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“HAROLD W. NICHOLS, OF MAPLEWOOD, N

FW JERSEY, ASSIGNOR TO WESTERN ELEC-

TRIC COMPANY, INCOB-POBA’.‘R‘ED, 7 WEW TORE, N. Y., A CORPORATION OF NEW

TORK.

' . SECRET SIGNALING.

Applishtion filed Becember

T'o all whom it may concern;

Be it known that ¥, Harorp W. Microus,
a citizen of the Uniled States, residing at

Maplewood, in the county of Essex, State of

New Jersey, have invented cerfain new and

~ussful Improvements in Seeret Signaling, of |

which the following is-a full, clear, conciss,
‘and exact deseription. - . .. 7

This invention relates to'secret signaling,
and in particular.to a secret signaling sys-
tem wherein the signals are transmitied in
the form- of'a complex wave which can be

_resolved into o series of waves having fre-
. quencies. comprised "within-a given range.
" An object of the invention is to s trans-
niit a signal as to render it incapabls of in-
telligible reception by ordinary means. .

Tn accordancé with a feature of the inven-
tion, the transmitted signal is confused by
the transposition of portions of the signal
wave at-the transmitting station and s re-
stored to its initial condition at-tlie receiv-
ing station. oo

The system to which the inventicn is ap-

5 plied;may be clessed with those secret sys-

tems wherein the transmitted signal is con-
fused, as distinguished from those systems
wherein means are provided for effectually
preventing the reception of the signal im-
pitlses. o S .

Tt is readily apparent-from 8 study of the
vecord traced by the voice. actuated vibra-
tions of a telephone diaphragm that the vi-
brations malking up the complex wave form
of a voiee wave obey no regular or systematic
sequence. They are indeed so confused and
interiingled that if the vibrations com-

prised within a relatively smail portion of
the total frequency range used are eliminated

the effect is fonnd to be répeated in many.
parts of the record- with attendant decrease

in clearness of received voice signals in the
case that the volee variations ave t ransmitted
and received by any of the known means.
¢ the vibrations are transmitted as eléctro-
‘magnetic impnlses and passed through a
telephone receiver, unintelligible signals

~ would accordingly result. It is essentially
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in this feature that the clement of secrecy
inheres in the present invention, as well as
‘in the examples given. In ofie known sys-
tem, the signal range is divided inio two

13, 1520, Sérial No. 430,408

parts, either of which alone is incapable of
effecting intelligible signals. The two parts
of the signal wave are separately transmitted
-as modulations of carrier wave which may
‘have the same or different frequencies. In
another system, the essential principle is pre-
served by effecting a systematic change of

.. each frequency by subtracting the voice fre-

quencies from a frequency larger than any
“component frequency of the voice wave, the
effect being in the nature of a reversal of
frequencies, the greatest frequency becoming
the smallest, etc., the median frequency re-
maining unchanged. . o
According to the present invention, the
“frequencies corresponding to a definite por-
“tion of the: speech frequency band or spec-
trum are transposed to frequencies which
may be outside the range of audition, or two
portions may.be transposed as a-whole so
that each occupies the range previously oc-
cupied by the other.” In either case the re-
sulting wave is used t6 modulate 2 single car-
rier wave as in the usual system as will be

deseribed later. The signal is transmitted

by mieans. of voice modulated. carrier waves
as in the usual case, but the voice currents
are impressed on the input-circuit of the
modulating device in two or more parts to
each of which is confined: the currents of
“frequericies corresponding fo a definite and
-predetermined portion of the frequency
‘Tange nsed. There is also provided a means
" such, for example, as'a frequency converter
or translator for changing each of the voice
frequencies transmitted through the cirenit
by a predetermined amount. In the par-
ticular case i which the voice currents are
transmitted to the modulator through two
¢irenits the frequencies corresponding to one
¢iveuit. may be increased or decreased, de-
_pending on which cirenit contains the means
mentioned, by a predetermined amount.
“This change wonld be sufficient to cause the
. frequencies so changed to oceupy a band or
portion of the voice frequency range adja-
cent to'and at the remote side of the band or
‘portion occupied by the frequency com-
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ponents transmitted 1n the other circuit. The

“voice frequency components would occupy
the same range as before but would be dis-
placed from their former frequencies by 2
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definite amount and would be combined with
the carrier wave and transmitted exactly as
in the usual case.  An interceptor, however,
who attempted to receive the wave and de-
teet 1t in the ordinary manner would derive
a wave form identical with the wave im-
pressed on the inpul ¢i.cuit of the modu-
Lator,- which wave could not produee an in-

telligible signal when causced to actuate the
mphl.lgm “of a telephone receiver. The

l'usuh would be similar if a portion of the
frequency range was fransposed to such a
position that the resulting frequency band
was not continuous or of the same width as
the original voice frequeney band., It the
voice currents were transmitted to the modu-
Intor through more than two cireuils and
transposition were effected in morve than one
cireuity, a confusion would also ensue, al-
though the result obtained in this case prob-
ably “would not justify the elaborate means
required.

In order to make the systun as described
effective for transmission of intelligible sig-
nals to a desired station, a particular nieans
must be employed at the receiving station
to recast the contfused signal wave received
at the said station.into an intelligible form.
This recasting means is preferably similar to
the means employed at the transmiiting sta-
tion to confuse the signal and in effect acts
on- the recerved signal wave in an inverse
sense so as-to restore the transposed portion
of the frequency band to its original fre-
quency positien. Accordingly the receiving
circuit resembles the transmitling cirveuis
in that it has the same number of similarly
related elements althougly the sequen: e of
operations is in general in inverse order. The
modulated carrier wave is (xt*'11(>ti\11.xle<l in
the usual manner, ‘be resulting wave of hh 3
stantially audible frequency bemo uninteili-
gible. This wave is transmitted t6 an ampli-
fier and to the detecting device itn Lwo or
more channels or cirenifs in one or more of
which is a frequency changing means, such,
for example, as a frequency converter or
translator which restores the different fre-
quency componeitts to their initial frequency
relation, the combined ov resultant wave be-
ing wdentical witl: the original voice wave
and capable of reproduction as an addoustic
wave in the usual telephone receiver,

For further details of the specific {features
of the invention. refeérence is made to the
following deseription which, taken in con-
nection with the drawing, discloses the in-
vention in g preferred embodi"xent. T the
drawing Fig. 1 shows the transmitiing eir-
cuits and Iig. 2 shows the receiving cireunlts
of a system -embodying the invention.
Similar parts are indicated b'y similar ref:
erence symbolo, the par*uular parts beirm‘
dxﬁ'enntutu} by subscrints. Tb(’ crdinals
useo. have been chosen so as to mdumze the

device or circuit designated. -For exa mpix,,
muoduiaters are shown by the letter X L, de-
lL‘(‘l<)|~> by 12, high pass. ixltmb by ¥H, etc
Referring to i ig. 1, M d(’bl”lldti’b a modu-
thok,—b}m\s 1t here as a three element tube, al-
thoueh any one of the waay alicenative i

cutts for accemplishing the modulating
funciion, or even u mechanical medulsting
means, may  equally owell beo used ',‘mh"s
medulator servey m combine WHYOS COrpe-

sponding o &pw vfrequieney with the high

fulumm yoearyier awvave,  Clie vdrpier waves
are luipre *:.\ed o the input cir 'm of the
modulator by means ol the high frequency
carrier source (¢ throug %Lﬂww‘riscl L

The waves of voiee feequeney sye |
i

on the inpat clrenit by transformer 4
twg net portions svhich are devived ip
stormer I oand traverss

common from tras

sepurile to transformer 1 one por-
tion passing. through mwh pw.

3
ami i‘m oiu( rot
x

rents of fw'}u(\nm@ z“m\‘:: R

froquency,
vig;ned oy
the sanre frequency.
FH may transmi
above H0O0 eveles
nit below 1000 eyel
ters have been des
pass filters, they masj ¢
destoned to transmit current
gw’".oon the median v
stantinlly the highest w
queney vespectively. &
pear later an advantay
mg the filter FIT to ha
Hmit althongh there is no

e “‘“-(AL
r advantage

in an analogons t C¥T. Filters
of the general tyj o desevibad in
Camphell Patent The tew

“E» y opass fiffer,” ;uz»;.-:. filter™ und
“Dand !il(er" ave heve used (o deseribe re-
spectively, niilter which = desioned to trans-
mit only currents having frequencies abovep

pre«h- ermined Hiniting 71<>~w~1‘(‘y called
xhe Seut-off frequency” o fitter which
designed o transmit {reguencies below the
predetermined cut-off frequency, and a fil-
ter so designed as to transinit currents hav-
ing h(’(mu'“ws between upper and lewer
cut-off *wmwm 108,
The currents of i
through filter FL
creased or increased,
mmms of a deviee hore s
ranslator or rnodu“uo
means. such, for eson
generawr may Lc nuse
anspose the frogr
zm&?ed thereto \‘f:s C
order io confuse or le
SEACS impressed on mo

frequencies transmitted
are changed. either de-
‘)‘i' 2 ﬁwu amonunt by
W a8 frequeney
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mitted to the receiving station as side bands
of the carrier frequency. It would not be
sufficient to transpose these irequencies to
the frequency range occupied by the fre-
guencies in the other or another civeuis, since
this would canse an inextricable confusion of
signals from which it would be difficnlt or
mpossible by any arrangement of civeuits
to obtain an intelligible sigmal at ithe re-
ceiving station. TIn order that such inter-
mingling or overlapping of signals shall not
ocenr, it is of advantage to have the filter
FII transmit currents of freyuencies sub-
stantinlly up to the upper limit of voice fre-
quency, Tor example 3000 cycles, and to in-
crease the frequencies in the other portion
by 3000 eveles.  Although in the s

em
shown the lower frequencies are increased
by # fixed amounnt, it wounld be possible to
transpose the frequeneies included in a rela-
tively narrow part of a frequency range to
a frequency below the audible range, bud
this woeuld obviously be a less efficient ar-
rangement than that shown. Instead of
{his u transposing means could be placed in
cach of the circuits shown and a complete
reversal of frequencies effected, ar arrange-
ment which would inerease the confusion of
transmitted signals but which would prob-
ably not justify the increased expense and
complication made necessary.

The device which mav be nsed to increase

the frequencies by a fixed amount may be.

any combining device in which the currents
of voice frequencies may bs combined with
an input frequency wave in such a manner
that the resultant wave has a frequenecy
equal to the sum or difference component of
the frequencies. _

Any medulating devics, as far as known,
will accomplish this function and there is
shown a represenfative type of modulator
tube for accomplishing this purpose. Asis
well known, the output product of » modu-
lator is a wave which can . convenicntly be
resolved into three waves comprising waves
of the unmodnlated component frequency
and sum and difference frequencies. For
example, if the combining frequency in tube
M, is 3000 cycles, there will be an unmodu-

Iated component wave of 3000 cycles, a lower

side band of frequency 3000 less the voice
frequency below 1000 cycles, and an upper
hand having frequencies of 3000 plus the
voice frequencies of heloew 1000. The un-
modulated component and lower side band

are suppressed by high pass filter FH, which

is designed to transimit currents of frequen-
cies above approximately 3000 cycles. The
confused volee frequency wave impressed
on modulater M accordingly contains fre-
quencies varying from approximately 1060
to 4000 eveles. ‘

The ‘output from modulator B 1s ampli-
fiedd by deviee & which is of a known type,

o)
]

’
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after which it may be fransmited to the
communicating station by wire or radio

-transmission. 1n the system shown, the re-

sulting wave is hapiessed on a vadiating
antenna by means of transformer T,

In the system disclosed only the waves
corvesponding to frequencies between 1000
and 3000 are fransmitted with unchanged
frequency and would be insufficient to pro-
duee an intelligible signal in the teleplone
receiver of an intercepior. If a transposing
means were placed in each of the cirenits
leading from transformer T and the fre-
quencies therein interchanged, all of the fre-
quencies corresponding to voice signals
would be transmitted as andic frequencies,
but the received signal would probably be
even less intelligible than in the system

"unbove described.

Referving now to Mg, 2, there is shown o

receiving system by means of which the re-

ceived unintelligible waves may he detected
and cansed to produce an intelligible signal
in & telephone recetver.

The received wave is transmitted by trans-
former T, to detector D which functions in
the usual manner. The output circuits from
detector. 13 accordingly contain a current
similar in form to the modulating current
of tube M, having frequ i

cles varving from
1000 o 4000 cycles in the example given.
This output eurrent is impressed by means
of transforiner T, on divided circuits con-
taining hand filters ¥B, and FB,

These band filters are of the same general *

type a5 the filters shown in Fig. 1, the former

being designed to transmit currents of fre..

quencies between 1000 and 3000 cycles and
the latier frequencies above 3000 or between
3060 and 4000. The frequencies of currents
transmitted by flter ¥B, ave decreased by
3000 eyeles by means of modulating devics
Af, which functions in &

the same manner as
modulator B, to the extent that the combin-
ing frequency from the source shown is the

.same, 3000 eveles. The low pass filter TL,

may be designed to transmii only currenis
of frequencies below 1000 cycles and accord-
ingly suppresses the unmodulated and up-
per side hand frequency components, It is
seen that device qu, with low pass filter
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1., in effect vestores the transposed portion
2 t

of the voice wave to its initial relation to
other portions of the wave and that the cur-
rent flowing in the secondary of transformer

120

T, has the characteristic wave farm of

speech signal current and is capable of re- .

acting in a telephone receiver to produce in-
tellipible signals.

-The telephone receiver is shown in the out-
put. civeuit of amplifier A, which may be
used if necessary to amplify voice current
cirenlating in the transformer T,

The invention set forth herein is not lm-
ited to o system wherein the signal is trans-

s
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2s @ series of vibrations within a
of frequencies, but is applicable to
\ iransmission in- s °system wherein
types of signels may be transmitted.
should also be understood that the inven-
in its broadest sspect resides in the
wsposition of a portion, or portions, of the
stions corresponding to the “signals
ter in the sequénee of operations befors
gnal wave has been combined with the
supplied by generator G or in one of
. side bands 6f the wave resulting from
Julation by devies M. . The receiving
uits may remain unchanged, it being alse
vy to suppress the remsining side
2t the transmitting station.
2t is elpimed is: 4
he method of secret carrier current
shony which comprises the steps of di-
viding the voice wave into {W0 OT MOTe POr-
jong, changing each of the frequency com-
ts jncluded iu one or more, but not all,
aid portions by a sufficient amount to
5 said frequency components to occupy
ra of frequencies not previously oceu-
ansmitting the resultant wave as
“tions of & carrier wave, detecting said
mitted wave, and restoring the voice
ponent of the detected wave fo its initial
fiom.
he methad of secret carrier current
my which includes the steps of modi-
the voice wave by dividing it into two
sarts, changing the frequency com-
@S'lﬁ‘/r!
3

»

0BOVS
snis in one or more but not all of said
by modulating with o frequency com-
5 corresponding to the desired change
thereafter suppressing all but one side
of the resultant wave, transmitting the
od and unchanged portions of the voice
s modulations of the high frequency
wave, detecting the transmitted
o, and restoring the voice component
wot to its initial form.
e method of secret carrier current
hony whick includes the steps of medi-
+ the voice wave by dividing it into two
ave parts, changing the frequency coni-
anis inclnded in one ov more, but not all,
ol parts by modulating with 2 fre-
- ay componernt corregponding to the de-
change and thereniter suppressing
it one side band of the result-
suve, transmitting the yoice wave, in-
gaid changed frequency components,
lations of & high frequency car-
said wave, and re-
anponent thereof to its

P

compoients € 5 Wave
frequency equal to the said change
ey band which von-
riey wave signaling sys-
monns for dividing the signai wave

i15to two or more parts, means for transpos-
ing the frequency components included in
one or more, but not all, of said parts, a
modulating device for combining the
changed and unchanged parts of the signal
wave with a high frequency carrier wave,
means for transmitting the resultant modu-
lated wave, means for receiving and de-
tecting the transmitted wave, means for se-
lecting the signal component irom the prod-
uct of the detecting means, and means for
restoring said signal wave to its initial con-
dition.

5. In a voice frequency sigraling systcm,
in combination means for dividing the voice
frequency ‘band inte a plurality of ranges,
means for changing the frequencies in cer-
tain of the ranges while maintaining the fre-
quencies of the remaining ranges constant,
to produce & resultant band of waves differ-
ent in character from the original voice
range, and means for transmitting energy
corresponding te the resultant band.

6. In ‘a sécret carrier wave telephone sys-
tem, means for generating a complex wave
having speech characteristics, band filters
for dividing said wave into two or more

arts, means.in circuit with one or more of
the band filters for changing by a predeter-
mined - amount the frequency components
transmitted by said filters, means for modu-
lating a high frequency carrier wave in ac-
cordance with the changed and unchanged
parts of said complex wave, means for trans-
mitting the resultant modulated wave,
means for detecting the transmitted wave,
band flters for selecting and transmitting
the currents of modulating frequencies re-
sulting from said detection, and means in
civeuit with one or more of the last men-
tioned band filters for vestoring the modu-
lating current wave to a form similar to that
ot the original complex wave.

7. The system as definéd in_claim 6 in
which the said fneans in eircuit with said
band filters for changing the frequency com-
ponents and for restoring the -modulating
current wave consists in each instance of the
combination of a modulating device. the
modulating frequency of which equals the
desired frequency change, with a band filter
designed for transmitting 2 single side band
of the output thereof.

g. The method of secret telephony which
consists in dividing the voice wave in two or
move portions, changing the frequencies’in
cortain of the portions while maintaining
the frequencies in other portions constant, to
produce a resultant distorted voice wave,
and transmitting energy corresponding to
the distorted wave. '

. The method of secret telephony which
comprises the steps of dividing the voice
wave into two portions, operating on the
frequency components of that portion which

70

5

80

85

90

93

10

110

115

120

136



20

i

includes the lower frequencies to cause them
ocoupy a position in the frequency scale
immediately above and adjacent to thai ce-
cupied by the other portion, transmitting
the veice wave so changed, and vestoring the
frequencies to their initial relation at the
receiving station, -
i0. The method of secret carrier current
telephony which comnprises the steps of di-
viding the band of frequencies comprised
within the voice wave into two portions,
stepping up the frequencies in the lower por-
tion to a corresponding position immnedi-
ately above the frequencies of the other por-

&
f24
2.

5 tion by modulating with a current having s

frequency corresponding to the desired
change and thereaiter retaining only the up-
r side band, transmitting the voice fre-
yuencies 50 changed, as modulations of s
high frequency carrier wavs, detecting said

r

867 =
wave, and restoring the voice component of

?

the defecting operation to its initial condi-
tion. :

il. A signaling system, wherein are to be
received speech signals represented by bands
£ frequencies each divided into sub-bands,
the frequencies of certain sub-bands being
changed and the frequencies of the remain-
ing sub-bands of a band being unchanged,
having in combination means for selecting
the changed and unchanged frequency sub-
bands, means for restoring the sub-bands to
their initial relation within the speech range,
and & receiver responsive to such restored
frequency sub-bands. ‘

In witness whereef, I hereunto subscribs
my name this 1st day of December, A. D.
1920, '

HAROLD W. NICHOLS.
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