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modulating each of them on a separate carrier fre

SPEECH COMPONENT CODED MULTIPLEX

quency. In my prior application disclosure and also in
the Lundstrom-Schimpf disclosure this is done by fre

CARRIER WAVETRANSMISSION ,

The present invention relates to "multiplex carrier

quency modulating a series of carrier waves of different

transmission using frequency modulation in the individ~

normal frequencies in modulators 7, 8 and 9. These

ual channels, and in particular to improving the relative

waves may have any suitable frequencies, such as in the

frequency stability of these channels.

neighborhood of 1,000 to 3,000 cycles using preferably
large swings'of frequency amounting to several per cent

'

Although in its broader aspects the invention may be
practised with‘ various types of multiplex signaling sys
tems, it will be disclosed herein as embodied in a tele

each way from their mean frequencies. Because of the
use of the stepped waves and of reentry in coding and

phone system using a system for analyzing and synthe
sizing speech of the type generally disclosed and

decoding the signals, it is necessary to provide a high
degree of accuracy in the modulation steps, such as an

claimed in H. W. Dudley U.S. Pat. No. 2,151,091 pa
tented Mar. 21, 1939 but in which, for purposes of
secrecy, signal distoring circuits are used in the individ
ual channels into which the speech has been analyzed.
The disclosure further shows how in accordance with a

accuracy of one carrier wave cycle, for example.
‘ Considerable dif?culty has been found in practice in

meeting this requirement as to accuracy. The present

invention has, however, enabled the required degree of
accuracy to be realized by using frequency modulators

feature of the invention these channels as a group can
be transmitted over long links such as transoceanic

of one type all operating at the same mean fequency

and then stepping the frequencies of the modulated
radio links with maintenance of precise frequency rela 20 waves to desired frequency levels by amplitude modu
tions in the signal components throughout the entire
lation of ?xed carrier frequencies.
system.

Accordingly, the frequency modulators 7, 8, 9 are of

’

The various objects and features of the invention will
identical type and operate at the same mean frequency
appear more fully from the following detailed descrip
f. The modulated frequency bands are fed into ampli
tion in connection with the accompanying drawing in 25 tude modulators 10, 11 and 12, respectively, where
which:

they are-shifted to different frequency positions indi
cated as P, if, F2 if and F,l i f. The F1, F2 and F,,
frequencies are supplied from a very accurately con

FIG. 1 shows in single line block schematic diagram
a radio transmitting terminal; and
FIG. 2 a radio receiving terminal, in accordance with
the invention.

trolled base frequency source 13, such as a crystal
30

controlled oscillator, temperature compensated where

Referring to FIG. 1, speech waves from microphone

necessary, followed by a harmonic generator 14 the

1 or other input source are ?rst analyzed to derive a

output of which leads through selecting ?lters 15, 16
and 17 to the modulators l0, l1 and 12, respectively.

pitch-de?ning current and a number (such as ten) of

spectrum-de?ning currents, the former being some

Alternatively, these harmonics may be supplied as a
times referred to as frequency pattern and the latter as 35 group to separate oscillators connected to respective
amplitude pattern currents. There may be more than
modulators 10, etc., such as to hold the nominal fre
one pitch channel and any number of spectrum chan
quencies of these oscillators accurately in step with the

nels. In this ?gure for illustration a single pitch channel
harmonic frequencies as disclosed in Phelps U.S. Pat.
is indicated, the analyzer part of which is shown at 2,
No. 2,314,422, Mar. 23, 1943. Band ?lters 20 select
and may be of the type shown in the Dudley patent or 40 one side-band only of the output modulated waves so
other suitable and known type for deriving a slowly
that the frequencies allowed to be transmitted are F, varying current the amplitude of which from instant to
f’ F2 ‘f to F11 'f'
instant is a measure of the fundamental pitch frequency
The output of these band ?lters is applied to the input
of the speaker’s voice. The spectrum channels each
of amplitude modulator 26 supplied with radio carrier
include a band-pass ?lter and integrating circuit 3 or 4 45 from source 27 and the resulting output is ampli?ed at
for deriving a slowly varying current the amplitude of
29 and radiated from 30. A band-pass ?lter 28 may be
which from instant to instant is a measure of the energy

inserted to allow but one side-band to be transmitted if
frequency range is to be conserved, or to allow the
carrier and but one side-band to be transmitted, if de
the analyzer ?lter. These pass bands may be suitably 50 .sired.

content of a small frequency band of the speech, the
width of the band being determined by the pass band of

chosen, as in the Dudley patent disclosure by way of

example.

The privacy 5 is assumed to distort or mask each of
the individual channel currents in any desired manner

The waves so transmitted are received on antenna 31

of FIG. 2 ampli?ed at 32 and heterodyned at 33 with
the aid of local source 34 of beat frequency waves. This
stage could be a detector if the carrier wave were al

to disguise them, as by adding secret key currents to 55 lowed to be transmitted. The individual channels are
them and, in the process, produce abruptly stepped
separated by band ?lters 36 and applied to individual
currents as indicated diagrammatically at 6. One man

ner of producing coded currents of this type is dis

amplitude limiter and frequency modulation detector
circuits 37 for recovering the stepped, coded low fre

closed in my prior application for patent Ser. No.
quency channel currents which are applied to the re
412,054 ?led Sept. 24, 1941 for Secret Telephony, and 60 ceiving privacy 38 for decoding. This privacy circuit is
a further means for producing such coded currents is

the counterpart of privacy circuit 5 and recovers the

disclosed in an application of A. A. Lundstrom and L.
Since it is necessary to transmit all of the vocoder 65
channel currents to the distant receiver as separate and

slowly varying currents which define the pitch and
spectrum variations of the original speech. These are
applied to a speech synthesizer of the type more fully
disclosed in the Dudley patent for reconstructing un
derstandable speech. The pitch-de?ning currents pass

distinct signals. it is necessary to provide a suitable type

through ?lter 40 to the buzz-hiss source 41 for control

of multiplex transmission for them, for example, by

ling the supply of electrical waves representing vocal

G. Schimpf, Ser. No. 456,322, ?led Aug. 27, 1942 for
Secret Transmission of lntelligence.
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output sides of the frequency modulation detectors 37.
No key equipment would be needed and no synchroni

chord type‘ or unvoiced type sound waves to the modu

lators 42 of the individual spectrum‘channels, where
they are modulated by the spectrum-defining currents
from individual low-pass ?lters 43 in the different chan
nels. Each modulator receives its particular band of
frequencies from the source 41 and the resulting output

5

zation except such control of the stepper timing cur—
rents as could‘be readily supplied with the aid of an
adjustable phase shifter in the supply circuit. The mes
sage would be secret in passing through the repeater

point. Alternatively, the transmission could be moni
tored by leaving the receiver intact, with the inputs to
the privacy 38 bridged across the xy connecting points
if the repeater point were provided with a key identical
with that being used by the two terminal stations.

waves are selected by ?lters 44 to build up a speech

band and apply it to speaker 45, representative of any
suitable receiving and sound producing output.
In some cases of long distance transmission, it may be

desirable to divide such long paths into shorter paths
connected in tandem by radio repeaters. In such cases,

What is claimed is:
1. In a secret telephone transmission system in which

the receiving part of such a radio repeater could advan'
tageously be the portion of the circuit of FIG. 2 up to
the junction points indicated at x and the transmitting
part could be the portion of the circuit of FIG. 1 after
the junction points indicated at y. In other words, ter~
minal points x in FIG. 2 would be directly connected to

speech waves are analyzed into component speech~
de?ning low frequency signals which are coded in
stepped wave form, a group of frequency modulators of
the same type and same average frequency, means to

impress said signals of stepped wave form on the re

spective frequency modulators to produce a plurality of

points y of FIG. 1 omitting the later appearing elements
of FIG. 2 and the earlier appearing elements of FIG. 1.

frequency modulated waves of the same average fre

Where steppers are used as in the Lundstrom

quency, and means to translate said last waves into

Schimpf disclosure, this would mean that the outputs of

the receiving steppers would (without applying them to
the receiving reentry circuits for deciphering) be di

frequency modulated waves accurately positioned at
different frequency levels comprising a separate ampli
tude modulator for shifting the frequency of each such

rectly carried over into the transmitting circuits to.

frequency modulated wave, and means to supply to

replace the outputs of the output steppers where they

said amplitude modulators carrier waves of accurately
spaced frequency comprising a source of base fre

go into the inputs of the individual channel frequency
modulators 7, 8, 9. It is seen that in such a repeater
most of the regular terminal equipment is by-passed,

quency waves of highly constant frequency and a har

monic generator for ?xing the frequencies of said sup

including all ?lters involving considerable delay except

plied carrier waves.
=l<

the low-pass ?lters (not shown) that may be used in the
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