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This invention relates to two-way radio systems
and is particularly directed to the wave gener-
ating equipment to be used therein.

It is important that reception and transmis-
sion in a two-way radio system shall be main-
tained with a high degree of frequency stability
in respect to the carrier wave. It is important
also that a superheterodyne receiver be controlled
by a local oscillator having the greatest possible
frequency stability.

It is, therefore, an object of my invention to
provide a two-way radio system having gen-
erator equipment capable of a high degree of
frequency stability and adjustably tunable with-
in a wide range of frequencies.

Another object of my invention is to provide
a two-way radio system in which a radio fre-
quency amplifier and converter may be used in
common by the transmitting and receiving equip-
ment, .

Still another object of my invention is to pro-
vide generator equipment in which a crystal-
controlled high frequency generator is used in
combination with a variably tunable low fre-
quency oscillator to obtain a heterodyne fre-
quency which may be continuously varied over
a relatively wide range of frequencies.

Other objects and advantages of my inven-
tion will be brought out in the more complete
description to follow. This description is accom-
panied by a drawing in which Figure 1 represents
diagrammatically a practical circuit arrangement
for carrying out the invention, and Figure 2 shows
an inductive interstage coupling arrangement
which may be preferred in place of a more direct
coupling shown at one part of Figure 1.

Referring to Figure 1, I show therein a crystal
controlled oscillator comprising an electron dis-
charge tube | which is preferably of the pentode
type having a cathode 2, an anode 3 and three
grids numbered respectively 4, 5 and 6. In a
connection between the cathode 2 and ground is
a tunable resonant circuit comprising an adjust-
able capacitor T in parallel with the primary
winding 8 of a transformer 9. The secondary
10 of this transformer is coupled to the primary
winding {1 of another transformer 12.

The anode 3 is supplied with positive potential
from any suitable direct current source indicated
as +B. Connection of the anode to this source
is made through a resistor 13. The screen grid
5 is also connected to the source through a suit-
able resistor {4. The screen grid is coupled to
ground through a capacitor 15 in order to bypass
unwanted frequency components.

The control grid 4 is grounded through a
circuit which includes a grid resistor (6. Grid
4 is also coupled to ground through a circuit
which includes a piezo-electric crystal I7 in series
with a capacitor 18. A capacitor 19 serves to
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bypass unwanted frequencies to ground as they
may appear on the anode 3.

The circuit arrangement described in the fore-
going paragraphs is that of a more or less con-
ventional crystal oscillator. The output is fed
to the transformer 12 the secondary winding 20
of which has its two terminals connected respec-
tively to separate grids 21 in a twin triode dis-
charge tube 22, A center-tap on the transformer
winding 20 is connected to one terminal of a
secondary winding 23 in a transformer 24. The
primary winding 25 of this transformer forms
the inductance of a tunable resonant circuit.
Tuning of the circuit is accomplished by perme-
ability tuning. The parallel capacitance of this
circuit includes an adjustable capacitor 26, and
a fixed capacitor 26a. The adjustable capacitor
is used for setting the circuits to calibration at
the low frequency end of the band.

The input eircuit for tube 22 may be traced
from the grids 21 through the two ends of the
secondary winding 20 to its center tap and thence
through the secondary winding 23 to ground.
The common cathode in tube 22 is connected to
ground through a resistor 27. This resistor is
shunted by a capacitor 28,

A low frequency oscillator variable within a
considerable range of frequencies is shown to
include g triode discharge tube 29. The cathode
80 of this tube is grounded. Its control grid 31
is connected to the grounded cathode through a
resistor 32. Control energy is fed to the grid 31
through a circuit which includes a tap 33 on
the permeability tuned inductance 25§ of the
resonant circuit, this tap being coupled to the

‘" grid 81 across a capacitor 34. Anode potential
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is supplied to the anode 35 from the 4-B source
which in this case is fed through a resistor 86
to a tap. 31 on the permeability tuned inductance
25,

The circuit which includes tube 22 will be recog-
nized by those skilled in. the art as a balanced
modulator. The output from the crystal oscil-
lator is fed to the grids 21 in push-pull. That
is, the two grids are excited 180° out of phase
with each other. In the output circuit which
includes the two space paths of the twin triode
tube 22 and the primary winding of a transformer
38 it will be observed that the even harmonics
of the crystal oscillator frequency are substan-
tially suppressed.

From the foregoing observations it will be un-~
derstood that the output circuit from the bal-
anced modulator will contain current at the fre-
quency of the crystal oscillator (fe) and hetero-
dyned with frequency components of frequencies
resulting from the combined outputs of the two
generators, These components may be repre-
sented as (fe=fo). Tuning elements Cc and ILe
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in the link are tuned to fe in order to attenuate
components of fe. Fig. 2 shows the link F.
The secondary winding of transformer 38 forms
the inductance of a suitable resonant circuit the
variable capacitance of which is represented by

g, main tuning condenser 39 and a vernier con=:--
10 be that of an intermediate frequency amplifier

denser 48. This resonant circuit is tuned to either - -

of the frequencies (fe+7fo) or (fe—7fo).
anced modulator circuit. makes possible the sup-
bression of even harmonics of. the frequéncy fec
and odd harmonics of the frequency fo. It is,
however, possible to interchange the connections
between the oscillators and the transformer 12
so that frequency fec may be applied in push-push
and frequency fo may be applied in push-pull.

To.continue with. the circuit description: The
output from the transfcrmer: 38, or from trans-
former 38a (Fig. 2), is fed across capacitors 41
and £2 to the control grid 43 in a discharge tube
44 which may be used if desired as a single side
band frequency multiplier. . Tube ‘44 has a con-
ventional input cirecuit including a grid resistor
45 ‘and "a cathode resistor 48, the latter being
‘shunted by a capacitor 471. Elements 45, 46 and
47 are all grounded at -one-end. The anode 48
is connected to the positive terminal of the direct
current source +B through & resistor 49 in series
with the primary winding 8§08 of an cutput trans-
former §1. This primary winding constitutes the
inductance 6f ‘a {unable - resonant circuit the
capacitive elements of: which are shown as a main
tuning condenser:5{ -aiid a vernier condenser52.
Condenser 53 and resistor 49 act as a decoupling
network isolating resonant eircuit 88, 54 from the
+B connection. 'The sereen:grid 54 is supplied
with suitable positive -potential from the LB
-source fed through-a resistor:55, Unwanted fre-
duency components appearing on the screen grid
54 are bypassed to ground through g capacitor 55,

As shown-in Fig. 2 the primary winding of
transformer 38 may be inductively coupled to the
input- side of a filter network P if desired. This
network includes-a shunt inductance Ic in series
with a-shunt capacitance Ce. The ocutput side of
this network is coupled-through g -transformer
38a to the tuned circuit .comprising -elements. 39,
80 and 41 as shown:in F1g 1.

It will be understood that the resonant circuit
including inductance 50-and capacitance §5{ may
be tlined to.any desired. multiple frequency with
respect to -the ocutput from the balanced médu-
lator stage. "In other words, the outpuit fed across
the transforimetr §7 is.that ‘Which is selected by
the résonant frequency of the tuned circuit 58, 51.

This resonant circuit and its associated tube 44 -5;

is thus constituted as a multiplier stage overat-
‘ing on-one of the side bands produced inbalanced
‘modulator 22, the ‘output thereof being suitable
for use both for transmission-and for reception,
but is preferably tuned to a frequency which may
‘be heterodyned with- the received carrier wave
‘to-deliver the fixed frequency of the I. F. ampli-
fier in the receiver.

The secondary winding 58 in transformer 571 is
grounded at -one end ‘and is connected at the
other end to a switch blade 5% in a four-pole-
double-throw switch.  When the blades ‘of- this
'switch are thrown to the left (points T) they are
‘in Pposition- for:-utilizing the transmitter of the
two-way radio-system. *When the switch blades
are thrown to-the right (points R) they are in
position -for reception.

A frequency convetrter unit is shown having a
‘discharge tube 81 which includes a cathode 62,
an -anode 19 -and a multiplicity -of grids. The

The bal-

10

4
purpose of this tube is to generate oscillations
which may be mixed with the frequency derived
from the hereinbefore described multiplier stage

‘44, When this converter stage is used a carrier
frequency fs may be derived according to the

formula fs=n{fcxfo) =fir. The frequency fic is
82 which is used in the receiver section. A reso-
nant. circuit composed of an inductance 63.in
paralle] with an adjustable capacitor 64 is insert-
ed between the cathode 62 and ground. Thig fre-

- quency fir is maintained constant by means of a
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piezo electric crystal 67 having substantially the
same natural frequency.. The control grid 65 is
connected to ground through a resistor 66. The
biezo electric crystal 87 is.in shunt with this re-
sistor.

The second control grid 68 1s connected to
ground through a resistor 69 and receives control
potentials from the frequency multiplier stage
across ‘- coupling capacitor 638; :Direct. current
potential is supplied to the -anode 70 through.a
resistor 71 leading to the positive terminal, -4-B,
of the direct current source. - Screen grid poten-
tial for the second and fourth grids in: the tube
81 is applied from the direct current source
through resistor 72. The output from the con-
verter tube 61 is coupled across a: capacitor 73.to
the input -circuit of a - conventional radio fre-.
quency amplifier unit 74,- which-is tuned. to the
carrier frequency fs to be :used for fransmission
-and reception.

The purpose of the four-pole-double-throw
switch is to provide alternative use of the: trans=
mitter section and the receiver section respec-
tively. Assuming that the. switch blades of this
four-pole-double-throw. switch are. moved to the
left, that is onto contact.points T, then the trans~
mitter.section will .be utilized as follows: -The
carrier frequency fs is ‘conducted across capacitor
13 to switch blade 78 and thence to the input side
of the radio frequency amplifier 74, this amplifier
being tuned to the frequency fs. The output from
the RF amplifier is then 'fed through switch blade
80 to- o buffer amplifier unit:85 -and thence to-a
modulated power-amplifier-86. -A: ‘microphone or
other source of intelligence signals 11 is used to
control -an -audio amplifier 81 the output from
which-is fed to the modulated power  amplifier
unit 86. In place-of the microphone 1T any suit-
able source -of intelligence signals may be -em-
ployed, such as g telegraph Keying device (whether
manual or gutomatic), a facsimile transmitter or
a television transmltter

‘The carrier frequency and the modulation sig~
nals are combined. in the unit ‘86 and the output

‘is fed to'an antenna.coupler 88. The output from

the coupler unit is then fed through switch blade

.15 to the antenna ang is. radiated for purposes of
transmission.

When the.blades of: the four-pole: switch are
moved to the right, suitable -conditions -are -ob-
tained for reception. For such purpose the circuit
connections through the switch may be described
as follows: )

The output from the frequency multiplier 44 is
the frequency  designated 7n(fe==fo). -The - fre-
quency will, therefore, heterodyne with the . in-
coming carrier wave. fs'to produce the frequency
fit to which the I1.°F. amplifier-82 is tuned. . Re~
membering now that the switch bladesare moved
to the right, the local oscillator ‘energy fed
through . transformer =57 - is -conducted :through

‘switch blade 59 to the receiver-converter unit 8l
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where it is combined with the inéoming modulated
carrier wave from the antenna 16 now connected
through switch blade 15 to its R contact. This
contact is directly connected to the input side of
the R. F. amplifier 14. The output from unit 74
is now connected through switch blade 80 to the
receiver converter 8i. Accordingly, the incoming
signals are amplified, heterodyned with the local
oscillations and fed through the I, F. amplifier
82 to a detector and audio amplifier 83. This last
mentioned unit supplies output energy to a loud-
speaker 84 or other translating device.

In order to increase the frequency range of the
wave generating equipment without appreciable
sacrifice in its stability it is, of course, to he
understood that I may provide facilities for con-
venient interchange of crystals in the place of
crystal 17.

If four crystals are taken and cut to oscillate
at the following frequencies

2000 ke., 2300 ke., 2600 kc., and 2800 kc.

it will then be seen that they cover four frequen-
cies from 2000 t0 2800 kc. If each of these crystals
one at g time is heterodyned with a variable fre-
quency oscillator of say 600 to 900 kc., then it is
possible to utilize the side bands of the two beat-
ing oscillators. Let us assume that the upper side
bands are utilized for purposes of this discussion.
A variable range of frequencies is then available
with an increment of 300 ke. for the selection of
each crystal. The new band of frequencies now
available is: ‘

2000 kc. crystal
2600 to 2900 kc.

2600 kc. crystal 29090 ke. crystal
3200 to 3500 kc. 3500 to 3800 ke.

Hence a band of frequencies that are continuously
variable are now available in the range of 2600 to
3800 ke. The total increment is 3800—2600=1200
and that is equal to 4 X 300 when 300 ke. is the in-
crement of the variable frequency oscillator.

For each combination of one crystal and the
variable frequency oscillator fi={(fez=fo).

Now if the side band obtained by heterodyning
is multiplied by a frequency multiplier then a
new band of frequencies is available with a given
set of crystals. 'This new band of frequencies will
be related to the original by a multiplying factor
(n) which may be 1, 2, 3, 4, ete. If the original
band has a continuous range, then all other bands
multiplied by the factor (n) will be continuous.
Therefore, it is possible to select a number of crys-
tals and a variable frequency oscillator and gen-
erate a continuous range of frequencies. If is
merely required that the frequency increment
covered by the variable frequency oscillator be
equal to the difference frequency between crystals.
Hence a general expression for the frequency may
be written,

2300 ke. crystal
2900 to 3200 ke.

f=n(fex=fo) ¢

where,

f is the generated frequency

fe is the crystal frequency

fo is the frequency of the variable oscillator
7 is the multiplying factor 1, 2, 3, ete.

In Equation 1 (%) sign is used to include both
side bands, the upper and lower.

If fo, the frequency of the variable frequency
oscillator is made a small percentage of fe, the
crystal frequency, then the frequency stability of
f approaches the stability of the crystal.
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The selection of a desired multiple frequency
to be used in the frequency multiplier unit. is
readily made by use of gang control of certain
tuning condensers. These condensers 39 and 51
and a tuning condenser (not shown) within the
R. F. amplifier unit 74 may all be ganged to-
géther. Condensers 41 and 52 are used as track-
ing condensers. .

Various modifications of my invention may, of
course, be made without departing from the spirit
and ‘secope as will be understood by those skilled
in the art. For example, in place of a frequency
multiplier operating on one of the side bands
produced in modulator 22, I may, if desired, em-
ploy a regenerative frequency multiplier unit hav-
ing balanced discharge devices, the controlled
grids of which would be conventionally connected
to the secondary terminal of an output trans-
former while the anode of the two discharge
devices would be connected in parallel to the out-
putb circuit. - Other modifications will, of course,
suggest themselves to those skilled in the art.

‘What is claimed is:

1, In a two-way radio system, a wave generator

having three primary sources of oscillations for
producing respectively the frequencies fe, fo and f,
piezo-electric devices respectively in circuit with
the sources fe and fi for stabilizing their frequen-
cies, means for varying the frequency fo within
a limited range, a converter for combining the
outputs from sources f¢ and fo thereby to obtain
the frequency fez=fo, means for deriving there-
from a multiple frequency n(fe=:fo), a radio fre-
guency amplifier tuned to a frequency fs which
is equal to the sum or difference frequency de-
fined by the formula fs=n(fedfo) £fi, a trans-
mitter including means for modulating a wave of
frequency fs derived from the mixture of wave
energy from the three said sources, the output
side of said amplifier being connectable to cas-
caded amplifier and mixer stages in said trans-
mitter, a receiver including means responsive to
an incoming modulated wave fed through sald
amplifier for heterodyning the same with energy
of the frequency 7(fetfo) which is obtained as
output from said multiple frequency deriving
means, and switching means for utilizing said
transmitter and receiver alternatively.

2. The combination according to claim 1 in
which said switching means is constituted as a
four-pole-dohule-throw switch.

3. A signaling system comprising an antenna,
a transmitter, a receiver having an intermediate
frequency amplifier therein, a radio frequency
amplifier common to the transmifter and the
receiver, switching means providing circuit con-
nections from said antenna through said ampli-
fier to the receiver for producing g response to
incoming signals, said switching means also pro-
viding circuit connections for operation of said
transmitter and for feeding modulated signal
energy therefrom to said antenna, three local
oscillators of which two are crystal-controlled
and the third is tunable over a predetermined fre-
quency band, means for deriving a carrier wave
by the mixing and filtering of energies derived
from the three said oscillators for use in said
transmitter, and means for mixing the wave
output from the tunable oscillator and one of the
crystal oscillators and for heterodyning a deriva-
tive therefrom with incoming signal energy to
obtain an intermediate frequency acceptable to
said intermediate frequency amplifier in said re-
ceiver.

4, In a system adapted to transmit and to re-
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celve signals on. the same carrier wave fs, means
for generating two waves of frequencies. fc and fo,
respectively, means for deriving from the outputs
of said generating means a multiple frequency
n(fefo) , an oscillator converter stage into which
energy of the frequency n(fe=%fo) is injected from
sald means for deriving that frequency, the out-
put from said stage being of a frequency fi, which
satisfies the formula fi=fs=n(fo*+7o), an ampli=
fier tuned to the frequency fs, a transmlttmg cir-
cuit arrangement including means for modulat-
ing and further amplifying- the output from said
amplifier of the frequency fs, and a receiving cir-
cuit arrangement including a converter, an I. F.
amplifier tuned to the frequency fi, a detector-
audio-amplifier and translating device, said re-
ceiver being arranged to mix the locally derived
wave of frequency n(jexfo) with an incoming
modulated wave of frequency fs to derive the fre-
quency fi

5. The method of generating, frequency muli-
plying and mixing electrical waves of several dif-
ferent frequencies for use both in the transmis-
sion and in the reception of radio sxgnals said
method comprising generating and mixing two

where fc and fo represent the-outputs from a fre-
quency-stabilized oscillation generator and a var-
iable frequency generator respectively, multiply-
ing the derived wave by a factor n to obtain a
wave of frequency n(jez=fo), generating a wave
of frequency fi and mixing the same with said
wave of multiplied frequency to obtain a wave of
frequency fs which equals n(fez=fo) = fi, transmit-
ting signals which are charactenzed as modulated

signal energy having g carrier component, of the

frequency fs, and receiving modulated signal
energy so characterized when that energy is het-
erodyned with a wave of frequency n(fezfo) - to
produce an intermediate. frequency wave fi.

6. The method according to claim 5 in com-
bination with processes of filtering out unwanted
harmenic components: of the waves of frequﬁn-
cies fe and fo, thereby to burify the utilized car-
rier wave component fs, and the wave of frequency
n(fezfo) when used for heterodyne reception.

7.. The method: of generating,; frequency multi-
plymg and mixing electrical waves: of several dlf-
ferent frequencies for use both in the transmls-
sion and in the reception of radlo s1gnals said

5 method comprising generating and mixing two
waves of frequencies fe and 7o respectively to
derive. a beat frequency wave of the frequency
Je-k-fo, multiplying the derived beat wave, gener-
atmg & wave of frequency fi and mixing the same

10 with said wave of multiplied frequency to obtam
a wave of frequency. fs, transmitting signals which
are characterized as modulated signal energy
having a carrier component of the frequency fs,
and reeeiving modulated signal energy so char-

15 acterized that when said 51gna1 energy is hetero-

© dyned with said multlphed wave an intermediate
frequency wave fi is produced.

8. The method of generating, frequency multi-
plying and mixing electrical waves of several dif-

gp ferent-frequencies for use both in the transmis-

sion and in the reception of radio signals, said
method comprising  generating and mixing two
waves to derive a beat frequency wave, multiply-
ing the derived beat frequency wave, generating

.25 @ fourth wave and mixing the same with said
waves to derive a wave of the frequency Jetfo,

wave of multiplied frequency to obtain a fifth ..
wave, transmitting signals which are character-
ized as modulated signal energy having a carrier
component of the frequency of said fifth wave

80 and receiving modulated signal energy so char-

acterized that when signal energy is heterodyned
with a wave of the fr equency of said multiplied
wave an intermediate frequency wave of a fre-
quency equal to said fourth wave is produced.

RALPH A. VARONE.
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