H. A. ROBINSON
TWO-WAY RADIO COMMUNICATION SYSTEM

April 29, 1947,

2,419,593

Filed June 29, 1944

2 Sheets-Sheet 1

WSINVHO3IN 12 N
ST woLd313ISIUd e 50
DIIVWOLNY =)
: _ 2
[ | _. L / —W_ll
. _In . w\N\. _|..|.|J / N%
i : - ﬂ — oz [ IIR
1 , ee. .
o ~318n0od 8 | . g
! . , DA%, _ 260 ‘41 M
| “uoLvriiosol - =5 & o - ~ uw.?« o
AVISAED | — _|v N o
re | UIXIN — -4
T _ )k PILLIWSNYYL I
A \at.d A. T (
v ¥ |_ IR vz
L M 22
53 \T [

a-
.2

ol &

et

S KA <1

) = TA M A I -

¥

ANY

" WL pomen

ATTORNEY



April 29, 1947, H A ROBINSON 2,419,593
’ : TWO-WAY RADIO COMMUNICATION SYSTEM

Filed June 29, 1944 -'2 Sheets-Sheet 2 -

.Fiﬂ.‘2A.

Fr= 600 TO 900 KC.

(o
3
8

4400
4100 <5
3800 <o
3500 &

(-1~
i 3200

REQUENCY KC.(Fo

AL
?
8

2600

.20 23 26 29 32 35 38 41 44 47 50 583 58
FREQUENCY CHANNEL —MC. : .

| CRYST,

Fiﬂ. 2B.

F1 = 600 TO 900 KC.

AR

- ?jo

CRYSTAL FREQUENCY —K¢ (Fo)

55 58 61 64 67 T0 .15 76 T9 82 85 88 91
FREQUENCY CHANNEL MC.

INVENTOR
HARRIS Agkoswsorq.
BY ))“é Lo

ATTORNEY.




Patented Apr. 29, 1947

UNITED

2,419,593

STATES PATENT OFFICE

2,419,593

TWO-WAY RADIO COMMUNICATION
SYSTEM

Harris A. Robinson, Philadelphia, Pa., assignor to
Radio Corporation of America, a corporation of

Delaware

Application June 29, 1944, Serial No. 542,746
(ClL. 250—6)

9 Claims.

1

The present invention relates in general to a
radio communication system, and more particu-
larly to an improved system for two-way ccm-
munication which is capable of selective opera-
tion on any one of a multiplicity of frequency
channels contained in a wide fregquency spectrum.

In carrying out the invention there is employed
at each of a mulbiplicity of points or stations a
combination receiver-transmitter which is ar-
ranged to both receive and transmit on the same
carrier frequency. A system of this general type
ig disclosed in Young Patent No. 2,113,419, as-
signed to the same assignee as this application,
but the number of frequency channels on which
that system is capable of operating is limited to
the specific number of crystals employed.

In accordance with the present invention, it is
‘possible to secure a very high order of frequency
stability, closely approaching that of crystal con-
trol, with the advantages and flexibility of being
able to set up the receiver-transmitter on a mul-
tiplicity of frequency channels, each of which may
be selected at any desired point in a wide fre-
quency spectrum, without the necessity of hav-
ing a specific crystal ground to each desired op-
erating frequency.

Briefly, the present system employs a crystal-
controlled oscillator provided with a number of
selectively operable crystals, each of which deter-
mines the stability of the receiver and transmitter
on . plurality -of frequency channels. The ar-
rangement differs from the more conventional
crystal-contrelled transmitter-receiver circuits in
that these  crystals have certain f{requencies
whlch are not directly related to the final fre-
‘quency of transmission or reception. Hence, this
set of crystals need not be changed when settmg
the equipment to operate on any selected’ fre-
quency throughout the operating spectrum. °

The ability to set the equipment to operate at

‘any selected frequency without changing the

crystals depends upon the use of an intermediate
frequency (IF) amplifier, variable in frequency
over a small tuning range. An IF oscillator,
ganged with this variably tuned IF amplifier, is
mixed with the frequency of the crystal.oscillator,
or a mulitiple thereof, to provide the operating

requency for transmission. Thus, for each crys-
tal a small tuning range is obtained with a neg-
ligible loss in frequency stability in comparison
with the crystal stability. By combining the small
tuning ranges obtained for each of a set of crystals
complete coverage of the frequency spectrum is
obtained. In obtaining this wide frequency cover-
age with a limited number of crystals, advantage
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is taken of the fact that the final frequency of
transmission or reception can be the crystal fre-
quency, or a multiple thereof, plus or minus the
variable intermediate frequency.

It is therefore one of the main objects of the
present invention to provide a highly flexible
iwo-way communication system in which a mul-
tiplicity of operating channels is made available
in a wide frequency spectrum with the use of a
limited number of frequency controlling crystal
elements,

A more specific object of the invention is to
provide in a combined receiver-transmitter an in-
termediate frequency amplifier in the receiver
and an intermediate frequency oscillator in the
transmitter which are variable each over the
same limited frequency théreby making available
an increased number of operating frequencies.

Other objects and advantages will become ap-
parent from the following description when read
in conjunction with the accompanying drawings
in which:

Fig. 1 is a block diagram of a receiver-trans-
mitter which constitutes one of a plurality of sta-
tions in the communication system; and

Figs. 2A and 2B show graphically the various
portions of the frequency spectrum between 2.0
and 9.1 mec. at which a plurality of frequency
controlling crystals identified by their operating
frequencies are effective in a specific embod1-
ment of the invention.

Briefly, the method employed utilizes a select-
ed one of a plurality of available frequencies as
the carrier for transmission in one direction and
the same carrier for transmission in the other di-
rection. Tuning the receiver at station 1, for
example, to the carrier frequency transmitted
from station 2 will simultaneously assure perfect
tuning of the receiver at station 2 in response to
the carrier which will then be effective at station
1. This method is-of particular value when the
system is applied to military uses, for communica-
tion between mobile units, as for example,
armored tanks, aircraft, or bhetween mob11e and
ground stations.

The transm1tter-rece1ver shown schematlcally
in Fig. 1 represents a single set or station, of
which any desired number of similar or other
construction may be utilized for carrying out the
method of communication herein described. Also,
it is essential to the successful operation of the
present system that a net of several stations
maintain an agreed-upon common working fre-
quency for a given period during which commu-
nication is desired. Although any desired fre-
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quency range may be employed, the description
that follows will be given for a transmitter-re-
ceiver set which was designed for a frequency
range from 2 to 8.1 me. in two bands.

Referring now more particularly to Fig. 1, the
local oscillator voltage for the receiver and the
master oScillator voltage for the fransmitter are
deriveq from a common oscillator f{, the fre-
quency of which is controlled by one of a plurality
of crystals 2 which are individually switched into
circuit by an 8-position switch 3. In a practical
embodiment incorporating the present invention,
a set of 8 crystals was employed to cover the above
mentioned wide frequency band, the crystals be-
ing ground to their respective fundamental fre-
quencies given in the charts of Figs. 2A and 2B.
As will be shown later each crystal-serves to con-
trol the operation of the system over several lim-
ited, spaced-apart frequency ranges, the sum total
of which occupy the ertire frequency spectrum
for which the apparatus was designed.

The receiver employed is of the superhetero-
dyne type and comprises a radio frequency (RF)
amplifier 4, a first detector or converter stage B,
an intermediate frequency (IF) amplifier 8, a
second detector 7, and an audio frequency (A™)
amphﬁer 8, the output of which may e fed to
a palr of earphones § or other reproducing de-
{¥ice. The converter 5, which may be of the type
disclosed in Smith Patent No. 2,323,250, is sup-
plied through a switch Si in the R or receive
positicn and through dn oscillatcr-amplifier {3
Wlth oscillations from {he local oscillator I, the
frequency of which i§ determined by the settmg
of the crystal selector switch 3. By means of a
swnzch il amplifier $& is adapted to have included
in it$ output one or the other of two coils {2 and
13 cotiriected respectively to the fixed contacts F
and 'S, so that for each position of the switch
(i either the fundamental or the second harmonic
of the operative crystal is available as the hetero-
dyne frequency

The féceiver is of conventional design except
that TF amphﬁer § is tunable through a limited
range of frequencies which in the present in-
stance ig from 600 to 900 kc. Although, for sim-
plicity amplifier 6 is shown as a single stage,
i &etual practice it may comprise several similar
stages, each having its input and cutput circuits
individaally tuned by ganged adjustable ferrc-
magnetic cores or gange d variable capacitors.
At 12 there is shown the output circuit of one
stage in coupled relation with the input circuit
15 of a succeeding stage, magnetic cores 16 and
17.peing utilized for sdjusting the tuning of the
respective circuits.

‘The RE" amphner 4 is provided with a tunable
input or antenna circuit and a tunable output
circuit, only one of which is shown for simplicity,
and the converter stage 5 is provided with a tun-
able input’ c1rcu1t the several circuits being sim-
jlar and each comprising a variable condenser
l 8 and one of two inductances {8 and 20 which
‘4re connected vespectively to fixed contacts A and
B. A band switch 2! associated with éach of
the tunable circuits is adapted when in contact
With ‘A to connect c¢oil 8 in ghunt across its
associated variable condenser {8 to permit the
circuit £o be tuned over one freguency band, and
when in contact with B to connect coil 28 in
shunt across the same condenser to permit the
‘cireuit to be tuned over & second band A band
sw1tchlng arrargenient of this tyge is disciosed in
CarIson ‘et al. Patent No. 2024,816 For con-
verience the two baxds are identified as bands
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ing transmission.

4
A and B, respectively, to correspond with the
similarly designated contacts.

The several variable tuning condensers (3 are
interconnected for unicoatrel adjustment by suit-
able means represented by the dash line 22 and
the several band switchés 24 are interconnected
for simultaneous operation by suitable means rep-
resented by dot-and-dash line 23. A pair of
sztcn s 82 and-S3 are adapted in their R or re-
¢sive positions to couple an antenna (ANT.) to
the input of RF amplifier 4, and a switch 84 in
the R or receive position is adapted to couple
the output of converter § to the input of IF
amplifier 6.

The carrier frequency for transmission is de-
rived from a conventional mixer or converter
stage 2§ which may be similar to the converter
stage § of the receiver and of oscillator-amplifier
{9 and also the output of a low-frequency vari-
able oscillator 25 through a switch S5 in the T
of transmit position. The fréguency deternmining
cireuit 28 of this oscillator is variable through
the same frequency range as the receiver IF am-
plifier 8 by means of an adjustable ferro-mag-
netic core 27, although a variable capacitor may
be used, if desired. Oscillator 25 may therefore
be called appropriately an IF oscillator. The sev-
eral cores 18, 17 of amplifier 6§ and the core 27
of oscillator 25 are mechanically interconnected
for unicontrol adjustment by suitable means rep-
resented by the dash line 28.

In transmission the mixer 24 feeds its output
successively thirough RF amplifier &, converter
stage B which now operates as an amplifier, an
intermediate power amplifier (IPA) 29, and a
power amplifier (PA) .83, the output of which
is coupled to the -antenna through switch S2
in the T or fransmit position. In the T or trans-
mit position of switéh S{ the source of local os-
cillations ‘is disconnected from the converter
stage and there is connected a cathode biasing
network -81 suitable to make this stage function
as an RF amplifier, replacing the cathode biasing
network (not -shown) which it utilized for the
stage to functioh-as a converter or mixer. The
several switches St to S5 are adapted for simul-
taneous operation Between their T and R posi-
tions by means of a transmit-recéive relay, not
shown, commeonly used in transceivers.

The IPA stage 29 is provided with tunable input
and output circuits, only one of which is shown,
and the PA stage 3§ is provided with a tunable
output circuit, the several circuits being similar
to those of the receiver stages 4 and 5, their com-
ponent parts therefore being similarly identified.
The variable condensers 18 cf stages 29 and 30
are unicontrolled with those of stages 4 and §
by means of 22, and band switches 21 of ‘stages
29 and 20 along with harmoni¢ selector switch
1i of oscillator-amplifier {8 are unicontrolled
with the band switches 21 of stages 4 and 5 by
means of 23.

Since in the operation of the system the.car-

rier frequency for both reception and transmis-

sicn is the same, the tunable circuils-included
in the receiving channel and those iacluded in
the “transmitting channel can conveniently be
ganged together for unicontrol adjustment. It
is also advantageous to utilize the tuhnable cir-
cuits of the receiving channel as a tuned filter for
selecting the ‘desired frequency component duf-
This constitutes the subject
matter of an application, Serial No. 546,845, filed
July 27, 1944, in -the name 6f W.-A. Harris and
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assigned to the same assignee as this -applica-
tion.

~Power amplifier 30 is plate and screen mod-
. ulated in the conventional manner, as shown in
Lawrence Patent No. 1,923,543, by a modulator
32 energized from an audio amplifier 33 to which
there is connected a microphone 34. For clarity
the signal path for reception is shown by the
single arrows while the signal path for trans-
mission is shown by the double arrows.

It is desirable for a two-way communication
system of the type described to be able to tune
both the receiver and transmitter at each sta-
tion to one of a plurality of prearranged oper-
ating frequencies, expeditiously and as accurately
as possible. For this purpose there may be pro-
vided & motor-operated, automatic preselector
mechanism designated 35 having a plurality of
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selector units, so designed that one unit adjusts -

the variable condensers I8, ganged together by
means 22, to one of ten preselected positions, a
second unit adjusting, for each of said positions,
the band switches 21 and the harmonic selector
switch {1, ganged together by the means 23, to
one or the other of their positions, a third unit
adjusting the cores 16, 1T and 21, ganged to-
gether by the means 28, to one of ten positions
corresponding to the respective adjustments of
condensers I8, while a fourth unit is adapted to
select the particular crystal, the crystal selection
depending upon the portion of the frequency
range.in which the desired operating frequency
is located. One type of preselector mechanism
that is suitable for this purpose is disclosed in
the Boterweg et al. Patent No. 2,351,185,

Since it is possible with the fixed frequency of ‘

each crystal (fundamental or harmonie) to ef~-
fect variations of the transmitter carrier over a
narrow tuning range by means of the variable
oscillator 25 and a corresponding variation in
the receiver IF' frequency by means of the var-
iable IF* amplifier 6, coverage of a wide band
of frequencies may be had with a limited num-
ber of crystals. This is clearly shown from the
charts of Figs. 2A and 2B, the former showing
the frequency coverage from 2.0 to 5.6 mc. and
the latter showing the frequency coverage from
5.5 t0.9.1 me. In computing the individual nar-
row frequency ranges for the several crystals the
following frequency relation is employed.

. Fp=Fr=nFo—F1
where

Pr=frequency of transmission

Fr=frequency of reception

Fo=oscillator frequency (crystal)

Fy—variably tuned IF osc. and IF amplifier fre-
quency :

‘n=—oscillator multiplier: n=1, 2, etc.

Utilizing, for example, the fundamental frequency
of the erystal ground to 3500 kc. and mixing this
frequency with the frequencies 600 to 900 ke.
from the variable oscillator 25, the resulting dif-
ference frequencies in the range from 2.6 to 2.9
me:. may be selected as carrier frequencies for
transmission’ by appropriately - adjusting  the
tuned circuits of stages 4 and 5. In reception
this frequency range of 2.6 to 2.9 mc,, to which
stages 4 and § of the receiver are already tuned,
is heterodyned with the fixed frequency outpub
of oscillator-amplifier 10. to produce the narrow
range of frequencies, taking the difference fre-
guencies, through which IF amplifier 6 is tun-
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However, in utilizing the sum frequencies of
Fo and F1 there is obtained for the crystal hav-
ing the fundamental frequency of 3500 kc. the
frequency coverage from 4.1 to 4.4 me. Asshown
in Fig. 2A, with the use of the several crystals
having the fundamental frequencies of 2900 tu
4700 kc. and selecting the resulting difference
frequencies, the frequency coverage is from 2.0
to 4.1 me. By utilizing the same crystals and
selecting the sum frequencies the coverage is
extended to 5.6 me.

In Fig. 2B the frequency coverage is shown for
the several crystals to extend from 5.5 to 9.1 mc,,
the second harmonic of each crystal being uti-
lized in this. case. The upper row of narrow
ranges is obtained by selecting the difference
frequencies (2Fo—F1) and the lower row is ob-
tained by selecting the sum frequencies (2Fo-+F1),
each narrow range being 0.3 me. wide with the
ranges of the upper row alternating with those
of the lower row.

It is possible to obtain a still wider frequency
coverage with the use of a doubler interposed be-
tween. the variable osillator 25 and the trans-
mitter mixer 24 and deriving the fourth harmonic
of each crystal in the output of the oscillator-
amplifier 10. In this case there would be em-
ployed an IF amplifier tunable over the frequency
range 1200 to 1800 ke. In a practical embodi-
ment in which these features have been em-
ployed and with the use of two additional crys-
tals having the fundamental frequencies of 2750
ke. and 3050 ke. the frequency coverage was €x-
tended to 20.6 mec.

Although it hag been specified above that the
several communicating receiver-transmitter sets
are of similar construction, for a satisfactory op-
eration of the system they need not necessarily
be so, since as will be understood by those skilled
in the art, the system may be operable also be-
tween a receiver-transmitter embodying the pres-
ent invention and one which is capable of op-
erating on the same frequency, as for example,
the receiver-transmitter disclosed in the above
Young patent. i

While I have shown and described a preferred
embodiment: of my invention, it will be under-
stood that various modifications and changes will
occur to those gkilled in the art without depart-
ing from the spirit and scope of this invention.
I therefore contemplate by the appended claims
to cover any such modifications as fall within
the true spirit and scope of my invention.

What I claim is: ‘

- 1. The method of two-way communication be-
tween a pair of stations, at least one of which
comprises a transmitter provided with a variable
oscillator and a superheterodyne receiver pro-
vided with an intermediate frequency amplifier
that is tunable over a limited frequency range,
which consists in generating a fixed stable high-
frequency, mixing said generated fixed frequency
with said selected frequency from a variable os-
cillator adjustable to the same frequency as the
intermediate frequency amplifier of the receiver
to derive a resultant frequency which constitutes
the carrier frequency for the transmitter, receiv-
ing such carrier frequency from the other com-
municating station, and mixing the received car-
rier frequency with the fixed frequency to pro-
vide a beat frequency to which the receiver in-
termediate frequency amplifier is tuned.

2, The method of providing two-way commu-
nication on the same operating frequency be-
tween a pair of stations, at least one of which
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comprises a transmitter having a variable, rela-
tively low frequency oscillator and a superheter<
odyne receiver having a variable intermediate
frequency amplifier, said oscillator and amplifier
being tunable in unison over a limited frequency
range, which consists in generating a fixed sta-
ble high-frequency, mixing said generated fixed
frequency with a selected frequency from the
variable oscillator to derive a resultant frequency
which constitutes the carrier frequency for the
transmitter, receiving such carrier frequency
from the other communicating station, and mix-
ing the received carrier frequency with the gen-
erated fixed frequency to provide a beat fre-
quency which is the frequency to which the re-
ceiver intermediate frequency amplifier is tuned.

3. A two-way communication system compris-
ing a plurality of similar radio stations which
are adapted to communicate with one another
on the same carrier frequency, each station com-
prising a transmitter and a superheterodyne re-
ceiver, a fixed frequency oscillator commeon to
both receiver and transmitter, means during re-
ception for supplying the oscillator frequency to
the first detector of the receiver, a variable fre-
quency oscillator tunable over a limited range of
frequencies, and means during transmission for
mixing a predetermined frequency from the vari-
able oscillator and the frequency of the fixed os-
cillator to obtain a resultant frequency which is
utilized as the carrier frequency for the trans-
mitter.

4. A two-way communication system compris-
ing a plurality of similar radio stations which are
adapted to communicate with one another on the
same carrier frequency, each station comprising
a transmitter and a superheterodyne receiver
provided with a variable intermediate frequency
amplifier that is tunable over a limited frequency
range, a fixed frequency oscillator common to
both receiver and transmitter, means during re-
ception for supplying the oscillator frequency to
the first detector of the receiver, a variable fre-
quency oscillator ganged with the intermediate
frequency amplifier and tunable over the same
limited frequency range, means during transmis-
sion for mixing a predetermined frequency from
the variable oscillator and the frequency of the
fixed oscillator to obtain a resultant frequency
which is utilized as the carrier frequency for the
transmitter and which upon reception is mixed
with the frequency of the fixed osciliator to pro-
duce in-the intermediate frequency amplifier the
same frequency as the predetermmed frequency
from the variable osciliator.

5. Two-way communication equ1pment adapt-
ed to communicate on the:same carrier frequen-
cy, and comprising a:transmitter and a superhet-
erodyne receiver, said receiver including. an. in-
termediate frequency amplifier that is tunable
over -a limited frequency range,.a fixed.frequen-
¢y oscillator common to both receiver and-trans-
mitter, a variable frequency cscillator tunable in
unison with the receiver intermediate amplifier
over the same limited frequency range, means
during transmission for mixing a predetermined
frequency from . the variable oscillator and the
frequency of the fixed oscillator to obtain a re-
sultant frequency- which is utilized as-the carrier
frequency fof' the transmitter, and -means during
reception for mixing said carrier frequency from
a remote station with the frequency of the. fixed
oscillator ‘to obtain :a resultant ‘frequency. to
whielr the receiver mtermedlate frequency am-
_phﬁer is tuned.
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6. Two-way communication equipment com-
prising a transmitter, a superheterodyne receiver
provided with an intermediate frequency ampli-
fier which is tunable through a predetermined
frequency range, a fixed stable high-frequency
oscillator serving as the local oscillator for.the
receiver, a variable oscillator tunable -through
the same frequency range as the receiver inter~
mediate frequency amplifier, means for- simul-
taneously adjusting the reeeiver intermediate
frequency amplifier and the variable oscillator to
the same frequency, and means for mixing a
selected frequency of the variable gscillator with
the frequency of the fixed oscillator to provide a
selected carrier frequency for the transmitter
which carrier frequency upon being received at
one station from a. second station is mixed with
the local oscillator frequency to provide a result-
ant frequency to which the intermediate fre-
quency amplifier of the receiver at said one sta-
tion is tuned.

7. Two-way communication equipment adapt-
ed for selective operation on one of a plurality
of frequency channels which is the same for both
transmission and reception, each station compris-
ing a transmitter, a superheterodyne receiver pro-
vided with an intermediate frequency amplifier
which is tunable through a limited frequency
range, a variable oscillator tunable through said
same limited frequency range, means for simul-
taneously adjusting said variable oscillator and
said intermediate frequency amplifier to a pre-
determined frequency within said limited range,
an oscillator having associated with it a plurality
of piezo-electric crystals which are adapted for
selective connection to conrol the oscillator at a
different fizxed frequency, said fixed frequency
crystal-controlled oscillator adapted during re-
ception to serve as the local oscillator for the
receiver and adapted during transmission to be
mixed with said predetermined frequency of the
variable oscillator to provide a desired earrier
frequency for the transmitter, means for mixing
the frequencies of the fixed and variable oscilla~-
tors, and means for selecting the desired carrier
frequency from said mixed frequencies.

8. In ‘two-way communication equipment
adapted to communicate on a selected one of a
plurality of frequency channels which are con-
tained in a wide frequency spectrum, said selected
frequency channel being the same for both trans-
mission and reception, equipment comprising a
transmitter and a superheterodyne receiver, an

© oscillator having associated with it a plurality
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of piezo-electric crystals which are adapted for
selective connection to control the oscillator each
at a different fixed frequency, each crystal de-
termining a particular portion of the frequency
spectrum in which the selected frequency chan-
nel is located, an intermediate frequency ampli-
fier included in the receiver tunable through a
limited frequency range, a variable oscillator tun-

-able through the same limited frequency range,

means for simultaneously adjusting said variable
oscillator .and: said intermediate frequency am-
plifier to a predetermined frequency within said
limited range, said predetermined frequency de-
termining the selected frequency channel Jocated
within the particular portion of the frequency
spectrum as'determined by the operative crystal,
said fized frequency crystal-controiled oscillator
adapted during reception -to serve.as the local
oscillator for the receiver and adapted. quring

transmission to-be mixed with said predeter-

mined frequency of the variable oscillator .to
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provide the selected carrier frequency for the
transmitter, means for mixing the frequencies
of the fixed and variable oscillators, and means
for selecting the desired carrier frequency from
said mixed frequencies.

9, A combination receiver-transmitter for ob-
taining a high order of frequency stability, closely
approaching that of crystal control with the ad-
vantages and flexibility of being abie to set up
the receiver and transmitter on a multiplicity of
frequency channels, selected at any desired
points in a wide frequency spectrum, without
the necessity of having specific crystals for the
selected frequencies; equipment comprising a
superheterodyne receiver and associated trans-
mitter, an oscillator having associated with it a
definite set of piezo-electric crystals which are
adapted for selective connection to conftrol a
stable high-frequency oscillator at a definite fixed
frequency, each crystal frequency or multiple
thereof, determining a particular portion of the
overall frequency spectrum in which the selected
frequency channel is located, anh intermediate fre-
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quency amplifier included in the receiver tun-
able through the limited range of frequencies by
which each of the crystals in the set differs from
the adjacent crystal frequencies, a variable oscil~
lator tunable through the same limited frequency
range, means for simultaneously adjusting said
variable oscillator and said intermediate fre-
dquency amplifier to a predetermined frequency
within said limited range, said predetermined
frequency determining the selected signal fre-
quency channel located within the particular por-
tion of the frequency spectrum as determined by
the operative crystal, said fixed frequency crystal-
controlled oscillator adapted during reception to
serve as the local heterodyne oscillator for the
receiver and adapted during transmission to be
mixed with said predetermined frequency of the
variable oscillator to provide the selected carrier
frequency for the transmitter, and means for
selecting the desired carrier frequency from said
mixed frequencies.
HARRIS A. ROBINSON.




