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- ST 15 Claims.
My present invention relates to a fidelity con-
- trol system  for radio receivers, and more par:

- ticularly to a novel method of, and means for,

confrolling -the audio pass-band width: of. a re-

ceiver .of "angular velocity-modulated " carrier: :

waves.

(FM) fransmission. there is employed 2, ‘channel

width of 200 kilocycles (ke.). 'The FM band. itself
extends from. 42 to .50 megacycles (me.). - The
carrier. at the - transmitter is -actually deviated
over a range up t0 a maximum.of 75 kec. on either
side. of the carrier, or center, frequency.  In
othér words; the channel width is considerably in

excess of the audible modulation frequency range.-

Various proposals have been made in the past for
receiving ‘such high "deviation FM waves in: a
réceiver whose. radio 'frequency pass_band is: a
function of the' frequiency deviation..of - the. re~
ceived energy. The purpose of. these systems has
been ‘to accomimodate the radio frequency pass
band of the receiver to the extent of deviation of
the received FM wave’ energy thereby to insure a
high' déegree . of fidelity of modilation signal re-
production’ at the receiver. . Many of these Sys-
tems function to control the pass band width of

the intermediate frequency (I. F.) network, where
* the FM receiver is, of  the superheterodyne type.
+ It may be stated that it is one of the main ob-

jects of ‘my present invention to Pprovide a radio

transmission system wherein the receiving sys-

tem is controlled so s to accommodate the pass

band width of the audio channel section. of the
" receiver to thé frequency range of the modulation

on ‘thecarrierso as to' provide'a high degrée\,bf ‘

fidelity of reproduction at the receiver; =

'Another important; object of the invention is
to provide an’F'M receiver which includes a, circuit

-for automatically accommodating the audio am-

plifier pass band to the rate of frequency ‘devig-’

tion of the received carrier energy thereby to pro-
vide a audio tone control for the receiver. . . -
~_Yet another object of the invention is to pro-
vide 8 system of radio “communication wherein
* carrier wave energy is frequency modulated with
desired program modulation signals, the modu-
lation of the earrier including in addition a super-
‘audible modulation signal whose function it is to

present frequency modulated carrier wave

10

ceivers which ate economical to manufacture and

- assemble.

- The novel features which I believe to be char- -

-acteristic . of ‘my invention are set forth: ‘with

particularity in the appended claims; the inven- .
tion itself, however, as to both its organization
and method of operation Will best be understood

by reférence to the following. description- taken

_in connection with the drawing in which I have

indicated - diagrammatically - several . circuit . or-

- sanizations whereby my invention may be carried * -
“intoeffect... . . L e T R

0 Inthe drawing: .0

15

Fig. 1 shows schematically an FM transmitter
empodying the invention, ' .. ) ; T
. Fig. 2 shows the mo ulation characteristic of

. the pilot, oscillator at. the transmitter,

20

. ing, PFig:

25

30 : ; :
" which is: coupled to ‘the audio’ irequerncy. ampli-

35

* frequencies -of - & super-audible

~be at some frequency above the
- tlon signal frequency'range.

40

. the amplifier

48

control the audio pass band width at the receiver ..

S0-as to‘provide an-audio channel width which
corresponds. directly “to the frequency range. of

the modulation signals. e
Still other objects are to improve generally the

efficiency and fidelity 'of FM transmission, and

- more’ especially to provide high fidelity FM re-

50
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lator 3. “The tank

Fig. 3 schematically shows the receiver used in
the present system. . = . . .00 Dend S
.. Fig, 4 shows “the control tong discriminator:
characteristic of the receiver, ", . O

" Referring, now, to the accompanying . draw-
1 schematically shows the various net-
works of an FM transmitter.. This invention igin
no way: restricted to FM, since it can be readily

applied to phase modulated carrier wave energy. -

The expression ‘‘anguylar velocity-modulated .car-
rier waves’” is to be understood-as generically de-
noting either; frequency oy bhase modulated: car-
rier waves, * The: source. of audio .wave energy
fler:1 may. be 'a microphone, phonograph record
pick-up, line or any ‘other type -of .audio modu-
lation source. 'Further, the modulation signals
need not be at audio frequency, since modulation

frequency "range
in that case may
operating modila-

can be used. 'The control tone’

- The modulation signal energy is amplified at

T 1, and’the amplified” modulation
ellergy is used to Vary the reactive effect of 4 fre-
quency modulator 2: The latter, as is well known
In the FM transmission art, may consist of & tube
Wwhose anode ‘to cathode impedance simulates g

reactance ‘whose sign’depends on the circuit cons

nections, The applied modulation, usially” ap-
Dlied to'a control grid of the reactance tube, varies
the' ‘simulated - reactance. ”
nected across the tank circuit of the master oseil-

: : circuit is tuned so that’ the
oscillations, in the absence of modulation, have 4.

. Cartler frequency located in the 42 to 50 me, band.

The latter is the presen

cast band: -

ly assigned FM broad-

‘The ‘latter is. con- "~



- Of course, the invention is in no way restricted
to operation in the 42 to 50 me. band. Any high-
er, or lower, frequency band may be utilized.
What is important is that the carrier frequency,
say 49.9 me. for example, be deviated in propor-
tion to the amplitude of the modulation signals.
The rate of carrier, or center, frequency devia-
~ tion is a:function of the modulation frequencies
per se. In'the present FM band of 42 to 50 me. it
is the practice to deviate the carrier frequency
a maximum of 75 ke. to each side of the center

2,879,720

arranged in the space current path of ‘diode 2.

 Each of load resistors 13-and 14 is bypassed by

[+

10

. frequency.. The FPM channel itself has a width

of 200 kc. The FM wave energy-is transmitted
to a power amplifier 4, and then is-radiated from

the radiator 5. The latter may-be a dipole, or a.

grounded antenng system.
- In my application Serial No. 444,639, filed May

27,1942, T have shown a method-of ificluding in’
the modulated carrier .wave energy a. SUper-
In that case the .

“audible frequency control tone.
purpose of including the control tone was. to em~

15

a condenser having a low impedance to .audio
frequency currents. The anode end of load re-
sistor 14 is grounded, while the cathode end of .
the resistor is connected to the anode'end of load -
resistor £3. The cathode end of resistor I3 is
connected to the control. grid of the reactance
tube of ‘the modulator 1. .The resistor-condenser
filter network 15 is inserted in the control con-
nection path between the load re51stor 13 and
the modulator T.

The voltage developed across each of re51stors
13 and. 14 will. depend upon the audio energy
passing each’ of the input filters. Thus, when
audio energy.in the program modulation has no

" frequencies present greater than 3,000 cycles;

20

ploy a receiver having - ‘selector circuits - which

have- pass, band widths considerably narrower
than the-channel width. - The control tone in that
application was employed to vary the modulation
amplification at the receiver in & sense to provide
ah -expansion effect thereby to secure the benefits
of ‘high deviation modulation even though a nar-
row band FM receiver was employed. :

In the present system there is, also, utilized a
pilot oscillator 6, as in the case of the aforemen-
tioned application, The frequency thereof may
be varied over a range of 18 to 20 kec. An aux-

. iliary ‘frequency modulator 1, which ‘may be a
reactance tube of the same {ype as is employed

25

30

35

at the- modulator 2, is utilized to vary the fre- -

quency . of ‘the pilot oscillator tank circuit. ' 'The
reactive-effect due to the modulator 7 is controlled

in accordance with the audio frequency modula~

tion-applied to the modulator 2. Thus, the audio
frequency amplifier 1 feeds a portion of its modu-
lation ‘energy output to a  special amplifier- 8.
The output of amplifier 8 is passed through a
pair of ‘parallel filter networks 8.and-10. -~
The network 9 i & High pass filter having a

cut-off’ frequency at 3 kc. 'The network (8 is a.

high pgss filber having a.cut-off frequency at 5
ke.. In other words, the energy at. the output
terminalg of theé high pass filter 9- will extend
from 3,000 cycles and upwards. The filter {8 will
pass audio energy only above 5,000 cycles. A
voltage liriitetr 9/ is interposed between the high
" pass filter 9 and a diode rectifier {!. The volt-

age: limiter 10’ is.interposed between the high ..

pass filter 10 and its associated rectifier 12, The
burpose of the voltage 11m1ters is to suppress any
amplltude variation which may ex1st in the audio
. energy thereby feeding to each of the rectifiers

" {{ and 12 audio energy which has a predeter-
mined voltage when certain h1gh frequency com-
ponents are present. Those skilled. in the art

40

50
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60

are Tully aware of the: manner of constructing the -

high pass filters 9 and 10, - T is well known in
the "art of audio fréquency transmission. that
audio filters can be designed. to have .a sharp
cut-off. frequency at any spec1ﬁed audio frequency
valite. Of course, each of the high pass filters
9 and 10 may be réplaced by a band pass filter
de51gned to’ pass ‘the desired. audio frequency
band.. :

The rectlﬁer ii has its: anode coupled to the

65

70

audio transformer 17, “while recfifier 12 has its

anode coupled to tié audio transformer 12°.. The
load resistor 137is arranged in the space curlent
path of diode i1, while the load resistor I4 is

75

rectifiers-ii or I2..

‘transmits audio energy above 5,000-cycles:

there will be no audio energy passed-to either of
Hence, the frequency devia-
tion of the carrier will: be determined solely by
the energy flowing from amplifier 1 to modu-
lator 2. When the program modulation has ho
frequencies present greater-than: 5,000-cycles,
there will be passed through filter 9 audio-energy,
since the filter passes audio- frequencies above
3,000 cycles. There will be no transmission of
audio energy through filter 10; because the-latter
As
a result voltage will be developed across resistor
i3 which is positive with respect to ground.
This voltage is applied to the control grid-of‘the
FM reactance tube T in @ sense to increase-the
frequency-of the pilot-oscillator & up-to 19 ke.

If, now, the program modulation has- high fre-
quencles above 5,000 :cycles; audio energy will
pass through filter 10, and, after limiting at 107,
will be rectified by rectifier 12; As a result there -
will be developed : additional positive. voltage
across resistor-14,'and the frequency modulator 1
will ‘cause the oscillator-6 to shift in frequency
up to 20 ke. . The filter 15 functions to prevent
pulsating - voltage components from passing to
the modulator tube 1. It will be seen, reference
being made to Fig. 2; that the pilot oscillator fre-
quency-is.a function of the audio pass band from
the audio source. . The wider the'audio frequency
range of the audio energy, the higher.will be the
frequency of-the pilot oscillator. ~The output: of .
the pilot oscillator is fed over lead .16.to the fre-
quency modulator. 2; so that the. current variation
of the latter will include the pilot frequency as.a
component, It will now be appreciated: that as -
the. applied audio frequéncy -energy from the
sudio source causes.the carrier to deviate, there
is concurrently embodied in the FM energy.a-com-
ponent for determining the mode and.extent of

audio.pass band width to be employed at-the-re- .

ceiver. - The control .component. corresponds-to.-a
specific rate of frequency.deviation of. the. carrier
which . is proportmnal to - the audio frequency
range of the program modulation,

At the receiver there may be employed the usual
FM receiving circuit.. The collector. I1.feeds.the
collected FM wave energy to.the usual networks
up to the.demodulator -designated -as “FM Det.”
The demodulator may be preceded by the custom-
ary  amplifiers. Where the receiver. is ‘of the
superheterodyne. type, as is universally. the.case,
the amplifier {8 may embody the usual. number .
of ultra=high frequency amplifiers feeding.a; con-
verter 19 whose intermediate. frequency (L. ) is
passed. through one or more. 1. F. amplifiers-20
followed.. by amplitude modulation . Hmiter: 24.
The.limited I. F. energy is fed to the FM. detector
22 t6 provide the modulation signals which were
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".originally applied to the amplifier 1 at the trans-

© ~mitter. - Each of.the tuned iselector circuits’ up to

.the detector 22 will have a pass band. sufficiently
- wide ‘to' pass the maximum’ frequency deviation
+-of the.carrier. - In other words, the tuned selector
circuits should be in excess of 150 kc. in width,
Of course, the.control System shown in my afore-
mentioned; application may be employed, and, in
that case, a separate super-audible frequency.con-
“trol modulatmn would be required on the carrier,
.+ The center frequency of the I..F. energy may be,
for example 4.3'me. " The detected FM wave.en-
ergy is passed through astage of audio frequency
amplification 23 prior to impression of the energy
upon either of the plurality of parallel audio fre-
-quency amplifier channels 24, 25 and. 26. .
’The audio -channel 24-is ‘an amplifier capable

-0l passing energy of 30:t0-3,000 cycles efficiently. .

Channel 25 passes audio energy lyingin ‘the range
of .3,000 to..5,000 cycles most efficiently. : Audio

~amplifier 26 -passes audio energy from between :

5;000.t0 10,000 cycles most efficiently.  The ampli-
fied audio output of amplifier:23-is fed to the in-
‘put terminals of each of channels:24, 25 angd 26.
-‘The output terminals of these three channels are
~-connected in common to feed the input terminals
of the audio:power amplifier 21; and; the latter
will -feed. any desired type of - reproducer It is
believed 'that. those “skilled in"the:art are fully
acquainted with the manner of constructing each
of channels 24, 25 .and 26. . For example, they
may be of one or more. stages in each channel,

.;the filter resistor 42..

8
: Hence, the voltage across resistor 33 is a maxi- :
mum at the 20 ke. frequency of the control: tone

..energy, and is-a minimum at the 18 ke. frequency,

Amplifier 25 has.a gain control .connection 48; 1o

* the cathode. end iof resistor.83 through a:path

which includes the negative biasing source. #{-and

. 42-and the positive: terrmnal of 'source 41, is.con-

10:

.nected -to ground-through:: s filter: condenser 50.

Hence, amplifier 25 normally has a negative bias"
applied thereto which is determined by, the: mag--
nitude of biasing source 41. . Amplifier 26-has a

: gain-control connection 60 to the cathode end of

- resistor -33; but the- biasing source for: that ‘am-

15

20

plifier- mcludes biasing source 41 in series with -
biasing source 61. -As.shown, source #1; and 61

» may be g single. source with appropnate connec- :
. tions:to the various networks, ' .

.-In operation; each of channels 25 and zs will
normally be non-conductive by v1rtue of:the re-

“-spective bias voltages applied thereto over con-"

nections 40 and 60. Let. it be assumed -that: the

' ‘program. modulation . derived from the FM .de- *

26

30

tector 22 has no frequencies above 3,000 cycles
bresent.  In that case; the super-audible control
tone will have a frequency 0f-18 ke :According-
ly,: because of the  discriminator . character:stm

.very: little voltage is. developed across:rectifier

load resistor 33. Hence, the amplifier: channels

-25:and 26 will be cut-off due to the'cut-off bias .

applied from sources 41 and 61. However, where

-'the program: modulation - includes. -frequencies

. The auidio amplifier channel 24 has normal and

‘ mvanable gain. ' In. other words, it is not sub-
; Jected.to gain control action by the super-audible
- control'tone, . However, each of ¢hannels 25 and

26 is subjected. to gain' control. ~This 'is accom-

plished by deriving from the output of the de-"

modulator 22 the modulation component corre-
sponding .to the:super-audible control ‘tone. ‘A
band pass filter, capable of efficiently passing ‘18
t0'20°ke.,.is designated by numeral 30, It passes
the: control tone energy- to-an-amplifier 81,

is now: only necessary to ‘convert the Vanable-
frequency control tone energy into.a uni-direc-
tional voltage whose magnitude is a- measure of
“the effective audio channel width tobe employed.
This-is accomplished by employing & rectifier 32
-of 'the: diode type.

‘which is bypassed. by the condenser- 34 for alter-
nating current components. . The anode of diode
32 is‘connected back-to ground through the sec-
ondary winding 35 of transformer.36; The pri-
" mary winding of the transformer 36 is connected
in the output circuit of amplifier 31. .
. Coil- 35+ is shunted by a condenser 31, - The
tuned circuit 35—31 acts as a discriminator to
convert the frequency-variable control: tone en-
ergy into.corresponding amplitude=variable con-
trol tone energy. 'In Fig. 4, I have shown the
control- discriminator characterlstm It will he
seen that circuit 35—37 is tuned'to the peak of
the resonance curve shown therein. - The peak
frequency -is: somewhat above the:18-20 ke. fre-
quency variation range ‘of the control tone energy.

The cathode of ‘diode 32 is
connected to ground through:a load resistor 33

35

40

above 3,000 cycles;. the discriminator character- :

iistic. shown in Fig. 4 will .cause.the rectifier.to

develop mcreased positive- voltage across re51stor
33.

For aud1o i’requencles between 3 000 and 5 000 L
-cycles  and the corresponding control tone of:19

ke. there: will.be ‘sufficient positive: voltage de-

wveloped at.the cathode end of 'resistor 33:to.over-

come ‘the. bias due to source 41, and; therefore,

render channel 25 operative. - As the ‘audio: fre:

45

quencies present increase above 5,000 cycles up
to 10,000 cycles, the control tone will become 20 -
ke., and - there will be an increased .input.:level
at rect1ﬁer 32. .‘The. positive voltage across.re-

" sistor 38 will ‘then be sufficient: to overcome: the

50

55

cut-off bias applied due to. source’61.

‘ ‘Hence,
channel. 26 will be rendered operative.

:channels will be operative, and there will be fed to

‘power. amplifier 21° 3’ wide range of audm fre-

quencies up to 10,000 cycles.” :
- It'will now be appreciated that the audlo pass
band at thereceiver: is directly: dependent: upon

* the: magnitude of the super- -audible control ‘tone

frequency. . ‘Purthermore, it ‘will be appreciated
that the super-audible control tone frequency:is

- direct function of the audio frequency range

60

65

In other words, discrimination takes place be~ -

catise' the mean frequency: of- the ‘control ‘tone
"energy is located at an intermediate portmn of
the sloping side of the response’curve. It will
-be recoghized that thisis a well known and simple
form of discriminator action. The output of dis-

. -criminator 35—37T is a minimum when the con-

trol tone has a frequency of 18 ke., and is & max- ]7

: 1mum when the' frequency is of 20 kc.

70

o

'modulation ‘at the transmitter.
"mitter audio frequency range is expanded, there
~will'occur an automatic expansion’ of the audio

of the energy applied to the frequency modulator

2 at ‘the transmitter. Tn other words, the: audio .

network of the receiver is automatically actom-
modated to the frequency range of''the ‘audio
As- the trans-

bass band - width' at' the receiver. Should ‘the
audio’ frequency ‘range bé compressed ‘at ‘the: :
transmltter, there will be an automatic- compres-
sion of the audio band pass at the receiver, “Asa
result, high frequency noises, which would. other-
wise occur and be reproduced, are prevented from
reaching the speaker. - On the other'hand; when
program material'of high fidelity is placed on' the
-carrier at the transmltter the recelver ‘will auto- ‘

~The  junction.of - resistor -

‘ Accord- -
ingly, it will be seen that in such case all: three



A

~matically! Jbeﬁaccommodated to high ﬁdenty re-
wppoduction. ° :

OISRl I T! have mdmated and desc bedvseveral
u ystemsior carrymg ‘my ~invention tmeﬁect

"myrmventmnels ‘By-no means limited o theipar-

tticular organlzatlons ‘shown and described,sbut

“that:manys ‘modifications:may - ‘bevmade Wwithout
departlng» from-the:scope.of: my' 1nvent1on ‘as set
“in:the appended clalms :
~SWhat T'claimeis: T
21 Tnearsystemifor. commumcatmg \Wlth angular
L'sre']:t;011:y-modulam;ed searrier vwaves, -the method
-§hich dinelides (the (following-istéps: »generatmg

dearrieroscillations. of :substantially constant ani-

rplztudet deviating the'frequencyof-the ‘oscillations
-jrgecordance withimodilation: signals; generating
a control tone whose frequency dies-outside the

ipange ofithe: modulatlon signal'frequencies, vary- . .

-ing-thel frequercy-iof ithe:ontrol: tone in-accord-
-gnee:with changesin:the frequency:range: Lof:the
ssaidsmodulation signal:frequencies,: modulating
~gaidvigarrier ‘oscillations -withsaid ~contrel:tone,
samds transnuttmg the modula/ced @arner oscﬂla-
Itjons, !
I arsystem foxucommumcatmd w1bh angulaa
syelocitycmddulated «carrier waves, the ‘method
twhicht includes the [following :steps: igenerating
<earriersoscillations:of: substantially ‘constantiam-

zplitide, ideviating the “frequercy ~of’ the toscilla-

tHions insaceordance with modulation:signals;gen-~
ceratingia control:tone: whose: frequency:lies out-
~sidesthe: range of:thezmodulation signal. frequen-
ceies, varying the: frequency: of: the-control'toneiin

saccordance with:changes: inthe frequency range

of the said modulation signal fréequencies, modu-

Ulating :said . carriervoscillations swithosaid: control .

{tohe andtransmitting: thermodulated.carrier-os-
. cillations,  detecting ‘the:transmitted - carrier.os-

-eillations at: a/receiving:point, separating energy:

sof:said:control tonefrom:the detectedioscillations,
~deriving:from the control:tone energyia control
cvoltage whose: magnijudesis:dependent aipon:the
tfrequency of:said:control:tone,:and: automatlcally

sadjusting ithe:modulation passband-width:at.the *

‘receiving: point.in accordance with .the ma;gnitude
uofithe:control voltage..
w3udn a.receiver:of: frequency modulated ca.rrler
“waves:wherein one:of the modulation components

sisuat siper-audible control tone whogse: frequency

cisigypropartionate function.of the frequency rarge
Lofithe smodulation on:the received:carrier,:g;-de-
modulator for deriving:from:the modulated: car-
crier energy.demodulation. signals-and: said-super-
saudible -control: tone -of*variable:frequency, a.plu-
«ality:ofraudio transmission-channels: of :different
rfraguency range, and means responsive to.varia-
«tiensdn. frequency.ofisaid control sone:for render-
<ng.predetermined ones-of:said.channels effective.
+4.: In.-a frequency ;modulation-.communication
;s_ystem sproducing frequeney. ‘modulated -carrier
.Wave energy; embodying-in: the-energy. acomntrol
.component whese: frequency. magnitudeis;as con-
tinueusly- controlled: frequencey=variable:function

«of .the . frequency range -of the..modulation:fre- 265

‘-quencies, demodulating the frequency :modulated
<carrierwave energy-at a receiving point toprevide
_the modulation signal: frequencies.and.said; con-
tral component and utilizing the.frequency-varia-
.tions of said.control component at.the receiving
.point to.regulate .the. modulatmn Tange subse-
-guent to.demodulation.

L ‘,In a. system for commumcatlng wmhumodu-
Ja,ted‘ carrier - waves,.the. method “which includes
‘gene atmg_carner,osc1llat1ons,~dev1a.t1ng the:fre-

SRJ8T9}720

-gtenicycdfi the -oscillations: in;acmvdancermth,the
saudioTmodulation ssigndls; ‘generating: g . control
~tonewhosefrequencylies:ontside therarige:of the
aatidio:modulation: signali frequencies;: varying: the
-8 ifreguency-of the controlktone in accordance with
:thanges inithe' widthoofthe frequency rangeiof

- thelsaidtmodulation: signal:-frequencies, modulat-
sing said:carrieroscillationswithisaid control:tone,
-and: transmmtmg the mddulated carner osc111a.-

210 -tions.:

21 6.l as system,for‘commumeatmg mthangula.r
.velocity-modilated ceariier swaves, sthe nmethod
rwhich:incliides ‘deviating the:frequency-efzcarrier
voscillations iniaccordamce »with  audio rsignals,
16 -varying the frequency:6f:a-control tonein-accord-
ance withichargesiin:the:frequency-range-ofithe
-~said 1audio : signal sfréquencies, smodilating 3said
<gartier;oscillgtions withusaid ~gontrol:tone,: and
; transmitting sthevmodulated - carrier zoscillations.
<00.. 5T..Ingireceiver of frequency modulated carrier
‘araves whereinrone-of the:motulation components
-israssuper-audible control:tone:whose frequency-is
a:function:of theifrequency. range:of the:modula~
tionvon’the:received carrier, means:for derivirig

w5~ fronr the:modulated:carrier:energy demodulation

-signalgandisaidsupersaudible:controltone:of var-
viable frequency,:at:least: two:audio. transmission
»channels ofidifferent frequency-ranges; and means
rresponsive:to:wariations:in:frequency.of said:con-
30-.trol «tone (for rendering: predetermmed ones of
+said channels effective..

A8 Intassystem:for commumcatmg szthuangular
~velocitysmedulated carrier cwaves, ~the'method
<which includesthesfollowing: steps: ndeviating the
pofreguency cof . constant<amplitude :oscillations=in
aaccorda)nce withrmodulation:signals; s
-auvcontrol stone whose.frequeney :lies soutside the
.rangeiof. themodulation:signalifrequencies; vary-
Jing-the:frequencyof:ithetcontrol tone:inzaccord-

snsanceswith:changes:in thezextent . of the frequency
.range:oft the:sdidzmodulation: signal: frequericies,
sanodulating said-carrier-oscillationswith said:con-
Vtrolitone;and ‘transmlttlng the xmodulated carrxer
osotllatlons : ,

»9. In:a system for\commumoa,tmgv with Langula.r
velocltya-modu;ated :carrier swaves, the - method
swhich rincludes vgenerating - carrier - :oscillations,
“swinging the frequency -of the:carrier.ioscillations
zint accordance ~with smodulation:signals, generat-

501 ing-a-super-audible:control tone, varying the fre-
~gueney sof mthe rcontrol - tone' in ~accordance.with

_ schanges in: the-frequeney range of the said:modu-

-lation-signal frequencies; modulating-said carrier
> oseillakions swith-said. control stone,: transmitting
55:.the. modulated- carrier -oscillations, «detecting the
transmitted  carrier -oscillations at -8 «receiving
.point, ;. separating ~energy -of vsaid ..contrel tone
~from-.the .detected oscillations,.deriving: from:the
~control. toneenergy a-control.voltage -whose-mag-
080, nituderis-dependent-upon the.frequency:.ef-said
~centrol -tone, -and automatically -adjusting .the .
.modulation -.pass ;band -width -at ~4the : receiving
wpoint.in .accordance with.the mag-nitude-:ofnthe
zcontrol voltage. .-

..«10.+Ina. receiver . of frequeney: modulated car-
rier: Waves wherein.one.of -the modulation.com-~ .
.bonents.is.a -contrel-tone -whose: frequency. is+a

-function-of: the: frequeney range of.theimodula-

+tion .om. the. recejved..icarrier, :a. :demodulator, .a
470 : uplura,hty of -audio -transmission- channels:.of: re-

spectnely dxﬁerent frequeney ranges; |and means

.responsive 40 varlatmns in frequency.of.said con-

_trol tone.for rendemng predetermlned -ones--0f

sald. channels effective.

78 11, In a. frequencymzmodulatlon commumca,tlon

generating.
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--system, producing frequency modulated carrier
wave energy, embodying in the energy a ' control
component whose frequency magnitude is a con-
trolled function of the frequency range: of the
modulation - frequencies, demodulatmg the: fre=-

quency modulated carrier:wave energy at a re-
ceiving  point ‘to provide the modulation signal -
frequencles and said control component and uti-

lizing said. control component at the rece1v1ng

. point to regulate the modulation range subse-

quent to demodulation;

5_
receiving pomt in accordance with the magnitude

of the control voltage. ‘
14, In g receiver of frequency modulated carrier

waves of the type which embody a superaudible
“.control fone of variable frequency as a ‘modula~
.+ tion component, a demodulator for deriving from

. the modulated carrier energy modulation signals. . -

and-said. super-audible confrol tone of ‘variable’,

b frequency, a plurality of audio transmission chan- :

10.

12, -In a method: of signalhng, devxatmg the -
frequency of ‘carrier oscillations in accordance -

with modulation signals, generating & super-au- -
dible control tone, varying the frequency of the.

" control -tone in aceordance with changeés in ‘the

frequency range of the said modulation signal fre- .

quencies, modulating said carrier oscillations with

15

nels of different frequency ranges, and means re- .

sponsive to variations in frequency of said control
tone for renhdering predetermined ones' of sa1d ‘
channels effective.

15, In combination, means for generatmg ca.r-

‘rier -oscillations "of: ‘high' frequency; means for

- deviating the frequency of the oscillations in ac-

said control tone, and transmittmg the modula.ted K

carrier, osclllatlons
13. A radio commumcatmn method comprising

20"

: 'deviating the frequency of the carrier oscillations

in- accordance with modulation signals; generat-

ing .a control tone whose frequency les outside - -

the range of the modulation’ 'signal frequencies,

varying the frequency of the control tone in. ac-

25

cordance with changes in the frequency range

of the said modulatlon signal frequencies, modu-

lating said carrier oscillations with said control -

tone, transmitting the modulated. carrier oscilla-

30

tions, detecting.the transmitted carrier oscilla-

tions at-a receiving point, separating energy - of
"'said control tone from the detected  oscillations,

deriving from the control tone energy a control .

. voltage whose magnitude is dependent upon.the
frequency of said control tone, and automatically
adjusting the modulatmn pass band width at the

35

cordance with modulation signals, means for gen-
erating 'a control tone whose frequency lies out-

- side the range of the modulation signal frequen-:
-cies, means for varying the frequency of the con-

trol tone in accordance with changes in the fre- -
quency range of the said modulation sighal fre--

quencies, ‘means for frequency modulating said
carrier oscillations with said control tone, means
for utilizing the resultant frequency comprising
eans for detectmg the resultant modula.ted car-
rier -oscillations, means for separating energy of
said control tone from the detected osculatmns
means deriving from the control tone energy a
control voltage whose ‘magnitiide is. dependent:
upon  the frequency of said . control tone, and
means for automatically adjusting the modula- -
tion pass band width subsequent to said detecting

' means in accordance with the magnitude of the

control voltage.
W]NFIELD R. KOCH




