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16 Claims. (CI. 250-20) 
My present invention generally relates-to-elec 

trical systems for producing-waves of high-fre 
quency, and more particularly pertains to 
methods of, and means for, receiving modulated 
high frequency waves. 
As is well known the heterodyne method of re 

ception consists in combining incoming high fre 
quency-currents with a locally generated current 
of a frequency which differs from that of the re 
ceived current by an amount which may lie with 
in the audible; or: the super-audible, frequency 
range. The superheterodyne method of recep 
tion utilizes a beat, or intermediate, frequency 
which lies within the super-audible range, and in 
modern broadcast receivers a special tube is 'em 
ployed for producing the local oscillations:- 

Additionally, it has been proposed in the past to 
utilize a single tube and associated circuits, that 
is an autodyne: method; for producing the local 
ioscillations and heterodyning the signal currents : 
with the locally generated currents to create the 
beat frequency currents. However, such com 
bined local oscillator-frequency changer, or com 
posite first detector-oscillator, arrangements 

25. have in the past been economical expedients rath 
er than examples of improved technique. Such 
composite"detector-oscillator arrangements have 
not, as far as operating performance is concerned, 
been comparable to superheterodyne receivers 

30 which utilized aspecial tube for producing the 
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local oscillations. . . . . . . . . Careful analysis of composite detector-oscil 
lator circuits which have hitherto been proposed 
reveals: the fact that one of the primary reasons 
*of the relatively poor operation of this type of 
circuit resides in a particular type of distortion. 
It can be shown that when the incoming signal is 
applied to the control grid circuit of a composite 
detector-oscillator of the prior art, signals of in 
tensity sufficient to swing the control grid highly 
positive are not faithfully reproduced in the out 
put 'circuit of the composite arrangement. That 
is to say, and especially in the case of modern 
broadcast receivers of the superheterodyne type, 
such composite arrangements of the prior art are 
inherently, incapable of detecting those compo 
nents of a nodulated carrier wave which corre 
spond to the higher audio frequencies, 

Accordingly, it is one of the principal objects of 
my present: invention to provideia receiving sys 
tem, operating: according to the heterodyne 
method of reception, wherein modulated carrier 
waves are detected by...means of a composite de 
...tector-oscillator; which is so designedi.that f its 

output comprises: a faithful reproduction of the 
modulated carrier wave impressed upon its input. 
Considering the abovementioned defect inherit. 

ent in composité detector-oscillator circuits of the 
past, it can be shown that the electron discharge 
tubes which have been employed in such compos. 
ite circuits were responsible for the inability. of 
the composite detector to faithfully reproduce the 
modulated carrier wave received by it. ... I have 
found that the absence of control grid current is 16 
an essential-condition for a composite detector 
oscillator of great fidelity, when the incoming sig 
nal is applied to the control grid of the composite 
circuit. - 
Thus, it may be stated that it is an equally in- 6: 

portant object of the present invention to pro 
vide a radio receiver of the heterodyne type; and 
which receiver employs a composite detectorios 
cillator... circuit, whereifi... the composite circtiit. 
utilizes an electron discharge-tube-possessingia 20 
dynamic characteristic such that the control grid 
of the tube is: incapable of drawing- current 
throughout the impression of signal voltages upon 
the said control grid. 
In devising a superheterodyne receiver embody. 

ing the composite first detector-oscillator of the 
present invention; iti has been found that the 
radio frequency oscillation: circuit utilized in: 
conjunction with the first detector circuit feeds. 
back energy from the anode circuit thereof to its go control grid circuit, and yet is easily adjusted to. 
oscillate without causing control grid current to 
flow. In other words, the present invention; 'fur 
thermore provides a method of, and means for; 
producing oscillations of radio frequency 
circuit employing a tube designed in such a man 
ner that loading of the output circuit of the os 
cillator results in a dynamic characteristic whose 
upper bend, or saturation-point, lies in the nega. 
tive region of the control-grid voltage swings. 
The present invention, additionally, utilizes as 

a practical embodiment of the aforementioned 
dynamic characteristic, a circuit employing an 
electron discharge tube provided: with five elec 
trodes, a sereen grid of positive potential commen as 
Surate-with that of the anode potential beinglem 
ployed, and a shield grid, at cathode potential, 
being disposed between the anode and screen grid. 
Such a five-electrode-tube, also referred to as a?: radiofrequency pentode tube, possesses to a great. 
er degree than is found in various other types of 
tubes, the latter usually of the triode and screen. 
grid-type; a pronounced third order effect in the 
characteristic: relating control grid voltage to all 
ternating current load voltage, and this third or, 66 
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2,058,414. 
characteristic lies, within, the 'negative: region of 
grid potential values. Obviously; the use of; an' 
extremely, high value. of plate; potential in: consis 
nection with a tube constructed and designed to: 
normally operate at a plate:potential value::fari 
below, the value:represented in curveil, is not only 
dangerous, but results in an extremely, Small, Span: 
of life. for the tube. 

Considering, the dynamic characteristic. A O.B.: 
it will be observed that the upper saturation point. 
also lies. in the positive region of...grid potential. 
variation. Clearly, as the external: plate resisti, 
ance of the triode oscillation circuit is decreased. 
the upper saturation point of the curve A. OB will 
be merely shifted upwards, but will still:lie. With 
in the positive region of grid: potential values,. 
While if the external plate resistance were ins: 
creased the saturation point... would be: shifted 
downwards, but still lie within the aforesaid pos-, 
itive... region. Hence; it... will be observed; that, 
whether considered from the dynamic or static. 
viewpoint, the operating characteristic, of a tri 
ode employed in an oscillation circuit, when nor. 
mally operating potentials are used, possesses: ani. 
upper saturation-point lying within the positive': 
region of grid potential values. 
In order to clearly represent the effect of ai. 

dynamic characteristic, such as A. O. B. On , a, 
composite first detector-Oscillator" circuit, there 
is shown in the lower portion of Fig. 1; three: 
groups of oscillations. The group. designated as: 
“Tocal oscillations' represents two cycles...of los 
cal oscillation voltage variation produced in the: 
Gutput circuit of the composite detectorioscilla. 
tOr. Obviously, assuming a normal grid potential . 
Ec located at point.0 on curve on curve: A O. B., 
the voltage. Swings of the locally generated OS 
cillations should vary-between a minimum negar 
tive value ac, determined by the lower saturation 
point A, and a maximum positive value: mo de . 
termined by the upper Saturation"point.B., 

Actually, however, the maximum positive swing 
of the locally generated voltage is found to be. 
Some value do less positive: than the value: mo. 
ihis reduction of peak value, during the positive 
half of the locally generated voltage swing, is, 
caused by the flow. of grid current between the: 
control grid and cathode of the Oscillating triode. 
In other words, it will be seen, that the locally: 
generated voltage peaks are "cut-off' during the 
positive half of the Voltage Swings, 

Consider, next, the group of oscillations: desig 
nated as... "Signal 3 oscillations'. It is assumed. 
that there is impressed upon the control: grid of: 
the triode detector-oscillator signal voltage va 
riations wherein the peaked values of maximum 
signal voltage are represented by the symbol ps, 
and wherein a peak value of Ss represents the in 
tensity of the wave form immediately adjacent 
each value ps. The third group of Oscillations is 
designated as “Intermediate frequency oscilla 
tions', and represents the resultant beat fre 
quency Voltage variations. In other. Words, the 
voltage. Variations of the third group...of. oscilla 
tions is the resultant produced in the output, cir 
cuit of the composite detector-Oscillator, the first, 
two groups of Oscillations mentioned above being. 
heterodyned in accordance with the well known, 
theory of heterodyne detection, the frequency of 
the beat Voltage variations being the difference 
between the local oscillation frequency and the 
Signal oscillation frequency. 
Without attempting to shown any quantitative 

and exact, relation between the three groups of. 
oscillations: shown, in Fig. 1, ..from a qualitative 

view, point it will be: seen that, diue:to the reduca. 
tion: of positive peak.value? of locally: generated. 
voltages from:mb.to do, there is produced a cor: . 
responding: reduction, at points along the inters. 
mediates frequency, voltage:swings corresponding 
to-pointSps of the signal voltage swings. That is: 
to Say, ifi the positive: half cycle represented by. 
the symbol. Yi of intermediate frequency oscilla 
tions, corresponds...to the positive: half cycle...Y 
of the signali oscillations, the: peak value of the 
positive, half cycle. Y will be represented by the 
Symbolph-instead of the value-p: 'h. 
This decrease in intermediate frequency, peak. 

value; at points of maximum intensity results be 
cause of the "cutting off of the peaks...at points, 
mo, of the locally generated oscillations. This 
decrease in peak value of maximum intermediate. 
frequency intensity points:... does not... affect the 
adjacent. value , of intermediate frequency, in 
tensity Sh. That is, the positive voltage swing 
at point Ss of the signal oscillation does not carry. 
the control: grid of the oscillating triode suffi. 
ciently positive:-to-draw:grid: current, and hence 
the value: Si is, a... faithful reproduction of the 
Signal voltage value Ss impressed on the control 
grid. 

However, it will be noted; that the points of: 
maximum signal intensity apparently: appear to 
have the same intermediate frequency intensity. 
as immediately; adjacent, points of lower signal 
intensity: Ss. Iti will, therefore, be seen that the 
intermediate-frequency: outputs of the composite: 
detectorsoscillator will not... faithfully reproduce 
the Wave form impressed upon its input, as re 
gards is points of maximum, signal: intensity ps. 
Thus, the fidelity of reproduction in a broadcast, 
receiver of the superheterodyne.type may be seri 
Cusly; impaired. When a composite. oscillator-de-. 
tector employing a tube having static character 
istics...of the type shown by, curves. 2, 3, 4, and 5. 
is employed. It is repeated that the static char-. 
acteristic represented by curve cannot be con 
sidered since the plate: potential represented by 
it is out of the question when considering a tube 
employing normal operating potentials. far below: 
those represented by curve: ; 
From the aforegoing analysis: it will be appre 

ciated that: the defect described; in Fig. 1: can 
readily. be eliminated by."utilizing a tube which 
has: a, dynamic characteristic, the tube operating"; 
at normal potentials. in the: Sense that conven 
tional values are used, as shown in Fig. 1d. The 
tube whose dynamic characteristic is represented. 
in Fig; 1a, is a radio frequency: pentode tube 
(such as the A-418), and possesses to a greater. 55 
degree than is: found in various other types of 
tubes a pronounced third order effect. This third 
order. effecti, exists: by, virtue of normal pentode. 
properties which may be employed safely, rather 
than by: virtue of uncertain properties of a sini 
lar nature. Which, are: found in connection. With 
other types of tubes;. For: example, the: normal 
operating potentials of the, type of tube: repre 
sented in Fig. 1d...includes 90 volts for the plate 
potential; 90 volts for the screen grid potential 
and -5-volts for the control grid bias. 

It. will be observed... that the upper saturation 
point of, the characteristic of this pentode tube 
lies: within the negative region of the grid voltage. 
values, whereas: in Fig. 1. it was shown that it 
was not until excessively dangerous plate poten 
tials... were employed, that the upper. Saturation 
point was moved into the negative region of the: 
grid potential variations. Obviously, when a tube 
having: a dynamic characteristic of the type 
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detector-oscillator, the effect of grid current is 
absent, since the control grid can only be swung 
positive after the upper Saturation point has 
been reached. The result is a simple radio fre 
quency oscillator which employs feed-back from 
the plate circuit to the control grid circuit, and 
which is easily adjusted to oscillate without 
drawing grid current. The absence of grid cur 
rent becomes the essential characteristic of the 
composite first detector-oscillator of the present 
invention when the incoming Signal is applied to 
the control grid circuit. 
In Fig. 2 there is shown a circuit arrangement 

Wherein the Source of signal energy is Conven 
tionally represented, the Source being Coupled, 
as at M, to the resonant input circuit of a pentode 
tube constructed to have the dynamic charac 
teristic shown in Fig. 10, the tube being rep 
resented by the numeral 7. The input circuit 6 
includes a shunt tuning condenser 6', the control 
grid of the tube being connected to the high po 
tential side of the tuning condenser through a 
coil L1. The anode of the pentode tube is con 
nected to an energizing source Supplying poten 
tial of 90 volts thereto, the anode being Con 
nected to its potential source through an anti 
resonant network 8, 8' in series with a second 
anti-resonant network 9, 9'. 
The network 8, 8' is maintained fixedly tuned 

to the desired intermediate frequency, the coil 
8' being coupled to a similar network 8' ', reso 
nant to the intermediate frequency. It is to be 
understood that the network 8'' is connected to 
the input of a succeeding intermediate frequency 
amplifier. The amplifier may be followed by the 
l:Sual remaining components of a Superhetero 
dyne receiver such as a second detector, an audio 
frequency amplifier, and some type of reproducer, 
these various components not being shown, Since 
they are well known to those skilled in the art. 
The resonant net-work 9, 9 is capable of being 

variably tuned by the tuning condenser 9 to the 
local oscillation frequency, the frequency being 
of such a value at each setting that the difference 
between it and the Signal frequency is equal to 
the desired intermediate frequency. For this 
purpose the condensers 9' and 6' are arranged 
fol' uni-control, as shown by the dotted line, and 
it is to be clearly understood that any arrange 
nent and device Well knoWn to those Skilled in 
the art may be employed for maintaining the 
frequency difference between the network 6 and 
network 9, 9' constantly equal to the desired 
intenediate frequency. 

It is not necessary for the purpose of the pres 
ent invention to go into Such arrangements in 
detail, reference being made however to U. S. 
Patent No. 1,740,331 to W. L. Carlson. The coil 
9 of the local oscillator circuit is magnetically . 
coupled to the coil L1, thus providing a means for 
permitting local oscillation potentials to be im 
pressed upon the control grid of the pentode tube 
T. The fixed condenser 0 is connected in series 
between the low potential side of the condenser 9’ 
and the low potential terminal of the coil 9, and 
functions as a by-pass condenser, and preferably 
has a value of 0.1 microfarad. It is to be noted 
that a point intermediate the condenser O and 
the variable condenser 9 is grounded. - 

Bias for the control grid of the tube is secured 
by means of a resistor , shunted by a con 
denser 2, disposed in the grounded leg of the 
cathode of the tube, such a grid biasing arrange 
ment being Well known to those skilled in the art. 

2,053,414. 
shown in Fig. la is employed in a composite first The screen grid, electrode 3 is connected to a 

Source of positive potential, and has preferably 
applied to it, a potential of 90 volts, and may be 
connected to the same source to which the anode 
of the tube is connected. The shield grid 4 is 
disposed between the anode and screen grid 3, the 
shield grid 4 being preferably connected within 
the tube to a point on the cathode which repre 
sents the average potential of the cathode. 
Further constructional details of this type of tube 
need not be given at this point. The manner in 
which a pentode tube is constructed is Well known 
to those skilled in the art. 
In Fig. 3 there is shown a modification of the 

arrangement shown in Fig. 2, the modification 
essentially consisting in coupling the coil 9 of the 
local oscillation circuit to the coil L', the latter 
being arranged in this case in the grounded leg 
of the cathode circuit instead of being disposed, 
as shown in Fig. 2, in Series with the control grid. 
Otherwise, the circuit is exactly the Same as shown 
in Fig. 2. It will be observed that in both the ar 
rangements shown in Figs. 2 and 3, the coupling 
coil L is in the control grid circuit. It may be also 
stated at this point that the source of signal en 
ergy coupled to the network 6, 6' may be an an 
tenna circuit, or even one, or more, Stages of radio 
frequency amplification. 
In Fig. 4 there is shown Still another modifica 

tion of the arrangements shown in Figs. 2 and 3. 
The arrangement in Fig. 4 is identical with those 
shown in Figs. 2 and 3 with the exception that 
the special coupling coil L is omitted, and, in 
stead, the coil 9 of the local oscillation circuit is 
coupled magnetically, as at M', to the Secondary 
coil in the tunable signal circuit 6. Clearly, any 
other arrangement may be employed for feeding 
back energy from the output circuit of the pentode 
tube T to its input circuit in order to impress 
locally generated voltage upon the control grid 
of the pentode tube. 
The reactions and interactions taking place in 

the composite first detector-Oscillator employing 
the pentode tube 7, and determining the dynamic 
characteristic shown in Fig. 1d, are So involved as 
to make desirable the use of mathematical for 
mulae in elucidating the la WS governing the phe 
nomena taking place in the Structure, and in 
particular in laying down rules of design where 
by any one skilled in the art may construct the 
composite detector-oscillator of this invention. 

Hence, consider the arrangements shown in 
Fig. 2 from the point of view of a simple amplifier 
wherein a Signal at 

27 

is applied across the coil L1 in the control grid 
circuit of the pentode tube 7, and in whose plate 
circuit there is disposed a tuned impedance 

CoL) 
RT 

L is the value of inductance of the coil 9, and R. 
is the residual resistance of this coil which is to 
be understood as arranged in series therewith. 
Now, it can be shown that when a pentode tube 
of the type represented by tube 7 in Fig. 2 has 
plate and Screen Voltages applied to it of values 
Such as 90 volts, and the load resistance 

(a)L) 
R 

is equal to substantially 50,000 ohms or more, the 
intercepts of the corresponding load line drawn 
On a family of Ip W. Ep characteristics for various 
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2,053,414 
inegative grid potentials show a characteristic re 
ilating plate current to control grid voltage as 
; Shown in Fig. 1d. 

Employing B volts control grid bias, as shown 
in Fig. 1d, With a grid swing of A peak volts, the 
iplate current, and hence the signal potential 
acroSS, the load 

(oL), R 
may be closely represented by the following ex 
pression: 

i=a. A sin ot-cCA sin ot)8. 
Expanding the Second term of the aforegoing 

expression, there is secured: 
34cA8 sin ot-/4cA. sin 3ot. 

Thus, it will be seen that the second term. Sub 
tracts 4CA3 from a A as regards the plate current 
at 

. 
27t 

This subtractive quantity increases as the cube 
of the applied signalmagnitude A, and, therefore, 
the potential across L (across the load resist 
ance) may be considered as increasing with ap 
plied signal magnitude in a non-linear manner. 

Designating uo as the amplification from grid 
circuit to load impedance, then pio is seen to de 
pend upon the grid swing A, being the ordinate 
divided by the abscissa at any point P (considering 
potential across L plotted as ordinates against 
signal magnitude A as abscissae) corresponding 
to whatever particular value of A is involved. 
Obviously, if ao were plotted as ordinates against 
A as abscissae, then uo would decrease in a linear 
fashion with increasing values of A, and P would 
represent any point along this linear relation. 
Now, remove the external source of signal 

acroSS.1, and obtain the signal potential across 
L1 by coupling L1 to coil 9, resulting in M1, the 
phase being Such that Self-oscillation is possible. 
Let the oscillator potential in the grid circuit 
(and of course acroSS L1) be A and also let uo 
apply at A. Then, the amplification of A ap 
pearing across coil 9 is uoA, and the current 
through the coil 9 is 

ugA 
oL 

"neglecting the very slight effect of the coil re 
Sistance R. 

This current flows in M, and hence the poten 
tial across the mutual inductive reactance is 

sucAcol1 
c) L 

This potential is A, at grid circuit potential. 
From this relationship there necessarily follows 
that: 

L 
pia- M 

It then follows that the oscillation strength in 
the grid circuit of tube 7 will be automatically 
limited to a value whereat 

-L pt- M 

This value of A is fixed by designing L, and M. 
suitably. Thus, it is that there is secured in the 
arrangement shown in Fig. 2 a simple radio fre 
quency pentode oscillator of the plate to grid 

7 "feed-back type which is self-limited without grid 
75 current, and without plater current: saturation as 

5 
often employed in conjunction with grid current 
:phenomena. It is also to be noted that the pen 
tode Oscillator of the present invention is unique 
in that the plate, screen and control grid vol 
tages may well.be.normal in the sense that con 
ventional values are used, resulting in normal 
high translation gain from radio frequency to in 
termediate frequency. 
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 
invention is by no means limited to the particu 
lar organizations shown and described, but that 
many modifications may be made without de 
parting from the scope of my invention as set 
forth in the appended claims. 
What I claims is: 
1. In a composite detector-oscillator circuit an 

electron discharge tube provided with an input 
and an output circuit, means for resonating the 
input circuit to a desired signal frequency, means 
for resonating the output circuit to a desired local 
OScillation frequency, means for resonating a 
portion of the output circuit to a desired hetero 
dyne frequency, the output and input circuits be 
ing coupled to produce local oscillations, and said 
tube having a dynamic signal grid voltage-plate 
Current characteristic Such that its upper Satura 
tion point lies in the negative region of signal 
grid Voltage variation, Said tube having its elec 
trodes maintained at their normal operating po 
tentials. 

2. In a composite detector-oscillator circuit an 
electron discharge tube provided With an input 
and output circuit, means for resonating the .in 
put circuit to a desired 'Signal frequency, means 
for resonating the output circuit to a desired local 
Oscillation frequency, means for resonating a por 
tion of the output circuit to a desired heterodyne 
frequency, the output and input circuits being 
coupled to produce local oscillations, and said 
tube having a dynamic signal grid voltage-plate 
current characteristic Such that its upper Satura 
tion point lies in the negative region of signal grid 
voltage variation, said tube comprising a positive 
screen grid disposed between the control grid 
and anode, and a shield grid, at cathode potential, 
disposed between the screen grid and anode. 

3. In a composite detector-oscillator circuit an 
electron discharge tube provided with an input 
and output circuits, means for resonating the in 
put circuit to a desired signal frequency, means 
for resonating the output circuit to a desired local 
oscillation frequency, means for resonating a por 
tion of the output circuit to a desired heterodyne 
frequency, the output and input circuits being 
coupled to produce local oscillations, and said tube 
having a dynamic signal grid voltage-plate cur 
rent characteristic such that its upper satura 
tion point lies in the negative region of signal 
grid voltage variation, Said tube comprising a 
positive screen grid disposed between the control 
grid and anode, and a shield grid, at cathode po 
tential, disposed between the screen grid and 
anode, the anode, screen grid and control grid be 
ing maintained at their normal operating po 
tentials. 

4. An oscillation circuit comprising an electron 
discharge tube provided with an input and output 
circuits, means for coupling the output and input 
circuits to produce oscillations, said tube being so 
constructed and designed as to possess a dynamic 
control grid voltage-plate current characteristic 
wherein its upper bend lies in the negative region 
of applied control grid voltages when the output 
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6 
circuit is loaded, said tube comprising a pentode 
whose electrodes are maintained at their normal 
Operating potentials. 

5. In a superheterodyne receiver, a composite 
first detector-Oscillator circuit including an elec 
tron discharge tube having a tuned input circuit 
and a loaded output circuit coupled to the input 
circuit, said tube including in addition to the 
usual cathode, control grid and anode at least 
One cold electrode so related to the other elec 
trodes that the tube possesses a pronounced 
third Order effect in its dynamic signal grid Volt 
age-plate current characteristic at normal Oper 
atting potentials whereby there is a complete 
absence of grid current when the peak value of 
incoming signal is applied to the input circuit of 
the tube. 

6. In a Superheterodyne receiver, a composite 
first detector-Oscillator circuit including an elec 
tron discharge tube having a tuned input circuit 
and a loaded output circuit coupled to the input 
circuit, said tube being constructed to have a 
pronounced third order effect in its dynamic 
signal grid voltage-plate current characteristic 
whereby there is a complete absence of grid cur 
rent when the incoming signal is applied to the 
input circuit of the tube, said tube comprising a 
pentode whose electrodes are maintained at their 
normal operating potentials. 

7. An oscillator circuit comprising a pentode 
tube including in addition to a cathode, control 
grid and anode a screen grid, and a shield grid 
at cathode potential, said tube having an input 
circuit and a loaded anode Output circuit, and 
means for feeding back energy from the Output 
circuit to said input circuit. 

8. In a superheterodyne receiver, a composite 
detector-Oscillator circuit including a tube having 
a signal input network connected between the 
control grid and cathode, a network in the anode 
circuit of the tube resonant to a desired local 
oscillation frequency, means for regeneratively 
coupling the anode circuit and the signal input 
network, a network in the anode circuit resonant 
to the operating intermediate frequency, said tube 
including at least a positive cold electrode be 
tween the cathode and anode, and said tube being 
of the type having a dynamic control grid volt 
age-plate current characteristic Such as to main 
tain the said grid at a negative potential with 
respect to the cathode throughout the swing of 
signal voltage applied to said input circuit where 
by no grid current flows in the control grid circuit 
at the peaks of said swing. 

9. In a Superheterodyne receiver, a composite 
detector-Oscillator circuit including a tube having 
a signal input network gonnected between the 
control grid and cathode, a network in the anode 
circuit of the tube resonant to a desired local 
Oscillation frequency, means for regeneratively 
coupling the anode circuit and the signal input 
network through said cathode, a network in the 
anode circuit resonant to the operating inter 
mediate frequency, said tube including at least 
a positive cold electrode between the cathode and 
anode, and said tube being of the type having a 
dynamic control grid voltage-plate current char 
acteristic Such as to maintain the said grid at a 
negative potential with respect to the cathode 
throughout the Swing of signal voltage applied 
to said input circuit Whereby no grid current flows 
in the control grid circuit at the peaks of Said 
SWing. 

10. In a superheterodyne receiver, a composite 
detector-Oscillator circuit including a tube having 

2,053,414 
a signal input network connected between the 
control grid and cathode, a network in the anode 
circuit of the tube resonant to a desired local 
Oscillation frequency, means for regeneratively 
coupling the anode circuit and the signal input, 
network, a network in the anode circuit resonant 
to the operating intermediate frequency, said 
tube including at least a positive cold electrode 
between the cathode and anode, means for Simul 
taneously tuning said signal and local OScillation 
networks through respective signal and Oscillation 
frequency ranges, and said tube being of the type 
having a dynamic control grid voltage-plate 
current characteristic such as to maintain the 
Said grid at a negative potential with respect to 
the cathode throughout the swing of signal volt 
age applied to said input circuit whereby no grid. 
current flows in the control grid circuit at the 
peaks of said SWing. 

11. A high frequency circuit comprising a tube 
provided With a cathode, a Signal control grid, 
an anode, and at least one cold grid electrode dis 
posed between the cathode and anode, a signal 
input network connected between ground and 
Said control grid, a connection from said cathode 
to ground including means for constantly main 
taining the control grid negatively biased with 
respect to the Cathode, a local Oscillation network 
Coupled between said cathode connection and one 
of the electrodes other than the cathode and 
control grid, and a connection from the anode 
to a netWOrk resonant to an intermediate fre 
quency. 

12. In a combined oscillator-detector network, 
a tube provided with a cathode, a signal grid, an 
anode, and at least a positive cold electrode be 
tWeen the control grid and anode, a signal input 
circuit connected between the cathode and signal 
grid, a coupling between the said input circuit and 
one of the cold electrodes of Said tube other than 

- Said Signal grid for producing local Oscillations 
in Said input circuit, a beat circuit connected to 
the anode of said tube, means for maintaining 
the Said signal grid at a negative direct current 
potential with respect to said cathode, and the 
Signal grid WOltage-anode current characteristic 
of said tube being such that said signal grid is 
maintained at Said negative potential even at Sub 
stantially the peaks of the signal and local oscil 
lation Voltage SWingS. 

13. In a combined oscillator-detector network, 
a tube provided with a cathode, a signal grid, an 
anode, and at least a positive cold electrode be 
tween the control grid and anode, a shield grid 
at cathode potential between Said last electrode 
and the anode, a signal input circuit connected 
between the cathode and signal grid, a coupling 
between the said input circuit and one of the cold 
electrodes of said tube other than said signal 
grid for producing local oscillations in said input 
circuit, a beat circuit connected to the anode of 
Said tube, means for maintaining the said Signal 
grid at a negative direct current potential with 
respect to said cathode, and the signal grid volt 
age-anode current characteristic of Said tube 
being such that said signal grid is maintained at 
said negative potential even at substantially the 
peaks of the Signal, and local oscillation voltage 
SWingS. 

14. In a combined oscillator-detector network, 
a tube provided with a cathode, a signal grid, an 
anode, and at least a positive cold electrode be 
tween the control grid and anode, a signal input 
circuit connected between the cathode and signal 
grid, a coupling between the Said input circuit 
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and one of the cold electrodes of Said tube other 
than said signal grid for producing local oscilla 
tions in said input circuit, a beat circuit tuned 
to a super-audible frequency connected to the 
anode of said tube, means for maintaining the 
said signal grid at a negative direct current p0 
tential with respect to said cathode, and the signal 
grid voltage-anode current characteristic of Said 
tube being such that said signal grid is maintained 
at said negative potential even at Substantially 
the peaks of the signal and local oscillation volt 
age SWings. 

15. In a combined oscillator-detector network, a 
tube provided with a cathode, a Signal grid, an 
anode, and at least a positive cold electrode 
between the control grid and anode, a Signal 
input circuit connected between the cathode and 
signal grid, a coupling between the Said input 
circuit and One of the cold electrodes of said tube 
other than said signal grid for producing local 
oscillations in said input circuit, a beat circuit 
connected to the anode of said tube, means in the 
cathode circuit of said tube for maintaining the 
said signal grid at a negative direct current p0 
tential with respect to Said cathode, and the 

7 
signal grid voltage-anode current characteristic 
of said tube being such that said signal grid is 
maintained at said negative potential even at Sub 
stantially the peaks of the signal and local oscil 
lation voltage Swings. 

16. In a combined oscillator-detector network, 
a tube provided with a cathode, a signal grid, 
an anode, and at least a positive cold Screen 
electrode between the control grid and anode, a 
signal input circuit connected between the 
cathode and signal grid, a coupling between the 
said input circuit and one of the cold electrodes 
of said tube other than said signal grid for pro 
ducing local oscillations in Said input circuit, a 
beat circuit connected to the anode of Said tube, 
means for maintaining the said signal grid at a 
negative direct current potential with respect to 
said cathode, and the dynamic signal grid volt 
age-anode current characteristic of said tube be 
ing such that said signal grid is maintained at 
said negative potential even at Substantially the 
peaks of the signal and local oscillation voltage 
SWingS. 

WILLIAM STODDARD BARDEN. 
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