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To all whom it inay concern :

Be it known that I, Raveua V. L. HartLEY,
a citizen of the United States of America,
residing at Kast Orange, in the county of
Essex, State of New Jersey, have invented
certain new and useful Improvements in
Signaling Systems, of which the following is
a tull, clear, concise, and exact description.

The present invention relates to the trans-
mission of electrical currents or waves for
signaling or other purposes. More particu-
larly it relates to an arrangement for vary-
‘ing the transmission characteristic of a mul-
ti-section network, more specifically an ar-
rangement for continuously varying a char-
acteristic of an electrical network, such as
the discriminating characteristics of an elec-
tric wave filter, for example.

This invention will be hereinafter de-
scribed in connection with a secret signaling
system in which is employed a sustained
wave modulated or controlled in accordance
with the wave to be secretly transmitted. A
sustained wave used in this manner ‘s some-
times called a carrier wave, and generally
has a constant high frequency. In the pres-
ent invention, however, the carrier wave may
be audible and is made to have a cyclically
varyirg frequency, the rate of variation be-
ing very low in comparison with the fre-
quency of the signaling waves to be trans-
mitted. )

It is well known that when a carrier wave
is modulated by a range of low frequency
waves such as speech waves, a number of
different  frequency components result,
among which are an unmodulated one of the
original carrier frequency and two side-
bands representing the sum and difference,
respectively, of the carrier frequency and
the speech frequencies, if all of these com-
ponents are transmitted over a telephone
line, the speech frequency can be received by
the use of a simple detector. If the unmodu-
lated carrier frequency component is com-
pletely suppressed and only one sideband
is transmitted, it is impossible to receive the
speech by simple detection, but if a wave of
the carrier frequency is combined at the re-
ceiver with the transmitted sideband, a de-
tector will yield the speech waves. A system
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in which only one sideband is transmitted,
therefore, possesses a considerable degree of
secrecy, since an outsider would have some
difficulty in discovering the frequency of the
wave which it is necessary to use at the de-
tector in order to receive speech. Tt is con-
ceivable, however, that one might hit upon
the proper frequency by trial, and when once

- this has been discovered there would be but

little difficulty in receiving the speech.

In accordance with this invention it is pro-
posed to use a continuously varying carrier
frequency in order to make it hecessary to
know not only the carrier frequency at any
instant, but the manner in which it is varied
before the transmitted message can be intel-
ligently received. By varying the carrier
frequency over a considerable range, and
especially by employing a more or less com-
plex scheme of variation of the carrier fre-
qg?ncy, a high degree of secrecy is obtain-
able.

If a wire transmission system is used, it is
desirable to suppress completely the currents
of the original voice frequencies, since if any
of these get to the line it might be possible
to filter them out and amplify them suffi-
ciently to render them receivable. It is also
necessary to suppress practically completely
the unmodulated carrier frequency compo-
nent and one of the sidebands. It'is desira-
ble also to suppress double frequency compo-
nents and the other frequency components
which are not to serve any useful purpose.
If the lower sideband is the one which is to
be transmitted, and if the lowest essential
frequency represented in it is above the high-
est voice frequency then a high pass and a
low pass filter in series in the output of the
modulator can be used. The high pass filter
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will suppress all currents of the frequencies

from zero up to the upper limit of the voice
range, while the low pass filter will suppress
all currents of frequencies higher than the
lower sideband including components of the
carrier frequency and the harmonics. If the
lower sideband, however, contains frequen-
cies so low as to overlap the voice range, a
filter cannot be used to suppress the voice,
but a balanced modulator may be used for
this purpose as will be described hereinafter.
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In either case a low pass filter may be used
to suppress the unmodulated carrier com-
ponent the upper sideband and the high har-
monics. It will be shown hereinafter, how-
ever, that if a low pass filter having a fixed
cutoff frequency is used to suppress the car-
rier it will permit of only a very limited
range of variation of the carrier frequency.
Tt is an object of the present invention to
overcome this limitation and to make pos-
sible a variation of the carrier frequency
over any desired range while still preventing
the unmodulated component of carrier fre-
quency and other undesired frequency com-
ponents from being ‘transmitted. In the
present instance, this object is accomplished
by varying simultaneously with the carrier
frequency the frequency ahove which all fre-
quencies are suppressed: In accordance with
this invention this is done by the use of a
filter having a variable cutoff. /
Trom the detailed description of this in-
vention given later it will be apparent to
those skilled in.the art that the wave filter
provided -in accordance with this invention
with a continuously variable cutoff may be
readily adapted to many important uses in
transmission systems widely different from
the secret carrier system specifically de-
seribed. :
This invention will be better understood
by reference to the following detailed de-
scription taken in conmection with the ac-
companying drawings in which Fig. 1 rep-
resents a high frequency signaling system
embodying this invention; Fig. 2isa graphic
illustration of certain frequency relations
made use of in describing the invention; and
Fig. 3 is a modification of certain details of
Fig. 1. : )
Tn the system to be described, it is as-
sumed that the carrier frequency v--& va-

ries cyclically in any -desired manner -be-

tween limits which are determined by d
varying between zero and a predetermined
limiting value. If the speech frequency
band as a whole is represented by s and if

_ the carrier wave is modulated by currents of
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speech frequencies, as will be assumed in the
present case, the resulting components. will
be of frequencies v+d—s, v+d, and v-t+d-t-s.
If the lower band of frequency w»-d—s
alone is to be transmitted, an upper limiting
or low pass filter will be used to enable the
band v+4d—s to be transmitted but to sup-

press the higher frequency components in-

" cluding both the unmodulated carrier com-
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ponents and the upper sideband. This means
that the cutoff frequency of the filter must
always lie between the carrier frequency
v+d and the frequency in the band
v1+d—s lying nearest to the carrier fre-
quency. 'The permissible range of varia-
tion of the carrier frequency is limited,
therefore, to something less than the lowest
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essential voice frequency. This is_ illus-
trated in Fig. 2. The upper portion -of
the diagram represents the position
speech modulated wave in terms of fre-
quency relative to the cutoff frequency of
the filter at the instant when the carrier fre-
quency has been varied to its upper per-
missible limit (d=max.) and the lower por-
tion of the figure represents the conditions
at the instant when the carrier frequency
has its lowest frequency value (d=o0). The
carrier frequency is in this figure denoted by
the heavy vertical line. The sidebands are
denoted by s, the one to the left of the car-
rier frequency being assumed to be the lower
and the one at the right the upper sideband.

If the filter is so designed that all fre- -

-quencies to the left of the cutoff frequency
T of the filter are transmitted while all fre-
quencies to the right are suppressed, it is
seen that in both extreme conditions i. e.
d=o0 and d=max., the lower sideband is
transmitted but the carrier and the upper
cideband are suppressed. If the carrier
should be varied to a higher limit than that
shown by d=max., it will be seen bearing in
mind that the sidebands would be shifted
with the carrier, that some of the lower side-
band would be thrown into the suppression
‘range of the filter and this would result in
’impairing the transmission of the speech.
Tf the carrier goes to a lower value than that
indicated by d=o,.it will pass into the
.transmission range of the filter. It is evi-
dent therefore that with a filter having a
fixed cutoff, the maximum permissible range
of variation of the carrier frequency is some-
what less than the frequency interval be-
tween the carrier and the nearer edge ‘of the
sideband.

According to the present invention, the
cutoff frequency F is changed with the car-
rier so that to whatever extent the carrier
frequency shifts, the cutoff frequency changes
in such a manner as to suppress the carrier,
but to permit the transmission of one of the
sidebands. One arrangement for accom-
plishing this is shown in Fig. 1.

In this figure a transmitting arrangement
is shown. The modulator M is supplied
with carrier oscillations from the generator
O and with speech frequencies from the cir-
cuit 2. The speech waves originate in _the
microphone cireuit 3,-which 1s coupled to
the circuit 2 through a low-pass filter 4.
This filter is so designed as to transmit all
of the essential voice frequencies, but .to
suppress the high harmonics of the voice so
that essential speech frequencies confined to
a limited range are used to modulate the car-
rier. . The modulator M is of the balanced
type comprising the two discharge devices 5
and 6 connected so as to suppress transmis-
sion of the speech waves. The speech waves,
it will be noted, are impressed upon the

of the.
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common connection between the filaments
and the grids through the coil 7, while the
carrier wave from the oscillator O is im-
pressed in an opposite sense upon the two
tubes by means of the coupling 8. Due to the
mode of connection employed here, the un-
modified voice frequency components are sup-
pressed, but the unmodified carrier compo-
nent; will be transmitted. The carrier fre-
quency may be high in comparison with
speech frequencies but it may also be.of
audible frequency. There will be no con-
fusion of the original speech currents and
the sideband currents for the reason that the
former are not transmitted by modulator M.

A filter 9 is employed to suppress the car-
rier frequency, but to permit the transmis-
sion of the lower sideband resulting from
modulation of the carrier by the speech fre-
quency currents. The filter 9 is, as is also the
filter 4, of the general type described in the
patent to Campbell, No. 1,227,113, dated
May 22, 1917, but filter 9 is provided with
means for making its upper limiting fre-
quency variable at will. The filter 9 com-
prises a number of sections each of which
includes inductive elements in series with the
line and capacitative elements in shunt of
the line. The cutoff frequency of the filter
depends upon the product of the inductance
and the capacity values, and hence by vary-
ing the magnitude of either the inductance
or the capacity, it is possible to vary the
cutoff frequency. In the drawing, the capac-
ity in shunt of the line consists of fixed
capacity elements 10 and variable capacity
elements 11 in parallel with each other. The
variable capacity elements each comprise a
stationary plate and a rotatable plate which
is arranged to be driven by the motor 12,
and their plates or armatures may be so
designed as to introduce any desired changes
into the capacity of these condensers. In
this way the cutoff value of the filter may
be varied in any one of a number of ways
by changing the shape and size of the con-
densers even though the speed of rotation of
the motor remains the same. As pointed out
above, the carrier frequency in this system
changes cyclically between predetermined
limits. For introducing these frequency
variations the oscillator O may be supplied
with a cyclically varying capacity element
13 mounted on the same shaft as the con-
denser 11, and the system may be so con-
trolled that as the carrier frequency, sup-
plied from the oscillator O, increases or de-
creases, the cutoff value of the filter will fol-
low the changes in the carrier frequency by
virtue of the variations in capacity of the
condensers 11.  With an arrangement of this
kind it is possible to. vary the carrier fre-
quency in accordance with any desired
scheme of variation between relatively wide
limits, and still permit the transmission of

8

the lower sideband, but suppress the trans-
mission of the unmodulated component of
the carrier frequency.

Since in order to receive the wave trans-
mitted from the circuit in Fig. 1, it is neces-
sary to supply to the detector a wave of the
carrier frequency, it is necessary to provide
at the receiver an oscillator, the frequency
of which varies in the same manner as that
of the oscillator O. This may be done con-
veniently by providing at the receiver a con-
stant speed motor similar to 12 and by syn-
chronizing the movements of the two motors
in any well known manner.

Fig. 8 illustrates a variable band filter
having variable series and shunt capacities

‘which may be used to replace the type of

filter shown in Fig. 1. The characteristic of
the filter of Fig. 3 is such that the width of
its transmission band may remain approxi-
mately constant as its upper and lower cutoff
frequencies simultaneously increase or de-
crease. This type of filter is. accordingly
well adapted to transmit a modulated side
band of fixed range, but of varying carrier.
frequency. - ) '

The circuit arrangements that have been
illustrated and described in connection with
the variable wave filter of this invention are
intended merely ‘as representatives of pre-
ferred embodiments of the invention, and it
is obvious that many other arrangements are
possible and will occur to those skilled in the
art, for instance the inductance instead of
the capacity of the filter may be varied. The
invention, therefore, is not to be construed
as limited to the specific circuit arrange-
ments that have been disclosed, but only by
the scope of the appended claims.

This application is a divisional applica-
tion of one filed by me on September 8, 1920,
Serial No. 408,890, subject, Secret signaling.

What is claimed is:

1. In combination, an electric wave filter
of a plurality of sections, each of said sec-
tions comprising a shunt impedance element
and a series impedance element, said imped-
ance elements having such values as to freely
transmit frequencies of a certain range while
completely suppressing other frequencies,
and unitary means for simultaneously and
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continuously varying the value of an imped- .

ance in each of said sections to continuously
vary a limit of the effective transmission’
band of said filter.

2. In combination, an electric wave filter
of a plurality of recurring sections for freely
passing a definite range of frequencies while
suppressing frequencies outside of said
range, a source of currents, means for vary-
ing a characteristic of the currents from
said source, and means for varying the trans-
mission characteristic of said filter simul-
taneously with a variation in a characteristic
of the currents from said source,’
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3. In combination, an artificial network
of a plurality of sections, a source of cur-
rents connected thereto, means for varying
the frequency of the currents from said

“source, and means for varying an impedance’

characteristic of said network simultane-
ously with a variation in the frequency of
the currents from said source.

4. In combination, an electric wave filter
of a plurality of sections, a source of alter-

means for varying the frequency of the cur-
rents from said source, and means for vary-
ing the cutoff frequency of said filter simul-
taneously with a variation in the frequency
of the currents from said source.

5. In combination, a source of currents,
an outgoing line, a wave filter between said
source and said line for freely transmitting
a definite range of frequencies while sup-
pressing. frequencies in another range, and
means for simultaneously varying the fre-
quency of said currents and a limit of the
transmission range of said filter to always
keep said currents in the same range of the
filter. :

6. In combination, a line, a wave filter in
said line comprising a plurality of sections
for freely passing a definite frequency band
while suppressing frequencies outside of said
band, each of said sections comprising a re-
actance in series with said line and a react-

" ance in shunt to said line, and unitary means
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for simultaneously varying both of said re-
actances in each of said sections to vary a
limit of the band of frequencies frecly passed
by said filter. ’

7. In combination, a line, a wave filter
in said line comprising a plurality of sec-
tions and having a sharp cut-off frequency,
cach of said sections comprising a reactance
in series with said line and a reactance in
shunt to said line, and unitary means for
simultaneously ~varying said reactances
while maintaining a sharp cut-off frequency.

8. In an electric system, an electric band
filter of a plurality of sections, and means
for simultaneously varying an impedance
characteristic of each of said sections to
vary the transmission band of said_filter
while maintaining said band at substan-
tially the same width as regards frequency.

9. In a transmission system, a transmis-
sion circuit, a filter in said circuit prevent-
ing the transmission of currents of frequen-
cies higher than a cutoff frequency, which
is a function of the electrical characteris-
tics of said filter, means for supplying cur-
rents of varying frequency to said circuit,
and means for varying the cutoff frequency

5
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of said filter in accordance with and simul-
taneously with -the variations of frequency
of said supplied currents. :

10. In. combination a vacuum tube oscil-
lator, an outgoing line,'a wave filter for con-
necting said oscillator with said line, a re-
actance in said filter for determining the
cutoff frequency of said filter, a reactance
associated with said tube for determining
the frequency of the oscillations gemerated,
and means for simultaneously varying said
reactances to maintain at all times the same
relation between the frequency of the oscil-
lations generated and the cut-off frequency
of the filter.

-11. In combination, a source of currents
of cyclically varying frequency, a network
having a desired impedance for currents
generated by said source, said network com-
prising a plurality of sections each compris-
ing an impedance element and unitary means

for cyclically and simultaneously varying

each of said impedance elements coincident-
1y with and in accordance with said varia-
tion in the currents from said source.

12. In combination, a source of currents
of varying frequency, an outgoing line, a
wave filter between said source and said line
for freely transmitting a definite band of
frequencies and suppressing frequencies in
another band, said filter comprising a plu-

-rality of sections, a reactance in cach of

said sections and unitary means for simul-
taneously  varying each of said reactances
simultaneously with the variations in: the
currents from said source to always keep
said currents in the same band of the filter.,
13. In combination, a source of currents,
means for determining the frequency of cur-
rents from said source, a line, a wave filter
of a plurality of sections--between said
source and said line for preventing currents
from said source from being impressed on’
said line, an impedance element in cach sec-

tion of said filter and ieans for continu- 105

ously and simultaneously varying the fre-
quency of said generator and each of said
impedances. S v

14, In combination, an oscillator, an im-
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pedance for determining a frequency of the 110

oscillations generated, a line, a wave filter
of a plurality of sections between said os-
cillator and said line for suppressing said os-
cillations, a reactance in each of said sec-

ttons and unitary means for continuously 116

and simultaneously varying said impedance
and, each of said reactances.
Tn witness whercof, I hereunto subscribe
my name this 1st_day of July, A. D. 1921,
T RALPH V. L. HARTLEY.
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