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Signal frequency inverters are now used in ra 
dio communication circuits for the purpose of 
obtaining Secrecy from unauthorized reception 
Or listening. The frequency inverters now used 
consist of a single side band output modulator 
followed by a heterodyne detector in which the 
heterodyne Oscillator frequency is near the side 
frequency produced by the highest modulating 
frequency instead of the lowest modulating fre 
quency. The output of the heterodyne detector 
then contains a spectrum of frequencies corre 
Sponding to the original modulating frequencies 
but the relative positions of high and low fre 
quencies in the spectrum have been exchanged 

5 or inverted. The inverted spectrum of modu 
lating frequencies is then utilized to modulate 
a radio transmitter in any of the several well 
known Ways. That is to say, in these known 
Systems a carrier and a single side band are pro 
duced and beat together in a detector to give an 
output wherein the modulating frequencies char 
acteristic of the signal or modulating frequencies 
are inverted, and this inverted, unintelligible band 
of frequencies is transmitted. 
In my novel method and means, I provide a 

new and improved frequency inverter, as fol 
loWS. ASSume that a band of audio frequencies 
ranging from 0 to 5,000 cycles are to be inverted 
for Signaling purposes. I provide a relatively 
high frequency carrier wave and then phase 
modulate this wave, at say a 5,000 cycle rate, 
preferably with a phase deviation of 2.4 radians. 
This phase deviation of 2.4 radians has been se 
lected because for this amount of phase devia 
tion the strength of carrier output from the 
modulator is reduced to Zero, but there are or 
tend to be side frequencies above and below the 
carrier frequency, at intervals of 5,000 cycles. 
The side frequencies on each side of the original 
carrivir frequency are of relative amplitudes of 
52%, 43%, 20%, 6.5%, 1.5%, etc., of the strength 
of the unmodulated carrier. 

If, now, I simultaneously phase or amplitude. 
modulate the output of the phase modulator de 
scribed above by means of the 0 to 5,000 cycle 
band of audio frequencies which I wish to invert, 
then, each of the side frequencies produced by 
the 5,000 cycle phase modulation will be modu 
lated, and have Symmetrically grouped around 
it side frequencies of its own, produced by the 
0 to 5,000 cycle modulation. I now select the 
side frequencies adjacent the original carrier, 
(modulated to zero) wherein the side frequencies 
produced by the lowest modulating potentials 
are separated the greatest distance from the car 

(C. 179-1.5) 
rier. In this modulated side band energy the 
Signaling frequencies of both side bands are in 
Verted. 
In the above illustration the frequencies used 

are given merely by way of example, and obvious 
ly a very wide choice of other carrier frequencies, 
tone frequencies and bands of signal frequencies 
may be used. 
The phase modulation of the carrier at the 

5,000 cycle rate and the amplitude modulation of 
the Output of the phase modulator by means of 
the 0 to 5,000 cycle band of signal frequencies 
may be simultaneous, as described above, or the 
carrier may be phase modulated at the 5,000 cycle 
rate, then phase or amplitude modulated by the 
signal frequencies, or these operations may be 
reversed. 

If, now, the original unmodulated carrier is 
reintroduced with relatively great strength and 
correct phase relation, and the energy passed 
into a linear rectifier or detector, the original 
0 to 5,000 cycle modulation is obtained, except 
that it will be inverted. There will be additional 
higher frequency beats with the carrier, but 
these may be eliminated by filtering. 

I may modulate a high frequency carrier Wave 
with the inverted signals for transmission from 
One point to another through any medium ex 
posed to those for which the message is not in 
tended. Of course, perSons with Specialized 
equipment may be able to reinvert the modulation 
and obtain intelligible speech unless other secrecy 
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precautions are taken, but the persons equipped 
only with the usual broadcast receiver, which 
number in millions, will not be able to under 
stand the modulation, which may, for example, 
be conversations of a private nature. 
In an improvement. of the system described 

above, I use two duplicate phase modulators, both 
having 5,000 cycle modulated outputs but having 
their outputs coupled to a common Output cir 
cuit in phase opposition. Under these circum 
stances, there will be no carrier or side band out 
put due to the 5,000 cycle phase modulation, as 
suming there is no phase or amplitude modu 
lation by the band of signals. Now, the 0 to 
5,000 cycle modulation is applied to the modul 
lators with opposed polarity or phase, and side 
frequencies produced by the 0 to 5,000 cycle 
modulation add in the common output circuit. I 
next introduce the original carrier Wave, ex 
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alted in amplitude and correct in phase, to pro 
duce a carrier for the inverted side bands. The 
carrier and inverted side bands are then recti 
fied to obtain the inverted 0 to 5,000 cycle cur 55 
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2 
rents without the undesired presence of a 5,000 
Cycle Steady modulation tone which would other 
Wise be present and which in some circumstances 
might permit unauthorized reception of the in 
verted Signals with a very selective receiver. 
When the first described inverter and also with 

this improved circuit or method, I obtain still 
further secrecy by phase or frequency modulating 
or Wobbling, at some very low frequency such as 
20 cycles, the carrier of transmitters to which 
the inverted 0 to 5,000 cycle modulating energy is 
applied in the form of amplitude modulation. 
This additional carrier wobble prevents the use 
of heterodyne type of receivers which other 
wise could be used to render the inverted modiu 
lation intelligible. 
The system described may be used at receiving 

stations to return inverted speech to its normal 
frequency relation. 

In describing the novel features of my method 
and means more in particular, reference will 
be made to the attached drawings wherein: 

Figure comprises curves showing the relative 
amplitudes of the carrier and the first five side 
frequencies obtained when the carrier is phase 
modulated by Oscillations of a single constant fre 
quency. 

Figure 2 is a graphic representation of the rela 
tive amplitudes of the carrier and first three side 
frequencies produced by phase modulating a 
carrier to zero amplitude. 

Figure 3 is a graphic representation of the rela 
tive output for various frequencies of a filter, 
following a phase modulator as described above, 
wherein the carrier. and the first side band are 
passed. 

Figure 4 shows diagrammatically my novel ar 
rangement for producing side band energy with 
inverted signals. 

Figures 5 and 6 are modifications of the ar 
rangement shown in Figure 4. In Figure 6 a. 
pair of phase modulators are used with their out 
puts opposed, to cancel the high frequencies pro 
duced by the constant frequency current used to 
phase modulate the carrier; while 

Figure 7 illustrates a signal inverting system 
of the nature of the one shown in Figure 5 with 
means for transmitting the inverted signals to 
a utilization point and means for reinverting the 
signals. 

In Figure 1, I have supplied curves represent 
ing the relative amplitudes of current or voltage 
for the carrier and side frequencies of a phase 
modulated wave when the phase deviation or 
the modulation by a single modulating frequency 
ranges from 0 to 6 or 7 radians. (1 radian equals 
57.296 degrees.) From the curves of Figure 1 it 
may be seen that starting with a phase deviation 
of 0 and increasing through deviations of 1 and 
2 radians the amplitude of the carrier frequency 
current decreases steadily until at about 2.4 
radians the strength of the carrier wave is reduced 
to zero. For this amount of phase deviation all 
the energy of the modulated wave is represented 
by energy of side frequency components. In the 
curves of Figure 1, we may assume for purposes 
of illustration that a 60,000 cycle carrier current 
is phase modulated by 5,000 cycles to such a 
degree, e. g. approximately 2.4 radians, that the 
carrier amplitude drops to 0. Obviously carriers 
of other frequencies, phase modulated by con 
stant currents of other frequencies than those 
given by way of example, may be used. 
I have represented the relative amplitudes and 

frequency relations of such a phase modulated 

2,169,357 
wave in Figure 2. I have assumed that the car 
rier frequency is 60,000 cycles per second and 
that the carrier is phase modulated by a 5,000 
cycle current in Such a Way as to give a peak 
phase deviation of about 2.4 radians. Note here 
that the vector representing the carrier at 60,000 
cycles is 0, while the upper and lower side fre 
quencies, three pairs only of which are shown, 
decrease in amplitude as their spacing from the 
carrier increases. 
The 60,000 cycle carrier may be phase modul 

lated by a constant frequency wave directly or 
the constant frequency wave may be used to mod 
ulate a low frequency carrier and the output of 
frequency multiplied to give the finally desired 
phase modulated wave. For example, a 15,000 
cycle current could be phase modulated plus and 
minus 0.6 radian and then multiplied 4 to 1 in 
frequency to give the 60,000 cycle current with 
a phase deviation of plus and minus 2.4 radians; 
Now I additionally phase, or preferably, ampli 

tude modulate the phase modulated wave de 
scribed above, and graphically represented in 
Figures 1 and 2, by a spectrum of audio frequen 
cies representing the signals to be inverted. 
These audio frequencies have been assumed for 
purposes of illustration to lie between 0 and 5,000 
cycles. This produces a band of side frequencies 
extending above and below each original corn 
ponent frequency by plus and minus 5,000 cycles. 

Referring again to Figure 2, and considering 
the side frequency components between 55,000 
and 65,000 cycles, it will be seen that signal modul 
lation frequencies near 0 frequency produce side 
frequency components nearly 5,000 cycles re 
moved from the original 60,000 cycle carrier, 
while signal modulation frequencies near 5,000 
cycles produce side frequencies little removed 
from the original 60,000 cycle carrier. In other 
words, between 55,000 and 65,000 cycles, I have 
produced a double set of side frequencies which 
are reversed in relative position, or inverted, with 
respect to the 60,000 cycle carrier. By means of 
a frequency selective band pass filter reject 
all frequency components except those between 
55,000 and 65,000 cycles per second. 
Now, I reintroduce current at the original 60,- 

000 cycle carrier frequency with correct ampli 
tude and phase relation and obtain either an am 
plitude or a phase modulated wave with inverted 
modulation. This wave is represented in Fig 
ure 3, which also represents the relative output 
at various frequencies of the band pass filter foll 
lowing the modulator. 
The phase or amplitude modulated wave ma, 

be used for transmission of inverted speech or 
sound over a wire or radio circtiit in order to pre 
vent unauthorized interception of the speech. 
In doing this the whole frequency band may be 
moved up and down in frequency by single side 
band modulation, or by heterodyning. That is, 
a fixed frequency may be added to, or a fixed 
frequency may be subtracted from, all frequency 
components of the modulated current by meth 
ods well known to persons skilled in the elec 
trical communications art. 
When the 60,000 cycle carrier wave and its 

spectrum of inverted modulating frequencies is 
transmitted as just described it will usually be 
desirable to reintroduce the carrier with a rela 
tive strength equal to or a little greater than the 
peak value of the algebraic or vector sum of the 
side frequency components. This will result in 
a final carrier current modulation equal to, or 
a little less than, 100%. 
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2,169,85? 3 
Alternatively it may be preferred to obtain a modulated with a peak phase deviation of plus 

band of audio frequencies, with frequency com 
ponents inverted, in the 0 to 5,000 cycle band to 
facilitate transmission at audio frequencies. To 
do this I simply apply the 60,000 cycle current 
and its spectrum of inverted side frequencies to 
phase or amplitude modulation detectors, as the 
case may be, and so derive the inverted modula 
tion. If the 60,000 cycle current is amplitude 
modulated, for example, I simply apply the cur 
rent, or potential derived from it, to a linear or 
proportional rectifier in which case the output 
from the rectifier will contain a direct current 
component plus all the inverted audio compo 
nentS. 
When the inverted modulation is to be brought 

back immediately to an audio frequency band, 
before transmission, it is desirable to give the 
reintroduced 60,000 cycle carrier a strength con 
siderably higher than the peak vector sum of 
the side frequency components in order to keep 
the percentage modulation considerably less than 
100%. This adjustment tends to reduce distor 
tion in the detector. 
To practice my invention one skilled in the 

art may do so by Suitably combining electrical 
equipment already well known in the art for per 
forming indicated functions. Since these items 
of equipment are well known to any communica 
tions engineer, it is believed that it would only 
add confusion and unnecessary complication to 
describe then in detail. 

Referring now to Figure 4, I have indicated at 
0 a source of 5,000 cycle power which is Supplied 

to a modulator 2. The 5,000 cycle power may 
be modulated in phase or amplitude, but pref 
erably in amplitude, in accordance with the audio 
frequency input at 8. This produces in the out 
put of the modulator 2 a 5,000 cycle current or 
potential which is modulated by the audio fre 
quency input. 
This modulated 5,000 cycle current is supplied 

to a phase nodulator 4. The phase modulator 
4 is also supplied 15,000 cycle power from a 
Source 6. The output of the phase modulator 
4 is supplied to a frequency multiplier 8. The 

frequency multiplier 8 may also act as an am 
plifier to increase the power of the modulated 
energy. The use of frequency multiplication in 
8 increases the phase deviation of the phase 
nodulated carrier from 8 and makes it easier 
to obtain the desired amount of final phase de 
viation, starting with a smaller initial phase 
deviation. 

If the frequency multiplication in 8 is, say, 
4 to 1, then the final output corresponding to 
15,000 cycles will be at 60,000 cycles. 
The output of 8 is supplied to a band pass 

filter 20, which passes the carrier and two side 
bands. If the carrier is multiplied to 60,000 
cycles the output of 20 will comprise the 60,000 
cycle carrier and inverted side band frequencies 
extending therefrom in both directions up to plus 
and minus 5,000 cycles. In other Words, this 
band pass filter will pass a band of frequencies 
between 55,000 and 65,000 cycles. 
The phase deviation of the 15,000 cycle cur 

rent supplied from 6 by the 5,000 cycle cur 
rent supplied from 0 when no modulation is 
present at 8 is so adjusted that at the output 
from the frequency multiplier the 60,000 cycle 
current is phase modulated to such a degree that 
the original 60,000 cycle carrier component is 
reduced to zero. As indicated in Figure 1, this 
occurs when the 60,000 cycle current is phase 

and minus about 2.4 radians. For this condition 
the 15,000 cycle current must be modulated plus 
and minus 0.6 radian or about 34.4 degrees. 
For this condition the Output from the band 

paSS filter 2 may be substantially zero until 
audio input is applied at 8 to the system, in which 
case a double set of side bands appears in the 
output with frequency relations corresponding to 
inverted modulation. These double side bands 
may be transmitted to a distant receiver and 
there demodulated or they may be combined With 
a 60,000 cycle carrier current to provide an in 
verted amplitude or phase modulated wave. In 
the latter case I transmit the modulated wave, 
usually after transferring the band of frequen 
cies to a higher frequency range by adding a 
fixed frequency to all component frequencies in 
a Single side band modulator, to a distant re 
ceiver over a wire or radio circuit or a combina 
tion of both types of circuit and there demodul 
late the Wave. Of course in the demodulation 
process the modulation will be reinverted to ob 
tain the original audio modulation. 
One possible method of using the arrangement 

of Figure 4 is to allow the side frequencies due 
to 5,000 cycles to pass through the band pass 
filter. These two side frequencies, differing in 
frequency by 10,000 cycles may be beat together 
at the receiver to produce a 10,000 cycle current 
by means of which I produce by frequency multi 
plication, or control the frequency and phase of 
a carrier or beating current for use in the de 
modulation process. This principle of frequency 
control is partly disclosed in my U. S. patent 
application No. 230,438 filed November 2, 1927 
(RCA docket it 1264). 

In Figure 5 I have shown another arrangement 
suitable for carrying out my invention. In the 
arrangement of Figure 5 the audio modulation is 
introduced after the initial carrier wave of 15,000 
cycles from 6 is phase modulated at 5,000 cycles 
in 4 and frequently multiplied in 8. The band 
of modulating potentials are supplied at 8, am 
plified at 8', and impressed on the amplitude or 
phase modulator 2. In this case also the in 
verted double side band output from the band 
pass filter 20 is combined with 60,000 cycle car 
rier current to provide a 60,000 cycle amplitude or 
phase modulated resultant current output at 22. 
The 60,000 cycle carrier may be supplied in the 
proper amount and phase from a separate Source 
or may be obtained by multiplying 15,000 cycle 
current obtained from source 6. The multiply 
ing and phase regulating means has been indi 
cated at 24. 

in Figure 6 I have shown a double or balanced 
system in which 15,000 cycle carrier currents are 
modulated by 5,000 cycle currents in two phase 
modulators 4 and 14 and multiplied in frequency 
in two frequency multipliers 8 and 8', after 
which the resultant currents are modulated in 
two modulators 2 and 2' and then combined 
and passed through a band pass filter 20, after 

- which a carrier current is reintroduced to provide 
a resultant amplitude or phase modulated cur 
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rent with inverted modulation. It is noted here. 
that the outputs of the systems 4, 8, 2 and 4, 
8', 2' are arranged to oppose on the input of 20 
(disregarding the audio modulation Supplied by 
8') so that the carriers and constant frequency 
side frequencies oppose and substantially cancel. 
For this reason the modulating potentials from 
8’ are applied to the two modulators 2 and 2' 
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4. 2,169,357 
in phase opposition so that their modulation corn 
ponents add on the input of 2. w 

In other words, in the arrangement of Figure 6 
all frequency components except the side bard 
currents produced by the audio modulation tend 
to be balanced out. This assists us in suppressing 
undesired frequency components and makes it 
more practical to obtain the desired degree of 
suppression of undesired frequency components. 

In Figure 7 I have shown a complete telephone 
communication system, with both transmitting 
and receiving terminals, in which inverted modu 
lation is used between the terminals. It will be 
noted that inverter equipment used at both the 
transmitter and receiver terminals may, if desired, 
be identical in design. In the system of Figure 
the modulation speech inverter means is the same 
as that shown in Figure 5, except as otherwise 
noted below. The carrier to be modulated is 

2 assumed to be 25,000 cycles. The carrier and 
inverted side bands at 22 are rectified in 28 and 
the inverted speech or other signal potentials 
transmitted over means 30 to the desired point 
where the received inverted modulation is ampli 

25 fied, if desired, in an amplifier 40 and supplied to 
an amplitude or phase modulator 42. The ampli 
tude or phase modulator 42 is also supplied With 
energy comprising a carrier, preferably modulated 
to zero, with side bands resulting from modulating 

39 the carrier in phase by voltages of constant fre 
quency. Since, in Figure , it is assumed that 
ideratical inverter equipment will be used at both 
ends of the wire and/or radio circuits, it will be 
noted that the Source 46 supplies the same fre 

as quency as unit 6 and the output of 42 has the 
same frequency as the output of O. The multi 
plier 48 increases the frequency of the output of 
44 by the same factor used in 18, in this case 
assurned to be 3. The input to the rectifier or 

4 detector 54 comprises a carrier supplied by 52 
and side bands in which the signal components 
are in proper order. This energy is demolulated 
in 54 and the original modulating signals derived 
at 56. 
As previously stated, if the intervening circuits 

3G comprise a radio transmitter this transmitter 
may have its carrier frequency frequency modu 
lated or wobbled at some low frequency (af, say, 
10 to 30 cycles per second, to spoil intelligibility 

50 otherwise obtainable with a heterodyne receiver. 
What is claimed is: 
1. Means for inverting the frequencies of a 

band of frequencies comprising in combination, 
a source of carrier current, means for phase mod 

55 ulating the carrier current by constant frequency 
current and for modulating one of the said cur 
rents by the band of frequencies to be inverted. 

2. Means for inverting the frequencies of a 
band of frequencies comprising in combination, a 

to Source of carrier current, means for phase modul 
lating the carrier current by constant frequency 
current, means for modulating one of said cur 
rents by the band of frequencies to be inverted 
and means for selecting a band of frequencies 

is comprising the carrier frequency and the first 
order side band frequencies. 

3. Means for inverting the frequencies of a 
band of frequencies comprising in combination, a 
source of carrier wave frequencies, means for 

to phase modulating the carrier wave frequencies by 
constant frequency current and for modulating 
the constant frequency current by the band of fre 
quencies to be inverted. 

4. Means for inverting the frequencies of a 
is band of frequencies comprising in combination, 

5 

a source of carrier wave current, means for mod 
ulating the carrier wave current in accordance 
with said band of frequencies and phase modulat 
ing the carrier wave current in accordance with 
constant frequency current. 

5. In a secret signalling system, means for in 
verting the frequencies of a band of frequencies 
comprising, a source of carrier current, a Source 
of constant current of lesser frequency than the 
frequency of said carrier current, means for modi 
ulating said carrier current in phase in accord 
ance with the constant current of lesser fre 
quency, means for modulating one of said cur 
rents in accordance with said band of frequencies 
to be inverted, and means for filtering out the 
first order side bands resulting from said modul 
lation, 

6. In a secret signalling system, means for in 
verting the frequencies of a band of frequencies 
comprising, a source of carrier current, a source 
of constant current of lesser frequency than the 
frequency of said carrier current, means for mod 
ulating said carrier current in phase in accord 
ance with the constant current of esser free 
quency, means for modulating one of said cur 
rents in accordance with said band of frequencies 
to be inverted, means for filtering out the first 
order side bands resulting from said modulation, 
and means for transmitting the resultant energy. 

7. In a secret signalling System, means for in 
Verting the frequencies of a band of frequencies 
comprising, a source of carrier current, a Source 
of constant current of lesser frequency than the 

O 
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frequency of said carrier currents, means for 
In Odiliating Said carrier current in phase in acs 
cordance with the constant current of esser fre 
quency and for modulating said carrier current 
in accordance with said band of frequencies to 
be inverted, means for filtering out the carrier 
and the first order side bands resulting from said 
modulation, means for transmitting the same 
over a medium in which secrecy is desired and 
means for reinverting said band of frequencies. 

8. In a system for inverting a band of frequen 
cies, means for phase modulating carrier current 
Substantially 2.4 radians peak deviation in ac 
Cordance with constant frequency current, and 
means for modulating said carrier current by said 
band of frequencies. 

9. In a system for inverting a band of fre 
quencies, a source of carrier currents, means for 
phase modulating said carrier current substan 
tially 2.4 radians in accordance with constant 
frequency, means for modulating said carrier 
current by Said band of frequencies, means for 
multiplying the frequency of the resultant energy 

55 

and means for introducing into the resultant en- . 
ergy a new carrier. 

10. In a System for inverting a band of fre 
quencies, a Source of carrier current, a source of 
Current of constant frequency, means for phase 
modulating portions of said carrier current in ac 
Cordance with said constant frequency current, 
neans for differentially modulating the resultant 
modulated energy by said band of frequencies, 
Ireans for combining the resulting energies in 
phase opposition, and means for reintroducing a 
carrier in the combined output. 

ll. Means for inverting the frequencies of a 
band of frequencies comprising, in combination 
a Source of carrier current, means for phase mod 
ulating the carrier current with a substantially 
2.4 radian peak deviation by constant frequency 
Current and for modulating one of said currents 
by the band of frequencies to be inverted. 

O 
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12. The method of inverting the frequencies in 

a band of frequencies of considerable width which 
includes the steps of, phase modulating wave en 
ergy in accordance with other current of constant 
frequency and modulating one of said currents in 
accordance with the band of frequencies to be 
inverted. 

13. A method as recited in claim 12 wherein the 
phase modulation is accomplished with a peak 
deviation of substantially 2.4 radians. 

14. The method of demodulating carrier and 
Side band energy wherein the side band frequen 
cies are characteristic of a band of signal fre 
quencies which are inverted relative to the car 
rier which includes, producing carrier current of 
a frequency substantially equal to the frequency 
of the said first carrier, beating the produced 
carrier energy With said carrier and inverted side 
bands and rectifying the output obtained from 
Said beating action. 

15. In a secret signalling System, means for 
producing carrier wave energy and side band 
energy wherein the side band energy is charac 

25 

teristic of inverted signals, means for transmit 
ting said carrier and side band through a medium 
in which secrecy is desired, means for returning 

the side band's frequencies to their proper rela 
tion relative to the carrier comprising, a source 
of Wave energy of a frequency substantially equal 
to the said carrier frequencies, means for modiu 
lating said wave energy in phase by current of 
a constant frequency separated from said carrier 
current by an amount substantially equal to the 
space between said carrier and side bands, means 
for beating the resulting energy with said carrier 
and side bands and means for rectifying the out 
put of said last named means. 

16. Means for inverting a band of frequencies 
comprising, means for phase modulating a car 
rier wave, means for amplitude or phase modul 
lating the resultant wave by waves of the band 
of frequencies which is to be inverted, means for 
adding waves of the carrier frequency and means 
for rectifying the resultant. 

17. A frequency band inverter comprising, 
means for producing side frequencies of a modul 
lated carrier, means for modulating the ampli 
tude of these side frequencies by means of the 
band of frequencies which is to be inverted, 
means for adding the carrier frequency and 
means for rectifying the resultant. 

CARENCE W. HANSE, 
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