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Patented May 27, 1941 2,243,526 

UNITED STATES PATENT OFFICE 
2,243,526 

PRODUCTION OFART FC A, SPEECE 
Homer W. Dudley, Garden City, N. Y., assignor to 

Bell Telephone Laboratories, Incorporated, New 
York, N.Y., a corporation of New York 
Application March 16, 1940, Serial No. 324,287 

(C. 19-1) Claims. 
The present invention relates to the artificial 

production of speech Or similar sound Waves and 
to such artificial production in connection with a 
system for analyzing speech or similar waves. 
The construction of the artificial speech is pref 
erably carried out under control of the speech 
analyzer. However, the analyzer and the syn 
thesizer may each be used independently of the 
other, if desired. Where the synthesizer is con 
trolled by the speech analyzer the control may be 
local and immediate or separated in time or dis 
tance, as for example, where a record is made of 
the analyzed speech or where the result of the 
analysis is transmitted to a distance over a line 
or other medium. In both the case where rec 
ords are used, or where transmission to a distance 
is used, the frequency range of the waves re 
corded or transmitted may be very much reduced 
in comparison with the frequency range of the 
analyzed speech or of the reconstructed speech. 
My prior Patent 2,151,091, issued March 21, 

1939, discloses a speech communication system in 
which at a transmitting station an analyzer is 
employed to determine the fundamental fre 
quency of a speech signal and the average power 
in properly chosen subbands of frequency, and 
this information is transmitted in the form of 
control currents to a synthesizer at a receiving 
station to reconstruct speech waves from sources 
of energy local to the receiving station. In order 
to produce at the Synthesizer a simulation of the 
signal from the waves supplied from the local 
source, frequency Subbands of these locally de 
rived waves are selected which may be respec 
tively coextensive with the Selected Subbands of 
the speech signal, and the average power in each 
subband of the locally supplied waves is varied 
in accordance with the power in the corresponding 
selected Subband of the signal. This variation is 
effected in response to the information trans 
mitted from the sending end of the System re 
garding the average power in the selected sub 
bands of the signal. 
As disclosed in my prior patent, the analysis of 

the speech waves at the input end of the system 
derives not only an indication of the distribution 
of power among the frequency Subbands for a 
particular sound but also derives an indication 
as to whether a particular sound is a voiced or 
an unvoiced sound and in the case of the former 
derives also an indication of the fundamental 
vocal cord frequency or pitch. The synthesizing 
portion of the system similarly contains a source 
of energy simulating waves produced by the vi 
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bration of the vocal cords (sometimes referred 
to as "buzz") and a source of continuous energy 
spectrum waves simulating the sound of the 
breath in whispering (sometimes referred to as 
“hiss'). The type of waves used in reconstruct 
ing the speech is determined by the presence or 
absence of an indication received from the ana 
lyzer that the sound at a particular instant in 
cludes a fundamental frequency component. If 
the fundamental frequency is present the energy 
source corresponding to voiced sounds (buzz) is 
selected and the pitch is determined by the pitch 
indication received from the analyzer. If no 
fundamental frequency component is present, the 
continuous energy spectrum source (hiss) is se 
lected. 
The waves from whichever source is selected 

are applied to the group of selective circuits in 
the speech synthesizer and the particular selec 
tive circuits employed are controlled from in 
stant to instant in accordance with the indica 
tions received from the analyzer as to the power 
distribution among the frequency Subbands of the 
analyzed speech. In this way the speech is re 
constructed both as to its fundamental pitch 
variations and to its energy frequency distribu 
tion with time. 

In accordance with the present invention, the 
speech or other input waves are analyzed and 
speech is artificially reconstructed under control 
of the analyzed waves so that to this extent the 
invention resembles the disclosure of my prior 
patent referred to. The present invention, how 
ever, employs novel types of analysis and Syn 
thesis and, in general, the manner of analysis 
and also the manner of synthesis are made to 
simulate more closely the human vocal system 
with the object of securing a more faithful re 
production of the speech or similar waves, while 
at the same time retaining or even obtaining to 
a greater degree the advantages of compressed 
frequency band and other transmission advan 
tages of the system disclosed in my prior patent 
referred to. 
The various objects and the features of novelty 

which characterize the present invention will 
appear more fully from the following detailed de 
scription when read in conjunction with the at 
tached drawings showing preferred embodiments. 
In the drawings: 
Figs. 1 and 2 when placed side by side with Fig. 

1 at the left show in the form of a schematic cir 
cuit diagram an analyzer and a synthesizer in ac 
cordance with one form of the invention; 



2 
Figs. 2A and 2B show respectively relays and 

varistors for controlling the connections in the 
synthesizer; 

Fig. 3 shows an analyzer-synthesizer in accord 
ance with the invention similar in general to 
that in Figs, 1 and 2 but with provision for lo 
cating the analyzer at any desired distance from 
the synthesizer and transmitting over the inter 
vening distance the indications necessary to re 
construct the speech waves at the receiver; 

Figs, 4 and 5 show in plan view and section, 
respectively, an alternative relay structure that 
may replace the chain of relays shown in Fig. 1. 

Referring first to Fig. 1, the wave input for 
speech or other sounds to be analyzed is indi 
cated at and this may be a microphone or any 
other type of energy converter for converting 
from sound vibrations, mechanical vibrations or 
light variations into electrical variations. The 
pick-up feeds into a “vogad' 2 (voice operated 
gain adjusting device) for reducing to a con 
stant level, in its output, waves of various levels 
applied to its input and coming from different 
talkers or input sources of different energy levels. 
This vogad may be of the type disclosed in 
Mitchell-Schott Patent 2,019,577, issued Novem 
ber 5, 1935, or in the Hogg et al. Patent 1,853,974, 
issued April 12, 1932, referred to herein. As a 
result of using the vogad, the speech waves in 
pressed on the analyzer are maintained at Con 
stant average level even though the talker vol 
ume at the pick-up f may vary widely. 
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The speech waves on the output side of the . 
vogad pass into three separate branches. The 
uppermost branch leading through amplifier 5 
is the analyzer for the explosive consonants, to 
be described later. The central branch leading 
through band-pass filter is the fundamental 
frequency analyzer branch or pitch control 
branch, to be described later. The lowermost 
branch leading through equalizer 3 or 4 is the 
branch leading to the spectrum analyzer for 
determining the speech frequency subband hav 
ing the predominant power at a particular in 
stant. Equalizer 3 is used if the relay 5 is not 
energized (in a manner to be described) which 
means that the waves present are unvoiced 
waves. If the waves contain vocal cord energy, 
equalizer 4 is substituted for equalizer 3 by the 
fact that relay 5 is energized. The purpose of 
these equalizers will be explained at a later 
point. 
After passing one or the other of the equaliz 

ers, the Waves are applied through repeating coil 
6 to the inputs of narrow band filters of to 06 
which may comprise any suitable number, but 
which in the present description, purely for 
illustration, will be considered to comprise thir 
ty-two such filters, only a few being actually 
shown in the drawings. - 

Each subdividing filter is followed by a recti 
fier R1, R2, etc., which may also contain smooth 
ing elements for enabling the waves transmitted 
by the particular filter to operate a polarized 
relay. There is one such relay for each recti 
fier and filter. For example, filter O and rec 
tifier R1 are connected to relay 07; filter fo2 
and rectifier R2 are connected to relay '08, etc. 
The various relays are paired and the relays of 
a pair Operate in opposition to each other on a 
common armature, such as 09, in the case of 
relays 07 and 08. The construction is such 
that the common armature is attracted in one 
direction or the other depending upon the rela 
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The currents transmitted through all of the sub 
dividing filters "compete' with one another by 
means of a System of pyramidal arrangement 
of the relays in order to establish one and only 
one circuit at a given instant, which circuit de 
termines as a result of the competitive action 
the particular subdividing filter that is trans 
mitting the maximum average power at the 
particular instant of time. Let it be assumed 
by Way of example that at a particular instant 
this filter is filter O. 
Under this assumption, relay 07 predomi 

nates over relay 08 so that armature 0.9 is at 
tracted to its uppermost position and carries 
Spring to with it on account of their mechani 
cal linkage. The springs 109 and D are elec 
trically insulated from each other. As a result 
of this action relay 3 is also energized in par 
allel with relay 07 and resistance f f, the cir 
cuit extending from the output of rectifier R, 
lower conductor, upper contact of armature 
spring fos, resistance it, winding of relay 3 
to ground and back to the opposite terminal of 
rectifier R1. Relay 3 overpowers relay f4 
(under the assumption made above) and causes 
relay 25 to be energized in parallel with relays 
0 and 3 over a circuit extending from the 

high potential end of resistance i, upper closed 
contact of armature spring 5, and winding of 
relay 25. This process continues through the 
other ranks of relays until the final pair of re 
lays 32, 32' is reached. Under the assump 
tion made relay 32 is energized in parallel with 

35 the relays tol, f3, 25 and other corresponding 
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relays in the chain by the extension of the en 
ergizing circuit through the upper contact in 
each case of the armature springs O9, f 5, 27, 
etc. It may be noted that even though other 
relays, such as 9 or 20, were energized simul 
taneously with relays 07 and 08 and in con 
Sequence caused the energization of a relay such 
as 4 in the second rank, this would not inter 
fere with the closure of the contacts, as de 
scribed, of the upper relays of each pair, in view 
of the assumption that a predominant energy 
is transmitted through the filter Of. 
As a result of the foregoing operation a cir 

cuit is closed from ground 34 through the up 
per contact of Spring 33, the corresponding 
upper contact of the upper spring of each of the 
other pairs leading to spring f28, upper closed 
contacts of Springs 28, 6 and 0 to conduc 
tor 35 which leads to a particular contact on 
the interconnecting block 36 of Fig. 2 for the 
purpose of controlling the synthesizer in a man 
ner to be described at a later point. 

If the subband filter 02 had been assumed to 
be carrying the maximum average energy, relay 
08 would have predominated over relay 07, 
and the relays f3, 25 and eventually 32 would 
have been energized as before. This would have 
resulted in the closure of a circuit from ground 
34 through the various closed relay contacts, 
through the lower contact of spring if 0 and to 
conductor 3 instead of conductor 35. Simi 
larly, if subband filter 03 had been assumed to 
be carrying maximum energy, relay 9 would 
have predominated over relay 20, relay 4 
would have predominated over relay 3 with 
the result that a circuit would have been closed 
from ground 34, upper contact of spring 33, 
upper contact of spring 28, lower contact of 
Spring 6, upper contact of spring 32 and con 
ductor f38. These illustrations are sufficient to 

tive current strengths in the individual relays, 73 show that a different one of the thirty-two con 
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ductors in the group of conductors f40 is con 
nected to ground through the chain of relays 
depending on which one of the thirty-two ana 
lyzing filters is carrying the maximum energy at 
a particular instant of time. 
The effect of grounding one or another of 

these conductors is to cause the synthesizer 
shown in Fig. 2 to reconstruct in the outgoing 
circuit shown as loud-speaker a particular 
sound corresponding to the individual sound in 
the analyzer which led to the grounding of the 
particular conductor. The type of synthesizer 
shown in Fig. 2 is substantially the same as that 
disclosed in Fig. 1 of my prior application Serial 
No. 181,275, filed December 23, 1937, of which 
the present application is in part a continuation. 
In the analyzer shown in that application, thir 
ty-two equalizer networks are individually se 
lected by a corresponding number of keys so that 
the output sides of the equalizers are connected 
One at a time to the outgoing circuit leading 
to loud-speaker . In the present disclosure, 
the output circuit leading to the loud-speaker 

is by way of repeating coil 75, one terminal 
of which is connected to each of the thirty-two 
equalizer networks, while the opposite terminal 
of the repeating coil is grounded. The ground 
ing of One of the individual conductors of group 
40 by the analyzer completes a connection from 

the output side of the corresponding equalizer 
networks 40 to 7, inclusive, to the repeating 
coil 5, and therefore, has the same effect as 
closing one of the keys in my prior application 
disclosure. The individual conductors from the 
equalizer networks 40 to 7, inclusive, are brought 
out to a terminal strip 4 which is shown fac 
ing terminal strip 36 on which the individual 
conductors in the group 40 terminate. Suit 
able cross-connections from terminal strips 36 
to 4 are indicated in the figure by dotted lines. 
It is necessary that each conductor in the group 
40 shall be cross-connected to the proper ter 
minal on strip in order to select and con 
nect into the outgoing circuit the proper one 
of the networks 40 to f, inclusive. The use 
of the terminal strips 36 and f4 facilitates 
the proper cross-connection, which can be de 
termined by trial. 
As in my prior application referred to, the in 

put sides of the equalizer networks 40 to 7, in 
clusive, are connected to two sources of waves, 
resistance noise source 36 and relaxation oscil 
lator 30, the latter producing sounds simulating 
the vibrations of the vocal cords. The resist 
tance noise source 36 produces continuous spec 
trum noise corresponding to the hiss above re 
ferred to and may be of the type shown in my 
prior application or the type using a gas-filled 
tube Such as disclosed in my application Serial 
No. 273,429, filed May 13, 1939. These two 
Sources of Wave energy are properly connected 
to the equalizer networks so as to deliver energy 
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my prior application consists in the manner in 
which the individual equalizer networks are 
switched into circuit as above described and the 
manner in which the pitch of the relaxation 
Oscillator 30 and the volume control for the am 
plifier 76 are controlled, as will now be described. 
It will be observed that the resistor 33 in the 
relaxation oscillator 30 is connected by way of 
leads 4 to the output of the pitch control branch 
of Fig. 1 and that the volume controlling or gain 
controlling relay 78' in the input of amplifier 
6 is connected by way of circuit 20 to the ex 

plosive analyzer branch of Fig. 1. 
The pitch control circuit extends from the out 

put of the vogad 2 through band-pass filter 7 
whose pass range may be such as to pass the 
essential or important speech frequencies, for 
example, 50 to 3,000 cycles. This filter selects 
the fundamental voice frequency component and 
a few of the lower harmonics thereof which are 
rectified in the rectifier bridge 8 to derive the 
fundamental frequency component of the speech. 
This is passed through equalizer 9, which as dis 
closed in R. R. Riesz Patent 2,183.248, has its 
loss increasing with frequency so as to insure 
that the fundamental frequency which may vary, 
for example, from about 80 to some 400 cycles, 
comes out at a high power level compared to 
any upper harmonics that may be present. The 
equalizer 9 is connected to frequency measur 
ing circuit 0 which may be of the type shown 
in Fig. 2 of the Riesz patent referred to and 
the function of which is to produce a direct cur 
rent the strength of which varies in proportion 
to the fundamental frequency of the input 
Speech. This is sent through the 25-cycle low 
pass filter 2 and delay circuit 3 to the cir. 
cuit which leads to the relaxation oscillator 
30 of Fig. 2. Variations in the strength of the 
current transmitted over circuit 4 produce var 
iations in the fundamental frequency of the 
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Waves produced in the relaxation oscillator 30 
So that these waves follow the frequency varia 
tions of the vocal cord waves of the talker. The 
delay circuit 3 is included to permit time for 
the Operation of the relays in the analyzer. 
When voiced sounds are present in the pitch 

control circuit they cause the energization of re 
lay 5, since direct current is then impressed on 
the circuit fl. Relay 5 in energizing substitutes 
equalizer 3 for equalizer 4 in the input circuit to 
the analyzer. The design of equalizers 3 and 4 is 
dependent upon the type of filtering used in the 
analyzing. If the analyzing filters are of equal 
band width, for example, equalizer 3 is designed 
to compensate for the falling off of power with 
increase of frequency in the case of voiced sounds, 
with the object of more nearly equalizing the 
amount of energy transmitted through each 

60 

of vocal Cord characteristic to those shaping . 
networks which transmit voiced sounds and to 
connect the output of the continuous spectrum 
noise to those shaping networks which deliver 
unvoiced sounds. In the case of the shaping 
networks which deliver mixed sounds both 
Sources are Connected in parallel through the 
buffer amplifiers 38 and 39. Reference may be 
made to my prior application referred to for a 
more complete disclosure of the construction and 
method of operation of the synthesizer shown 
in Fig. 2 of the present application drawings. 
The principal difference over the disclosure of 
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equalizing filter for the same level of input 
speech. In this case the equalizer 4 might be 
omitted since the frequency energy distribution 
of the unvoiced sounds is nearly uniform. On 
the other hand, if the band width of the analyzer 
filters is chosen on a logarithmic basis, the voiced 
Sounds for normal vocal cord output would give 
nearly uniform power in each filter band, in 
which case the equalizer 3 might be omitted but 
equalizer 4 would be necessary in order to equal 
ize the normal power output of the various filters 
in the case of the unvoiced sounds. Either 
equalizer may be omitted, if desired. 
The uppermost channel of Fig. 1 is the stop 

consonant analyzer and includes an amplifier 5 
for isolating this channel from the other circuits 



4. 
connected across the output terminals of the 
vogad 2. The output of amplifier is is rectified 
at 6 and the rectified output is passed through 
a low-pass filter 7 which passes the band be 
tween 0 and 80 cycles to eliminate the funda 
mental frequency of any voiced sound that may 
be present. A large inductance 8 is shunted 
across the output of filter 7 after which comes 
an amplifier 9, if desired. The design of this cir 
cuit branch is such that when a sudden change 
in the energy level occurs, such as is caused by 
a stop consonant Sound, a sudden change in en 
ergy goes through this branch and builds up a 
potential across inductance 8. This pulse oper 
ates polarized electromagnet 78 (Fig. 2) over cir 
cuit 20, when there is a Sudden drop in the ener 
gy from filter 7 producing an abrupt drop in the 
gain of the amplifier 76 to assist in the recon 
structing of stop consonant sounds in the final. 
output. An increase in energy from filter re 
stores the contact of the electromagnet 8. Sus 
tained energy of average level in the voice waves 
will not produce sufficient potential across the 
inductance 8 to cause the operation of the elec 
tromagnet 78%. 

In the operation of the System as thus far de 
scribed, the speech Waves spoken into the micro 
phone are analyzed in the analyzer into their 
component sounds, this analysis being On the 
basis of the frequency Subband carrying maxi 
mum average power in particular instants of 
time. Corresponding controls are exerted over 
the individual conductors 35, etc., in the group 
of conductors 40 for connecting the outputs of 
selected individual shaping networks 40 to 68, in 
clusive, to the final output circuits 75, 76, T. At 
the same time the input speech is analyzed for 
its fundamental pitch and a variable strength cur 
rent is sent over circuit 4 to the relaxation Os 
cillator 30 to adjust the frequency of this Oscil 
lator to the required value. In the case of the 
explosive consonants, these effect actuation of 
electromagnet 78 over circuit 20 to produce 
abrupt volume changes in the final output circuit. 
It will be understood that for these explosive con 
sonants the proper shaping network 40 to 8, in 
clusive, is also connected in circuit under con 
trol of the analyzer. The speech is in this Way 
reconstructed on the basis of the individual pho 
netic sounds which follow one another in rapid 
succession as in the case of the spoken words at 
the input end of the system. The intonations 
are preserved by the pitch channel and the con 
trol which it exercises. 

It has already been stated that the analyzer 
filters may have different band widths, Such as 
uniform bands or widths that are logarithmical 
ly related. There is, of course, considerable 
choice as to the frequencies to be passed by the 
different band filters. While uniform band width 
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throughout is probably the simplest arrangement, . 
it may be desirable to use wider bands at certain 
portions of the speech band, thus cutting down 
on the number of filters required; or it may be 
advantageous to use level adjustments in the dif 
ferent bands so as to make particular bands more 
sensitive for the sounds that they are supposed to 
select. In general, it is required that each Sound 
have some frequency range where it is the strong 
est. 
There is also wide latitude as to the number of 

sub-dividing filters to use in the analyzer. If 
thirty-two filters are used as disclosed, then five 
ranks of relays are required. If the number of 
filters is between thirty-two and sixty-four, six 
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ranks of relays will be required. It may be noted 
that the relays are not required to operate at ex 
cessively high speed. For example, the resonant 
characteristics of speech vary at the rate of about 
20 per second. It is necessary that the relays op 
erate only sufficiently fast so that the five relay 
operations involved in a single chain occur to 
gether in about a twentieth of a second. 
The vogad circuit 2 should operate over periods 

of time slightly longer than the syllabic periods 
of time. If the vogad operates over shorter pe 
riods of time, it will tend to level out the rise and 
fall of energy corresponding to the stop con 
sonants and thus make the explosive circuit fail 
to operate satisfactorily. Alternatively, the ex 
plosive circuit may be branched off from the in 
put f at a point ahead of the vogad 2, although 
in this case it might be necessary to use a very 
sluggish volume control to correct from one talk 
er level to another. The use of the explosive 
analyzer channel is advantageous, since other 
wise it would be necessary to analyze in the main 
analyzer circuit Sounds of very small time inter 
val. This would require the speeding up of the 
circuits of the main analyzer. The explosive 
analysis should determine such unvoiced sounds 
as p, t, k, as well as the voiced sounds b, d. and g. 
In the modification shown in Fig. 2A, an ar 

rangement is provided for connecting the out 
puts of the shaping networks 40, 4, etc., to the 
outgonig circuit gradually instead of abruptly. 
For this purpose, a number of relays 60, 6t, 
etc., are interposed between the terminal strip 
4 and the various networks 40, 4, etc., each 
relay having an armature slidable over a resist 
ance S2, 63, etc., so as to cut the networks into 
the circuit gradually after the manner of a po 
tentiometer starting from an off-position. If 
desired, solenoid type electromagnets may be 
used with plungers adjusted to a period of opera 
tion as long as desirable. 

In the alternative type of circuit, shown in 
Fig. 2B, varistor circuits are interposed between 
the terminal strip 4 and the various shaping 
networks 40, 4, etc. Each of these may com 
prise copper-oxide rectifiers f64 and 65 and re 
sistances. 66 and 67 connected in the form of 
a bridge with the output conductors from the 
corresponding shaping network, such as 40, con 
nected across one diagonal of the bridge and the 
outgoing circuit leading to repeating coil of the 
bridge connected across the opposite diagonal. 
The bridge is normally balanced so that no trans 
mission into the outgoing circuit takes place. 
When ground is placed on one of the conductors 
On the terminal strip 4 from the distant an 
alyzer, a circuit is established for the flow of 
direct current from battery 68 so as to polarize 
the copper-oxide rectifiers and so change the re 
sistance of the two variable arms of the bridge 
as to unbalance the bridge and permit waves 
from the output of the shaping network, such as 
40, to flow into the outgoing circuit through re 
peating coil 5. This action may be slowed up 
to the desired extent by the use of shunt capacity 
69 and series inductance 70. The condenser 

f is a stopping condenser. It is understood 
that there would be one of these varistor-bridge 
circuits for each of the shaping networks 40, 
4, etc. 

Fig 3 illustrates how the analyzing and syn 
thesizing circuits, shown in Figs. 1 and 2, may be 
used at opposite ends of a long transmission cir 
cuit of any desired length where it would be im 
practical to extend the group of conductors 40 
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to such a distance. Only so much of the ap 
paratus is shown in Fig. 3 as is necessary to an 
understanding of the method of transmission in 
view of the more detailed description given above 
of Figs. 1 and 2 for the features not disclosed 
in Fig. 3. 
In Fig. 3 the analyzer is shown at the left cOn 

nected by means of the long transmission line 
50 to the synthesizer shown at the right. The 

showing of the long line 50 is intended to be 
quite general and to include not only a trans 

5 

O 

mission line but a carrier or a radio channel or 
any other type of transmission medium or chan 
nel. The principal modification made in the 
analyzer is in the inclusion of alternating voltage 
sources 45, 46, etc., in the switching circuits of 
the analyzing relays. Each of these generators 
produces a different frequency Wave which may 
have any convenient values either within the 
speech range or below the speech range pr above 
the speech range; but from the standpoint of 
frequency compression and conservation of band 
width these frequencies are preferably quite low 
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and may all lie below. Some moderate, frequency 
such as 500 or 600 cycles. It will be observed 
that the arrangement is such that a different one 
of these alternating voltage Sources has its Out 
put circuit established by the operation of the 
analyzer relays so that a wave of a different fre 
quency is transmitted to line for each analyzed 
sound. For example, in the figure, if the relay 
springs O, 6, 28 and 33 are all closed on 
their upper contacts, a circuit is established which 
includes source 45, each of the relay contacts 
mentioned in series and repeating coil 44 so 
that a wave of the frequency of the source 45 
is transmitted over the branch 49 to the line 
50... If the relay operation were the same ex 

cept that relay spring 0 had closed its lower 
most contact, a wave from source 46 Would have 
been sent to line; and so on for the other Wave 
SOCeS. 
The stop consonant circuit has also been modi 

fied to provide a relay 2 connected across the 
output of amplifier 9 (see Fig. 1) so that this 
relay is energized by explosive consonant sounds 
when there is a Sudden energy level drop and 
Connects alternating Wave source 22 to the out 
going line circuit. The pitch control circuit 
may be the same as in Fig. 1, its output circuit 

extending to the sending terminal of the chan 
nel 50. 

Referring to the receiving end of the channel 
50, a number of tuned circuits 5, 52, etc., 

are connected across the line, each selective of a 
different one of the waves from the generators 
f45, f46, etc. Following each of these tuned cir 
cuits is a detector such as 53 for detecting the 
received alternating current wave and operating 
an individual relay such as 54. For example, if 
the analyzed sound at the distant terminalis such 
as to select wave source 45, it may be assumed 
that relay 54 responds and connects the output 
of the shaping network 68 to the repeating coil 
75 leading to the final output. Similarly, each 
of the other wave sources in the analyzer will 
actuate a different relay in the synthesizer, 
The pitch control is carried Out in the Syn 

thesizer as in the case of Figs, 1 and 2 by the 
control currents transmitted through the 25 
cycle low-pass filter 55, which current is im 
pressed across the resistance 33' and controls 
the frequency of the oscillator 30. - 
The receiving end of the stop consonant or 

explosive channel. is connected to tuned circuit 
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56 and detector 51 which are selective of the 

wave from source 22, so that when relay 2 at 
the transmitter is energized the electromagnet. 
78 at the receiver is also energized and causes 
an abrupt drop in the gain of the amplifier 6. 
The remaining portions of the synthesizer cir 
cuit may be recognized by the reference numer 
als which are the same as those used on Fig. 2. 

It will be understood that in the case of a ra 
dio or carrier channel at 50, a modulator of 
the usual type will be necessary at the sending 
end and a demodulator at the receiving end in 
accordance with standard practice. The free 
quencies of the wave generators 45, 46, etc., 
and also that of the alternator 22 must be chosen 
so as not to interfere with each other or with 
the pitch channel which uses frequencies between 
0 and 25 cycles. 

Figs. 4 and 5 disclose a multicontact type of 
relay which may replace all of the relays foll 
lowing the filters 0 to 06, inclusive, in the 
analyzer circuit of Fig. 1. This multicontact re 
lay comprises a shell of iron or other magnetic 
material containing, for example, thirty-two 
pole-pieces 2, 3, etc., projecting in Wardly 
from the rim. Each pole-piece has mounted on 
it a winding connected to the output of a re 
spective one of the rectifiers R1, R2, etc. A flexi 
ble brush or contact member is carried On a 
centrally mounted magnetic member 74 which 
is resiliently mounted to occupy normally a ten 
tral position but to be moved in any radial di 
rection under control of the magnetic field set 
up by the flux in the various pole-pieces as a re 
sult of current flow through the coils mounted 
on the pole-pieces. As the flexibly mounted con 
tact member 4 is moved in a radial direction, 
after a small extent of travel, it makes contact 
with fixed contact plates mounted in a spheri 
cal surface 75 within the circular space bounded 
by the pole-pieces. In the form shown in Fig. 4, 
there are thirty-two separate contacts arranged 
around the member 74. For any given sound 
there will be a maximum attraction in some ra 
dial direction which may be due to current in 
one of the pole-pieces f2 or the resultant due to 
currents in a group of Windings on these pole 
pieces. In either case, the member 74 will take 
up an angular position corresponding to the 
maximum magnetic attraction and will close a 
single One of the contacts in the surface 75 re 
sulting in the grounding of an individual one of 
the lines such as 35, 3, etc., in the group of 
conductors 60. This will have the same kind 
of effect as the operation of a chain of relays in 
Fig. 1 resulting in the grounding of one of the 
conductors in the group 40. The type of mull 
tiple contact relay shown in Figs 4 and 5 per 
mits a large number of circuits to be readily con 
trolled. For example, with the circumference of 
the surface f 5 divided into thirty-two parts 
and each of these parts divided in three sec 
tions in a radial direction corresponding to three 
different magnitudes of attractive force, a total 
of ninety-six different contacts may be provided. 
If this is more than needed in a particular case, 
neighboring contacts may be multipled together. 
What is claimed is: 
1. In a speech producing system a plurality of 

formant circuits corresponding to individual 
phonetic characters, a common output circuit 
adapted for connection to the output sides of 
said formant circuits, means to impress wave 
energy covering the frequency range of the sound 
effects to be produced connected to the input 
sides of said formant circuits, a speech analyzer 

  



6 
for analyzing applied speech waves to determine 
their component sounds in consecutive time in 
tervals, and means controlled by said analyzer 
for selectively controlling connection of said 

2,248,526 
indications produced by said analyzer for artifi 
cially constructing speech sounds. 

5. The combination claimed in claim 4 in 
which said analyzer comprises a plurality of nar 

formant circuits individually to said common 5 row-band filters and relays interconnected to 
output circuit in accordance with said analyzed 
Sounds. 8. 

2. In a speech producing system a plurality of 
formant circuits corresponding to individual 
phonetic characters, an output circuit for speech 
representing waves, input energy means for Suv 
plying energy to said formant circuits, individual 
control circuits for selectively connecting said 
formant circuits in circuit with said input energy 
means and said output circuit, and a speech 
analyzer for actuating said control circuits, com 
prising means for detecting the subdivision of the 
input speech spectrum that is carrying maximum 
power. 

3. In a speech producing system, a source of 
voiced waves and a source of unvoiced Waves, an 
output circuit for speech-representing Waves, a 
plurality of frequency selective circuits adapted 
to be variably controlled for selectively passing 
waves of particular frequencies from said Sources 
to said output circuit, a speech analyzer for Wari 
bly controlling said selective circuits on the basis 
of the existence of predominant speech energy 
in a different part of the speech frequency band 
for each component sound, said analyzer includ 
ing means for determining from instant to in 
stant the part of the speech frequency band con 
taining Such predominant energy. 

4. In speech analysis and reconstruction, an 
analyzer for producing a separate indication for 
each principal component Sound of impressed 
speech comprising a plurality of frequency Se 
lective circuits and detecting means for indi 
cating which component frequencies carry great 
est power at a particular instant, a synthesizer 
including means for generating Waves in the 
speech frequency range, wave modifying means 
for producing from said waves the elemental 
speech Sounds, and means for controlling said 
wave modifying means in accordance with Said 
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operate differentially in accordance with the rel 
ative amounts of power in the waves transmitted 
through the different filters, said relays closing 
a different circuit for each principal component 
Sound. 

6. The combination claimed in claim 4 in 
which said analyzer comprises a plurality of nar 
row-band filters each followed by a detector, a 
relay structure having a common magnetic core 
structure with a plurality of poles arranged in 
a circle and projecting radially inward, a wind 
ing on each pole connected in the Output of a 
respective detector, a common armature restlin 
ently constrained to neutral position but adapted 
to be moved in different angular directions by 
the conjoint attraction of said poles, a plurality 
of circularly arranged contacts positioned to be 
selectively closed one at a time by said armature 
and control circuits controlled individually by 
said contacts. 

7. An analyzer-Synthesizer for speech or simi 
lar Waves comprising a plurality of frequency se 
lective circuits and differentially operating re 
lays for determining in successive time intervals 
the portion of the speech frequency band in which 
the energy predominates, a plurality of formant 
circuits corresponding in number to the phonetic 
characters of the speech to be synthesized, energy 
Sources of frequencies covering the frequency 
range of the speech to be synthesized, means 
supplying energy from said sources to said 
formant circuits, an outgoing circuit common to 
said formant circuits, and means controlled by 
said analyzer for selectively connecting said 
formant circuits individually to said outgoing 
circuit in accordance with the particular por 
tion of the frequency band of the analyzed speech 
in which the energy predominates. 

HOMER w. DUDLEY. 

  


