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RADIO SYSTEM.

Application filed June 17, 1520. Serial No. 389,580,

My invention velates to the transmission
and reception of radio or iwireless signals,
whereby a message may be sent and received
with practical secrecy and without interfer-
ence with messages simultaneously sent by
other stations lying within the range of
radio activity.

More particularly, my invention relates to
the transmission and reception of radio or
wireless signals by means of trains of radio
waves., wherein radic waves of different fre-
quencies are emploved and the wave trains
or impulses impressed upon these waves are
likewise of differing freguencies all above

5 the range of audibility, and to means for

combining these wave trains to produce
beats of audible frequency.

My invention also relates to the transmis-
sion and reception of radio or wireless sig-
nals emploving the same wave length hut
in which the wave trains are displaced.

Heretofore. radio waves of different
lengths but of the same train frequency have
been emploved to effect secrecy of wireless
communication. As a variation to this
method, wave trains of the same frequency
but differing in phase were impressed on
these radio waves of unequal length. - This
difference in phase relation of the wave
trains operated to effect an angular displace-
ment between mirrors enabling signals to be
canght visually hy a reflected beam of Tioht.
As a method for climinating static effects
at the receiving station. radio waves of con-
stant frequency have been received and
heterodyned bv electron tuhes to produce
beats ahove the range of andibility and these
wave trains above the range of andibility im-
posed upon a closed circuit. whereby they
interacted to produce an andible beat.

An obiect of my inventien is to provide
a system for wireless communieation, where-
bv a plurality of different wave lengths mav
be emnloved to send a message, thus necessi-
tating ‘tuning at the receiving station to
ench of the wave lengths separatelv. By
tuning to a plurality of wave lengths. inter-
ference of the message hy other messages
simultaneonsly sent from a different station
ig reduced to a minimum  Again, by reason
of the great selectivity in tuning and be-
cause of the practical difficulty in obtaining
the exact combination, owing to the wave

train frequency of each radio wave being
above audible frequency, reception by unau-
thorized stations is unlikely.

The number of sending devices now in use
is so great that any receiving system tuned
to a single frequency, while it may repro-
duce the signals radiated on a single fre-
auency, is likely to have such signals con-
fused by interference from other stations.
On the other hand, a station, equipped with
two receiving circuits tuned respectively to
the two wave lengths used by the sending
station and obtaining a signal by the inter-
action of these two wave lengths, is far less
likely to be disturbed by interference and so
will obtain the message.

To this extent, the system is a secret one,
since only the receiving station acquainted
with the two wave lengths can obtain the
message clearly, other stations being able to
obtain it only with difficulty because of
their inahility to escape interference.

With these and other objects in view,
which may be incident to the improvements,
my invention consists in the parts and com-
binations to be hereinafter set forth and
claimed, with the understanding that the
several necessary elements comprising my
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invention may be varied in their arrange-

ment without departing from the spirit and
scope of the appended claims.

In order to make my invention more clear-
ly understood, T have shown in the accom-
panying drawings, means for carrying it
into practical effect without limiting the im-
provements, in their useful applications to
the particular constructions which, for the
purpose of explanation, have been made the
subject of illustration.

Fig. 1is a diagrammatic view of the send-
ing apparatus; Fig. 2 is a diagrammatic
view of one form of the receiving appa-
ratus; Fig. 8 is a diagrammatic view of a
modification of the form of receiving appa-
ratus shown in Fig. 2. '

In Figs. 1 and 2, T have indicated an ar-
rangement for the carrying out of my in-
vention in the application thereof to either
a wireless telephone or telegraph system.

Referring more particularly to Fig. 1; in

civcuit with a sending antenna 1 is a vari-
able inductance 3, a fixed inductance 4 and

a variable capacitance 5; correspondingly in”
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circuit with a sending antenna 2 is a va-
riable inductance 6, a fixed inductance 7
and a variable C‘mqmtmce 8. By varying
the amount of inductance and mpacn ance in
these circuits, they may be tuned to any de-
sired differing wave lengths. The fixed in-
ductance 4 is 111{111CL1‘"3]}7 coupled to a varia-
ble inductance 9, one terminal of which is
connected to a filament 10 of an electron tube
containing a grid 11 and a plate or wing 12,
The filament 10 is heated by a suitable hat-
tery 13. Two inductances 14‘ and 15 ""01-‘
the mutual inductance between the plate and
grid circuits necessary for the sustained os-
cillation desired in the use of electron tubes
as generators of radio-frequency curvent. A
variable cqp‘wlnnce 16 is inserted in the
plate-current circuit to enable careful tun ing
to be done, Main lead wires 17 and 18 from
suitable source of direct current are con-
nec ted, respectively, to the plate und the
filament. Likewise, the fixed mductance 7
is induectively counled to a variable indue-
tance 19, one terminal of which is connected
to a filament 20 of an electron tube having
a grid element 21 and a plate or wing 22.
The filament 20 is heated by a SmmLL Dat-

tery 23. Two inductances 24 and 25 form
the mutual inductance between the plate
and grid circuits necessary for the sus-
tfuned oscillation desired in the use of elec-

tron tubes as generators of radio- fw fuency
current. A variable capacity 26 is inserted
in the plate-current circuit to enable eareful
tuning. Main lead wires 27 and 28 conduct
a direct current from a suitable source is
the plate and filament.

From the foregoing. it will be Appaten it
that the two electron tubes are connected to
the source of direct current to constitute zen-
erators of high-frequency fﬂ*ermnno e
rent. In the first mentioned tube, the 1
frequency alternating cnncm pass
tween the nlate 12 and the het filament 10,
passes through the variable indnctance 9,
and, because “of its inductive r*ouplﬂ i
the fixed inductance 4 of the antenna ¢
of antenna 1, 1t sets up therein high-
quency radio oscillations. The adinstment o
the variable inductance 9 and the \'m"al“"
capacitance 16 will allow an adjustment of
the period of oscillation of the plate-current
circuit. Likewise, an adjustment of the vari-
able inductance 3 and variable capacitance 3
in the antenna civenit of the anfenne 2 will
permit the tuning of this circuit to the wave
lengths desired. The other electron tnbe. be-
cause of its similarity of arr anQ' ment to that
of the first mentioned tube, also oseillates ac-
cording to the ad]ustmm e ﬂ. the variable in-
ductance 19 and the varis ble capacity 26,
and, through the inductive con pling of the
fixed inductance 7 and the variable indue-
tance 19, oscillations are set up- within the
antenna civeuit of antenna 2. The period of
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oscillation is vegulated by the adjustment of
the variable inductance 6 and the variable
capacitunce 3. In all cases, the antenna and
phne current circuits ave tuned to insure a
maximum of power output.
A suitnble ‘mnﬂs for interrupting the con-
tinnous high- juency oscillations withir

'.0

the zwtep“a civeunit of an ioma 1 1s provide l
by the civenit interrupter 29. To interrupt
the hlﬂh“ reguency on‘]H ition in the antenna
2. a civeuit int l.ﬂte, 30 1s provided with a
lavger number of commutator seoinents than
47

r 20, Antennm 1 and 2 are
erounded, eit ‘O t’m'oﬁ("h microphone 31 or
telegraph key The purpose of the diffes-
ence in the ninber of commututor SCOIMENTS
in ecireuit inten

the inte 1"w‘t S

interrupters 28 and 30 is to give a
difference in U.J “nwmtl ain frequency. It s
obvicus that the same result could he ob-
tained by rotati ng the interrupters at a ¢if-
ferent vate. The rates of the wave trains
given out ave above the range of audibility
and it is this feature of my invention that
renders 1t pe“ul"w]v effective for the secret
transmission of messages. Tf desived. instead
of emploving zep arzte antennz other
t\'*)e of antenna m ay be used. XMoreover, any
o-frequency generator other than elec-
{* on t thes mav be used, such as the Poulsen
arc and high-frequency alternating-ciurent
erato

anwv

q/

. 2, which illustrates
riangeinent ()'? a receiving station for
ying out invention, there pro-
\*1<7ed receiving antenns 34 and ‘37 The an-
tenna civeuit of the antenna 84 comprisies va-
reble inductance 86, n fixed nlﬂluznc 37
and a variable capacitance 38, The antenna
cirenit of wn*epnh 35 comprises a variable in-
ductance 89, a fixed inductance 40 and » vari-
able cap (:c!tauccz 4»1.
Tnfhmti\'fe}‘\' oupled to the

s
ring now to i

G
did!

nyy

ﬁxed induc-

tance 57 isn ‘wanll inductance 42, The in-
d (‘ifmce Cpart of a (*H(u't inelud-
ing 2 variable mpm;xapce '3 a fixed capaci-

tance 44 and a grid r*.em“m £ of an clectron
tuhe having o filament 44 and a p] ite 47.
The ﬁmem‘ i> 15 hes -\ed by means of a bat-
ery 4§ in cirenit with the Alament throngh

A battery 50 aces
nlat ’?-f&’. Y\‘ ithin

A
L
a varinhle resigfanee (19
i€
md 1¢
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a positive potes
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art, from an inspection of the above de-
scribed connections, that the two electron
tubes are here connected to constitute ampli-
fiers of the high- flequencv alterr tmw cur-
rent received bw the antenna 34 and 85.
ductively connected to the muu(tan?e 511is a
variable inductance 62 in cireuit with a vayi
able capacitance 63 and the telephone receiv-
ers 64 between the terminals of which is con-
nected a variable capacitance 65, The indue-
tance 61 is likewise inductively coupled to a
variable inductance 66 which is in series with
a variable capacitance 67 and the terminals
of the telephone receiver 64. The circuit 62,
63 and 64 iz tuned to the frequency of the
antenna circuit 84, 36,37

34, 36, and 88. In like
manner, circuit 66, 67 and 64 is tuned to the
frequencv of the antenna circuit 35, 89, 40
and 41. “As in case of the transmitting ap-
paratus, instead of ‘employing seomate an-
tenng, any other form of antenna may be em-
ployed, if desired.

From the foregoing, it will be clear that
radiowaves of different radiofrequency ave
set up in the transmitting antenna cireuits
by means of electron tubes zeting as high-
frequency generators, the antenna 1 deriv-
ing its wave oscillations tthOh the induc-
tance 4, inductively coupled to the variable
inductance 9 thr ough which pass oscillations
of radiofrequency From one of the electron
tubes. Likewise, the antenna 2 derives its
wave oscillations through the inductance
7 coupled. to the variable inductance 19
tﬂl‘OuO‘h which pass oscillations of a dif-
ferent radiofrequency from the other elec-
tron tube. The antenna circuit consmtmfr
of the antenna 1, the variable inductance 3,
the fixed inductance 4 and the variable ca-
pacitance 5 is interrupted by the rotary cir-
cuit breaker 29 which revolves at a speed
that gives to the wave trains a frequency
above the range of audibility. Similarly,
the antenna circuit consisting of the antenna
9, the variable inductance 6, the fixed in-
ductance 7, the variable capacitance 8, has
its radio waves broken up into wave trains
of a frequency above the range of audibility
by the circuit breaker 30. “"The frequency
of the wave trains in the two antenna cir-
cuits ave different. Either by the micro-
phone 81 or the telegraph key 32, signals
are impressed upon these two differing wave
trains. The receiver is tuned to a plurality
of radiofrequencies corresponding to those
of the transmitter. The oscillations set up
in antenna circuit including the antenna 34,
the variable inductance 96 the fixed indue-
tance 37, and the variable capacitance 38
are transmitted through the vacuum-tube
amplifier to the cu"cult Va"mole inductance
€2, variable capacmnce 63 and telephone
receiver 64. This last mentioned circuit is
in tune with the antenna circuit. Antenna
circuit comprising the antenna 35, the vari-

8

able inductance 39, the fixed inductance 40,
the variable capacitance 41, is tuned to an-
other of the transmitted radiofrequencies,
anid the oscillations set up in this circuit
are transmitted, through the electron-tube
ampliﬁez to the circuit containing the vari-
able inductanee 66, the v fmalﬂe mpaf‘lt ance
67, and the Leiepbone 64, which is in tune
with this last mentioned antenna circuit.

When radio waves of differing frequencies,
breken up into wave trains of differing fre-
quencies the train frequencies lying above
the himit of audibility ave sent out from
the transmitting station they set up, within
the tuned circuits of the receiver mechanism,
oscillations.  Within the tuned cireunit com-
prising the variable inductance 62, the vari-
able capacitance 63, and the telephone 64,
these oscillations are set up. Likewise, with-
in the tuned circuit including the variable
jnd wetance 66, the variable capacitance 67,
and the ’relephone 46, oscillations correspond-
ing to the other wave length are set up.
These oscillations in the two last mentioned
civcults are in the form of trains of oscil-
lations, the train frequency being, in each
case, above the range of audibility, but, at
the common connection which is through ‘the
telephone 64, theze wave traing will interfere
to form a beat within the range of audibil-
ity, and, therefore, signals may be received
through the telephone receiver.

Rnielru‘fr to the modification of the re-
celving mechanism shown in Fig. 8 of the
drawings, Ule connections of the re eceiving
antenna and of the amplifiers are like that
shown in Fig. 2. However, in this modi-
fication, the cireuit tuned to the frequency
of waves received in antenna circuit includ-
ing the antenna 34, the variable inductance
36, the fixed inductance 87, the variable ca-
pacitance 38, is the circuit compmsmn a vari-
able inductance 69, a variable capacitance
70, a fixed c”pacnance 71, shunted by a re-
sistance 72 and a grid element 73 of an
electron tube. LlLewme, the cireuit tuned
to the antenna circuit including the antenna
35, the variable inductance 39, the fixed in-
duct‘mce 40, the variable capacitance 41 is

1e circuit compmsmo a variable inductance
T4, a variable capacitahce 75, a fixed capaci-
tance 78, shunted by a vesistance 77 and an-
other grid element 78 of the same electron
tube, Within the electron tube is a fila-
ment 79 heated by a battery 80 through a
vflriable registance.  The plate circuit of

this tube consists of a battery 81, the posi-
tive terminal of which is connected to a
plate or wing 82. Within the circuit in-
cluding the filament 79 and the plate 82 are
mounted telephone receivers 83. Upon re-
ceiving radio waves of the correct frequeacy
the circuit including the grid 73 is set 1n
Demodm vibration accordmo to the number
of wave trains sent out from the sending
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station. Again, the circuit ineluding the
orid element 78 has periodic oscillations set
np therein <‘f)nesponfhncr to the frequency

{ the wave trains sent out over the circuit
of &u\nLu tuning at the transmitting sta-
tion. 'These oscillations in the two OUd eir-
cuits Ke,p'ua’c :ly, would produce oscillations
in the telephone 83 above the range of au-
dibility but, because of their mtcmctlon,
there are produced beats within the range
of awliibility and thus signals are veceived
in the telephone.

¥ wish it expressly understood that, where-
as I have, for the purpose of simplicity,
llustrated my invention as applied to the
sending and receiving of but two radio-
wave frequencies and but two train fre-
quencies, n greater number could be em-
ploved. The arvangement of apparatus for
a ph:m ity of different wave lengths and
train frequencies exceeding two will be ap-
parent to those skilled in the art.

While I have deseribed certain embodi-
ments of my invention. it is apparent that
many modi ﬁ(‘atlons may be made thereunder
by those skilled in the art without t depart-
ing from the spirit thereof, and I desive,
therefore, that my invention be limited only
as set forth in the appended claims or by
the showing of the prior art.

T claim as my invention :—

1. In a syrtem for wireless communication,
the combination of means for propagating a
plurality of wave trains of different radio-
frequency and different train frequency,
with means for receiving the wave trains,
means for causing the wave trains to inter-
act to produce a beat of audible frequency,
and means for receiving the beat.

2. In a gystem for wireless communica-
tion, the combination of means for propa-
aating a plurality of wave trains of different
‘rain frequency, the train frequency being
above the range of audibility, with means
for receiving the wave trains, means for
causing the wave trains to interact to pro-
duce a beat of audible frequency, and means
for receiving the heat.

3. In a system for wireless communication,
the combination of means fcl propaga tmo
a plurality of wave frains of diffevent radio-
frequency anc diﬁerent train frequency, the
train frequency being above the range of
audibility, with recelving antenna t merl to
a plurality of frequencies, means for caus-
ing the received wave frains to interact to
produce a beat of audible frequency, and
menns for receiving the beat

4. In a system for wireless communica-
tion, the combination of means for propagat-
ing a pluvality of wave trains of different ra-
dmhequencv and different train frequency,
the train frequency being above the range of
audibility, with receiving antennss tuned to a
plurality of irequenme‘ amplifiers coacting

1,621,062

with the antenna circuits, means coacting
with the amplifiers to cause the wave trains
to interact to produce a beat of audible fre-
quency, and means for receiving the beat.

5. In a system for wireless communica-
tion, the combination of means for propa-

gating a plurality of wave trains of different
radiof frequency and different train frequency,
the train frequencies being above the range
of audibility, with means For recelving said
wave traing, two circuits tuned to the fre-
quency of the received radio ‘aves, and
means at their point of interaction for com-
bining the train-frequencies to produce a
be“’r o1 nudible frequency.

. In a system for wireless communication,
he combination of means for propagating a
plurality of wave trains of different radio-
frequency and different train frequency, the
train frequencies being above the range of
uudmlhqfs with means for receiving said
wave frains, two interacting cirveuits tuned
to the frequency of the received radiowaves,
an electron tube, two grids within the elec-
tron tube in operative relation with the two
interacting civeuits, and means for receiv-
ing the beat produced by the interaction of
the wave trains.

7. In a system for wireless communication,

the combination of means for propagating.

a plurality of wave trains of different radio-
heqnency and different train frequency, the
train frequency being above the range of
audibility, with receiving antennge tuned to
a plura ity of fzequenmesf two interacting
circuits tuned to the frequencies of the re-
ceived radio waves, dnd means at their point
of interaction for producing from the differ-
ing train frequencies a beat of audible fre-
quency.

8. In a system for wireless communica-
tion, the combination of means for propa-
eating a plurality of wave trains of differ-
ent radiofrequency and different train fre-
quency, the train frequency being above the

ange of audibility, with antennae tuned to

a plurality of frequencies,amplifiers coacting
\"1th the antenna circuits, two mtemctmo
cirenits coacting with the amplifiers and
tuned to the frequencies of the received ra-
diowaves, and means at their point of inter-
action for producing therefrom a beat of
audible frequency. equal to the beat-fre-
quency of the said train-frequencics.

9. In & system for wireless communication,
the combmatlon of means for propagating q
plurality of wave trains of different radio-
frequency and different train frequency, the
train frequencies being above the range of
andibility, with receiving antenna tuned to

plurality of frequencies, inter acting cir-
cuits tuned to the frequencies of the received
I‘ale\"‘?VGS, an electron tube, grids within the
electron tube coacting with the inter acting
tuned circuits, whereby a beat of audible
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frequency is produced in the plate circuit of
the electron tube from the interaction of the
differing train frequencies.

10. In a system for wireless communica-
tion, the combination of means for propagat-
ing a plurality of wave trains of different
radiofrequency and different train frequency,
the train frequencies being above the range
of audibility, with receiving antennse tuned
to a plurality of frequencies, amplifiers co-
operating with the antenna circuits, inter-
acting circuits tuned to the frequencies of the
received radiowaves and co-operating with
the amplifiers, an electron tube, a plurality
of grids within the electron tube coacting
with the interacting tuned circuits, whereby
a beat of audible frequency is produced in

S

the plate circuit of the electron tube from
the interaction of the differing train fre-
quencies and means for indicating the pres-
ence of said beat.

11. Inasystem for wireless communication,
the combination of a plurality of antennse
tuned to a plurality of frequencies, with
raeans for propagating wave traing therein
at different rates, one rate for each antennse,
means for receiving said wave trains, and
means for causing the wave trains to inter-
act to produce an audible beat.

In testimony whereof, I have hereunto
subseribed my name this 27th day of May
1920.

LEWIS WARRINGTON CHUBB.
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