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Patented Jan. 3, 1950 2,493,638 

UNITED STATES PATENT OFFICE 
2,493,638 

SYNTHETIC. REVERBERATION.SYSTEM 
; Harry F. Olson, Princeton, N.J., assignor to Radio 

Corporation of America, a corporation of Dela 
... Wale 

...Application June 22, 1946, Serial No. 68,707 
... 11. Clains. 

“This invention relates to synthetic reverbera 
tion systems, and more particularly to an acous 
tic-electronic reverberation simulator for intro 
*ducing synthetic reverberation in reproduced 
is sound whereby rendition of the sound may be 
greatly-enhanced. 
When a source of Sound is started in a room, 

... the energy does not build up instantly due to the 
i finite velocity of propagation of a Sound Wave. 
Each pencil of sound sent out by the source is 
reflected many times from the absorbing walls of 

: the room before: it is ultimately dissipated to a 
level below the ambient- or threshold level of 
the room. A steady state-condition obtains when 

s: the energy absorbed by the walls equals the 
to-energy delivered by the sound source. In the 
- same way, when the source is stopped, some time 

is is required before the energy is absorbed to a level 
- below the ambient or threshold level. The re 
- verberation time has been arbitrarily defined as 
*the time-required for the sound to decrease to 
-'one-millionth of the -original intensity after the 
: Source of the Sound has been stopped. 

; : It has been established that there exists an 
optimum reverberation time for a particular room 
and for a particular type of Sound rendition. This 
means that, for: a given room, such as a broad 

. . . casting or a recording studio, for example, differ 

... ent reverberation times are required depending 
upon the type of Sound rendition. One of the 
major problems of Sound broadcasting and sound 

, recording. has been to control the amount and 
...type of reverberation in the pickup part of the 
a System, or in the recording part of the system, as 
*::the case-may bein-order to provide sound which, 
'', when reproduced, will have the proper...amount 
i; and quality of reverberation. The ...reverbera 
:tion time of studios has been controlled... pre 
' viously, within certain limits, by various means 
. . designed to vary: the degree. of absorption. It 
...has also been proposed to control the reverbera. 
iiition time of the collected sound by the use of 
: directional, microphones. However, conditions 
soften exist which necessitate a change in rever 

liberation in a fraction of a second. Obviously, to 
- change the absorption in a studio by means of 
'. Sliding panels, for example, as has been done 
i, heretofore, is a rather cumbersome procedure. 
: Furthermore, very drastic changes in the degree 
" ; of reverberation are often required as, for ex 
-ample, from one-half-second-to three seconds. 

At the present time, most broadcast and re 
'cording studios • employ:reverberation chambers 
* to vary the amount of reverberation in a repro 
sduced'. Sound program. These reverberation 

50 provide an 
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... chambers are rooms about the size of the average 
living room. with a reverberation, time of about 
3 seconds. ... The Sound is fed into the chamber 
by means of a loudspeaker and is picked up by a 

5 microphone. The loudspeaker-room-microphone 
... combination constitutes... a reverberation simu 
lator. ...Among the disadvantages of such a sys 

...tennis that the reverberation time...is fixed. Usul 

...ally, also, the space required for such a studio is 
if another disadvantage, particularly in areas where 

... the rents are high. There are also a number of 
other disadvantages, which characterize rever 
beration simulators of this type. As substitutes 

..for. Such reverberation Systems. Or chambers, a 
l, number of other. Systems have been proposed. 

... The latter, include disc recordings, electrical de 
lay circuits, magnetic tape recordings with delay, 
mechanical or spring wire delays, phosphor 

r, coated discs, and so on. These systems all 
2?, possess one or more disadvantages which are too 

... well known to require, further comment. 
The primary object of my present invention is 

to provide an improved synthetic reverberation 
system, which is free from the above mentioned 

25...and other objections which are found in Syn 
thetic.reverberation Systems proposed heretofore. 
More particularly, it is an object of my present 

... invention to provide an improved system for 
producing. Synthetic reverberation by means of 

30 Which the amount and type of reverberation can 
be controlled over a Substantial range to provide 
optimum reverberation characteristics either for 
a particular room.. or Studio or for a particular 
rendition which is to be recorded or broadcast and 

35 later, reproduced. 
... Another object of my present invention is to 
provide, an improved synthetic reverberation sys 
tem as aforesaid which will have a substantially 
luniform reverberation frequency characteristic 

40...and in which the reverberation characteristic 
can be readily controlled to accentuate either 
the high or the low frequency reverberation. 

Still another object of my present invention is 
to provide an improved synthetic reverberation 

45 System which requires no recordings and there 
fore is devoid of expensive recording and repro 
ducing mechanisms generally associated there 
with. s : 

A further object of my present invention is to 
improved Synthetic reverberation 

:System of the typeset forth which can be housed 
in a compact cabinet structure and which can be 
placed in a room or studio at any suitable point 
to provide the reverberation characteristics de 

55 sired for the particular room and suitable for 
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the particular program to be either broadcast 
from or recorded in this room. 

It is also an object of my present invention to 
provide a synthetic reverberation system as above 
set forth which is very compact in construction, 
which is readily portable and therefore can be 
easily transported from one room to another, 
which is highly efficient in use, and which is 
quite inexpensive in cost. 

In accordance with my present invention, the 
synthetic reverberation system includes a plurality 
of delay channels for producing a plurality of ech 
oes of the non-reverberant sound with different 
phases and mixing the same with the non-re 
verberant sound. One system constructed in 
accordance with my present invention included 
four loudspeaker-pipe-microphone delay Systems 
which provided delays of approximately 23, 50, 68 
and 100 milliseconds, the pipes providing the 
desired delays. The channel with the longest 
delay is used as part of a controlled, negative 
feedback network in which the amount of feed 
back controls the reverberation. The Sound in 
this loop is fed into all four Systems again and 
again. In this way, each Second contains 40 
components. The fact that my improved System 
supplies such a large number of components 
makes the introduced reverberation quite real 
istic. The reverberation time may be varied 
from zero to three seconds in a fraction of a 
second by merely varying the amount of negative 
feedback. A mixer makes it possible to adjust 
the ratio of direct to reverberant Sound. The 
components of my improved reverberation simu 
lator can be housed in a compact cabinet and can 
be placed in any desired location within a par 
ticular roon. 
The novel features of my invention, as Well as 

additional objects and advantages thereof, Will 
better be understood from the following descrip 
tion of two embodiments thereof, when read in 
connection with the accompanying drawings, in 
Which 

Figure 1 is a diagrammatic view illustrating 
the basic elements of a system for introducing 
synthetic reverberation in reproduced Sound; 

Figure 2 is a diagrammatic view of One form 
of synthetic reverberation producing System in 
accordance with my present invention; 

Figure 3 is an enlarged, partly sectional View of 
one of the loudspeaker-microphone units with 
the associated pipe of Fig. 1: 

Figure 4 shows, graphically, for a fraction of 
a second, the decay pattern of the various Sound 
output components of the system of Fig. 2; 

Figure 5 is a set of curves showing the average 
attenuation characteristics of the Several pipes 
shown in the System of Fig. l; 

Figure 6 is a set of curves showing the rever 
beration time vs. frequency characteristics of the 
reverberation simulator of Fig. 2 for various set 
tings of the reverberation control; and 

Figure 7 shows, diagrammatically, a Second 
form of my improved reverberation simulator. 

Before referring more particularly to the draW 
ings, it may be pointed out that, when a Source of 
sound operates in a room, the sound pressure at 
the microphone or pickup point may be eXpressed 
aS follows: 

p=A1 cos k(ci-ri) --A2 cos k(ct-r2) --A3 cos 
k(ct-ra) -- . . . 

Where 

A1=amplitude of the direct Sound at the micro 
phone, 

O 

3. 

4. 

5) 

60 

70 

s 

4. 
r1-distance between the source and the micro 
phone, 
c=velocity of Sound, 
k=2/A, 
A=wavelength, 
testine, 
A2, A3 . . . =amplitudes of the reflected sound at 

the nicrophone, 
r2, r3 . . .-total distances along various reflec 

tion paths between the source of Sound and the 
microphone. 
In the above equation, the first term of the 

right hand member represents the direct Sound 
and all the other terms represent the reflected 
sound. The amplitude A of the reflected Sound 
decreases with increasing distance r between the 
sound source and any particular microphone. 
From the above equation, it will be apparent 
that the conditions represented thereby may be 
simulated by a system of the type shown in Fig 
ure 1 in which the input provides direct Signal 
or non-reverberant sound representing electri 
cal waves along a channel , and delayed Signal 
or reverberant Scund representing electrical Slg 
nails along a plurality of parallel channels 2, 3, 
4, 5, 6, 7 and 8. Each of the channels 2 to 8, 
inclusive, includes a sending transducer 9 coupled 
to a receiving transducer to through a suitable 
delay system f, the delay systems each hav 
ing a different degree of delay. The outputs of 
the transducers to may be supplied through a 
plurality of ganged attenuators 2 in each of the 
channels 2 to 8, inclusive, to a mixer 3 Which 
mixes the direct and reverberant Sound repre 
Senting signals and Supplies them to a Suitable 
output member. It Will also be apparent from 
the systern of Fig. 1 that, to obtain the required 
conditions in a room, would necessitate a tre 
mendous number of transducers and would, 
therefore, be impractical. On the other hand, 
any reduction in the number of units must nec 
eSSarily involve a compromise. It is desirable 
to include more components rather than less, 
particularly for the longer reverberation times. 
In the simplified reverberation simulators of my 
invention as represented in Figures 2 and 7, there 
are forty components of sound per second. Such 
systems adequately fill most practical require 
ments. 

Referring, now, to Figure 2, there is shown 
a microphone or other suitable input member 2 
which is adapted to pick up a train of direct or 
non-reverberant Sound waves and to translate 
them into a corresponding train of non-reWerber 
ant Sound representing electrical waves. These 
electrical waves may be fed first through a master 
gain control 23 and then along two parallel paths 
25 and 2, the direct sound representing signals in 
the path 25 being fed to a variable or adjustable 
mixer 29. Non-reverberant sound representing 
Signals Supplied by the microphone or the like 
2 are fed along the path 27 through one or 
more attenuators 3 and thence to an amplifier 
33. The output of the amplifier 33 may be fed 
to one or more amplifiers 35 and thence along 
parallel branches 37, 39 and 4 through power 
amplifiers 43, A5 and 47 to four electro-acousti 
cal transmitters or loudspeaker units 5, 53, 55 
and 57 each forming part of a channel for pro 
ducing reverberant Sound representing electrical 
Waves or Signals. 

In the System of Figure 2, four such channels 
C1, C2, C3, C4 are shown arranged in parallel. 
In the channel C1, the loudspeaker 5 is connected 
by an acoustic line 6 to an acousto-electrical 
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receiver or microphones f. is Similarly in the 
'channels-C2C3 - and 3-C4; the respective loud 
* speakers 53355-3 and 57 are connected to their 
(: -associated-microphones 373;753 and 77 by acous 
7, stic lines: 63,765 and 67.4. The -acoustic lines. 6i, 
$ 63 65 and, 67'may-be-constituted of aluminum 
as pipe - one-inch ini: diameter; thesi pipe. G7 - being 
“approximately 25 feet in length; the pipe 65 being 
- approximately 55 feet in length; the pipe-63 being 

4, approximately 75 feet-in-length and the pipe 6 : 
:-being approximately 110-feet in length. It will 
- be apparent, therefore, that the non-reverberant 
- acoustic signals or sound waves semitted by the 
st several loudspeakers. 5-53,555. and .57 will be 
* conducted to their respectively-associated micro 
* phonesi;3, 75 and iTT and that such waves will 
* reach the several-microphones at a different 
* phase in each channel. Thus, the electrical sig 
Arnals supplied by each of the microphones 7,373, 
"-75 and 77 - to a mixing - circuit or network. 9: 
it will represent reverberant sounds or echo-effects 
of differents phases. : Fhe network.9-may-be of 

5. the type shown in the U. S. patents to Ballard 
2,192,959, or Parisier-2;403;232, for example... Re 
verberant sound representing electrical Waves; or: 

“signals are supplied by -the-mixing network 9 
through an amplifier8 to the mixer 29 where the 
direct and the reverberant "sound representing 

'electrical "waves are mixed-in the desired pro 
portion. The signals supplied by the mixer 29 
may beamplified by suitable' amplifiers 83 and 85 

i- and supplied to a suitable output member. 89, 
* Stich'as a loudspeakers' or the like. 

Fhe several loudspeakers 5 f;53, 55 and 57 and 
the several microphones. 4:373; 75 and TT may 

'-be either identical in type and constructions or 
s" of different-types and constructions, as may-be 
i found-most suitable. Figure. 3 illustrates. one 
“Such unit which may be used either as a loud 
*Speaker or a microphone. This unit is a dynamic 
unit having a magnetic yoke 9 - which supports, 

st centrally, a magnetic polepiece 93, and a mag 
rithetic yoke plate 95 which has a suitable: open 
sing at the-center to provide ian. air-gap. 19. in 

is well known manner. : Within the air-gap 97 is 
2 a voice-coil: 99 carried by a diaphragm Of:flex 
sibly supported for vibration by a centering spider 

i. i.f3, also ini-well known manner. The unit in 
::cludes. ai throatii:05, which is connected to its 
siaSSociated pipe (for example, the pipe. Gi), by a 
... conical connector:6f a which may or may not be 
... an integral part i of the pipei; as may be found 
Ji.most Suitable. : The pipes 6; 63,.65 and .67 may 
3 bei one-inch: diameter; aluminum pipe having a 
'':Wall: thickness...off-approximately, one-thirty 

econd-inch...As mentioned heretofore, the pipe 
lihas a length of the order of 25feet, the pipe 65 

has a length of the order of 55 feet, the pipe, 63 
: has: a length of the order of 75 feet, and the 
;: longest pipe: 6f has a length of the order of 110 
feet. Pipes of these lengths will introduce in the 
channels. C4, C3, C2, C1 time delays of the order 

- of 23, :50, .68 and 100-milliseconds, respectively. 
7. The conical or-tapered pipe portions, such as the 
sportion 6a, may be, approximately 48 inches in 

length. The attenuation characteristics of the 
...four pipes. 61, 63.65,.67, as described above, are 

... .shown in Figure 5., If...desired, suitable equalizers 
may be employed between the input and the out 
put of the amplifier system 35, 43, 45, 47 to com. 
pensate for the greater attenuation at the higher 
frequencies.in the several pipes Sf, 63, 65 and 67. 

It will be apparent, from the foregoing de 
Scription, that the electrical waves or signals 
supplied by the microphone units 7,73, 75 and 

3. T. represent, reverberant sound of... different 
"Alphases by reason of the different-delayS. provided 
is by the pipes. 6363;'65, and 67. Since the sound 
is waves emitted-by the loudspeakers: 5,53,55, and 

; 5.5i are: confined to the Several pipes, high Sound 
pressures may be obtained:... with Small inputs. 
his means: that: the ratio of signal to noise is 

1... very larger.(more than 60:db). Furthermore, the 
... non-linear: distortion...is low because the loud 

10 : Speaker: units, which are usually the principal 
... sources of distortion, ; operate at a very low-level 
it: and, therefore, do not produce any appreciable 
is non-linear distortion. The reason for using four 
i; delay channels, as shown in Fig. 2, is to obtain 

5- Sound components. Which are staggered with re 
; : Spect. to time. Suppose, for example, that an 
is impulse of a train of waves; enters the system. 
: The output consists of, first, the direct sound im 
pulse; a reverberant sound-representing impulse 

20 of a phase corresponding to 25 feet...later due to 
is the 25: foot pipe 67; ; another reverberant sound 
representing impulses of: a .phase which ; corre 
Sponds to 55 feet later, due to the pipe:65; another 
reverber'2nt...Solind: 'representing impulse ; of a 

: phase' which corresponds to 75 feet later by real 
: Son of the pipe. S3; and finally, a reverberant 

i...SOund 'representing impulses; of a phase; which 
s' corresponds to 110 feet-later, due to the length 
of the pipe 6 ?. 

30 the channel. C1, which includes the longest 
* pipe 6;... is, made: part of a negative feedback 
System by connecting. a. portion of the output of 
the mixing network 79: to the samplifiers: :35 

... through a variable:reverberation time controlling 
35 or feedback controllings device fol: (preferably a 

it step-by-step control) and an amplifier: 109. The 
:: negative feedback; system represented by the 
:dash; line. 9; in: Figure 2 feeds sound into the 
pipes.-3, 65 and 67 as well as back to the pipe 6, 
So that, Sound impulses: follow of phases corre 

- Sponding to 135 feet; after the original, direct 
impulse, which enters the system, 165 feet later, 

: -185 feet later; .220-feet later, 245 feet later, etc. 
; : A part: of the components for ; one second rever 
beration. time is shown in Figure. 4. It will be 

- Seen that the reverberant; sound consists of a 
large number of components, there being 40 com 
ponents' per second....Such a large number, of 

... components would-be entirely, impractical in a 
System. Without feedback, whereas the improved 
System described above: makes this, entirely 

... feasible and produces a train of sound which is 

... Supplied by the output member 89 with precisely 
the desired, type; and amount of reverberation. 

... The -step gain control...fot which controls the 
... amount offeedback. may be adjusted to a first 
'position, to cause...the system. to oscillate. The 
Succeeding positions, of the gain control lay 
be such as to set the reverberation time for three 

60 Seconds, two Seconds, one second, and then one 
... half Second. . A system such as described above 
can be housed very, nicely, in a relatively small 
cabinet with the operating knob of the gain con 
trol 7.mounted at some convenient place : on 

65. One Wall of the cabinet. In one construction, the 
entire System including the delay pipes, loud 
Speakers, microphones, amplifiers, mixers, regul 
lated power Supply, etc., was housed in a cabinet 
36 inches wide, 24 inches deep and 78 inches high. 

70 The measured reverberation times of this par 
ticular construction for various Settings of the 
gain controll, is shown in Figure 6. It will be 

- noted, from this figure, that the reverberation 
time for one-half, one. and two-seconds is quite 

75 uniform with respect to frequency. The lower 

5 5 
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reverberation time at the higher frequencies is 
about the same as that obtained in a room. The 
reverberation time with respect to frequency is 
not quite as uniform for the three Second Set 
ting of the gain control OT. This is due to the 
fact that, for this setting, Small variations in 
amplifiers have a great effect. However, neither 
is the reverberation time of a room using a Single 
loudspeaker and microphone uniform With re 
spect to frequency. Hence, the variation in 
reverberation time with frequency at the three 
second setting is not serious. If desired, the 
reyerberation time vs. frequency characteristic 
can be changed to give greater reverberation at 
either the lower or the higher frequencies. For 
the characteristics of Figure 6, the amplifiers 
were adjusted to give the same reverberation time 
for the frequency range from about 100 to about 
2000 cycles per second. 

In Figure 7, there is shown a modified form 
of my improved synthetic reverberation produc 
ing system. It will be noted that, in this system, 
a single loudspeaker unit 5 f is employed. This 
reduces the number of power amplifiers required. 
In place of the pipes 63, 65 and 67, Small bleeder 
pipes 63a, 65a and 67a, which are tapped off from 
the pipe 6f at suitable points spaced along the 
length thereof, are used to feed the microphone 
units 73, 75 and 77, respectively. The pipe 6 
may again be a 110 foot, one-inch diameter, 
aluminum pipe, and the pipes 63a, 65d and 6a, 
which may be one-quarter inch diameter, alumi 
num pipes, are tapped off from the 110 foot pipe 
6 at such points as to provide a 75 foot path 
through the pipe 63a, a 55 foot path through the 
pipe 65a, and a 25-foot path through the pipe 
67a. By Selecting the proper tapping points on 
the pipe 6, the response frequency characteristic 
of all the microphone units 7, 73, 75 and 77 will 
be substantially the same. A fixed attenuator 

may be provided between the two one-stage 
amplifiers represented by the blocks 35 for 
changing the shapes of the reverberation time vs. 
frequency characteristic curves for the purpose 
either of obtaining a uniform reverberation fre 
quency characteristic, or of accentuating either 
the high or low frequency reverberation. The 
direct and reverberant sound mixer 29 of Figure 
2 is omitted in the modification of Figure 7 since 
it is of little or no value in standard broadcast 
practice. The simplified synthetic reverberation 
producing System of Figure 7 can be used as an 
adjunct in the Same way that reverberation 
chambers are now used. With the simplifications 
shown in Figure 7, the number of vacuum tubes 
required is greatly reduced, as is also the amount 
of one-inch pipe required for the delays. With 
these changes, the unit can be housed in a port 
able cabinet of about 40 inches by 34 inches by 18 
inches. 
From the foregoing description, it will be ap 

parent that I have provided an improved syn 
thetic reverberation simulator which is simple 
in construction and which can be used in any 
Surroundings for the indicated purpose. Al 
though I have shown two modifications of my in 
vention, it Will undoubtedly be apparent to those 
skilled in the art that many variations thereof, 
as Well as changes in the particular forms here 
in described, may be made within the spirit of 
my invention. I therefore desire to have it 
understood that the forms of my invention de 
Scribed above are merely for the purpose of ill 
lustration and are not to be taken as limiting. 

5 
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I claim as my invention: 
1. In a synthetic sound reverberation produc 

ing System, means for translating non-rever 
berant Sound waves into non-reverberant sound 
representing electrical signal waves, a plurality 
of sound wave conveying channels for producing 
reverberant Sound representing electrical signal 
Waves, each of Said channels including an electro 
acoustical transmitter, an acousto-electrical re 
ceiver, and an acoustic delay line connecting 
Said transmitter to said receiver for conducting 
to said receiver the sound waves emitted by said 
transmitter, signal Wave conveying means cou 
pling said first named means to each of Said 
transmitters to apply said first named Signal wave 
thereto, a signal wave mixing netWork connected 
to said receivers for combining the reverberant 
Sound representing signal Wave output thereof, 
electrical coupling means including Said mixing 
network and a portion of Said signal wave con 
veying means providing a feedback path between 
said receivers and transmitters for a portion of 
the combined reverberant sound representing 
electrical signal waves from said receivers, and 
gain controlling means for said electrical cou 
pling means for controlling the degree of feedback 
of said last named signal waves and the rever 
beration time of the System. 

2. In a synthetic sound reverberation produc 
ing system, means for translating non-reverber 
ant sound waves into non-reverberant Sound 
representing electrical signal waves, a plurality 
cf sound wave conveying channels for producing 
reverberant sound representing electrical Signal 
waves, each of said channels including an elec 
tro-acoustical transmitter, an acousto-electrical 
receiver, and an acoustic delay line connecting 
said transmitter to said receiver for conducting 
to said receiver the sound waves emitted by Said 
transmitter, the acoustic lines of Said channels 
being each of different length whereby to provide 
an acoustic delay of different magnitude in each 
of said channels, signal Wave amplifier means 
coupling said first named means to each of Said 
transmitters to apply said first named Signal 
waves thereto, a signal wave mixing network 
connected to said receivers for combining the 
reverberant Sound representing Signal Wave out 
put thereof, electrical coupling means including 
said mixing network and a portion of Said Sig 
nal Wave conveying means providing a feedback 
path between said receivers and transmitters for 
a portion of the combined reverberant Sound 
representing electrical signal waves from said re 
ceivers, and gain controlling means for Said elec 
trical coupling means for controlling the degree 
of feedback of Said last named signal waves and 
the reverberation time of the System. 

3. A Synthetic reverberation producing System 
according to claim 2 characterized in that said 
feedback path is a negative feedback path. 

4. A Synthetic reverberation producing system 
according to claim 2 wherein there are four of 
said channels, the acoustic lines of said channels 
being, respectively, of the order of 25 feet, 55 feet, 
75 feet and 110 feet in length. 

5. A Synthetic reverberation producing system 
according to claim 2 wherein said longest acoustic 
line has portions common to the others of said 
lines, and wherein the remainder of each of said 
other lines is constituted by bleeder lines con 
nected to said longest line at spaced points there 
along. 

6. In a synthetic reverberation producing sys 
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tem, means for translating non-reverberant 
sound waves into non-reverberant sound Waves 
representing electrical waves, a plurality of sound 
wave conveying channels for producing reverber 
ant sound representing electrical signal waves, 
each of said channels including an electro 
acoustical transmitter, an acousto-electrical re 
ceiver, and an acoustic delay line connecting 
said transmitter to said receiver for conducting 
to Said receiver Sound Waves emitted by Said 
transmitter, signal Wave conveying means for 
applying to each of said transmitters non-rever 
berant Sound representing electrical signal Waves 
derived from said first named means, said chan 
nels Serving to convert the waves applied to their 
respective transmitters into reverberant sound 
representing electrical signal waves, a mixing 
network connected to said receivers for combin 
ing the reverberant Sound representing electrical 
signal waves Supplied by said receivers, means in- 20 
cluding at least one of Said channels arranged 
to provide a negative feedback path between said 
receivers and transmitters through said mixing 
circuit and at least a part of said signal wave 
conveying means, and output circuit means for 
combining non-reverberant Sound representing 
electrical signal Waves derived from said first 
named means with reverberant sound represent 
ing electrical signal Waves derived from said mix 
ing circuit. 

7. A synthetic reverberation producing system 
according to claim 6 characterized in that the 
acoustic lines of Said channels are all of dif 
ferent length. Whereby to provide an acoustical 
delay of different magnitude in each of said 35 
channels to produce echo simulating effects of 
different phases. 

8. A Synthetic reverberation producing system 

i; 

0. 

15 

10 
according to claim 6 characterized in that the 
acoustic lines of Said channels are all of differ 
ent length whereby to provide an acoustical delay 
of different magnitude in each of said channels 
to thereby produce echo simulating effects of 
different phases, and characterized further in 
that at least the channel having the longest one 
of Said acoustic lines is included in said feedback 
path. 

9. A Synthetic reverberation producing system 
according to claim 6 characterized by the addi 
tion in said feedback path of means Ior con 
trolling the amount of feedback in said path and 
the reverberation time of the system. 

10. A Synthetic reverberation producing sys 
ten according to claim 6 characterized in that 
Said Combining means comprises a variable 
mixer. 

11. In a Synthetic reverberation producing sys 
ten the combination according to claim 6, char 
acterized by the addition of means for selective 
ly controlling the relative amounts of reverber 
ant and non-reverberant Sound representing 
electrical signal waves delivered to said output 

gs circuit means. 
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