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To all whom it MAY CONCETn !
Be it known that I, Orro B. BLackweLL,

residing at Garden City, in the county of.

Nassau and State of New Yorlk, have in-
vented certain Improvements in Frequency-
Control Systems, of which the following is
a specification. '

This invention relates to radio signaling.

and more particularly to.arrangements for
controlling the signaling frequency used by
different stations.

In radio signaling where a large number
of signaling stations are to signal simul-
taneously, it is desirable that each pair of
communicating stations signal at one or

more radio frequencies differing from the.

frequencies used by all other pairs of com-
municating stations, in order to avoid 1n-

terference. Furthermore, the various sig-

naling stations may be divided up into
groups or systems depending upon the cor-
poration or other. interest controlling the
system or group. Since but one frequency
spectrum is available to all of the parties
interested, it is desirable that the spectrum
be divided up and certain ranges of fre-
quencies be assigned to each group. The
organization operating a given group of
stations will then have available for signal-
ing as many channels as can be included
within the range assigned and these chan-
nels may be individual channels for -indi-
vidual signaling stations or a plurality of
channels may be assigned to a station for
multiplex signaling. :

In order to.prevent the stations of one
oroup from overlapping in their operation
the range of frequencies assigned to another
group, it is desirable that some means or
method be provided.for definitely relating
the frequencies of the various groups with

" reference to each other, so that a shifting

of the band of frequencies utilized by one

- group will cause a corresponding shifting
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of the frequencies utilized by other groups.
In accordance with the present invention
this result may be secured by generating
at a master station one or more fundamental
frequencies which may be radiated to the
stations of the various groups or systems,
the various signaling frequencies to be used
by individual stations of the groups being
dgrived from the received . fundamental fre-
quency or frequencies. ’ '

"More specifically considered, the method
comprises generating at the master station
one or more fundamental radio frequen-

-cies which may be radiated to all of the

stations of the various groups or systems.
If necessary, the fundamental frequency or
frequencies may be amplified at intermediate
points,  where the distances involved are
very great. At each signaling station the
radiated controlling frequency or frequen-
cies will be received. Where but one con-
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trolling frequency is radiated this fre- -

quency should be as low as possible, consis-
tent with efficient radiation and radio fre-
quencies for different stations or groups of
stations may be obtained as harmonics ot
the fundamental frequency. It will, of
course, be desirable to produce other radio
frequencies on either side of the harmonic
frequency and these additional frequencies
may be produced by locally generating a

low frequency and combining either this low.
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frequency, ‘or some harmonic thereof; with -
the radio frequency produced directly from -

the fundamental.
fundamental frequencies are transmitted, a
greater range of individual radio frequen-
cies for. different groups or stations of
groups may be produced by combining the
fundamental * frequencies or harmonics
thereof in such a manner as to add and sub-
tract frequencies in accordance with the
well understood principles of modulation.

Closely related radio -frequencies in the’
neighborhood of the frequencies thus pro--

duced may be obtained, as before, by locally
generating a low frequency, which low
frequency, or one of its harmonies, may be
combined with the radio frequency to pro-
duce another radio frequency above or be-
low it. -

By a proper choice of fundamental fre-

quenciés it will even be possible to abso-.

lutely fix this low frequency for all stations,

here a plurality of
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instead of generating it at each station, since -

two closely spaced fundamental frequencies
may be transmitted whose difference is
equal to the desired low frequency, or three
widely separated fundamentals may be so
chosen that the difference between two. dif-
fers from a third by a relatively. small
frequency difference equal to the desired
low frequency, or so that the difference be-
tween one pair differs from the difference
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between another pair by the desired low
frequency. :

The invention may now be more fully un-
derstood from the following description
when read in connection with the accom-
panying drawing in whicl,

Figure 1 is a schematic diagram illus-
trating broadly one method ot carrying out
the invention.

Figure 2 is a diagram of one of the sig-
naling stations schematically indicated in
Figure 1.°

IMigures 3, 4 and 5 are diagrams of a num-
ber of modifications of the apparatus at the
master controlling station.

Tigure 6 is a diagram of another signal-
ing station schematically indicated in
Figure 1. :

Figure 7 is a schematic diagram illustrat-
ing another method of practicing the in-
vention. .

TFigure 8 is a circuit diagram of the ap-
paratus of one of the signaling stations at
Figure 7, and

Figures 9 and 10 are diagrams of sub-
control or repeating stations adapted to relay
fundamental frequencies from the master
station.

.Referring to Figure 1, MC designates a
master control station at which apparatus
hereinafter described may be provided to ra-
diate a fundamental radio frequency of say
50,000 cycles, which is to be picked up by
the varlous other stations and translated
into the particular radio frequency used for
intercommunication between any pair of sta-
tions. Two pairs of intercommunicating
stations: 1—2 and 3—4 are schematically
Ulustrated in Figure 1, each pair being typi-
cal of a larger group, and it being further
understood that in actual practice more than
two stations may intercommunicate at the
same frequency. Iach station may include
an apparatus schematically indicated as R,
for receiving the master controlling fre-
quency, together with suitable apparatus for
translating the frequency into the fre-
quency or frequencies used for intercommu-

nication and for supplying said frequency

or frequencies to a transmitter and receiver
conventionally illustrated and designated in

" the drawing as T and R, respectively.
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derive these freq

Suppose it is desired to transmit from sta-

tion 1 to station 2 at a radio carrier fre-
uency of 500,000 cycles and to transmit
rom station 2 to station 1 at a ratio carrier
frequency of 550,00Q cycles. In order to
uencies the received con-
trol frequency -of 50,000 cycles may be im-
pressed, upon a harmonic producer. The
tenth harmonic of 50,000 cycles is 500,000
cycles and this may be supplied to the trans-
mitting apparatus T at station 1. The
eleventh harmonic of 500,000 cycles is
550,000 cycles and this frequency may be

1,403,835

supplied to the receiving apparatus R at
station 1. The same frequencies may be pro-
duced at station 2 in the same manner, ex-
cept_that in this case the frequencies sup-

‘plied to the transmitting and receiving ap-

paratus, respectively, will be interchanged.
_ Where it is desirved to signal by means of
carrien frequencies which are not direct har-
monics of the fundamental, the problem is
slightly more involved. This situation is
illustrated in connection with stations 3 and
4, which are supposed to intercommunicate
upon frequencies of 190,000 and 170,000
cycles, respectively. At station 3 the appa-
ratus R; will receive the fundamental of
50,000 cycles and the fourth harmonic of
this frequency, which is 200,000 cycles, may
be produced by means of a harmonic pro-
cducer, in the manner already described. By

modulating this harmonic with a locally gen-

erated frequency of 10,000 cycles, frequen-
cies of 210,000 and 190,000 cycles, respec-
tively, will be produced, in accordance with
the well understood principles of -‘modula-
tion, and the former of these may be sup-
pressed by means of a filtering arrangement,
so that 190,000 cycles may be supplied to
the receiving apparatus One hundred
and seventy thousand cycles may be sup-

plied to the transmitting apparatus T, Dy ¢

producing the third harmonic of 50,000,
which is 150,000 cycles and modulating this
harmonic with a locally generated frequency
of 20,000 cycles. The frequency 20,000 may
in turn be produced by taking the second
harmonic of 10,000 cycles.

Figure 2 illustrates the apparatus asso-
ciated with thie station 2, for example. In
this figure AR designates a receiving an-
tenna in the form of a balanced loop, which
is so related to a transmitting antenna AT
that radiations from AT will be balanced out
in the two halves of the loop, with respect to
the receiving circuit. The loop AR may be
made resonant to two frequencies by means

-of two parallel branches 10 and 11, the lat-
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ter of which may be tuned in a well known -

manner to receive the control frequency of
50,000 cycles and the'former of which may
be tuned to receive the radio receiving fre-
%}llency of the station, which is 500,000 cycles.

he branch 11 is coupled through a tuned
circuit 12 to a circuit including an amplifier
A,, for amplifyi}i‘%'x the 50,000 cycles con-
trol frequency. e amplifier A, may be
of any well known type, but is preferably a
vacuum tube amplifier. The amplifier A, is

“associated through a transformer and tuned

circuit arrangement 13 with a harmonic pro-
ducer 14. The harmonic producer 14 is a.
well known piece of apparatus and is prefer-

‘ably a distorting tube arrangement such as
is disclosed in the U. S. application of B. W.

Kendall, Serial No. 139,530, filed December
29, 1916.  As a result of the action of this
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harmonic - producer, various harmonics of
50,000 cycles appear in the output circuit of
the apparatus 14. The tenth harmonic, cor-
responding to 500,000 cycles, may be se-
lected out for receiving purposes by means
of a tuned circuit 15, while the eleventh
harmonic;: corresponding to ‘350,000 cycles,
may be selected out for transmitting pur-
poses, by another branch circuit 16, tuned
to this harmonic.

The receiving branch 10, which is resonant
at the receiving carrier frequency 500,000
cycles, is coupled to a locally tuned eircuit 17
of the same frequency, which is associated
with an amplifier A,, similar to the amplifier

A,, for amplifying modulated received fre-:

quencies in the neighborhood of 500,000 cy-
cles. The amplified frequencies are then im-
pressed upon a demodulator D, which, in
accordance with the homodyne principle of
receiving, is supplied with local oscillations
of the carrier frequency, through a tuned cir-
cuit 18 associated with the tuned circuit 15,
thereby supplying homodyne current of
500,000 cycles. The demodulator ), may be
of any well known type, but is preferably a
vacuum tube demodulator. If desired, a low
pass filter ', may be included in the output
circuit of the demodulator, for the purpose
of suppressing the high -frequency compo-
nents and freely transmitting the detected
low frequency signals which are then sup-
plied over the circnit RL to the signaling
The low pass filter’ I', may be a
broad band filter of the type disclosed in the

1,297,118 and 1,227,114, issued May 22, 1917.

The transmitting antenna AT may tuned
to the transmitting frequency of 550,000 cy-
cles and is coupled through a transformer 19

“with a locally tuned circuit 20 which is asso-

ciated with a power modulator M,. The

modulator M, may be of any well known
“type, such for instance as the well known

vacuum tube modulator. The signaling cur-
rents are supplied to this modulator over a
circuit TI: which is associated with the sig-
naling line I, by means of a balanced trans-
former 21 of a well known type. The cir-
cuits RL and TL are rendered conjugate by
balancing the line I with an artificial line
N, in_a well known manner. The carrier
frequency of 550,000 cycles is supplied to the
power modulator M, over a circuit 22, ter-
minating in a resonant circuit 23, coupled
with the resonant circuit 16 and tuned to the
same harmonic, viz. 550,000 cycles. The cir-
cuit 22 includes an amvlifier A, for amplify-
ing the desired harmoénic and may also in-
clude a second more powerful amplifier A’
for further amplifying the carrier frequency.

The apparatus at the master control sta-
tion is illustrated in Figure 3 and may com-
prise a master.antenna AM, coupled through
a transformer 24 with an alternator G adapt-

ed to supply oscillations of 50,000 cycles or
of any other frequency which may be deter-
minéd upon as the fundamental frequency.
Instead of an alternator, a Poulsen arc gen-

“erator G’ may be substituted, as illustrated

in Figure 3, or a vacuum tube oscillator G’

“may be used, as illustrated in Figure 5.

The operation of the arrangement showh
A “Iar . . o e .
in Figure 2 is briefly as follows: Assuming

that a fundamental frequency of 50,000 is ra-

diated from a master station such as that
illustrated in Figure 3 for example, this fre-
quency will be received by means of the an-
tenna AR and will be transmitted through
the tuned circuits 11 and 12 to the amplifier
A,.  The amplified frequency is then im-
pressed upon a harmonic producer 14, there-
by producing various harmonics of the tund-

‘amental frequency, of. which the tenth and -

eleventh harmonic may be selected by means
of the circuits 15 and 16, which are coupled
with the tuned circuits 18 and 19, respec-
tively. I'rom the circuit 18 the tenth har-

- 3

70

75

80

85

monic may be supplied to the demodulator.

The eleventh harmonic appearing in the

tuned circuit 23 is amplified by the amplifiers

A, and A,” and supplied to-the power mod-

aulator M,.

90

Low frequency signals incoming from the .

line I, are transmitted through the trans-
former 21 to the circuit TL and through the
modulator M, to modulate a carrier fre-
quency of 550,000 cycles and the modulated
carrier currents are then radiated from the
antenna AT. Owing to the relation of the
transmitting antenna AT to the receiving
antenna AR, the energy radiated from the
transmitting antenna AT to said receiving
antenna is substantially without effect, as
equal and opposite potentials tend to be proé-
duced in the tuned circuits 10 and 11. Re-
ceived modulated carrier frequencies in the
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neighborhood of 500,000 cycles are absorbed -

by the receiving antenna AR and are trans-
mitted from the tuned circuit 10 to the tuned
cirenit 7 and impressed upon the amplifier
A, After being amplified, the received
modulated carrier currents are impressed
upon the demodulator D, and react with the
Tocally supplied frequency of 500,000 cycles
from the circuit 18 to detect low frequency
signaling currents which ave passed through

the low pass filter I, over the circuit RL to

the line 1.

_Tigure 6 illustrates the apparatus which
may be provided at station 3. In this figure,
since reception is to take place at 190,000
cycles, the cireuits 10 and 17 are tuned to this
frequency, instead of 500,000 cycles. The
harmonic producer 14, as before, is provided

with tuned branches 15 and 16, these.

branches in this instance being tuned to the
fourth and third harmonics, respectively,
corresponding to 200,000 cycles and 150,000
cycles. These circuits are coupled to tuned
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" quencies.

quency, but in this instance circuits 18 and
23, instead of being connected directly to
the demodulator D, and modulator M,, re-
spectively, are associated with modulators
M, and M,’ respectively. The modulator
M, is supplied with a locally generated fre-
quency of 10,000 cycles, in accordance with
which the fourth harmonic of 200,000 cycles
may be modulated, thereby producing fre-
quencies equal to the sum and difference
of the two frequencies. The former fre-
quency (210,000 cycles) may be suppressed
and the latter frequency (190.000 cycles)
may be transmitted by means of tuned cir-
cuits 26 and 27 to a circuit 28, leading to
the demodulator D,. The modulator M,’
is supplied with a locally generated fre-
quency of 20,000 cycles, which modulates
the third harmonic of 150,000 cycles, thereby
producing again sum and difference fre-
In this instance the latter fre-
quency corresponding to 130,000 cycles is
suppressed and the former (170,000 cycles)
is transmitted through tuned cireuits 29 and
30 to the circuit 22 leading through the am-
plifier A" to the modulator M.,

The operation is as follows: The control-
ling frequency of 50,000 cycles is received
by the antenna AR, as before, and passes
through the tuned ecircuits 11 and 12 to
the amplifier A,. This frequency is then
amplified and impressed upon the harmonic
producer 14 and the third and fourth har-
monics are selected by means of the circuit
16 and 15, respectively. The fourth har-
monic, corresponding to 200,000 cycles, is
combined with a locally generated frequency
of 10,000 cycles in the modulator M, and the
difference 1n the two frequencies is selected
by means of tuned circuits 26 and 27, so that
a frequency of 190,000 cycles is supplied to
the demodulator D,. The third harmonic of
150,000 cycles is combined in the modula-
tor M,” with a locally generated frequency
of 20,000 cycies and the resultant frequency
of 170,000 cycles is selected by means of
tuned circuits 29 and 80 and transmitted
over the circuit 22 to the power amplifier
A/, for supplying the modulator M,. The
operation of transmission and reception will
be similar to that described in connection
with Figure 2 and need not be further con-
sidered. ,

Figure 7 illustrates a slight variation of
the method illustrated in Figure 1. In this
case a master controlling station MC radi-
ates two frequencies which may be, for ex-
ample, 50,000 and 300,000 cycles. Where
the distance to the signaling stations, such as
1 and 2, is too great for direct radiation, in-
termediate repeating or sub-controlling sta-
tions such as A and B may be provided for
amplifying the fundamental frequencies and
re-transmitting them with sufficient power

‘37 In a manner

1,403,835

to be readily received at the signaling sta-
tions, such as 1 and 2. The fundamental
frequencies may be combined to produce any
desired carrier frequency at a given signal-
ing station. For instance, in connection
with stations 1 and 2 carrier frequencies of
550,000 cycles and 410,000 cycles may be pro-
duced.

The manner in which this may be done
will be more fully understood from the ap-
paratus disclosed in Figure 8, said diagram
1lustrating the arrangements of station 2.
In Figure 8 a special loop receiving antenna
AC is provided for receiving fundamental
frequencies, another loop antenna AR being
brovided for receiving signaling frequencies.

oth of these loop antennae are balanced
with respect to the transmitting antenna AT.
The loop AC is provided with tuned
branches 30 and 31. the former being tuned
to the control frequency of 50,000 cycles and
the latter to the control frequency of 300,000
cycles. The branch 30 is coupled to a tuned

circuit 81 which is associated with an am--

plifier A, for amplifying the control fre-
uency. The output circuit of the amplifier
. 1s associated with a harmonic producer 32
of the type already described. A tuned cir-
cuit 33 in the output of the harmonic pro-
ducer is adapted to select the second har-

monic corresponding to a frequency of 100,--
000 cycles. A tuned circuit 33 is coupled -

to a similarly tuned circuit 34 associated

with the input of a modulator M, which is

also supplied with a locally generated fre-
quency of 10,000 cycles from a generator .G,.
The modulator acts to produce in its output
circuit frequencies corresponding to the sum
and difference of the two frequencies applied
to the input and the former of these fre-
quencies, which corresponds to 110,000 cycles,
is selected by a tuned circuit 35 and im-
pressed upon a second tuned circuit 36 asso-
ciated with the input of a modulator M.
The modulator M,” is also supplied with a
frequency of 300,000 cycles from a circuit
hereinafter described.

The tuned branch 31 of the antenna AC
is coupled to a tuned circuit 38, which is
also resonant to 300,000 cycles. This tuned
circuit is associated with an amplifier A, for
amplifying this controlling frequency.
The output circuit of the amplifier is con-
nected to the circuit 37, to supply a fre-
quency of 300,000 cycles to the modulator
M,”. "As a result of the action of the modu-
lator M,’, the sum and differences appear in
the output circuit of the modulator and the

former, corresponding to a frequency of.

410,000 cycles, is selected by the,tuned cir-
cuit 89 and impressed upon the tuned cir:
cuit 40 associated with the supply circuit
41, which supplies the carrier frequency of
41?,000 cycles for the transmitting appa-
ratus.
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The output circuit of the amplifier A; is
also connected to a harmonic producer 42
which may be of the same character as the
harmonic producer 32. The second har-
monic is selected from the harmonic pro-
ducer by the tuned circuit 43 which is

" coupled with a similar tuned circuit 44, so

10

15

“that a frequericy of 600,000 cycles is im-.

pressed upon the modulator M.~ The modu-
lator M, is also supplied with the control-
ling frequency of 50,000 cycles over a circuit
45, which is connected to the output of the
amplifier A,. As the result of the interac-
tion of the frequencies 600,000 and 50,000
cycles in the modulator M, the sum and
difference frequencies appear in the output
circuit of the modulator and the latter, cor-
responding to a frequency of 550,000 cycles,

- is selected by the tuned circuit 46 and im-

20

25
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35

pressed through the tuned circuit 47 upon
the supply circuit 48, which supplies the
carrier frequency of 550,00 cycles to th
receiving apparatus. . S
The receiving apparatus comprises the
antenna AR, heréinbefore referred to, which
is coupled through a transformer 49 to a
ceceiving channel RL, including a band fil-
ter F,, designed to transmit a band of fre-
quencies in the neighborhood of the carrier
frequency used during reception, a demodu-
lator D,, a low pass band filter F,” adapted

to suppress carrier frequencies and trans-

mit only low frequency signaling curretits,
and an amplifier A, for’amplifying the low
fréequency detected currents. :

The transmitting apparatus includes the

antenna AT hereinbefore referred to, a band

~ filter F, adapted to transmit a band of fre-
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" cycles, respectively, _ >
. antenna AC and’ are. transmitted through

quencies in the neighborhood of 410.000
cycles, a power modulator M; and a ‘voice
current amplifier A,”’. The power modula-
tor M, is supplied with carrier currents of
the proper frequency over the circuit. 41,
which includes a power amplifier A," for
amplifying the carrier currents. - '

The circuits R and TL are associated
with the low frequency line I. through a
transformer —-arrangement
These circuits are rendered conjugate by
balancing the line L with an artificial line
or ietwork N, in a well known manner..

The operation is as follows: The con-

trolling - frequencies of 50,000 and 300,000
are received by the. loop

the

tuned circuits 30—50 and 31—38 to
The

amplifiers A, and A;, respectively.

frequency of 50,000 cycles 1s amplified by

the amplifier A, and then impressed upon
the harmonic producer 32, so that harmonies

of this frequency are produced. The tuned

“circuit 38 picks out the second harmonic

corresponding to 100,000 cycles and this fre-

“quency is transmitted rthr(i&gh' the tuned

circuit 34 to the modulator M. The modu-

in
ith the antenne AT and AR will be similar

21..

lator M, is also supplied with a ldcally gen-
erated frequency of 10,000 cycles. so that a
frequency of 110,000 cycles appears in- its

5

output circuit, which is selected by the

tuned cireuit 35 and impressed by the tuned

70

circuit 36 upon the modulator M;”. This .

modulator is also suppliéd over the:cireuit.

37, from the amplifier A; with the control-
ling frequency of 300,000 cycles. so that this
frequency is combined-with 110,000 cycles
to produce in-the output circuit of the mod-
ulator M,” a frequency of 410.000 cycles.

75

This frequency ‘is selected by the tuned cir- -

cuit 89 and impressed through.the tuned
circuit 40 upon the supply circuit 41, which
leads through the amplifier A,” to the power

modulator M, of the transmitting apparatus..
frequency

The 300,000 -cycle control
amplified by the amplifier A, is impressed
upon the harmonic producer 42, as a re-

sult of which various harmonics of this fre-
quency appear in its output circuit. The sec--
~ond lrarmonic, corresponding to a frequency

ot 600,000 cyclés is selected by the tuned cir-
cuit 43 and passed through the tuned cir-
cuit 44 to the modulator M;. The modula-

80

85

tor M, is also supplied with the controlling. =

frequency "of 50,000 cycles over the cireult

45 which is connected to the output side of

the amplifier A,. The trequency of 600,000

‘cycles and 50,000 cycles are combined in. the

modulator M, to produce a frequency of
550,000 cycles, which is selected by the tuned
cirenit 46 and impressed through the tined
circuit 47 upon the supply eircuit 48 lead-
ing to the demodulator D* of the receiving.
-apf}zaratuS; . : o

95

100

le operation of transmitting and receiv:

=

to that already described in connection with

previous modifications and need not be fur--

ther considered. .’
The amplifying

appdrzitus -provided at

sub-control stations, such as the station A of

Figure 7, may be of the type illustrated in.
Figure 9. ‘In this figure AC’ designates a
receiving antenna having tuned branches 51

and 52, which may be resonant to 50,000

cycles and 300,000 cycles, respectively. The

" frequency of 300,000 cycles is transmitted
from the tuned circuit 52 to a resonant cir-

cuit 53, tuned to the same frequency’ and

‘associated Wwith the input circuit of ampli-.

fiers A, and A,. These amplifiers may- be
of any well known character, such, for in-
stance, as vacuum tube amplifiers. The out-

o by means of -the apparatus associated " .
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put; circuit of the amplifier A, is coupled to -

a resonant circuit 54 in the transmitting an-

tenna AT’. The latter is associated with the'

" receiving antenna AC’ in such a manner that

the energy radiated by the transmitting an-
tenna will produce substantially no effect

upon the receiving and amplifying appara- -

tus associated with the receiving antenna.
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The tuned circuit 51 is coupled to.a tuned
circuit 55, also resonant at 50,000 cycles, said

* tuned circunit being associated with the input
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circuits of amplifiers A, and A.’, which may

be similar to the amplifying apparatus A,
The output

and A/, already referred to.
circuit of the amplifier A.” is coupled to a
tuned circuit 56 in the transmitting an-
tenna AT, - o
The operation is as follows: Controlling
frequencies of 300,000 and 50,000 cycles, re-
spectively, are received by the antenna AC’
and impressed upon the amplifying arrange-
ments - A,—A., A, —A’, respectively, and
after being amplified are radiated by the an-
tenna AT’, As already stated, the antenna
AT’ is in a direction normal to the plane of
the loop AC’, so that equal and .opposite
effects are produced in the tuned circuits 51
and 52, thereby preventing singing of the
repeater circuit. _
Figure 10 illustrates an amplifying ar-
rangement adapted to be used where a'single
control frequency is radiated from the mas-
ter station and two controlling frequencies
are then generatéd at the repeating station
from this fundamental frequency to be ra-
diatéd to the varidus signaling stations. In
this case the receiving antenna AC’ is pro-
vided with a single branch 57, which may be
tuned to 50,000 cycles, for .instance, this
branch being coupled tb a tuned circuit 58
resonant at the same frequency. . The tuned
cirenit 58 is connected to-a harmonic pro-
ducer 59, similar to those already described,

. "which produces harmonies of 50,000 cycles.
. Tuned branches 60 and 61 in the output cir-

cuit of-the harmonic producer 59 select the

fundamental frequency of 50,000 cycles and

the sixth harmonic -thereof, which corre-

“sponds to a frequency of 300,000 cycles.
~These two frequencies ‘are impressed upon
- the tunedscircuits 62 and. 63 and are ampli-
" fied by the amplifiers A—A,” and A, —A.,

respectively. - The amplified frequencies are

then impressed upon the. tuned circuits 54 -

and 56 in the transmitting antenna ‘AT’ and

.It will be understood-that the frequencies

hereinbefore referred to are given for pur- .

poses of illustration only and that these fre-
quencies may be varied as practical condi-
tions required. Furthermore, although the
frequency control channels are illustrated as
being transmitted by radio they may be
transmitted in any other manner desired.as
by a wire circuit. It will also be obvious
that the general principles herein- disclosed

" . may be embodied in many other organiza-
tions widely different from those illustrated,.

without departing from the spirit- of the

invention as defined in the following claims.
What is claimed is: ' o
1. In a radio system in which a plurality

of radio stations sre divided into groups of
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intercommunicating stations, ‘each group
having assigned to it a definite frequency
range which shall not interfere with the fre-
quency range assigned to any other group,
the method of controlling the frequencies
used for signaling in the various groups,

. which consists in generating at.a master sta-

tion a fundamental frequency, transmitting

- said frequency to the stations of the various

groups and translating at said stations the
fundamentzal . frequency into frequencies
within the range assigned to the group.

2. In a radio system in which a plurality
of radio stations are divided into groups of
intercommunicating stations, each group
having assigned to it a. definite frequency
range which shall not interfere with the fre-
quency range assigned-to any other group,
the method of controlling the frequencies
used for signaling in the various groups,

. which consists in generating at a master sta-

tion a plurality of frequencies, transmitting
said frequencies to the stations of the various
groups and translating at the stations of
each gronp said fundamental frequencies
into frequencies within the range assigned
to the group. v

3. In a radio system in which a plurality
of radio stations are divided into groups of
intercommunicating stations, each group
having assigned to. it a definite frequency

frequency range assigned to. any other
group, the method of controlling the fre-

‘range which shall not interfere with the -

quencies. used for signaling in the various :

groups, which consists in generating at a
master station a plurality of findamental
frequencies, radiating said frequencies to the
stations in the various groups and producing

at certain of the stations of the groups fre- :

quencies within the range assigned to the
group, by. combining said fundamental fre-
quencies. -

4. In a radio system in which a plurality

of radio stations are divided into groups of :

intercommunicating stations, each group hav-
ing assigned to it a definite frequency range

- which shall not interfere with the frequency
range assigned to- any other group, the

method of controlling the frequencies used
for signaling in the various groups, which
consists in generating at a master station
a plurality of fundamental frequencies,
radiating said frequencies to the stations in
the various groups, and producing at cer-
tain of the stations of a group frequencies
within the range assigned to the group,
by the producing harmonics of at least one
of said frequencies and combining said har-
monics with another frequency. = .

5. In a radio system in which a plurality
of radio stations are divided into groups
of intercommunicating stations, each group
having assigned to it a definite frequency
range which shall not interfere with the fre-
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quency range assignéd to any other group,
the method of controlling the frequencies
used for signaling in the various groups,

which consists in generating at a master
station a plurality of fundamental fre-,

quencies, transmitting said frequencies to
stations -in each group, and producing at
the stations of the groups frequencies’ with-
in the range assigned to the group, by com-
bining said fundamental frequencies and har:
monics of said frequencies. ,

6. In a radio system in which a plurality
of radio stations are divided into- groups
of intercommunicating stations, each group
havihg “assigned to it a.definite frequency
range which shall not - interfere: with' the
frequency range assigned to any other group,
the method of controlling the frequencies
used for ‘signaling in the various groups,

which ‘consists in generating at a master’

. station - a. plurality of fundamental fre-
quencies, radiating said fundamental fre-
quencies to the stations in the various groups,
and producing at-the stations of the various
groups frequencies within the range assigned
to the group, by combining frequencies pro-
duced at said stations and- determined by
said fundameéntal . frequencies, with -other

" frequencies. - ° ‘ S

#. In a radio system in which a plurality
of radio stations are divided in groups of

" intercommunicating. stations, . éach group
having assigneéd to it a definite. frequency
‘range which shall not interfere with the fre-
quency range assigned to any other group,
the method of controlling the frequencies

used for signaling in the. various groups,
- which consists in generating at a-master:

- station a fundamental frequency, radiating

40
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said frequency to the stations of the. various
_groups and producing at the stations of the
groups frequencies within the range assigned
fo a group, by combining with another fre-
quency frequencies produced at said stations
and depending upon said fundamental fre-
quencies. R )
8, In a radio system in which a plurality
“of radio stations are divided into groups of

intercommunicating stations, each group

having assigned to. it -a_definite frequency
‘range which shall not. interfere iith the

- frequency range assigned to any other group,

the method .of controlling- the frequencies
used for signaling 'in the various groups,
which consists in producing at a master sta-
tion the fundamental frequency, radiating
said fundamental frequency to other stations,
amplifying at said other stations the radiated

frequency and radiating the amplified fre-

quency to stations of the various groups and
translating the fundamental frequency re-
ceived at the stations of each- group into
frequencies within the range assigned to the

-9, In .a radio system 1n'.wh1c_h a, plurality

7

of radio stations are divided into. groups
of intercommunicating stations, each group
having assigned to it a definite frequency
ringe which shall not interfere with the
frequency range assigned to any other group,

‘the method of controlling the frequencies

used for signaling in the various groups.
which consists in ‘generating at 4 master
station a plurality of fundamental fre-
quencies, radiating said fundamental fre-

70
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quencies to other stations, amplifying said .

frequencies at said other stations, radiating
the amplified frequencies to the stations of
the various groups and translating the funda-
mental frequencies received at the stations
of the various groups into frequencies with-
in the range assigned to the group.
" 10. The method of preventing relative
frequency changes between a plurality of
separate radio channels of communication
involving a plurality of radio statiens, which
consists in transmitting a control frequency
to each of the radio stations involved, and in
deriving from said control frequency at each
of said stations the carrier frequencies em-
ployed in transmission. . : ,

11. The method of fixing the frequency
relation between a plurality of non:inter-
communicating radio- stations, which con-

-sists in transmitting to each of said stations

a control frequency, and in translating said
control frequency into frequencies employed
for radio transmission. '

12. The method of fixing the. frequency
relation between ‘a plurality of non-inter-
communicating radio stations, which con-
sists in transmitting to each of said stations
a control frequency. and translating at said
stations said control. frequencies into fre-
quencies employed for radio transmission.

13. The method of preventing interfer-
ence between non-intercommunicating radio
stations, which consists in generating at a

1aster station a control frequency, trans-

mitting said frequency to the radio stations
involved, and translating at said stations
the control frequency into the frequencies of

‘transmission.

14. The method of fixing the frequency
relation between a plurality of radio sys-
tems, which consists in generating a master
control ‘frequency, transmitting said fre-
quency to the terminals of the various radio
systems and translating at said terminals
said control frequency into frequencies of
transmission to be employed in eonnection
with the communicating channels of said
radio.systems. = ' - -

15. The method of fixing the frequency

‘relation between a plurality ot radioc sys-
‘tems, which consists in generating a plural-
ity of master control frequencies, transmit-

ting said frequencies to the terminals of the
various radio systems and deriving at said
terminals from. said control frequencies the
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various transmission frequencies to be em-
ployed in connection with the communica-
tion channels of said radio systems.

16. In a wave length control system, a
source of non-signaling control frequency, a
plurality of radio stations, some of which
are non-intercommunicating, means for
transmitting said control frequency to each
of said stations, and means at said radio
stations for translating said control fre-
quency into frequencies for signal transmis-
sion. -

17. In a wave length control system,
means for producing a plurality of non-sig-
naling control frequencies, a plurality of

radio stations, some of which are non-inter- -

communicating, means for transmitting said
control frequencies to said stations, and
means at said*radio ‘stations for deriving
from 'said control frequencies the frequencies
emploved for signal transmission. :

18. In a radio control system, a master
station and a plurality of radio stations,
some of which are non-intercommunicating,
means to produce at said master station a
plurality of control waves, means to trans-
mit said waves to said radio stations, and
means at said stations for variously combin-
_ing the currents of said waves and the har-
monic multiples thereof to. produce the
transmission wave lengths of the various
stations. '

19. A radio system comprising a plurality
of radio stations, means to radiate from one
of said stations a non-signaling frequency
which is transmitted to each of the other sta-
tions, and means at each of the other sta-

tions for translating the radiated frequency

into different frequencies for signal trans-
mission. R ‘
" 20. In a radio- system, a plurality of radio
stations, means for radiating from one of
said stations to each of the other stations a
non-signaling radio frequency, and means at
each of said stations for translating said fre-
quency into a higher frequency for signal
transmission. ' '

21. In a radio wave length control system,

‘4 master station and a plurality of radio

stations, some of which are non-intercom-
municating, means to radiate from said mas-
ter station a non-signaling control frequency
and means at each of said radio stations for
translating said control frequency into a
higher frequency for signal transmission.
22, In a radio. system in - which a plu-

" rality of radio stations are divided into

groups of intercommuhicating stations, each

1,403,835

group having assigned to it a definite fre--
quency range which shall not interfere with
the frequency range assigned to any other
group, the method of controlling the fre-
quencies used for signaling in the various
groups, which consists in generating at a
master’ station a fundamental . frequency,
transmitting said frequency to the stations
of ‘the various groups, and controlling at
said stations by means of said fundamental
frequencies the frequency of signaling en-
ergy produced for signaling within the fre-
quency range assigned to the group.

23. In a radio system in which a plu-
rality of radio stations afe divided into
groups of intercommunicating stations, each
group having assigned to it a definite fre-
quency range which shall not interfere with
the frequency range assigned to any -other
group, the method of controlling the fre-
quencies used -for signaling in the various
groups, which consists in generating at a
master’ station a plurality of frequencies,

6(
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transmitting said frequencies to the stations

of the various groups, and controlling by
means of said frequencies at the stations of
each group the frequency of signaling en-
ergy produced for signaling within the fre-
quency range assigned to the group.

'24. The method of preventing relative
frequency changes between a plurality- of
separate radio channels' of communication

“involving a plurality of radio stations, which

consists in. transmitting a control frequency

oo
en

9(

to.each of the radio stations involved and in .

controlling by said frequency at each of
said stations the frequency of energy pro-
duced for carrier frequencies employed in
transmission. - RS :

25. The method of fixing the fréquency.

relation between a plurality of non-inter-.

communicating radio stations, which con-
sists in transmitting to each of said stations
a control frequency, and in determining by
means ‘of saig frequency thie frequencies of
the energy employed for radio transmission.

26. The method of fixing the frequency
relation between a plurality of non-inter-
communicating sadio stations, which con-

- gists in transmitting to each of said stations

a control frequency, and in determining by
said contrel frequency at said stations the
frequencies of the energy employed for radio
transmission. . - - . - o :
. In testimony whereof, I have signed my
name to this specification this 29th day of’

September, 1919. e
» - “OTTOB. BLACKWELL.
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