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To all whom it may concern:

Be it known that I, Rarea Bown, re-
siding at’ Freehold, in the county of Mon-
mouth and State. of New Jersey, 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
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controlling signaling frequencies used by
different stations. . - .. . - .. ..
The 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 inter-

, ference.. . Furthermore, the. various signal-
ing stations may .be divided up into groups
or systems, depending.upon .the cooperation
of “several interests controlling the system.
or group: Since but omne .frequency .spec-.
. trum is.available to all of the parties inter-.
ested-it is desirable. that the spectrum. be
divided up and.certain ranges of frequencies
be assigned to each.group. :The organiza-.
tion operating a given group of stations will.

. then have, available. for signaling as many

" channe]s as can be included within the range.
assigned, and these channels may be.indivi--
dual channels for.individual signaling sta-.

tions, or a plurality-.of channels may be as-

signed. to & station for multiplex signaling."
In-order to prevent thestations of a group .
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 be accompanied by a corresponding. .

.shifting of the frequencies utilized by other:
groups. . It has heretofore been proposed to

accomplish this result . by generating at..

a master station one or more fundamental
frequencies which  may he radiated to the

stations of the various groups. or systems, -

the various signaling frequencies to be used
hy. the indivmidual. .stations of the groups

being derived from the energy-of the re- .
reived. fundamental- frequency - or. frequen- ..
-cies by- a process.of -amplification and. fre--

quency translation.

1 3
Ccommunicate av.

This methcl)d has the obvious disadvantage
that the energy to be used for signaling at
the various stations is. a.function of the

energy- received from.the. master control- -

ling station. Consequently at any time the
amount of energy to be radiated for signal-
Ing purposes by a given station will depend
upon the amount of energy: radiated from
the master station and- upon the loss.of
energy in transmission from the master sta-
tion to the signaling station. In accordance
with the present invention it.is proposed., to
generate the energy to be used for signaling

(1Y)

at each signaling station so'that the amount =

of energy. to.be used.for:signaling will be
independent of the .amount..of .energy
radiated at the master station;ithe frequency;
of the energy-generated, however, being-con-.
trolled,.and -determined- by the -frequency
radiated from the master station. “In other
words, the method.is. such that.the: control:
exercised by .the.:master. station.is one.of
frequency,.only and :the amplitude: of the.
energy.. is controlled. entirely. by . the-local
signaling station. e
The- inyvention. may. now:. be more . fully
understood ;from the: following - description:
when. read . in connection with the dccompany-;
ing drawings, in. which. -Figure 1 is a sche-
matic. ; diagram .illustrating. broadly one
method of carrying out the:invention, Fig. 2:
is-a diagram of a portion of the apparatus al-
one;of the sibsna.ling stations.schematically
indicated in Fig. 1, and Fig. 8 is-a series.of -
curves. illustrating the operation of the con-
trolling apparatus. = .. -
Referring to Fig. 1; MC designates a mas-.
ter control station at which apparatus may-
be provided .to radiate.a-fundamental radio-

PRLARIEY

frequency "of say 50,000 ‘cycles;, which:is to .

be picked up by the various signaling sta-i
tions and translated into. the particular ra-
dio' frequency used: for intercommunication
between any pair.of stations. - Two pairs of
intercommunicating stations 122 and. 3—4
are schematically illustratéd in Fig. 1, each
pair-being typical.of a larger group and it
being further understood that. in actual
practice more than.two' stations may inter-
the same - frequency. -Each
station may include an apparatus schemati-
cally indicated by R, for receiving the mas--
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ter . controlling frequency, ‘together with -

-suitable apparatus for translating the mas-

ter controlling frequency into a fréquency
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or frequencies suitable for the exercise of
control over -the particular frequenicy to be
locally generated and used forintercommuni-
cation. As shown schematically in Fig. 1,
separate apparatus may be used in conjunc-
tion with the receiving rapparatus R, for
controlling the frequency generated for the
local: transmitter T and the:locil receiver
R. Where a heterodyne or homodyne sys-
tem is not employed;iéwéver, it will -be un-
derstood that no_apparatus'is necessary. for

controlling the fréquncy of* the local re-
ceiver Ry -~ -2 v oot

. Suppése it-is desired to transmit from sta-
tion ‘1"t StHtion" 2 at’ ¥y ‘radio’ cirrier fre-

tency ‘of 510,000 ¢ydles™"and -{o" transmit
froin stition” 2.t statibn T ap a radio ‘car-
riet frefuene s’ of 560,000 ‘cyeles” " In order
t6 eontrok the lotal genération of these fre-
grencies ‘at’ the “points“T a3d R, thé control

ey of 50000 Eyeles Tédeived 4t the
point“Riminy be lipressed ipon- 4 har-
moni¢cpredicer.  The tenth " hafmonit of
50,0005y cles fis® 500,000 “Eyéles. “ The “local
genigrator Wil ‘&' adijlisted {6 “Foherats a
fredliency "ot 510,000° cy¢1és ind by $ipply-

.inga portion "6 ‘the locally” generatéd’ en-

orgy ‘o a "suitablirtinsdilibing’ device,  to-
gether~ wlthi~ thie" harmoiic Mreqasncy. of

300,000 “cycles, & differénice’ fréqiiency of

© 10,000 cyclés may:be“ohtdinéd. " THe en-
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érgy iof the differditde frediivhiéy may be im-
presséd poii a‘ device” which is sensitive to
fréfuency :¢changes and tlijs ‘devicé miy be
used’ to'igovern the freqliency of the local

"~ generator.
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~Int*order’to indérstand mors filly the na-
turé i6f>>the " Eo%trol” niechaiisim  Teference
may be had to'the apparatis illustrated in
Fig. 2, the appidratus shown' in“this fignire

“ being typical of‘the’ méchamnism located at

and intérconnecting points’ R, and T, or
points R, and R, so far ag this méchanism

15 concerned’ with' frequeficy ‘¢ontrol. The.

antenna 10" of Fig." 2 niay be aiy well

"known type - of réceivirig afitefina and has

associated therewith a filter” 11 of well
known type for selecting” the cofitidl fre-
quency radiated from ‘the distant” master
station. . 'This filter ‘'may be, for exaniple,
a tuned ‘circuit or #'band flter of the Camp-
bell type. ' ' o

Whets the frequenéy tp be ugéd in sig-
naling ~differs™ quité matefially from the
master frequency it is Tiecesgary to produce
a harmoric of ‘the miaster  fréquéncy which
will be closely related in ‘the fféqiiency spec:
trum to the freqiency which it7is desifed to
genérate. [or this puipose the Selected
master frequency 1§ iipresséd Wpon d har-
moni¢ prodticer 12 of wWell known type. For
example, it ig§ now well known that the dis-
torting” actih of a racuuim tubg miy be

used to prodtice harimonics of a fundamental’

frequency’ applied ts the tube; dnd afly de:

1,400,958

sired harmonic may be selected by suitable
selecting ‘means.” Assuming that the appa-
ratus illustrated is to be used for the con-
trol of the signaling frequency at the trans-

mitter -T of station 1, the harmonic pro-

ducer 12 will be nused to produce harmonics
of the fundamental frequency 50,000 and
the tenth larmonic corresponding to a fre-
quency of 500,000 cycles will be selected by
meatis of afiltér 13, which may be similar in
construction to the filter 11.

The selected harimonics ma¥ be amplified
by means of an amplifier 14 to any desired
valtte and mdy be ‘inipressed upon a modu-
I%tiﬁ”’"a‘ppﬁﬁitus M through ‘a transformer
15 :
trated'is of the duplex vacuum tube type dis-
closed in Carson Patent 1,343,307, issued
Juheé 15,1920. " The local generator for sup-
Plying” the’ carrier” f_réili_éht;y ‘to the. trans-
riitter or receiver, as the casé inay bé, may
comprise for example an os¢illator O of the
well *known vacpum’ tibe. type,” whose. fre-
queney is dontrolléd. by means of a suitable
afljistable’capacity C. " A coninection 16 ex-

fnd¥ From the ‘output” transformer 17 of

the oséillator O to the common path of the.

vicium' tabe ‘modulator M so ‘that the fre-
qiency supplied by the oscillator O may
beiat “with “the hdrmonic fregquency .derived
frofii the teceived master frequency. =~
" A”special forpy of tuned circuit arrange-

0

‘Thé. modulating “apparatus ‘as “illus- ~

a9

meént ‘15 “dssocinted with 'the otitput’ circuit -

of ‘the modulator M, this tuned circuit ar-

rifigément ‘comprising two  sharply tuned
cireuits’17 and 18. 'One of thésé tuned cir-
Gilifs 15 HiSociatsd With the input ciredit of

}nn

vacuum tubé 19 and the’dther with the in-

puf cifedit of vaciium, tube 20. Theé yvacu-
i 'tibes 19 and20 sre of the détector type
and 'éach inchides in its output ‘circuit a
winding 21 or 22 of a_olenoid arrangement
for ‘adjusting the condenser or capacity C.
In the’éase assiimed, where the harmonic
frequéncy 15 500,000 cyeles and the fre-
qiency ‘ generated "by the oscillator O is
510,000 c¥cles, a beat frequency of 10,000
c¥éles will ‘appesr in the éutput circunit of
the moditlator M. The tuned circuits 17
and 187are so adjusted that the resonance
peak of the one will correspond to n fre-
quéney lower than 10,000 cycles and the
resoniance peak of the other will correspond
to " frequeney higher than 10.000 éveles. as
illistrated by the curves 23 and 24 of Fig.
3. In these curves thé vertical dotted line
corresponds t6° the normial beat frequency
of "10.000 ¢veles and at” this frequeney the
enrves of the two tuned cirenits 17 and 18
oVETTAD " eqiiallé "6 that the same amount
of ciitrent will be Selécted into each of these
tunéd Cirenits, and by consequénce the same
amouiit of divect current will flow in each
of 'the ¢61ls 21 and 22, Under these circum-
starices, "thé plinger of the Solenoid will
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occ-upy an intermediate position and the ca-
pacity C will be set so that the desired
frequency of 510,000 cycles will be gener-

" ated by the oscillator and supplied over the

circuit 25 to the radio transmitter or re-
ceiver, as the case may be.

If, however, the master control frequency -
varies so that its frequency becomes lower

" for example, the harmonic frequency sup-
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plied by the modulator M will be lower and
the beat frequency appearing in the output
circuit of the modulator will be greater than
10,000 cycles. This will cause the current

“flowing through one or the other of the

coils 21 or 22 to become. greater than the
other so that the plunger will be shifted
in such a direction as to change the capacity
C to correspondingly lower the frequency
generated by the oscillator O.. Likewise, if
the master frequency increases in frequency,
the current in the other coil of the solenioid
will be increased, thereby changing the.ca-
pacity so as to increase the frequency of the

* oseillator: Q. It will thus be seen ‘that the

23

automati¢ governing apparatus operates to
maintain a frequency difference “substan-
tially constant- so that:the frequency sup-
plied over the circuit 25 will vary up and-

“*down’ as_the fundamental frequency varies
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‘times ‘quantitatively controllablé at the local” ]
Cor e mes o frequenciesiused ‘in the various ‘zroups for-

up and dowi. “If, now, similar apparatus be-
provided at each station it'will be seen that
the signaling frequencies generated will vary:

“at all stations in the sameé-direction at the

same ‘time, ‘and by propértionaté’ amoints..
It will 'be noted that the ¢ontrol arrange-
ment described is* of ‘such’ character that the-

"control -exercised- over the ‘éondenser ‘or éa:

pacity C is_ entirely independent 6f: the:

“amount’ of energy received: by the anténtia”

10.4nd is proportionate to the variation of"
the ‘master fréquency or harmonic thereof"
fromi~ the predetermined ‘standard. = The:
energy locally generated is thereforé' at all’

station: R V) :
“In the previous ‘description the ‘operation:

of the apparatus has been’deséribed for the

cise in which the incoming master frequency

“changes and the frequency generated by the

oscillator O is changed correspondingly. Tt
is “obvious; however;that™ if the incoming
master frequency remains constant and-for
any réason the frequency of the oscillator
O should vary, the capacity C will be ad:"
justed to bring the frequency of the oscil-:
lator back to normal as the changed fre--
quency - from the oscillator O will pass
through the circuit 16 to beat with the mas-
ter frequency in the modulator M. = ‘

It will be obvious that ‘the general prin-
ciples here disclosed mayv be embodiéd in
many other organizations widely "different”
from those illustrated without departing

" from the spirit of the invention as defined

65

in the following claims.

é

What is claimed is: ’

1. Tn a radio system in which a plural-
ity of radio stations are divided into groups
of intercommunicating stations, each group
having assigned ‘to it a definite frequency 70
range which shall not interfere with the
frequency range  assigned to any other
group, the method of controlling the fre-
quencies used in the various groups for sig-
naling, which consists in generating at a 75
master station a fundamental frequency,
transmitting said frequency to the stations
of the various groups, generating at said
station energy to be used for signaling, and
controlling: by the fundamental frequency 80
received at each station the frequency of the
locally generated energy without control-
ling the amplitude of the energy.

2. In a radio system in which a plural-
ity of radio stations are divided into 85
groups - of intercommunicating stations,
eachi group having 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: 90
frequencies used in the various groups for: -
signaling which consisty in, generating at:
a masteér station a fundamental frequency;
transmitting said- frequernicy ‘to the ‘stations
of the various groups, deriving from ‘the: 93
received ‘fundamental frequency other:fre-:
quencies at- the several stations, generating
at-said stations.energy to be used’ for sig-:
naling, - and ‘controlling:- by - means of the
derived frequencies the frequency of -the
locally: generated energy without control-

100

ling'the amplitude thereof. : -. .

-3. In a radio systei' in ‘which“a plural-
ity ofi'radio’ stations are divided into:
groups - 6f *intercominunicating " stations,’
each group having assigned to it a definite’
fréquency “range whith shall‘nét’ interfere
with ‘the frequericy range ‘asigned ‘to any
otheigroup, the ‘method of controlling the:
110
siginaling” which consists ‘in generating at-
a mastér station a fundamerital frequency.
trapsmitting ‘said frequency to’ the 'stations:
of'the various groups, generating locally &
freqtiericy -to be used ‘for signaling; produc-
ing " &- detérmining - frequency “which is ‘a’
function of the difféerence hétween the fun-
damental freqiiency ‘and the locally gen-
erated frequency, and controlling the fre-
quency of said locally generated frequency
in“accordance with said 'determining fre-

tency without controlling the amplitide
thereof, "~ ' T

4. The method of preventing relative fre-
quency changes between a plurality of sepa-
rate radio channels of_ communication in-
volving'a plurality of radiostations. which
consists in transmitting a control frequency
toeach’of the radio ‘stations involved. gen-
erating at each station energy to be used in
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_ , and controlling the frequency of
the locally generated energy in accordance
with ‘the control frequency without control-
ling the amplitude of the energy.

5. The method of preventing relative fre-

signaling

© quency changes between a plurality of sepa-

10

15

20

rate radio channels iof communication: in-
volving a plurality of:radio stations, which
consists in trfansmitting a control-frequency
to each of the radio stations involved de-
riving- at' each: radio. station:la! ifrequency
from- the control. frequency, génerating :at
each: station local energy.to be used: for:sig-
naling, and controlling: the- frequency of
said local energy in accordance:.with ' the

amplitude -thereof. ; - :

* derivedyfrequency without. controlling::the

6. The methad of-,preventing-_relé,t_;aivéj:fi’eé
quency chan_%fs between a plurality: ofisepad
rate: radioi channels. of: communication .in-

- volving:4 plurality of:radio statiops, which:

25
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consists.in transmitting a-control: frequency;
toiedch: of the radio- stations:invelved; gen-:
erating-at; each -radio.station a. loeal;fuoe
quency. to-be ‘used.for- signaling, ‘profiucing

“* a_determining : freqien¢y::which -is»a, fuxics

tion of:the .difference ‘between, the locally.
generated : frequency..and, the; centrol ;fre-
quency,.and controlling the . frequency:-of:
said locally: genérated -frequency: .in :accord::

"t ance with said détermining frequency with-.

out’ controlling the: amplitude .thereof:, ...
. 7. The ‘method of; fixing . frequency. re-.
Jation between a plurality .of non-intercom-.
municating radio stations which consists in.

t transmitting to.each of said stationsa con-

trol frequency, generating at each station,
energy to be used .in ‘signaling, and'con:;
trolling the frequency o’f»-;the; T ally gen-

 erated energy in accordance with the.con-:

trol frequency without controlling the am-.
plitude of the energy. .-

8. The method of fixing frequency rela-
tion between a plurality of non:intercom-

* municating radio stations which.consists in

., transmitting .to each of said stations a con-

50

trol frequency, deriving .at each radio .sta-.
tion a frequency from the control frequency,
generating at each station local energy.to
be used for signaling, and controlling the

~ frequency of said local energy in accordance

65

with the derived frequency without control-
ling the amplitude thereof.

9. The method of fixing frequency rela-
tion between a plurality of nom-intercom-

..municating radio stations which consists in -

60
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transmitting. to each of said stations a ¢on--

trol frequency, generating at each radio sta-..

tion a local frequency to be used for signal-:
ing. producing : a determining frequeney
which is a function of the difference hetween
the locally generated frequency and. the con--
trol . frequency, and controlling the fre-.
quency of said locally generated frequency.,
in accordance with said determining fre-

1,460,958
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quency without controlli

thereof.” - " ee o

 10.- The:meéthod of fixing the frequency
relations ‘bétween ‘a- plurality of non-inter-
communicating : radio stations which con-
sists-in transmitting:to each ‘of said stations
a control frequency, producing 2 harmonic
of the control.frequency at:each sigraling
station; docally generating :at each station:a
frequency to-bé used: fon:signaling, modulat”

70

]

ing; the harmofiic,fequency with the. locally. -

generated frequericystorproduce a-difference
frequency,rand ‘controlling. by said differ-.
ence-frequency. the frequency of.said:locally
generated-frequency: without contrblling the
amplitude -thereof. . : - -~ -~ - o ad
. -1:In.alradio systemdnwhich a plurality
of:radio; stations are divided into groups of
intercomrunicating! stations;- each --group
having agsipned toiitia-definite frequency
tange;which: shall.pot-interfere with the fre-,
qiiency-range; assigneddto any . other group,
the methody ﬁ_r&gonbml.l_;ihg_fet}}’mr,v-freqwfernéigs-
used: in, thervanious groups: for signaling,
which:gongists - generating 4t a master sta-
tionoa fundamental; frequency; transmitting
said: frpqueney ththe stations-0f the various
groups;; genersting: af;;;spid- station-.energy:
to,be used; fer! signalingand -whose, ampli-
tude:is independent;;of the’ fundamental fre-
queney, and, controlling by the fundamental
frequency xeceived: at-each station the:fre-
quency ;of : the locally,igenerated energy. - -
- 123 dna’radio system-in: which a-plurality
of-radie stations abe divided into groups-of
intereommunigating ; stations, -each ' group
having ' assigned.to.’it- 2 definite’ frequency
range; which: shall not interfere with - the.
frequency -range.'-assigned: to any other
group, - the.:imethod- of- controlling -the fre-
quencies used inithe various groups for sig-
naling ‘which -consists - in generating at-a
master station -a fundamental frequency,
transmitting said frequency to the stations
of the warious groups, deriving from the
received fundamental frequency other.fre-
quengies -at-the, several stations, generating
at.'said" stations energy to be used for sig-
naling and whose amplitude is independent
of the fundamental frequency. and control-
ling by means of the derived . frequencies
the ‘frequency of the locally generated en-
ergy.: . . - '

~18.1In a radio system in which a-plurality
of radio stations are divided into groups of
intercommunicating - stations, each group
having ‘agsigned 'to it 'a definite frequency
range which shall not interfere with the
frequency 'range assigned to any other
group, the method of controlling the fre-
queneies used in the various groups for sig-
naling ‘which consists in generating at a
master station a fundamental frequency,
transmitting said frequency to the stations
of the various groups, generating locally a
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frequency to be used for signaling and
whose amplitude is independent of the
fundamental frequency, producing a deter-
mining frequency which is a function of
the difference between the fundamental fre-
quency and the locally generated frequency,
and controlling the frequency of said locally
generated frequency in accordance with said
determining frequency.

14, The method of preventing relative
frequency changes between a plurality of
separate radio channels of communication
involving a plurality of radio statioms,
which consists in transmitting a control fre-
quency to each of the radio stations in-
volved, generating at each station energy to
be used in signaling and whose amplitude
is independent of the control frequency, and
controlling the frequency of the locally gen-
erated energy in accordance with the con-
trol frequency.

15. 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 fre-

uency to each of the radio stations involved,
gerivin at each radio station a frequency
from the control frequency, generating at
each station local energy -to be used for
signaling and whose amplitude is independ-
ent of the'control frequency, and controlling
the frequency of said local energy in ac-
cordance with the derived frequency. _
* 16, The 'method of ‘preventing relative
frequency. changes between: a plurality of
separaté radio chaniels of  ¢ommunication

. involving a ‘plurality ~or ‘radio stations,

40
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which consists in  transmitting - a-icontrol
frequency to each of the radig stations in-
volved, generating at each radio station a
local frequency to be used for signaling and
whose amplitude is indépendent of the con-
trol - frequency, producing a determining
frequency which is a function of the differ-
ence between the locally generated frequen-

-+ ¢y and the control frequency, and control-

 60.

ling the frequency of said locally generated
frequency in accordance with said determin-
ing frequency.

17. The method of fixing frequency rela-
tion ‘between a plurality of non-intercom-

' municating radio stations which consists in

B

transmitting to each of said stations a con-
trol frequency, generating at each station
energy to be used in signaling and whose
amplitude is independent of the control fre-
quency, and controlling the frequency of the
locally generated energy in accordance with
the control frequency.

18. The method of fixing frequency re-.
lation between a plurality of non-intercom-
municating radio stations which consists in
transmitting to each of said stations a con-
trol frequency, deriving at each radio sta-
tion a frequency from the control frequen-
cy, generating at each station local energy
to be used for signaling and whose ampl-
tude is independent of the control frequen-
cy, and controlling the frequency of said
local energy in accordance with the derived
frequency.

19. The method of fixing frequency rela-
tion between a plurality of non-intercom-
miunicating radio stations which consists
in transmitting to each of said stations a
control frequency, generating at each radio
station .a local frequency to be used for
signaling and whose amplitude is independ-
ent of the control frequency, producing a
determining frequency which is a function
of the difference between the locally gener-

ated frequency and the control frequency,.

55
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and controlling the frequency of said locally

generated frequency in accordance with
said determining frequency.
20. The method of fixing the frequency

relations between a plurality of non-inter-.

communicating radio stations which con-
sists in transmitting to each of said stations
a control frequency, producing a harmonic
of the control frequency at each signaling
station, locally generating at each station
a frequency to be used for signaling and
whose amplitude is independent ofthe con-
trol frequency, modulating the harmonic
frequency with the locally generated fre-
quency to produce a difference frequency,
and controlling by said difference frequen-
cy the frequency of said locally generated
frequency. - _

In testimony whereof, I have signed my
name to this specification this 22nd day of
November, 1921. .

RALPH BOWN.
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