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5 Claims, 

My present invention relates to signal frequen 
cy changer networks, and more particularly to 
parallel push-pull converter circuits adapted for 
use in superheterodyne receivers. 

Spurious couplings between the local oscillator 
and Signal frequency circuits of Superheterodyne 
converter networks cause considerable difficulty. 
This has been found especially troublesome in 
Converter netWorks used in multi-range receivers, 
and wherein the converter network utilized a 6A7, 
or pentagrid, type tube. Most of the spurious 
couplings, in the latter case, have been found to 
be due to the effect of modulation of the space 
charge, in the vicinity of the signal control grid, 
at the local oscillator frequency. It was, addi 
tionally, found that some spurious coupling was 
caused by residual inter-electrode capacitances 
Within the converter tube. 
NOW, I have discovered that the effect of such 

undesired Spurious couplings, whether due to ca 
pacity and/or Space charge coupling, can be prac 
tically eliminated by employing a pair of con 
Verter tubes, or elements, in the converter net 
Work, and reversing the phase relation between 
local oscillator voltage and signal voltage in one 
of the tubes with respect to the other. 

Therefore, it may be stated that it is one of the 
primary objects of this invention to provide a con 
Verter network for a superheterodyne receiver 
wherein the network includes at least two tubes, 
Or devices, arranged in circuits such that if the 
signal voltage is applied to the appropriate elec 
trodes of the two devices in a parallel arrange 
ment, then the local oscillator voltage is applied 
in push-pull fashion, and, conversely, if the os 
cillator voltage is applied to the two devices in 
parallel, signal voltage is applied with the devices 
in push-pull. 
Another important object of the present inven 

tion is to provide a combined local oscillator 
first detector network for a superheterodyne re 
ceiver, wherein the network includes a pair of 
pentagrid tubes arranged in parallel push-pull 
relation, and the connections between the tubes 
are such that the phase relation between the os 
cillator voltage and signal voltage is reversed in 
One of the tubes as compared to the other. 
Another object of the invention is to provide 

a method of substantially minimizing, or elimi 
nating, the effect of capacity and/or space charge 
couplings in superheterodyne converter networks, 
the method including impressing upon one of a 
pair of electron discharge devices employed in 
the network local oscillator and signal voltages 
in phase opposition relative to the phase relation 

(C. 250-20) 
between the same voltages impressed on the other 
device. 

Still another object of the invention is to pro 
vide a superheterodyne converter circuit which 
includes an electron discharge tube provided with 
a pair of diode electrode sections and an elec 
trode section including at least one grid, the last 
section having circuits operatively associated 
therewith to enable it to function as a local OS 
cillator, and the diode sections having circuits 
for rendering them operative as a parallel push 
pull converter network. 

Still other objects of the invention are to in 
prove generally the efficiency of converter net 
works, and to particularly provide such networks 
which are not only reliable in operation, but eco 
nomically manufactured and assembled in Super 
heterodyne receivers. - 
The novel features which I believe to be char 

acteristic of my invention are set forth in partic 
ularity in the appended claims, the invention 
itself, however, as to both its organization and 
method of operation will best be understood by 
reference to the following description taken in 
connection with the drawings in Which I have 
indicated diagrammatically several circuit organ 
izations whereby my invention may be carried 
into effect. 

In the drawings:- 
Fig. 1 shows a circuit diagram of a converter 

network embodying the invention, 
Fig. 1A shows an alternative local Oscillator 

circuit for the network of Fig. 1, 
Fig. 2 illustrates a modification of the network 

shown in Fig. 1, 
Fig. 3 represents another modification of the 

invention, 
Fig. 4 shows a further modification, 
Fig. 5 graphically shows the phase relations in 

Figs. 1 and 2. 
Referring now to the accompanying drawings, 

wherein like reference characters in the different 
figures represent similar circuit elements, there 
is shown in Fig. 1 that portion of a Superhetero 
dyne receiver preceding the second detector. The 
signal collector, radio frequency amplifier and 
intermediate frequency amplifier are schemati 
cally represented. Those skilled in the art are 
well aware of the construction of these networks. 
The radio frequency amplifier may include one, 
or more, tunable stages. The network between 
the tunable amplifier and the intermediate fre 
quency amplifier includes the subject matter of 
the present invention, and functions as a com 
bined local oscillator-first detector circuit. The 
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2 
latter includes a pair of tubes , 2 having their 
circuits so arranged that the effect of spurious 
couplings between the local OScillator and signal 
circuits is practically eliminated. 
This is accomplished by connecting the signal 

control grids 3 and 4 of the tubes in parallel with 
the tunable signal input circuit 5. The latter in 
cludes a variable tuning condenser 6 connected 
between ground and the high alternating voltage 
side of circuit 5. The cathodes of tubes , 2 are 
connected together, and grounded through a re 
Sistor T shunted by a radio frequency by-pass 
condenser 8. Part of the biasing voltage for the 
signal control grids 3 and 4 is obtained from the 
drop in this resistor, and additional biasing volt 
age -E1 may be supplied as indicated. This 
additional bias may be derived from an automatic 
Volume control circuit. The intermediate fre 
quency Output of the two tubes is derived from a 
circuit 9 maintained fixedly tuned to the oper 
atting intermediate frequency by a condenser f0. 
The plate f l of tube f and the plate 2 of tube 2 
may be connected respectively to the two sides of 
circuit 9. The following input circuit 9', also 
tuned to the intermediate frequency, is coupled 
to circuit 9. 
The center tap on the primary coil of the cou 

pling transformer M1 is grounded through a path 
including lead .8' and condenser 3. The lead 3' 
is further connected to a point of positive voltage 
E3, and thus the plates , 2 are maintained at a 
desired positive voltage. The signal grid of each 
tube is disposed between a pair of positive screen 
grids thereby providing a positive shielding field 
around each signal grid. The screen grids of the 
tubes are connected to a point of positive voltage 
E2 through a lead f4, and a radio frequency by 
pass condenser 5 is connected between ground 
and the lead -4. The value of E2 will, in general, 
be less than the value of E3. 

The local oscillator section of each of tubes 
and 2 comprises a cathode, an oscillator grid and 
an Oscillator anode electrode. Thus, in tube. , 
there is disposed between the cathode and the 
Screen grid 3' an oscillator grid electrode f6, and 
an Oscillator anode electrode fl. The numerals 
f6 and 7' designate the corresponding electrodes 
of tube 2. The tunable local oscillator circuit is 
designated by the reference numeral 8, and in 
cludes a coil 9-connected in shunt across a pair 
of variable tuning condensers 20 and 2 in series. 
The junction of condensers 20 and 2 is grounded 
by a lead 22. The oscillator grid 6 of tube is 
Connected to one side of local oscillator circuit 8, 
which side is designated by reference character 
A, through condenser 23. The oscillator anode 

7 of tube is connected to the other side, desig 
nated by B, of circuit 8 through condenser 24. 
The oscillator grid 6' of tube 2 is connected to 

point B of the circuit 3 through a condenser 25, 
and the oscillator anode 7 of tube 2 is connected 
to point A through condenser 25. The oscillator 
anodes 7 and ’ are maintained at a desired 
positive voltage by connecting them to the voltage 
point E3 through resistors 27 and 30. Electrode 7 
is connected to this voltage point through a path 
which includes lead 26, resistor 27 and lead 28. 
The anode 'T' is connected to lead 28 through a 
path which includes lead 29 and resistor 39. 
The Cathodes of tubes and 2 are connected by 

lead 3 to a point intermediate the oscillator grid 
leak resistors 32 and 33, and the latter two re 
sistOrS are connected in series between oscillator 
grid 6 and oscillator grid 6'. Thus, it will be 
observed that grid 6 is connected to the junction 
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of condenser 23 and resistor 32, while grid S' 
is connected to the junction of resistor 33 and 
condenser 25. 

It will be observed that the Oscillator anode of 
each of tubes and 2 is reactively coupled to its 
asSociated oscillator grid by the oscillator circuit 
f8, and capacities 23 and 24, or 25 and 26. Fur 
thermore, it will be seen that the oscillator elec 
trodes of tubes f and 2 are arranged in push-pull 
relation, while the signal input circuits are ar 
ranged in parallel relation. In other words, the 
phase relation between oscillator voltage and sig 
nal voltage is reversed in one of the converter 
tubes as compared to the other. The two tubes 
if and 2 are substantially alike in characteristics, 
and this arrangement results in a practical elimi 
nation of capacity and/or space charge coupling 
aSfar as their effects on the circuits are concerned. 
The tubes and 2 are of the pentagrid converter 

type of tube. Such tubes are well known to those 
skilled in the art, and need not be described in 
any detail. They are known as 6A7 type tubes, 
and the electron coupling phenomenon occurring 
Within the Space current path of each tube has 
been disclosed by J. C. Smith in application serial 
No. 654,421, filed January 31, 1933. In using 
pentagrid converters, such as the 6A7 type tube, 
in multi-ranged receivers considerable difficulty 
has been experienced due to coupling between the 
OScillator and radio frequency circuits. 
before, most of the spurious coupling of this 
nature appears to be due to capacity and/or 
Space charge couplings. The circuit arrangement 
shown in Fig. effectively eliminates the effects 
Of Such spurious couplings, and, therefore, ren 
ders the Superheterodyne type of receiver employ 
ing converter circuits more efficient in operation. 

Each of the tubes in the circuit of Figure 1 
Operates in a conventional manner. Thus in the 
case of tube , the following relations exist: 

Let the Signal voltage impressed on the grid 3 
be represented by E3 sin pt, and the oscillator 
voltage on the grid 6 by E16 sin qt. Then, the 
Output.current will contain terms proportional to 
the product of these voltages, which may be repre- 4; 
Sented a SAE3E16 sin pt sin qi, or the equivalent ex 
pression AE3E16 % cos (p-q) t-A cos(p+qt). 
The difference frequency component is AAE3E16 
COS (p-q)t. The voltage of oscillator frequency 
developed on the signal grid may be expressed as : 
BE16 sin qt, where B is a complex coupling factor 
which is the resultant of interelectrode capacities, 
Space charge coupling, and circuit impedance. 
The current of signal frequency appearing in the 
Output circuit may be expressed as CE3 sin pt, 
Where C is the effective mutual conductance of 
tube under operating conditions. 
The oscillator voitage applied to grid 6' of 

tube 2 is equal in magnitude, and opposite in 
phase, to the voltage applied to grid 6 of tube 
f, by virtue of the push-pull arrangement of 
the OScillator circuit and the symmetry of the 
circuits connected to the two tubes. Consequent 
ly, the voltage on grid 6' must be represented 
by - E16 sin qi. The signal voltage applied to 
grid 4 of tube 2 is the same as that applied to 
grid 3 of tube , represented by E3 sin pt. The 
Constants involved in the derived expressions 
Will be the Sarine for the two tubes. The differ 
ence frequency component of the output, current 
from the tube 2 will be -AAE3E16 cos (p-q) t. 
The Voltage of oscillator frequency developed on 
the Signal grid Will be -BE16 sin qi. The cur 
rent of signal frequency appearing in the output 
circuit Will be CE3 sin pt. Since the two signal 
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2,088,285 
control grids 3 and 4 are tied together the volt 
age BE16 sin qt on grid 3 will be cancelled by the 
voltage - BE16 sin qt on grid 4. Since the output 
circuits of the two tubes are connected in a push 
pull relationship, the component of difference 
frequency -% AE3E16 cos (p-q) t from tube 2 
will be subtracted from the corresponding COm 
ponent AAE3E16 cos (p-q) it from tube , and the 
resultant difference frequency component will be 
AE3E16 cos (p-q)t. The current of signal fre 
quency CE3 sin pit from tube 2 will be subtracted 
from the current CE3 sin pt from tube , thus can 
celling this frequency from the output circuit. 
Also, voltage of the difference frequency will be 
prevented from appearing on the signal Control 
grids 3 and 4 by a similar mechanism. -- 

In a circuit of the type of Figure 2, coupling 
between oscillator and signal circuits is avoided, 
but there will be coupling between the signal fre 
quency circuits and the intermediate frequency 
circuits. Coupling between Oscillator and inter 
mediate frequency circuits is avoided in Figure 
2; this is not the case in Figure 1. 

Briefly, in a conventional converter circuit en 
ploying a single tube, various forms of coupling 
may exist between signal grid and oscillator, sig 
nal grid and output, and oscillator and Output. 
An important object of this invention is to elimi 
nate, or substantially reduce, coupling between 
Signal grid and Oscillator, and this is accom 
plished in all of the circuits shown. The circuits 
of Figures 1, 3 and 4 will also eliminate, or sub 
stantially reduce, coupling between Signal grid 
and output, and direct amplification of the signal 
frequency, permitting reception of a signal by the 
superheterodyne method at a frequency equal to, 
or nearly equal to, the intermediate frequency. 
The circuit of Figure 2 and other circuits of this 
type will eliminate coupling between oscillator 
and output. This feature would be of Value in 
the reception of signals of very low frequencies, 
or in similar special applications of converter 
tubes. 
The desirability of being able to tune to sig 

nals near the intermediate frequency arises in 
the case of multi-range receivers. ihu.S., re 
ceivers are built which cover a band from approxi 
mately 150 to 400 kc., the broadcast band 550 to 
1500 kc., and higher frequency bands. The high 
frequency bands overlap, but there is a gap as 
indicated from 400 kc. to 550 kc. in which no sig 
nals may be received. This is because an inter 
mediate frequency of 465 kc. is used. With the 
circuit of Fig. 1, it would be feasible to permit 
overlap between these bands as well as those of 
higher frequency. 
The variable tuning condensers of the radio 

frequency amplifier network, the condenser 6 and 
condensers 20 and 2 will be simultaneously ad 
justed by any uni-control means well known in 
the art. The receiver may be used in the broad 
cast range, which is from 550 to i500 kilocycles, or 
it may be used With appropriate Wave switching 
arrangements in more than one range of fre 
quency. Such multi-range receivers are well 
known in the art, and the details thereof are 
not shown to preserve simplicity of disclosure. 
In Fig. 1A, there is shown an alternative local 

Oscillator circuit that may be used in place of 
circuit 8. In such a case the circuit arrange 
nent to the right of points A and B are similar 
to that shown in Fig. 1. However, to the left of 
these two points there is employed a coupling 
transformer M2, the secondary thereof being 
connected between points A and B, and the pri 

3 
mary. 9' having shunted thereacross a variable 
tuning condenser 2', the low alternating volt 
age side of which is grounded. The two variable 
Condensers 29 and 2 are shown in the Oscillator 
circuit 8 of Fig. 1, and the signal circuit of 
Figure 2, because it is universal practice to 
ground one side of each tuning condenser. This 
is a consequence of the mechanical design of 
ganged condensers. Figure 1A is shown as a means 
of avoiding the use of an extra tuning condenser. 

Fig. 2 shows the manner of arranging the cir 
scuits of tubes and 2 when it is desired to have 
the signal voltage applied to tubes. and 2 in 
push-pull fashion, and when the oscillator volt 
age is to be applied in parallel fashion. It will 
be observed that in this case the signal input cir 
cuit 5 includes an auxiliary variable tuning con 
denser 6', and that the junction of the two con 
densers 6 and 6' is grounded. The signal grid 4 
of tube 2 is connected to one side of circuit 5 
while the signal grid 3 of tube is connected to 
the other side of circuit 5. Biasing voltage for 
the signal control grids 3 and 4 is applied through 
a center tap On the coil of circuit 5. The local 
Oscillator circuit 8 includes the tuning condenser 
49, and the high alternating voltage side of local 
OScillator circuit 8 is connected to the local os 
cillator grid electrodes 6, 6' through a condenser 
4. The oscillator anodes 7 and fl' of the two 
tubes are connected together by a lead 42, and 
are magnetically coupled, as at M3, to circuit, 8. 
The plates of tubes and 2 are connected to volt 
age Source. E3 through a center tap on the coil of 
circuit 9, and the oscillator anode electrodes 7 
and f' are connected to the same voltage source 
through a path which includes the coil 43, and 
resistor 44. An oscillator grid leak resistor 45 is 
Connected between the cathodes of tubes and 2 
and the oscillator grids 6 and 6'. 
Although the oscillator voltage is applied to 

tubes and 2 in parallel, and signal voltage is ap 
plied to the tubes in push-pull, it will be noted 
that the circuit arrangement of Fig. 2 is similar 
to the arrangement of Fig. 1 in that the phase re 
lation between Oscillator voltage and signal volt 
age is reversed in one of the converter tubes as 
compared to the other. The operation of the cir 
cuit arrangement of Fig. 2 is substantially similar 
to that shown in Fig. 1. 

Fig. 5 graphically shows a comparison of the 
phase relations existing in tubes f and 2 in Figs. 1 
and 2. The legends in the figure are self-explan 
atory. This graphical presentation will clearly 
show the differences between the circuits of Figs. 
1 and 2. 
The present invention is not restricted to the 

case where the network includes tubes function 
ing both as local oscillators and first detectors. 
It is equally applicable to the type of network 
wherein a local oscillator circuit is utilized which 
includes a tube independent of the first detector 
tube. Thus, in Fig. 3, tubes f' and 2' designate 
tubes of the pentode type whose construction are 
Well known to those skilled in the art. For ex 
ample, these tubes may be of the 58 type. A 58 
type tube is capable of producing, under the prop 
er conditions of grid and local oscillator voltage, 
a gain in the mixer stage of about 4 that which 
can be obtained from the same tube in an inter 
mediate frequency amplifier stage. In addition, 
this gain can be controlled as in the case of a 
radio frequency amplifier by varying the grid bias 
either from a separate supply, or from a variable 
resistor in the cathode circuit. 
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4. 
The signal input voltage from input circuit 5, 

which includes the variable tuning condenser 6, 
is applied to the signal grids 50 and 5i in parallel. 
The OScillator voltage derived from the local os 
cillator tube 52 is applied to the two tubes f' and 
2 in push-pull fashion. Thus, it will be seen 
that the application of the signal and oscillator 
Voltages to the mixer tubes is similar to that emi 
ployed in connection with Fig. 1. The plate cir 
cuits of the mixer tubes are arranged in the same 
fashion as shown in Fig. 1, the plate and screen 
voltage supply source being represented in the 
case of Fig. 3 by the reference letters B and S. 
The cathode 53 of tube f' is connected to 

ground through a path which includes coil por 
tion 54 and resistor 55, the latter being shunted by 
a radio frequency bypass condenser 56. The 
Cathode 57 of tube 2 is connected to the coil 
portion 54, and it is to be noted that both coils 
5 and 54 may be a single coil. With an interne 
diate tap connected to ground through resistor 
55. The suppressor grids 59, 59' are connected 
to ground, and thus are maintained at a negative 
bias With respect to the cathodes of the mixer 
tubeS. 
The local oscillator tube 52 may be of the triode 

type, for example, and its circuits are conven 
tional in nature. The plate of the oscillator tube 
is connected to a Source of positive Voltage B1 
through a path including feedback coil 60. The 
local oscillator circuit 62 includes a variable tun 
ing condenser, and the feedback coil 6 is mag 
netically coupled to the oscillator circuit 62. It 
is not necessary to describe in detail the remain 
ing elements of the local oscillator circuits, be 
cause they are well known to those skilled in the 
art. The inductance coil of local Oscillator cir 
cuit S2 is magnetically coupled to coils 54 and 54, 
aínd it is through this magnetic coupling to the 
Cathodes of the mixer tubes that the OScillator 
Voltage is fed to the mixer tubes. 
Although the circuit arrangement ShoWn in Fig. 

3 employs a separate local oscillator tube, the 
phase relationship of the signal and oscillator 
voltages are the same as in Fig. 1. AS Stated be 
fore, the phase relation between OScillator Wolt 
age and signal voltage in one cf the converter 
tubes is reversed as compared to the phase 
relationships in the other tube 2. 

In the arrangement shown in Figs. 1, 2 and 3 
the nixer tubes have been Shown as Separate 
tubes. The present invention may be applied 
with equal facility to a network utilizing a multi 
ple duty tube, wherein the electrodes of a single 
tube perform the local oscillatoir, and converter 
functions. Such a circuit arrangement is illus 
trated in Fig. 4. The reference numeral 70 des 
ignates a multi-function tube of a Construction 
Well known to those skilled in the art. The tube 
usually employs a pair of independent diode Sec 
tions and a riode, or pentode, Section independ 
ent of the diode sections. A cathode common to 
the various sections is utilized within the tube. 
When the tube 70 includes a triode Section, it is 
of the 55 or 2A6 type. Where the tube includes 
a pentode section, it is of the 2B7 type. For pur 
poses of simplification in disclosure, the tube 
70 is shown as comprising a tube of the 55 type, 
and wherein the diode sections are utilized as 
fixer devices. 
The signal voltage from tunable circuit T2 is 

applied to the diode anodes in parallel relation 
ship. Thus, the diode anode 73 is connected to 
the high alternating voltage side of circuit 2 
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through a path which includes coil 15, one half 
of coil 9 and the resistor 92. The diode anode 7 
is connected to the same point through a path 
which includes coil 9, the other half of coil 9 
and resistor 92. Resistor 92 is by-passed by con 
denser 93. The plate 78 of the triode section of 
tube () is connected to a source of positive volt 
age B2, through feed back coil 9, and the feed 
back coil is magnetically coupled to the induc 
tance coil 80 of local osciliator circuit f. The 
control grid 8 of the triode section of tube T0 is 
Connected to the high alternating Voltage Side of 
circuit if through a condenser 82, and the cath 
ode of tube is connected to the grounded side 
Of circuit . 
A grid leak resistor 83 is connected between the 

grid side of condenser 82 and the cathode of tube 
i). The diode anode 3 is coupled to the oscil 
lator Circuit through coil 5, and the diode 
anode 7 is coupled to the oscillator circuit 7 
through coil 5. Connections between the diode 
anodes and coils 5 and 6 are Such that the OS 
cillator Voltage is applied to the diode anodes in 
push-pull relationship. The intermediate fre 
quency output energy of the converter devices is 
derived from circuit 4 by the circuit 90. Circuit 
74 and circuit 9 are fixedly tuned to the operat 
ing intermediate frequency. The circuit 4 is 
connected in push-pull relationship to the diode 
anodes. 
Thus, One Side of circuit 4 is connected to 

diode anode 3 through coil 5, and the other side 
is connected to diode anode 7 through coil 6, 
the center tap of coil 9 is connected to ground 
through a path which includes resistor 92, the 
resistor being shunted by a radio frequency by 
paSS condenser 93, and signal input coil 94. A 
negative bias is applied to the diode anodes 3 
and 77 by the direct current potential developed 
acroSS resistor 92 and condenser 93 as a result : 
of rectification of the oscillator voltage applied to 
the diodes through coils 75 and 76. 

Since the Signal Voltage is applied to the diode 
anodes in parallel arrangement and the applica 
tion of the local oscillator Voltage is in push-pull 
arrangement, it will be seen that the phase rela 
tionship between Signal Voltage and Oscillator 
voltage is the Sane aS in the preceding circuit 
arrangements, but that the Specific circuit rela 
tionship is that of Fig. 1. 
While I have indicated and described. Several 

systems for carrying my invention into effect, it 
will be apparent to one skilled in the art that my 
in Vention is by no means limited to the particul 
lar organizations shown and described, but that 
many modifications may be made without de 
parting froIn the Scope of my invention, as set 
forth in the appended claims. 
What I claim is: 
1. In a Superheterodyne receiver, a converter 

network including a tube provided with a pair of 
diode Converter Sections, each diode Section in 
cluding a cathode and anode, and an oscillator 
Section, including at least a cathode, grid and 
plate, circuit connections for impressing signal 
energy of a desired frequency in parallel manner 
upon the anodes of said diode sections, circuit 
connections electrically associated with said os 
Cillator Section for producing local oscillations 
of a frequency differing from the Signal fre 
quency by a predetermined anoint, means for 
impressing said local oscillations in push-pull 
manner upon the anodes of said diode sections, 
and a network tuned to said difference frequency 
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connected in push-pull relation to the anodes of 
said diode sections. 

2. In a superheterodyne receiver, the combi 
nation of a local oscillator network provided With 
an electron discharge device whose input and 
output electrodes are reactively coupled to pro 
duce local OScillations of a desired frequency, a 
tunable oscillation frequency determining cir 
cuit operatively associated with said device for 
tuning the oscillator through a frequency range, 
a first detector network comprising at least one 
diode having its anode reactively coupled to said 
tunable oscillation circuit, a tunable signal input 
circuit operatively associated with the diode elec 
trodes for tuning the diode network through a 
signal range differing from the oscillator range 
by a desired intermediate frequency, and an out 
put circuit, resonant to said intermediate fre 
quency, connected to said diode electrodes. 

3. In a receiver as defined in claim 2, said first 
detector network including a second diode, the 
anodes of said diodes being connected in par 
allel to the signal input circuit, and the diode 
anodes being reactively coupled in push-pull 
relation to the oscillation circuit. 

4. In a receiver as defined in claim 2, the elec 
trodes of the diode and said electron discharge 
device being disposed in a common tube envelope, 

5 
and a common cathode providing the electrons 
for the diode anode and the cold electrodes of 
said discharge device. 

5. In a superheterodyne receiver, the combi 
nation of a local oscillator network provided with 
an electron discharge device whose input and out 
put electrodes are reactively coupled to produce 
local oscillations of a desired frequency, a tun 
able oscillation frequency determining circuit 
operatively associated with said device for tuning 
the OScillator through a frequency range, a first. 
detector network comprising at least one diode 
having its anode reactively coupled to said tun 
able oscillation circuit, a tunable signal input 
circuit operatively associated with the diode elec 
trodes for tuning the diode network through a 
signal range differing from the oscillator range 
by a desired intermediate frequency, and an out 
put circuit, resonant to said intermediate fre 
quency, connected to said diode electrodes, a 
second diode in said first detector network, 
the diode anodes being connected to said sig 
nal and Oscillation circuits in Such a man 
ner that the phase relation between Oscillator 
voltage and signal voltage is reversed in one of 
the diodes as compared to the other. 
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