereto 
of the reverberation which was produced, with 
in the enclosure , in the modulated Super 
audible carrier SOund wave. 
The sound producing and reproducing devices 

20 and 2 may be of any suitable type Well known 
in the art but preferably are of piezo electric or 
magnetostrictive type. 

Referring to Fig. 2, the arrangement and oper 
ation of the system illustrated therein are the 
same as for the system of Fig. i. except that in 

, the system of Fig. 2 the input audio-frequency 
sound signal containing initially no reverbera 
tion, and this non-reverberant signal which has 
reverberation added thereto by the means de 
scribed in connection with Fig. 1, are combined in 
any desired proportion. For this purpose, in Fig. 
2 the original signal is bypassed around the artis 
ficial reverberation means and is impressed tor 
gether with the signal detected from microphone 
2 upon the sound producing device or loud 
speaker 2 as by connection of the output of 
microphone 0 to the audio-amplifier 23 through 
suitable connections 24. 

Referring to Fig. 3, the system therein illus 
trated may be similar in general to those of Figs. 
1 and 2 except in the construction and nanner 
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2,88417 
ployed. Instead of employing the enclosure Cons 
taining air as in a normal auditorium as the 
artificial reverberation source, in Fig. 3 this 
Source is constituted by a metallic or Solid mass 
25 of non-gaseous material having relatively 
great density compared to the density of air and 
of any suitable cubical or other shape if desired, 
but preferably having the form of a cylinder of 
substantially equal length and diameter, this 
short and broad configuration of the metallic 
body tending to broaden the resonance of the 
reverberation device. Warious metals, alloys, and 
also non-metallic solids may be employed for the 
mass 25. For example, a suitable material is an 
alloy of approximately 78 per cent copper and 
22 per cent tin. 

Similarly to the reverberation device of Fig. 
1, in accordance with my present invention, the 
metallic cylinder 25, whose diameter and length 
are of the same order of magnitude so that the 
standing wave pattern may simulate that of a 
large auditorium, is of materially reduced dimen 
sions relative to the dimensions of a correspond 
ing element which would be necessary to produce 
reverberation in the audio-signal without the 
carrier. 
To cause the Small metallic mass 25 to produce 

the desired reverberation effect, the high fre 
quency carrier oscillations from oscillator T 
modulated by the oscillations of signal audio-fre 
quency from microphone 0 are impressed, 
through intermediate frequency stage 9, prefer 
ably on an energizing winding 26 or other suit 
able energizing means associated with a mag 
netostrictive element 2 secured to the metallic 
cylinder 25 at one face thereof. 
To pick up the sound output of the reverber 

ation device constituted by the Small metallic cyl 
inder 25, a similar magnetostrictive element 28 
is secured to the opposite face of the cylinder 
and a pick-up winding 29 associated with the 
latter magnetostrictive element is connected to 
the detector stage 22 which is connected through 
audio-amplifier stage 23 to the sound producing 
device or loud-speaker f2. In order to broaden 
the response of the magnetostrictive elements 
and therefore to broaden further the total reso 
nance of the artificial reverberation system, the 
elements 2 and 28 are preferably constituted by 
members such as plates 30, 3 and 32, of different 
lengths. 
In operation of the System illustrated in Fig. 3, 

the energizing winding 26 induces audio-fre 
quency signal-modulated Sound carrier Oscilla 
tions in magnetostrictive element 27 which im 
presses these -modulated sound-carrier Oscilla 
tions upon the metallic mass 25 to produce there 
in corresponding modulated carrier sound Oscil 
lations to which are added reverberation compo 
nents of suitable characteristics. The resultant 
signal-modulated Sound-carrier Oscillations hav 
ing the desired reverberation added thereto are 
transmitted to the magnetostrictive element 28 
which induces corresponding electric oscillations 
in the pick-up winding 29 which in turn im 
presses the latter electric OScillations upon de 
tector 22. As in the system of Fig. 1, in the de 
tector 22 of Fig. 3 the audio-frequency electric 
signal containing the desired reverberation com 
ponents is detected, and impressed through am 
plifier 23 on the sound producing device or loud 
speaker 2 which reproduces the original audio- '. 
frequency Sound signal but having added thereto 
the reWerberation COm onents produced by the 

of operation of the reverberation device em- 75 reverberation device 25 of small dimensions, 
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The systems illustrated in Figs. 4 and 5 are 

in general similar in construction and operation 
to that of Fig. 3, the principal difference being 
that, whereas in Fig. 3 the reverberation device 
is in the form of a short and relatively broad 
body and preferably a cylinder whose length and 
diameter are of the same order of magnitude and 
in which the reverberation waves may be a com 
bination of torsional and longitudinal compo 
nents, in Fig. 4 the reverberation device is a long 
body such as a cylinder 33 in which the wave mo 
tion is approximately one dimensional or longi 
tudinal, and in Fig. 5 the reverberation device is 
also a long cylinder 8 or the like but in which 
the magnetostrictive elements 5 and 36 are ar- . 
ranged at right angles to the cylinder to produce 
flexural vibrations with also a small amount of 
torsional vibration. 
The system illustrated in Fig. 6 is similar to 

those of Figs. 3 to 5 except in the nature of the 
medium employed in the reverberation device. 
Instead of the metallic or solid masses of vari 
ous shapes, in Fig. 6 the vibratable medium is a 
liquid within a container 8 having walls of 
suitable form and material and having maxi 
mum sound reflection coefficient, to provide de 
sired reflecting surfaces for sound vibrations pro 
duced in the liquid. The liquid is arranged to be 
vibrated by the magnetostrictive element 39 and 
the resultant sound oscillations are received by 
the magnetostrictive element 40, the elements 39 
and 40 respectively extending through the con 
tainer On opposite sides thereof into contact 
with the liquid 3. 

In the system illustrated in Fig. the rever 
beration device comprised in the artificial rever 
beration system and designated by the numeral 
4 may be constituted by a plurality of metallic 
cylinders 42 to 4 graduated in length and there 
fore differently resonant, each cylinder having 
secured thereto magnetostrictive elements re 
spectively at the opposite ends of the correspond 
ing cylinders. The material of the cylinders may 
be any suitable solid, but is preferably the cop 
per-tin alloy above mentioned. Preferably for 
each of the reverberation elements 42 to 4, a 
separate means is provided for generating the 
audio-signal-modulated sound-carrier wave ap 
propriate to the given reverberation element. 
Thus for element 42 an oscillator 48 produces a 
carrier appropriate thereto which is nodulated 
by the voice frequency from microphone to and 
impressed through an intermediate amplifier 
stage 49 on the energizing winding 50 of the 
magnetostrictive driving element 5 secured to 
reverberation element 42. For another element 
as 47, as shown in the drawing, a separate os 
cillator 52 produces a carrier appropriate to the 
latter reverberation element and the latter car 
rier is likewise modulated by the voice frequency 
from microphone 0 and impressed through an 
amplifier stage 53 on the energizing winding 54 
of the magnetostrictive driving element 55 of the 
device T. It will be understood that similar Sep 
arate driving circuits (not shown) are preferably 
proylded for the other reverberation elements 4 
to 6. 

Likewise, separate pick-up circuits such as de 
scribed hereinabove in connection with Fig. 3 
are preferably provided for the reverberation ele 
ments 42 to 47, two of the latter circuits 56 and 
57 for devices 2 and 47 respectively being illus 
trated in the drawing. The outputs of the pick 

3 
audio-frequency amplifier 8 and thence upon 
the sound producing device or loud-speaker 12. . 

Instead of the separate driving and pick-up 
means, a single oscillator and modulator and a 
single pick-up may be employed for all of the 
cylinders. 

In operation of the system illustrated in Fig. 7, 
carrier signals each modulated by the audio 
frequency signal are impressed on the different 
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up circuits are preferably impressed upon an 75 

reverberation elements or cylinders 42 to 7. 
Therefore, reverberant sound is transmitted by 
each of the cylinders in accordance with the 
resonance characteristics of each cylinder. The 
total band width produced by the system is the 
sum of the band width of the separate cylinders. 
Further, the reverberant audio-frequency signal 
is substantially increased over the like systems 
herein illustrated incorporating only one metal 
lic body in the reverberation generating device. 
in order that the higher frequencies translated 
by the reverberation device 4 may have the same 
reverberation time as the lower frequencies, the 
relative proportion of copper and tin in the mate 
rial of which the cylinders are composed may be 
varied progressively from the longest to the 
shortest cylinder. 
It will be seen that the various systems here 

inabove described and embodying my invention 
are similar in organization and operation to a 
public address system, the voice or music in 
pressed upon the microphone 0 being projected, 
with desired reverberation added thereto, from 
the sound reproducer or reproducers represented 
by the loud-speaker device 2. My invention is 
particularly well adapted to such public address 
system use since, by the addition of reverbera 
tion of proper characteristics easily and simply 
provided by the reverberation device of small di 
mensions, the reproduced voice or music is made 
to simulate to any desired degree to a listener 
even in the Open air the reproduction of the 
voice or music as it would be presented to the 
listener in an auditorium or sound studio having 
reverberation characteristics but Suited for the 
sound reproduction. 
The invention, however, is in no sense limited 

to use in connection with a public address. System 
but may be readily adapted to a variety of other 
uses, for example, in broadcasting systems, 
phonographic apparatus, radio receivers and 
other like applications. Thus while I have de 
scribed my invention herein in particular en 
bodiments for purposes of illustration, it is to be 
understood that the invention is susceptible of 
various changes and modifications and that by 
the appended claims I intend to cover any such 
modifications as fall within the true spirit and 
scope of my invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. In an artificial reverberation system, a re 

verberation device including a non-gaseous mass, 
means to produce within said device a super 
audible carrier sound wave modulated by an 
audio frequency sound wave, said device being 
of reduced dimensions relative to the dimensions 
of an equivalent reverberation device having de 
sired reverberation characteristics when said 
audio frequency sound Wave only is produced 
therein, and means to detect from said audio 
modulated carrier wave within said device said 
audio frequency sound wave having added there 
to the reverberation produced in said modulated 
wave by said reverberation device. 

2. In a reverberation device including a mass 



4. 
having relatively great density compared to the 
density of air, means to produce within said mass 
a superadible carrier sound wave modulated by 
a voice sound wave, and means to recover from 
said voice modulated carrier wave within said 
mass said volce sound wave having added there 
to the reverberation produced in said carrier 
wave within said enclosure. 

3. In an artificial reverberation system, a re 
verberation device including a metallic riass, 
means to impress upon said mass a superaudible 
carrier sound wave modulated by an audio fre 
quency sound wave, said mass being Small rela 
tive to an equivalent mass having desired rever 
beration characteristics for said audio wave only, 
and means to detect from said first-named mass 
said audio frequency sound wave having added 
thereto the reverberation produced by said first 
named maSS. 

'4. In an artificial reverberation system, a re 
verberation device including a container having 
a liquid therein, means to impress upon said liq 
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uld a superaudible carrier sound wave modulated 
by an audio frequency sound wave, said liquid 
being of small mass relative to an equivalent 
mass of liquid having desired reverberation 
characteristics for said audio wave only, and 
means to detect from said first-named liquid said 
audio frequency sound wave having added there 
to the reverberation produced by said first 
named liquid. 

5. In an artificial reverberation system, a plu 
rality of metallic members of different resonance 
characteristics, means to generate an audio fre 
quency sound wave, means to impress upon each 
of said metallic members a superaudible carrier 
sound wave modulated by said audio frequency 
sound wave, and means to detect from said reso 
nant metal members said audio frequency sound 
wave having added thereto the sum of the rever 
beration components produced by said audio 

20 modulated sound wave in said metallic members. 

WAMI. D. PBLPS. 
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