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i

My present invention relates to radio communi-
cation and more particularly to a secret point-
to-point communication system of the type dis-
closed in my prior application Serial No. 443,898,
filed May 21, 1942, The present invention com-
prises improved apparatus and an improved
method of operation for insuring against inter-
ception of the transmitted signals and comprises
also novel means for preventing an enemy com-
pass station from taking a bearing to determine
the location of one or the other of the com-
municating stations. Thus the present system
makes possible radio communication under con-
ditions where “radio silence” is now considered
necessary. The invention includes also a method
of, and means for, correcting for frequency drift
of the oscillators at the communicating stations.

Present radio compass apparatus can take a
bearing only on a relatively stable carrier. Even
when phase or frequency modulation is employed,
the center frequency around which the modula-
tion takes place is held with a high degree of
stability, and hence the center frequency, from
the fact that the instantaheous frequency passes
through it with regularity, yields a detectable
stable “carrier.” The system of the present in-
vention, which is so arranged as to permit of
random fluctuation of the signalling carrier, thus
substantially eliminates the possibility of detec-
tion by enemy compass stations of the location
of either of the communicating stations.

In my present system, as in that of my prior
application, secrecy is obtained by the use of
reciprocal modulation devices; signal energy
introduced at one station serving to cross modu-
late or “secramble” the signal transmitted from
the other station. Signal energy introduced at
each station returns to the point of introduction
into the system before elimination.

For an understanding of the invention, refer-
ence may be had to the accompanying drawings,
of which

Fig. 1 is a block diagram of the communication
apparatus at either of two communicating sta-
tions;

Fig. 2 is a diagram of the special filter of
Figs. 1 and 5;

Fig. 3 is a diagram of the signal originating
apparatus of Fig. 1;

Fig. 4 is a diagram of the signal detecting
apparatus of Figs. 1 and 5:

Tig. 5 is a block diagram of the apparatus at
one of two communicating stations representing
a preferred modification of the invention wherein
correction is made for oscillator drift, and
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Tigs. 5z and 5b are diagrams representing the
receiving and transmitting units respectively of
the other communicating station.

In accordance with one embodiment of the

5 Dresent invention, each of the communicating

stations will be equipped with the apparatus
schematically illustrated in Fig. 1. The corres-
ponding elements of the apparatus at each sta-
tion may be identical, but preferably, as herein-

10 after more fully described, there will be a dif-

ference in the constants of certain of the corres-
ponding elements to permit of different operat-
ing frequencies. The apparatus of Fig. 1 will
first be deseribed in general terms applicable

15 to the arrangement at either station. The pre-

ferred differences as between the corresponding
clements will be made clear in the later explana-
tion of the operation of the system.

In Fig. 1 a receiving antenna 2 is arranged

20 to supply energy to a combined receiver and

frequency converter 4. The receiving portion of
unit 4 should be so constructed as to be able
to pass a relatively wide band of frequencies.
The particular width of the band passed, as well

25 as the sensitivity and characteristics of the re-

ceiving apparatus is of course a matter of design,
but for convenience in description and in order
to give a concrete example of the operation of
the system, the width of the band passed may be
taken as 20 or 30 ke. The converter portion
of unit 4 is arranged to change the received
signals, which are of the order of a few mega-
cyeles, to an intermediate frequency, say of 100
ke. The output of unit 4 is transmitted through

35 a radio frequency transformer 8, having suitable

band-pass characteristics, to a limiter stage 8.
The limiter 8 may be of any type known to the
art, such as a saturated pentode or a pair of
diodes. If desired, a limiter circuit of the type
disclosed in my earlier filed application Serial
No. 425,843, filed January 7. 1942, now Patent
No. 2,390,502 granted December 11, 1945, could
be utilized herein as unit 8. The output from

4 limiter 8 is fed to one pair of input terminals

of a balanced modulator 18; the other pair of
input terminals of which receive energy from
a special filter {2 hereinafter to be described
in connection with Fig. 2. Balanced modulator
19 may be any type known to the art but prefer-
ably is of the type disclosed and claimed in my
copending application Serial No. 457,807, filed
September 10, 1942, now Patent No. 2,441,127
granted May 11, 1348, which insures suppression
of the beating frequencies in the output circuit.

85 Tne energy from limiter 8 heterodynes in
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balanced modulator 18 with the energy delivered
from filter 12 so that sum and difference fre-
quencies appear at the output terminals of unit
{0 are impressed upon a radio frequency trans-
former {4 which is a band Dpass circuit passing
the difference frequencies only. Thus if the fre-
quency of the energy from filter 12 is around
40 ke, the pass band of transformer (4 will
center around 60 kc. Energy from transformer
4 appears at the input terminals of a balanced
rodulator 16 and concurrently at the input
terminals of a detector unit 18 hereinafter more

]

10

fully described in connection with Fig. 4. In~

balanced modulator 16, which is preferably of the
same type as unit 10, energy from transformer
{4 heterodynes with energy of a frequency of
about 40 ke. supplied from a unit 20, ~Unit 20

Is the point of origin of the signal to be trans-

mitted and will be hereinafter described in.eomn-
nection with Fig. 3. The sum and difference
frequencies from unit 46 are delivered to a radio
frequency transformer 22 having band pass
characteristics such as to pass the sum frequen-
cies only to a frequency converter and transmit-
ter unit 24. The frequency of the energy de-
livered to unit 24 is thus of the same order of
magnitude as that of the energy delivered by
unit 4, that is, about 100 ke. Unit 24 converts
the received energy by suitable heterodyning
action to a signal frequency of several thousand
kilocycles, amplifies the energy and delivers it
to a transmitting antenna 26.

The apparatus at one of the communicating
stations has now been briefly and more or less
broadly described but suggested signaling fre-
quency values have been given. As heretofore
indicated, the apparatus at each station could
be identical, but for convenience it is preferred
to. use different operating frequencies for the
signal originating in units 20 of the respective
station. These frequencies can be the same but,
If so, provision has to be made for suppressing
the second harmonic of the operating frequency
throughout the system. The use of different
frequencies thus simplifies the apparatus al-
though it does require a difference in the con-
stants of the elements forming the various net-
works. Such differences in constants would not,
of course, show in the simple block diagram of
Fig: 1, which may therefore be considered as
representing the apparatus at either station.

Before describing the operation of the system
as a whole, the major differences in the constants
of the apparatus at the two stations will be
indicated by assuming that the numerical values
of the frequencies heretofore given apply to one
station, say station A, at which the operating
signal frequency generated in unit 20 is around
40 kc., and by assuming that the operating signal
irequency generated in unit 20 of the other sta-
tion, say station B, is around 60 ke. (For sim-
plicity, when referring to units at station A and
station B, the subscripts ¢ and b respectively will
hereinafter be used.) For the frequency values
heretofore given, the converting portion of unit
4b will have such constants as to convert the
frequency of received energy to about 100 ke.
Transformer {4b will have a pass band centering
around 40 kc. and unif 24b will convert energy
of a frequency of about 100 ke. to energy of a
frequency of several megacycles. Detector unit

I8¢ will be constructed to detect signal energy
in the neighborhood of 60 ke. and detector unit
18 will be constructed to detect signal energy
in the neighborhaod of 40 Kc., that is, the detect-
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ing unit of one station is responsive to the oper-
ating frequency generated at the other station.

The operation of the system of Fig. 1 will be
understood from the following description. As
in the system of my prior application Seria] No.
443,898, filed May 21, 1942, energy introduced at
station A is mixed or scrambled with energy
received from station B and this mixture is
transmitted to station B where it is unscrambled
by the balancing out of the energy theretofore
transmitted from station B. The signal energy
from station A so separated out at station B is
mixed or scrambled with continuing signal energy
introduced at station B and this new mixture is

‘transmitted to station A where detection of the

signial ‘énergy introduced at station B is made.
Assume, for example, that station A initiates a
signal in unit 20a and for convenience call this
the “prime signal.” Station B also initiates a
signal in unit 26b which may or may hot carry
intelligence but is used for scrambling purposes
at station A. Por convenience call this latter
signal the “secondary signal.” When and if
this “secondary signal” is applied to balanced
modulator 16a it will mix with the “prime signal”
from unit 20¢ to form the “prime mixture” which
passes through the radio frequency transformer
22q to the frequency converter and transmitter
24q. The signal radiated by antenna 26q is then
the “prime communications signal.” At station
B, after conversion to the intermediate frequency
in units 46 and 6b, demodulation takes place in
balanced modulator 10b where the energy from
limiter 8b is heterodyned with energy from filter
12b. " Pilter 12b passes energy from unit 200 but-
is constructed to delay the passage of such energy
for a period of time corresponding to that re-
quired for energy to travel from unit 20p through
units 165, 22b, 24b and antenna, 26D, through the
intervening space to station A, through the
apparatus at that station, back to station B and
through units 4b, 6b and 8b to balanced modu-
lator 10b. The output, therefore, from unit §0b
and transformer (4b will be the “prime signal”
only; that is, the signal energy introduced at unit
20qa. This “prime signal” is delivered to unit
18b for detection and also to balanced modulator
i6b where it is mixed with the continuing
“secondary signal” from unit 200 and becomes
the “secondary mixture.” In transformer 220
this “secondary mixture” is applied to unit 24p
where by simple or complex heterodyning it be-
comes the “secondary communications signal”
for radiation from station B. This “secondary
communications signal” arrives at antenns 2a
and is applied to unit 4e¢ where it undergoes the
conversion necessary to pass through limiter 8a.
to balanced modulator 19¢. The energy appear-
ing in radio frequency transformer 6a is, of
course, the “secondary mixture.” After passing
through the balanced modulator 10a, where it is
heterodyned with the delayed primary signal
from filter (2a, it becomes the “secondary signal”
in transformer (4a. From transformer (4g this
“secondary signal,” that is the signal originating
in unit 20b, is applied to detector (8¢ for de-
tection and to balanced modulator 16¢ for re-
transmission to station B after mixture with the’
continuing signal from unit 20q.

The entire system, including the apparatus at
both stations, constitutes an “end-to-end” oscil-
lator where the frequency of oscillation under-"
goes several changes but is fundamentally deter-
mined by certain relationships hereinafter de-

scribed. The amplitude of oscillation of "the
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system is determined by the limiter units 8¢ and
8b. Additional limiters may of course be placed
at other strategic points in the system to pre-
vent overload of any apparatus in the chain,

From the above description it will be apparent
that if units 20a and 200 include suitable means
for varying the frequency by a few kc. in an ir-
regular manner, as for example by means of a key
28 indicated diagrammatically in Fig. 1, the
signals from unit 20g will appear as corresponding
increments and decrements of frequency in both
the incoming and outgoing communication
signals and in the radio frequency transformer
14b and detector 18b. These frequency changes
will not appear in radio frequency transformer
{4a or detector 18q if filter {2g¢ is properly ad-
justed. If now concurrent frequency changes are
produced in unit 26b these will not interfere with
the detection of the signal from station A as
they will not appear in detector 18b but will show
up at station A at detector 18a. If the frequency
changes from unit 20b are irrelevant changes,
they will have only the scrambling function, de-
tected of course, but ignored by the operator at
station A. They could be intelligible signals and
thus a message could be sent simultaneously in
both directions. At times the coincidental de-
crement in the frequency originating in unit 28¢
may completely mask an increment originating in
unit 20b. In this case there would be no change
in the frequency of the radiated energy and thus
no externtal evidence that intelligible communi-
cation was in progress. If the keyed intelligence
produced in the units i8¢ and 18b consist of dif-
fering amounts of frequency increase and fre-
quency decrease, then the two radio frequency
carriers serving the two points will have their
frequencies varied in a random and capricious
manner completely camouflaging an exchanged
intelligence and further rendering the task of lo-
cating the apparatus by means of compass bear-
ings difficult if not impossible.

In the system of my prior application S. N.
443,898 no attempt was made to change the oper-
ating frequency of the cooperating apparatus.
This took place on an independent basis and the
scrambled signal was applied as amplitude modu-
lation (or frequency or phase modulation) to the
respective signalling carriers. It was thus im-
plicit in that arrangement that all intelligence
and scrambling frequencies were passed around
the chain with negligible phase shift or with a
certain definite amount of phase shift that was
constant throughout the intelligence and scram-
bling band widths. If the signalling and scram-
bling frequencies appear only as modulation on
an otherwise stable carrier, and if phase shift
throughout their respective operating bands is
zerc or constant, then such phase shift, if any,
can be added to the “phase shift” due to time
delay in the transmission space between the com-
municating stations. In the present system,
however, because the operating frequency is being
changed it is necessary to introduce reactive
phase shift means so that the amount of phase
shift will change with the signalling frequency.
This will be in addition to the delay means neces-
sary to allow for the fixed phase shift that is inde-
pendent of the prime signal frequency. The ar-
rangement disclosed diagrammatically in Fig, 2
has been devised, therefore, to insure phase shift
change with signal frequency and to provide the
necessary delay means between units 20 and 0.

As indicated in Fig. 2, the apparatus, all of
which corresponds to unit 12 of Fig. 1, comprises
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a series of like sections or cells 898, in this case
two in number, a section or cell 3{, a resistance
condenser cell 32 and a limiter 34. Each cell 30,
of which as many may be used as are found
necessary in any particular set-up, comprises an
inductance and adjustable condenser in series
and an adjustable shunt resister. By means of
the condenser of each cell 30 each cell can be
operated at or near the resonant frequency of the
signal from unit 20 and by means of the adjust-
able shunt resistors the output from each cell 30
can be held constant while the magnitude of
phase shift is controlled. Cell 8! comprises a
simple series resonant circuit of inductance and
capacity and serves to provide a higher output
voltage to make up for the inevitable attenuation
caused by passage through the sections 30. The
last section 82 serves to introduce a relatively con-
stant delay compared to the frequency shift. Cell
32 feeds to limiter 34, which is non-reactive and
is necessary because of the unavoidable ampli-
tude change occurring with the phase shift when
the frequency is changed. Limiter 34 in turn de-
livers the delayed signal energy to balanced mod-
ulator 20 of Fig. 1. The adjustment of the filter
sections can be effected manually or automatic
means such as disclosed in my prior application
S. N. 443,898 could be provided. In practice the
main adjustments could be made during manu-
facture of the equipment, with only minor slight
adjustments required when the apparatus was in
use, such other adjustments being necessary only
to correct for minor changes in the alinement
of the apparatus at the other station and to allow
for changes in signalling distance.

As previously explained, the sole purpose of the
apparatus of Fig. 2 is to delay the application to
balanced modulator 10 of the frequency changes
originating in unit 20 until such time as these
changes have traversed the oscillatory chain and
are applied to balanced modulator 10 from limiter
8. 'I have found from experimental work that
this can be done with a remarkable degree of
efficacy. If the prime and secondary signals are
of the same frequency the apparatus in Fig. 2
will be substantially identical. If these fre-
guencies are different then this apparatus will
have correspondingly different constants. I have
found that I can obtain very good phase control
in this system with a filter of this kind if it is
properly alined. Sometimes it is necessary to
stagger the tuned circuits so that the phase shift
in the filter corresponds precisely with the kind
and degree of phase shift throughout the oseil-
latory chain.

The apparatus 20 of Fig. 1 is shown in Pig. 3 as
including g self-excited oscillator 35 operating at
the prime or secondary signal frequency. For
the values heretofore given, the frequency of os-
cillator 36 at station A would be 40 ke. and that
at station B 60 ke. A reactance tube 38 serves,
when operating, to change the frequency of os-
cillator 36 by an amount dependent upon the
constants of the tube and upon the voltage im-
pressed upon it from a source 49 of capriciously
changing voltage. The key 28 serves to close the
circuit making the reactance tube operative. An
automatic tape mechanism 42 may be substituted
for the key in order to utilize automatic sending
or to provide irregular keying for scrambling at
the other station. Preferably reactance tube 32
is so arranged that when key 28 is depressed a cer-
tain minimum frequency change will take place so
that the resultant beat will be definitely detect-
able at the opposite end of the chain. In like
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manner the decrement or increment of frequency
must be limited to a value not greater than 25%
of the total band width of the system, since allow-
anece must be made for simultaneous changes in
the same direction initiated in the apparatus 28
at the other station. Unit 40 may be any device
the output voltage of which varies in an irregular
manner. It might, for example, be a high gain
radio frequency pentode such as the 6SD7GT hav-
ing a high resistance in its control grid circuit.

Suitable detecting apparatus, corresponding to
unit {8 of Fig, 1, is diagrammatically illustrated in
Fig. 4 as a simple heterodyne system including an
oscillator 44 supplying energy to a mixer tube 48§
where it beats with energy from R.F. transformer
{4 to produce an audio frequency beat detectable
in head phones 48. Oscillator 44 is operated at
the signalling frequency originating at the other
station, that is, for the values heretofore given, at
station A oscillator 44a would operate at a fre-
quency of 60 ke. and at station B oscillator 44p
would operate at a frequency of 40 ke.

Instead of the simple heterodyne detector ili-
lustrated in Fig. 4, other means for detecting the
signal, either audibly or visually, could of course
be employed.

In the system of Fig. 1 no means are shown or
described to correct for undesired changes in the
frequency of the oscillators used for frequency
conversion of the received or transmitted energy.
The effect of such changes, in the system of Fig. 1
are cumulative, as will be apparent from the
following,

Assume for simplicity that the frequencies of
the energy delivered by units 20a and 28b remain
constant at 40 and 60 kec. respectively. Assume
further that unit 24a¢ converts the “prime mix-
ture” of a frequency of 100 kc. to energy of a fre~
quency of 2350 kec. by heterodyning the prime
mixture with energy from a 2250 ke. oscillator.
If the frequency of such oscillator shifts to 2249,
the frequency of the “prime communications sig-
nal” would then become 2349 kc. At unit 4b at
station B the frequency of the incoming signal
would therefore be converted to 99 ke. and energy
of 99 ke, would be heterodyned in unit 24b with
energy from, for example, an 1850 ke, oscillator
and radiated as the “secondary communications
signal” at a frequency of 1949 kec. At station A
the frequency of the incoming signal would be
again converted in unit £¢ to energy of 98 kec.
and thereafter energy of 99 ke. would hetercdyne
in unit 24a with energy from the oscillator thereof
stiil operating at 2249 ke. The result would be a
further decrement of 1 in the radiated signal
from station A. Thus with each complete transit
of the signal energy about the loop comprising
the two stations and the space therebetween the
frequency of the radiated signal and that of the
intermediate frequencies would be further de-
creased so long as the oscillator associated with
unit 24a continued to operate at the frequency of
2249 ke. instead of 2250. If such condition lasted
t00 long the frequency of the energy applied to
any of the filter circuits might drop below the
pass bands thereof, thus, temporarily at least,
interfering with the operation of the system.
The same is true, of course, as to the other oscil-
lators of the system. This condition could be
corrected by provision of known means for sta-
bilizing the frequency of the various oscillators.
A more practical and the preferred arrangement,
however, is disclosed in Figs. 5, 5a and 5b wherein
automatic. correction is made for oscillator. drift
and to which reference may now be had,
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The apparatus disclosed diagrammatically in
Fig. 5 is that at one station, say station A. The
equipment at station B will be identical except
for the receiving ang transmitting portions, which
are shown respectively in Figs. 5a¢ and 5b and ex-
cept for such differences in the elements as are
required by the use of different signal frequencies
in the units corresponding to unit 28 of Fig. 1.
As the gpparatus of Fig: 5 is in many respects like
that of Fig. 1 like reference numbers are given to
like units of the system; the subscript “a” being
used to indicate station A equipment and the
subscript “D” being used to indicate station B
equipment. In Fig. 5 the unit 80a is a receiver
and amplifier receiving energy from antenna 2a-
and delivering energy to a balanced modulator
52 where it heterodynes with energy from an os-
cillator 54. Radio frequency transformer 6a
having a pass band centered to pass the differ-
ence frequencies from unit 52, delivers the con-
verted energy through limiter 8¢ to balanced
modulator {0a where it heterodynes with delayed
signal energy from special filter 12q as in the cir-
cuit of Fig. 1. Also, as in Fig. 1 energy from unit
i8a, after passing through R. F. transformer (4a
which passes the difference frequencies only, is
delivered to detector i8a and to balanced modu-~
lator 16¢ as the “secondary signal” where it het-
erodynes with the “prime signal” energy. Radio
frequency transformer 22¢, passing the sum fre-
quencies only, delivers the “prime mixture” to an
amplifier and transmitter 88a for delivery to the
transmitting antenna 28« without further fre-
quency conversion. Af station B the “prime mix-
ture” is received by a receiver and amplifier 58b
and delivered directly thereby to the radio fre-
quency transformer 6b as indicated in Fig. 5a.
After passage through the units of staticn B cor-
responding to those of station A, the “secondary
mixture” appears at one pair of input terminals
of a balanced modulator 58 (Fig. 5b), where it
heterodynes with energy from an oscillator §9.
Energy from unit 88 is passed through a filter €2
which passes the sum frequencies to the amplifier
and transmitter 858b for delivery to the trans-
mitting antenna 2§0.

Before describing the equipment at each sta-~
tion for applying the signal energy to the bal-
anced modulators 18 and 18, the method by
which the apparatus so far described corrects for
oscillator drift will be described. For conven-
ience, the same numerical values of frequencies
heretofore used in explaining the operation of the
system of Fig. 1 will be used, that is, the inter-
mediate frequency will be taken as about 100 ke.
of which 40 ke. is attributable to the “prime sig-
nal” and 60 kc. to the “secondary signal.” The
frequency of the “secondary communications sig-
nal” will be taken as about 1950 ke, With these
values oscillator §4 at station A will be a 2050 kc.
oscillator and oscillator 60 at station B will be
an 1850 ke. oscillator. Thus there is addition of
frequencies at one station and subtraction at an-
other. Thus increments of frequency at one point
become decrements of frequency at another point
and a slight discrecancy in one or anocther of the
heating oscillators 54 and €0 cannot initiate a fre-
quency gambit because the returning signal would

"be off in the opposite direction, thus compensat-

ing for the original error. This will be apparent
from the following wherein, as before, we assume
the frequencies of the prime and secondary sig-
nals as constant. Assume, for example that the
frequency of oscillator 34 drops to 2049 kec., then
the frequency of the energy passed by units 6a
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and 8¢ would ke 99 ke. as would be that of the
energy transmitted to station B and that of the
energy beating in unit 58 with that from oscil-
lator 69. Accordingly filter 62, passing the sum
frequencies, would pass energy of 1949 ke. which
would be transmitted back to station A. Thus en-
ergy of 1949 kc. beating in unit 52 with energy
from oscillator 50, still delivering energy of 2049
ke. instead of 2050 kec. would be converted after
passing through unit §¢ to 100 kc., the desired
value. Thus the discrepancy introduced by os-
cillator 54 is automatically compensated for.

With the above described arrangement it is
apparent, however, that desired changes in sig-
nal frequency will also come back inverted and
hence the delayed signal energy cannot be ap-
plied as in Fig. 1 to balanced modulator 18a or
10D, as the frequency changes thereof must be
inverted before application thereto. One ar-
rangement for so inverting the frequency changes
of the signal energy is shown in Fig. 5. In Fig. 5
units 36a, 38a, 40a, 82a, and key 28a correspond
to the parts of unit 20 of Fig. 1 shown in Fig. 3,
and hence need no further description. Oscil-
lator 36a, however, will be a 120 kc. oscillator, in-
stead of a 40 kc. oscillator for the frequency val-
ues of the system hereinbefore assumed, and os~
cillator 36b will be a 180 ke. oscillator instead of
a 60 ke. oscillator. As shown in Fig. 5, the output
from oscillator 36a is delivered in parallel to a pair
of balanced modulators 64a and 66¢. In unit 6da
the energy from oscillator 36a beats with energy
from an oscillator §8¢ and in unit 68¢ energy
from oscillator 36a beats with energy from an os-
cillator 70e. Oscillator 68c is a 160 kc. oscillator
and oscillator T8¢ is an 80 ke. oscillator. The out-
put from unit 64a is fed to the special delay fil-
ter 12¢ through a filter 72¢ having a pass band
centering at 40 ke. and the output of unit 66 is
fed to balanced modulator I8¢ through a similar
filter T4a. With this arrangement if the frequency
from oscillator 36a increases to 122 kc., for ex-
ample, due to operation of key 28a, the frequency
at the output of filter 72¢ becomes 38 kc. or 160
minus 122, and the frequency at the output of
filter 14a becomes 42, or 122 minus 60. Thus in-
crements and decrements in the frequency of the
energy from oscillator 36 caused by operation of
key 28a appear as increments and decrements re-
spectively in the energy delivered to balanced
modulator 16a but as decrements and increments
respectively at the input to balanced modulator
{0z. In the corresponding apparatus at station
B oscillator 3567 is a 180 ke. oscillator, oscillator
68b is a 240 ke. oscillator. oscillator 78b is a 120
ke. oscillator and filters 64b and T4b have pass
bands centering at 60 ke.

From the above description it will be apparent
that the system of Figs. 5, 5g and 5b differs from
that of Figs. 1 and 3 in three respects. First by
the provision of means for insuring one frequency
inversion in the entire system, second in the
provision of means for insuring inversion of the
frequency changes of delayed signal energy ap-
plied to the back balanced modulator of each sta-
tion, and third, in the omission of one heterodyn-
ing operation at each station by radiating the
prime mixture without prior conversion to a
higher frequency. Of these three differences in
the system the first two are concerned with the
prevention of frequency drift due to changes in
oscillator frequency and the third is merely a
simplification that could equally well be employed
in the system of Fig. 1. For that matter, if de-
sired, means could be provided, in the system
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of Fig. 5, for converting the prime mixture to a
higher communications frequency by heterodyn-
ing. This would not introduce any undue com-
plications affecting the stabilizing requirements
provided the additional oscillators employed for
the conversion were kept at each point on the
same side of the signal. That is, if a communica-
tions signal frequency of say 2350 ke. were desired
and if this frequency is obtained by beating the
100 ke. prime mixture with energy from a 2250
ke. oscillator at the transmitter of station A, then
an oscillator of the same frequency, that is, 2250
kec. must be used at the receiver at station B to
reconvert to 100 ke. If the oscillator at station B
were 2450 ke. a second inversion in the system
would take place and the beneficial results of the
first inversion would be nullified. The provision
of the additional heterodyning process, if applied,
as above indicated, to the same side of the signal,
would not create instability as one inversion in
the total system is sufficient to erase slight errors
occurring ahywhere.

In the description of the system of Figs. 5, ba
and 5b, the frequency of the radiated prime mix-
ture has been given as 100 kc. and that of the
secondary communications signal as 1950 ke,
These values were given because they had been
used in connection with the description of Figs.
1 to 4, and therefore were useful in simplifying
the description of Fig. 5 and in bringing
out the points of similarity and the points
of difference in the two systems. These
frequencies of 100 ke. and 1950 kc. are widely
separated and inharmonically related and hence
obviously a substantially higher frequency for the
prime mixture would be used in practice. Also,
although the system of Figs. 5, 5a¢ and 5b has been
described as one in which the prime mixiure is
radiated while the secondary mixture is con-
verted to a higher frequency for radiation, the
system is equally arranged for radiation of the
secondary mixture and heterodyning of the prime
mixture as this is only a matter of nomenclature.
That is, Fig. 5 could represent station B and Figs.
5a and 5b apparatus at station A. In the system
as described the frequency of the heterodyning
oscillator 60 at station B was given as below the
communications signal frequency, while that of
oscillator 54 at station A was given as above this
frequency. 'That is for a transmitted frequency
of 1950 ke. oscillator 60 was stated to be an 1850
ke. oscillator and oscillator 58 was stated to be a
2050 ke. oscillator. Obviously the system would
operate equally as well if the frequencies of these
oscillators were interchanged; the requirement
merely being that they operate on opposite sides
of the transmission frequency.

The improved secret signalling system has now
been described in connection with two specific
embodiments thereof, each arranged for trans-
mission of telegraph signals. The systems as
shown, with modifications which would be ap-
parent to those skilled in the art, could be adapted
for telephony. Also, while certain of the features
of my prior application Serial No. 443.838 have
not been specifically discussed herein, they could
be advantageously employed with the present sys-
tems. For example, the means disclosed therein
for automatically or manually bypassing the
scrambling and unscrambling devices during
initiation of communication could be employed
in the present systems. Such means are useful
in determining whether or not communication
between the points is possible and also in ad-
justing the apparatus. Such means, however,
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where telegraph signals are involved, are not
essential as I have found that end-to-end con-
tact based on all the heterodyning processes in-
dicated can be brought about spontaneously in
the same manner as in any proper oscillatory
system. Also, in the present disclosure, no means
have been described or illustrated for keeping
energy radiated from the transmitting antenna
out of the receiving antenna at that station.
Unless the transmitting frequencies of the two
stations are substantially different shielding or
other means should of course be provided. Pref-
erably the arrangement disclosed in a copending
application Serial No. 449,256, filed July 1, 1942,
now Patent No. 2,426,581 granted September 2,
1947, should be employed, as that arrangement
permits of concurrent transmission and reception
without interference, even when the frequencies
of transmission and reception are identical.

In the above description specific values of the
signalling and transmitting frequencies have been
suggested. These have been given merely as an
aid to the understanding of the invention and
should not be taken as a limitation thereto, Tor
example, instead of signalling frequencies of tens
of ke.; frequencies of several hundreds ke. could
be employed and the frequencies at each station
although preferably different could be the same.

I claim:

1. A secret station-to-station communication
system comprising in-combination means ab each
station for introducing energy, means at each
station for scrambling the energy introduced at
that station with the energy introduced at the
other station, and controllable means st each sta-
tion for unpredictably varying the frequency of
the energy introduced at that station.

2. A secret station-to-station communication
system comprising in combination means at each
station for introducing energy, means at each
station for scrambling the energy introduced at
that station with the energy introduced at the
other station, and controllable means at each
station for unpredictably varying the frequency
of the energy introduced at that station, includ-
ing means at each station for producing a delayed
replica of the energy introduced at that station,
said means including . adjustable networks for
introducing reactive phase shift to compensate
for phase shift due to the changes in frequency
of the introduced energy.

3. A secret station-to-station communication
system comprising in combination means at each
station for introducing energy, means at each
station for scrambling the energy introduced at
that station with the.energy introduced at the
other station, and controllable means at each sta-
tion for unpredictably varying the frequency of
the energy introduced at that station, means in-
cluding an oscillator being provided at one sta-
tion for converting the scrambled energy to a
higher frequency for radiation to the other sta-
tion and wherein means also including an oscil-
lator is:provided at the other station for con-
verting the frequency of .the received energy to
the frequency of the scrambled energy of the
first station, said oscillators having operating fre-
quencies on opposite sides of the frequency of the
radiated energy whereby frequency changes in
the radiated energy due to a shift in the operat-
ing frequency of either oscillator are compensated
for.

4. In a secrel station-to-station communica-
tion system the combination comprising a re-
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ceiver and transmitter at each station, a fre-
quency converter including an oscillator associ-
ated with the transmitter at one station and a
frequency converter including an oscillator as-
sociated with the receiver at the other station,
said oscillators having operating frequencies on
opposite sides of the frequency of the energy
radiated from the first station, means at each
station to introduce signal energy of capricously
varying frequency, means at each station for pro-
ducing a delayed replica of the signal energy
introduced at that station with the capricious
frequency variations thereof inverted, means at
each station for utilizing said delayed veplica
for separating out from the energy received by
the receiver the signal energy introduced at the
other station, and means at each station for uti-
lizing such separated energy for scrambling the
signal energy introduced at that station.

5. In a secret station-to-station communication
system the combination comprising a receiver and
transmitter at each station, a frequency con-
verter including an oscillator associated with the
transmitter at one station and g frequency con-
verter including an oscillator associated with the
receiver at the other station, said oscillators havy-
ing operating frequencies on opposite sides of the
frequency of the energy radiated from the first
station, means at each station to introduce sig-
nal energy of capriciously varying frequency,
means at each station for producing a delayed
replica of the signal energy introduced at that
station with the capricious frequency variations
thereof inverted, means at each station for uiiliz-

% ing said delayed replica for separating out from

the energy received by the receiver the signal en-
ergy introduced at the other station, and means
at each station for utilizing such separated en-
ergy for scrambling the signal energy introduced
at that station, said means at each station for
producing a delayed replica of the signal energy
including adjustable networks for introducing
reactive phase shift to compensate for phase shift
due to the changes in frequency of the introduced
signal energy.

6. In a secret. station-to-station communica-
tion system the combination comprising g re-
ceiver and transmitter at each station, a fre-
quency converter including an oscillator associ-
ated with the transmitter at one station and a
frequency converter including an oscillator as-
sociated with the receiver at the other station,
said oscillators having operating frequencies on
opposite sides of the frequency of the energy
radiated from the. first station, means at each
station to introduce signal energy of -capriciously
varying frequency, means at each station for pro-
ducing a delayed replica of the signal energy
introduced at that station with the capricious
frequency variations thereof inverted, means at
each station for utilizing said delayed replica
for separating out from -the energy received by
the receiver the signal energy introduced a the
other station, and means at each station for uti-
lizing such separated energy for scrambling the
signal energy introduced at that station, said
means at each station for introducing signal en-
ergy and for producing a delayed replics thereof
including a source of energy, the frequency of
which is capriciously variable about a fixed value,
a pair of oscillators producing energy having fre-
quencies above and below said fixed value and
departing equally therefrom, a device for heter-
odyning energy from said. source with energy
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from one of said oscillators, & device for het-
erodyning energy from said source with energy
from the other of said oscillators, whereby en-
ergies delivered by both said devices have fre-
quencies capriciously varying about the frequency
difference between said fixed value and that of
either of said oscillators and the variations of
the frequency of the energy from one of said de-
vices is inverted relative to the variations of the
frequency of the energy from the other of said
devices, and means for delaying the energy from
one of said devices for providing the delayed
replica, with inverted frequency variations, of the
energy from the other of said devices.

7. In a station-to-station secrei communica-
tion system the combination comprising a trans-
mitter and a receiver at each station, a source of
signal energy at each station and controllable
means for capriciously varying the frequency of

the energy delivered thereby, means at each sta- ¢

tion for producing a delayed replica of said sig-
nal energy and for utilizing the same to separate
from the energy received by the receiver at one
station the signal energy introduced at the other
station, a detecting device at each station con-
nected to receive such separated energy, means
at each station for scrambling such separated
energy with signal energy introduced at that sta-
tion and means for delivering such scrambled en-
ergy at each station to the transmitter thereof
for radiation to the other station.

8. In a station-to-station secret communica~
tion system the combination comprising a trans-
mitter and a receiver at each station, a source of
signal energy at each station and controllable
means for capriciously varying the frequency of
the energy delivered thereby, means at each sta-
tion for producing a delayed replica of said signal
energy and for utilizing the same to separate
from the energy received by the receiver at one
station the signal energy introduced at the other
station, a detecting device at each station con-
nected to receive such separated energy, means
at each station for scrambling such separated
energy with signal energy introduced at that
station and means for delivering such scrambled
energy at each station to the transmitter thereof
for radiation to the other station, the source of
signal energy at each station including an oscil-
lator having a predetermined operating ifre-
quency and said controllable means for capri-
ciously varying the frequency of said source in-
cluding a reactance tube, operative when ener-
gized to vary the frequency of said oscillator, a
source of capricious voltage for energizing said
tube and manually controlled means for con-
necting said last mentioned source with said
tube, and wherein said detecting devices each
includes an oscillator, the oscillator of the de-
tecting device at one station having the same
operating frequency as the oscillator of said first
mentioned source at the other station.

9. In a station-to-station secret communica-
tion system the combination comprising a trans-
mitter and a receiver at each station, a source
of signal energy at each station and controllable
means for capriciously varying the frequency of
the energy delivered thereby, meauns at each
station for producing a delayed replica of said
signal energy and for utilizing the same to separ-
ate from the energy received by the receiver at
one station the signal energy introduced at the
other station, a detecting device at each station
connected to receive such separated energy,
means at each station for scrambling such
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separated energy with signal ehergy introduced
at that station and means for delivering such
scrambled energy at each station to the trans-
mitter thereof for radiation to the other station,
said means at each station for producing a de-
layed replica of the signal energy including a
series of networks each including an inductance
and an adjustable capacitance connected in
series, and adjustable resistors serving to couple
the networks together, said networks serving to
introduce reactive phase shift in said replica
signal to compensate for phase shift due to
changes in frequency of the signal energy.

10. The method of secret signalling between
two stations which comprises introducing signal
energy at each station, controllably causing the
frequency thereof to vary capriciously and
scrambling such energy at one station with the
energy introduced at the other station.

11. The method of secret signalling between
two stations which comprises introducing signal
energy at each station, controllably causing the
frequency thereof to vary capriciously and
scrambling such energy at one station with the
energy introduced at the other station, including
obtaining a delayed replica of the sighal energy
introduced at one station by applying a reactive
phase shift to a portion of the signal energy to
compensate for frequency changes in the signal
energy, then adding a fixed phase shift to such
portion to compensate for the distance between
stations and for the time taken for passage
through the apparatus at each station and finally
utilizing such delayed replica for unscrambling
the energy received at the station to detect signal
energy introduced at the other station.

12. The method of secret signalling between
two stations which comprises introducing signal
energy at each station, controllably causing the
frequency thereof to vary capriciously and
scrambling such energy at one station with the
energy introduced at the other station, includ-
ing converting the scrambled energy at one sta-
tion to @ higher frequency for transmission to
the other station, reconverting at the other sta-
tion the transmitted energy upon receipt thereof
to the frequency of the scrambled energy at the
first station and utilizing oscillators for such
frequency conversions having operating fre-
quencies above and below the frequency of trans-
mission to prevent fregquency drift.

13. The method of secret signalling between
two stations which comprises introducing signal
energy at each station, controllably causing the
frequency thereof to vary capriciously and
scrambling such energy at one station with the
energy introduced at the other station, including
deriving at each station a delayed replica, with
the frequency changes inverted, of the signal
energy introduced at that station and utilizing
such replica at that station for detecting the
signal energy introduced at the other station.

14, The method of secret signaling between
two stations which comprises introducing signal
energy at each station, scrambling such energy
at one station with the signal energy introduced
al the other station, supplying at one station
energy of a fixed frequency, utilizing said sup-
plied energy for converting by heterodyne action
the scrambled signal energy to a higher fre-
quency for transmission to the other station,
supplying at the other station energy of a fre-
quency on the opposite side of the transmission
band from that supplied at the first station and
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