
Jan. 11, 1938. A. N. GOLDSMITH 2,105,318 
SYNTHETIC REVERBERATION SYSTEM 

Filed Dec. 6, 1935 4. Sheets-Sheet l 

NVENTOR 
ALFRED N. GOLDSMITH 

Pr)4, 
AITORNEY 

  



2,105,318 A. N. GOLDSMITH 
SYNTHETIC REWERBERATION SYS TEM 

Jan. 11, 1938. 

z '67, 

  

  



2,105,318 A. N. GOLDSMITH 
SYNTHETIC REVERBERATION SYSTEM 

Jan. 11, 1938. 

  



Jan. 11, 1938. A. N. GoLDSMITH 2,105,318 
SYNTHETIC REVERBERATION SYSTEM 

Filed Dec. 6, 1935 4. Sheets-Sheet 4 

NVENTOR 
AFRED N. GOLDSMITH 

or ) Y126C/ 
AfroRNEY 

  



10 

5 

20 

2 5 

30 

40 

55 

Patented Jan. 11, 1938 

UNITED STATES 

Ay Vuv V 

PATENT OFFICE 
2,105,318 

SYNTHETIC REVERBERATION SYSTEM 
Alfred N. Goldsmith, New York, N.Y. 

Application December 6, 1935, Serial No. 53,159 
13 Claims. 

This invention relates to a system for produc 
ing Synthetic reverberation, and has more par 
ticularly to do with electrical apparatus and 
methods of employment thereof in which the 
natural accompaniment of sound broadcasting or 
sound recording in an auditorium having de 
sirable reverberation characteristics may be arti 
ficially simulated when the same sound is pro 
duced in a small chamber or one which is acousti 
cally "dead'; that is to say, non-reverberant. 
One of the major problems of sound broadcast 

ing, sound recording, and sound reproduction is 
the control of the amount and type of reverbera 
tion in the recording or pick-up part of the sys 
tem and also in the reproducing part of the sys 
tem. 
When the pick-up for broadcasting or record 

ing is obtained in a small and acoustically dead 
room, particularly for a musical program, the 
result oftentimes lacks the richness, fullness and 
corresponding emotional appeal that is to be 
desired. It is unfavorably regarded alike by 
skilled musicians and the lay public. 
On the other hand, music recorded in a large 

reverberant room, studio, or auditorium has a 
rounded and spacious quality which is far more 
pleasant. The effect in question is noticeable 
even. with Small orchestras (that is, string trios 
or quartets) and becomes extraordinarily signif 
icant in the case of large brass bands and sym 
phony or theater orchestras. Needless to say, 
satisfactory quality in music, properly rendered 
according to these criteria, is directly translatable 
into box Office receipts in the theater, or audience 
attention and advertiser satisfaction in the case of 
broadcasting. 

Unfortunately the use of adequately large 
studios of the correct reverberation characteris 
tics is both inconvenient and uneconomic, for the 
following reasons. . Large rooms are expensive to 
build and to insulate acoustically from their possi 
bly noisy surroundings (as is generally the case in 
cities). The acoustic characteristics of a large 
room are alterable only to a limited extent, with 
difficulty, and at considerable cost. A rapid and 
controllable change in the acoustics of a large 
room is generally not feasibie, and yet such a 
change is called for when a sudden transition 
between loud music and Soft Speech is needed, 
taking a typical example. 

It has been determined empirically by engineers 
experienced in the broadcasting art that a certain 
studio volume is best adapted for a given number 
of musicians or other artists producing a given 

(C. 179-100,2) 
program. The findings of these engineers are 
set forth in the following table: 

Dimensions (in feet) Approximate E" Bessio height Numher of 
artists Width Length 

'4 15 25 
12 21 33 
30 s 48, 
100 - o 

It will be noted that the considerable studio 
height required, particularly in the two last cases 
given in the table, leads to costly or impracticable 
constructions. . . . 

It is among the objects of my invention: 
1. To provide apparatus for adding to the 

rendition of a program a controllable amount of 
room reverberation, corresponding to a selected 
size of room and a chosen wall material. 

2. To provide a sound pick-up system suitable 
for use in small and inexpensive studios, while 
securing the effect of far larger and more costly 
studios. - \ 

3. To provide apparatus for use in connection 
with sound recording or reproducing equipment 
whereby the acoustics of a theater (having a loud 
speaker amplifying installation) may be simu 
lated by the addition to the original recording of 
a desired and controllable reverberant effect. 4. To provide a recording system comprising 
means for the introduction of reverberation cor 
responding to recording in a room of any de 
sired shape and wall material into a record. 

5. To enable reverberation to be modified elec 
trically so as to simulate the effects correspond 
ing to a moving source of sound in a reverberant 
Space. 

6. To provide a simple form of equipment and 
one which is readily handled with one, two or 
rarely more adjustments corresponding respec 
tively to the apparent room dimensions, the 
acoustic effects of which are to be simulated for 
the addition of a desirable amount and kind of 
reverberation to the non-reverberant record 
where the original pick-up was obtained in a 
room inadequately supplied with reverberant 
characteristics. d 
In carrying out my invention I preferably em 

ploy electrical circuits and synthetic methods for 
the production of reverberation effects corre 
sponding to those naturally obtained in a room 
of any size. In an acoustically dead room brief 
impulses will be heard or recorded followed in 
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stantly by practically complete silence. Suppose, 
however, a replica of the impulse, but of lesser 
amplitude or intensity, is produced by a suitable 
means and that this replica is Sounded (that is, 
produced in the air of the room or on a record) 
after a suitable brief delay corresponding to the 
time of passage of the impulse Sound to an imag 
inary reflecting wall and back to the ear of the 
auditor. The effect of a single echo and a slight 
annount of reverberation is thus obtained. 
ASSune the Sane proceSS to be continued by the 
addition of a number of Suitably time-spaced 
replicas of the original impulse, the replicas hav 
ing controlled and suitably diminishing ampli 
tudes or intensities. The auditor Will then get 
the impression that the original impulse occurred 
in a large reverberant room, the walls of which 
reflected all sound frequencies equally. If, how 
ever, the successive impulse-replicas are modified 
in Wave form (for example, by paSSage of the 
thereto corresponding currents through appro 
priate electrical networks), it is possible to simu 
late reverberation in a room having walls of the 
corresponding selective-frequency reflecting 
characteristics, and thus add to the naturalness 
of the "synthetic reverberation'. The details of 
the procedure described in general terms above 
will further appear in the following descriptions 
and from the illustrative figures. 
The processes in question can be applied to 

simulate the acoustics and reverberation in Small 
auditoriums, in theaters of any size, and even in 
Such complicated structures as domed building 
interiors. A study of the multiple reflection of a 
Sharp impulse in such structures, following by de 
termination of the frequency-selection of the wall 
materials in reflecting sound will yield the neces-. 
sary data for setting the reverberation syn 
thesizer. 
While it is essential to the carrying out of my 

invention that Scientific data should be avail 
able for correlating the acoustic Conditions of an 
auditorium with the various settings of the pick 
ups on the telegraphone wire to be used in the 
process of obtaining reverberation effects, it may 
be helpful to understand that adjustments can 
be made in the apparatus itself under the guid 
ance of the satisfactory quality of the results pro 
duced when varying the controls one way and 
another. It will be borne in mind that in any 
8tditorium, acoustic delays are largely attribut 
able to the three major room dimensions and to 
the velocity of sound waves reflected from the 
four Walls, the floor, and the ceiling. The effect 
in the various tonal frequencies of reflection from 

se Wall surfaces can readily be simulated in the 
corresponding electrical wave filters of my appa 
ratus according to conventional and well known 
theory. The energy losses with successive re 
flections of the sound waves in an auditorium 
may also be simulated by experimentally setting 
the volume controls for the different replica chan 

- iels in my apparatus so as to produce a satis 
factory blending of the original sound wave with 
the delayed replica waves. 

It is reasonable to extend the preceding pro 
cedure from an impulsive sound to a sound of 
any type. Thus it becomes possible to make a 
master record, for example, in an acoustically 
"dead' room and, from this master record, by 
re-recording electrically with the accompanying 
family of controlled reverberations, to produce 
records which seam to correspond to sound re 
corded in a room of larger dimensions and with 
moderate reverberation, or alternatively in a room 

of great dimensions and marked reverberation. 
From such a group of records it is possible to 
select One most appropriate for reproduction in 
a room of specific acoustic characteristics. For 
example, the record containing maximum re 
verberation might well be suitable for reproduc 
tion in the home or a small theater (that is, in 
rooms having limited reverberation). It is pos 
sible to conceive, in other words, of a commercial 
procedure wherein "graded records' are sold, the 
purchaser (with Some assistance, perhapS) select 
ing the record most appropriate for use under the 
conditions in which it will be played. 
In producing such a family of "graded rec 

ords', or indeed in producing a record having any 
desired amount and type of reverberation, it is 
clear that the method of adjusting the reverbera 
tion synthesizer may be on the basis of general 
acoustic theory applied to a room of the desired 
characteristics; or it may be on the basis of ex 
periments made in such rooms and the duplica 
tion of the results obtained therein; or it may 
be on a purely empirical and experimental basis. 
The method selected is without effect on the 
validity and scope of this invention. 

It is possible also to modify reverberation, for 
example in the recording of a sound motion pic 
ture, so as to simulate the effects of notion of the 
source of the recorded sound. Suppose, as a simple 
example, that a speaker is shown passing from a 
Small anteroom into a large audience chamber. 
By changing the reverberation to higher values 
and With nore marked reflection for the lower 
frequencies as the Speaker is seen to pass into 
the large chamber, the effect of the motion will 
be realistically Simulated acoustically. 
In the particular forms of reverberation syn 

thesizer described in detail below, the teleg 
raphone has been shown as a relatively simple, 
inexpensive, and conveniently adjustable form of 
delay device for the production of the successive 
controlled replicas of the original sound which, 
in their totality and in combination with the 
Original Sound, will produce the desired effect. 
Any other of the known forms of acoustic or elec 
tric delay devices may be employed (for example, 
disc or cylinder recorders with multiple repro 
ducer pick-ups, acoustic transmission lines, or 
electric delay circuits) without affecting the scope 
of the invention. The selection of the appropri 
ate multiple delay device will generally be de 
termined by economic considerations, compact 
neSS, and ease of manipulation. 

It may be mentioned that, while it is prefer 
able that the multiple delay device used in the 
reverberation synthesizer should be one which 
produces no undesired acoustic distortion of any 
type (frequency distortion, harmonic distortion), 
yet the requirements in this respect are not so 
rigorous as for a normal precision recorder be 
CBUSe 

(a) the successive reverberation replicas have 
a lower amplitude than the original sound, and 
a greater error in recording can accordingly be 
tolerated. 

(b) the successive reverberation replicas will 
have a deliberately introduced distortion corre 
Sponding to the selective reflection from the walls 
of the apparent recording room, and the delib 
erately introduced distortion can be adjusted with 
due account of and reference to that occurring in 
the multiple-delay device. The nature of these 
procedures will become clearer after considera 
tion of the actual form of the reverberation syn thesizer. 
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(c) in any case, the reflective quality (that is, 

the selective reflection) of the walls is vaguely de 
fined by most people, and therefore some errors 
in the successive reverberation replicas will not 
result too seriously so far as their conjoint effect 
is concerned. It is among the advantages to be derived from 
carrying out my invention, that it is possible to 
give the performing artist in a "dead' studio 
some idea of how the reproduction of his voice 
will sound in a large auditorium. This is accom 
plished by placing near him a directional loud 
speaker pointed at him. The loud speaker is so 
arranged that the directional pick-up micro 
phone does not pick up any substantial portion 
of the speaker output, the methods of so doing 
being well known. The loud speaker in question 
is connected into a portion of the output of the 
reverberation synthesizer circuit. Thus the artist 
hears himself apparently in a reverberant room, 
although he is actually recorded or picked-up in 
a "dead' room. If desired, the artist may use 
ear-phones instead of a loud speaker. 
The details of my invention and the mode of 

operation thereof will best be understood upon. 
reference to the following description when read 
in connection with the accompanying drawings 
in Which Figure 1 shows in perspective a room in which 
is a microphone and an artist whose voice is to 
be broadcast or recorded; 

Fig. 2 shows diagrammatically and convention 
ally certain elements of electrical circuits and 
apparatus which may be used for the synthetic 
production of reverberation effects to be added 
to the original pick-up of a Sound program; 

Figs. 3 and 4 show respectively modified circuit 
diagrams representing embodiments of my in 
vention alternative to that of Fig. 2; and 

Figs. 5, 6 and 7 show a System for adjusting the 
reverberation characteristics of my synthesizer 
for the purpose of simulating the effects that 
would be obtained in rooms of different size. 

Referring first to Fig. 1, I show the outlines 
of a studio room having a floor , a ceiling 2, a 
back wall 3 and side walls 4 and 5. The perspec 
tive is taken from a point of view such that 
nothing would be visible in the studio unless the 
front wall were made transparent. Within the 
studio I show an artist 6 who is presumed to be 
giving a performance before a microphone 7. 
The sound of his voice travels directly to the 
microphone over a path 6, 7. The sound of his 
voice also travels to the floor, the ceiling and the 
four walls, and is reflected back at points such 
as 8, 9, 10, and 2 respectively and thence 
into the microphone 7. The distance travelled 
by the sound waves in each case depends upon 
the positions of the artist and of the micro 
phone with respect to the reflecting points on the 
floor, the ceiling and the walls. The summation 
of the various Sounds thus received by the micro 
phone leads to the reverberation effect in ques 
tion. It should be understood that the description 
herein given is purposely over-Simplified, since 
it neglects a number of reflections of higher or 
ders, reflections resulting from certain oblique 
paths, the effect of the selective reflection of the 
various Surfaces (on the quality of the individual 
reflected Sounds), and the effect of oblique in 
cidence of the reflected sounds on the (generally 
directional) microphonc. However, it is suitable 
for the establishment of the principle that re 
verberation can be simulated by adding to the 
original sound a number of suitably time-delayed, 

3 

amplitude-controlled, and frequency-character 
istic-modified replicas of the original sound; and 
that the closeness of the approximation to actual 
reverberation in a given room will depend on the 
number of such artificially produced replicas and 
their resemblance to the actual individual re 
verberations. For the purposes of this analysis 
and the explanation of my invention, this prin 
ciple is adequate. 

Fig. 2 shows conventionally a circuit diagram 
for a reverberation synthesizer according to a 
preferred embodiment of my invention. Here 
the microphone 7 is shown connected to an am 
plifier 3 having incorporated therein a volume 
control device f4. The output circuit from the 
amplifier 3 feeds energy to a second ampli 
fier f 5 and thence to a mixer 6. Output energy 
from the mixer may then be impressed upon a 
further amplifier 7 and thence to a utilization 
circuit which may include any Sound reproduc 
ing device 75 or sound recorder. Included also 
in the output circuit from the amplifier 3 is a 
plurality of coils, such as 8, 9 and 20 for con 
trolling a registration of the original sounds 
upon a telegraphone apparatus or a plurality of 
the same. For illustrative purposes I have 
shown three telegraphones A, B and C. It is 
well known that if a tempered steel wire is passed 
at a constant velocity past the poles of an elec 
tromagnet it may be variably magnetized so as to 
retain the effects of sound waves variably im 
pressed upon different portions of its length. 
Such a wire I have shown at 2 carried by a 
driving pulley 22 and an idler pulley 23. Similar 
wires 2a and 2b constitute elements of the other 
telegraphones B and C respectively. These teleg 
raphones are controlled by the magnetizing coils 
f9 and 20 respectively. Means (not shown) are 
provided for driving the pulleys 22 at a constant 
Speed. The number of telegraphones to be used 
in any case may be more or less than three 
depending upon the refinements of reverberation 
effects to be obtained. My invention is best illus 
trated, however, by the use of three telegra 
phones merely because they correspond in their 
effects to the reverberation producing character 
istics of the ceiling and floor, the near side walls, 
and the remote side walls respectively. Each 
telegraphone is provided with an erasing coil 24 
supplied with direct current for wiping out the 
magnetization effects of previous recordings be 
fore again being used. 
When the reverberation synthesizer, as shown 

in Fig. 2, is in use, it is to be presumed that the 
microphone has been placed in a room having 
relatively dead reverberation characteristics and 
that reverberation effects are to be introduced 
into the sound reproduction in controlled 
amounts and mixed with the amplified output 
coming directly from the microphone. Hence I 
utilize a portion of the current in the output 
circuit from the amplifier 3 for actuating the 
magnetic coils 8, 9 and 20 so as to store the 
Sound records in the three respective telegra 
phones. The records so stored are then utilized 
by reaction upon a series of coils in which the 
original Sound records are legenerated with dif 
ferent amounts of delay col'responding to the 
time intervals which elapse between the pass 
ing of a given portion of the wire 2 past the coil 
8 and past successive pick-up coils 25, 26, 27, 
28 and 29. Each of the coils 25 to 29 inclusive 
is connected with a mixer device 30, the output 
from which may be impressed upon a frequency 

Device 3 has an output Selective network 3. 
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circuit, which feeds energy to an amplifier 32 and 
thence to the general mixer 6, Similarly the 
telegraphone B comprises the Wire 2a a record 
ing coil 9, and a plurality of pick-up coils 33, 
34, 35, 36 and 37. These last mentioned coils 
are connected to another mixer 38 which feeds 
its energy to a frequency selective network 39 
and thence through an amplifier 40 to the gen 
eral mixer 6. The sane arrangement may 
again be used in connection with the telegra 
phone C which has a recording wire 2 lb, a re 
cording coil 20, and pick-up coils 4f 42, 43, 44 and 
45 connected with a mixer device 46. The out 
put circuit of the latter feeds energy to a fre 
quency selective network 47 and thence through 
an amplifier 48 to the mixer 6. 
The functions of the various coils which are 

connected to the mixers 30, 38 and 46 may be 
explained as follows: The shortest reflected 
sound path between the points of origin of the 
Sound itself and the microphone is that which 
includes the point of reflection 8 on the floor 
of the studio. Coil 25 is, therefore, used to simu 
late the delay effect of the Sound reflected from 
the floor. Coil 26 represents the delay effect of 
the reflection from the ceiling point 9. When 
the Sound travels Over a path Such as to include 
two reflections, as, for example, from the floor 
to the ceiling and thence to the microphone, or 
from the ceiling lo the floor and thence to the 
microphone, the delay incident to its arrival at, 
the microphone may be represented by the posi 
tion of the coil 27. Furthermore, because there 
are two such paths having substantially equal 
length, the number of convolutions in the wind 
ing 2 may be twice as great as those in either 
of the coils 25 and 26, thus doubling the ampli 
tude of this particular replica. The coils 28 and 
29 may be further provided for simulating the 
delay action of Sound Waves reflected back and 
forth batween the floor and the ceiling three and 
four times. The frequency selectors 3A, 39 and 
47 may be designed according to well-known 
theory for simulating the frequency absorptive 
properties of reflecting surfaces in the walls, 
floor and ceiling of an auditorium. 
The telegraphones A, B and C are structurally 

similar, though they may be differently dinnen 
sioned. The function of each telegraphone is 
to supply certain reverberation effects which are 
lacking in the Wave train originally picked up 
by the microphone 7, but which are desired for 
enhancing the quality of reception of a given 
progran, and for simulating the echo effects in 
an auditorium of suitable size. Thus, if teleg 
raphone A is used to simulate the sound wave 
reflections from the floor and ceiling, then teleg 
raphone B may be caused to provide simula 
tions of the sound Wave reflections from the 
front and back walls, While telegraphone C pro 
Wides the simulation of Sound Wave reflections 
from the Side walls 4 and 5. 
The several telegraphonics A, B and C may ba 

mechanically interconnected and driven from a 
common motor, if desired. Furthermore the 
phonic wires 2, 2a, 2b may all be driven at 
the Same velocity, or at different velocities, ac 
cording to preference. In either case the Spac 
ings between the recording coil 8 and each of 
the pick-up coils of tie group 25 to 29 inclusive 
are made as nearly as possible proportional to 
the distances that would be traversed by reflected 
Sound waves in an auditolium having the micro 
phone a given height above the floor' and a ceil 
ing a given height above the microphone. Like 

wise the spacings of the coils 33-37 away from 
the recording coil 9 will preferably be made 
proportional to the distances that would be trav 
ersed by reflected sound waves in the same audi 
torium and from the source of Sound to the re 
flecting points of the two nearer walls and thence 
to the microphone. The same disposition of the 
coils 4 -45 with respect to the recording coil 20 
is to be had on the telegraphone C, that is to 
say, proportionately spaced with respect to the 
distances that would be traversed by reflected 
Sound waves from the source of the Sound to the 
reflecting points on the further Walls and thence 
to the microphone. 

In Fig. 2 the output energies from the respec 
tive mixers 30, 38 and 46 are separately filtered 
through respective frequency selective networks 
3, 39 and 47. These energies are then further 
amplified by passing them through the amplifier 
devices 32, 40 and 48 whence they are applied to 
the mixer 6 where all energies including the 
directly propagated electrical equivalents of the 
Sound Waves and the Synthesized reverberation 
effects are combined, further amplified in the 
device f l and then applied to a utilization de 
vice such as the loud speaker 75. 

Referring to Fig. 3, I show a modification of 
my invention in which the reverberation effects 
due to Single, double, and higher order reflec 
tions are Separately treated in order to obtain 
different frequency response characteristics, 
According to this arrangement it may be possi 
ble to more exactly simulate the wall effects in 
Successive reflections of various orders. The 
coils 25 and 26 are set to pick up the single 
reflections. These are applied to a frequency 
Selective circuit 80. The double reflections are 
picked up on coil 27 and applied to the fre 
quercy selective network 8. The triple and 
quadruple reflections are respectively picked up 
on the coils 28 and 29 and given a similar treat 
ment when passed through the frequency selec 
tive network 82. 
The output energies from the frequency selec 

tive networks are combined in the mixer 3, 
amplified by the network. 32, combined in the de 
vice 6 with energies corresponding to reflec 
tions from other walls as produced by different 
telegraphones B and C (the same as shown in 
Fig. 2), further amplified in the device T and 
utilized in the reproducer 75. 

Still further improvements and refinements in 
the process of synthesizing the reverberation ef 
fects may be obtained according to the modif 
cation of my invention shown in Fig. 4. Accord 
ing to the System therein shown it may be possi 
ble to provide a manifold utilization of each fre 
quency selective network. This is done by intro 
ducing stages of frequency selection intermediate 
between two or more delay operations. Since the 
circuits shown in Fig. 4 are quite different from 
those shown in Fig. 2 or in Fig. 3 the reference 
characters applied in Fig. 4 are not entirely the 
Same as in the other figures. The recording coil 
8 on telegraphone D serves to impress the orig 

inal sound record upon the phonic wire 2d and 
this sound record is picked up at five points 
thereby introducing different delays according to 
the spacings of the coils 5, 52, 53, 54 and 55 
away from coil 8. Coils 5? and 52 represent 
first reflections and are therefore treated by a 
frequency selective network 56, the output energy 
from which is not only impressed upon the mixer 
device 5T but has also in circuit there with a 
recording coil 58 which cooperates with the 
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telegraphone E. The telegraphone E is preferably 
arranged to have two erasing coils 24 where si 
multaneously two records may be made on differ 
ent portions of the wire 2 le. The recording as 
provided by the coil 58 is again picked up on the 
coils 59 and 60 and applied to the frequency 
Selective filter 62a and thence to the mixer de 
vice 6. Since coils 5 and 52 gave two reflec 
tions from say the floor and ceiling respectively, 
the echo effects will be doubled on the upper part 
of the recording Wire 2 le and these echo effects 
will be quadrupled and picked up at different 
points as by the coils 59 and 60. 
The pick-up coil 53 on telegraphone D is in cir 

cuit with its own frequency-selective network 62. 
The reflections of higher orders as picked up on 
the coils 54 and 55 may be applied to a frequency 
Selective network 63. All of these energies are 
then applied to the mixer 57 and thence to the 
general mixer 6 and amplifier 7. 
The telegraphone E is also provided with a re 

cording coil 9 in association with pick-up coils 
64, 65 and 66. Coll 64 has its own frequency 
Selective network 67 while coils 65 and 66 have a 
frequency-selective network 68 common thereto. 
The same process of introducing further delays 
into the output energy from the selective net 
work 67 may be had by applying a portion of this 
energy to a recording coil 69 which is in associa 
tion with the recording wire 2 f of the telegra 
phone F. Another portion of the energy from the 
frequency-selective network 67 is also applied to 
the mixer 6. The telegraphone F also functions 
to introduce certain delays in the pick-up of en 
ergy as recorded on the bottom portion of the 
recording wire 2 f at the coil 20. The pick-up 
from the two simultaneous but different record 
ings on two portions of the telegraphone F is 
obtained by coils TO, 7 and 72, all of which con 
nect with a frequency-selective network 73. The 
output energy from the network 73 may then be 
applied to the amplifier 74 and thence to the gen 
eral mixer 6, the amplifier 7 and the utilization 
device 75, which may be either a reproducer or a 
recorder of any suitable type. If a recorder is 
used, it may be of the disk type, or a wax cylinder, 
or a film. 

It will be understood that Fig. 4 is merely repre 
sentative of a wide variety of combinations of 
frequency-selective networks with arrangements 
for delaying the sound effects so as to simulate 
different echoes from auditoriums of different 
size and having different frequency absorption 
characteristics of the wall materials for giving 
the reflection of sound waves of certain frequency 
Spectra. This figure of the drawings also suggests 
to those skilled in the art other possibilities for 
economizing on the number of frequency selective 
networks to be used, since a single such network 
may serve the manifold purposes of characteriz 
ing a plurality of simulated echo effects. 
When the delayed replica trains of sound im 

pulses are combined with the original train 
through the mixer device f6, the relative ampli 
tudes of each train or each group of trains can 
be controlled by means of separate volume con 
trol devices 4, as shown in Fig. 4. Such volume 
control devices may be used anywhere in the dif 
ferent stages of amplification, as is well known, 
and it is merely in the interest of simplicity of the 
disclosure that they have not been represented 
more generally in the drawings, particularly in 
Figs, 2 and 3. It will be understood, therefore, 
that in order to simulate the natural reverbera 
tion effects to which one is accustomed, the re 

: 
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production of the original wave train will be the 
loudest, and replica trains of the first, second and 
higher orders will preferably be reproduced with 
gradually diminishing intensity. 
Another consideration which deserves mention 

at this point is the correct phasing of the circuits 
for the replica wave trains in relation to each 
other and in relation to the original wave train. 
Obviously if, in the Synthesizing process, the elec 
trical wave generated in any of the pick-up coils 
is not fed to the mixer device in proper phase, 
then the circuit connections may easily be re 
Wel'Sed. 

In Figs. 5, 6 and 7 I show schematically a sug 
gested mechanical arrangement for quickly ad 
justing the positions of the entire multiplicity of 
pick-up coils to be used with the different telegra 
phones So as to Simulate in rapid succession the 
reverberation effects characteristic. of rooms of 
different size. The mechanism has been illus 
trated only with respect to one of the telegra 
phones but it can readily be seen that the mov 
ing parts can all of them be geared together for 
controlling the pick-up coils which are associated 
with the entire group of telegraphones. 

For convenience in illustrating the structure I 
have shown the pick-up coils 25, 26, 27, 28 and 29 
as cooperating with the upper stretch of wire 2?, 
instead of the lower stretch thereof, as shown in 
Fig. 2. However, there are no limitations to be 
imposed upon the carrying out of my invention 
as regards which portion of the telegraphone is 
to be used. 

In the practically designed telegraphone, as is 
Well-known in the art, the recording coils and 
pick-up coils are provided with pole pieces prefer 
ably adapted to at least partially surround the 
Steel Wire on which the record is to be made. The 
constructional features of these pole pieces are 
not within the Scope of my invention and for this 
reason I have not attempted to illustrate them in 
the drawings exactly as they would appear when 
designed for efficient operation. Instead, I have 
merely shown the coils 8 and 25 to 29 inclusive 
in FigS. 6 and 7 as having tapered ends closely-ad 
jacent the recording wire 2. It will be under 
stood, therefore, that any preferred arrangement 
of the pole pieces in cooperation with the record 
ing Wire may be used. 
Each of the coils 25 to 29 inclusive is prefer 

ably supported by a slide rod 85, at one end of 
which is provided a rack 86 adapted to mesh with 
a gear such as 87. The gear 87 also meshes with 
another gear 88 mounted on a shaft 89 at the 
end of which is a crank 90 having a control 
handle 9 f. The shaft 89 carries a plurality of 
gears 88, each having a different diameter. The 
gears 8 vary in diameter inversely as the di 
ameters of the gears 88 with which they mesh. 
The gears 87 are loosely mounted on the shaft 
92, whereas the gears 88 are fixedly mounted on 
the shaft 89. 
In accordance with the arrangement shown in 

Figs. 5, 6 and 7 it will readily be seen that the coils 
25 to 29 inclusive may be variably spaced from 
one to the next simply by turning the crank 
handle 9. For a given angle of rotation of the 
shaft 89 the different slide rods 85 are given 
progressively increasing longitudinal movements 
depending upon the gear ratios of the respective 
pairs of gears 87 and 88. 

If the reverberation effects of a small room are 
to be simulated, it is, of course, to be understood 
that the coils 25 to 29 inclusive must be positioned 
relatively near each other, whereas if the rever 
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8 
beration effects of a large auditorium are to be 
simulated, then the spacing between the cols 
must be increased. The mechanism shown pro 
vides this possibility of adjustment at a moment's 
notice at any time during the rendition of a 
program. 
One of the advantages of the arrangement 

shown in Figs. 5, 6 and 7 is that if it is desired 
to simulate the acoustical conditions which would 
prevail when a performer enters the stage after 
having already commenced his program 'back 
Stage', then at the monent when he makes his 
entrance upon the stage the reflecting properties 
of a room with greater dimensions can be in 
stantly simulated by rotating the crank 9 ? so as 
to extend the delay action of the different rep 
lica trains. 

In order to provide for the possibility of simu 
lating echo effects in rooms of different relative 
dimensions it may be desirable to vary the mesh 
ing of the racks 86 with their respective gears 
87 so that at any one adjustment certain ones of 
the colls 25 to 29 inclusive will be closer together 
than certain ones of the adjacent coils. In order 
to effect this adjustment it is merely necessary to 
disengage any of the racks 86 from their coop 
erating gears 8 by depressing them against the 
resilient springs 93. When so depressed the rack 
86 may be shifted longitudinally into another po 
Sition of engagement with its gear 87, and then 
afterwards released. The relative spacings be 
tween the coils will then be maintained for any 
adjustment of the crank 9. 

It should be further understood that the scope 
of this invention is wide, and includes for ex 
ample, the following instances: 
Use of a reverberation synthesizer between a 

pick-up microphone in a broadcasting studio and 
the control room amplifier. 
Use between a pick-up microphone in broad 

Casting a remote control event and the wire line 
to the transmitting station or a central control 
point, 
Use between the pick-up microphone in sound 

recording and the control room amplifier, at the 
time of recording. 

Use between a film phonograph, in the process 
Of film re-recording, and the re-recorder. 
Use between a recorded film in a film phono 

graph, in theater reproduction of the film, and 
the loud speaker amplifiers or the loud speakers. 

Use between the pick-up and amplifier of a disc 
electric phonograph and the loud speakers. 
Otherwise stated, the reverberation synthesizer 

may be used at practically any point, in a sound 
recording, pick-up, or reproducing system of elec 
trical nature, the selection of the exact point of 
insertion in the system being a matter of eco 
nonics and convenient engineering design and 
handling. 
To those skilled in the art many modifications 

of my invention will suggest themselves in view 
of the foregoing description. My invention, 
therefore, is to be given all that breadth of pro 
tection which the scope of the appended claims 
will permit. 

I claim: 
1. In a Synthetic reverberation producing sys 

tem, means for translating a train of directly 
propagated Sound waves into a train of electrical 
Waves, electrical means for storing the effects of 
the train of electrical waves, means under con 
trol of the stored effects for producing at least 
two unequally delayed replicas of the original 
train of electrical waves, means for accurately 
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adjusting the time constant by which each replica 
train is delayed, thereby to simulate natural 
reverberation effects, means including a mixer 
circuit for obtaining a composite wave train the 
components of which include the original train 
and the replica trains, and means for so con 
trolling the amplitudes of the respective replica 
trains that they are caused to simulate successive 
echo effects in an auditorium. 

2. A system in accordance with claim 1 in 
which the last said means is adapted to inde 
pendently control the amplitude of each com 
ponent of the composite wave train. 

3. A system in accordance with claim 1 and 
having a plurality of primary mixer circuits for 
respectively different groups of replica trains, a 
secondary mixer circuit, and independent fre 
quency selective means interposed in the respec 
tive paths from each primary mixer circuit to 
said Secondary mixer circuit. 

4. In a synthetic reverberation producing sys 
tem, a pick-up device responsive to directly pro 
pagated sound waves, an electrical wave trans 
lating network under control of said pick-up de 
Vice, a plurality of wave train recorders in cir 
cuit with Said network, means under control of 
each recorder for storing and reproducing with 
independently adjustable delay characteristics 
facsimile wave trains, means for variably adjust 
ing the amplitude of each facsimile wave train, 
and mixer means whereby a portion of the out 
put energy from said pick-up device is combined 
with a controlled amount of energy from each 
unit of the facsimile wave train reproducing 
e.S. 

5. In a synthetic reverberation producing sys 
tem, means for immediately translating a rela. 
tively non-reverberant train of directly prof. 
gated Sound waves into a train of electrical waves, 
electro-mechanical means for storing the effects 
of the original train of electrical waves, a plu 
rality of pick-up devices operable concurrently 
with the storing means for initiating further 
trains of electrical waves which simulate echo 
effects of the original wave train, means for com 
bining the waves of the original train with the 
diferent echo-simulating trains, and means for 
controlling the phase relations between the waves 
of the different trains. 

6. A synthetic reverberation producing system 
comprising a microphone operable in surround 
ings which are deficient in reverberant qualities, 
means under control of said microphone for elec 
trically transcribing electrical wave trains corre 
Sponding to a sound wave train introduced into 
said microphone, means for producing a plurality 
of delayed replica wave trains from the effects 
of Said transcribing means, frequency-selective 
means for modifying certain of said replica trains, 
and means for combining the replica trains with 
the electrical wave train which is originated at 
Said microphone. 

7. In a system for the transmission and repro 
duction of Sound effects, a sound pick-up device, 
means under control of the sound pick-up device 
for generating a plurality of echo effects, means 
including gear mechanism having predetermined 
relative movements of different elements thereof 
for adjusting the last said means so as to simulate 
echoes in a chamber of any desired dimensions, 
In eans for combining the resultant echo effects 
With the Original sound effects, and means for 
reproducing the additive combination of sound 
effects. 

8. A Synthetic reverberation producing system 
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comprising, a microphone, an electrical trans 
mission system connected to said microphone, 
recording apparatus operable under control of an 
original wave train generated in said transmis 
sion system, means for producing a plurality of 
delayed electrical wave trains corresponding to 
and immediately following the original Wave 
train, means for combining the delayed wave 
trains in controlled amplitudes with the original 
wave train and means including a manually con 
trolled gear mechanism for varying the time of 
delay of the different trains. 

9. A sound wave Synthesizer for use in connec 
tion. With a source of Sound comprising means 
for converting sound waves into electrical waves, 
nueans operable contemporaneously with the first 
said means for repeating the electrical waves a 
plurality of times, each time with a different de 
lay constant, independent means for variably 
controlling different delay constants so as to 
simulate echo effects in auditoriums of different 
sizes, and means for combining in controlled 
amplitudes the repeated waves and the original 
WaWe. 

10, A synthetic reverberation producing system 
comprising a source of electrical waves corre 
sponding to a train of relatively non-reverberant 
sound waves, means for recording the electrical 
waves, means for repeating the electrical waves 
a plurality of times contemporaneously with the 
recording thereof, each time with a delay con 
stant corresponding to a desired echo effect, 
means for combining the original waves with the 
repeated waves, means for controlling the phase 
relationships between the original and the re 
peated waves, and means for utilizing the re 
Sultant of the combined Waves by Way of sinnulat 
ing the sound effects that would obtain if said 
source of electrical Waves had originally included 
reverberation effects. i 

11. A synthetic reverberation producing system 
comprising a source of electrical waves corre 
sponding to a train of relatively non-reverberant 
sound waves, means for recording the electrical 
waves, means for repeating the electrical waves 

a plurality of times contemporaneously with the 
recording thereof, each time with a delay con 
stant corresponding to a desired echo effect, 
means including a plurality of frequency selec 
tive filters through different ones of which cer 
tain of the repeated waves are respectively passed 
for modifying the tone qualities thereof, means 
for combining the original waves with the re 
peated waves, and means for utilizing the re 
Sultant of the combined waves by Way of simulat 
ing the sound effects that would obtain if said 
Source of electrical waves had originally included 
reverberation effects. 

12. A synthetic reverberation producing system 
comprising a source of electrical waves corre 
sponding to a train of relatively non-leverberant 
Sound Waves, means for recording the electrical 
waves, means for repeating the electrical waves a 
plurality of times contemporaneously with the re 
cording thereof, each time with a delay constant 
corresponding to a desired echo effect, means for 
separately controlling the amplitude of each wave, 
means for combining the original waves with the 
repeated waves, and means for utilizing the re 
Sultant of the combined Waves by Way of simu 
lating the sound effects that would obtain if 
said source of electrical Waves had originally 
included reverberation effects, 

13. A synthetic reverberation producing system 
comprising a source of electrical waves corre 
sponding to a train of relatively non-reverberant 
Sound waves, means for recording the electrical 
waves, means for repeating the electrical waves 
a plurality of times contemporaneously with the 
recording thereof, each time with a delay con 
stant corresponding to a desired echo effect, 
means for adjusting the delay constants to simu 
late echo effects in auditoriums of different size at 
different times, means for combining the original 
waves with the repeated waves, and means for 
utilizing the resultant of the combined waves by 
way of simulating the sound effects that would 
obtain if Said Source of electrical Waves had 
originally included reverberation effects. 

AFRED N. GOOSMTE. 
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