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Thls ihvention relates toa . tWO-Way; cotls
munication system, and is particularly adaptéd
for superheteradynie systems where it is-desired
to employ a prede'termmed frequency séparatmn

c,ating termmals.
- -Point to peint commiunication, betweerl tvm rés
inote radio stations, for example, is fréquently ac-

companied by difficulty in -establishing cc;r“tact,-
particilatly wheh rio tiie scheduls has been ar<
ranged At the ultra-hlgh frequenmes fulther-

frequency of the carrier Wa. i and elaborate oon-
trol appara,t,us is Conihonly needed at- noth Fés
celvmg and transnruttmg ends The systerh whmn

may commumcate in botﬁ
“mate” station by simply tuning S
sion firom the “mate’”

Accordingly; it is- a8 - object of my mvenﬁmn
to provide & comimuhieation systeiy in wihidh
the establisEniént of stiitable carfier fréduericies

v tranémis-

for two-way cotirunidation: ‘may ke deteﬁmmed

from either station aloié.

It i another objedt 6f My invertion: fo' providé
a communication: systemy of the t:y“" descibed
whiereis the frequenties of the dartiers tised for
. two-way eomimunication betwedit two' stations
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15

réceived carider.  THere: apﬁears % be a pars
ticular value in this fhethod whsn the systesi
is applied to colmurication bétwéeen  Hiraraft)
or between aucraft and ground; and possibly for
miktdry uses. :

Assume; f0F example that the esclliator l 8t
station & Is tuned td a frequeney of 210 niéga-
cycles and that the mtermemafe freguency  tu-
ing of the giphfier § 1§ 10 meg oycres The
incoming s1gna.1 energy o! 200 megacy‘ 165 ]
ceived on anténna, 5

cycles whlch will be acceptable £6'the- mterme&i-
ate frequency ampllﬁer 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 1, The output from
this' dmpHACr 1 Ay bé “utitizéd: i any suitable

sHall be mseintained in fixed relation to each 30 col
other and €0 5 ¢omion intermediate 1requehcy
to be used by the superheterodyne receivers of
both stations:

. Other obJects and advarntages wﬂl be apparent

aecompanied By & diawing; thd sele: figlve  of
which- representy diagrammadtically’ a- préferred
embodiment- of the* invention:

- Briefly;: the: metliod whieh I- employ is- one
which utilizes & predeterniined- fraqiieney separa-
tion - Between - the carrier used for travismission
in’ one direction:agnd the' carrler used: for trdns-
mission in' the other”difection. " The: determina:
tion. of this:frequeney’ separation: depends ’bon
the intermedigte: freqiency’ amplifiers: whi
used in:the receivers of the two. stations: Tumng‘
the receiver dt: station: A;- for examp}e to the
transmitter frequéncy: at- station B will- simuls
taneously assure’ perfect -tuliitiz of the' réceier
at station- B’ in: response to the: carrier which
will then: be* effective at station A The tining
of ‘thie 1bcal: oscillator at one station may- ‘be‘orly
approximate; whereas: tHe' oseiliator’ at the' other
station ean; if désired, be miadé subject’ to glito=
matié’ fhequency” control in a,ccé)rdance with- thé

65

) cycies

quency amphﬁer 4
deteétor A [ aiid

a5 10tid ‘speaker [4'may be eorihedted to'th '
put-of the' avidio fréquenty - smplifier (2°  Statiot
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B When used for transxmssmn employs a micro-
phone 18, a modulator 16, 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-
pubt from the oscillator 2 directly to the receiver
converter 8 because the energy fed through the
amplifier 20 may be combined with incoming sig-
nals and fed through the conductor 24 to the
converter 8.

‘Where the circuit arrangement is.
as just mentioned, it will, of course, be desirable =~
~apparent that exclusive communication between

10

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 7
by the incoming signals in accordance with wells ™

known practice. The automatic frequeney 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, t0.S. W. Seeley for a com-
brehensive disclosure of how they may be:con-
structed and operated. . .

I will now present a mathematical dxscussmn of
the theory of operation of my invention: . . .-
- Let fe=the frequency of the oscillator ! of
station A, say 210 megacycles, for example, .

Let fo=the frequency of the oscillator 2 at sta-
tion B, say 200 meageycles.

Let fi=the frequency to which the 1ntermed1ate
frequency amplifiers 3 and 4 are tuned, say 10
megacycles.. Then,

f a—f b+f i

fb_fa—-fi . .

Now if station A is transmitting, then statmn B
can place itself in two-way communication with
station A merely by tuning its own oscﬂlator 250
that reception of station A’s signals will be prop-
erly received. . By the same tuning operatmn 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 1ntermed1ate frequency amphﬁers
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
is'introduced into the communication. Not know-
ing what intermediate frequency is to be used, an
unauthorized receiver would be unable to pick uip
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 termmal adjustment of
the tuning of the oscillator at the gther termma.l
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
prev1ously contemplated That is to say, auto-

and -
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“tuned oscillators at the outlying stations.

. to those skilled in the art. -
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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 incom-
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

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 ag A, A’,
ete., but would need to select a local 1ntermed1ate
frequency for its own intermediate frequency am-
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 course, neces-
sary to select.an intermediate frequency for the
local station which corresponds with the inter-
med1ate frequency of  the.remate statmn This
one. con51derat1on determlnes the adaptabﬂity of
the system for unit:control of both stations from
the one master station, _ .

. Other modlﬁcatmns of the prmcmle I have out-
lined will be readily apparent, to- those familiar
with superheterodyne reception. For example :
receiver may be adapted to: recelve both. signals
which are lower in frequency.than the local os-
cﬂlator and those which are higher than the os-
cillator (the so-called image response)m_Thus a
group of stations may intercommunicate and any
given station may act as a type A to some of the
other statmns and as a type B to the remamder
When two such systems operate with different
I. F. amphﬁer frequenc1es only those sta,txons
w1th1n a given system can. estabhsh two~wa.y
commumcatlon .

The practical adaption of my ld_e,agls reachly
apparent to those skilled in the art and there ap-
pears to be ho need for further description of
modulation a.nd power-amphﬁcatlon -equipment,
The system may be applied with amphtude Ire-
quency or phase modulatlon -and the 1nte111gence
to be transmitted may be sound television, fac-
s1m11e or of any other type capable of being con-
verted into electrical. currents or potentials.  In
complex1ty, 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, pne-tube’ inter-

mediate frequency system to.a highly complex
system with master. -oscillators, power amplifiers -
and . modulators, radm frequency amplification
and multi-stage .intermediate frequency amphﬁ-
catmn 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
The scope of the in-
vention is, therefore deﬁned by- the clalms
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;6. In a two-way radio communication system S

I claim:
1. A two-way commumcatlon 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 intermedidte frequency am-:

plifier in the receiver, the intermediate irequency
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
said intermediate frequency amplifiers are tuned.

2. A system in secordance with: claim 1 and
1nclud1ng an automatic frequency control device

J

5

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-

‘10

15

in the means for maintaining frequency separa- -

tion.
3. A gystem in accordance Wlth clalm 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

tween, said means comprlsmg means for tuning
the 1ntermed1ate irequency 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 4t the.two stations equal to.the operat-

. ing frequency of said mtermedlate frequency am-‘ :

20

plifiers.
7. The method accordmg to cla1m 5 and in-

cludmg the step of causing the carrier wave re-"'.

“ceived at. said one station to automatically con-

trol the" frequency of the oscillator-thereat.
8. In:a radio commumcatlon system. having a

‘ master station and a plurality of outlying re-

25

spondent stations, wherein each station com-’
prises a transmitter, a superheterodyne receiver,

" an oscillator common to the transmitter and the

common’to the transmitter and the receiver, and -

an’ intermediate frequency amplifier. in the re-
ceiver, the method of adjusting the tuning con-
ditions at one station only, to satisfy the tuning
conditions at both stations necessary for two-way.
comminication - therebetween, -~ which -‘method
comprises tuning the intermediate frequency an-
plifier’ at said one station to:the same frequency

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-: e

way . communication between said masier station -
and .a selected one of ‘said. respondent stations,

-".:swhich method comprises tuning the intermediate

40

frequency amplifier. at the -master station to.the

same frequency as that of the intermediate fre-:"" e

“quency amplifier at said selected. station, and:

as that of the intermediate frequency amplifiér at

the other station, and majntaining a frequency :
separation ‘befween the oscillators -at the two’
stations equal to the tuning frequency’ of -said
intermediate frequency amphﬁers

45

tuning the-oscillator of the master station so that. . :

a frequency separation is maintained between it--

‘self ‘and the. osc111ator of the -selected “station

equal to the selected intermediate frequency.
EDWARD Ww. HEROLD




