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NEW YdRK, ASSIGNOR TO ‘WES’I‘ERN ELECTRIC
YORK, N. Y., A CORPORATION OF NEW YORK.

SECRET SIGNALING.

Applicatidn filed July 2,

The present inyention relates to signaling
and has particularly to do with securing se-
erecy in the transmission of signals.

A object of the invention is to secure a

hieh degree of secrecy in the transnission
of messages by tadio or carrier while still
enabling the messages to be received at an
authorized station with high quality of re-
production. .

Tt has heen suguested to secure, secrecy by
fransmitting only waves the frequency com-
ponents of whieh have a frequency order dif-
ferent from that of the signal waves. as,
for example, waves having a frequency order
{he inverse of that of the signal waves so

ihat the Jowest frequency component of the
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sienal is tranemitted as the highest Are-
quency. and the higher frequency com-
potents of the sienal are transmitted as
suecessively lower frequency  components.
Cueh o wave is unintelligible and can only
Le understood by inverting it so as to re-
store the normal frequency order of the sig-
nal. Tt has further heen proposed to. cause
the inverted frequency wave to undergo a
eyelic frequency variation to prevent the
messapge from being intercepted by use of a
loenl souree of oscillations of snch a fre-
quency as to give a beat wave of the signal-
ing frequency and of the normal frequency
order. Thix has been accomplished by in-
troducing  frequency  variations ~into the

fransn ting enrrier wave o that the entire’

Janed of frequencies transmitted nndergoes
eyelie frequency variations. Detection of
siech n wave vields the modulation compo-
nent, dircetlv, and if the eyclic frequency va-
riations wre nob so rpid as to produce an

andible sound upon detection. no interfer-

enee inthe deteeted signal vesults, The de-
{ected wave insoeh o system is ineapable of
heine understood sinee it represents the in-
verted frequencies of the sienal. and the sys-
tem possesses a high degree of meerecy,
“therefore, since the operation of simple de-
toction must be followed by a frequency in-
verting operation in order to reproduce the
siginl, As stated algve, the eyelie frequeney
variations of the tsm=mitted waves make it
ipossible Tor one 1o receive the signal by a
single step of deteeting and inverting by
use of a loeal souree of healing waves,

1923. Serial No. 648,887.

Aceording to the invention, a higher de-
uree of secrecy is obtained by vdrying the
frequency of the signal component with re-
spect to the carrier component. The carrier
component may Liave a cons ant or a variable
frequency. and in either case the transmitted

55

wave components, representing the signal,

commonly called the side band components,
“have evelic frequeney variations entirely in-
dependent of the carrier. Upon simple de-
tection of such a wave, a band of audio fre-
quency components is obtained, which band,
as a.whole, undergoes cyclic frequency varia-
tiong.  Tf the carrier wave has been rodu-
lated. by speech of normal frequency order
bhut varying in frequency as to the entire
speech band, a similar specch band shifting
upward “and downward in the frequency
spectrum is received upon simple detection,
and snch a wave is not only incapable of
Leing understood” as it is but is very diffi-
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cult to transform into understandable speech, -

since in order to transform it, continuous
oscillations of the proper absolute {requency
and with the same Trequency variations as
the detected band are required. By in-
verting the speech at the transmitter, a still
greater. degree of unintelligibility 1s pro-
duced in the detected wave. |

80

The signals gent according to the invention

are received at an authorized station by
combining with the deteeted audio band of
arying frequency a wave of similarly vary-
ine” frequency and of proper absolute fré-
quency, and this wave is obtained at the
receiver by operating upon i control wave
component sent from the transmitting sta-
tion and reproduced at the receiver upon
simple deteetion. This control component,
however, may be of the same amplitude as
the gignal components and may have a fre-
quencey lving in the normal signal-frequency
ranve. so that an ountsider would not have
any reason to consider the control wave com-
ponent as anything but one of the signal
components. Morcover, in case it should he
Jewrned that a certain component of the de-
fected wave is a_ control component, this
information”, would not enable the signal to
he reproduced since the wave that is essential
to the reproduction of the signal is, accord-
ing to the invention, only derived by ap-
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5

100



5/

10

- between the two stations,
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erating upon the control wave component in

a particular manner to derive from it the

necessary wave. .
Instead of using for the control wave a

single component transmitted from the trans-

mitting ‘station, a plurality. of waves may
be transmitted ‘either from one station, or,
preferably, one from each of a plurality of
stations, as, for example, one from each of
two communicating stations, and at each sta-
tion the beat between the transmitting waves
may be used as the control component. If,
for example, Chicago were communicating
with Seattle and at each station the control
wave were derived as the beat bétween two
Wwaves, one sent from each station, the only
location- at which these components would
appear of'equal intensity would be half way
tions had equal power, of course. At a point
between ‘the stations but not equi-distant
from them, one of the components would be
stronger than the other, so that an outsider
who might be looking for a control .com-
ponent would be led to suspect that the
stronger component would be the key. Sim-
ilarly, at New York for example, any per-
son who could receive Chicagé but who could
not receive Seattle would be-unable to hear
even one side of the donversation since_ he
could not receive the component from Seattle

- Decessary to reproduce the control cord-

40

‘wave by the speech

ponent. ‘ S :
The invention may be briefly and specifi-
cally characterized, therefore, as fundamen-
tally comprising’the transmission of g car-
rier
quency relative to the carrier frequency.
Preferably the speech to be-transmitted is
inverted by modulating a variable frequency
and selecting the lower

~ side band. The variable frequency wave

used for inverting is derived from a control

. wave, which, together with the inverted

4
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speech, modulates a’ carrier wave for trans.
mission. At the receiver, the waves are de-
tected and the control component is used to
reproduce an inverting wave identical with
that used at the transmitter. This invert-
ing wave is then employed to re-invert the
detected band and reproduce it as under-
standable speech.

The various features and objects of the in-
vention will he more fully ‘set forth in the
following detailed description, in connection
with the accompanying drawings. In the
drawings, Fio. 1 is'a schematic eircoit ar-
rangement. of one terminal station of a KYs-
tem according to'the invention and Fig. 9 js
a similar showingof a station adapted to co-
operate with the station of Fig, 1. Figs. 3,
4 and 5 are modified cireait arrangements
which may be cnploydd in the system shown
in Frgs. 1T and . g, 6 shows a two-way
station with a semewliat Jifferent arrange.

assuming both sta:

wave with'a side band of varyiny fre-

1,687,633

ment. Fig. 7 shows a two-way station em-
ploying modifications similar to those shown
n Figs. 4 and 5; and Fig. 8 shows a modifi-
cation of the arrangement of Fig. 7.
Referring first to Fig. 1, the transmitting
side will be seen to comprise a speech invert-
ing portion comprisitig the microphone cir-
cuit 1, a modulator M, and the source 2 of
inverting frequencies; and the high fre-
quency transmitting portion comprising the
transmitting modulator M, and the carrier
wave source 3. The modulator M, is prefer-
ably of the balanced tube type shown, for
example, in the Hartley DPatent 1,419,562
June 13, 1992, and the input circuit is sup-
plied with continuous waves from the ampli-
fier A, and with'speech waves from the micro-

&0

phone circuit L The sourde & is. preferably~ :

a ‘vacunm tube oscillator ef the type shown
in the Hartley Patent 1,356,763, October 26,
1920 and is arranged to produce a continu.
ously varying frequency as, for example, by
having the movable plate of its tuning con-
denser 4 continuously rotated by the motor 5.
The frequency of the source 2 may. conven-
iently vary between the Timits 494 and 506
cycles per second. ' :

The mathematical convention =+ will be
used throughout, the specification and dravw-
ings to indicate that the mean frequency or
band of frequencies written before the 8yI-
bol varies between upper and lower limits.
differing from the mean by the amount writ.
ten after the symbol. - ,
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The varying frequency wave from source 100

2 is impressed on the harmonic generator
HG, and the sixth harmonic is selerted by
the filter ¥, from the harmonic generator apd
applied to the amplifier A The contint-

ous wave supplied to the modulator M, s, 1
_therefore, a wave of varying frequency hav-

ing the extrenie frequencies 2964 and 3036.
The harmonic generator may be of the type
disclosed in Kendall Patent.l,éléG,'?s’Sr‘L Feb-
ruary 27, 1993,
uniform frequency transmission characteris- -
tic over the range of variation of the trans-
mitted: wave. This result may' be accom-
plished ‘by constructing the filter T, as a

band fler in the manner described in the 115

Campbell Patent 1,227 118, May 92, 1917.
Euch of the other filtors shown !tl'n"ou;:'l‘mut
the drawing may he constrncted in the max-
ner disclosed in the Camphell patent and

0

i)

The filter ¥, should. have g 110

may he designed  to have the transmission 120

range reqyired in any parcticnlur instance,

The filter I, in the speech cireuit i prefer-
ably designed to transmnit the essential speech
frequencies, for example 200 to 2000 eyeles
inclusive. The output of the }
is transmitted through the hand filter I, and,
amplifier A, to the modulator M, from which
the outgoing wave is stipplied throuel the
radio frequency mmplifier A to the antenna

G..

modidator M, 125

The source of carrier waves 3 may be 180
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of the type disclosed in Hartley’s Patent
1,356,763 above referred to. This wave is
modulated at M, both by the waves received
through the filter T, and by a small amount
of the wave from the source 2, this heing
applied through the transformer 7 to the
input of the modulator. §

In operation, the sourcee Posupplies waves

of continuously varying frequency to the har-,

monie generator 11G, frem which, as st ated,
the wave of 3000 = 36 cyeles is selected
by the filter I7,, amplified at A, and applied
to the modulator M, Also, the essential
speech frequencies are selectively transmitted
to the filter F, and supplied to the modula-

“{or M,. By the well known action of the

modulator, Lwo side bands are produced, each
having a frequency width of 1,800-cycles at
any instant. When the inverting frequency
is 5000 eveles, one of these side bands extends
from 1006 to 2800 cycles and ibe. other ex-
tenls from 9200 to 5000 eyeles. The two side
bands and the inverting frequency vary to-
gether upward and downward in freynency
through a total variation range of 72 cyclet,
The filter I, is a band filler designed o
transmit selectively only the lower side band
{rom the modulator M. By referring to the
Hartley Patent 1,419,562 mentioned above. it
will be seen that a property of the modulator
M, is to suppress the unmodulated compo-
nent of the applied inverting wave and.also
of the applied speech waves. Even thongh
the frequency range of the filter Fy overlips
that of the filter I, none of the original

speech ean pass through to the carrier modus,

lator M, on account of the suppressine setion
of the modulating circuit M, The lower
gide band transmitted through the filter F,
represents inverted speech, that is, the lowest
speech frequency has been transformed into
the highest fregiiency of the band and the
highest speech frequency has been changed
tn the lowest frequency of the band.  Also,
the band has been shifted wpward in fre-
quency a slight amount, since, as stated
ahove, it now extends from 1000 cyeles fo
2800 cyeles with a eyclie shift in frequeney to
the values 86 cycles higher and 36 eycles
lower than these limits.

The inverted frequensies modulate the
radio waves from the yonrde 3 in the modula-
tor M, and the resulting modulated wave
is' trapsmitted from the antenna 6. Tt s
not necessary that hoth side bands of the
radio frequency wave be {ransmitted bot it
is sufficient if only a single side hand of
the inverted speech and control wave is trans-
mitted.  Acrordingly, if desired, the modu-
Intor M, may/be of the same type as moda-
lator M, or, of the type shown in the Carson
Patent 1.243.806 June 15, 1920, 20 as to
prevent trgnsmission of the unmodulated
radio frequency . wave, and the antenna 6

3

may he tuned to select one of the twe side
bands for {ransmission, o

1¢ the wave so transmitted is intercepted
on a simple defecting receiver whether one
or both side bands are transmitted and
whether or not the carrier is suppressed, only

a5

70

waves ineapable of being understood will Le |

recoived.  For the most that can be obtained

from a single staze of detection will be a
hand of waves of speech frequency width
continuously varying in frequency and shift-

“edd from the normal speech frequency wave.

If this band occupied the novmal speech
range it would be unintelligible on acconnt
of this cvelie variation. To render the
wave intelligible.. therefore, the frequency
ariations must be neutralized.and this s
practicaly impossible without a knowledge
of the muanner and frequency of the variation.

The waves so transmitted may he received
and reproduce| as understandable speech by
a station of the type shown in Fig. 2. The
waves infercepted on the antenna 8 are de-
teetod at D, and the resnlting low frequency
romponents comprising in part the control
wave of 500 % 6 cyeles and the inverted
cpeoch waves are separated by the respective
filters I, and .. ‘The conirol waves aie
applied (o the harmonic generator 116G,
which niay he identical with 171Gy, and the
filter 7, selectively tramsmits the sixth har-
monic or 3000+
A, and filter ¥, connected to the demodulator
DM,. The inverted speceli wayes wre selee-

tively transmitted throngh the filter I aun-

plificr A, and preferably through a second
Clter I, and amplifier A 1o the demodulator,
DM, » . :
The construetion and mode of operation
of the demodulator DM, may be identical
with that deseribed of the modulator M., ity
purpose heing to re-invert the received in-
verted speech waves by combining them with
the same harmonie of the control wave as
was tised in the transmitier, The lower sids
band produced in the demodulator DM,
will extend from 200 to 2000 eyeles and will
have the same order of frequencies as the
waves in the output of the filter ¥, at the
transmifting station. This lower side hani
is selocted by the filter F,; which may le
jdentical with the filter ', and is applied to

75
80
86
0

95

36 eyeles to the amplifier

100.

105

110

118

the receivers 10 where it is heard as upder- -

_standable speech,
In a~two-way system there will be at one-

terminal, a transmitting station of the type

‘shown in*TFig. 1, and at the other station a

receiving cireuit of the type shown-in Fig. 2,
It is not necessary, however, to duplicate

these cirenits, in order to provide a tras--

niitter and a receiver at cach station.. For
example, tu Fig. 2 the inverting wave fram
the output of filter I, may be applied to the
inverting modulator M”, of the transmitter

120
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of that terminal, thus avoiding duplication
of the harmonic generator circuits. Simi-
larly in Fig. 1; the inverting demodulator
DM’,, may be supplied with an inverting
wave from the output of filter F,. The re-
maining elements of the respective -trarns-
mitter and -receiver“ma_,y bqa identified from

the reference characters; which are the same
- as are employed in the other respective fig-

ure with a prime ( ”% mark added.

Instead of controlling the inverting waves
at the transmitting and reteiving stations by
transmitting a single control wave as was
done in the system of Fig. 1, this control
wave may be derived-at both the transmitter
and receiver as a beat frequency wave be-
tween two separately generated and trans-
mitted waves. An arrangement for doing
this is shown in Fig. 3. The oscillator 19
may supply waves of a frequency of 200
cyeles and the oscillator 20 may produce

~waves of 700 cycles. and either or both of

25

these frequencies may be varied by connect-

ing the appropriate tuning condenser 21 or

28 or both of them to the motor 23. The
.be:'xt frequency wave between the two waves
thus produced will have a frequency of the
orfler of 500 cycles. This beat frequehcey

' -may be derived at the transmitter by apply-

30

35

40

50
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" the Himits of

-the source 2.

ing the waves to the detector D, so that a
variable wave of the order of 500 cyeles is
produced in its output circuit. Botl of the
waves from the. sources 19 and 20 may be

applied to the outgoing modulator so that

they are sent to the distant station. The cir-
cuit arrangement of Fig. 3 may be substituted
for that ‘
and above the dotted line A—A. At the re-
ceiving station the products of detection .of
the transmitted wave will include the beat
wave between the 200 and 700 cytle modula-
tion components at the transmitting station.
A modified system for producing the in-
verted speech frequency waves is indicated.
in Fig. 4, which arrangement may be substi-
tuted for that portion of the system of Fig. 1
shown to the left of the dotied line B—B.
In the modified arrantgement. the speech
waves from the filter F, modulate at M, a
varying frequency wave of the order of 7500
cycles, supplied {hrough the filter I, from
the harmonie generator HG, associated with
The 7500 cycle wave is ob-
tained as the 15th harmonic and the frequency
af this wave will lie at any instant hetween
7590 and 7410 éycles. The up-
per side band comprising
700 to 9500 cycles-
eveles upward ‘and

with variation of 90
downward from these

values, is selected by the filter I, and ap--

plied to the modulator M, The filter F,
selects the 21st harmonie from the harmonic
generator MG, This harmonie having a
frequeney of 105002196 cyclesas applied to
the wodulator M,. "The filter Iy, selects the

order. The modulators M,

portion of ¥ig. 1 shown to the Jeft

frequencies from-

1,687,032

lower side band of the modulated wave from
modulator M. This side band extends from
1000 to 2800 cycles, the limits of which vary
cyclically through 36 cycles upward and
downward from these values. ;
tage of this type of inverting arrangement is
that the inverfed wave does not depend upon
any balanced cireuit arrangement to prevent
the occurrence in the output circuit of the
nodulating system of speech frequency com-

The advan-

76

ponents having the normal speech frequency

and M; may be
single tube modulators, since there is no pos-
sibility for speech to pass directly from the
filter I, through the filter ¥',,. ‘ :

Whether or not the modification showin in.’

Fig. 4 is used at the transmitting station, it
may be desirable, at times,
ceiving station the type of inverting system
shown in Fig. 5, this system heing substi-

to use at the re-.

80

85

tuted for that portion of the circuit in Fig. 2

to the right of the dotted line. C—C. 'The
operation of the circuit -.of Fig, '5 will be
clear from the description already given of

Fig. 4. The received ‘and detected control !

wave of 5006 cycles is. applied to the har-

monic generator HG, from which the flters -

F,, and F,; derive, respectively, the frequen-
cies 10,500=:126 and 7500%90. These fre-
quencies are supplied through the respective

amplifiers to the respective modulators M,

and M, The detected
waves from the filter F,
modulator M, and the upper side band of
frequencies from 850 to 10,300 with their
cyclic variation of 126 cycles is selected by
the filter I¥,,, and applied to'the modulator

inverted. speech

are applied to the .

85

100

M,. The filter F,, selects the lower side -
band from the modulator M., this side band

representing normal speech between the fre-
quencies 200 and 2000 cycles.

of Fig. 4, the circuit of Fig. 5 removes the

possibility of the recelved speech being con-
distorted 'due to the direct trans- .

fnsed or 7
lmssion to the receivers 10 of components

from the detector in case of an unbalance in -

As in the case

05

110

the suppressing circuit DM, when such g -

circuit is used. ] . »

- In-the system shown 'in Fig. 6, the control
of the inverting frequencies at the trans-
mitting and receiving ‘stations is effested
using two waves and deriving their beat wave
at both stations. The system of. this figure,
however, differs from that of Fjg. 8.in that
one of the two components is transmitted

from one of the two communieating stations.,

and the other component is transmifted, from
the other station,” In this figure,, it will be
assumed that a variable® frequency- of ‘the
order of 700 cyeles is eo
mitted from the-antenna 25 as o modulation
of the carricr wave from source 96 in- the

modulator - M by tlhe variable frequenqﬁ'

soarce 27.° As in the ecase of Fig. 1, the

carrier wave is also wodulated at M by i, 3

by.

continudusly. trans- .

s

1zu
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;ponents wonld not appeat to
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verted speech waves resulting from modula-

tion of a variable frequency verting wave
of 8000 = 36 cycles in the modulator M, by
speech.

At the distanl cooperating station; a
source similar. to 27 s assumed  to be

resent, this source emitting a wave of
200 cyeles which moduilates  the o carrier
wave at that - station for transmigsion
to the station in Fig. 6.
wave may  have either w varying or a
constant frequeney, but for simplicity, in the
present case 1t will be assumed Lo lave a con-
ctant frequeney, if ity frequency, were €4
clically varied, the total range of variation
of the signal as fnally transmitted could be
increased. - The wave 5o transmitted 1s re-
ceived on the anienna 28 and detected a6 D,
to yield as one of Uie components a 200 cycle
wive which iz sclected by -the {ilter F,.
This 260 c¢ycle wave is supplicd to the de-
tector D, togther with a wave from the
conree 27 and the heat note of 500 eycles %
6 is selected by filter 'y, and applied to the
harmonic generntor Hn. The filter F
celects the sixth harmonic or 3060 = 36 and
this is used as the inverting frequency for
the modilator M, and the demodulator DM..

The distant termipal station nay he a
duplicate of that of Fig. G except that as
stated, the souvee 23 of that station has a
frequency of 200, and the filter 7, of that
ctation is selective of T00 =2 6 cyeles. The
inverted speech frequencies occupying the
range. 1000 to 2500 cycles with a plus and 1mi-
nus 56 cyele variation received from the dis-
tant station on the antenna 28 and detected
at I, are selectl

vely transmitted through the
filter ¥, to the demodulating circurt DM,

~where they combine with the inverting wave

from the filter F,, to yield understandable

speech, for application to the receivers 30.
The systere described in Fig. 6 possesses

a greater degree of secrecy than that de-

seribed in the previous figures for the reason

that iz pecessary to receive the eontrol com-
ponent- from each of the two irx?ex‘(;()rrlrrlurli-
cating stations in order to recelve even one
cide of the conversation. Thus, if an out-
cider should have a directional receiver and
should arrange it to receive from only one
of the two stations he would not obtain suffi-
cient wave components to enable him to re-
produce understandable  speech. Further-
more, at any point except widway between
the two stations, on the assumption that they
trapsmit equal power, the two control com-
he equal and an
experimeter wonld he nnlikely to assume that
the two components of unepial magnitude
and of different frequency wers 4n essential
art of the secrecy scheme. A station g0
situated as to be alle to receive only one of
the two intercornmunicating ctations as for
example, a receiverat New York which could

This 200 cycle .

Cthe filter Fu

5

but niot Seattle, would not
evenone side of a conversa-
tion between Chicago and Seattle since- it
would be unable to receive the control com-
ponent sent out from Seuttle, which is essen-
tinl to the reception of any of the message
waves, ;
Kig. 7 illustrates a system similar to that
shown in Fig. 6 but provided with the double
modulation inverting arrangements of the
trpe described n connection with Figs, 4
and 5. In Fig. 7, the speech from the micro-
phone cireuit-1 modualates at M;, a frequency
of 7500 = 90 derived through the filter Fj
from the harmonic generator HG,. The filter

receive Chicago
be able to pick w

¥, transinits the upper side band or 7700 to

9500 with a plis and minus 90 cycle variation
in the zide band frequencies, and this band is
applicd to the modulator M,,. The modu-
lator M., s supplicd with a wave of 10,500
< 196 derived through the filter ¥y from the
harmonie generator HG, and the resulting
lower side band from the modulator M, is
selectively transmitted by the filter - Fpy to
the transiniting modulator My, the frequency

of Uiz side band being 1000 to 2800 with a

hand variation of plus and minus 36 cycles.
This side band represents inverted speech of
varying frequency. A wave from the source
47 to 100 cycles = 6 also modulates the out-
g()lhg caryier, .
“The received waves incident - on the re-
ceiving antenni 98 contain a 200-cyclg con-
trol component produced at the distant sta-

‘tion as cxplained in donnection with Fig. 6,

anil this component resulting from detection
of the received waves at 1,03 transmitted
through the filter I, to {he detector Dy
where it is combined with some of the
00 = G eyele wave trom the source 27. The
Leat wave-of 500 = 6 cycles Is selected by
and is applied to the hurmonic
generator Hez,. The inverted speech com-
ponents of the received wave are selected
by the filter I, and applied to the mod-
ulator M, wiere they modulate the 10,500
= 126 cycle wave.
lower side hand and appiies it to the modu-
lator M, where it modulates withe some of
the To00 == 90 eycle wave. The filter Fy
celeets the Jower side band or normal speech
and applies it to the receivers 30.

The snvention lends itself readily to va-
rous sehemes of frequency transformations
and it is to be understood that the nuraerical
valies Lhus far given are to be taken merely
as cxamples and not as in any wige Jimiting
the frequencies that mat actually be used. A
further scheme employing zomewhat differ-
ent frequencies from those above given, is
hown in Fig. 8. The seneral arrangement
of Fie. % is identical with that shown in Fig.
Trexcept for the portion "of lie circult, 1n-
clurled in the dotted line enclosure of the two

figures. The
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The filter F,, selects the
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filters of Fig. 8; however, have 130
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different frequency ranges as indicated on
the drawing. The elements in Fig. 8, similar
to those in Fig. 7 except for the frequency
ranges, bear the same reference characters
with a prime (") -added. - BT
The result of ‘making the substitution of

the circuit of Fig. 8 for the circuit of Fig. 7
is that the control wave component géner-

ated by the variable source 27, corresfond-
ing to the source 27 in the previous figure, at
this station is now 2500° = 9 cycles and that
separate harmonic generators 1}-'IG5 and HG,
are employed for independently transform-
ing the locally produced control component
and the control component received from
the distant station. Tt will be assumed that
a similar change is made at the distant sta-

-tion except that the control component gen-

erated at that station is now 3100 cycles. this
3100 cycles component may be varied in fre-

quency or not, but it will be assumed, in the

present instance, that it has a constant fre-
quency. - ,

_In the operation of the modified circuit of
Fig. 8 the control wave component from the
source 27/, is supplied- to the harmonic gen-

. erator Hér5 and the 4th harmonic, that is,

30

10,000 =+ 36 cycles is now selected by the filter:

F’,,, this filter being designed in the modi:
fied arrangement to select these frequencies.

- The modulators M”,, and M’,, are, therefore,

35

10,

45
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53
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both supplied with the 10,000 36 cycle
frequency. At the distant station the con-
trol component is, as stated, 3100 cycles con-
stant frequency and this modulates the out-
going carrier in the same way as described
in connection with the previous figures. The
wave received at the station in ¥ig. 8 upon
detection yields a constant frequency com-
ponent of 3100 cycles which, it will be as-
sumed, is selectively transmitted by the filter
¥, and applied to the harmonic generator
HG,. The 4th harmonic or 12,400 cycles is
selectively transmitted by the filter I"”,, and
is supplied to the two modulators M’., and
M’,.. Speech currents from the microphone
filter are impressed on the modulator - M’,,
where they modulate the 12,400 cycle fre-
quency and the filter F*,, is so proportioned as
to transmit the lower side band or the band

‘of frequencies 10,400 to. 12,200 cycles. This -

band is supplied to the modulator M’,, where
1t modulates the varying frequency of 10,000

"% 86 cycles and the filter F’,. selects the

lower side hand which it will be seen com-
E_rises frequencies from 400 to 2200 cycles

aving a frequency variation of plus and
minus 36 cycles.  Ag stated. the 2500 = 9
control- component together with the in-
verted variable frequency speech waves are
applied to the transmitting modulatér M.
In this modification, therefore, the invertes
voice frequency-waves are shiffed only a very
small amount from their normal frequency
range and the control component has a fre-

) : :

- 1,687,932

quency higher than any of the signaling
components, S S '
The received ‘inverted speech frequency
components from the distant station compris-
ing the band 400 to 2200 cycles with a fre-

quency variation of plus and minus 36 cycles

is selectively passed through the filter I oy
and applied to the modulator M’ swhere it is -

combined with the 10,000 = 36 cycle wave.
The filter F’,, selects the upper side band be-
tween the fixed limits of 10,400 And 12,200
cycles and applies this band to theimodulator
M’,; where it is combined with :the 12,400
cycle wave. The filter I,, selects the lower
side band which will be seen to comprise the
freguencies 200 to 2000. o '
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From the examples which have been given

it will be clear that a great -variety of fre-

quency values may be employed in carrying

out the principles of the invention. . -*
Except in Figs. 1 to 5 no amplifiers have

85 .

been indicated hit, it will be obviots. to
provide amplification at any desired points «

in the system. :

In some instances, it has been assumed that
a harmonic generator has supplied a har-
monic frequency of a high order such as the
15th, 2{st,etc. In practice, it may be fourd
desirable to employ a number of harmonic

generators in tandem when harmonics of this.

90

05

order are to be developed. For example, a_ -

harmonic producer capable of efliciently pro-

ducing harmonics up to the 5th may supply.

these harmonies to a second harmonic gen-
erator.capable of producing harmonies up-to

100

say the 4th or 5th and this process may be -

continued as may be desired. = Wherever a
s ngle harmonic generator -is shown, there-

fore, it is to be assumed that it ' may be re-:

placed by any required number of -harmonic
generators. ) ’

105

For convenience in illustration it has been- -
assumed that the carrier transmission was in .-

the form of a radiated wave and also that

the speech transmitter and receiyer were di-
rectly associated with the radio transmitter
and radio receiver, respectively.” It is to be
understood, however, that the invention is

110

applicable to wire transmission and that a

two-way teleplione line may be arranged .in
any known manner for two-way repeating
into the carrier system, : '
What is claimed is: :
1. The method of secret signaling com-
prising  modulating a carrier wave %y the
signal” to be transmitted to prodmce side

‘bands of signaling-frequency width, and

causing the side band frequencies to vary
cvelically 'in frequency with respect to the
carrier frequency. '

2. The method of secret telephony com-
prising {ransforming a’speech wave into a
wave of cyclically varying frequency, and
modulating a carrier wave thereby.

3. The method of secret. telephony com-
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prising inverting ‘the frequency order of
speech” waves, cyclically varying the fre-
quency of the inverted waves, and modulat-
g a carr'er wave by the inverted varying
frequency waves. .
4. The method of seeret telephony com-
prising wodulating a carrier wave by speech
waves and causing the side-band frequencies
of the resulting modulated wave to vary
evelieaily relative to the carrier frequency.
:.“;..'I‘ln; nicthod of secret telephony com-
prising inverting the frequency order of
speech waves, modulating a carrier wave by
the inverted waves, and causing the -fre-
guency of the s de-band -canponents of the
resulting modulated wave to vary cyclically
with respect to the carrier frequency. '
6. The method of secret gigmaling com-
prising inverting the frequency-order of the
message or other wave to he transmitted, by
modulat' ng a wave of varying frequency
thereby .and selecting the lower side-bund

of the modulated wuve to the exclusion of -

the other components, and modulating a car-
ricr wave by the selected side-band compo-
nents. -

7. The method of seeret signaling compris-
ing inverting the frequency order of the mes-
sage or other wave to he transmitted, pro-
ducing eyclic frequency variations in the in-
verted-frequency wave, modulat ng a carrier
wave hy the varying-frequency wave and by
a control wave, transmitting the wave o
modulated to a receiving point, and there
utilizing the control wave component to re-
produce the signal wave.

4 The method of seeret signaling com- .

prising inverting the frequency order-of the
meisage or other wave to be transmitted, by
modulating a varying-frequency wave by the
message wave, modulat'ng a currier-wave by
the lower side band. of the message-modu-
lated varying-frequency wave and by a con-
trol wave, transmitting the modulated car-
vier wave and utilizing at a receiving point
the control wafe component to reproduce a
varying-frequency  wave for demodulating
the inverted wave to restore the message
wave. . '

9. The method of secret signaling hetween
two separated stat'ons comprising transmit-
ting from each station a carrier wave modu-
lated by a different frequency eontrol wave,

" utilizing hoth control-wave components at

G

G5

ench station to obtain a wave having a fre-
quency-order the inverse of that if the sig-
nals to be transmitted; and modulating the
carricr wave sent from the respective station

“in aceordance with the inverted wave pro-

dneed af that station.

10. The ncthod of secret telephony be-
tween two separated stations comprising
transmitting from cach station a carrier
wave modulated by a different frequency

control wave, utilizing both control-wave

7

.

comprnents at each station to obtain a wave

having a frequency-order the inverse of that

of the speech signals to be transmitted, mod-
ul:ting the carrier wave sent from the re-
spective station in accordance with the in-
verfed wave produced. at that station, and
utilizing both control-wave components at
each station to re-invert the received in-
verted-frequency wave to produce a wave of
sprech frequencics.
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" 11, In a skeret signaling system, means to |

produce a signaling wave having a cyclically
varying frequency, means to modulate a car-
rier wave by the signaling wave of varying
" frequency; means at a receiver to detect the
modulated cariier wave to yield a varying-
frequency signaling wave, means to produce
another varying frequency wave, means to
modulate 'said other varying frequency wave
Ly the detected varying-frequency signalin
wave to yield the normal signal wave, an
“means for synchronizing the frequency vari-

wave that is modulated at the receiver.

12, Tn a secret signaling system, two sep-
arated stations, means te provide at each sta-
tion a wave of varying frequency, means to
modulate the wave of varying frequency. at

80

85"

ation in the signaling wave with those of the -

one station in accordance with signaling

waves 10 be transmitted, means to modulate
o earrier wave in accordance with the modu-
Jnted wave of varying frequency, means at
the other station to detect the modulated
carrier wave to yield the modulated varying-

o5

frequency wave, means to combine the de- 100

tected veuve with the varying frequency wave
at said other station to yleld the normal
signal, and means to synehronize the waves

provided at the two stations and the fre- ]
10

quency variations in said waves.

3. Tn a seeret telephone system, means to
produce a wave of speech frequencies, means
to produce therefrom a wave of cyclically-

carying frequency having a frequency-order
the inverse of said wave of speech
cies, means to produce u carrier wave, means
to modulate said carrier wave by said eycli-
cally-varying frequency wave, means to re-
ceive and detect the modulated carrierwave,

frequen- 110

2 source of waves of varying frequency, 15

means to cornbing the detected wave with the
waves of varying frequency to reproduce the
speech, and means to control the frequency
and the frequency variations of said source
of waves to make the reproduced
- tipuously intelligible.
14. In a signaling
Joeal sources of waves at each station,
waves produced. from a »
station being of different characteristic from
those of the other station, and means at each
station controlled by the local waves pro-
duced at the other station for transmitting a
sigmal to the other station.

system, two stations,
the

local source at one’

speech con- 180

)

15. In u telephone system, two stations, 1%




8
local souirces of wayes of"resp,ectivelly.diﬁer- :

-ent characteristics ‘at each of the respective
-station$ for controlling the transmission of

" speech waves to the other station, at least

10

one of said sonrces

duced by one of the local sources at one sta-
tion differing in characteristic from: the
waves produced by the local sources at the
other station, and means at each station con-

- trolled by the wave produced at. the other
. station. differing in characteristic from the

waves produced at the first station for re-

' ceiving speech.

‘ es producing waves of peri- -
odically varying frequency, the wave ‘pro-

1,887,932

16. In a signaling system, two statiofs, lo-
cal sources of waves of respectively different
frequency at the respective stations, at least
one of said sources producing waves of peri-
odically varying frequency, means for utiliz-

-ing said local sources to produce side band
waves of periodically varying frequency rep- -

resenting signals, and means com rising a
source of carrier waves of constant E‘equency
for’ transmitting said side band waves be-
tween said stations. :
In witness whereof, I hercunto subscribe
my name this 28th day of June A. D., 1923..
o - JOHN F. FARRINGTON.
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