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UNITED STATES PATENT of FICE 
2,30,55 

APPARAES AND METEOD FOR 
COUNCATION 

William W. Roberts, Trenton, N.J., assignor to 
Wireless Research Corporation, Princeton, N.J., 
a corporation of Neyersey 

Application October 2, 1939, Serias No. 301632. 
(C. 19-5) 51 Claims. 

This invention relates to an apparatus and 
method for communication by which Secret Sig 
nailing or secret transmission of speech or other 
intelligence may be accomplished. The method 
and apparatus employed so. Scramble the Speech 
or intelligence that it is believed to be impossible 
for any unauthorized receiver of the electrical 
oscillations to unscramble the message and obtain . 
an understandable message. The invention uses 
what may be termed combination Scrambling for 
transmitting spoken mesages or other intellir 
gence. 

It has long been recognized as being desirable 
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to send a telephone or radio telephone conversa" 
tion in such a form as to be absolutely unin 
telligible when picked up by the usual telephone 
or radio receiver and such that an unauthorized 
intercepter cannot possibly decipher or unScran 
ble the message into intelligible Speech. No 
clues are furnished by the meaningless jargon 
produced by the device as to the method of 
scrambling and hence it is impossible for an in 
tercepter to ascertain how the Secret transmis 
sions are being carried out and then unscramble 
the message. Specially designed receiving ap 
paratus, at the point where the message is Il 
tended to be received and understood, will of 
course unscramble the meaningless Sounds or 
electrical oscillations into oscillations which can 
be converted into intelligible speech by the usual 
radio or telephone receiver. 
With the system of the invention, Secret con 

munication can be had between any two points 
either by wired transmission or ioy radio trans 
mission. Secret conversations can therefore be 
had between ground and an aeroplane, between 
a ship and shore, between ships, and in fact 
between any two points where radio of telephonic 
communications are now had, when these points 
are equipped with the apparatus of the invention. 
No time is lost by the transmission of the secret 
messages since the scrambled component of an 
intelligible word is produced immediately upon 
speaking into the microphone or telephone trans 
mitter of the apparatus, and the receiving appa 
ratus immediately unscrambles the message of 
intelligence which has been transmitted so that 
the person receiving hears the spoken message. 

It is an object of the invention to construct 8, 
new and novel method and apparatus for sending 
a secret message, or cther intelligence, and for 
receiving the same. 
Another object of the invention is to provide a 

method and construct apparatus to divide a 
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mitted into a plurality of frequency bands, inter 
change the frequency range, or their position is 
the frequency spectrum, of a piurality of the 
frequency bands So as to change the frequency 
level or the spacing between sub-bands or to 
change both, and transmit the new interreiation 
of frequency bands. 
Another object is to provide a method and 

apparatus as set forth above, and in addition to 
invert the frequency relation of one or more of 
the frequency bands before combining them and 
transmitting the combined frequency range in 
its new interrelation or condition. 
A still further object is to deYise a method and 

Construct apparatus which interchanges a pi 
rality of frequency bands as in each of the above 
stated objects, and in addition inverts the fre 
quencies of the combination of frequency bands 
their new interrelsation. 
Another object is to provide a method and 

apparatus which divide B, range of speech of 
other frequencies desired to be transmitted into 
a plurality of frequency bands, change the fre 
quency range of at least one divided or sepan 
rated band or its position in the frequency spec 
trum so as to change the frequency level or the 
spacing between sub-bands or to change both 
and continuously vary the combined frequency 
bands in their new interrelation for transmission. 
A further object of the invention is to provide 

a method and apparatus for Secret communica 
tion which divide a range of Speech or other fre 
quencies desired to be transmitted into a plu 
rality of frequency bands, change the frequency 
range or position of at least one frequency bsnd 
in the frequency spectrum and form a combined 
frequency range with the bands in the new inter 
relation, invert this new combined frequency 
range, and continuously vary the combined fre 
quency bands for transmission. 
A still further object is to provide a method and 

apparatus for each of the above stated objects 
which may invert the frequency restion of one 
or more of the plurality of divided or separated 
frequency bands. 
Another object of the invention is to provide a 

method and apparatus for receiving the message 
of intelligence transmitted by any one of the 
above methods or apparatuses and retranspose or 
restore the same to its initia interrelation or co 
dition, that is, to an understandable message or 
intelligence. 
Another object is to provide a method and a 

combination of transmitter and receiver which 
range of speech frequencies desired to be trans- 65 scramble or garble a message, as in each of the 

  



2 
above stated objects, fog transmission and restore 
the message to its initial interrelatio or condie 
tion. 
Cthe objects of the invention will be more 

apparent from the following description taken in 
connection. With tie &ccornpa Ayl)g da'awings, 
illustrating & Refered eakodiment of the inven 
tion, in which: . . 

Figure is a diagrarianatic view showing the 
apparatus for Scranklitig or rendering unintel 
ligible the message to he transmitted. 

Figure 2 is a diagra ratic view Sinowing the 
apparatus for unscrazabling or rendering in 
telligible the message transmitted and received by 
the receiving 8pparat U.S. f 
In the transmitting apparatus illustrated in 

Figure , the intelligence to be transmitted there 
by is a spoken message. 
phone transmitter at receives the spoken message 
or audible Waves and transfoxins the Sane into 
electrical oscillations. Eit is not necessary to 
transmit, the entire spoken of a dible frequency 
range in order to landerstand the Enessage at the 
receiving end otyeyer, the electrical oscilla 
tions or speech frequency Waves of 300 to 2800 
cycles per second (C. F. S.) have been selected 
as being the desired frequency range to transmit. 
The selected or audible frequency range is divided 
or separated into s, plurality of frequency bands 
by providing a circuit of ore...ch for each fre 
quency oard, and in each circuit there is pro 
vided a band pass gaiter which passes a, and of 
frequencies of the selected frequency range and 
suppresses all other frequencies. 

in the apparat S ShoW in Sigure as an ex 
anpie, the audible regency '2Ege desired to be 
transmitted is divided to separated into three 
frequency bands or Susands and a plurality of 
parallel circuits or oracines A, 2 and 3 is proo 
vided for each band, the speech frequency Waves 
of 100 to 2800 C. S. S. are the frequency rangese 
lected for tasissiox, in order to explain the 
invention. It is to be inderstood that the free 
quency range may be greater or less, as desired, 

at the total arge canrao, oe arrowed to Such 
22 exteni, Saat, the Seaclia is unintelligible. The 
electrical oscillations are divided by the bands 
pass falter means 4, 28 and 26 so that each cir 
cuit carries a, particular frequency band or sube 
and of the total Seiected frequency range. 
The band-pass site ameaas & has been se 

lected to pass frequencies ranging frox 100 to 

Anaicrophone or tele 

2,301,455 
respect to the order or relation of the frequencies 

20 

25 

3. 

40 

45 

50 

iá00 cycles per second, although any other range . 
of lovy, frequencies gray the Selected by Suitably 
designing the itse: Eleans. Eilis band of fre 
quencies is transmitted to a modulator 5. A 
carrier frequency of 2,800 C. P. S. is produced by 
an oscillator. and impressed pox the band of 
frequencies supplied to the nodulator 5 where 
the frequency and is raised in the frequency 
spectrum by creation of a side band having fre 
quencies from 1900 to 3200 C. P. S. This trans 
fe of the frequency and to another frequency 
paradii occurs Without casinging the frequency 
order. A band-pass filter Gaeans , connected 
With the output of the nodulator, 33.SSes the 
900-320. C. P. S. side and and suppresses all 
other frequencies. If desired, the carrier fre 
quency produced by oscillator AS may have a 
frequency of 330 C, F. S. in Sighich case & side 
band is produced having frequencies froy 900 
to 3200 C. B. S., the sage frequency band as was 
produced with the 300 C. S. S. carrier, but the 
frequencies would oe in inverted estion. With 

55 

existing in the original frequency band. 
In circuit or bi'anch 3, a filter means 2G 

SelectS or passes a band of frequencies from 
1800-2800 C. P. S. The frequency range of this 
band will be changed because most of this band 
is now occupied by the transposed frequencies 
of circuit if and there can be no overlapping of 
the frequency ranges in the plurality of fre 
quency bands. The output of the filter means 
2 is connected with a modulator 2 which re 
ceives a carrier frequency of 1500 yeles from , 
the oscillator 22 and transposes the frequency 
band fed to the input of the modulator to a 
lower frequency position of 300-300 C. P. S., 
Without alteration of the order of the fre 
quencies. It is understood that if the oscillator 
22 produces a carrier frequency of 3100 C. P. S., 
a resultant side band produced would be in the 
same frequency range of 300-1300 C. P. S., but 
the frequencies would now be inverted or in an 
iVerse relation from their original relation. A 
band-pass filter means 23 passes the side band 
frequencies of 300-1300 C. P. S. and suppresses 
all other frequencies. 
The frequency band selected by filter means 

26 in the circuit 2 is not shifted in the fre 
quency spectrum. The outputs of the filter 
means , 23 and 26 are connected together so 
that the three frequency bands are combined 
in circuit 27, including the repeating coil or 
transformer 28, as a single frequency band hav 
ing a frequency range from 300-3200 C. P. S., 
but with the bands in their transposed relation 
Cr trafhsposed position in the frequency spec 
trun. This combined frequency band may be 
transmitted to a receiving station either by wire 
or radio Waves. However, further scrambling of 
the message renders the same more difficult to 
decipher or unscramble and hence such further 
scrambling will be described hereinafter. 

It will now be understood that the invention 
So far described provides a method and appara 
tS for transmission of Secret communications 
Which involves dividing or separating all or a 
desired range of Speech frequencies into a plu 
rality of frequency bands, three being particu 
larly illustrated and described although two or 
nore are contemplated, and spacing each suba 
band with respect to its adjacent sub-bands, 
The explanation of the principle or theory of the 
invention so far described indicates many var 
iations which may be made in practicing the in 
vention without deviating from the principle 
thereof. Several of Such variations will be dis 
cussed in order to make apparent the scope of 
the invention. It is obvious that the greater the 
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number of frequency bands into which the 
speech frequencies are divided or separated, the 
difficulty increases. for an unauthorized receiver 
attempting to unscramble the message; however 
it is not believed possible for anyone not know 
ing the original Scrambling to decipher the mes 
sage. 
A plurality of the divided or separated fre 

quency bands are now transposed so that they 
occupy a different position in the frequency 
Spectrun from that which they originally oc. 
cupied. Although two such frequency bands 
have been transposed in the illustrated embodi 
inent, it is understood that all three may be 
transposed if desired. In order to transpose 
three frequency bands, there would be required 
further apparatus because each frequency band 
or its separating circuit must then have its mod 
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ulator, oscillator and side band filter. It should 
be understood too that when the original fre 
quency range is separated into more than three 
frequency bands, more than one of the separated 
frequency bands may, if desired, remain in 
changed as to its position in the frequency spec 
trum, although two adjacent frequency bands 
should not oe selected as remaining unchanged. 
Again, one or more of the transposed frequency 
bands may be inverted as explained hereinbe 
fore, although the Scrambling of the naessage 
may be more effective if adjacent transposed 
frequency bands are not inverted and also if all 
transposed frequency bands are not inverted. 

Each of the modulators 5 and 2 may be bi 
lateral modulators, preferably of the double bal 
anced copper-oxide type as illustrated. The 

3 
secondary windings and the unequal distributed 
capacity. 

0 

5 

modulators include a lattice network having a 
copper-oxide rectifier unit in each of the series 
and lattice arms with all units being poled in 
the same direction, and a transformer connected 
across the input terminals of the network and 
another connected across the output terminals. 
The oscillator for each nodulator, which is the 
source of the carrier frequency which is modu 
lated with the divided voice frequency band or 
the voice sub-band, is connected across the mid 
points of the transformers as shown. Although 
the balanced copper-oxide type of modulator is 
referred, any type of modulator may be used, 

another suitable kind being disclosed in the Car 
son Patent No. 1,343,306 dated June 15, 1920. 
The band filter means used should have ex 

ceedingly sharp cut-off frequency curves and 
each filter means will be composed of a number 
of sections to give the proper attenuation of the 
undesired frequencies. Such filter means. Inay 
be constructed from the data disclosed in the 
Campbell Patent 1,227,113 dated May 22, 1917. 

In order to further scrambie the message so 
that it becomes even more difficult for a the 
authorized person to fathom the Scrambling 
which has been done, the combined transposed 
frequency bands or the combined frequency 
oscillations from the side band filter means 
and 23 and the band filter means 28 may be 
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inverted. This is accomplished by supplying a . 
carrier frequency from an oscillator 29, which 
carrier frequency is applied to the combined free 
quency oscillations and then passed through a 
modulator 35, of any suitable kind, for inversion, 
as will be described. The modulator is prefer 
ably of the balanced tube type shown, for ex 
ample, in the Hartley Patent 419,562 dated June 
13, 1922. . 

Before the frequencies from transformer 28 
can be applied to modulator 35, they must have 
their phase inverted. It is necessary in this type 
of modulator to furnish the grid of each of 
the tubes 2 with signal voltages that are equa 
in magnitude and 180 degrees Out of phase. 
The Hartley type of modulator suppresses in 
the output circuit the unmodulated component 
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of the applied inverting or carrier Wave and also 
the applied speech waves or the combined speech 
frequencies. To do this and prevent them from 
appearing in the output, it is necessary that each - 
grid receive the signal voltages 80 degrees out 
of phase and of equal amplitude. The Hartley 
patent shows the use of an input transformer 
with a center tapped secondary winding to pro 
duce agecondary voltages equal in magnitude and 
is0 degrees out of of phase and then provides 
Jeans to compensate for inequalities of the two 76 

Instead of using the Hartley type of modulator 
circuit as disclosed in the patent, it is preferred 
to modify it somewhat in order to assure that 
the voltage oscillations appearing at the grid & 8 
of each tube 42 of the modulator 35 will be equai 
in magnitude and 180 degrees out of phase. 
Therefore a phase inverter circuit 36 is connected 
With the secondary of the transformer 28, and 
the modulator 35 is connected with modulator 
36 as will be described in more detail hereinafter, 
The phase inverter takes advantage of the equal 
and out of phase signal Voltages that are de 
veloped in the plate and cathode circuits of a 
thermionic tube or triodie 3. This when the 
plate 38 of the tube Swings positive, the cathode 
39 Swings negative, and vice versa, and the 
voltage variations are always exactly 180 degrees 
Out of phase. Also in this phase inverter 36, the 
plate current is at every instant equal to the 
cathode current. Thus the unmodulated free 
quencies from transformer 28 go through the 
process of phase inversion and enter nodulato 
35 for modulation. Since the phase inverter is 
in effect a Substitute for the input transformer 
of the Hartley modulator circuit having a center 
tapped Secondary and compensating means, it 
may be regarded as a part of the nodulator 35 
if desired. 
The carrier frequency supplied by the osci 

lator 29 passes to a transformer S which feeds 
into a phase inverter 3 which is identical with 
the phase inverter 3S heretofore described. The 
three output wires 32, 33 and 34 of the phase 
inverter 3. from plate, cathode and neutral point 
of the tube circuit, respectively, are connected 
with corresponding parts of the tube circuit of 
the phase inverter 36 so that the carrier free 
quency and the combined frequency oscillations 
pass together to the modulator 35. 
The combined frequency oscillations, carried 

by the transformer 28, and the carrier frequency 
oscillations from the osciliator 29 preferably 
have their phase inverted separately by a phase 
inverter 36 and 3 for each kind or class of osci 
lations. The carrier frequency may be connected 
with the transformer 28 for the input of phase 
inverter 35 if desired, although the provision of 
Separate phase inverters assures that internodu 
lation will not take place between these fre 
quencies. 
The transposed speech frequencies extending 

from 300 to 3200 C.P. S. and the inverting carrier 
frequency of 3400 C. P. S. from the oscillator 
29 and phase inverter 3 enter the modulator 
35 in which two side bands are produced, namely 
an upper and a lower or difference side band, 
and a filter means 40 passes the lower or inverted 
side band frequencies and suppresses other fre 
quencies. The inverted and combined trans 
posed Speech frequencies may be transmitted by 
wire or radio in a known manner, or may be used 
to form a sound track upon a record of which 
there are many forms, or may be transmitted it 
any other suitable manner. 
A modulator of the Hartley type is used for 

the modulator 3 because here the carrier fre 
quency and the speech frequency are balanced 
out in the output of the modulator. The ter 
means 6 also prevents the carrier frequency 
from the oscillator 29 from being transmitted 
so that there is in effect a double elimination 
of this frequency which assures, as a precaution, 
that this frequency shall not be transmitted, 
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Further scranioling of, or the inclusion of 

additional variation in, the transfitted Speech 
which naturally further increases the difficulty 
of unscrambling or naking understandable the 
transmitted message may be accomplished by 
constantly varying the inverting carrier fre 
quency, produced by the oscillator 29, upwardly 
and downwardly a predetermined number of 
cycles per second and at a predetermined Speed. 
The illustrated embodiment shows the inverting 
carrier frequency varied by 100 C. P. S. upwardly 
and downwardly, or a total of 200 C. P. S., that 
is from 3300 to 3500 C. P. S. Bhis Wide varia 
tion is rendered possible by the raising of the 
frequency level of the communication. The side 
band frequency is therefore constantly varying 
although it has a frequency width of 2900 cycles 
at any instant. Now when the inverting carrier 
frequency is at its lower frequency limit of 3300 
cycles, the lower inverted side band extends from 
100 to 3000 cycles, and the upper side band from 
3600 to 6500 cycles. When the inverting carrier 
frequency reaches its upper limit of 3500 cycles, 
the lower inverted side band will occupy a range 
from 300 to 3200 cycles per second. The filter 
means 4 has been selected or designed to trans 
mit or pass to the output line only the lower 
inverted side band over its varying frequency 
range while extinguishing the frequencies of the 
varying upper side band. Since the inverting 
carrier frequency is constantly varying, the filter 
means (36 must necessarily pass a slightly greater 
frequency band, namely iO0-3200 C. P. S., than 
if the inverting carrier frequency were constant 
at 3400 cycles, in which case the filter neans 
would be constructed to pass a slightly narrower 
range, namely from 200-3100 C. P. S. 
The oscillators 6, 22 and 29 may be of any 

suitable kind, although the vacuum tube type is 
preferred, one such oscillator being shown in the 
Hartley Fatent, 1,356,763 dated October 26, 1920. 
As is seen, the inverting carrier frequency from 

oscillator 2S varies between 3300 and 3500 C. P. S. 
These frequency variations are obtained by Con 
stantly varying the frequency determining tuned 
circuit of the oscillator 29 such as by connecting 
this circuit with a cyclically varying capacity 
means 83. By constructing the condenser plates 
in a desired shape, the frequency of the oscillator 
can be made to vary cyclically in any desired 
manner between 3300 and 3500 cycles per second. 
The cyclically varying capacity means may in 
clude a plate or plate means (35 which is driven 
rotatively by a motor $5. The plate means is 
illustrated as mounted upon the notor shaft S 
from which it is insulated in any suitable fashion 
such as by the insulation 5. A brush connec 
tion g may establish electrical connection be 
tween the rotatable plate means (34 and the OS 
cator S. 
In the present system it is necessary, in order 

to receive the scrambled speech, to have at the 
receiving station a variable inverting carrier fre 
quency that must vary continuously and in the 
same manner as the inverting frequency at the 
transmitting station. A motor similar to the no 
or 55 is therefore provided at the distant or 
receiving station for producing the varying fre 
guency of the wave generated at that station, 
and the synchronizing mechanism at the receiv 
ing station has suitable control mechanism to 
maintain two such independently driven variable 
capacity means in step with each other. A cor 
recting or synchronizing means 5A is preferably 
employed for this purpose. The correcting or 
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2,801,455 
synchronizing means per se forms no part of 
the present invention and any suitable Synchro 
nizing means may be used with the present in 
vention. However, the Synchronizing System, 
used at both the transmitting station and the 
receiving station and indicated diagrammatically 
in the drawings, may be such as that disclosed in 
the paten, to Heising 1,501,711 dated July 15, 
1924. The Synchronizing impulses are shown as 
being in the range of 0 to 100 C. P. S., that is, 
outside of the range of the transmitted speech 
or intelligence frequencies of 100 to 3200 C. P. S. 
passed by the band pass filter means 40. 
The Synchronizing means described in the Heis 

ing patent sends out synchronizing impulses 
which are Sent with the scrambled oscillations or 
message. and these impulses control or synchro 
nize the speed of the varying capacity means of 
the receiving station so that it rotates in step 
With the received impulses. If the two driven 
capacitive devices are in step, the synchronizing 
impulses produce no result, but if the distant 
or driven capacitive device at the receiving sta 
tion is either lagging or leading with respect to 
the transmitting controlling device, the correc 
tion or synchronizing impulses cause a shift in 
the varying capacity means with respect to its 
driving motor So as to restore the same to in 
phase position. With respect to the Synchronizing 
inpulses. The impulses are merely phase-cor 
recting impulses and have no significance what 
ever as to the signals or message oscillations be 
ing transmitted. Since the number of synchro 
nizing impulses transmitted per revolution of the 
condenser plate may be varied at will, as may 
also the shape of the condenser plates, the gear 
ratio, etc., these Synchronizing impulses give no 
ckle as to the manner of variation of the in 
Verting carrier frequency. A low pass filter 
means 49 permits the transmission of the syn 
chronizing impulses, but keeps the circuit through 
the Synchronizing mechanism free of or blocks 
out the high frequencies used in transmitting the 
neSSage. 
It Will now be noted that the original audio 

frequency range of 100 to 2800 C. P. S. not only 
has been divided into a plurality of sub-bands 
which have been shifted or transposed to another 
band in the Spectrum and one or more of which 
may be inverted, but has also had its combined 
frequency range in circuit 27 raised to a higher 
level. In other words, the lower frequency is 
now 300 C. P. S., as compared to the lower fre 
Guency in the input of 100 C. P. S. By so raising 
the frequency level of the original range of fre 
quency, the carrier frequency produced by the 
OScillator 29 may vary through a considerable 
range. With the plus and minus 100 C. P. S. 
Variation particularly illustrated, a variation of 
200 C. P. S. can be used and still keep the vary 
ing frequencies well above zero C. P. S., or, as 
shown, above the 100 C. P. S. range. The raised 
or higher level of frequency range of the trans 
posed bands also enables a wide separation to 
be obtained between the high frequencies of the . 
low or difference side band and the low frequen 
cies of the high side band. Such wide separa 
tion permits the use of a band pass filter of fixed 
Value which does not require sharp frequency 
characteristics or limits. w 
The transposed message may be transmitted by 

radio or wire in a known manner, or may be 
recorded and the record transmitted to the re 
ceiving station, 
The receiving station or apparatus uses sub 
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stantially the identical means used with the 
transmitting apparatus and nearly in the reverse 
relation as will appear hereinafter. The scram 
bled signal is receive in the input circuit 53 
which is connected with a transformer 54. It is 
to be understood that the circuit 53 may be con 
nected with a wire for wired transmission from 
the transmitter, or may be connected with suit 
able radio receiving equipment which receives 
the radio transmission and suitably detects the 
radio waves so that the scrambled message is 
restored to the same combined frequency range 
as it was sent from the output circuit 50 of the 
transmitter of Figure 1. The electrical waves or 
oscillations may be suitably amplified before ap 
plied to the receiving apparatus for inscrambling 
the message. The secondary of the transformer 
is connected with a by-pass filter means 55 which 
passes the oscillations having frequencies from 
100-3200 C. P. S. The bypass filter means is 
connected with a phase inverter 56. 
The secondary of the transformer 54 is also 

connected with a branch circuit 58 having a low 
pass filter means 59 for passing the synchronizing 
impulses in the 0-100 C. P. S. frequency range. 
The branch circuit 58 connects with the receiv 
ing means of the synchronizing mechanism 60, 
described and illustrated in the Heising Patent 
1,501,711 previously referred to, and which is 
illustrated diagrammatically in Figure 2. The 
synchronizing mechanism is driven by a motor 
means 6 which also drives a variable capacity 
means 62, such as the rotatable condenser plate 
63. The rotation of this condenser plate is 
controlled by the synchronizing mechanism 60 
so that the rotatable plate 63 rotates in step, with 
the received message, that is, with the received 
synchronizing impulses. The rotatable plate 
of course is insulated from the motor in any 
suitable fashion such as by insulating means 64. 
A brush or contact 65 maintains electrical Con 
tact with the rotatable plate 63 and is connected 
with an oscillator 68. 
The fixed condenser plates 66 are connected 

by a wire 67 with an oscillator 68. It is to be 
understood that the means for varying the Oscil 
lations produced by the oscillator 68, that is, the 
characteristics or shapes of the condenser plates 
63 and 66, must be identical with the character 
istics of the variable capacity means A3. It is 
also to be understood that whatever means is 
tilized to continuously vary the frequency. pro 
duced by the oscillator 68 in the transmitter 
should be duplicated in the receiver, in order that 
the variation in carrier frequency produced by 
the oscillator 68 of the receiver shall be the same 
as the variations in carrier frequency produced 
by oscillator 29 of the transmitter. The oscil 
lator 68 producés a carrier frequency, which is 
the same as that produced by the oscillator 29 
in the transmitter, namely 3400 C. P. S., which 
varies, plus and minus, to a maximum of 100 
c. P. s. under the influence of the variable ca pacity means 62. 
The oscillator 68 is connected by the wires 70 

to a phase inverter T. Corresponding parts of 
each phase inverter 56 and are connected 
together and to a balanced modulator 72. The 
phase inverters 55 and 7 correspond with the 
phase inverter 36 in the transmitter, and the 
balanced modulator 2 may correspond with the 
balanced modulator 35 in the transmitter. 
These devices, therefore, need no detailed de 
scription here. As in the transmitter, the trans 
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use or feed into a single phase inverter, however 
the circuit illustrated is preferred to avoid any 
possibility of intermodulation. The cairier fre 
quency of 3400 C. P. S. plus and minus 100 
C. P. S. produces a high and low side band and 
the low side band is the transmitted frequency 
band in inverted relation and without variation, 
thereby, restoring the speech frequencies as they 
were in circuit 27 of the transmitting circuit. 
The output connection of wires 75 from the 

balanced modulator T2 divides into three sep 
arating or dividing circuits 76, 7 and 8, which 
circuits or branches correspond in number with 
the number of the frequency bands into which the 
original message was divided or separated. The 
circuit 6 includes a band pass filter means is 
which passes frequencies from 1400-1800 which 
are the frequencies which were unchanged in the 

In other 
words, the circuit 78 corresponds with the circuit 
f2 of the transmitter. 
The circuit 77 leads to a band pass filter means 

82 which passes frequencies from 1900-3200 
C. P. S. and suppresses all other frequencies. 
In other words, the circuit 77 corresponds with 
the circuit f of the transmitter. 
filter means is Connected with a balanced modul 
lator or demodulator 83, which corresponds with 
the balanced modulator 5 of the transmitter, 
into which modulator an oscillator 84 feeds a 
carrier frequency corresponding to the carrier 
frequency produced by the oscillator 6. This 
oscillator will therefore develop a frequency of 
1800 cycles per second. The output of the modul 

The band pass. 

lator 83 carries two side bands so that the modu 
lator is therefore connected with a band pass 
filter means 82 which passes the low frequency 
side band of 100-400 C. P. S. and suppresses 
all other frequencies. It will be observed, there 
fore, that the band of frequencies fed into the 
circuit f has been restored to its original fre 
quency band, that is, its original position in the 
frequency spectrum. 

50 

60 

The circuit 78 includes a band pass filter means 
88 which passes frequencies of 300-1300 C. P. S. 
and Suppresses all other frequencies. The band 
pass filter means is connected with a balanced 
modulator or demodulator 89 which receives a 
carrier frequency of 1500 C. P. S. from the oscil 
lator 90. It will be understood that the osci 
lator 90 produces the same carrier frequency 
produced by the Oscillator 22 in the transmitter. 
The output of the modulator 89 carries two side 
bands so that it is connected with a band pass 
filter means 9 which passes frequencies from 
1800-2800 C. P. S. and suppresses all other fre 
quencies. It will be noted, therefore, that the 
output of the circuit 78 restores the original fre 
quencies carried by the circuit f3. 
The Output of each of the band pass filter 

means 79, 85 and 9 is connected together in the 
wires or circuit. 94 and restores the transmitted 
frequency range of 100-2800 cycles per second. 
The wires 94 are connected to any suitable trans 
lating device or means 95, such as a loud speaker 
or telephone receiver, for translating the elec 
trical oscillations into an audible message. It 
will be noted that the receiving mechanism has 
unscrambled the message or transposed the sep 
arated frequency bands or sub-bands originally 
received so that the message may be heard in the 
Sound receiver 95 just as it was transmitted. 
The method and apparatus described also has 

another distinct advantage in addition to those 
posed frequency bands and the local carrier may discussed hereinbefore, in that one of the com 
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bination components is constantly changing, 
even while conversations are being earried on 
over the system or apparatus. To further con 
plicate things, the manner or scheme in which 
this combination component is varied can be 
changed from time to time. This is accom 
plished by changing the shape or geometric de 
sign of the rotatable capacitive means or con 
denser plate or plates, such as by removing the 
connected capacitive means and substituting 
therefor another of a different size or shape. It 
is to be understood that the same shape of ca 
pacitive plate or plates must be used in both 
the transmitter and the receiver. The possibility of understanding any of the 
message contained in any one of the transposed 
and separated frequency bands or sub-bands is 
not possible. In other words, the frequency 
bands are chosen narrow enough so that there is 
no understandable speech in any band. In one 
such divided frequency band it may be possible to 
understand one Word now and then, but the Words 

2,301,455 
What is claimed is: 
1. An apparatus for receiving a communication 

Comprising a circuit carrying a communication 
in the form of electrical oscillations of transposed 
frequency bands, means connected with the 
aforesaid circuit to produce a carrier frequency 

0. 

5 

which produces side bands with the received 
communication, means to continuously vary the 
carrier frequency at the same speed and the same 
frequency range as the transmitted communican 
tion was varied, means to select one side band, a 
plurality of circuits branching from the next 
aforesaid means including means in each circuit 
to separate the electrical oscillations into a plu 
rality of frequency bands corresponding in num 
ber and frequency range with the original sepa 

in between are unintelligible and hence no under 
standable message has been intercepted. In 
this connection, it has been found that the sepa 
rated frequency bands or sub-bands in the center 
of the speech frequency range should be narrow 

25 

in frequency range, about 400 C. P. S. or less, in 
order not to carry any understandable speech. 
The upper and lower separated bands, may be 
greater in frequency range so long as each band 
by itself does not carry an understandable mes 
sage. Obviously, any inverted separated fre 
quency band or sub-band is entirely unintelligi 
ble. In other words, any one of the sub-hands 
within itself would be incapable of being under 
stood. This is assuming that an intercepter had 
somehow managed to separate one of the sub 
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bands from the rest. Such unauthorized sepa 
ration is of course not possible because in the 
fully scrambled message utilizing a constantly 
varying inverting carrier frequency from oscil 

, lator 29, not one of the sub-bands occupy the 
same place in the spectrum for more than an in 
stant. The manner in which they shift in the 
spectrum and the speed of the shifting would 
never be ascertained by an unauthorized inter 
cepter because no clues are transmitted as to the 
manner of the variation. 
An intercepter attempting to heterodyne any 

of the sub-bands. would succeed only in produc 
ing the utmost confusion. Heterodyning of any 
of the sub-bands would automatically Superim 
pose one sub-band on another in the same fre 
quency range, and since the heterodyne frequency 
could not be varied in the correct manner, fur 
ther garbling would result. se 
The method and apparatus of the invention has 

0 

ration of the frequency range transmitted, means 
in each branch circuit carrying a transposed fre 
quency band to restore the same to its original 
frequency range, means connecting together the 
outputs of each of the next aforesaid means and 
any branch circuit carrying untransposed fre 
quency bands to form a combined frequency 
band, and means to convert the restored fre 
quency bands to audible speech, 

2. An apparatus for communication compris 
ing means to convert an audible communication 
into electrical oscillations, a plurality of circuits 
including means in each Circuit to separate the 
electrical oscillations of the audio frequency range 
desired to be transmitted into a plurality of fre 
quency bands, means in a plurality of circuits to 
transpose a plurality of the frequency bands to 
another frequency band and each band having a 
frequency range different from that carried by 
any other circuit, means connecting together the 
outputs of each of the next aforesaid means and 
any circuit carrying untransposed frequency 
bands to form a combined frequency band, means 
connected with the next aforesaid means to in 
vert the combined frequency band, and means to 
continuously vary the combined frequency band 
for transmission. 

3. An apparatus for Communication comprising 
5 means to convert a Communication into electrical 

oscillations, a plurality of circuits including 

50 

been described and illustrated in the voice fre- . 
quency range, and it is to be understood that the 
principles thereof are applicable as well to other 
types of signalling systems employing higher fre 
quencies. 
This invention is presented to fill a need for in 

provements in an apparatus and method for 
communication. It is understood that various 
modifications in structure, as well as changes in 
mode of operation, assembly, and manner of use, 
may and often do occur to those skilled in the 
art, especially after benefiting from the teachings 
of an invention. Hence, it will be understood 
that this disclosure is illustrative of preferred 
means of embodying the invention in useful form 
by explaining the construction, operation and ad 
vantages thereof. 

CO 

means in each circuit to separate the electrical 
oscillations of the frequency range desired to be 
transmitted into a plurality of frequency bands, 
means in a plurality of circuits to transpose a 
plurality of the frequency bands to another fre 
quency band and each band having a frequency 
range different from that carried in the output 
of any other circuit, means connecting together 

5 the outputs of each of the next aforesaid means 
and any circuit carrying untransposed frequency 
bands to form a combined frequency band, means 
connected with the next aforesaid means to pro 
duce a carrier frequency which produces side 
bands with the combined frequency band, means 
to continuously vary the carrier frequency over a 
predetermined frequency range, and means to 
select one side band for transmission. 

4. An apparatus for communication compris 
ing means to convert an audible communication 
into electrical oscillations, a plurality of circuits 
including filter means in each circuit to separate 
the electrical oscillations of the audio frequency 
range desired to be transmitted into a plurality 

5 

of frequency bands, a balanced modulator in each 
of a plurality of the circuits, means to produce a 
carrier frequency for each modulator to transpose 
the frequency band carried thereby and form a 
side band having a desired frequency range, filter 
means connected to the output of each modulator 
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to pass only the desired frequency side band for 
that circuit So that the output of each circuit has 
a frequency range different from the frequency 
range in any other circuit, means connecting to 
gether the outputs of each of the next aforesaid 
filter means and the outputs of any circuits carry 
ing untransposed frequency bands thereby COm 
bining the frequency bands, a balanced, modiu 
lator connected with the connecting Eleans, an 
oscillator connected with the next aforesaid bal 
anced modulator and producing a carrier fre 
quency above the maximum frequency in the 
combined frequency band, maans to continuously 
vary the frequency produced by the next afore 
said oscillator, and filter means connected with 
the output of the last mentioned balanced modu 
lator to a pass a side band to be transmitted and 
suppressing other frequencies. 

5. An apparatus for receiving a communication 
comprising a circuit carrying a communication 
in the form of electrical oscillations of trans 

5 

10 

20 

posed frequency bands, means connected with 
the aforesaid circuit to invert the combined trans 
posed frequency bands and continuously vary 
the combined frequency band at the same speed 
and over the same frequency range as the trans 
mitted communication was varied, a plurality 
of branch circuits including means in each cir 
cuit to separate the electrical oscillations into 
a plurality of frequency bands corresponding in 
number and frequency range with the original 
separation, means in each circuit Carrying a 
transposed frequency band to restore the same 
to its original frequency range, means connect 
ing together the outputs of each of the next 
aforesaid means and any branch circuit carry 
ing untransposed frequency bands to form a 
combined frequency band, and means to convert 
the electrical oscillations to audible Speech. 

6. An apparatus for receiving a communica 
tion comprising a circuit carrying a communica 
tion in the form of electrical oscillations of trans 
posed frequency bands, means connected with 
the aforesaid circuit to produce a carrier fre 
quency which produces side bands with the trans 
mitted electrical oscillations, means to contin 
uously vary the carrier frequency at the Same 
speed and over the same frequency range as 
the transmitted electrical oscillations, means to 
select the difference side band for transmission 
whereby the electrical oscillations are inverted, 
a plurality of circuits branching from the next 
aforesaid means including means in each branch 
circuit to separate the electrical oscillations into 
a plurality of frequency bands corresponding in 
number and frequency range with the separation 
of the communication transmitted, means in each 
branch circuit carrying a transposed frequency 
band to restore the same to its original fre 
quency range, means connecting together the out 
puts of each of the next aforesaid means and 
any branch circuit carrying untransposed fre 
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7 
lator at the same speed and extent as the varia 
tion of the transmitted communication, filter 
means connected with the Output of the bal 
anced modulator to pass a side band restoring 
the Original combined frequency bands and Sup 
pressing other frequencies, a plurality of cir 
cuits branching from the filter means includ 
ing filter means in each branch circuit to sepa 
rate the electrical oscillations into a plurality 
of frequency bands corresponding in number and 
frequency range with the original separation of 
the frequency range transmitted, a balanced 
modulator in each of the circuits carrying a 
transposed frequency band, means to produce 3 
carrier frequency for each modulator in a branch 
circuit to transpose the frequency band carried 
thereby and form a side band which restores the 
frequency band to that of the original frequency 
band, filter means connected to the output of 
each modulator in a branch circuit to pass only 
the restored frequency side band for that cir 
cuit, means connecting together the outputs of 
each of the next aforesaid filter means and the 
outputs of any circuits carrying untransposed 
frequency bands thereby combining the restored 
frequency bands, and means connected to the 
next aforesaid means to convert the oscillations 
of the combined frequency bands into audible 
speech. 

8. An apparatus for communication compris 
ing means to convert an audible communication 
into electrical oscillations, a plurality of cir 
cuits leading therefrom including means in each 
circuit to separate the electrical oscillations of 
the audio frequency range desired to be trans 
mitted into a plurality of frequency bands, means 
in a plurality of the separating circuits to trans 
pCse a plurality of the frequency bands to an 
other frequency band and each band having a 
frequency range different from that in the out 
put of any other circuit, means connecting to 
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quency bands to form a combined frequency 
band, and means to convert the electrical oscil 
lations into audible speech. 65 

7. An apparatus for receiving a communica 
tion comprising a circuit carrying a communi 
cation in the form of electrical oscillations of 
transposed frequency bands, a balanced modula 
tor connected with the circuit, an oscillator con 
nected with the balanced modulator and produc 
ing a carrier frequency to restore the original 
frequency range of the transposed and combined 
frequency band transmitted, means to continu 

70 

gether the outputs of each of the next aforesaid 
means and any circuit carrying untransposed 
frequency bands to form a combined frequency 
band, means connected with the next aforesaid 
means to invert the combined frequency band, 
means to continuously vary the inverted com 
bined frequency band for transmission, a receiv 
ing circuit carrying the transmitted communica 
tion in the form of electrical oscillations of trans 
posed frequency bands, means connected with 
the receiving circuit to invert the combined 
transposed frequency bands arid continuously 
vary the combined frequency band at the same 
Speed and over the same extent that the trans 
mitted communication was varied, a plurality 
of circuits branching from the next aforesaid 
means including means in each circuit to sepa 
rate the electrical Oscillations into a plurality 
of frequency bands corresponding in number and 
frequency range with the original separation, 
means in each circuit carrying a transposed fre 
quency band to restore the same to its original 
frequency range, means connecting together the 
outputs of each of the next aforesaid means and 
any branch circuit carrying untransposed fre 
quency bands to form a restored combined fre 
quency band, and means to convert the restored 
combined frequency band to audible speech. 

9. An apparatus for communication compris 
ing neans to convert a communication into elec 
trical oscillations, a plurality of circuits leading 
therefrom including means in each circuit to 
Separate the electrical oscillations of the fre 

ously vary the frequency produced by the oscil- 75 quency range desired to be transmitted into a 
  



e 

plurality of frequency bands, means in a plu 
rality of circuits to transpose a plurality of the 
frequency bands to another frequency band and 
each band having a frequency range different 
from that in the output of any other circuit, 
means connecting together the outputs of each 
of the next aforesaid means and any circuit. 
carrying untransposed frequency bands to form 
a combined frequency band, means connected 
with the next aforesaid means to produce a car 
rier frequency which produces side bands with 
the combined frequency band, means to continu 
ously vary the carrier frequency over a predeter 
mined frequency range and at a predetermined 
speed, means to select one side band for trans 
mission, a receiving circuit carrying the Com 
munication in the form of electrical Oscillations 
of transposed frequency bands, means connected 
with the receiving circuit to produce a carrier 
frequency which produces side bands with the 
received communication, means to continuously 
vary the carrier frequency at the same speed and 
over the same frequency range as the transmitted 
communication was varied, means to select. One 
side band, a plurality of circuits branching from . 
the next aforesaid means including means in each 
circuit to separate the electrical oscillations into 
a plurality of frequency bands corresponding in 
number and frequency range with the original 
separation of the frequency range transmitted, 
means in each branch circuit carrying a trans 
posed frequency band to restore the same to its 
original frequency range, means connecting to 
gether the outputs of each of the next aforesaid 
means and any branch circuit carrying untrans 
posed frequency bands to form a restored comi 
bined frequency band, and means to convert the 
restored combined frequency band to audible 
speech. 

10. An apparatus for communication compris 
ing means to convert a communication into elec 
trical oscillations, a plurality of circuits leading 
therefrom including means in each circuit to 
separate the electrical oscillations of the fre 
quency range desired to be transmitted into a 
plurality of frequency bands, means in a plu 
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rality of circuits to transpose a plurality of the . 
frequency bands to another frequency band and . 
each band having a frequency range different 
from that in the output of any other circuit, 
means connecting together the outputs of each 
of the next aforesaid means and any circuit car 
rying untransposed frequency bands to form a 
combined frequency band, means connected with 
the next aforesaid means to produce a carrier . 
frequency which produces side bands with the 
combined frequency band, means to continuously 
vary the carrier frequency over a predetermined 
frequency range and at a predetermined speed, 
means to select the difference side band for trans 
mission whereby the combined frequency band 
is inverted, a receiving circuit carrying a com 
munication in the form of electrical oscillations 
of transposed frequency bands, means connected 
with the receiving circuit to produce a carrier 
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each branch circuit to separate the electrical 
oscillations into a plurality of frequency bands 
corresponding in number and frequency range 
with the separation of the communication trans 
mitted, means in each branch circuit carrying a 
transposed frequency band to restore the same 
to its original frequency band, means connecting 
together the outputs of each of the next afore 
said means and any branch circuit carrying 
untransposed frequency bands to form a restored 
combined frequency band, and means to convert 
the electrical oscillations into audible speech. 

11. An apparatus for communication compris 
ing a circuit carrying a communication in the 
form of electrical oscillations, a plurality of par 
allel circuits including means in each circuit to 
separate the electrical Oscillations into a plu-. 
rality of frequency bands including a low band 
and at least one higher band, means in at least 
one of the parallel circuits to transpose one of 
the frequency bands to another frequency band 
and so that the frequency level of the combined 
frequency range in the output of the parallel 
circuits is changed, each band having a frequency 
range different from that carried in the output 
of any other parallel circuit, and means connect 
ing together the outputs of each of the parallel 
circuits. 

12. An apparatus for communication compris 
ing a circuit carrying a communication in the 
form of electrical oscillations, a plurality of par 
allel circuits branching therefrom to separate the 
electrical oscillations into a plurality of frequency 
bands including a low band and at least one 
higher band, the low band having a frequency 
range different from that of the higher band 
to be transposed to the low band position, means 
in a plurality of the parallel circuits to transpose 
the low frequency band to another frequency 
band and a higher band to the low band position 
whereby the overall frequency level is changed, 
each band having a frequency range different 
from that carried in the output of any other 
parallel circuit, and means connecting together 
the outputs of each of the parallel circuits. 

13. An apparatus for communication compris 
ing a circuit carrying a communication in the 
form of electrical oscillations, a plurality of par 
allel circuits branching therefrom to separate 
the electrical oscillations into a plurality of fre 
quency bands including a low band and at least 
one higher band, each parallel circuit including 
means to select a different frequency band, means 
in at least the parallel circuit carrying the low 
frequency band to transpose the same to another 
frequency band and so that the frequency level 
of the combined frequencies is raised, the output 
of each parallel circuit having a band with a 
frequency range different from that carried in 
the output of any other parallel circuit, and 
means connecting together the outputs of each 
of the parallel circuits. 

14. An apparatus for communication compris 
ing a circuit carrying a communication in the 
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frequency which produces a difference side band . 
with the transmitted electrical oscillations which 
corresponds with the combined frequency band, 
means to continuously vary the carrier frequency 
at the same speed and over the same frequency 
range as the transmitted electrical oscillations, 
means to select the difference side band for trans 
mission whereby the electrical oscillations are 
inverted, a plurality of circuits branching from 

form of electrical oscillations, a plurality of 
parallel circuits branching therefrom to separate 
the electrical oscillations into a plurality of fre 
quency bands including a low band and at least 
one higher band, each parallel circuit including 
means to select a different frequency band and 
the circuit carrying the low band having a fre 
quency range greater than the higher band to be 
transposed to the low band position, means in 
the parallel circuit carrying the low frequency 

the next aforesaid means including means in band to transpose the same to another frequency 
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band, means in the parallel circuit carrying a 
higher band of low frequency range than the low 
frequency band to transpose the same to the low 
band position whereby the frequency level of the 
combined frequencies is raised, each parallel cir 
cuit carrying a band having a frequency range 
different from that carried in the output of any 
other parallel circuit, and means connecting to 
gether the outputs of each of the parallel cir 
cuits. 

15. An apparatus for receiving a communica 
tion comprising a circuit carrying a communica 
tion in the form of electrical oscillations of trans 
posed frequency bands and of a raised frequency 
level, a plurality of parallel circuits branching 
from the aforesaid circuit including means in 
each circuit to select one of a plurality of fre 

- quency bands corresponding in number and fre 
quency range with one of the transposed fre 
quency bands transmitted, means in each parallel 
circuit carrying a transposed frequency band to 
transpose and restore the frequency band carried 
by each circuit to its original frequency band and 
to lower the frequency level of the combined fre 
quency bands, and means connecting together the 
outputs of each of the parallel circuits to form a 
combined frequency band. 

16. An apparatus for receiving a communica 
tion comprising a circuit carrying a communica 
tion in the form of electrical oscillations of trans 
posed frequency bands including a low band and 
at least one higher band having a greater fre 
quency range than that of the low band, a plu 
rality of parallel circuits branching therefron to 
separate the electrical oscillations into a plurality 
of frequency bands, each parallel circuit includ 
ing means to select a different frequency band 
rarresponding in frequency range with one of 
the transposed frequency bands transmitted, 
means in each parallel circuit carrying a trans 
posed frequency band to transpose and restore the 
frequency band carried by that circuit to its 
original frequency band whereby the higher band 
having a greater frequency range is transposed 
to the lower band position and thereby lowering 
the frequency level of the combined frequency 
bands, and means connecting together the out 
puts of each of the parallel circuits to form a 
combined frequency band. 

17. An apparatus for communication compris 
ing a circuit carrying a communication in the 
form of electrical oscillations, a plurality of par 
allel - circuits branching therefrom including 
means in each circuit to separate the electrical 
Oscillations of the frequency range desired to be 
transmitted into a plurality of frequency bands 
including a low frequency band and at least one 
higher frequency band, means in the parallel cir 
cuit carrying the low frequency band to transpose 
the same to a higher frequency band and to a fre 
quency range different from that in the output 
of any other parallel circuit and to transpose the 
same so as to raise the frequency level of the 
combined oscillations, means connecting together 
the outputs of each of the parallel circuits to form 
a combined frequency band and to transmit the 
same, a receiving circuit carrying the transmitted 
communication in the form of electrical oscilla 
tions of transposed frequency bands, a plurality 
of parallel receiving circuits branching from the 
receiving circuit including means in each circuit 
to separate the electrical oscillations into a plu 
rality of frequency bands corresponding in num 
ber and frequency range with the original trans 
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circuit carrying a transposed frequency band to 
transpose and restore the same to its original 
transposed frequency range thereby restoring the 
original frequency level, and means connecting 
together the outputs of each of the parallel re 
ceiving circuits to form a restored conbined fre 
quency band. - 

18. An apparatus for communication compris 
ing a circuit carrying a communication in the 
form of electrical CScillations, a plurality of paral 
lel circuits branching therefrom including means 
in each circuit to separate the electrical oscilla 
tions of the frequency range desired to be trans 
mitted into a plurality of frequency bands in 
cluding a low frequency band and a higher fre 
quency band having a lower frequency range, 
means in the parallel circuit carrying the low 
frequency band to transpose the same to another 
frequency band, meang in the parallel circuit 
carrying the aforesaid higher frequency band to 
transpose the same to the position occupied by 
the low frequency band and so as to raise the 
frequency level of the combined oscillations, each 
band having a frequency range different from 
that in the output of any other parallel circuit, 
In eans connecting together the outputs of each 
of the parallel circuits to form a combined fre 
quency band and to transmit the same, a receiv 
ing circuit carrying the transmitted communica 
tion in the form of electrical oscillations of trans 
posed frequency bands, a plurality of parallel re 
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ceiving circuits branching from the receiving cir 
cuit including means in each circuit to separate 
the electrical oscillations into a plurality of fre 
quency bands corresponding in number and fre 
quency range with the original transposed fre 
quency bands, means in each circuit carrying a 
transposed frequency band to restore the same to 
its original frequency range thereby restoring the 
Original frequency level, and means connecting 
together the outputs of each of the parallel re 
ceiving circuits to form a restored combined fre 
quency band. 

19. An apparatus for communication compris 
ing a circuit carrying a communication in the 
form of electrical oscillations, a plurality of par 
allel circuits branching therefrom including 
means in each circuit to separate the electrical 
Oscillations of the frequency range desired to be 
transmitted into a plurality of frequency bands 
including a low frequency band and at least one 
higher frequency band, means in the parallel 
circuit carrying the low frequency band to trans 
pose the same to a higher frequency band and 
to a frequency range different from that carried 
in the output of any other parallel circuit and 
to transpose the same so as to raise the fre 
quency level of the combined oscillations, means 
connecting together the outputs of each of the 
parallel circuits to form a combined frequency 
band, modulating means connected with the con 
necting means and producing a carrier fre 
quency, and means to vary the carrier frequency 
over a predetermined frequency range. 

20. An apparatus for communication compris 
ing a circuit carrying a desired range of elec 
trical oscillations, a plurality of parallel branches 
connected with the input circuit including means 
in each parallel branch to separate the electrical 
oScillations into a plurality of frequency bands, 
means in at least one of the parallel branches to 
transpose its frequency band to another fre 
quency band and each parallel branch having in 
its output a band having a frequency range dif 

posed frequency bands, means in each parallel 75 ferent from that carried in the output of any 
  



other parallel branch, the outputs of each of the 
next aforesaid rears and of any parallel branch 
carrying an intransposed frequency band being 
connected to form an 'iyut, circuit carrying a 
contoined frequency and, said transposing 
Gears also changing the frequency level of the 
cornbined frequency bad, nodulating means 
connected with one of the aforesaid circuits, an 
osciliator connected With the modulating means 
to produce a carrier frequency, and means to 
wary the carrier frequency over a predetermined 
frequency range. 
2. An apparatus for communication con 

prising a circuit carrying a desired frequency 
range of electrical oscillations, a plurality of par 
allel circuits branching therefrom including 
aeans in each parallel circuit to Separate the 
electrical osciliations of the frequency range de 
sired to 3e transmitted into a piurality of fre 
gliercy aards, means in at least one of the par 
aiei circuits to transpose its frequency band to 
3:) of iner frequency band and each band having 
3, requiency range different from that carried 
in the output of any other parallel circuit, said 
iansposing neans also raising the frequency 
level of the combined frequency bands, means 
connecting together the outputs of each of the 
next aforesaid means and airy circuit carrying 
an untransposed frec; etcy aid to form a con 
bined frequency hai;i, Sileans connected with the 
next afores2.i. as to produce a, carrier fre 
quency which produces side bands with the con 
bined frequency band, reans to vary the carrier 
freieicy (yer a predetermined frequency range, 
and heai is to seleci, one side band for transmis 
Sigri. 

22, An agpiratus for comunication con 
prising a, circuit carrying a desired range of elec 
trical oscillations, a plurality of parallel circuits 
branching herefroia including in ears in each 
parallel circuit to separate the electiicai Oscilla 
tions of the frequency range diesired to be trans 
mitted into a plurality of frequency bands, means 
in at east one of the paralliei circuits to trans 
pose its frequency and to another frequency 
and and each handi having a frequency range 

different, froii. hai, ca. Fied in the buipui of ally 
other parallel circuit, the outputs of 2ach of the 
rtext aforesaid means aid of any parallel circuit 
carrying untransposed frequency bands being 
connected to form a combined fregueiicy band, 
said transposing means aist raising the fre 
quency level of the combined frequency band, 
neans connected with the output of the parallel 
circuits to produce a carrier frequency which 
produces side bands with the combined frequency 
band, means to vary the carrier frequency over a 
predetermined frequency range, and neans gen 
erating a synchronizing impulse in timed rela 
tion with the next aforesaid illeans. 

23. An apparatus for communication con 
prising a circuit carrying a communication in the 
form of electrical osciliatio is, a plurality of par 
allel circuits branching therefron including 
means in each circuit to separate the electrical 
oscillations of the frequency range desired to be 
transmitted into a plurality of frequency bands 
including a low band and at least one higher 
band, the ow, and navig a, frequency range 
greater than the higher band to be transposed to 
the jow band position, neans in a plurality of 
circuits to transpose the low frequency band to 
another frequency asid aid a higher and of 
lower frequency range than the low frequency 
band to the low band position whereby the fre 
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quency level is raised, each band having a fre 
quency range different from that carried in the 
output of any other parallel circuit, means con 
necting together the outputs of each of the par 
allel circuits to form a combined frequency band, 
In eans connected with the next aforesaid means 
to produce a carrier frequency which produces 
side bands with the combined frequency band, 
and means to vary the carrier frequency over a 
predetermined frequency rangs. 

24. An apparatus for receiving a communica 
tion comprising a circuit carrying a communica 
iOf in the form of varying electrical oscillations 
of transposed frequency hands and having a 
raised frequency level incitiding a demodulator 
leanS, means connected yith the demodulator 

Ineans to produce a carrier frequency to de 
modulate the received oscillations, means to vary 
the carrier frequency at the same speed and the 
same frequency range as the transmitted com 
unication WaS varied, a plurality of circuits 

branching from the demodulator means includ 
ing means in each circuit to separate the elec 
trical oscillations into a plurality of frequency 
bands corresponding in number and frequency 
range with the frequency bands after transposi 
tion in the transmitter, means in each branch 
circuit carrying a transposed frequency band to 
restore the same to its original band thereby re 
storing the original lower frequency level, and 
means connecting together the outputs of each 
of the parallel circuits to form a combined fre 
quency band. 

25. An apparatus for receiving a communica 
tion comprising a circuit carrying a communica 
tion in the form of varying electrical oscillations 
of transposed frequency bands and having a 
raised frequency level including a demodulating 
means, means connected with the demodulating 
Ineans to produce a carrier frequency to de 
nodulate the received oscillations, means to vary 
the carrier frequency at the same speed and the 
same frequency range as the transmitted com 
22unication was varied, a plurality of parallel 
circuits branching from the demodulating means 
including means in each circuit to separate the 
electrical oscillations into a plurality of fre 
quiency bands corresponding in number and fre 
quency range with the frequency bands after 
transportation in the transmitter, and means in 
each parallel circuit carrying a transposed fre 
quency band to restore the same to its original 
and thereby restoring the original lower fre 
tuency level, the outputs of each parallel circuit 
being connected together to form a restored con 
bined frequency band. 

26. An apparatus for receiving a communica 
tion comprising a circuit carrying a communica 
tion in the form of synchronizing impulses and 
varying electrical oscillations of transposed fre 
quency bands and having a raised frequency level 
including a demodulating means, means con 
nected with the demodulating means to produce 
a carrier frequency to demodulate the received 
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oscillations, means to vary the carrier frequency 
at the same speed and the same frequency range 
as the transmitted communication was varied, 
ineans responsive to the synchronizing impulses 
to Synchronize the next aforesaid means, a plu 
rality of circuits branching from the demodulat 
ing means including means in each circuit to sepa 
rate the electrical oscillations into a plurality of 
frequency bands corresponding in number and 
frequency range with the frequency bands after 
transposition in the transmitter, and means in 
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each brarch circuit carrying a transposed fre 
quency band to restore the same to its original 
frequency band thereby restoring the lower fre 
gency level, the outputs of each branch circuit 
being connected together to form a tornbined fre 
quency band. 
27. An apparatus for receiving a concialinica 

tion comprising a circuit carrying a connauahica 
tion in the form of varying electrical OScillations 
of transposed frequency bands and having the low 
frequency band of the transmitted Communica 
ion of a lower frequency range than the band to 
be retransposed to the low . band position in 
cluding a demodulating means, means connected 
with the demodulating means to produce a car 
rier frequency to demodulate the received Oscil 
lations, means to vary the carrier frequency at 
the same Speed and the same frequency range aS 
the transmitted communication was varied 
whereby the varying frequency range becomes 
unvarying, a plurality of circuits branching from 
the demodulator means including means in each 
circuit to separate the electrical oscillations into 
a plurality of frequency bands corresponding in 
number and frequency range with the frequency 
bands after transposition in the transmitter, and 
means in each branch circuit carrying a trans 
posed frequency band to restore the Sane to its 
original frequency range whereby the frequency 
level is lowered, the outputs of each of the par 
allel circuits being connected together to form 
the combined frequency band of the transmitted 
communication. 

28. An apparatus for communication compris 
ing a circuit carrying a communication in the 
form of electrical oscillations, a plurality of par 
allel circuits leading therefrom including means 
in each circuit to separate the electrical oscil 
lations of the frequency range desired to be trans 
mitted into a plurality of frequency bands includ 
ing a low frequency band and at least one higher 
frequency band, means in the parallel circuit 
carrying the low frequency band to transpose the 
same to a higher frequency band and to a fre 
quency range different from that in the output of 
any other parallel circuit and to transpose the 
same so as to raise the frequency level of the 
combined oscillations, means connecting together 
the outputs of each of the parallel circuits to 
form a combined frequency band, modulating 
means connected with the next aforesaid means 
including an oscillator to produce a nodulating 
frequency, means connected to the OScillator to 
vary the modulating frequency arad hence the 
combined frequency band for transmission, a re 
ceiving circuit carrying the transmitted corn 
munication in the form of electrical oscillations 
of transposed frequency bands, demodulating 
means connected with the receiving circuit in 
cluding an oscillator to produce a demodulating 
frequency, means to vary the aforesaid demodul 
lating frequency at the same speed and over the 
same frequency range that the modulating fre 
quency was varied, a plurality of parallel circuits 
branching from the demodulating means includ 
ing means in each circuit to separate the elec 
trical oscillations into a plurality of frequency 
bands corresponding in number and frequency 
range with the original transposed frequency 
beds, means in each receiving parallel circuit 
carrying a transposed frequency band to trans 
pose and restore the same to its original frequency 
range thereby restoring the original frequency 
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of each of the receiving parallel circuits to form. 
a restored combined frequency band. 

29. An apparatus for communication compris 
ing a circuit carrying an audible communication 
in the form of electrical oscillations, a plurality 
of parallel circuits leading therefrom including 
means in each circuit to separate the elecrical os 
cillations of the frequency range desired to be 
transmitted into a plurality of requency bands 
including a low frequency band and a higher fre 
quency band having a lower frequency range than 
the low band, means in the parallel circuit carry 
ing the low frequency band to transpose the Sanhe 
to another frequency band, neans in the parallel 
circuit carrying the aforeSaid higher frequency 
band to transpose the same to the position occur 
pied by the low frequency band and So as to raise 
the frequency level of the combined oscillations, 
each band having a frequency range different 
from that in the output of any other parallel 
circuit, means connecting together the outputs 
of the parallel circuits to form a combined 
frequency band, modulating means connected 
with the next aforesaid means including an 
oscillator to produce a nodulating frequency, 
means to continuously vary the modulating 
frequency and hence the combined frequency 
band for transmission, a. receiving circuit 
carrying the transmitted communication in 
the form of electrical oscillations of transposed 
frequency bands, demodulating means connected 
with the receiving circuit including an oscillator 
to produce a demodulating frequency, means to 
vary the demodulating frequency at the same 
speed and over the same frequinecy range that the 
modulating frequency was varied, a plurality of 
parallel circuits branching from the demodulat 
ing means including means in each circuit to 
separate the electrical oscillations into a plu 
rality of frequency bands Corresponding in nun 
ber and frequency range with the transposed 
frequency bands in the transmitter, means in 
each. parallel circuit carrying a transposed ire 
quency band to transpose and restore the same to 
its original frequency range thereby restoring 
the original frequency level, and means connect 
ing together the outputs of each of the receiviaS 
parallel circuits to form a restored combined fre 
quency band. 

30. An apparatus for communication compris 
ing a circuit carrying a communication in the 
form of electrical oscillations, a plurality of parai 
lel circuits including means in each circuit to 
separate the electrical osciliations into a pl.- 
rality of frequency bands including a low band 
and at least one higher band, means in at east 
one of the parallel circuits to transpose one of 
the frequency bands to another frequency and 
so that the spacing between adjacent bands is 
changed, each band having s frequency range 
different from that carried in the output of ariy 
other parallel circuit, and nea is connecting to 
gether title outputs of each of he parallei cir 
cuits. 
3. An apparatus for communication compris 

ing a circuit carrying a communication in She 
form of electrical oscillations, a plurality of para 
le Circuits including means in each circuit to 
separate the electrical oscillations into a plurality 
of frequency bands including a low band and at 
least one higher band, means in at least one of the 
parallel circuits to transpose the frequency band 
carried thereby to another frequency band and so 
that each frequency band is spaced from its ad 

level, and means connecting together the outputs 5 jacent bands, each band having a frequency range 
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different from that carried in the output of any 
other parallel circuit, and means connecting to 
gether the outputs of each of the parallel cir 
acuits. 

32. An apparatus for communication on pris 
ing a circuit carrying a, communication in the 
form of electrical oscillations, a plurality of 
parallel circuits including means in each circuit 
to separate the electrical oscillations into a plu 
rality of frequency bands including a low band 
and at least one higher band, means in at least 
one of the parallel circuits to transpose one of 
the frequency bands to another frequency band 
so that the frequency level of the combined fre 
quency range in the output of the parallel cir 
cuits is changed and so that the spacing between 
each frequency band and its adjacent bands is 
changed, each band having a frequency range 
different from that carried in the output of any 
other parallel circuit, and means connecting to 
gether the outputs of each of the parallel cir 
cuits. 

33. An apparatus for communication compris 
ing a circuit carrying a conntainication in the 
form of electrical oscillations, a pality of 
parallel circuits branching therefrom to Separate 
the electrical oscillations into a plurality of fre 
quency bands including e, low band and at least 
one higher band, the low band having a frequency 
range different from that of the higher band to 
be transposed to the low and position, means 
in a plurality of the the parallel circuits to trans 
pose the low frequency and to another frequency 
band and a higher band to the low band position 
whereby the overall frequency level is changed : 
and each band is spaced from its adjacent bands, 
each band having a frequency range different 
from that carried in the output of any other 
parallel circuit, and in-ars connecting together 
the outputs of each of the parallel circuits. 

34. An apparatus for coin unicatio:} congrise 
ing a circuit carrying a comint Enication in the 
form of electrical oscillations, a plurality of par 
allel circuits connected therewith including means 
in each circuit to separate the electricrl oscillas 
tions into a plurality of frequency bands includi 
ing a low band and at east one higher band, 
each parallel circuit including Gaeans to select 
a different frequency band, means in at least 
the parallel circuit carrying the low frequency 
hand to transpose the same to another frequency 
band so that the frequency level of the combined 
frequency range in the output of the parallel 
circuits is raised and so hat each frequency band 
is spaced from its adjacent frequency bands, the 
output of each parallel circuit having 2, band 
with a frequency range different from that car 
ried in the output of any other parallel circuit, 
and ineans connecting together the outputs of 
each of the parallei circuits. 

35. An apparatus for communication compris 
irg a, circuit carrying a corninu Yicatio is the 
form of electrical oscillations, 2 plurality of par 
alie, circuits branching therefroin to separate the 
electrical oscillations into a, plurality of frequency 
bands including a low band and at east one 
higher band, each parallel circuit, including Keans 
to select, a different frequency bayad aid the cir 
cuit carrying the low and aaving a regiiency 
range greater than the higher and to be trans 
posed to the low had position, Kneans in the 
parallel circuit carrying the lew frequency band 
to transpose the same to another frequency band 
end spaced from its adjacent band, Eileans in 
the parallel circuit carrying inigiier barid oš. 
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lower frequency range than the low frequency 
band to transpose the same to the low band posi 
tion and Spaced from its adjacent band, whereby 
the frequency level of the combined frequencies 
is raised and each band is spaced from adjacent 
bands, each parallel circuit carrying a band hav 
ing a frequency range different from that car 
ried in the output of any other parallel circuit, 
and neans connecting together the outputs of 
each of the parallel circuits. 

36. An apparatus for receiving a communica 
tion comprising a circuit carrying a communica 
tion in the form of electrical oscillations of trans 
posed frequency bands having a raised frequency 
level and spacing between each band, a plurality 
of parallel circuits branching from the aforesaid 
circuit including means in each circuit to select 
One of a plurality of frequency bands correspond 
ing in nurber and frequency range with one of 
the transposed frequency bands transmitted, 
Ineans in each parallel circuit carrying a trans 
posed frequency band to transpose and restore 
the frequency band carried by each circuit to its 
original frequency band, so that the frequency 
level of the combined frequency bands is lowered 
and the bands are positioned adjacent each other, 
and means connecting together the outputs of 
each of the parallel circuits to form a combined 
frequency band. - 

37. An apparatus for receiving a communica 
tion comprising a circuit carrying a communica 
tion in the form of electrical oscillations of 
transposed frequency bands which are in spaced 
relation including a low band and at least one 
higher band having a greater frequency range 
than that of the low band, a plurality of parallel 
circuits branching therefrom to separate the elec 
tr. Jal uscillations into a plurality of frequency 
bands, each parallel circuit including means to 
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Select a different frequency band corresponding 
in frequency range with one of the transposed 
frequency bands transmitted, means in each par 
allel circuit carrying a transposed frequency band 
to transpose and restore the frequency band car 

is ried by that circuit to its original frequency band 
So that the higher band having a greater fre 
quency range is transposed to the lower band 
position thereby lowering the frequency level of 
the combined frequency bands and bringing the 
bands into adjacent position, and means con 
necting together the outputs of each of the par 
allel circuits to form a combined frequency band. 

38. An apparatus for communication compris. 
ing a circuit carrying a communication in the 
form of electrical oscillations, a plurality of par 
allel circuits branching therefrom including 
neans in each circuit to separate the electrical 
Oscillations of the frequency range desired to be 
transmitted into a plurality of frequency bands 
including a low frequency band and at east one 
higher frequency band, means in the parallel 
circuit carrying the low frequency band to trans 
pose the same to a higher frequency band and 
to a frequency band different from that in the 
output of any other parallel circuit and to trans 
pose the same so as to raise the frequency level 
of the combined oscillations, the aforesaid means 
in the transposing of a band spacing the same 
from its adjacent band, means connecting to 
gether the outputs of each of the parallel cir 
cuits to form a combined frequency band and 
to transmit the same, a receiving circuit carry 
ing the transmitted communication in the form 
of electrical oscillations of transposed frequency 
bands, a plurality of parallel receiving circuits 
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branching from the receiving circuit including 
means in each circuit to separate the electrical 
oscillations into a plurality of frequency bands 
corresponding in number and frequency range 
with the original transposed frequency bands, 
means in each parallel circuit carrying a trans- . 
posed frequency band to transpose and restore 
the same to its Original transposed frequency 
range thereby restoring the original frequency 
ieve and bringing the bands into adjacent re 
lation, and means connecting together the out 
puts of each of the parallel receiving circuits to 
form a restored combined frequency band. 

39. An apparatus for communication compris 
ing a circuit carrying a communication in the 
form of electrical oscillations, a plurality of par 
allel circuits branching therefrom including 
means in each circuit to separate the electrical 
oscillations of the frequency range desired to be 
transmitted into a plurality of frequency bands 
including a low frequency band and a higher fre 
quency band having a lower frequency range, 
means in the parallel circuit carrying the low fre 
quency band to transpose the same to another 
frequency band, means in the parallel circuit 
carrying the aforesaid higher frequency band to 
transpose the same to the position occupied by the 
low frequency band so as to raise the frequency 
level of the combined oscillations and to Space 
each band from its adjacent bands, each band 
having a frequency range different from that in 
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the output of any other parallel circuit, means 
connecting together the outputs of each of the 
parallel circuits to form a combined frequency 
band and to transmit the same, a receiving cir 
cuit carrying the transmitted communication in 
the form of electrical oscillations of transposed 
frequency bands, a plurality of parallel receiving 
circuits branching from the receiving circuit in 
cluding means in each circuit to separate the 
electrical oscillations into a plurality of fre 
quency bands corresponding in number and fre 
quency range with the original transposed fre 
quency bands, means in each circuit carrying a 
transposed frequency band to restore the same to 
its original frequency range thereby restoring the 
original frequency level and bringing the bands 
into adjacent relation, and means connecting to 
gether the outputs of each of the parallel receiv 
irig circuits to form a restored combined fre 
quency band. 

40. An apparatus for communication compris 
ing an input circuit carrying a communication 
in the form of electrical oscillations, a plurality 
of parallel branches connected with the input cir 
cuit including means in each branch to separate 
the electrical oscillations into a plurality of fre 
quency bands including a low frequency band and 
at least one higher frequency band, means in at 
least one of the parallel branches to transpose 
the frequency band carried thereby to another 
frequency band and to a frequency range differ 
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ent from that carried in the output of any other 
parallel branch, the transposing means changing 
the frequency range of the combined oscillations 
and spacing each band from its adjacent bands, 
an output circuit connecting together the out 
puts of each of the parallel branches to form a 
combined frequency band, modulating means 
connected with one of the aforesaid circuits and 
producing a carrier frequency. and means to vary 
the carrier frequency over a predetermined fre 
quency range. 

4i. An apparatus fur communication compris 

3 
form of electrical oscillations, a plurality of par 
allel circuits branching therefrom including 
means in each circuit to separate the electrical 
oscillations of the frequency range desired to be 
transmitted into a plurality of frequency bands 
including a low frequency band and at least One 
higher frequency band, means in the parallel cir 
cuit carrying the low frequency band to transpose 
the same to a higher frequency band and to a fre 
quency range different from that carried in the 
output of any other parallel circuit and to trans 
pose the same so as to raise the frequency level 
of the combined oscillations and to space the same 
from its adjacent bands, means connecting to 
gether the outputs of each of the parallel circuits 
to form a combined frequency band, modulating 
means connected with the connecting means and 
producing a carrier frequency, and means to vary 
the carrier frequency over a predetermined fre 
quency range. 

42. An apparatus for communication compris 
ing a circuit carrying a desired range of electrical 
oscillations, a plurality of parallel circuits 
branching therefrom including means in each 
parallel circuit to separate the electrical oscilla 
tions of the frequency range desired to be trans 
mitted into a plurality of frequency bands, means 
in at least one of the parallel circuits to trans 
pose its frequency band to another frequency 
band and each band having a frequency range 
tdifferent from that carried in the output of any 
other parallel circuit, the outputs of each of the 
next aforesaid means and of any parallel circuit 
carrying an untransposed frequency band being 
connected to form a combined frequency band, 
Said transposing means also raising the frequency 
level of the combined frequency band and spacing 
each band from its adjacent bands, means con 
nected with the output side of the parallel circuits 
to produce a carrier frequency which produces 
side bands with the combined frequency band, 
and means to vary the carrier frequency over a 
predetermined frequency range. 

43. An apparatus for communication compris 
ing a circuit carrying a desired frequency range 
of electrical oscillations, a plurality of parallel 
circuits branching therefrom including means in 
each parallel circuit to separate the electrical os 
cillations of the frequency range desired to be 
transmitted into a plurality of frequency bands, 
means in at least one of the parallel circuits to 
transpose its frequency band to another fre 
quency band and each band having a frequency 
range different from that carried in the output 
of any other parallel circuit, said transposing 
means also raising the frequency level of the 
combined frequency band and spacing each band 
from its adjacent bands, means connecting to 
gether the Outputs of each of the next aforesaid 
means and any circuit carrying an untransposed 
frequency band to form a combined frequency 
band, means connected with the next aforesaid 
means to produce a carrier frequency which pro 
duces side bands with the combined frequency 
band, means to vary the carrier frequency over 
a predetermined frequency range, and means to 
Select one side band for transmission. 

44. An apparatus for communication compris 
ing a circuit carrying a desired range of elec 
trical oscillations, a plurality of parallel circuits 
branching therefrom including means in each 
parallel circuit to separate the electrical Oscilla 
tions of the frequency range desired to be trans 
mitted into a plurality of frequency bands, means 

ing a circuit carrying a communication in the 75 in at least one of the parallel circuits to transpose 
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its frequency band to another frequency band 
and each band having a frequency range differ 
ent from that carried in the output of any other 
parallel circuit, the outputs of each of the next 
aforesaid means and of any parallel circuit car 
rying untransposed frequency bands being Con 
nected to form a combined frequency band, Said 
transposing means also raising the frequency 
level of the combined frequency band and Spacing 
each frequency band from its adjacent bands, 
means connected with the output of the parallel 
circuits to produce a carrier frequency which 
produces side bands with the combined frequency 
band, means to vary the carrier frequency Over 
a predetermined frequency range, and means 
generating a synchronizing impulse in timed re 
lation with the next aforesaid means. 

45. An apparatus for communication compris 
ing a circuit carrying a communication in the 
form of electrical oscillations, a plurality of par 
allel circuits branching therefrom including 
means in each circuit to separate the electrical 
oscillations of the frequency range desired to be 
transmitted into a plurality of frequency paids 
including a low band and at least one higher 
band, the low band having a frequency range 
greater than the higher band to be transposed 
to the low band position, means in a plurality of 
circuits to transpose the low frequency band to 
another frequency band and a higher band of 
lower frequency range than the low frequency 
band to the low band position whereby the fre 
quency level is raised, each band having a fre 
quency range different from that carried in the 
Output of any other parallel circuit, the transpos 
ing means also spacing each band from its ad 
jacent bands, means connecting together the out 
puts of each of the parallel circuits to form a 
combined frequency band, means connected with 
the next aforesaid means to produce a carrier 
frequency which produces side bands with the 
combined frequency band, and means to vary the 
carrier frequency over a predetermined. 
quency range. 

46. An apparatus for receiving a communica 
tion comprising a circuit carrying a communica 
tion in the form of varying electrical oscillations 
of transposed frequency bands having a raised 
frequency level and each band being spaced from 
its adjacent bands including a demodulator 
means, means connected with the demodulator 
means to produce a carrier frequency to demodul 
late the received oscillations, means to vary the 
carrier frequency at the same speed and the same 

fre 

frequency range as the transmitted communica 
tion was varied a plurality of circuits branching 
from the demodulator means including means in 
each circuit to separate the electrical oscillations 
into a plurality of frequency bands correspond 
ing in number and frequency range with the fre 
quency bands after transposition in the tras 
mitter, means in each branch circuit carrying a 
transposed frequency band to restore the same 
to its original band thereby restoring the original 
lower frequency level and bringing the bands 
into adjacent positions, and means connecting 
together the outputs of each of the parallel cir 
cuits to form a combined frequency band. 

47. An apparatus for receiving a communica 
tion comprising a circuit carrying a communica 
tion in the form of varying electrical oscillations 
of transposed frequency bands having a raised 
frequency level and each band being spaced from 
its adjacent bands including a demodulating 
means, means connected with the demodulating 
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means to produce a carrier frequency to demodul 
late the received oscillations, means to vary the 
carrier frequency at the same speed and the same 
frequency range as the transmitted communica 
tion was varied, a plurality of parallel circuits 
branching from the demodulating means includ 
ing means in each circuit to separate the elec 
trical CScillations into a plurality of frequency 
bands corresponding in number and frequency 
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range With the frequency bands after transposi 
tion in the transmitter, and means in each par 
allel circuit carrying a transposed frequency band 
to restore the same to its original band thereby 
restoring the original lower frequency level and 
bringing the frequency bands into adjacent po 
Sition, the outputs of each parallel circuit being 
connected together to form a restored combined 
frequency band. 

48. An apparatus for receiving a communica 
tion comprising a circuit carrying a communica 
tion in the form of Synchronizing impulses and 
varying electrical oscillations of transposed fre 
quency bands having a raised frequency level and 
each band being spaced from its adjacent bands 
including a demodulating means, means con 
nected with the demodulating means to produce 
a carrier frequency to demodulate the received 
oscillations, means to vary the carrier frequency 
at the same speed and the same frequency range 
as the transmitted communication was varied, 
means responsive to the synchronizing impulses 
to Synchronize the next aforesaid means, a plu 
rality of circuits branching from the demodul 
lating means including means in each circuit to 
Separate the electrical oscillations into a plu 
rality of frequency bands corresponding in num 
ber and frequency range with the frequency 
bands after transposition in the transmitter, and 
means in each branch circuit carrying a trans 
posed frequency band to restore the same to its 
Original frequency band thereby restoring the 
lower frequency level and bringing the frequency 
bands into adjacent position, the outputs of each . 
branch circuit being connected together to form 
a combined frequency band. 

49. An apparatus for receiving a communica 
tion comprising a circuit carrying a corymuni 
cation in the form of varying electrical oscilla 
tions of transposed frequency bands having the 
low frequency band of the transmitted com 
munication of a lower frequency range than 
the band to be retransposed to the low band 
position and each band being in spaced rela 
tion with its adjacent bands including a de 
modulating means, means connected with the 
demodulating means to produce a carrier fre 
quency to demodulate the received oscillations, 
means to vary the carrier frequency at the same 
Speed and the same frequency range as the trans 
mitted communication was varied whereby the 
varying frequency range becomes unvarying, a 
plurality of circuits branching from the demodul 
lator means including means in each circuit to 
Separate the electrical oscillations into a plural 
ity of frequency bands corresponding in number 
and frequency range with the frequency bands 
after transposition in the transmitter, and means 
in each branch circuit carrying a transposed fre 
quency band to restore the same to its original 
frequency range whereby the frequency level is 
lowered and each band is brought into adjacent 
relation, the outputs of each of the parallel cir 
cuits baing connected together to form the com 
bined frequency band of the transmitted com 
munication. 
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50. An apparatus for communication compris 

ing a circuit carrying a communication in th3 
form of electrical oscillations, a plurality of par 
allel circuits leading therefrom including means 
in each circuit to separate the electrical oscilla 
tions of the frequency range desired to be trans 
mitted into a plurality of frequency bands in 
cluding a low frequency band and at least one 
higher frequency band, means in the parallel cir 
cuit carrying the low frequency band to trans 
pose the same to a higher frequency band and to 
a frequency range different from that in the out 
put of any other parallel circuit and to trans 
pose the same so as to raise the frequency level 
of the combined oscillations and to separate 
each band from its adjacent band, means con 
necting together the outputs of each of the par 
allel circuits to form a combined frequency band, 
nodulating means connected with the next 
aforesaid means including an oscillator to pro 
duce a modulating frequency, means connected 
to the oscillator to vary the modulating fre 
quency and hence the combined frequency band 
for transmission, a receiving circuit carrying the 
transmitted communication in the form of elec 
trical oscillations of transposed frequency bands, 
demodulating means connected with the receiv 
ing circuit including an OScillator to produce 
a demodulating frequency, means to vary the 
aforesaid demodulating frequency at the same 
Speed and over the same frequency range that 
the modulating frequency was varied, a plurality 
of parallel circuits branching from the demodul 
lating means including means in each circuit to 
separate the electrical oscillations into a plural 
ity of frequency bands corresponding in num 
ber and frequency range with the original trans 
posed frequency bands, means in each receiving 
parallel circuit carrying a transposed frequency 
band to transpose and restore the same to its 
original frequency range thereby restoring the 
original frequency level and bringing each band 
into adjacent relation, and means connecting to 
gether the outputs of each of the receiving par 
allel circuits to form a restored combined fre 
quency band. 

51. An apparatus for communication compris 
ing a circuit carrying an audible communication 
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in the form of electrical oscillations, a plurality 
of parallel circuits leading therefrom including 
means in each circuit to separate the electrical 
oscillations of the frequency range desired to 
be transmitted into a plurality of frequency 
bands including a low frequency band and a 
higher frequency band having a lower frequency 
range than the low band, means in the parallel 
circuit carrying the low frequency band to trans 
pose the same to another frequency band, means 
in the parallel circuit carrying the aforesaid 
higher frequency band to transpose the same to 
the position occupied by the low frequency band 
and so as to raise the frequency level of the com 
bined Oscillations and to space each frequency 
band from its adjacent bands, each band having 
a frequency range different from that in the out 
put of any other parallel circuit, means connect 
ing together the outputs of the parallel circuits 
to form a combined frequency band, modulating 
means connected with the next aforesaid means 
including an Oscillator to produce a modulating 
frequency, means to continuously vary the modul 
lating frequency and hence the combined fre 
quency band for transmission, a receiving circuit 
carrying the transmitted communication in the - 
form of electrical oscillations of transposed fre 
quency bands, demodulating means connected 
with the receiving circuit including an oscillator 
to produce a demodulating frequency, means to 
vary the demodulating frequency at the same 
Speed and Over the same frequency range that 
the modulating frequency was varied, a plurality 
of parallel circuits branching from the demodu 
lating means including means in each circuit to 
separate the electrical oscillations into a plu 
rality of frequency bands corresponding in num 
ber and frequency range with the transposed fre 
quency bands in the transmitter, means in each 
parallel circuit carrying a transposad frequency 
band to transpose and restore the same to its 
Original frequency range thereby restoring the 
original frequency level and bringing each band 
into adjacent relation, and means connecting to 
gether the outputs of each of the receiving par 
allel circuits to form a restored combined fre 
quency band. 
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