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2 
The present invention relates generally to a the same carrier for transmission in the other di 

two-way radio communication system, and more rection. Tuning the receiver at station A, for ex 
particularly to an improved two-way system ample, to the carrier frequency transmitted from 
Wherein the operating or working frequency for station B will simultaneously assure perfect tun 
both transmission and reception is the same. 5 ing of the receiver at station B in response to the 

Point-to-point communication, between two carrier which will then be effective at station A. 
remote radio stations, for example, is frequently This method is of particular value when the sys 
accompanied by difficulty in establishing con- tem is applied to military uses, for communica 
tact, particularly when no time schedule has been tion between mobile units, as for example, arm 
arranged. At the ultra-high frequencies, fur- 10 ored tanks, aircraft, or between mobile and 
thermore, there is difficulty in maintaining an ground Stations. 
exact frequency of the carrier wave, and elabo- The transmitter-receiver shown Schematically 
rate control apparatus is commonly needed at in Figs. 1A and 1B represents a single Set or sta 
both receiving and transmitting ends. The sys- tion, of which any desired number of similar con 
tem according to our present invention over- lis struction may be utilized for carrying out the 
comes these disadvantages to a large extent, since Tmethod of communication above mentioned, 
by its use any station may communicate in both Also, it is essential to the successful operation of 
directions with a “mate' station by simply tun- our system that a net of several stations main 
ing in a transmission from that “mate' station. tain an agreed-upon common working frequency 

Accordingly, it is an object of our invention to 20 for a given period during which communication 
provide a communication system in which the is desired. Although any desired frequency 
establishment of a suitable carrier frequency range may be employed, the description that foll 
for two-Way communication may be determined lows Will be given for a transmitter-receiver Set 
from either one of two or more stations. which was designed and successfully operated for 
Another object of our invention is to provide 25 a frequency range of 2-8 mc., in one band, and 

a two-Way communication system in which ad- capable of two modes of operation, namely, CW 
justment of the receiver at one station to the and radio telephone. 
carrier frequency transmitted from another sta- Referring now more particularly to Figs. 1A 
tion automatically adjusts the transmitter at the and 1B, the local oscillator voltage for the re 
first station to the same carrier frequency. 30 ceiver, and the master oscillator Voltage for the 
A more Specific object of our invention is to transmitter are derived from a common Oscilla 

provide at each of a plurality of similar stations to circuit. This circuit consists of a One mega 
an oscillator System of high stability which is cycle (mc.) crystal-controlled oscillator , the 
utilized for both transmission and reception and appropriate harmonic of which is mixed with a 
which results in extreme accuracy in frequency 35 500 to 1000 kc. variable oscillator 2. This mixed 
Setup and in perfect communication between the signal is used as the local oscillator for the re 
Several stations, so that "netting’ between sta- ceiver and is 1500 kc. higher than the Working 
tions is unnecessary. frequency (fu). For “send' or “transmit,' the 
Other objects and advantages will be apparent above mixed signal is mixed a second time with a 

from the following description when read in con- 40 1500 kc. signal, which reduces the signal to the 
junction with the accompanying drawings, in working frequency (ful). The 1500 kc. signal is 
which Figs. 1A and 1B, when placed side by side, locked-in to the crystal, as will be explained 
represent a diagrammatic block diagram of a later, and thus the only possible netting errors 
preferred embodiment of the invention, and Fig. 2 would come from the 500 to 1000 kc. Variable OS 
is a Scheinatic circuit diagram of the harmonic 45 cillator. As this oscillator only contributes a 
Selector utilized in the oscillator Section of small percentage of the signal and may be cont 
Fig. A. structed to have maximum stability, practically 

Briefly, the method we employ utilizes a select- perfect netting results. 
ed one of a plurality of available frequencies as The crystal used in oscillator circuit has a 
the carrier for transmission in one direction and 50 fundamental frequency of one megacycle and is 
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accurate to .01% over a temperature range of 
-40 to --50° C. The output of the crystal os 
cillator is coupled to the input of an harmonic 
generator 3. The output of the harmonic gener 
ator is fed to a pair of tuned circuits A and 5, 
which are tuned to the desired harmonic by a 
pair of 12-position selector switches 6 and , re 
Spectively, which tie-in appropriate padders and 
trimmers of condenser-networks 8 and 9, as 
shown more particularly in Fig. 2. The tuned 
circuits A and 5, the switches. 6 and and their 
respective condenser-networks 8 and 9 constitute 
the harmonic selector () of Fig. 1A. The selector 
SWitches 6 and are ganged to a common con 
trol shaft , which is brought out through the 
front panel of the set and terminates in a con 
trol knob 2, identified also by the legend "Seiec 
tor Switch control.' A dial Di is utilized in con 
junction with the control knob. 2 in order to 
identify the position of the selector switch and 
is calibrated in 0.5 mc. intervals from 2 to 8 nic., 
as shown. The use of the harmonic generatoi. 
and the double-tuned circuit gives good selec 
tivity to the selected harmonic. 
The Selected harmonic is fed to the grid of a 

first mixer stage 3, which may be constituted 
by a single tube or two tubes connected as a bai 
anced mixer, where it is mixed with the 500 to 
1000 kc. variable oscillator 2. The variable os 
cillator is of the well-known Hartley type, the 
grid being tapped down the coil to increase sta 
bility. The variable oscillator 2 is tuned by a 
variable condenser 3 and is temperature conn 
pensated. The condenser is adjustable by means 
of a control knob is affixed to the condensel 
shaft, which is represented by the chain line it'. 
Mounted on this shaft for movement there with 
is a dial O2 Which is calibrated in one dilection 
from 0 to 500 kc. and in the opposite dilection 
from 500 to 1000 kc., the calibrations being 
marked off in 10 kc. intervals. 
To reduce spurious response the 500 to 1000 

kc. signals are fed to the first mixer 3 through 
a low-pass filter 5. The mixed signal from 3, 
the output of which is tuned by a variable con 
densel 3', is fed to the receiver mixer or con 
verter 33 (Fig. B) through a tuned a? plifieir 
ti, which serves to attenuate the unwanted side 
bands from the mixer, the output of the amplifie? 
being tuned by variable condenser 6. 

For sending, the output of the oscillator ampli 
fier S is in effect SWitched from the receive 
converter to the grid of a second oscillator mixer 

the output of which is tuned by a variable 
condenser . There it is mixed with a 1500 kc. 
signal obtained from a 500 kc. fixed osciliator 3 
also of the Hartley type. In order to stabilize 
the frequency of oscillator 8, the latter is 
'locked-in' with oscillator which is crystal 
controlled. For this purpose there is provided 
a coupling from the output of Oscillator to the 
input of Oscillator 3. As show in the drawing 
this coupling is obtained through the natural 
capacity 2) created by placing the frae end of a, 
conductor 2 close to the output of the crystal 
OScillator, and connecting the other end through 
a switch i9 in the 'S' or send position to the 
input of oscillator 8. This coupling may also 
be obtained by a directly connected condensei', 
The third harmonic (i. e., i500 kc.) of the fixed 
OScillator 8 is selected by a double-tuned cir 
cuit 22 and fed to the second mixer a through 
One pole of a double-pole send-receive switch 8'. 
The difference signal (i. e., the receiver local 
OScillator frequency minus 1500 kc.) is fed 

4. 
through a driver or intermediate power amplifier 
stage 23, tuned by a variable condenser 23', to 
a power amplifier stage 24 which may be a twin 
tube or separate tubes, the two sections or tubes 

6 being operated in parallel and as class "C.' 
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For radio telephone transmission the power 
amplifier 24 is plate-modulated by a class 'B' 
modulator stage 25 which may also utilize a twin 
tube of separate tubes, the two sections of tubes 
being operated in push-pull. The modulator is 
driven by a two stage audio amplifier 26 and 2, 
a microphone being connected to the input of 
the first amplifier stage 26. 
The receiver portion of the set consists of an 

R. F. amplifier stage 29 which is coupled to a 
converter or mixer stage 30, the input of which 
is tuned by a variable condenser 30'. The sig 
nal from the OScillator above described is led to 
the mixer stage by way of a conductor 3!, the 
output of the mixer being tuned to 1500 kc., 
Which is the receiver I. F. Or intermediate fre 
quency. The latter is then amplified in one or 
more I. F. stages 32, the output of which is cou 
pled to a diode detector 33, the rectified signal 
being amplified in One or more audio stages 34, 
and then reproduced in a telephone 35, or other 
Suitable indicating means. 

For receiving CW signals, the crystal lock-in 
28, 2 is removed by actuating switch 9 to the 
"R' or receive position. The Switch 9 is oper 
ated in conjunction with the double pole switch 
8', one pole of which disconnects the power 

supply --B from the plate of the second mixer 
it, and the other of which disconnects the 1500 
kc. oscillator output from the second mixer and 
connects it to the I. F. amplifier 32 of the 1recisivel". 
The 1500 kc. signal is then used as a beat, fre 
quency oscillator, the signal of which is fed by 
Way of conductor 36 to the receiver I. F. ampii. 
fier 32 provide a, beat note the frequency of which 
may be adjusted by condenser 37. 

the Several variable condense's above in en 
tioned, namely, 3", 6", f', 23' and 33' which 
tune respectively the output of the first mixer 
i3, the output of the oscillator amplifier 3, the 
output of the second mixer 2, the output of the: 
intermediate power amplifier 23 and the input to 
the receiver mixer 3i), are ganged to a common 
shaft, represented by the dash line 38. This 
shaft is provided with a control knob for 
manually adjusting the Condensers and it is also 
provided with a dial D3 which is calibrated flon 
2 to 8 Inc., aS ShoWn. 
The transmitter channel is coupled to an al 

tenna, coil is of the rotary type by way of a cou 
pling condenser 4 , and the receiving channel is 
also coupled to the antenna coil by way of a 
coupling condenser 42 and a switch 33 when in 
the 'R' or receive position, the switch 33 serg 
under control of a keying relay not, shown. In 
the 'S' or send position of this switch, the low 
end of the antenna, coil is connected to ground 
through a compensating condenser is 3. The low 
end of the antenna coil is also connected to a 
Switch arm 45 which is adapted to be uni-con 
trolled, as indicated by the chain line brokcil 
at ac-ac, with the SWitch arms G and of the 
harmonic selector 9. Cooperating with the 
switch arm 45 are a plurality of contacts, cor 
responding to those aSSOciated with the har 
nonic selector SWitch arms 6 and 7 of Fig. 2. A 
condenser-network 46 of appropriate trimmers 
is associated With the contacts for tuning the 
output of the transmitter channel and the input, 
of the receiver channel to the indicated fre 

As 35 
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quencies. At the switch positions for the higher 
frequencies, namely 6, 6.5, 7 and 7.5 m.c., suffi 
cient distributed capacity is present in the aSSO 
ciated circuits so that the connection of separate 
trimmerS is unneceSSary. 
The procedure for tuning each of the sets of 

the communicating net to any prearranged fre 
quency is as follows (assuming that the Working 
frequency is to be 3.250 m.c.) : 

1. The selector switch control knob. 2 is set 
so that the dial reading of D is 3, that is, the 
nearest half-megacycle point below the desired 
frequency which, in the example given, is 3.250. 

2. The variable oscillator dial D2, by the rota 
tion of the variable oscillator control knob 4', 
is set to the last three significant figures of the 
frequency, that is, to 250. It is to be noted that 
this dial is provided with two calibrations, an 
upper one from 0 to 500 and a lower one from 
1000 to 500, as previously mentioned. These cali 
brations may be of different colors, such as red 
and black, respectively, for ease of identification. 
When the desired frequency is in a half mega 
cycle (e. g., between 3 and 3.5 m.c.) the upper Or 
red calibration is used. When the desired fre 
quency is in a half megacycle immediately below 
an even megacycle (e. g., between 4 and 3.5 m.c.) 
the lower or black calibration is used. In the 
example given, the desired frequency is in the 
half megacycle between 3 and 3.5 m.c. so that the 
upper or red calibration is used, being set to 250 
as ShOWil, 

3. Then the dial D3, by rotation of the control 
knob 39 for the R. F. amplifier circuits, is Set to 
the desired frequency, i.e., to 3.250 m.c. 

4. Finally, the antenna tuning coil 4) is ro 
tated to resonance. For this purpose there is 
provided a meter (not shown) which indicates 
when the antenna, is tuned up by the maximum 
deflection of the needle. (In an application of 
W. B. Morrison, Serial No. 584,393, filed concur 
rently herewith, there is disclosed a system for 
tuning the antenna, tuning coil to resonance in 
an automatic manner in response to antenna, 
current.) 
The common Oscillator circuit for the trans 

mitter and receiver of each set provides the facil 
ity that 10 kc. channels may be set up from 2 to 
8 mc. with extreme accuracy, so that a net of 
Such sets may be independently set up to any 
channel within this range and be in perfect com 
munication with one another, without the re 
quirement of netting. In addition, this oscillator 
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circuit lends itself admirably to automatic tuning 
to predetermined preset positions by means 
known in the art. In the actual construction of 
the combined transmitting-receiving set described 
herein automatic motor-driven control means was 
provided for adjusting the variable oscillator 2 
and the condenser ganged interconnected by 
dash line 38, and a stepping relay was provided 
for the harmonic selector, all to three preset 
operative frequencies. 
The chart below lists the selected harmonic for 

each position of the selector switch 2, the fre 
quency range of the signals in the output of the 
1st mixer (which is also the frequency range of 
the signals fed to the receiver mixer 30) corre 
sponding to each selector Switch position, as well 
as the corresponding ranges of the Working fre 
quency. It should be noted that for certain of 
the selector switch positions the frequency of the 
variable oscillator is added to... the selected har 
monic for those positions, while for other switch 
positions the frequency of the variable oscillator 
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6 
is subtracted from the selected harmonic for 
those positions. 

500-100 Kc, 1st 1500 
E. Selected YE,3; gill, Dwiger osition re- Xe monic -Sub.) quency Osc, Frequency 

3 -- 3.5-4 1, 5 2 -2.5 
6 ar- 4 -4.5 i.5 2.5-3 
4. -- 4.5-5 5 3 -3.5 
6 --- 5 -5.5 .5 3.54 
5 -- 5.5-6 1.5 4. -4.5 
7 --- 6 -6.5 1, 5 4. 5-5 
6 -- 6.5-7 1.5 5 -5.5 
8 - 7 -7.5 1.5 5.5-6 
7 -- 7.5-S 1.5 6 -6.5 
9 --- 8 -8.5 1.5 6, 5-7 
8 -- 8.5-9 ... 5 7 -7.5 
10 - 9 -9.5 1.5 7.5-8 

The trimmers and padders of the condenser 
networks 8 and 9 are chosen of such values that 
the required harmonic is obtained for each Se 
lector switch position. It will be noted that for 
certain positions, such as for 2.5 and 4, the 5th 
harmonic is selected for both positions, and for 
3.5 and 5, the 6th harmonic is selected. In one 
case, however, the frequency of the variable OScil 
lator frequency. 2 is added to and in the other it 
is subtracted from the same harmonic. Whether 
the frequency of the variable oscillator is added 
or subtracted is dependent upon the adjustment 
of the variable tuning condenser 3 in the out 
put of the 1st mixer. The frequency output of 
this mixer (Fm) is in each case 1500 kc. (the fre 
quency Fo of fixed oscillator 8-22) above the 
working or carrier frequency (Fw) and is also the 
local oscillator frequency (F1) that is injected into 
the mixer stage 30 of the receiver, So that at the 
receiver the intermediate frequency (F) is in 
each case also 1500 kc., the difference between 
the receiver carrier (Fw) from a “mate' station 
and the local oscillator or 1st mixer stage fre 
quency. Mathematically the above frequency 
relations may be stated as follows: 

Fm-Fo=Fu, or Fm-Fuji=Fo and F-F-Fi 
Fm-being equal to F1 and Fo being equal to F. 
While our present invention has been disclosed 

as embodied in a particular form it will be under 
stood, that it may be embodied in other and dif 
ferent forms without departing from the Spirit 
and scope of our invention. For example, as will 
be obvious to those skilled in the art, other Se 
lected harmonics may be chosen, and the range 
of the variable oscillator and the frequency of the 
fixed oscillator may be different. 
What we claim is: 
1. The method of providing two-way communi 

cation between a pair of remote stations, each of 
which consists of a transmitter and a Superhetero 
dyne receiver operating at a fixed intermediate 
frequency, which consists in generating a fixed 
frequency, Selecting a predetermined harmonic 
of said fixed frequency, mixing said selected har 
monic with a predetermined frequency from a 
variable oscillator to derive a resultant frequency, 
feeding Said resultant frequency to the mixer 
stage of the receiver, mixing said resultant fre 
quency With the frequency of a fixed Oscillator to 
derive the carrier frequency for the transmitter, 
transmitting said carrier frequency to a remote 
station, and receiving from said remote station 
a frequency which is the same as that of the 
transmitted carrier frequency and which is so 
related to the frequency fed to the receiver mixer 
stage that the difference frequency is that of the 

75 receiver intermediate frequency. 
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2. The method of providing two-way communi 

cation between a pair of remote stations, each of 
which consists of a transmitter and a superhet 
erodyne receiver operating at a fixed intermediate 
frequency, which consists in generating a fixed 
frequency, selecting a predetermined harmonic of 
said fixed frequency, mixing said selected har 
monic with any selected frequency from a variable 
oscillator which is tunable through a predeter 
mined range, deriving a resultant frequency which 
is included in a corresponding frequency range, 
feeding said resultant frequency to the mixel 
stage of the receiver which is also tunable over a 
corresponding frequency range, mixing said re 
sultant frequency with the frequency of a fixed 
Oscillator Winich is locked With the first fixed fre 
quency generator to derive a carrier frequency 
Which is included in a corresponding frequency 
range, transmitting said carrier frequency to a 
remote station, and receiving from Said remote 
station a frequency which is the same as that of 
the transmitted carrier frequency and which is so 
related to the frequency fed to the receiver mixer 
stage that the difference frequency is that of the 
receiver intermediate frequency. 

3. A two-Way communication System Operable 
between a pair of remote stations, each of which 
consists of a tranmsittel and a superheterodyne 
receiver Operating at a fixed intermediate fre 
quency, comprising lineans for generating a fixed 
frequency, means for Selecting a predetermined 
harmonic of said fixed frequency, a variable OScil 
lator, means for mixing said selected harmonic 
With a predetermined frequency from said vari 
able oscillator, means for feeding a portion of 
Said resultant frequency to the mixer stage of the 
receiver, a fixed frequency oscillator, means for 
mixing another portion of said resultant fre 
quency With the frequency of said fixed oscillator 
to provide a carrier frequency for the transmitter, 
means for transmitting said carrier frequency to 
a remote Station, and means at the receiver for 
ieceiving from Said remote station a frequency 
Which is the same as that of the transmitted car 
lier frequency and which is so related to the fre 
quency fed to the receiver mixer stage that the 
difference frequency is that of the receiver inter mediate frequency. 

4. A two-way communication system operable 
between at least two radio stations, each station 
comprising a transmitter, a Superheterodyne re 
ceiver, and an oscillator common to the trans 
mitter and the receiver, said oscillator comprising 
a fixed frequency oscillator, an harmonic gen 
erator coupled to Said fixed frequency oscillator, 
means for Selecting a predetermined harmonic 
from Said generator, a variable frequency oscil 
lator, means for mixing a predetermined fre 
quency from the variable oscillator and the se 
lected harmonic to obtain a resultant frequency 
Which is utilized as the local oscillator of the re 
ceiver, a Second fixed frequency oscillator, and 
means for mixing said resultant frequency and 
the frequency of said second fixed oscillator to 
obtain a difference frequency which is utilized as 
the carrier frequency for the transmitter. 

5. A two-Way communication system operable 
between at least two radio stations, each station 
comprising a transmitter, a superheterodyne re 
ceiver, and an oscillator common to the trans 
mitter and the receiver, said oscillator comprising 
a fixed frequency oscillator, an harmonic gener 
atoi coupled to said fixed frequency oscillator, 
means for selecting a predetermined harmonic 
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8 
from said generator, a variable frequency Oscil 
lator, means for mixing a predetermined fre 
quency from the variable oscillator and the se 
lected harmonic to obtain a resultant frequency 
which is utilized as the local oscillator of the re 
ceiver, a second fixed frequency oscillator, means 
for locking the second fixed oscillator to the first 
mentioned fixed oscillator, and means for mixing 
said resultant frequency and the frequency of 
Said fixed oscillator to obtain a difference fre 
quency which is utilized as the carrier frequency 
for the transmitter. 

6. A two-way communication system operable 
between at least two radio stations, each station 
comprising a transmitter and a Superheterodyne 
receiver which are adapted for radio telephone 
and CW Operation, and an oscillator common to 
the transmitter and the receiver, said oscillator 
comprising a fixed frequency OScillator, an har 
monic generator coupled to said fixed frequency 
oscillator, means for selecting a predetermined 
harmonic from Said generator, a variable fre 
quency OScillator, means for mixing a predeter 
mined frequency from the variable oscillator and 
the selected harmonic to obtain a resultant fre 
quency Which is utilized as the local oscillator of 
the receiver, a second fixed frequency oscillator, 
means operable when the system is arranged for 
telephone Operation for mixing said resultant fre 
quency and the frequency of said second fixed 
OScillator to obtain a difference frequency which 
is utilized as the carrier frequency for the trans 
mitter, and means operable when the System is 
arranged for CW operation for converting said 
Second fixed frequency oscillator to serve as a 
beat frequency oscillator, the frequency of which 
is applied to the receiver I. F. stage. 

7. A two-Way communication system operable 
between at least two similar radio stations, which 
are adapted to communicate on the same carrier 
frequency, each station comprising a transmitter, 
Superheterodyne receiver, and an oscillator com 
mon to the transmitter and the receiver, said 
oscillator comprising a fixed frequency crystal 
controlled oscillator, an harmonic generator 
coupled to said fixed frequency oscillator, means 
for Selecting a predetermined harmonic from 
Said generator, a variable frequency oscillator 
tunable over a limited range of frequencies, 
means for mixing a predetermined frequency 
from the variable oscillator and the selected 
harmonic to obtain a resulted frequency which 
is utilized as the local oscillator of the receiver 
and which is different for each variable oscillator 
predetermined frequency, a fixed frequency oscil 
lator, and means for mixing said resultant fre 
quency and the frequency of said fixed oscillator 
to obtain a difference frequency which is utilized 
as the carrier frequency for the transmitter and 
Which is also different for each variable oscillator frequency. 

8. A communication system as defined in claim 
7 wherein means are provided for locking the 
fixed oscillator to the fixed frequency crystal 
controlled oscillator to stabilize its frequency. 

9. A two-way communication system operable 
between at least two similar radio stations which 
are adapted to communicate on the same carrier 
frequency, each station comprising a transmitter, 
a Superheterodyne receiver, and an oscillator 
Common to the transmitter and the receiver, said 
Oscillator comprising a fixed frequency oscillator, 
an harmonic generator coupled to said fixed fre 
quency oscillator, means including a manual 
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selector switch for selecting a predetermined 
harmonic from said generator, a variable fre 
quency oscillator having means for manually ad 
justing its frequency, means for mixing a pre 
determined frequency from the variable oscil 
lator and the selected harmonic to obtain a re 
sultant frequency which is utilized as the local 
Oscillator for the mixer of the receiver, a second 
fixed frequency Oscillator, and means for mixing 
said resultant frequency and the frequency of 
said Second fixed Oscillator to obtain a difference 
frequency which is utilized as the carrier fre 
quency for the transmitter, said first and second 
mixing means and the receiver mixer being pro 
vided with manual control means for adjusting 
their respective output frequencies in unison. 

10. A two-Way communication System as de 
fined in claim 9 wherein the harmonic selector 
switch has associated with it a dial calibrated 
in half megacycles, and the manually adjustable 
means for the variable oscillator has associated 
with it a dial calibrated in 10 kc. divisions 
through its range, and the last mentioned con 
trol means has aSSOciated With it a dial calibrated 
for the range of the System in megacycles, the 

0. 

20 

25 

O 
arrangement being such that in selecting a de 
sired Working frequency the harmonic selector 
switch is set to the nearest half megacycle point 
below the desired frequency, the variable oscil 
lator control means is set to the second, third 
and fourth significant figures of the desired fre 
quency, and the last mentioned control means is 
set to the desired frequency calibration on the 
dial, which is the sum of the settings to which the 
first two dials are set. 

J. C. E., MITCHELL. 
WM. B. MORRISON. 
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