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18 Claims. 
This invention relates to the artificial produc 

tion of vocal or other sounds. 
One of the objects of the present invention is 

to provide an arrangement for the synthetic pro 
duction of Speech or similar sounds and partic 
ularly to provide an arrangement of this type in 
which the desired vocal or other sounds may be 
produced by manual operation quite independent 
of any vocal control by the normal vocal mech 
anism of the human body. - 
My prior application Serial No. 47,393, filed 

October 30, 1935, discloses a speech communi 
cation System in which at a transmitting station 
an analyzer is employed to determine the fun 
damental frequency of a speech signal and the 
average power in properly chosen sub-bands of 
frequency, and this information is transmitted 
as control currents to a synthesizer at a receiving 
Station to fashion waves from a local multi-fre 
quency Source into a simulation of the original 
signal. In order to produce at the synthesizer 
a simulation of the signal from the waves sup 
plied from the local source, frequency sub-bands 
of these locally derived waves are selected which 
are, respectively, coextensive with the chosen sub 
bands of the Speech signal and the average power 
in each sub-band of the locally supplied waves 
is varied in accordance with the power in the 
corresponding chosen sub-band of the signal. 
This variation is effected in response to the in 
formation transmitted from the sending end of 
the System regarding the average power in the 
chosen Sub-bands of the signal. 
Two types of frequency spectrum are used alter 

nately in Speech, (1) a continuous spectrum in 
the case of hissing or unvoiced sounds, and (2) 
in the case of voiced sounds a discrete spectrum 
with a variable fundamental and with upper har 
monics always present to a relatively high fre 
quency. Hence, the local source provided at the 
Synthesizer of my prior application, above re 
ferred to, preferably is such that the waves sup 
plied by the local source can have either type of 
Spectrum. The type is determined in response to 
the information transmitted from the sending 
end of the System with regard to the presence 
Or absence of a fundamental frequency compo 
nent in the speech wave and the frequency of 
any such fundamental frequency component. In 
other words, if the fundamental frequency is 
present the discrete spectrum is generated by the 
local source, and if no fundamental frequency is 
present: a continuous spectrum is generated. 
My prior application makes use of the fact that 

one set of parameters can be substituted for an 

(C. 79-) 
other set without any loss of definition so long 
as the number of independent parameters remain 
lunchanged. Any change from this simple ideal 
above mentioned generally leads to a large num 
ber of required parameters, particularly when the 
newly selected ones are not independent. How 
ever, the number of independent variables in 
volved in the production of speech is Small. 
is, the number of movable or variable elements 
Of the vocal System that are controlled aS param 
eters to give the desired speech production and 
are movable or variable substantially independ 
ently of one another by the muscles of the vocal 
System, is Small. In other Words, the number of 
variables or parameters that can be controlled 
Substantially independently in Speech production 
is Small, being of the order of ten. Moreover, for 
each of the physical elements the minimum time 
in which it can go through a complete cycle of 
change in position is not less than one-tenth of 
a second. Consequently, each independent war 
iable has a fundamental frequency of not over 
ten cycles per second while engaged in speech 
production. 

Therefore, the speech defining signals produced 
by the analyzer, and transmitted to the synthe 
sizer of my prior application may be any signals 
derived from Speech Signals providing the de 
rived signals give as many independent variable 
quantities or parameters as the number of inde 
pendent variables involved in the production of 
speech. Furthermore, the chosen parameters 
need not be entirely independent provided their 
number be increased Sufficiently to make up for 
their lack of independence. For example, if the 
original speech band be divided into a Sufficient 
number of Sub-bands the chosen parameters may 
be, as previously stated, merely the average 
amounts of power in the several Sub-bands. 
As will be clear from the foregoing, the system 

of my prior application Serial No. 47,393, in 
cludes a Synthesizer which involves a source of 
oscillations capable of producing either a dis 
crete frequency spectrum for voiced sounds or a 
continuous spectrum for hissing or unvoiced 
Sounds. It also includes a number of control 
channels in which currents are received for effect 
ing a number of controls. One of these controls 
performs two functions. It determines whether 
the oscillation source will generate a discrete 
spectrum or a continuous spectrum, and in the 
former case it determines, in addition, how the 
fundamental frequency of the discrete spectrum 
shall vary in pitch. Other channels are used to 
control the oscillations thus generated in accord 
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ance with the parameters which may be based, 
for example, upon the amounts of anergy in 
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chosen sub-bands of frequency in the voice range. 
In accordance with one form of the present 

invention, instead of receiving the control cur 
rents of these channels from a distant station 
as in my prior application, these control currents 
are generated locally by independent manually 
operated devices, Such as keys, to produce cor 
responding modulations and controlling effects 
upon the locally generated oscillations, thus pro 
ducing speech manually. In the preferred form 
of the invention each key controls apparatus for 
producing only one speech Sound so that the 
operation of the keys in the proper sequence will 
produce the desired speech. 

Before discussing the character of the appa 
ratus controlled by the keys to produce artificial 
speech it is desirable to list the minigaum nume 
ber of separate sounds required to give phonetic 
speech. Eleven vowels may be recognized which 
are given below by key-words rather than pho 
netic symbols, the vowel sounds oeing indicated 
by bold-faced letters: 

See book 
f omit 

Well tal 
fat father 
cool f 

lap 

In the case of the conson 22nts there is 352 in 
portant division as to what her the COESOShant is 
Sustainable or is of the stoy, 33 eXgiosive type. 
There are three gai's of SiC), cognSoiants, as 
follows: w 

Unvoiced Woiced 

The Sustainable consonant Sounds consist of 
six pairs of cognate non-stop consonants and 
five unpaired voice sounds sometimes called 
Semi-vowels. The paired sustainable consonant 
Sounds are shown by the portions of the follow 
ing words indicated by bold-faced letters: 

Unvoiced voiced 

while 
fat. 

we 
wat 
then 
yes 
seal 
are 

thira 
here 
real 
ah. 

The five semi-vowels are the consonants in 
dicated by bold-faced type of the following 
Words: 

* 8. t ring 
" 

This makes a total of thirty-four disferent 
SOunds composed of eleven vowels, si; stop con 
sonants and seventeen sustainable consonants. 
Two of these sounds may be made in other ways, 
namely, y of yes in which y may be in 82de as 3, 
diphthong with the first or y part corresponding 
to the e sound of see of short duration; and the 
wh sound of while which may be made as the h 
sound of here followed by the w sound of wile. 
This reduces the sound list from thirty-four to 
thirty-two. 

8,194,398 
A few of the minor vowel sounds have been 

Omitted from the above list: the first part of the 
vowel diphthong in wear is much like the sound 
of a in fat; the a sound of ask which is some 
times pronounced between the a of fat and the a 
of father; the o Sound of dot which corresponds 
to a short duration of the a sound in father; 
the a sound in again which is not substantially 
different from the u sound of up; and the a 
Sound of chaotic which is not substantially dif 
ferent from the e SOund of Well, 

In addition, it may be mentioned that there 
are nine diphthongs as found in these words: 
late go Wea 
might Ot pOO 
voice here O3 

Since these diphthongs are the combination 
of two vowels in Succession it follows that they 
may be simulated by the Successive production 
of the two individual vowels or special mecha 
nism may be provided for producing these diph 
thongs without recourse to the apparatus pro 
ducing the individual vowels. . 

Ethere are a few other commonly used Sounds 
which have not been specifically listed above. 
Thus, the affricate ch corresponds Substantially 
to the stop consonant t plus the sustainable fric 
ative Sound sh, while its voiced cognate, the j 
Sound of joke, is closely equal to the voiced stop 
Sound of d followed by the sustainable fricative 
of z in azure. x as usually used is a diphthong 
equal to the Sound of k followed by the sound of 
s. The c sound of care is equivalent to the k 
Sound alove listed. The sound of q is generally 
equal to the k sound followed by the w Sound. 

in one form of this invention it is proposed 
to produce the minimum number of thirty-two 
sounds by deriving the proper amplitude-fre 
quency characteristic for each sound from either 
a discrete or continuous frequency spectrum as 
required. Thus, the artificial speech producing 
apparatus of this invention may comprise two 
energy sources, one giving a continuous frequency 
spectrum and the other giving a discrete fre 
quency spectrum. One of these sources (or both 
if required) is connected to thirty-two separate 
equalizing networks, each network having an am 
plitude-frequency output equal to the energy 
distribution of one of the thirty-two sounds de 
sired. Suitable keys or switches, one for each 
phonetic character, may be provided to connect 
to a loud-speaker these equalizers one at a time 
and in any desired succession, whereby artificial 
speech may be produced. 
Instead of having each key connect one of the 

multi-frequency sources to the loud-speaker 
through a special equalizing network individual 
to the sound to be produced to obtain the proper 
energy level for each frequency required in the 
production of a given sound, an alternative form 
of the invention contemplates a phonetic key 
board by means of which the operation of each 
key controls the average energy level in chosen 
Sui-bands of the speech range, the sub-bands 
being Sufficiently great in number that their 
combined effect will give satisfactory artificial 
speech production. 

Referring to the drawings, 
Fig. represents an artificial speech producing 

system in which a separate equalizing network 
is provided for each phonetic sound to be pro 
duced; 

Fig. 2 represents curves showing the ampli 
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A194908s. 
tude-frequency characteristic of the energy 
sources of Fig. 1; 

Figs. 3 to 31, inclusive, are a series of curves 
giving the loss characteristics of the equalizer 
networks of Fig. 1; 

Fig. 32 is a partial view of a key-controlled 
speech producing system in which each key 
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controls movable bars for assigning to each of 
Several speech frequency Sub-bands an average 
energy level required for the simulation of a 
given Sound; 

Fig. 33 is an enlarged view of the key-con 
trolled apparatus of Fig. 32; 

Figs, 34, 34-A and 34-B are detail views of 
Sections of the movable bars of the apparatus 
of Fig. 33; 

Fig. 35 represents an alternative type of cir 
cuit which may be employed for producing the 
unvoiced stop consonants; 

Fig. 36 is an alternative circuit which may be 
employed for producing special sounds sach as 
the affricate consonant ch; m 

Fig. 37 represents an alternative arrangement 
for controlling the frequency of the fundamental 
frequency of the discrete frequency spectrum 
source 

Figs. 38, and 38-A to 38-E illustrate a po 
tentiometer Switching connection which may 
be employed for connecting the equalizer net 
works of Fig. 1 to the loud-speaker; and 

Fig. 39 illustrates a circuit modification of 
Fig. l for throwing on three different Sonds in 
succession by the operation of one keying ar 
rangement. 
Before proceeding with a description of the 

Speech producing System of Fig. it will be 
recalled as previously stated that two different 
types of energy sources are needed for tase are 
tificial production of speech, one having a dis 
crete frequency spectrum, that is, having a cer 
tain fundamental frequency and the upper har 
monics thereof, but with no intermediate fre 
quencies present; the other source having a 
continuous frequency spectrum, that is, one 
containing substantially all the frequencies pres 
ent in the speech frequency range." 
The discrete frequency source 30 of Fig. 1 

may be similar to the multivibrator or relax 
ation OScillator disclosed in my earlier applica 
tion, Serial No. 47,393, and its method of opera 
tion need not be described herein in detail ex 
cept to state that its output supplied by trans 
former 3 comprises a fundamental frequency 
determined by the potentiometer 32, controlled 
by Switch 33, and a large number of the upper 
harmonics of the fundamental frequency, but 
with no intermediate frequencies. Such a dis 
crete frequency pattern source may also be of 
the type disclosed in the copending U. S. appli 
cation to R. R. Riesz, Serial No. 100,291, filed 
September 11, 1936. It will be assumed herein. 
that the amplitude-frequency output of oscil 
lator 30 is that given by curve 35 of Fig. 2 
where output in decibels on a linear scale is 
plotted along the vertical axis while the hori 
ZOntal axis represents the frequency on a 
logarithmic Scale. 
AS in my prior application, the source of a 

continuous frequency spectrum may be ampli 
fied resistance noise as indicated by block 36 
of Fig. 1. Such a source may have an ampli 
tude-frequency characteristic corresponding to 
curve 37 of Fig. 2, indicating that all frequen 
cles lying within the speech range are present 
in equal amplitude. 

3 
Fig. 1 shows thirty-two equalizer networks 

40 to Tf, inclusive, each having an amplitude 
frequency characteristic indicated by one of the 
Curves of Figs, 3 to 31, the reference number in 
parentheses appearing in each equalizer box 
being the identifying number of its character 
istic curve as shown in the series of curves. 
Thus, the uppermost equalizer network 40 has a 
loss characteristic of curve of Fig. 3, the next 
network 4f a loss characteristic in accordance 
with curve 2 of Fig. 4, etc. In these curves of 
Figs. 3 to 31 the ordinates represent transmis 
sion loss in decibels plotted on a linear scale 
while the abscissae represent the frequency 
plotted on a logarithmic scale. 

Networks 40, 4, 42, 46, 4, 49, 50 and 5 are 
connected to receive energy from source 36 hav 
ing a continuous frequency spectrum. Networks 
38, 52, 53 and 54 are connected to receive en 
ergy from both sources 30 and 36 by being con 
nected through amplifier 38 to source 30 and 
connected through amplifier 39 to source 36. 
Amplifiers 38 and 39 may be adjusted to give Zero 
gain and are inserted to prevent the mixing of 
the two sources except for the specified net 
works. The remaining networks are connected 
to receive energy from source 30 which has a 
discrete frequency spectrum, 
Each of the networks by one of the keys 49' 

to is adapted to be connected through a trans 
former 75 to a suitable amplifier 76 whereby the 
depression of any key serves to connect either 
source 30 or source 36 or both to a loud-speaker 
7, the amplitude-frequency characteristic of the 
impressed current depending upon the transmis 
sion characteristic of equalizer network inter 
posed between the source and amplifier 76. 

If the depression of any key 40' to 7' is to 
cause a sound to be produced to simulate a 
voiced or unvoiced portion of a message, it is, of 
course, highly important to design each network 
to have the proper frequency-loss characteristic 
to produce the energy distribution present when 
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the desired sound is spoken. Thus, when key 48' 
is operated to connect network 40 between fre 
quency source 36 and loud-speaker 77, the loud 
speaker emits a sound corresponding to the con 
Sonant p; the closing of key 64’ causes the loud 
speaker to emit the a, sound of fan by connecting 
network G4 between source 30 and loud-speaker 
77; and the closing of key 4 causes the loud 
speaker to emit the sound of t. Hence, the oper 
ation of keys 40', 4', 4' in rapid succession will 
given an accurate simulation of the spoken word 
"pat.' Each equalizer network in Fig. 1 has 
marked thereon a symbol indicating the phonetic 
character of the sound produced by the loud 
speaker when the particular network is connected 
thereto. Hence, the keys o' to 7' may be op 
erated in substantially the same manner as a 
typewriter keyboard except that in this instance 
the result is not printed characters but artifi 
cially produced speech. It is, of course, con 
templated that the systern of Fig. 1 has a prop 
erly designed network for each sound needed to 
produce artificial speech and although it has been 
assumed that Satisfactory speech may be pro 
dulced by the number of networks shown in the 
figure it will be obvious that other networks may 
be added if needed to produce any sounds that 
are not accurately simulated by the network 
shown. 

It will be noted that in Fig. 1 the same network 
characteristic is employed in certain instances to 
produce different sounds. Thus, network 4, 
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having a frequency-loss characteristic of curve 7 
of Fig. 9, is used to produce the consonant sound 
f, when connected to the continuous frequency 
spectrum source 36 while network 52, also having 
the frequency-loss characteristic of curve , sin 
ulates the sound of v. when connected to both 
sources 30 and 36. Network 47, having a char 
acteristic according to curve 8 of Fig. 10, is con 
nected to source 36 for the sound th in thin and 
network 48, having the same frequency charac 
teristic is connected to both sources 30 and 36 to 
give the th sound as in then. Network 5, hav 
ing a transmission characteristic according to 
curve of Fig. 13, simulates the sh sound in ash 
when connected to source 36, while network i?, 
having the same characteristic, gives the z Sourau. 
in azure when connected to both sources 30 and 
36. With these three explanations, each net 
work of Fig. l has a different loss-frequency 
characteristic curve as shown by the curves of 
Figs. 3 to 31, the proper curve for each network 
being indicated by the number in parentheses on 
the box representing the equalizer network. 
When, as indicated above, it is preferred to use 
both sources 30 and 36 in producing artificially 
a given Sound, it may be desirable to obtain an 
output from each of the two sources different in 
amplitude from the output obtained when the 
two sources are used separately. In such a case, 
it may be desirable to employ two equalizer net 
Works, one for each source. 

It is, of course, to be understood that the char 
acteristic curves for the retWorks shown in FigS. 
3 to 31 take into account, the factor shown in Fig. 
2, that the continuous frequency source 36 pre 
sents all frequencies to the networks at the S&Ale 
level, while the discrete frequency spects"). 
Source 3 presents to the network a discrete fre 
quency spectrum with an amplitude decreasing 
with frequency. That is, for example, the rela 
tive output level of each frequency at the output 
teriiniinals of network. 55 is not that represented 
by curve 3 of Fig. 15 but is represented by curve 
3 as modified by curve 35 of Fig. 2. Therefore, 

if one wishes to Secure a visual indicatioxa of the 
relative frequency amplitude at the output of 
network 55 it would be necessary to plot a new 
curve where the ordinate for each frequency is 
the sum of the ordinates for that frequency given 
on curves 3 and 35. The same observation age 
plies to the other network characteristics which 
involve source 3 with its unequal amplitude out 
put at the different frequencies. 

he iOSs in each network 4 to 7, inclusive, is 
also adjusted in conjunction with the frequency 
amplitude characteristic of each frequency source . 
to produce all sounds as if they were being spoken 
at a constant level. This result is attained by 
the iOSS values of the curves shown in FigS. 3 
to 3. 
The thirty-two keys shown in Fig. may, if 

desired, be arranged somewhat in the order of 
a typewriter xeyboard in order to facilitate suff 
ciently rapid operation to produce artificial 
speech at a rate at which normal Speech takes 
place. - 

As previously stated, the pitch of the furida 
mental frequency from Source 30 may be varied at 
will by adjusting potentiometer 32, the switch 33 
for which may be operated, for example, by the 
foot, in order thai, all tigers may be utilized in 
operating keys 45 to a . It will also be fre 
quently desirable to increase the volume of cer 
tain sounds either for short or long periods, and 
this say be done key in antially adjusting the gain 

2,194.298 
of amplifier 76 by the operation of gain control 
key 78. 

It will be apparent that the apparatus of Fig. 1 
enables each frequency required in producing a 
given sound to be present in the proper ampli 
tude relative to the other frequencies present. 
Figs. 32, 33 and 34 provide apparatus in which 
the speech frequency band is divided into a num 
ber of sub-bands, ten, for example, and control 
means are provided to give each Sub-band an 
average energy level whereby the combined en 
ergy levels in all Sub-bands When impressed upon 
a suitable loud-speaker will result in a Satisfac 
tory simulation of Speech. 

Referring first to Fig. 32, we have, as in Fig. 1, 
a continuous frequency spectrum source 36 and 
a discrete frequency spectrum source 30 with a 
key 79 which in its non-operated position makes 
source 36 effective, while in its operated position 
makes source 30 effective. Another key 9 is 
provided which when operated makes both fre 
quency sources simultaneously effective. The 
output from either or both frequency sources is 
supplied to ten band-pass filters 80 to 89, inclu 
sive, which are connected in parallel. The fre 
quency band passed by each filter is shown on 
the drawing and collectively they include all 
frequencies between Zero and 7500 cycles. Across 
the output of each filter. is connected one of the 
potentiometer resistances 90 to 99 to supply to 
the input of an amplifier adjustable amounts 
of the output level from each filter. The leads 
between each potentiometer and the amplifier 

include a series resistance 

any one potentiometer from being affected ad 
versely by the adjustment of any other poten 
tionetter. Each potentiometer 90 to 99 is nor 
23.2iy set to supply no output to amplifier it. 
Ten movable bars 00 to 99, each controlling 
the adjustable contact of one of the potentiom 
eters, are adapted to be moved laterally by a 
traity of Inanually controlled keys 2, each 

key representing a phonetic character. The 
manner in which each key controls the individ 
tia rovement of each of the ten bars 00 to 39 
will be explained later in connection with Figs. 33 
and 34. For example, when that key 2 marked 
S is depressed, each of the bars 00 to 09 is 
moved the proper amount to give such an adjust 
Enent to its potentiometer that each channel 
from the ten band-pass filters Supplies its fre 
gency sub-band at the proper energy level 
which accurately represents the average energy 
level in that Sub-and for the Sound of s when 
the current passed by the filters is obtained 
from the continuous frequency spectrum source 
36. When that key f 2 which is marked "é" is 
depressed, the individual movement imparted to 
each of the bars 00 to 109 results in potentiom 
eter settings such that the frequency sub-band 
passed by each falter is supplied to amplifier O 
at an energy level representing the average en 
ergy level for that sub-band in the spoken vowel 
e of well where the current Supplied to the vari. 
ouis filters is okt2 is led fro: Solarce 39 by actuat 
ing key 79 at the serie titae as the "é' key is 
depressed. 3, similax ranker, the depression 
of he key hailed "it' with the source 36 effective 
results in amplifier receiving from the filters 
each frequency sub-band at the average energy 
level necessary for the simulation of the conso 
nant Sound t. Hence, the actuation of the keys 
s, e, t, in rapid succession with source 36 effec 

of a few 
housand ohms to prevent the output level from 
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result in loud-speaker is emitting sounds simu- ary rod (4 and each key lever is biased to its 
latin the spoken word "set.” 

It is contemplated that the keyboard of Fig. 32 
will bmprise thirty-two keys, one for each of 
the phonetic symbols indicated on the equalizer 
networks of Fig. 1. However, other keys may be 
added, if desired, to secure the simulation of 
still other phonetic sounds needed to simulate speech. Before depressing any key 12, one must 
know of course, whether either key br'. 
should be simultaneously actuated in order to se 
cure turrent from the desired source or sources. 
If a tohtinuous frequency spectrum is needed, 
neither key 79 nor 79 is actuated; if a discrete 
frequehcy spectrum is needed switch 9 is oper 
ated at the same time as the key on the key 
board; if both sources are desired it is necessary 
to operate switch 9. Switches 79 and 79' may 
be foot-operated if desired. They may option 
ally be operated as a single three-position con 
trol by strapping switches 79 to 79 in such a way 
that when switch 79 is pushed some distance be 
yond the point at which source 8 is connected, 
then the contacts of switch '9' will be made. 
The character of the energy source needed for 
each phonetic symbol can be obtained from the 
connections established in Fig. 1. 
The average energy level required in each sub 

band relative to the average energy level in the 
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other nine sub-bands can be readily determined 
by an examination of the curves of Figs. 3 to 31, 
these curves giving the frequency range of im 
portance in the simulation of the designated 
Sound. When any curve of this series does not 
extend over the entire speech range, it will be 
understood to indicate that any frequency sub 
band of Fig. 32 into which the curve does not 
extend means substantially no transmission for 
such a sub-band. Thus, the curve of Fig. 4 for 
it extends only between 2400 cycles and 7000 
cycles, so that all potentiometers of Fig. 32 for 
frequencies below 2400 cycles should be set for 
'no transmission when simulating the consonant 
Sound t. There is one general exception to the 
above observation in that none of the equalizer 
Curves extends below 100 cycles; but for the 
determination of the potentiometer setting for 
band-pass filter 80 it may be assumed that the 
transmission level for frequencies below 100 
Cycles is substantially at the same level as that 
given for a frequency of 100 cycles. i. 

However, the average energy level for eac 
sub-band for each phonetic sound may be readily 
determined experimentally by taking an oscillo 
graph record for each sub-band of each sound 
and determining the respective potentiometer 
Settings for each sound from these oscillograph. 
records. Such oscillograph records will also have 
the advantage of determining the relative start 
ing time for the energy level for each sub-band 
since to represent some sounds accurately the 
energy for certain sub-bands may be applied 
Somewhat later than the energy from other sub 
bands. The apparatus of Fig. 32, as will be de 
Scribed in more detail later, enables the energy 
level of any sub-band to be delayed in its appli 
cation with respect to any other sub-band, and 
also enables the energy in any sub-band to be 
raised slowly or quickly to its maximum level for 
any particular sound. 
The apparatus by means of which the key 

board of Fig. 32 controls the energy level in each 
Sub-band is disclosed more fully in Figs. 33 and 
34. Each key lever 2 of the keyboard com 
prises a long strip of metal pivoted on a station 

so 

upper position by a leaf spring J. Beneath 
the key levers are the ten movable bar 100 to 
f09, inclusive, supported for lateral midvement 
in slots in two stationary supports 6 and ?t 
and each bar is biased by a spring 8 to a posi 
tion to the right in Fig. 33 where a shoulder ffs 
on each bar strikes against stationary sup 
port f. 
Associated with the left end of each of the 

horizontal bars foll to f is a vertically ar 
ranged lever 2, the upper end of which com 
prises a flexible siding contact arm 2 for one 
of the potentiometer resistances. These vertical 
levers 2 are pivoted on a horizontal rod 22 
and by means of springs 23 are biased to main 
tain the lower ends of these vertical levers al 
ways in contact with the left ends of the hori 
Zontal bars f to 9. The arrangement is such 
that in the normal position of the apparatus 
with shoulders 9 against support f all of the 
Spring contacts 2 for the potentiometers are 
in a position to give zero output. 

Each key lever ff2.passes across the horizontal 
bars over a section of each bar individual to the 
particular key lever. Beneath each key lever is 
located a slot in each bar of such a configuration 
that when depressed, the key lever strikes a slop 
ing side wall of the slot in such a manner as 
to produce the desired lateral movement to the 
left of each horizontal bar, it being intended that 
each key lever will be depressed until it strikes 
the bottom of the slot. 

Fig. 34 is a diagrammatic showing of portions 
of the slidable bars to O9 showing the char-. 
acter of the slots beneath those five key levers marked with the phonetic symbolst, e, s, as and p. 
Each key lever is shown in cross-section just 
above each slidable bar, indicating that there is 
normally no contact between the key lever and 
the horizontal bars. The lower edge of each 
key lever is shown at points marked 24 and is 
shown rounded to reduce friction. Each key 
lever may be of a uniform height throughout its 
length although for the sake of reducing the 
Space required for Fig. 34 the cross-section of 
each key lever is shown of reduced height except 
at the top of the figure. - 

It will be recalled that from Fig. 32 horizontal 
bar f00 controls the energy level in the sub-band 
of 0 to 225 cycles; bar controls the band of 
225 to 450 cycles; bar f02 controls the band from 
450 to 700 cycles; bar 03 controls the band 
from 700 to 1000 cycles; bar 4 controls the 
band from 1000 to 1400 cycles; bar os controls 

trols the band from 2000 to 2700 cycles; bar 7 
controls the band from .2700 to 3800 cycles; bar 

Controls the band from 3800 to 5400 cycles; 
s bar 9 controls the band from 5400 to 7500 

cycles. . 

In considering the character of the horizontal 
bars beneath the key lever.marked t it will be 
noted that bars to D5, inclusive, have wide. 
slots with vertical side walls beneath key lever to 
so that when key lever it is fully depressed there 
will be no lateral movement imparted to bars 
to 5, inclusive. Fig. 34-B shows key lever t 
fully depressed and resting against the bottom of 
the slot in each horizontal bar. However, key it 
when depressed will strike the sloping side wall 

6 in bar 6, resulting in a substantial move 
ment of bar G, will strike the side was 37 in 
slot to cause a somewhat greater movement 
of bar than for bar 96, will strike side was 
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38 to move bar 08 a greater distance than bar 
07, and will strike side wall 39 to cause bar f09 

to be moved about the same distance as bar 07. 
In view of the earlier description of Figs. 32 and 
33, it should be apparent that by the depression 
of key t into the described slots in the horizontal 
bars 00 to 09, amplifier to will receive no 
energy in the first six sub-bands from zero cycles 
to 2000 cycles; the amplifier will receive substan 
tial energy in the sub-band from 2000 to 2700 
cycles due to the movement of bar 05; the 
amplifier will receive somewhat greater energy 
in the sub-band between 2700 and 3800 cycles 
due to the movement of bar f C7; the amplifier 
will seceive a still greater amount of energy in 
the sub-band 3800 to 5400 cycles due to the 
greater movement of bar 08; and will receive a 
Smaller annount of energy in the band from 5400 
to 7500 cycles due to the smaller movement of 
bar f09. Therefore, the depression of key lever 
it results in amplifier if C receiving frequencies 
from 2000 to 7500 at relative energy levels which 
Will result in the artificial simulation of the 
SOund t. 

If we consider as another example the slots in 
the horizontal bars for the key lever marked e, 
(as in well), it will be noted that bars SEC to 88, 
inclusive, will be moved to the left varying 
amounts to produce the potentiometer settings 
required for the e sound in well. Horizontal 
lever 09 will not be actuated since for the é 
Sound no energy is required in the sub-band from 
5400 to 7500 cycles. 

Considering in a similar manner the key 
marked s in Fig. 34, it will be noted that the de 
pression of key S will maintain zero potentiometer 
settings for the potentiometers associated with 
bars 00 to O2, inclusive, but will result in vary 
ing amounts of energy being transmitted to ann 
plifier from those frequency sub-band chan 
nels controlled by bars 03 to 09. 
With the slots cut in bars 90 to 9 in the 

manner shown in Fig. 34, it will be apparent 
that the maximum energy level for ai channels 
Will be reached at the same time. E:owever, 
when the oscillograph records of the various sub 
bands of a spoken word are examined it may be 
noted for Some sounds that certain Sai-hards 
reach their maximum level at an earlier time 
than for other sub-bands. 

may be desirable to introduce a tinae. element in 
the setting of potentiometers 90 to 99. The in 
troduction of a varying time element in the 
potentiometer settings may be accomplished, for 
example, by cutting the slots in the manner 
shown in Fig. 34-A, which shows a typical cuta 
ting in the ten horizontal bars 00' to 09" for 
actuation by the key lever marked e, this key 
also being intended to represent the e sound in 
well. The maximum amount of movement of 
each horizontal bar in Fig. 34-A is the same as 
in Fig. 34 for the corresponding channel, but the 
energy in the various channels is applied at dif 
ferent time intervals. Thus, it will be seen from 
Fig. 34-A that bar 05' will be the first one 
moved, followed in a short time interva by bar 
fo6', followed in a short time interval by bars 
f OG', 'C', 02', and 04', followed later by bars 
07' and 08' and followed still later by bar f03'. 

It will also be noted that certain sub-bands, such 
as the one controlled by bar f00', will reach their 
maximum energy level before the maximum en 
ergy is transmitted in other sub-bands, such as 
the sub-band controlled by bar 05'. It may be 

Hence, in order to 
more accurately represent the spoken Soads it 
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also noted that the rate at which the energy in 
any Sub-band is applied can be determilled by 
the steepness of the slope of the side wall slot 
contacted by the key lever when depressed. Bar 
09' is not moved by the depression of key &2. 
Referring again to Fig. 33, it will be noted that 

the movement of any horizontal bar with respect 
to its effect upon the potentiometer setting will 
be amplified by the ratio between the lengths of 
the two arrins of the pivoted members 20 so that 
a Small movement of any horizontal bar means 
a larger movement in the sliding contact on the 
associated potentiometer. In practice, it has 
been found desirable to design the apparatus so 
that the depression of any key lever will give 
any one of twenty to twenty-five different values 
of energy level from any channel including no 
energy at the starting point. 

Referring to Fig. 32, the amplifier O is shown 
in three stages with a switch 4, between the 
first and Second stages to adjust the amplifier 
gain by relatively large steps in order that a 
sudden increase or decrease in loudness can be 
secured for given sounds. Between the second 
and third stages a potentipmeter controlling 
Switch 42 is provided to give a gradual increase 
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or decrease in the loudness of any desired sound. 
As previously stated, the fundamental frequency 
of each voiced sound is controlled by the control 
Switch 33 of relaxation. Oscillator 30. Switches 
33, f4 i, 42 as well as the source determining 
switches 7s and 79' may be made a part of the 
keyboard 2 for operation by the fingers or they 
may be arranged for operation by the foot or 
Sonne other part of the body. 

If desired, the system of Fig. 32 may include 
a delay equalizer network 25 connected in circuit 
With the band-pass filters to compensate for any 
delay distortion present in the filters. 
to be understood that, if desired, amplifier to 
may be connected over a long transmission line 
to the loud-speaker 3, 
The Subdivision of the speech frequency range 

into ten different frequency channels as shown 
in Fig. 32 will generally be found Satisfactory for 
high quality artificial speech production but, if 
desired, the speech range may be divided into 
8, Smaller Or larger number of channels with a 
different distribution of the frequency range be 
tween the channels, in accordance with the prin 
ciples set forth in my Copending application Se 
ria No. 4,393, filed October 30, 1935. 
The various equalizing networks required in 

the artificial speech producing system of Fig. 1 
may be readily constructed in accordance with 
the general principles of network design disclosed, 
for example, in an article by Zobel in the Bell 
System Technical Journal for July 1928, vol. 7, 
No. 3, or as disclosed in one or more of the fol 
lowing United States patents: Stevenson i,606,- 
817 of November 16, 1926; Zobel 1,603,305 of Oc 
tober 19, 1926; and Zobel 1,701,552 of February 
12, 1929. 
Certain possible modifications of the apparatus 

of Fig. will now be described. In Fig. 1 the 
continuous frequency spectrum source for the 
unvoiced stop consonants p, t and k comprises 
amplified resistance noise as modified by certain 
equalizing networks. In Fig. 35 an alternative 
source for these stop consonants is described. 
In Fig. 35 the source comprises a battery 45, the 
circuit for which is closed through a switch 46 
to charge a condenser f47. The discharge of this 
condenser takes place through two resistances 
48 and 49, one in series and one in shunt to 
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control the rate of discharge and then through may be employed for this apparatus as a substi 
a selecting network 5 to give the desired en 
ergy distribution with frequency for the partic 
ular stop consonant to be simulated. The effect 
of the circuit of Fig. 35 is to produce a sudden 
click when the switch 46 is closed, which click, 
however, will have certain frequencies predomi 
nating in it due to the transmission characteristic 
of network 50 as given by curve , 2 or 3 of 
Figs. 3, 4, and 5. 

Fig. 36 is an arrangement which, if desired, 
may be embodied in the artificial speech produc 
ing system of Fig. 1, to produce the africate 
consonant ch. An affricate consists essentially 
of a stop consonant followed by a fricative con 
sonant. Accordingly, the circuit of Fig. 36 has 
two parts; the upper part for producing a stop 
consonant being similar to Fig. 35, while the low 
er part for producing the sustained fricative cons 
sists of a potentiometer arrangement for taking 
the desired amount of energy from a resistance 
noise source and feeding it through a selective 

45 

-button 5. 
is closed for charging condenser 52 in the same 

circuit that will give a proper weighting to the 
different frequency components in the resistance 
noise. Both controls operate from a single push 

In depressing button S a circuit 

manner as in Fig. 35, but immediately thereafter 
the energizing circuit for a relay 58 is closed 
which in pulling up its contact opens the con 
denser charging circuit. The purpose of the re 
lay is to cut of the stop consonant circuit after 
the Sudden click sound has been started. This 
relay 53 should operate very fast and will, of 
course, keep the charging circuit open until the 
push button is restored to normal and again de 
pressed. Accordingly, the condenser fis2 is 
charged and then is effectively removed from the 
circuit thereafter until Such time as key 5, after 
being released, is pressed down again for a sec 
ond production of the desired sound. A third op 
eration resulting from depressing key is is to 
vary the adjustment of potentiometer 54 to sup 
ply a desired amount of energy from the re 
sistance noise source 55 through a selective net 
work 56 to the loud-speaker circuit. 

Fig. 37 illustrates another modification that 
may be made in the artificial speech producing 
System of Fig. 1 or Fig. 32 to provide therein an 
arrangement for producing a sudden pitch drop. 
It has been found from examination of a number 
of oscillograms that the voiced-stop consonants 
b, d and hard g have a pitch about 15 per cent 
lower on the average than do the succeeding 

55 vowel sounds when words are formed. In Fig. 

setting of potentiometer switch S8. 
37 the fundamental frequency of the relaxation 
oscillator 57 is normally obtained by a proper 

But when 
a sudden drop in pitch is desired as above noted, 
key 5 may be operated to remove the short cir 
cuit around resistance 16, thereby producing a 
momentary reduction in the fundamental fre 
quency of the oscillator connected to the equaliz 

- er networks of Fig. 1. - 
In Fig. 1 the keys 40' to 7 are shown as of a 

relatively simple type for quickly establishing or 
disconnecting the connections between one of the 
selective networks and the loud-speaker-1circuit 
but in producing certain sounds artificially it may . 
be desirable to apply the electrical energy from 
the equalizer network by gradual increments un 
til a maximum is reached, after which the en 
ergy level is gradually decreased to zero, possibly 
at a different rate than the rate at which it was 
increased. Fig. 38 discloses a type of key which 

tute for the key 40 in Fig. 1 which serves to con 
nect the selective network 40 to the loud-speaker 
circuit. Connected across the output terminals 
of the selective network 40 is a potentiometer re 
sistance 6, and key 62 when actuated serves 
to impress upon the loud-speaker circuit varying 
amounts of the energy output of network 40. 
Adjacent the free end of spring contact member 
63 of key 62 are a plurality of conductive bars 
65 to 70 connected as shown to different points 

on resistance 6, but in the normal position of 
the key, member 63, is biased to rest against a 
stop 64 not associated with the potentiometer, 
so that the key normally makes, no connection 
between network 40 and the amplifier loud-speak 
er circuit. The normal key position is shown in 
Fig. 38 A. However, when the key 62 is de 
pressed the spring end 63 passes downwardly 
between bars 65 to 68 and a pivoted pawl which 
is spring biased against bar 68 as shown in Fig. 
38-A. During this downward movement spring 
3 successively contacts bars 65, 66, 67, and 

68, as shown in Fig. 38-B, thereby supplying 
increasing amounts of the network output to the 
amplifier circuit. When spring member 63 has 
reached the lower end of its path beyond the 
lower end of pawl fif, the pawl resumes its biased 
position against bar 68, as shown in Fig. 38-C, 
thereby causing spring member 63 in its return 
to normal to travel between pawl 7 and bars 
69 and 70, as shown in Fig. 38 D, thereby con 

tacting bars 69 and 70 successively, after which 
member 63, as shown in Fig. 38-E, rides over 
the upper end of paw and returns to its po 
sition of Fig. 38-A. . Pawl 7 is preferably made 
of insulating material. Therefore, in the down 
ward movement of key f62 the energy from selec 
tive circuit 40 is increased to a maximum value 
in four Successive steps while in returning the 
key to normal the energy level is decreased to 
zero in three successive steps. It is obvious that 
by the use of such a keying arrangement the en 
ergy level from a given equalizer network of Fig. 
1 may be made effective either suddenly or in 
graduated steps, and after reaching a maximum 
value may be reduced to zero level either slowly 
or duickly, as desired. 

Fig. 39 shows a circuit for throwing on three 
different sounds in succession and fading them in 
and out at desired rates and, therefore, repre 
sents a possible addition to Fig. 1 as a special 
means for producing three successive sounds by 

- one keying operation. The arrangement of Fig. 
39 may be found useful in the formation of diph 
thongs or triphthongs or even more complicated 
sounds. The circuit of Fig. 39 is divided into 
three channels, each channel being adapted to 
produce a different sound determined by the 
transmission characteristics of the selective net 
work in each channel. Each of the channels 
from the relaxation Oscillator includes at the out 
put terminals of the equalizer network an ampli 
fier which is normally inoperative due to battery 
f 75 maintaining the grid electrodes at a suff 
ciently negative potential to produce, this result. 
When switch contact 76 (similar to the keying 
arrangement of Fig. 38) is depressed by key 74 
it first makes contact with a conductive segment 
T7 to connect battery 18, through a series re 

sistance 79 in such a manner as to make the 
grids less negative and to permit the amplified 
transmission through amplifier 80 of the tone 
determining output from the associated selective 
network. The rate at which the tone level builds 
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up to a maximum value depends primarily upon 
the value of resistance f 79 while the rate at 
which the tone level decreases to zero after switch 
contact 76 has moved beyond conducting seg 
ment 77 depends primarily upon the value of 
resistance 8 in shunt to condenser 82. While 
two separate resistances 79 and 18 are shown, 
One for build-up and one for discharge of the 
Same condenser, it will be apparent that the cir 
cuit can be increased in complexity to get any 
desired rate of build-up and decay for the bias 
ing voltage from battery 78, 
The key contact f6 next passes to the con 

ductive segment f84 and renders amplifier 83 
Operative in the manner described above to trans 
mit the tone determining currents from the asso 
ciated selective circuit in a manner similar to 
that described for amplifier 80. Subsequently, 
the key contact 76 passes down to conductive 
Segment 85 to render amplifier 86 operative to 
transmit to the loud-speaker circuit the tone de 
termining currents from the selective circuit as 
Sociated with amplifier 86. After leaving con 
ductive segment f85, key contact 76, due to cam 
90, returns to its normal position without con 

tacting with segments 77 and 84, as explained 
in connection with Fig. 38. The opération of 
kev 4, therefore, enables three tones to be 
produced in rapid succession by the actuation of 
a single key lever, and it will be obvious that by 
proper design of the key contacting arrangements 
any amount of blending together of the three 
Sounds may be obtained as by choosing the size 
of the conductive segments f T 7, 84 and 85 with 
respect to the size of the moving contact 76, so 
that, for example, the first tone from amplifier 
8 will be transmitted at the same time as the 

Second tone from amplifier fe3 is building up to 
its maximum value. 
The arrangements described above are intended 

to illustrate the principles underlying the present 
invention which may possess still other embodi 
ments commensurate with the scope of the inven 
tion as defined in the appended claims. 
What is claimed is: 
1. Mechanism for producing phonetic sounds 

represented by a complex wave, comprising means 
for producing a discrete frequency pattern cor 
responding to the frequency distribution of cer. 
tain of said sounds, means for producing a con 
tinuous frequency" pattern corresponding to the 
frequency distribution of other of said sounds, a 
plurality of manually operable members and 
means individual to each member and controlled 
by its member for establishing a relative ampli 
tude level for the various frequencies of one of 
said patterns over the frequency range required 
to define one of the phonetic Scuds to be pro 

6) 

duced, each of said individual means defining the 
variable characteristics of a different phonetic 
Sound. 

2. In a mechanism for producing phonetic 
Sounds represented by a complex Wave, means 

75 

for producing a discrete frequency pattern corn 
responding to the frequency, distribution of cer 
tain of said sounds, means for producing a con 
tinuous frequency pattern corresponding to the 
frequency distribution of other of said sounds, a 
keyboard having a manually operated key individ 
ual to each phonetic sound to be produced, and 
means individual to each key and controlled by its 
key for establishing a relative amplitude level for 
the various frequencies of one of said patterns over 
the frequency range required to define one of 
the phonetic sounds to be produced, each of said 

2,194.298 
individual means defining the variable charac 
teristics of a different phonetic sound. 

3. In a mechanism for producing phonetic 
Sounds represented by a complex wave, a source 
of electric waves having a discrete frequency 
Spectrum representing the frequency distribution 
of certain of said sounds, a source of electric 
Waves having a continuous frequency spectrum 
representing the frequency distribution of other 
of Said Sourids, a plurality of selective networks 
each having an amplitude versus frequency trans 
mission characteristic defining the energy distri 
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bution with frequency of a different one of the 
phonetic Sounds to be produced, a loud-speaker 
and means for Successively connecting said net 
Works between one of said sources and said loud 
Speaker in any desired order. 

4. In a mechanism for producing vocal and 
other sounds represented by a complex wave, a 
Source of electric waves having a discrete fre 
quency spectrum representing the frequency dis 
tribution of certain of said sounds, a source of 
electric waves having a continuous frequency 
Spectrum representing the frequency distribution 
of other of said sounds, a plurality of channels 
adapted to be connected to either of said sources, 
a band-pass filter in each channel whereby each 
channel selectively transmits a different band of 
Speech frequencies, movable members one for 
each channel adapted to be moved to any one 
of a plurality of positions, means individual to 
each channel arid controlled by one of said mem 
bers for controlling the energy level in its respec 
tive channel, a keyboard comprising a plurality 
of keys, each key selectively controlling the move 
ment of a plurality of said members, and means 
common to all of said channels for converting 
the transmitted electric waves into sound waves. 

5. In a mechanism for producing vocal and 
other sounds represented by a complex wave, a 
Source of electric waves having a discrete fre 
quency Spectrum representing the frequency dis 
tribution of certain of said sounds, a source of 
electric waves having a continuous frequency 
Spectrum representing the frequency distribution 
of other of said sounds, a plurality of channels 
adapted to be connected to either of said sources, 
a band-pass filter in each channel whereby each 
channel selectively transmits a different band of 
Speech frequencies, a plurality of movable mem 
bers one for each channel and adapted to assume 
any one of a plurality of positions, a keyboard 
comprising a plurality of manually operated keys, 
each key when operated causing each of said 
members to be selectively actuated to a definite 
predetermined position, means for determining the 
energy level in each channel in accordance with 
the movement of one of said members, and means 
responsive to the energy level in all of said chan 
nels for converting the transmitted electric waves 
into sound waves. 

6. In a mechanism for producing vocal and 
other Sounds represented by a complex Wave, a 
source of electric waves having a discrete fre 
quency spectrum representing the frequency dis 
tribution of certain of said sounds, a source of 
electric waves having a continuous frequency 
spectrum representing the frequency distribu 
tion of other of said sounds, a plurality of chan 
nels adapted to be connected to either of said 
Sources, a band-pass filter in each channel where 
by each channel selectively transmits a different 
band of speech frequencies, a plurality of slotted 
members one for each channel and adapted to 
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2,194,298 
stantially in the same plane, a plurality of key 
levers, each key lever when operated entering 
slots in said members to cause the selective move 
ment of said members, means for determining. 
the energy level in each channel in accordance 
with the movement of one of said members, 
and means responsive to the energy level in all 
of said channels for converting the transmitted 
electric waves into sound waves. 

7. In a mechanism for producing vocal or 
other sounds represented by a complex wave, a 
source of electric waves having a discrete fre 
quency spectrum, a source of electric waves hav 
ing a continuous frequency spectrum, a plurality 
of channels adapted to be connected to either of 
said sources, a band-pass filter in each channel 
whereby each channel selectively transmits a 
different band of speech frequencies, a plurality 
of movable members one for each channel, an 
adjustable potentiometer in each channel con 
trolled by one of said members, a plurality of key 
levers mounted adjacent said members, each key . 
lever representing a different sound to be pro 
duced, each of said members having a slot for 
receiving a portion of each of said levers, each of 
said slots having such a configuration as to cause 
a predetermined movement of certain of said 
members when any one of the levers is operated 
to enter said slots, and means responsive to the 
energy level in all of said channels for converting 
the transmitted electric waves into Sound waves. 

8. In a mechanism for producing vocal or other 
Sounds represented by a complex Wave, a source 
of electric waves having a discrete frequency 
spectrum, a source of electric waves having a 
continuous frequency spectrum, a plurality of 
channels adapted to be connected to either of 
said sources, a band-pass filter in each channel 
whereby each channel selectively transmits a 
different band of speech frequencies, a plurality 
of movable members one for each channel, each 
of said members being biased to a normal po 
sition, means controlled by the movement of 
each of said members for controlling the energy 
level in the channel associated with each mem 
ber, a plurality of manually operated key levers 
mounted adjacent said members, each lever rep 
resenting a different sound to be produced, each 
of said members having a slot for receiving a 
portion of each of said levers when said levers 
are operated, each lever when operated contact 
ing with the side walls of certain of said slots 
to produce movements of certain of said mem 
bers, the side walls of slots individual to one le 
wer having such a configuration that an oper 
ated lever completes the movement of one mem 
ber from its normal position prior to the com 
pletion of the movement of another member 
from its normal position. 

9. In a mechanism for producing vocal or 
other sounds represented by a complex wave, a 
source of electric waves having a discrete fre 
quency spectrum, a source of electric Waves hav 
in a continuous frequency spectrum, a plural 
ity of channels adapted to be connected to either 
of said sources, a band-pass filter in each chan 
nel whereby each channel selectively transmits 
a different band of speech frequencies, a plural 
ity of movable members one for each channel, 
each of said members being biased to a normal 
position, means controlled by the movement of 
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each of said members for controlling the energy 
level in the channel associated with each mem 
ber, a plurality of manually operated key levers 
mounted adjacent said members, each lever rep 

9 
resenting a different sound to be produced, each 
of Said members having a slot for receiving a 
portion of each of said levers when said levers 
are Operated, each lever when Operated contact 
ing with the side walls of certain of said slots to 
produce movements of certain of Said members, 
the side Walls of slots individual to one lever hav 
ing such a configuration that an operated lever 
initiates the movement of one of said members 
from its normal position prior to causing the 
movement of another member from its normal 
position. 

10. In a mechanism for producing vocal and 
other Sounds represented by a complex Wave, a 
multifrequency source having a frequency pat 
tern corresponding to the frequency distribution 
of certain of said Sounds, means for modifying 
the output of said source to establish a relative 
amplitude level for the various frequencies from 
said, source to simulate the energy distribution 
of a desired sound to be produced, a loud-speak 
er, a manually operable member biased to a nor 
mal position, a cam movable with Said member, 
means for causing Said cam to travel along one 
path during the movement of said member to an 
advanced position and to travel along a different 
path during the restoration of said member to 
normal position, spaced contacts contacted by 
said cam during its travel along Said one path, 
spaced contacts contacted by said cam during its 
travel along said different path, and a potenti 
ometer resistance for controlling the amount of 
energy from said source received by said loud 
speaker, said contacts being connected to differ 
ent points on said resistance. 

11. In a mechanism for producing phonetic 
Sounds represented by a complex Wave, a Source 
of eectric waves having a discrete frequency 
spectrum representing the frequency distribution 
of certain of said sounds, a Source of electric 
waves having a continuous frequency spectrum 
representing the frequency distribution of other 
of said sounds, a plurality of selective networks 
each having an amplitude versus frequency 
transmission characteristic defining the energy 
distribution with frequency of a different One of 
the phonetic sounds to be produced, certain of 
said networks being connected to the output of 
said discrete frequency spectrum Source, other 
of said networks being connected to the output 
of said continuous frequency Spectrum Source, 
still other of said networks being connected to 
the output of both of said sources, a loud-speaker 
and means for connecting said networks to Said 
loud-speaker one at a time in any desired Se 
quence. 

12. In a mechanism for producing vocal and 
other sounds represented by a complex Wave, a 
source of electric waves having a discrete Speech 
frequency spectrum, a source of electric waves. 
having a continuous speech frequency spectrum, 
a plurality of channels adapted to be connected 
to either of said sources, a band-pass filter in each 
channel whereby each channel selectively trans 
mits a different band of speech frequencies, a 
keyboard comprising a plurality of manually op 
erated key levers, each lever representing a dif 
ferent sound to be produced, means individual 
to each lever and effective upon the operation 
of a lever for controlling the energy level in each 
channel, Said means giving substantially Zero 
transmission in each channel when no lever is 
operated, said means when one lever is operated 
raising the energy level in one channel to its max 
innum value for the operation of said one lever 
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prior to the time the energy level in another 
channel is raised to its maximum value for said 
lever. 

13. In a mechanism for producing vocal and 
other Sounds represented by a complex wave, a 
Source of electric Waves having a discrete speech 
frequency spectrum, a source of electric waves 
having a continuous speech frequency spectrum, 
a plurality of channels adapted to be connected 
to either of said sources, a band-pass filter in 
each channel whereby each channel selectively 
transmits a different band of speech frequencies, 
a keyboard comprising a plurality of manually 
operated, key levers, each. lever representing a 
different sound to be produced, means individual 
to each lever and effective upon the operation of 
a lever for controlling the energy level in each 
channel, said means giving substantially zero 
energy in each channel when no lever is operatei, 
Said meaths when one lever is operated casing 
the energy level in one channel to increase prior 
to the time that the transmission level in as 
other channel is increased from its normal zero 
energy condition. 

14. In a mechanism for producing vocal and 
other Sounds represented by a compiex Yave, a 
Source of electric waves having a discrete fre 
quency Spectrum, a source of electric Waves hay 
ing a continuous frequency spectrum, a plurality 
of channels adapted to be connected to either 
of said Sources, a band-pass ilter in each chain 
nel whereby each channel selectively transmits 
a different band of speech frequencies, 3.3 out 
put circuit common to all of Said channels, an 
adjustable potentiometer in each channe for 
controlling the amount of energy from each 
channel transmitted to said outpat circuit, means 
for preventing the adjustment of a potentionee 
ter of one channel from adversely affecting the 
desired output from another of said channels, a. 
keyboard comprising a plurality of nanually op 
erated key levers one for each sound to ce pro 
duced, and means individual to each lever for 
controlling the adjustment of all of said poteia. 
tionineters. 

15. A mechanism for producing vocal Gi othe: 
Sounds represented by a cognple: Wave, coice 
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prising a condenser, means for charging and dis 
charging said condenser, and means for control 
ling the relative ampiitudes of the various fre 
quencies effected by the discharging of said con 
denser to correspond to the amplitude pattern 
of the wave to be produced. 

16. A mechanism for producing vocal or other 
Sounds represented by a complex Wave, compris 
ing a condenser, means for charging and dis 
charging said condenser, means for controlling 
the discharging rate of said condenser, and 
means for controlling the relative energy levels 
of the frequencies in the band of frequencies 
generated by the discharging of said condenser 
to define the wave pattern to be produced. 

17. A mechanism for producing vocal or other 
Sounds represented by a COR plex Wave, copris 
ing a condenser, means for charging and dis 
charging said condenser, a source of electric 
waves having a continuous frequency spectrum, 
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means operably aSSociated with the charging and 
discharging means to adjust said Source to Sup 
ply a predetermined amount of continuous fre 
quency energy, and means for controling the 
relative amplitudes of the various frequencies. 
effected by the discharging of the condenser and 
supplied by the source to correspond to the ann 
plitude pattern of the wave to be produced. 

8. A mechanism for producing vocal or other 
sounds represented by a complex Wave, compris 
ing a condenser, means for charging said coin 
denser, electro-magnetic means responsive to the 
charging means for interrupting the charging 
of said condenser and allowing the discharge 
thereof, means for controlling the discharge rate 3 
of said condenser, a source of electric Waves av 
ing a cortinuous frequency spectrum, a poten 
tionetter connected to said source and adjusted by 
said charging means to supply a certain amount 
of continuous frequency energy, and nears for 
controlling the relative energy levels of the fire. 
gue:cies in the bands of frequencies generated 
by &he discharging of said condenser and sp 
pied by said source to define the Wave patters 
to be produced. 
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