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This . invention relates to a two-Way comi 
munication system, and is particularly adapted 
for superheterodyne systems where it is desired 
to employ a predetermined frequency separation 
between the carriers used at two intercommuhi 
gating terminals. : '... . . . . . . . 

Point to point communication, between two res 
mote radio stations, för example, is freqüèntly ac 
companied by difficulty in establishing certact, 
particularly when no time schedule has been ar 
ranged. At the ultra-high frequencies, further 
more, there is diffieulty in maintaining an exact 
frequency of the carrier wave; and elaborate Öón 
trol apparatus is commonly needed at 36th re 
ceiving and transmitting ends. The systern which 
I have deviséd ovér?ô?eš thes :; 'disadvantagés 
to a large extent, since, by its use, any station 
may communicate in both directions with a 
“mate” station by simply tunin tränš?is 
sion from the 'hate.' -- -  ?? 

Accordingly, it is an object of my invention 
to provide a corninthication system in which 
the establishment of suitable carrier frequeficies 
for two-way communicatiô? rháy bé détermined 
from either station alonie. . . . . . 

It is anothér ebbjedt óf ?y invehtiori to prövidë 
a communication system of the type described 
wherein the frequencies of the carriers used for 

- two-way ëommuniëation bëtweeri two statiëris 
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received carrier. There appears to be a par 
ticular value in this method when the system 
is applied tô communication between airöräft; 
or between aircraft and groünd; ämä possibly för 
mikitary usës. . . . . . . . . . 
Assume, for example; that the osciliator at 

station A is tunéd to a fregüeney öf 2ÉG méga 
cycles and that the intermediate frequency tin 
ing of the a?plifiér 3 iš I0 - ?e?abey?tes: The 
incoming signal energy ôf 200 m?éga???iés i rë 
céivédön ähténhä 5 äid äpplièä tö théeonvörter 
7 will dev?jöp a diffërë?ce frë?üeñ?? óf '0' ñiëgä 
cycles which will be acceptable to the-intiërnhéâi 
ate frequency amplifier 3. The output from the 
intermediate frequency amplifier may be de 
tected by the device. 9. and then amplified as 
audio frequency in the unit. The output from 
this implifër imay bë utilizëd in any suitable 
manniëf áš by mieáris of th? loüêå sipëäkër fs för 

ås a tra 
mödulator 15. eptis 

shall be mairhtainied i? fixed relation tó each 38 
other and to a common intermediate frequency 
to be used by the superheterodyiie receivers of 
both stations. |- 
other objects and advantages will be apparent 

in the descriptiön to follow. This descriptiori js 
accompanied by a drawing, the sole figure of 
which represents' diagrammatically a preferred 
embodiment of the invention: 

Briefly, the method which I employ is one 
which utilizes a predetermined-frequeney separa 
tion between the carrier used for transmission 
in one direction, and the carrier used for trans. 
mission in the other direction. The determina tion of this: frequeney separation depends upon 
the intermediate frequency amplifiers whie 
used in the receivers of the two stations. Funing 
the receiver at station A, for example, to the 
transmitter frequency at station“ B will’’ simul 
taneously, assure perfect tunifig of the receiver 
at station B: in response to the carrier which 
will then be effective at station A. The tuning 
of the local oscillator at one station'maybe"only 
approximate; whereas the oscillator at the other 
station ean, if desired, be made subject to auto 
maticº frequency* controlº iri accéordance withiºthiè 

amplifiers which are 45 re 
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B when used for transmission employs a micro 
phone 8, a modulator 6, and a transmitting am 
plifier 20. The antenna, 6 is connected both to 
the converter 8 and the amplifier 20. In some 
instances, it may be unnecessary to apply the Out 
put from the oscillator 2 directly to the receiver 
converter 8 because the energy fed through the 
amplifier 20 may be combined with incoming sig 
nails and fed through the conductor 24 to the 
converter 8. Where the circuit arragement is 
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as just mentioned, it will, of course, be desirable 
to employ in the converter unit, or in a SubSe 
quent stage, filtering means for Suppressing the 
carrier and the oscillations of the local source 2. 
The oscillator 2 may be frequency-controlled i5 

tuned oscillators at the outlying stations. by the incoming signals in accordance With Well 
known practice. The automatic frequency control 
device 22 is, therefore, shown conventionally for 
this purpose. Although automatic frequency 
control devices are well known, reference is here 
made to United States Patent No. 2,121,103, 
granted June 21, 1938, to S. W. Seeley for a com 
prehensive disclosure of how they may be con 
structed and operated. . . ....... . . .......... , , , ( 3. ??“? 
I will now present a mathematical discussion of 

the theory of Operation of my invention: . . . . 
. Let fa=the frequency of the oscillator 
station A, say, 210 megacycles, for example. . . . . 

Let fb=the frequency of the oscillator 2 at sta 
tion B, say 200 meagcycles. 

Let fi=the frequency to which the intermediate 
frequency amplifiers 3 and 4 are tuned, say 10 
megacycles. Then, 

Now if station A is transmitting, then station B 
can place itself in two-way communication with 
station. A merely by tuning its own oscillator 2SO 
that reception of station A's signals will be prop 
erly received. By the same tuning operation at 
station B, the signals transmitted therefrom will 
be suitable for reception by station A. It is essen 
tial to the successful operation of my system, how 
ever, that both stations maintain an agreed-upon 
tuning of their intermediate frequency amplifiers, 
both to the same frequency. - 

If it is desired to change the intermediate fre 
quency tuning in accordance with a prearranged 
schedule, based on agreement as to time of change, 
or any other system, then an element of secrecy 
isintroduced into the communication. Not know 
ing what intermediate frequency is to be used, an 
unauthorized receiver would be unable to pick up 
the incoming signals without considerable search 
for the transmitting carrier, and most probably 
would not be able to answer back. 

It is not necessary that the same antenna, 5 or 
6 should be used both for transmission and recep 
tion, but it has been shown as a single antenna, at 
each Station merely for the sake of simplicity. 

It may not always be necessary to employ an 
automatic frequency control such as the unit 22 
at either of the stations, but should any drift in 
frequency occur at One terminal, adjustment of 
the tuning of the oscillator at the other terminal 
will automatically assure perfect two-way com 
munication, provided the intermediate frequency 
amplifiers 3 and 4 of the corresponding stations 
are similarly tuned. - 
In connection with automatic tuning, it should 

be noted that correction of the locai oscillator 
serves additional purposes as compared with those 
previously contemplated. That is to say, auto 
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... 2,333,719 
matic frequency control was generally used Only 
for correction of the heterodyne oscillator in the 
receiver at one station. In accordance with my 
invention, however, this automatic frequency con 
trol not only compensates for drift in the incon 
ing carrier frequency but also provides control of 
the transmitter carrier in such manner as to 
maintain proper tuning of the remote receiver. 
Where is is desired to provide a number of 

inter-communicating stations, one of which would 
be a master station for frequency control, it is 
apparent that exclusive communication between 
the master station and any one outlying station 
could be obtained by the use of differently tuned 
intermediate frequency amplifiers and differently 

Where 
this idea is carried out, station B can receive Se 
lectively from any outlying station such as A, A, 
etc., but would need to select a local intermediate 
frequency for its own intermediate frequency an 
plifier to be in agreement with the fixed frequency 
of the I. F. amplifier at the selected... outlying 
station. After making this adjustment, two-way 
communication. Would be established simply by 
listening to the signals from the selected outlying 
station and causing the local oscillator frequency 
at station B to be thereafter, automatically fre 
quency controlled. In order to tune the local 
station to a frequency which the remote station 
will accept, while at the same time adjusting the 
tuning of the local station to the frequency which 
the remote station radiates, it is, of couise, neces 
sary to select an intermediate frequency for the 
local station which corresponds. With the inter 
mediate frequency of the remote station. This 
one consideration determines the adaptability of 
the system for unit; control of both stations from 
the one master station. . . . . . . . . . . . . . 
. Other modifications of the principle I have out 
lined will be readily apparent to those familiar 
with superheterodyne reception. For example, a 
receiver may be adapted to receive both signals 
which are lower in frequency. than the local os 
cillator and those which are higher than the os 
cillator (the so-called image response). Thus, a 
group of stations may intercommunicate and any 
given station may act as a type A to some of the 
other stations and as a type B to the remainder. 
When two such systems operate with different 
I. F. amplifier frequencies only those stations 
within a given system can establish two-way 
communication. . . . . . . - - 
The practical adaption of my idea is readily 

apparent to those skilled in the art and there ap 
pears to be no need for further description of 
modulation and power-amplification equipment. 
The system may be applied with amplitude, fre 
quency or phase modulation and the intelligence 
to be transmitted may be sound, television, fac 
simile or of any othertype capable of being con 
verted into electrical currents or potentials. In 
complexity, the system may range from the sim 
plest transceiver employing a single-tube, self 
oscillating frequency converter, with:local mod 
ulation on the oscillator and a one-tube inter 
mediate frequency system, to a highly complex 
System. With master oscillators, power amplifiers. 
and modulators, radio frequency amplification 
and multi-stage intermediate frequency amplifi 
cation with automatic frequency control. 
My invention is to be understood as compre 

hending the various modifications suggested above 
as well as others which might suggest themselves 
to those skilled in the art. The scope of the in 
vention is, therefore, defined by the claims... 



2,888,719 
I claim: 
1. A two-way communication system operable 

between two radio stations, each station com 
prising a transmitter, a superheterodyne receiver, 
an oscillator common to the transmitter and 
the receiver, and an intermediate frequency am-- . . 
plifier in the receiver, the intermediate frequency 
amplifiers at the two stations being tuned to the 
same frequency, and means located at one of . 
said stations for maintaining a frequency sepa 
ration between the output energies of the two 
said oscillators equal to the frequency to which 

6. In a two-way radio communication system 
operable between two radio stations, each station 
comprising a transmitter, a superheterodyne re 
ceiver, an Oscillator common to the transmitter 

'' and the receiver, and an intermediate frequency 
amplifier in the receiver, means for adjusting 
the tuning conditions at only one of the stations 
to satisfy the tuning conditions at both stations 
necessary for two-way communication therebe 

O 

said intermediate frequency amplifiers are tuned. 
2. A system in accordance with claim 1 and 

including an automatic frequency control device 5 
in the means for maintaining frequency separa - 
tion. . ??? 

3. A system in accordance with claim 1 and 
including an automatic frequency control device. 
in the means for maintaining frequency. separa 
tion and operable in accordance with variations: 
in the frequency of the received carrier wave. 

4. A two-way : communication system in ac 
cordance with the invention defined in claim 1, 
wherein the oscillator at one station is adjusted 
to operate at a frequency. above the signal fre 
quency received by said station and the oscilla 
tor at the other station is adjusted to operate 
at a frequency below the signal frequency re 
ceived by said other station. 

5. In a two-way radio communication system 
wherein each of two stations comprises a trans 
mitter, a superheterodyne receiver, an oscillator 

20 

tween, said means comprising means for tuning 
the intermediate frequency amplifier at said one. 
station to operate at the same frequency as that 
of the intermediate frequency amplifier at the 
other station and additional means for main 
taining, a frequency, separation between the os 
cillators at the two stations equal to the operat 
ing frequency of said intermediate frequency am 
plifiers. . . . . . . . . . . . . - 

7. The method according to claim 5 and in 
cluding the step of causing the carrier wave re 
ceived at said one station to automatically con 
trol the frequency of the oscillator thereat. 
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common to the transmitter and the receiver, and . 
an intermediate frequency amplifier in the re 
ceiver, the method of adjusting the tuning con 

35 

ditions at one station only, to satisfy the tuning 
conditions at both stations necessary for two-way 
communication therebetween, which method 
comprises tuning the intermediate frequency am 
plifier at said one station to the same frequency 

8. In a radio communication system having a 
master station and a plurality of outlying re 
spondent stations, wherein each station com 
prises a transmitter, a superheterodyne receiver, 
an oscillator common to the transmitter and the 
receiver and an intermediate frequency amplifier, 
and wherein said master station includes an au 
tomatic frequency control device operable upon 
its oscillator to control the frequency thereof in 
accordance with an incoming carrier wave, the 
method of adjusting the tuning conditions at 
said master station to satisfy the tuning condi 
tions thereat and simultaneously to establish two-, - . 
way communication between said master station. 
and a selected one of said respondent stations, 
which method comprises tuning the intermediate 

40 
frequency amplifier at the master station to the 
same frequency as that of the intermediate fre 
quency: amplifier at said selected station, and 

as that of the intermediate frequency amplifier at 
the other station, and maintaining a frequency. 
separation between the oscillators at the two ra 
stations equal to the tuning frequency of said 45 equal to the selected 
intermediate frequency amplifiers. . . . . 

tuning the oscillator of the master station so that 
a frequency separation is maintained between it 
self and the oscillator of the selected station 

intermediate frequency. ... 
EDWARD W.HEROLD. 

  

  

  

    

  


