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- GRAPH COMPANY, A CORPORATION OF NEW YORK. '

- SECRECY SIGNALIﬂ'G SYSTEHM.

Application filed August 12, 1926 Serial No. 128,700.

This invention relates to a method of and
means for secrecy signaling in which secrecy
is obtained by having the signal so distorted
during transmission that i1t will not be
recognizable unless received by a station
with.the proper conversion means to correct
the distortion. The invention is related to

_an application of French and Zinn, Serial
No. 755,075, filed December 10, 1924, and to.
my application,  Serial No. 128,789, filed
Aug. 12, 1926. '

In this invention I take a signal such as

a speech signal, in which the frequency
range is from about 100 to 5,000 cycles, an
break it into segments or elements Sprefer-
ably of¢equal length). Alternate elements
which may be taken as a group are then ap-
plied to a device which lengthens the dura-
tion of each element and decreases each fre-
quency and the frequency band, occupied
correspondingly. The other alternate ele-
ments making a group are also modified so
as to occupy a narrower frequency band,
preferably adjacent to but not overlapping
the band of the first group of elements. In

particular, in the case of norinal speech mes- -

sages, I find it advantageous to reduce all
frequencies of the first group by the factor
2 so that this group may then occupy a fre-
(at:ency band corresponding substantially to
the lower half. of the original frequency
band, while the second group has its fre-
quency band width also reduced by the fac-
tor 2, but this band is so shifted by modu-
lation as to. occupy the upper half of the
original frequency band. The two resulting
bands are now superposed and transmitted
to a receiving station at which the reverse
‘ process takes place. The complex wave is
separated by filters into its components in
separate paths, The: component which was
shifted by modulation is shifted back and
the elements of the two portions. are ex-

panded to normal frequencies and frequency

and width, and the elements are brought
together in proper: time relation to yield the
original signal wave. ‘
- In the description which follows there will
be occasion to make frequent references to
the change of a frequency band width and
also to. a shifting of a frequency band.

. - These two operations are distinctly different

in character. As-explained, for example, in
the aﬁplication's referred to above, a normal
_speech or music signal is & complex wave

d has been altered by the factor 14.

made up of numerous frequencies extending

from about 100 to 5,000 cycles. Such a sig-
nal therefore is said to occupy a frequency
band from 100 to 5,000. By means of the
Doppler principle it is possible te change
each and all of the frequencies in such a
band by any desired factor, such as the fac-
tor 14, in which case thé resulting signal
would occupy a band from 50 to 2,500 cycles,
and it will be apparent that while there has
been a slight change in position of the fre-
quency band, the important change has been
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in the width of the frequency band which |

It is
such a change as this which is referred to as
reducing the frequency band width. On the
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other hand, if & normal speech signal is com-

bined by modulation with a carrier fre-
uency, there will then result modulation

v(flrequency bands which will be shifted with.
“respect to the original band by an amount

equal to the frequency of-the carrier, but
the width of one of these meodulation bands
will be unaltered ; and it is such a change as
this: which will be in mind when reference
is made to the shifting of a frequency band.

The invention will be better understood
by reference to the following description
and the accompanying drawing, in which
Figure 1 illustrates a circuit arrangement
for a transmitting station which is to carry
out the distortion mentioned above; Fig. 2
illustrates the circuit elements and connec-
tions for a receiving station to co-operate

-with the transmitting station of Fig. 1;

Figs. 3 and 4 show particular forms which
the transmitting and receiving conversion
devices may take on; Fig. 5 shows another
form of such device; and Fig. 6 shows how
the invention may be applied to radio signal-
ing. : . : .
Referring. more particularly to Fig. 1,
LW may be taken to represent a path over
which a normal speech signal may travel,
the speech signal being made up of all fre-
quencies from about 100 to 5,000 cycles, and

- it will be convenient to represent any of

these frequencies by f and understand that
they' start from about zero. The incoming
wave is allowed to pass over some form of
path - such as the circular path 10. Ad-
jacent to said path 10 is a pick-up device
A, adapted to reproduce the signal wave as

it travels along the element 10, and to trans-.

mit this signal through brush contacts to
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the line L,. If this pick-up device ‘A is
stationary, it is apparent that the whole
signal wave entering upon 10 will be re-
layed to the line L, with no changes in form.

_On the other hand, if this device A is mount-

ed to rotate about the center of the circuit
10, this will no longer be true. Let us sup-

.- pose, for example, that the velocity of trans-

mission of the wave along the element 10 is

V and that the velocity of the pick-up de-
vice A is in the same direction and is equal
to V/2. Consideration -of the figure will
then show that in one complete revolution
of the element A there will be transmitted to
the line 1., an element of the message wave

. which would occupy half the circumference
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1, and it will _
its position with respect to A, it will pick up
“the elements of the message which are

on t
‘ments of the original message, the frequency’

of the path 10, and that this segment or ele-
ment will now be spread over a length corre-

sponding to one complete circumference of
path 10, The duration of this element

therefore has been doubled and each fre-
quency in it will have been halved so that
its band extends from substantially zero to
2,500. ) )

"It is to be observed that when the element
A has made one complete revolution it skips

to the beginning of the path 10, and the por-
tion of the message which at that moment

occupies the path will be omitted so far as
transmission to L, is concerned. As a re-
sult "there will appear upon this line I,
alternate elements of the original message,
the frequencies f having been reduced to
f/2. Although half of the message has thus
been skipped, the elements which have been
picked up by the device A have had their
duration doubled, and therefore, these pro-
longed elements will follow each other with
no appreciable blank intervals,

In order that the whole message shall be

preserved, I provide in this invention a sec-
ond pick-up device B, similar in every re-
spect to the device A, and adapted also to
rotate in the same manner but displaced by
an angle of 180 degrees. This element B
is connected by suitable contacts to a line

Ze apparent that by virtue of

skip{)ed by A, and there will thus appear
he lines L, and L, fragments or: ele-

band width for each of these fragments be-
ing one-half of that normal to a speech
signal. This has been indicated on these
lines by the legend O—F /2, where it is un-

_derstood that ¥ is the maximum frequency
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. considered in ‘the speech signal. -

In order to maintain the integrity of these
two groups for later composition it is now

necessary to shift the frequency band of-at

least one of the groups, thus placing it in
a different portion of the frequency spec-
trum. - This I may accomplish in ‘my inven:
tion by modulating one of the groups, such

‘the line 1.’

1,676,321

as that arriving on the line L, to a carrier
frequericy. In the figure then there is
shown a modulator M which is supplied by
a sustained carrier frequency ¥/2 from an
oscillator O. The output of this modulator
is then permitted to pass through a band
pass filter which transmits the higher side
band extending, as'is obvious from F/2 to
F. .The waves from the two paths may now
be superposed and transmitted to a remote
station, and it will be seen that the signal
from the line L, occupies the lower half of

“the frequency band of the original message,

whereas the signal from the line L, occupies
the upper half of the original frequency
band. In this circuit it may be desirable
to place a wave filter 15 which transmits a
band extending from zero to F.

It will now be seen that there is sent out
on the transmission line a signal made up of

the original message chopped into .sections,

and these sections altered as to frequency
and superposed, the whole resulting in a
wave so distorted as to be beyond recogni-
tion with ordinary receiving apparatus. In
Fig. 2, however, there is shown a receiving
station R adapted to co-gperate with the
transmitting station T to correct for this
distortion. To this end there is introduced
in the path of the signal a band pass filter
16 adapted to pass frequencies from O to
F/2, such signals passing over the path
L,” and through suitable contacts to a re-
cording device A’. A band filter 17 is also
introduced in the circuit, this filter being
adapted to pass all frequencies from F/2 to
F. Since it is necessary to bring this band
of frequencies to its demodulated condition,

in -
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it is shifted by a demodulating device DM .

which is supplied by the incoming signal
and by an oscillator of frequency F/2. -A

-band pass filter 19 is then supplied, adapted
.to pass one side modulation band only, this

being thé band extending from zero to F/2,
after which the resultant wave pastes over

recorder B’: v ;

The recorders A’ and B’ are parts of a
converter which is similar to the converter
of the transmitting station T sand consists
of a path 20 adapted to receive and propa-
gate impulses from the recorders A’ and B’.
Consideration of this figure will-make it evi-

dent that if the velocity .of propagation of -
120

the wave in the path. 20 is'V, and the rota-

‘tion of the elements A’ and B’,; which are

180° apart, isin the same direction and na-
merically equal to V/2, then the frequencies
transmitted: by the path 20.to the line LE

- will-'be double: the frequency of the wave

through suitable contacts to.
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coming in 6n"the recorders, and therefore, .

of normal si
aiso that each element of signal given to the

so that gaps will occur between each element.

al frequency. It will be:seen.

~line LE by A’will be of half duration only; ..
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The time relationship, however, of B’ with
respect to A’ may be made such that the ele-
ments brcught in by B’ will fall in these
gaps and a continuous message will there-
fore result, this message being a reproduc-

" tion of the original me-sage coming in on

the line LW. In order, however, to obtain

this time relationship, it is necessary that

the arms A’ and B’ shall rotate at exactly

the same rate as the arms A and B; in addi-

uvon it is necessary that the arms A’ and B’
shall be in phase with the arms A and B,
due allowance being made for the time of
transmission of the signal from the path 10
to the path 20. In other words, the two ro-
tating arms must be run in synchronism, and
for this purpose any of the weli-known syn-
chronizing means may be used.

Tn the above description it is stated that

the oscillation of Fig. 1 shall give the fre-

“quency F/2. It may equally well be set to

give the frequency F, in which case the lower
side band extending from F to F/2 would be
preserved for transmission by the band filter.

5 In this event also the oscillator of Fig. 2

should be run at the frequency F in order to
gield the restored signal fragments. It will

e noted’ that the lower side band carries
with it frequency in version and thus even
greater confusion in the distorted wave with
-accompanying greater cecrecy.
. While this invention has been
terms of halving and doubling the frequen-
cy band width, it is to be understood that
this is for simplicity in the description only
and that the invention is not to be limited to

‘any such factor, but that the rotating parts.

of the converters may have a velocity bear-
ing any desired relation to the velocity of
propagation along the paths 10 or 20.
The paths 10 and 20 have been de cribed
in general terms only, this for the reason

that they may take on a variety of forms .

such as are mentioned and described in the
application of French and Zinn and in my
application, both referred to above. Specifi-

. cally, however, the converters may take on

the Torm shown in Figs..3 and 4, the first of
these being suitable for a transmitting sta-
tion and the second for a receiving station.
Referring. more particularly to Fig. 8, for

- example, the incoming wave from the line

‘65

LW may be connected to a magnetic recorder
comprising a coil 30 adjacent to an iron or

55 steel tape or wire 31, moving with any de-

sired velocity V and in part passing around

- a circular path. At the center of this cir-.

cular path may be mounted an arm carrying

“reproducing devices A and B and rotating

in the same direction as the tape at any suit-

able velocity such as V/2. - Under these con-

ditions the coils A and B will pick up ele-
ments of the message and transfer them to
the lines L, and L,, in the manner described
~in connection with Fig. 1. - .

described in’

3
Referring to Fig. 4, the separated received
signal fragments coming over the lines L’

and L,” will pass to the recording coils A’ .

and B’ which are synchronously rotated
about the center of a circle consisting of an
iron or steel wire or tape 20. This tape or
wire 20 should be traveling in the same di-
rection as that of the recorders A’ and B’,
and to follow the illustration thus far_given,

with a velocity twice that of the velocity of 7

the recorders. The wire tape, with its im-
pressed signal, now in undistorted form, may
pass under a reproducer 40 which picks up
the signal to transmit it over the line L.I.
In both Figs. 8 and 4 it will be necessary to
restore the magnetic tape.or wire to normal
condition, and magnetizing means 32 and 42
may be provided for this purpose, or if pre-
ferred, the direct current sources may be re-
placed by A. C. sources as indicated by the
dotted lines. :

_Still another form -which.the paths 10
and 20 may take is shown in Fig. 5. Here
the transmission line LW comprises a pair
of conductors which are connected to a re-
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tarding transmission path represented as & :

pair of concentric conductors, the further
ends of these being connected to a network
of a character to properly terminate the line,

‘thus permitting propagation of the wave in

one direction and yielding no reflection.
Obviously the pick-up devices will be of ap-

‘propriate type and the time relations given

in connection with Figs. 3 and 4 would ap-

ply. -

)instead of the m(}ving tape of Figs. 3
and 4, it is apparent that any movin%erecord
with suitable pick-up devices may be used.
One might, for example, use a_photographic
record or a phonograph record in a number
of ways which will be obvious to those
skilled in the art.

While the invention has been described
in connection with a wire transmission cir-
cuit, it will be apparent that it may be used

'in other cases also, such as radio transmis-

sion. It would be obvious, for example,
that one might take the distorted signal at
the transmitting station T, just prior to its
entering the filter 15, and use it to modulate
a -carrier frequency for radio transmission,
and - that a corresponding demodulation
could be introduced at the receiving station.
Another way in which the invention may be
applied to high frequency transmission 18
illustrated in Fig. 5, in which the original
signal and a carrier frequency from an os-
cillator O, are together. impressed upon a
modulator M,. A band pass filler may be
introduced to permit the transmission of one
side band only, and this side bandobviously
may be impressed upon a converter shown
schematically at 51 and partaking of the
properties of the converter at 10. The one
group of waves could then be impressed di-
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rectly upon an antenna 52, and the other

. group, after modulation in a modulator M,
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with which there is associated a modulator

generator O,, could then be impressed upon

an antenna 53, the carrier frequency for this
second antenna bearing any desired rela-
tion to that of the antenna 52. The two an-
tenns could radiate on the same carrier fre-
quency p, the one transmitting one side band
from p to p—F/2 and the other band adja-

cent to it from p to p+F/2. In this case

also a single antenna could be used and the

two portions separated by suitable filters at

the receiving station. .
What is claimed is:

. 1. In a signaling system the method of ob-
taining secrecy, which comprises breaking
the signal into elements, displacing alternate
elements into one frequency band, displacing
the remaining elements into another fre-
quency band, superposing these on a trans-
mission channel, receiving and separating the
two portions, and restoring the elements to
their normal frequency and normal time re-
lation. ' :

2. In a signaling system the method of ob-

- taining secrecy, which comprises breaking

the signal into. elements, displacing alternate

elements into one frequency band, displacing

the remaining element into another fre-
quency band adjacent thereto, superposing
these on a transmission channel, receiving
and separating the two portions, and restor-
ing’ the elements to their normal frequency
and normal time relation,

3. In a signaling system the method of .

obtaining secrecy, which comprises breaking
the signal into elements, displacing alternate
elements into one frequency band of nar-
rower frequency width, displacing the re-
maining elements into another frequency
band of narrower frequency width, superpos-
ing these on a transmission channel, receiv-

. ing and separating the two portions, and re-
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mediately adjacent thereto,

storing the elements to their mormal fre-

quency and normal time relation.

4. In a signaling system the method of
obtaining secrecy, which comprises breaking
the signal into elements, displacing alternate
elements into one frequency band of nar-
rower frequency width, displacing the re-
maining elements into another frequency
band of narrower frequency width and im-
superposing
these on a transmission chanuel, receiving

and separating the two portions, and restor-

ing the elements to their normal frequency
and normal time relation. : :

5. In a signaling system the method of ob-
taining secrecy, which comprises breaking the
signal into elements, displacing alternate ele-
ments into one frequency band of narrower
frequency width, displacing the remaining
element "into another frequency band of
narrower frequency width and immediately

1,676,321

adjacent thereto, the bands together occupy-
ing the original frequency band, superpos-
ing these on a transmission channel; receiv-
ing and separating the two portions, and re-
storing the elements to their normal fre-
quency and normal time relation.

6. In a signaling system the méthod of
distorting the signal for the purpose of
secrecy, which consists in interrupting the
signal into elements of equal time length,
reducing the. frequency and the frequency
band width of alternate elements to occupy
a lower portion of the normal signaling fre-

.quency band, increasing the frequency and

reducing the frequency band width of the

10

78

8¢)

remaining elements to occupy an upper por- -

tion of the normal signaling frequency band,
superposing these on a transmission channel,
Teceiving and separating the two portions,
and restoring the elements to their normal
frequency and time relation.

7. In a signaling system the method of
distorting the signal for the purpose of se-

85

crecy, which consists in interrupting the -

signal into elements of equal time length,
reducing the frequency and the frequency
band width of alternate elements to occupy
a lower half of the normal signal frequency

band, increasing the frequency and reducing '

the frequency band width of the remaining
elements to occupy an upper. half of the nor-

‘mal signaling frequency band, superposing -

these on a transmission channel, receiving

00
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and separating the two portions, and restor- -

ing the elements to their normal frequency
and time relation. '

1o

8. In a signaling system the method of ob- -

taining secrecy, which comprises interrupt-
ing the signal into elements of ‘equal time
length, reducing the frequency and the fre-
quency band width of alternate elements to
occupy the lower half of the normal signal-
ing frequency band, increasing the frequency
and reducing the frequency band width of
the remaining elements to occupy the upper
half of the normal signaling band frequency,

10,

1

superposing these on a transmission channel, .

receiving and separating the two portions
of the resultant wave, increasing the fre-

uency and the width of frequency band of
the one portion to normal, decreasing the fre-
quency and increasing the width of frequency
band of the other portion to normal, and
restoring the. elements to normal time rela-
tion with respect to each other.

9. In a signaling system the method of ob-
taining secrecy, which comprises interrupt-
ing the signal into elements of equal time

length, reducing the frequency and the fre-
quency band width of alternate elements to. !

occupy the lower half of the normal signal-

ing frequency band, modulating the remain-

114

ing elements to a carrier frequency and re- -

ducing its frequency and frequency band to
occupy the upper half of the normal signal-
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ing frequency band, superposing these on a
transmission channel, and restoring the ele-
ments to their normal frequency and normal
time relation. : S :

10. In a secrecy signaling system a trans-
mitting station, a source of signaling cur-
rent, means at said station for breaking said
signal into elements and for decreasing the
width of the frequency band of each element,

‘means for transferring alternate elements to

a frequency band different from that of the
other elements, a receiving station, and means
thereat for restoring the distorted signal to
normal condition. -

11. In a secrecy signaling system a trans-
mitting station, a source of signaling cur-
rent, means at said station for breaking said
signal into elements and for decreasing the
width of the frequency band of each ele-
ment, means for modulating alternate ele-
ments to a frequency band different from
and adjacent to that of the other elements,
means for superposing the modified alternate
elements for transmission, a receiving sta-
tion, and means thereat for restoring the dis-
torted signal to normal condition.

12. In a secrecy signaling system a trans-
a source of signaling cur-
rent, means at said station for breaking said

signal into elements and for decreasing the -

S

width of the frequency band of each element,
means for modulating the alternate elements
to a frequency band different from and adja-
cent to that of the other clements, mneans for
superposing the modified alternate elements
for transmission,
means thereat for separating the two groups
of elements, means for demodulating the
modulated elements, and means for, expand-
ing the elements to normal frequency and
bringing them into normal time relation.

" 13. In a secrecy signaling system a trans-
mitting station, a_source of signaling cur-
rent, means at said station for breaking said
signal into elements of equal time duration

a receiving station and

40 -
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and of double duration and half frequency,

separate paths for the alternate elements, a
modulator in one path adapted to yield a
modulated side band adjacent to the fre-
quency band of the other group of alternate
elements, means for superposing the two

‘wave portions in transmission, a receiving

station, and reciprocal means thereat for re-
converting the received wave into the origi-
nal signal.

In testimony whereof, I have signed my
name to this specification this 11th day of

. August, 1926.

ALLEN CARPE.
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